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DRUGS AFFECTING THE CENTRAL NERVOUS SYSTEM

Introduction to the CNS. Most drugs that affect the central nervous system (CNS) act by altering some step in the neurotransmission process. Drugs may act presynaptically by influencing the production, storage, or termination of action of neurotransmitters. Other agents may activate or block postsynaptic receptors.

In many ways, the basic functioning of neurons in the CNS is similar to that of the autonomic nervous system. E.g. transmission of information in the CNS and in the periphery both involve the release of neurotransmitters that diffuse across the synaptic space to bind to specific receptors on the postsynaptic neuron. In both systems, the recognition of the transmitter by the membrane receptor of the postsynaptic neuron triggers intracellular changes. Several major differences exists between neurons in the peripheral autonomic nervous system and those of the CNS. The circuitry of the CNS is much more complex than the autonomic nervous system, and the number of synapses in the CNS is far greater. The CNS, unlike the peripheral nervous system, contain powerful networks of inhibitory neurons that are constantly active in modulating the rate of neuronal transmission. In addition, the CNS communicates through the use of more than 50 different neurotransmitters. In contrast, the autonomic system uses only two primary neurotransmitters, acetylcholine and noradrenaline.

Lecture 9. GENERAL ANESTHETICS

General anesthesia is essential to surgical practice because it renders patients (1) analgesics, (2) amnesic, and (3) unconscious while causing (4) muscle relaxation and (5) suppression of undesirable reflexes. No single drug is capable of achieving these effects rapidly and safely. Rather, several different categories of drugs are utilized to produce “balanced anesthesia”. E.g., adjuncts to anesthesia consist of preanesthetic medication and skeletal muscle relaxants. Preanesthetic medication serves to calm the patient, relieve pain, and protect against undesirable effects of the subsequently administered anesthetic. Skeletal muscle relaxants facilitate intubation and suppress muscle tone to the degree required for surgery. Potent general anesthetics are delivered via inhalation or intravenous injection. With the exception of nitrous oxide, modern inhaled anesthetics are all volatile, halogenated hydrocarbons that derive early research and clinical experience with diethyl ether and chloroform. On the other hand, intravenous general anesthetics consist of a number of chemically unrelated drug types that are commonly used for the rapid induction of anesthesia.

Concominant use of drugs. Quite often, surgical patients receive one or more of the following preanesthetic medications: benzodiazepines (e.g. diazepam) to relieve anxiety and facilitate amnesia; barbiturates (e.g. pentobarbital) for sedation; antihistamines for prevention of allergic reactions (e.g. dimedrol); antiemetics (e.g. droperidol); opioids (e.g. fentanyl) for analgesia; anticholinergics (e.g. scopolamine) to prevent bradycardia and secretion of fluids into the respiratory tract. These agents facilitate smooth induction of anesthesia, and lower the dose of anesthetic required to maintain the desired level of surgical (Stage III) anesthesia.

Induction, maintenance and recovery. Anesthesia can be divided into three stages: induction, maintenance, and recovery. Induction is defined as the period of time from onset of administration of the anesthetic to the development of effective surgical anesthesia in the patient. Maintenance provides a sustained surgical anesthesia. Recovery is the time from discontinuation of administration of anesthesia until consciousness is regained. Induction of anesthesia depends on how fast effective concentration of anesthetic drug reach the brain; recovery is the reverse of induction and depends on how fast the anesthetic drug is removed from the brain.

Depth of anesthesia. The depth of anesthesia can be divided into a series of four sequential stages; each is characterized by increased CNS depression that is caused by accumulation of the anesthetic drug in the brain. With ether, which produce a slow onset of anesthesia, all the stages are discernible. However, with Halothane and many other commonly used anesthetics, the stages are difficult to clearly characterize because of the rapidity of onset of anesthesia.

Stage I–analgesia: Loss of pain sensation results from interference with sensory transmission in the spinothalamic tract. The patient is conscious and conversational. A reduced awareness of pain occurs as Stage II is approached.

Stage II–excitement: The patient experiences delirium and violent combative behaviour. There is a rise and irregularity in blood pressure. The respiratory rate may be increased. To avoid this stage of anesthesia, a short acting barbiturate, such as sodium thiopental, is given i.v. before inhalation anesthesia is administered.

Stage III–surgical anesthesia: Regular respiration and relaxation of the skeletal muscle occur in this stage. Eye reflexes decrease progressively, until the eye move-ments cease and the pupil is fixed. Surgery may proceed during this stage.

Stage IV–medullary paralysis: Severe depression of the respiratory center and vasomotor center occur during this stage. Death can rapidly ensue.

INHALATION ANESTHETICS

Inhaled gases are the mainstay of anesthesia and are primarily used for the maintenance of anesthesia after administration of an intravenous agent. Inhalation anesthetics have a benefit that is not available with intravenous agents, since the depth of anesthesia can be rapidly altered by changing the concentration of the inhaled anesthetic. Because most of these agents are rapidly eliminated from the body, they do not cause postoperative respiratory depression.

Common features of inhaled anesthetics. Modern inhalation anesthetics are non-explosive agents that include the gas nitrous oxide as well as a number of volatile halogenated hydrocarbons. As a group, these agents decrease cerebrovascular resistance, resulting in increased perfusion of the brain. They cause bronchodilation and decrease minute ventilation. Their clinical potency cannot be predicted by their chemical structure, but potency does correlate with their solubility in lipid. The movement of these agents from the lungs to the different body compartments depends upon their solubility in blood and various tissues. Recovery from their effects is due to their redistribution from the brain.

Potency. The potency of inhaled anesthetics is defined quantitatively as the minimum alveolar concentration (MAC), which is the concentration of anesthetic gas needed to eliminate movement among 50 % of patients challenged by standardized skin incision. The MAC is usually expressed as the percent of gas in a mixture required to achieve the effect. Numerically, is small for potent anesthetics, such as halothane, and large for less potent agents, such as nitrous oxide 
(diag. 5.1). The MAC values are useful in comparing pharmacologic effects of different anesthetics. The more lipid-soluble an anesthetic, the lower the concentration of anesthetic needed to produce anesthesia.
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Diagram 5.1 Comparative potency of inhalation anesthetics 
Uptake and Distribution. The partial of an anesthetic gas at the origin of the respiratory pathway is the driving force that moves the anesthetic into the alveolar space and thence into the blood, which delivers the drug to the brain and various other body compartments. Since gases move from one compartment to another within the body according to partial pressure gradients, a steady state is achieved when the partial pressure in each of these compartments is equivalent to that in the inspired mixture. The time course for attaining this steady state is determined by the following three factors:

1. Alveolar wash in: This term refers to the replacement of the normal lung gases with the inspired anesthetic mixture. The time required for this process is directly proportional to the functional residual capacity of the lung, and inversely proportional to the ventilatory rate; it is independent to the physical properties of the gas. Once the partial pressure builds within the lung, anesthetic uptake from the lung begins.
2. Solubility in the blood: The first compartment that the anesthetic gas encounters the blood. Solubility in blood is determined by a physical property of the anesthetic molecule called the blood/gas portion coefficient, which is the ratio of the total amount of gas in the blood relative to the gas equilibrium phase. Drugs with low versus high solubility in blood differ in their speed of induction of anesthesia. E.g. when an anesthetic gas with low blood solubility, such as nitrous oxide, diffuses from the alveoli into the circulation, little of the anesthetic dissolves in the blood. Therefore, the equilibrium between the inhaled anesthetic and arterial blood occur rapidly, and relative few additional molecules of anesthetic are required to raise arterial tension (that is, steady state is rapidly achieved). In contrast, an anesthetic gas with high blood solubility, such as halothane, dissolves more completely in the blood, and greater amount of the anesthetic and longer periods of time are required to raise arterial tension. This results in increased time of induction and recovery, and slower changes in the depth of anesthesia in response to changes in the concentration of the inhaled drug.
3. Tissue uptake: The arterial circulation distributes the anesthetic to various tissues, and the pressure gradient drives free anesthetic gas into tissues. The time required for a particular tissue to achieve a steady-state is inversely proportional to the blood flow to that tissue (faster flow results in a more rapidly achieved steady-state), and directly proportional to the capacity to store anesthetic (larger capacity results in a longer time to achieve steady-state). Capacity, in turn, is directly proportional to the tissue’s volume, and the tissue/blood solubility coefficient of the anesthetic. On the basis of these considerations, four major compartments determine the time course of anesthetic uptake:
a. Brain, heart, liver, kidney, endocrine glands: These highly perfused tissues rapidly attain a steady-state with the partial pressure of the anesthetic in blood.

b. Skeletal muscles: These are poorly perfused during anesthesia. This fact prolongs the time required to achieve steady-state.
c. Fat: This tissue is also poorly perfused. However, potent general anesthetics are very lipid soluble. Therefore, fat has a large capacity to store anesthetic. This combination of slow delivery to a high capacity prolongs the time required to achieve steady state.
d. Bone, ligaments, and cartilage: These are poorly perfused and have a relatively low capacity to store anesthetic. Therefore, these tissues have only a slight impact on the time course of anesthetic distribution in the body.
4. Washout: When the administration of an inhalation anesthetic is discontinued, the body now becomes the “source” that drives the anesthetic into the alveolar space. The same factors that influence attainment of steady-state with an inspired anesthetic determine the time course of clearance of the drug from the body.
Specific inhalation anesthetics. Each of the halogenated gases has characteristics beneficial for selected clinical applications. No one anesthetic is superior to another under all circumstances. [Note: In a very small population of patients, all of the halogenated hydrocarbon anesthetics have the potential to induce malignant hyperthermia. While the etiology of this condition is unknown, it appears to be inherited. Should a patient exhibit the hyperthermia and muscle rigidity characteristic to malignant hyperthermia, dantrolene is given as the anesthetic mixture is withdrawn.]

Halothane (Ftorotan)
This agent is the prototype to which newer agents in this series of anesthetics are compared. While halothane is a potent anesthetic, it is a relatively weak analgesic. Thus, halothane is usually co-administered with nitrous oxide, opioids, or local anesthetics. Like other halogenated hydrocarbons, halothane is vagomimetic and will cause atropine-sensitive bradycardia. In addition, halothane has the undesirable property of causing cardiac arrhythmias. Halothane is oxidatively metabolized in the body to tissue-toxic hydrocarbons (e.g. trifluoroethanol) and bromide ion. These substances may be responsible for the toxic reactions that same patients (especially females) develop after halothane anesthesia. This reaction begins as a fever, anorexia, nausea, and vomiting, and patients may exhibit signs of hepatitis. Although the incidence of this reaction is low – approximately 1 in 10,000 individuals – 50 % of such patients will die of hepatic necrosis. [Note: Halothane is not hepatotoxic in pediatric patients and that, combined with its pleasant odor, make it the agent of choice in children.] Halothane anesthesia is not repeated at intervals less than 2 to 3 weeks.

Enflurane
This gas is less potent than halothane but it produces rapid induction and recovery. About 2 % of the agent is metabolized to fluoride ion, which is excreted by the kidney. Therefore, enflurane is contraindicated in patients with kidney failure. Enflurane anesthesia exhibits the following differences from halothane: fewer arrhythmias, less sensitization of the heart catecholamines, and greater potentiation of muscle relaxants. A disadvantage of enflurane is that it causes CNS excitation at twice the MAC and at lower doses if hyperventilation reduces the PCO2.

Isoflurane
This is a newer halogenated anesthetic that has low biotransformation and low organ toxicity. Unlike the other halogenated anesthetic gases, isoflurane does not induce cardiac arrhythmias and does not sensitize the heart to the action of catecholamines. Isoflurane is a vary stable molecule that undergoes little metabolism, as a result of which, less fluoride is produced. Isoflurane is not currently believed to be tissue toxic.

Methoxyflurane
The agent is the most potent inhalation anesthetic because of its high solubility in lipid. Prolonged administration of methoxyflurane is associated with metabolic release of fluoride, which is toxic to the kidneys. Therefore, methoxyflurane is rarely used outside obstetric practice. It finds use in child-birth because it does not relax the uterus when briefly inhaled.

Nitrous oxide
Whereas nitrous oxide (N2O or “laughing gas”) is a potent analgesic, it is a weak general anesthetic. Thus, it is frequently combined with other more potent agents. Because it moves very rapidly into and out of the body, nitrous oxide can increase the volume (pneumothorax) or pressure (sinuses) within closed body compartments. Furthermore, its speed of movement allows nitrous oxide to retard oxygen uptake during recovery, thus causing diffusion hypoxia. This anesthetic does not depress respiration nor does it produce muscle relaxation. It also has the least effect on cardiovascular system and on increasing cerebral blood flow, and is the least hepatotoxic of the inhalation anesthetics. It is therefore probably the safest of these anesthetics, provided that at least 20 % of oxygen is always administered at the same time. [Note: Nitrous oxide at 80 % (without other adjunct agents) cannot produce surgical anesthesia.] Nitrous oxide is often employed of 30 % in combination with oxygen for analgesia, particularly in dental surgery.

INTRAVENOUS ANESTHETICS

Intravenous anesthetics are often used for the rapid induction of anesthesia, which is then maintained with an appropriate inhalation agent. They rapidly induce anesthesia, and must therefore be injected slowly. Recovery from intravenous anesthetics is due to redistribution from sites in the CNS.

Barbiturates

Thiopental is a potent anesthetic and a weak analgesic. It is the most widely used intravenously administered general anesthetic. It is an ultra-short-acting barbiturate and has a high lipid solubility. When thiopental is administered intravenously, it quickly enters the CNS and depresses function, often in less than 1 minute. However, diffusion out of the brain can occur very rapidly as well, because of redistribution of the drug to other body tissues, including skeletal muscle and ultimately adipose tissue. This latter site serves as a reservoir of drug from which the agent slowly leaks out and is metabolized and excreted. The short duration of action is due to the decrease of its concentration in the brain. Thus, metabolism of thiopental is much slower than tissue redistribution. The barbiturates are not significantly analgesic and require some type of supplementary analgesic administration during anesthesia. Thiopental has minor effects on the cardiovascular system, but it may contribute to severe hypotension in hypovolemic or shock patients. All barbiturates can cause apnea, coughing, chest wall spasm, laryngospasm, and bronchospasm. Barbiturates are contraindicated in patients with acute intermittent or variegate porphyria.

Benzodiazepines

Although Diazepam is the prototype benzodiazepine, Lorazepam and Midazolam are more potent. All three facilitate amnesia while causing sedation. Midazolam has become popular because of its combination of water solubility, rapid onset and short duration of action. It produces amnesia with few side effects. Mental function returns to normal within 4 hours, making it popular choice for ambulatory surgery and during regional anesthesia.

Opioids

Because of their analgesic property, opioids are frequently used together with other anesthetics; e.g. the combination of Morphine and Nitrous oxide provide good anesthesia for cardiac surgery. However, opioids are not good amnesiacs and they can cause hypotension, respiratory depression, and muscle rigidity as well as post-anesthetic nausea and vomiting. Fentanyl is more frequently used than Morphine. 

The combination of droperidol and fentanyl is a fixed ration preparation called Thalamonal (Innovar®). Since droperidol is a neuroleptic substance, thalamonal is said to produce neurolept analgesia. A neuroleptic has adrenergic blocking as well as sedative, antiemetic properties.

OTHER ANESTHETICS
Ketamine, a short-acting nonbarbiturate anesthetic, induces a dissociated state in which the patient appears awake but is unconscious and does not feel pain. This dissociative anesthesia provides sedation, amnesia, and immobility. Ketamine stimulates the central sympathetic outflow, which in turn, causes stimulation of the heart and increases blood pressure and cardiac output. Ketamine is therefore used when circulatory depression is undesirable. On the other hand, these effects mitigate against the use of ketamine in hypertensive or stroke patients. The drug is lipophilic and enters the brain very quickly, but like the barbiturates, it can redistribute to other organs and tissues. It is metabolized in the liver. Ketamine is employed mainly in children and young adults for short procedures. It is not widely used because it increases cerebral blood flow and induces postoperative hallucinations (nightmares).

Propanidid
Propanidid (Sombrevin) is an ultra-short-acting intravenous anesthetic. Onset is smooth and occurs within about 40 seconds of administration. The emergence from anesthesia from Propanidid is more rapid than that from thiopental and is characterized by minimal postoperative confusion.

Sodium oxybutyrate

Sodium oxybutyrate is a derivative of (-aminobutyric acid (GABA). GABA is an inhibitory neurotransmitter in the CNS. In contrast to GABA, sodium oxybutyrate readily crosses the blood-brain barrier and produces sedative, hypnotic, anesthetic, anticonvulsive, and antihypoxic effects. However, sodium oxybutyrate is not good analgesic. The onset of action is slow (in 30-40 minutes after i.v. injection). It must be used with other anesthetics for surgical anesthesia.

Available forms:

Thiopental-sodium – in bottles 0,5; 1,0 each (to dilute in 20 ml of physiological solution)
Midazolam – in ampoules 0,5 % solution 3 ml

Lecture 10. ETHYL ALCOHOL (ETHANOL)

Pharmacology of alcohol is important for its presence in beverages (which have been used since recorded history) and for alcohol intoxication, rather than as a drug. Alcohol is manufactured by fermentation of sugar:
C6H12O6                        2CO2 + 2C2H5OH

Fermentation proceeds till alcohol content reaches 15 %. Then reaction is inhibited by alcohol itself.

Local action. Rubbed on skin ethanol dissolves fat, precipitate surface proteins and harden skin. By precipitation bacterial proteins it acts as an antiseptic. The antiseptic action increases with concentration from 20 % to 70 %, remain constant from 70 to 90 % and decreases above that. 100 % ethanol is more dehydrating but poorer antiseptic than 90 % ethanol. Applied to delicate skin or mucous membrane ethanol produces irritation and burning sensation. Injected s.c. it causes intense pain, inflammation and necrosis followed by fibrosis. Injected round a nerve it produces permanent damage.

Resorptive action. Ethanol is a neuronal depressant. However, as highest areas are most sensitive to alcohol (these are primarily inhibitory), – excitation and euphoria are experienced at lower plasma concentrations (30-100 mg/dl). Caution, self criticism and restraint are lost first. With the increasing concentration (100-
150 mg/dl) mental clouding, disorganization of thought and drowsiness occur. At 150-200 mg/dl the person is sloppy, ataxic and drunk; 200-300 mg/dl results in stupor and above this unconsciousness prevails, medullary centers are paralyzed and death may occur. Though, ethanol can produce anesthesia, margin of safety is narrow. Effects of alcohol are more marked when the concentration is rising than when it is falling.

Small doses of alcohol produce cutaneous and gastric vasodilation, a sense of warmth, but heat lost is increased in cold surroundings.

Alcoholic beverages have variable effect on gastric secretion depending on beverage itself and whether the individual likes it. Dilute alcohol (optimum 10 %) is a strong stimulant of gastric secretion. Higher concentrations (above 20 %) inhibit gastric secretion.

Regular intake of small amounts of alcohol has been found to raise high density lipids and diminish low density lipids levels in plasma. This may be responsible for the somewhat lower incidence of coronary artery disease.

Pharmacokinetics. Rate of alcohol absorption from stomach is dependant on its concentration, presence of food, and other factors. Absorption from intestines is very fast. Thus, gastric emptying determines rate of absorption. Alcohol distributes widely in the body, crosses blood-brain barrier (concentration in the brain is very near to blood concentration); it also crosses placenta freely. It is oxidized in liver.
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Metabolism of alcohol follows zero order kinetics, i.e. a constant amount is degraded in unit time, irrespective to blood concentration (8-10 ml of absolute alcohol/hour). Small amounts are excreted through kidney and lungs.

Acute alcoholic intoxication. Nausea, vomiting, hypotension, hypoglycemia, collapse, respiratory depression, coma and death.

Treatment: Gastric lavage, maintain patent airway and aspiration of vomitus. Most patient will recover with supportive treatment and maintenance of fluid and electrolyte balance. Insulin+fructose has been found to accelerate alcohol metabolism.

Disulfiram (Teturamum) has found some use in the patients seriously desiring to stop alcohol ingestion. The drug blocks the oxidation of acetaldehyde to acetic acid by inhibiting aldehyde dehydrogenase. This result in accumulation of acetaldehyde in the blood, causing flushing, tachycardia, hyperventilation, and nausea.

Lecture 11. HYPNOTIC DRUGS

Sleep is an active, circadian, physiological depression of consciousness. It is characterized by cyclical electroencephalographic (EEG) and eye movement changes. Normal sleep (categorized by eye movement) is of two kinds:

NREM (non-rapid eye movement), orthodox, forebrain or slow-wave EEG sleep. Heart rate, blood pressure and respiration are steady or decline and muscles are relaxed; growth hormone secretion is maximal.

REM (rapid eye movement), paradoxical, hindbrain of fast-wave EEG sleep; awakened subjects state they were ‘dreaming’. Heart rate, blood pressure and respiration are increased, skeletal muscles are profoundly relaxed.

Cycles of NREM sleep (about 90 min) alternate with REM sleep (about 20 min). thus, normal sleep contains 4-6 cycles (NREM+REM).

Classification of insomnias (sleep disorders):

· Difficulty in getting to sleep, onset insomnia; this was associated with neurotic personality disorder. People who lie awake in bed for hours unable to relax, and then sleep well.

· Difficulty in staying asleep, repeated awakenings.

· Early waking in which sleep is shorter.

In general, a short-acting hypnotic drug is prescribed for patients who have prolonged sleep latency but who sleep well once sleep ensues; and a drug with a longer duration of action for those who awaken early and have difficulty in returning to sleep. Insomnia has many causes, and an accurate differential diagnosis is required before treatment should be considered. Prescription of a hypnotic without regard to the underlying disturbance subjects the patient to the risk of abuse, may mask the signs and symptoms of a pernicious disease etc.

BARBITURATES

Barbital was introduced in 1903 and phenobarbital in 1912. The barbiturates were formerly the mainstay of treatment used to sedate the patient or to induce and maintain sleep. Today, they have been largely replaced by the benzodiazepines, mainly because barbiturates induce tolerance, drug-metabolizing enzymes, physical dependence, and very severe withdrawal symptoms. Foremost is their ability to cause coma in toxic doses. Certain barbiturates, such as the very short-acting thiopental, are still used to induce anesthesia.

Mechanism of action. Barbiturates are thought to interfere with Na+ and K+ transport across cell membrane. This leads to inhibition of the mesencephalic reticular activation system. Polysynaptic transmission is inhibited in all areas of the CNS. Barbiturates also potentiate GABA action on chloride entry into the neuron, although they do not bind at the benzodiazepine receptor.

Actions.
e. Depression of the CNS: The barbiturates can produce all degrees of depression of the CNS. Low doses produce sedation (calming effect, reducing excitement). At high doses, the drugs cause hypnosis, followed by anesthesia (loss of feeling or sensation), and finally coma and death. Thus, any degree of depression of the CNS is possible, depending on the dose. Barbiturates do not raise the pain threshold and have no analgesic properties. They may even exacerbate pain.

f. Respiratory depression: Barbiturates suppress the hypoxic and chemoreceptor response to CO2, and overdosage is followed by respiratory depression and death.

g. Enzyme induction: Barbiturates induce P-450 microsomal enzymes in the liver. Therefore, chronic barbiturate administration diminishes the action of many drugs that are dependant on P-450 metabolism (including barbiturates itself).

Barbiturates are classified according to their duration of action:

· Long-acting (phenobarbital, barbital, barbital-sodium), which have a duration of action greater than a day; phenobarbital is useful in the treatment of seizures.

· Intermediate-acting (pentobarbital, cyclobarbital, secobarbital), which are effective as sedative and hypnotic (but not antianxiety) agents.

· Short-acting (hexobarbital).

· Ultra short-acting (thiopental, hexenal), which act within seconds and have a duration of action of about 30 minutes, are used in the intravenous induction of anesthesia.

Therapeutic uses.
h. Anesthesia: Selection of a barbiturate is strongly influenced by the desired duration of action. The ultra-short-acting barbiturates, such as thiopental, are used intravenously to induce anesthesia.

i. Anticonvulsant: Phenobarbital is used in long-term management of tonic-clonic seizures, status epilepticus, and eclampsia. Phenobarbital has been regarded as the drug of choice for treatment of young children with recurrent febrile seizures. However, phenobarbital can depress cognitive performance in children, and the drug should be used cautiously. Phenobarbital has specific anticonvulsant activity that is distinguished from the nonspecific CNS depression.

j. Sedation-hypnosis: Barbiturates have been used as mild sedative to relieve nervous tension, and insomnia. Most have been replaced by benzodiazepines.

Pharmacokinetics. Barbiturates are absorbed orally and distributed widely throughout the body. All barbiturates redistribute from the brain to the splanchnic areas, to skeletal muscle, adipose tissue. This movement is important in causing the short duration of action of thiopental. Barbiturates are metabolized in the liver, and inactive metabolites are excreted in the urine.

Adverse effects:
k. CNS: Barbiturates cause drowsiness, impaired concentration, and mental and physical slugginess.

l. Drug hangover: Hypnotic doses of barbiturates produces feeling of tiredness well after the patient awakes. This drug hangover leads to impaired ability to function normally for many hours after waking. 

m. Addiction: Abrupt withdrawal from barbiturates may cause tremors, anxiety, weakness, restlessness, nausea and vomiting, seizures, delirium, and cardiac arrest. Withdrawal is much more severe than that associated with opiates and can result in death.

n. Precautions: As noted previously, barbiturates induce the P-450 system and there-fore may decrease the effect of drugs that are metabolized by these hepatic enzymes. Barbiturates increase porphyrin synthesis, and are contraindicated in patients with acute intermittent porphyria.

Poisoning. Barbiturate poisoning has been a leading cause of death among drug overdoses for many decades. Severe depression of respiration is coupled with central cardiovascular depression, and results in a shock-like condition with shallow, infrequent breathing. Treatment includes artificial respiration and purging the stomach of its contents if the drug has been recently taken. Hemodialysis may be necessary if large quantities have been taken. Alkalinization of the urine often aids in the elimination of phenobarbital. Analeptics (bemegride, corazole) may be useful if respiration is not depressed completely to restore breathing.

BENZODIAZEPINES

Chlordiazepoxide was synthesized in 1957 by Sternbach. Randall discovered its unique pattern of actions. With its the introduction into clinical medicine in 1961, more than 3000 benzodiazepines have been synthesized, over 120 have been tested for biological activity, and about 35 are in clinical use in various parts of the world. They have largely replaced barbiturates and meprobamate as sedative-hypnotic agents mainly because of remarkably low capacity to produce fatal CNS depression.

Although the benzodiazepines exert qualitatively similar effects, important quantitative differences in their pharmacodynamic spectra and pharmacokinetic properties have led to varying patterns of therapeutic application. Benzodiazepines vary in the degrees of sedative-hypnotic, muscle relaxant, anxiolytic, and anticonvulsant effects.
Mechanism of action. Binding of GABA to its receptor on the cell membrane triggers an opening of a chloride channel, which leads to an increase in chloride conductance (diag. 5.2).
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Diagram 5.2 Mode of action of benzodiazepines

The influx of chloride ions causes a small hyperpolarization that moves the postsynaptic potential away from its firing threshold and thus inhibits the formation of action potentials. Benzodiazepines bind to specific, high affinity sites on the cell membrane, which are separate from but adjacent to the receptor of GABA. The benzodiazepine receptors are found only in the CNS, and their location parallels that of GABA neurons. The binding of benzodiazepines enhances the affinity of GABA receptors for its neurotransmitter, resulting in a more frequent opening of adjacent chloride channels. This in turn results in enhanced hyperpolarization and further inhibition of neuronal firing.

Actions. The benzodiazepines are not general neuronal depressants, as are the barbiturates. All the benzodiazepines have quite similar pharmacological profiles. The most prominent of these effects are sedation, hypnosis, decreased anxiety, muscle relaxation, anterograde amnesia, and anticonvulsant activity. Nevertheless, the drugs differ in selectivity, and the clinical usefulness of individual benzodiazepines varies considerably.

Uses in sleep disorders. This lecture describes the benzodiazepines used primarily as hypnotic and anti-convulsant agents. Other applications will be discussed in details in a following lecture (see tranquilizers). Not all of the benzodiazepines are useful as hypnotic agents, although all have sedative or calming effects. The three most commonly prescribed benzodiazepines for sleep disorders are long-acting flurazepam, intermediate-acting temazepam, and short-acting triazolam. The principal factors that determine selection are pharmacokinetics.

Flurazepam
This long-acting benzodiazepine significantly reduces both sleep-induction time and the number of awakening, and increases the duration of sleep. With continued use, the drug has been shown to maintain its effectiveness for up to 4 weeks. Flurazepam has a half-life of approximately 85 hours, which may result in daytime sedation and accumulation of drug.

Temazepam
This drug is useful in patients who experience frequent awakening. However, the peak sedative effect occurs two to three hours after an oral dose, and therefore it may be given several hours before bedtime.

Triazolam
This benzodiazepine has a relatively short duration of action and is therefore used to induce sleep in patients with recurring insomnia. Whereas temazepam is useful for insomnia caused by the inability to stay asleep, triazolam is effective in treating individuals who have difficulty in going to sleep. Tolerance frequently develops within a few days, and withdrawal of the drug often results in rebound insomnia, leading the patient to demand another prescription. Therefore, this drug is best used intermittently rather than daily. In general, hypnotics should be given for only a limited time, usually less than 2 to 4 weeks.

Pharmacokinetics. The benzodiazepines are lipophilic and are rapidly and completely absorbed after oral administration and are distributed throughout the body. The half-lives of the benzodiazepines are very important clinically, since the duration of action may determine the therapeutic usefulness. The benzodiazepines can be roughly divided into short-, intermediate- and long-acting groups. The long-acting agents form active metabolites with long half-lives. Most benzodiazepines, including chlordiazepoxide and diazepam, are metabolized by the hepatic microsomal metabolizing system to compounds that are also active. For these benzodiazepines, the apparent half-life of the drug represents the combined actions of the parent drug and its metabolites. The benzodiazepines are excreted in urine as glucuronides or oxidized metabolites.

Dependence. Psychological and physical dependence on benzodiazepines can develop if high doses of the drug are given over a prolonged period. Abrupt discontinuation of the benzo-diazepines results in withdrawal symptoms, including confusion, anxiety, agitation, restlessness, insomnia, and tension. Because of the long half-lives of some of the benzodiazepines, withdrawal symptoms may not occur until a number of days after discontinuation. Benzodiazepines with a short elimination half-life, such as triazolam, induce more abrupt and severe withdrawal reactions.

Adverse effects. Drowsiness and confusion are the two most common side effect of the benzo-diazepines. Ataxia occurs at high doses and precludes activities that require motor coordination, such as driving an automobile. Cognitive impairment (decreased long-term recall and acquisition of new knowledge) can occur. Triazolam, the benzodiazepine with most rapid elimination, often show a rapid development of tolerance, early morning insomnia and daytime anxiety, along with amnesia and confusion. Benzodiazepines potentiate alcohol and other CNS depressants. However, they are considerably less dangerous than other anxiolytic and hypnotic drugs. As a result, a drug overdose is seldom lethal, unless other central depressants, such as alcohol, are taken concurrently.

Benzodiazepine antagonists. Flumazenil is a GABA receptor antagonist that can rapidly reverse the effects of benzodiazepines. The drug is available by i.v. administration only. Onset is rapid but duration is short, with a half-life of about one hour. Frequent administration may be necessary to maintain reversal of benzodiazepines.

OTHER HYPNOTIC AGENTS

Although the hypnotic Zopiclone (Imovan) is not a benzodiazepine, it acts on a subset of the benzodiazepine receptor family. Zopiclone has no anticonvulsive or muscle relaxing properties. It shows no withdrawal effects, exhibits minimal rebound insomnia and little or no tolerance occurs with prolonged use. Zopiclone has a rapid onset of action and short elimination. Although zopiclone potentially has advantage over the benzodiazepines, clinical experience with the drug is still limited.

Chloral hydrate is a trichlorinated derivative of acetaldehyde that is converted to trichloroethanol in the body. The drug is an effective sedative and hypnotic that induces sleep in about 30 minutes and lasts about 6 hours. Chloral hydrate is irritating to the gastrointestinal tract and causes epigastric distress. It also produces an unusual, unpleasant taste sensation.

Available forms:

Thiopental-sodium – in bottles 0,5; 1,0 each (to dilute in 20 ml of physiological solution) 

Midazolam – in ampoules 0,5 % solution 3 ml

Lecture 12. ANTICONVULSANTS

ANTIEPILEPTIC DRUGS

Epilepsy is widespread among the general population. Epilepsy is not a single entity; it is a family of different recurrent seizure disorders that have in common the sudden and excessive discharge of cerebral neurons. This results in abnormal movements or perceptions that are of short duration but that tend to recur. The site of electrical discharge determines the symptoms that are produced. E.g. epileptic seizures may cause convulsions if the motor cortex is involved. The seizures may include visual, auditory, or olfactory hallucinations if the parietal or occipital cortex plays a role. Drug therapy is the most widely effective mode of treatment for epilepsy. Seizures can be controlled completely in approximately 50 % of epileptic patients, and meaningful improvement may be achieved in at least one half of the remaining patients.

Etiology. The neuronal discharge in epilepsy results from the firing of a small population of neurons in some specific area of the brain, referred to as the primary focus. These focal areas may be triggered into activity by changes in any of a variety of environmental factors, including alteration in blood gases, pH, electrolytes, or glucose availability.

Classification of epilepsy:
· Primary epilepsy: When no specific anatomic cause for the seizure, such as trauma or neoplasm, is evident the syndrome is called primary epilepsy. These seizures may be produced by an inherited abnormality in the CNS. Patients are treated chronically with antiepileptic drugs, often for life.

· Secondary epilepsy: A number of reversible disturbances, such as tumors, head injury, hypoglycemia, meningeal infection, or rapid withdrawal of alcohol can precipitate seizures. Antiepileptic drugs are given until the primary cause can be corrected.
Seizures have been classified into two broad groups, partial (or focal), and generalized (diag. 5.3). Choice of drug treatment is based on the classification.
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Diagram 5.3 Classification of epilepsy
Partial: The symptoms of each seizure type depend on the site of neuronal discharge and on the extent to which the electrical activity spreads to other neurons in brain. Partial seizures may progress, becoming generalized tonic- clonic seizures.

Simple partial. These seizures are caused by a group of hyperactive neurons and are confined to a single locus in the brain; the abnormal activity does not spread. The patient does not lose consciousness and often exhibits abnormal activity of a single limb or muscle group that is controlled by the region the brain experiencing the disturbance. The patient may also show sensory distortions. Simple partial seizures may occur at any age.

Complex partial. These seizures exhibit complex sensory hallucinations, mental distortion, and loss of consciousness. Motor dysfunction may involve chewing movements, diarrhea, urination. Most (80 %) of individuals experience their initial seizures before 20 years of age.

Generalized: These seizures begin locally, but they rapidly spread, producing abnormal electrical discharge throughout both hemispheres of the brain. Generalized seizures may be convulsive or nonconvulsive; the patient usually has an immediate loss of consciousness.

Tonic-clonic (grand mal). This is the most commonly encountered and the most dramatic form of epilepsy. Seizures result in loss of consciousness, followed by tonic, then clonic phases. The seizure is followed by a postictal period of confusion and exhaustion.

Absence (petit mal). These seizures involve a brief, abrupt, and self-limiting loss of consciousness. The onset occurs in patients at age 3 to 5 years and lasts until puberty. The patient stares and exhibits rapid eye blinking, which lasts for 3 to 5 seconds.

Myoclonic. These seizures consist of short episodes of muscle contractions that may reoccur for several minutes. Myoclonic seizures are rare, occur at any age, and are often a result of hypoxia, uremia, encephalitis, or drug poisoning.

Febrile seizures. Young children (3 month to 5 years of age) frequently develop seizures with illness accompanied by high fever. The febrile consist of generalized tonic-clonic convulsions of short duration. Although febrile seizures may be frighten-ing, they are benign and do not cause death, neurologic damage, injury, or learning disorders, and they rarely require medication.

Status Epilepticus. Seizures are rapidly recurrent.

Mechanism of action. Drugs that are effective in seizure reduction can either block the initiation of the electrical discharge from the focal area or, more commonly, prevent the spread of the abnormal electrical discharge to adjacent brain areas.

Initial drug treatment is based on the specific type of seizures (diag. 5.4). Thus, tonic-clonic (grand mal) seizures are treated differently than absence (petit mal). Several drugs may be equally effective, and the toxicity of the agent is often a major consideration in drug selection.
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Diagram 5.4 Choice of antiepileptic drug
Diphenin (Phenytoin) is effective in suppressing tonic-clonic and partial seizures, and is a drug of choice for initial therapy, particularly in treating adults.

Mechanism of action. Diphenin stabilizes neuronal membranes to depolarization by decreasing the flux of sodium ions in neurons in the resting state or during depolarization and suppresses repetitive firing of neurons.

Actions. Diphenin is not a generalized CNS depressant like the barbiturates, but it does produce some degree of drowsiness and lethargy. Diphenin reduces the propagation of abnormal impulses in the brain.

Therapeutic uses. Diphenin is highly effective for all partial seizures (simple and complex), for tonic-clonic seizures, and in status Epilepticus. Diphenin is not effective for absence seizures, which often may worsen if such a patient is treated with this drug.

Carbamazepine

Action. Carbamazepine reduces the propagation of abnormal impulses in the brain by blocking sodium channels, thereby inhibiting the generation of repetitive action potentials in the epileptic focus.

Therapeutic uses. Carbamazepine is highly effective for all partial seizures and is often the drug of first choice. In addition the drug is highly effective for tonic-clonic seizures and is used to treat trigeminal neuralgia. It has occasionally been used in manic-depressive patients to ameliorate the symptoms.

Phenobarbital

Phenobarbital provides a 50 % favorable response rate for simple partial seizures, but it is not very effective for complex partial seizures. The drug has been regarded as the first choice in treating recurrent seizures in children, including febrile seizures. The drug is also used to treat tonic-clonic seizures, especially in patients who do not respond to diazepam plus diphenin. Doses required for antiepileptic action are lower than those that cause pronounced CNS depression. Phenobarbital is also used as a mild sedative to relieve anxiety, nervous tension and insomnia, although benzodiazepines are superior.

Hexamidine (Primidone) is structurally related to phenobarbital, and resembles Phenobarbital in its anticonvulsive activity. Hexamidine is an alternative choice in partial seizures and tonic-clonic seizures. Much of Hexamidin’s efficacy comes from its metabolites phenobarbital and phenylethylmalonamide.

Valproic acid is the most effective agent available for treatment myoclonic seizures. The drug diminishes absence seizures but is a second choice because of its hepatotoxic potential. Valproic acid also reduces the incidence and severity of tonic-clonic seizures.

Ethosuximide reduces propagation of abnormal electrical activity in the brain, and is the first choice in absence seizures.

Several of the benzodiazepines show antiepileptic activity. Clonazepam and clorazepate are used for chronic treatment, whereas diazepam is the drug of choice in the acute treatment of status Epilepticus. Of all the anti-epileptics, the benzodiazepines are the safest.

DRUGS USED IN PARKINSON’S DISEASE

Parkinsonism is a progressive neurologic disorder of muscle movement, characterized by tremors, muscular rigidity, and bradykinesia (slowness in initiating and carrying out voluntary movements). Parkinson’s disease is the fourth most common neurologic disorder among the elderly. Most cases involve people over the age of 65 among whom the incidence is about 1:100 individuals.

Etiology. The cause of Parkinson’s disease is unknown for most patients. The disease is correlated with a reduction in the activity of inhibitory dopaminergic neurons in the substantia nigra and corpus striatum–parts of the brain’s basal ganglia system that are responsible for motor control. Genetic factors do not play a dominant role in the etiology.

Substantia nigra. The substantia nigra, part of the extrapyramidal system, is the source of dopaminergic neurons that terminate in the striatum. Each neuron makes thousands synaptic contacts within the striatum and modulates the activity of a large number of cells. These dopaminergic projections from the substantia nigra fire tonically, rather than in response specific muscular movements or sensory input. Thus, dopaminergic system appears to serve as a tonic, sustaining influence on motor activity, rather than participating on specific movements.

Striatum. Normally, the striatum is connected to the substantia nigra by neurons that secrete the inhibitory transmitter GABA at their termini in the substantia nigra. In turn, cells of the substantia nigra sends neurons back to the striatum secreting the inhibitory transmitter dopamine. This mutual inhibitory pathway normally maintains a degree of inhibition of the two separate areas. Nerve fibers from the cerebral cortex and thalamus secrete acetylcholine in the neostriatum, causing excitatory effects that initiate and regulate gross intentional movements of the body. In Parkinson’s disease, destruction of cells in the substantia nigra results in the degeneration of neurons responsible for secreting dopamine in the neostriatum. Thus the normal modulating inhibitory influence of dopamine on the neostriatum is significantly diminished, resulting in the parkinsonian degeneration of the control of muscle movement.

Secondary parkinsonism. Parkinsonian symptoms infrequently follow viral encephalitis or multiple small vascular lesions. Drugs such as phenothiazines and haloperidol, whose major pharmacologic action is blockade of dopamine receptors in the brain, may also produce parkinsonian symptoms. These drugs should not be used in parkinsonian patients.

Strategy of treatment. In addition to an abundance of inhibitory dopaminergic neurons, the neostriatum is also rich in excitatory cholinergic neurons that oppose the action of dopamine. Many of the symptoms reflect an imbalance between the excitatory cholinergic neurons and the greatly diminished number of inhibitory dopaminergic neurons. Therapy is aimed at restoring dopamine in the basal ganglia and antagonizing the excitatory effect of cholinergic neurons, thus reestablishing the correct dopamine/acetylcholine balance.

Currently available drugs offer temporary relief from the symptoms of the disorder, but do not arrest or reverse the neuronal degeneration caused by the disease.

Levodopa

Levodopa is a metabolic precursor of dopamine. It restores dopamine level in the extrapyramidal centers (substantia nigra) that atrophy in parkinsonism. In patients with early disease, the number of residual dopaminergic neurons (about 
20 % of normal) is adequate for conversion of levodopa to dopamine. Levodopa decreases the rigidity, tremor, and other symptoms of parkinsonism. Unfortunately, with time the number of neurons decreases and the drug effects “wear off”.

Dopamine itself does not cross the blood-brain barrier, but its immediate precursor levodopa is readily transported into the CNS and is converted to dopamine in the brain. Large doses of levodopa are required because much of the drug is decarboxylated to dopamine in the periphery, resulting in peripheral side effects (nausea, vomiting, cardiac arrhythmias, hypotension).

The effects of levodopa on the CNS can be greatly enhanced by coadministration carbidopa, a dopamine decarboxylase inhibitor that does not cross the blood-brain barrier. Carbidopa diminishes the metabolism of levodopa in the GI tract and peripheral tissues. The addition of carbidopa lowers the dose of levodopa needed by 4- to 5- fold and, consequently, decreases the severity of the side effects of peripherally formed dopamine.

Bromocriptine

Bromocriptine, en ergotamine (an alkaloid with vasoconstrictor action) derivative, is a dopamine receptor agonist. The drug produces little response in patients who does not react to levodopa, but it is often used with levodopa in patients responding to drug therapy. 

It was accidentally discovered that the antiviral drug, amantadine, effective in the treatment of influenza, has Antiparkinsonian action. It appears to enhance the synthesis, release, or reuptake of dopamine from the surviving neurons. Amantadine is less efficacious than levodopa, but it has fewer side effects. The drug has little effect on tremor but is more effective than the Anticholinergics against rigidity and bradykinesia.

The antimuscarinic agents (Cyclodol, Noracin etc.) are much less efficacious than levodopa and play only adjuvant role in the Antiparkinsonian therapy. Blockage of the cholinergic transmission produces similar to augmentation of dopaminergic transmission (again, because of the creation of an imbalance in the dopamine/acetylcholine ratio). All these drugs can induce mood changes and produce xerostomia (dryness of the mouth) and visual problems, as do all muscarinic blockers. They interfere with gastrointestinal peristaltic, may cause urinary retention and increase in intraocular pressure.

Available forms:

Phenobarbital – powder; tablets 0,005 each (for children) and 0,05; 0,1
(for adult)

Phenytoin (Dipheninum) – in patented tablets

Carbamazepine – in tablets 0,2 each

Valproate sodium (Acediprolum) – in tablets 0,3 each

Clonazepam – in tablets 0,001 each

Diazepam (Sibazonum) – in tablets 0,005 (for adult) and 0,001 (for children) each; in ampoules 0,5 % solution 2 ml each

Baclofen – in tablets 0,01 or 0,025 each

Levodopa – in tablets and capsules 0,25; 0,5 each

Nakom (composition of Levodopa with Carbidopa) – in patented tablets

Cyclodolum – in tablets 0,001; 0,002 or 0,005 each

Lecture 13. NONSTEROIDAL ANTI-INFLAMMATORY DRUGS

In this lecture drugs that are anti-inflammatory, analgesics, and antipyretics will be considered; their mechanism of action differ from those of the anti-inflammatory steroids and opioid analgesics. The anti-inflammatory, analgesic, and antipyretic drugs are a heterogeneous group of compounds, often chemically unrelated (although most of them are organic acids), which share certain therapeutic actions and side effects. The prototype is aspirin; hence these compounds are often referred to as aspirin-like drugs. They are also frequently designated as nonsteroidal anti-inflammatory drugs (NSAIDs).

The medicinal effect of the bark of willow has been known to several cultures for centuries. The active ingredient in the willow bark (called salicin) was first isolated in a pure form in 1829 by Leroux. The latter compound can be converted into salicylic acid. Sodium salicylate was first used for the treatment of rheumatoid fever and as an antipyretic in 1875. The enormous success of this drug prompted Hoffman, a chemist employed by Bayer, to prepare acetylsalicylic acid. This compound was introduced into medicine in 1899 by Dresser under the name of Aspirin.

Inflammation. Inflammation is a normal, protective response to tissue injury caused by physical trauma, noxious chemicals, or microbiologic agents. Inflammation is the body’s effort to inactivate or destroy invading organisms, remove irritants, and set the stage for tissue repair. However, inflammation is sometimes inappropriately triggered by an innocuous agent, such as pollen, or by an autoimmune response, as in asthma or rheumatoid arthritis. In such cases, the defense reactions themselves may cause injury, and anti-inflammatory drugs may be required to modulate the inflammatory process. Inflammation is triggered by the release of chemical mediators from injured tissues and migrating cells. The specific mediators vary with the type of inflammation and include amines, such as histamine and 5-hydroxytryptamine; lipids, such as prostaglandins; small peptides, such as bradykinin; and larger peptides, such as interleukin-1. Discovery of the wide variation among chemical mediators has clarified the apparent paradox that an anti-inflammatory drugs may interfere with the action of a particular mediator important in one type of inflammation but be without effect in process not involving the drug’s target mediator.
Prostaglandins. Many of the NSAIDs act by inhibiting the synthesis of prostaglandins. Thus, an understanding of NSAIDs requires a comprehension of the actions and biosynthesis of prostaglandins–unsaturated fatty acid derivatives containing 20 carbons that include a cyclic ring structure. [Note: These compounds are sometimes referred to as eicosanoids; “eicosa” refers to the 20 carbon atoms.]
Role of prostaglandins. Prostaglandins and related compounds are produced in minute quantities by virtually all tissues. They generally act locally on the tissues in which they are synthesized, and are rapidly metabolized to inactive products. Therefore, the prostaglandins do not circulate in the blood in significant concentration. Thromboxanes, leukotrienes, and the hydroperoxyeicosateraenoic and hydroxyeicosatetraenoic acids (HPETEs and HETEs) are related lipid, synthesized from the same precursors as are the prostaglandins, using interrelated pathways.

Synthesis of prostaglandins. Arachidonic acid, a 20-carbon fatty acid, is the primary precursor of the prostaglandins. Arachidonic acid is present as a component of the phospholipids of cell membranes. Free arachidonic acid is released from tissue phospholipids by the action of phospholipase A2. There are two major pathways in the synthesis of the eicosanoids from arachidonic acid (diag. 5.5).

Cyclooxygenase pathway. All eicosanoids with ring structures, that is, the prostaglandins, thromboxanes, and prostacyclins, are synthesized via the cyclooxygenase pathway. Two cyclooxygenases have been identified: COX-1 and COX-2. The former is ubiquitous and constitutive, whereas the latter is induced in response to inflammatory stimuli.
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Diagram 5.5 Mechanism of action nonsteroidal anti-inflammatory drugs
Lipoxygenase pathway. Alternatively, several lipoxygenases can act on arachidonic acid to form 5-HPETE, 12-HPETE and 15-HPETE, which are unstable peroxidated derivatives that are converted to the corresponding hydroxylated derivatives (HEPEs), or to leukotrienes or lipoxins, depending on the tissue.

Function in the body. Prostaglandins act as local signals that fine-tune the response of a specific cell type. Their functions vary widely depending on the tissue. For example, the release of TXA2 from platelets triggers the recruitment of new platelets for aggregation (the first step in clot formation). However, in other tissues, elevated levels of TXA2 convey a different signals; e.g. in certain smooth muscle, this compound induces contraction. Prostaglandins are one of the chemical mediators that are released in allergic and inflammatory processes.

Nonsteroidal anti-inflammatory drugs

NSAIDs are group of chemically dissimilar agents that differ in their antipyretic, analgesic and anti-inflammatory activities. They act primarily by inhibiting the cyclooxygenase enzymes but not the lipoxygenase enzymes. Aspirin is the prototype of this group; it is the most commonly used and the drug to which all other anti-inflammatory agents are compared. Some of the newer NSAIDs are marginally superior to aspirin in certain patients, because they have greater anti-inflammatory activity and/or cause less gastric irritation, or can be taken less frequently. However, the newer NSAIDs are considerably more expensive than aspirin, and some have proved to be more toxic in other ways.

Aspirin and other Salicylates
Aspirin is a weak organic acid that is unique among the NSAIDs in irreversibly acetylating (and thus inactivating) cyclooxygenase. The other NSAIDs, including salicylate, are all reversible inhibitors of cyclooxygenase. Aspirin is rapidly deacetylated by esterases in the body, producing salicylate, which has anti-inflammatory, antipyretic, and analgesic effects. 

Mechanism of action. The antipyretic and anti-inflammatory effects of the salicylates are due primarily to the blockade of prostaglandin synthesis at the thermoregulatory centers in the hypothalamus and at the peripheral target sites. By decreasing prostaglandin synthesis, the salicylates also prevent the sensitization of pain receptors to both mechanical and chemical stimuli. Aspirin may also depress pain stimuli at subcortical sites (that is, the thalamus and hypothalamus).

Actions. The NSAIDs have three major therapeutic actions, namely they reduce inflammation (ant inflammation), pain (analgesia), and fever (antipyresis). However, not all of the NSAIDs are equally potent in each of these actions.

o. Anti-inflammatory action: Aspirin modulates those aspects of inflammation in which prostaglandins act as mediators. Aspirin inhibits inflammation in arthritis, but it neither arrest the progress of the disease nor does it induce remission. 

p. Analgesic action: Prostaglandin E2 is thought to sensitize nerve endings to the action of bradykinin, histamine, and other chemicals mediators released locally by the inflammatory process. Thus, by decreasing PGE2 synthesis, aspirin and other NSAIDs repress the sensation of pain. The salicylates are used mainly for the management of pain of low to moderate intensity arising from integumental structures rather than that arising from the viscera. NSAIDs are superior to opioids in the management of pain in which inflammation is involved; combination of opioids and NSAIDs are effective in treating pain in malignancy.

q. Antipyretic action: Fever occurs when the set-point of the anterior hypothalamic thermoregulatory center is elevated. This can be caused by PGE2 synthesis, stimulated when an endogenous fever-producing agents (pyrogen) such as a cytokine is released from white cells that are activated by infection, hypersensitivity, malignancy, or inflammation. The salicylates lower body temperature in patients with fever by impeding PGE2 synthesis. Aspirin resets the “thermostat” towards normal and lowers the body temperature by increasing heat dissipation as a result of peripheral vasodilation and sweating. Aspirin has no effect on normal body temperature.

r. Gastrointestinal effects: Normally, prostacyclin (PGI2) inhibits gastric acid secretion, whereas PGE2 and PGF2( stimulate synthesis of protective mucus in both the stomach and small intestine. In presence of aspirin, these prostanoids are not formed, resulting in increased gastric acid secretion and diminished mucous protection. This may cause epigastric distress, ulceration, and/or hemorrhage. At ordinary aspirin doses, as much as 3 to 8 ml of blood may be lost in feces per day. [Note: Buffered and enteric-coated preparations are only marginally helpful in dealing with this problem. The PGE1 derivative, misoprostol, is used in the treatment of gastric damage induced by NSAIDs.]

s. Effect on platelets: TXA2 enhances platelet aggregation, whereas PGI2 decreases it. Low doses (60 to 80 mg daily) of aspirin can irreversibly inhibit thromboxane production platelets without markedly affecting PGI2 production in the endothelial cells of the blood vessel. [Note: The acetylation of cyclooxygenase is irreversible. Because platelets lack nuclei, they cannot synthesize new enzyme, and the lack of thromboxane persist for the lifetime of the platelet (3 to 7 days). This contrasts with endothelial cells, which have nuclei and therefore can produce new cyclooxygenase.]

t. Action on the kidney: Cyclooxygenase inhibitors prevent the synthesis of PGE2 and PGI2–prostaglandins that are responsible for maintaining renal blood flow. Decreased synthesis of prostaglandins can result in intrarenal vasoconstriction, retention of sodium and water in some patients. Interstitial nephritis can also occur with all of the NSAIDs except aspirin.

Therapeutic uses:
u. Antipyretics and analgesics: Sodium salicylate and aspirin are used as antipyretics and analgesics in the treatment of gout, rheumatic fever, and rheumatoid arthritis. Commonly treated conditions requiring analgesia include headache, arthralgia, and myalgia.

v. External applications: Salicylic acid is used topically to treat corns, calluses, and epidermophytosis (eruption caused by fungi). Methyl salicylate is used externally as a cutaneous counterirritant in liniments.

w. Cardiovascular applications: Aspirin inhibits platelet aggregation. Low doses are used prophylactically to decrease the incidence of transient ischemic attack and unstable angina as well as that of coronary artery thrombosis.

x. Colon cancer: There is evidence that chronic use of aspirin reduces the incidence of colorectal cancer.

Pharmacokinetics. Salicylates, especially methyl salicylate, are absorbed through intact skin. After oral administration, the unionized salicylates are passively absorbed from the stomach and small intestine. Rectal absorption is slow and unreliable, but it is a useful route to vomiting children. Salicylates cross both the blood-brain barrier and placenta.
The salicylates exhibit analgesic activity at low doses (diag. 5.6); only at higher doses do these drugs show anti-inflammatory activity. E.g. two 300 mg aspirin tablets administered 4 times a day produce analgesia, whereas 12 to 20 tablets per day produce both analgesic and anti-inflammatory activity. Low doses of Aspirin (160 mg every other day) have been shown to reduce the incidence of recurrent myocardial infarction and to reduce mortality in postmyocardial infarction patients. Further, aspirin 160 to 325 mg/day appears to be beneficial in the prevention of a first myocardial infarction, at least in men over the age of 50 years. Thus, prophylactic aspirin therapy is advocated in patients with clinical manifestations of coronary disease if no specific contraindications are present.
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Diagram 5.6 Dose-dependent effects of aspirin
At normal low doses (600 mg/day), aspirin is hydrolyzed to salicylate and acetic acid by esterases present in tissues and blood. Salicylate is converted by the liver to water-soluble conjugates that are rapidly cleared by the kidney, resulting in elimination with first-order kinetics and a serum half-life of 3.5 hours. At anti-inflammatory dosages (>4 g/day), the hepatic metabolic pathway becomes saturated, and zero-order kinetics are observed, with the drug having a half-life of 15 hours or more. Saturation of the hepatic enzymes requires treatment for several days to 1 week. Being an organic acid, salicylate is secreted into the urine and can affect uric acid secretion. At low doses of aspirin, uric acid secretion is decreased; at high doses, it is increased. [Note: Alkalinization of the urine promotes excretion.]
Adverse effects:
y. GI. The most common GI effects of the salicylates are epigastric distress, nausea, and vomiting. Microscopic GI bleeding is almost universal in patients treated with salicylates. [Note: Aspirin is an acid. At stomach pH, aspirin is uncharged; consequently it readily crosses into the mucosal cells where it ionizes and becomes trapped. Aspirin should be taken with food and large volumes of fluids to diminish GI disturbances. Alternatively, misoprostol may be taken concurrently.

z. Blood. The irreversible acetylation of platelet cyclooxygenase reduces the level of platelet TXA2, resulting in inhibition of platelet aggregation and prolonged bleeding time. For this reason aspirin should not be taken at least 1 week prior to surgery.

aa. Respiration. In toxic doses, salicylates cause respiratory depression and a combination of uncompensated respiratory and metabolic acidosis.

ab. Metabolic processes. Large doses of salicylates uncouple oxidative phosphorylation. The energy normally used for the production of ATP is dissipated as heat, which explains the hyperthermia caused by salicylates when taken in toxic quantities.

ac. Hypersensitivity. Approximately 15 % of patients taking Aspirin experience hyper-sensitivity reactions. Symptoms of true allergy include urticaria, bronchoconstriction, or angioneurotic edema. Fatal anaphylactic shock is rare.

ad. Reye’s syndrome. Aspirin given during viral infections has been associated with an increased incidence of Reye’s syndrome, an often fatal, fulminating hepatitis with cerebral edema. This is especially encountered in children, who therefore should be given paracetamol instead of Aspirin.

Salicylate intoxication may be mild or severe. The mild form is called salicylism and is characterized by nausea, vomiting, marked hyperventilation, headache, mental confusion, dizziness, and tinnitus (ringing or roaring in the ears). When large doses are administered, severe salicylate intoxication may result. The symptoms listed above are followed by restlessness, delirium, hallucinations, convulsions, coma, respiratory and metabolic acidosis, and death from respiratory failure. Children are particularly prone to salicylate intoxication. Ingestion of as little as 10 g of Aspirin can cause death in children. Treatment of salicylism should include measurement of serum salicylate concentrations and of pH to determine the best form of therapy. In mild cases, symptomatic treatment is usually sufficient. Increasing the urinary pH enhances the elimination of salicylates. In serious cases, mandatory measures include the intravenous administration of fluid, dialysis, and correction of acid-base and electrolyte balances.

Propionic acid derivatives

Ibuprofen was first in this class of agents to become available. It has been joined by Naproxen, Ketoprofen, Flurbiprofen, and others. All of these drugs possess anti-inflammatory, analgesic and antipyretic activity and have gained wide acceptance in the chronic treatment of rheumatoid and osteoarthritis because their GI effects are generally less intense than that of Aspirin. These drugs are reversible inhibitors of the cyclooxygenase and thus, like Aspirin, inhibit the synthesis of prostaglandins but not that of leukotrienes. All are well absorbed on oral administration and are almost totally bound to serum albumin. They undergo hepatic metabolism and are excreted by the kidney. The most common adverse effect is gastrointestinal, ranging from dyspepsia to bleeding. Side effects involving the CNS, such as headache, tinnitus and dizziness, have also been reported.

Indoleacetic acids

This group includes Indomethacin, Sulindac and Etodolac. All have anti-inflammatory, analgesic and antipyretic activity. They act by reversibly inhibiting cyclooxygenase. They are generally not used to lower fever.

Indomethacin. This NSAID is more potent than aspirin as an anti-inflammatory agent, but it is inferior to the salicylates at doses tolerated by rheumatoid arthritic patients. In certain instances (acute gouty arthritis, ankylosing spondylitis, and osteo-arthritis of the hip) indomethacin is more effective than is aspirin or any of the other NSAIDs. It is also effective in treating patent ductus arteriosus. Like aspirin, indomethacin can delay labor by suppressing uterine contractions. Indomethacin’s toxicity limits its use. Adverse effects occur in up to 50 % of patients; approximately 20 % find the adverse effects to be intolerable and discontinue use of the drug. Most adverse effects are dose-related. GI complaints consist of nausea, vomiting, anorexia, diarrhea, and abdominal pain. Ulceration of the upper GI tract can occur, sometimes with perforation and hemorrhage. The most severe and frequent CNS effect is frontal headache, which occurs in 25 to 50 % of patients who chronically use indomethacin. Other CNS effects are dizziness, vertigo, and mental confusion. Concurrent administration of indomethacin may decrease the antihypertensive effects of furosemide, the thiazide diuretics, (-blockers and ACE inhibitors.

Sulindac. This inactive pro-drug is closely related to indomethacin. Metabolism of hepatic microsomal enzymes produces the active form (a sulfide) of the drug, which has a long duration of action. Although the drug is less potent than indomethacin, it is useful in the treatment of rheumatoid arthritis, ankylosing spondylitis, osteoarthritis, and acute gout. The adverse reactions are similar to but less severe than those of the other NSAIDs, including indomethacin.

Pyrazolon derivatives

This group of drugs includes butadion, analgin, antipyrine, amidopyrine. All these drugs have been in clinical use for many years. Although not a first-line drug, butadion (phenylbutazone) is the most important from the therapeutic viewpoint. Antipyrine and amidopyrine are seldom used today. Analgin (metamizole) is not yet available in certain countries.

Butadion (Phenylbutazone): Butadion has powerful anti-inflammatory effects but weak analgesic and antipyretic activities. Butadion is prescribed chiefly in short-term therapy when other NSAIDs have failed. The usefulness of butadion is limited by its toxicity. The most serious adverse effects are agranulocytosis and aplastic anemia. However, the most common adverse effects are nausea, vomiting, skin rashes, and epigastric discomfort. Other side effects include fluid and electrolyte retention, diarrhea, vertigo, insomnia. Butadion reduces the uptake of iodine by thyroid gland, sometimes resulting in goiter and myxedema. Because of all these potential side-effects, the drug should be given for short period of time–up to 1 week only.

Other agents

Diclofenac. A cyclooxygenase inhibitor, diclofenac is approved for long-term treatment of rheumatoid arthritis, osteoarthritis and ankylosing spondilitis. It is more potent than indomethacin. Diclofenac accumulates in synovial fluid. The urine is the primary route of excretion. Its toxicities are similar to those of the other NSAIDs, e.g. GI problems are common, and the drug can also give rise to elevated hepatic enzyme levels.

Mefenamic acid has no advantages over the others NSAIDs as anti-inflammatory agent. Its side effects, such as diarrhea, can be severe and associated with inflammation of the bowel. Cases of hemolytic anemia have been reported.

Piroxicam is one of the oxicam derivatives that possesses anti-inflammatory, analgesic, and antipyretic activity. In recommended doses, piroxicam appears to be equivalent to aspirin, indomethacin, or naproxen for the long-term treatment of rheumatoid arthritis or osteoarthritis. It may be tolerated better than aspirin or indomethacin. The principal advantage of piroxicam is its long half-life (50 hours), which permits the administration of a single daily dose. GI disturbances are encountered in approximately 20 % of patients.

Ketorolac. This drug acts like other NSAIDs. In addition to the oral rout, ketorolac can be administered intramuscularly in the treatment of postoperative pain, and topically for allergic conjunctivitis. Ketorolac undergoes hepatic metabolism; the drug and its metabolites are eliminated via the urine. It causes the same side effects as the other NSAIDs.

Non-narcotic analgesics

Non-narcotic analgesics, unlike the NSAIDs, have little or no anti-inflammatory activity. They have a therapeutic advantage of narcotic analgesics in that they do not cause physical dependence or tolerance.

Paracetamol (Acetaminophen) and Phenacetin act by inhibiting prostaglandin synthesis in the CNS. This explains their antipyretic and analgesic properties. They have less effects on cyclooxygenase in peripheral tissues, which accounts for their weak anti-inflammatory activity. Paracetamol and Phenacetin do not affect platelet function or increase blood clotting time, and they lack many of the side-effects of Aspirin. [Note: Phenacetin can no longer be prescribed in many countries because of its renal toxicity. However, it is present in some proprietary preparations.]

Therapeutic uses. Paracetamol is a suitable substitute for the analgesic and antipyretic effects of aspirin in those patients with gastric complaints and in those for whom prolongation of bleeding time would be a disadvantage or who do not require the anti-inflammatory action of aspirin. Paracetamol is the analgesic-antipyretic of choice for children with viral infections or chicken pox (recall that aspirin increases the risk of Reye’s syndrome).

Pharmacokinetics. Paracetamol is rapidly absorbed from the GI tract. A significant first-pass metabolism occurs in the luminal cells of the intestine and in the hepatocytes. Phenacetin is largely converted to paracetamol within 3 hours of administration. Under normal circumstances, paracetamol is conjugated in the liver to form inactive glucuronidated or sulfated metabolites. A portion of paracetamol is hydroxylated to form N-acetyl-benzoquinoneimine–a highly reactive and potentially dangerous metabolite that reacts with sulfhydryl groups. At normal doses of Paracetamol, the N-acetyl-benzoquinoneimine reacts with groups of glutathione, forming a nontoxic substance. Paracetamol and its metabolites are excreted in the urine.

Adverse effects. With normal therapeutic doses, paracetamol is virtually free of any significant adverse effects. Skin rash and minor allergic reactions occur infrequently. Renal tubular necrosis and hypoglycemic coma are rare complications of prolonged large-dose therapy. With large doses of Paracetamol, the available glutathione in the liver becomes depleted and N-acetyl-benzoquinoneimine reacts with the sulfhydryl groups of hepatic proteins, forming covalent bounds. Hepatic necrosis, a very serious and potentially life-threatening condition, can result. Renal tubular necrosis may also occur. [Note: Administration of N-acetylcysteine, which contains sulfhydryl groups to which the toxic metabolite can bind, can be life-saving if administered within 10 hours of the overdose.]

Available forms:

Paracetamol – in tablets 0,2 each

Acetylsalicylic acid – in tablets 0,25; 0,5 (for adult) and 0,1 (for children)

Phenylbutazone (Butadionum) – in tablets 0,15 (for adult) and 0,03; 0,05 (for children); 5 % ointment 20,0

Ortophenum – in tablets 0,025 (for adult) and 0,015 (for children) each; in ampoules 2,5 % solution 3 ml each

Sulindac – in tablets 0,1; 0,2; 0,4 each

Piroxicam – in tablets 0,01 each; in capsules 0,02 each

PSYCHOTROPIC DRUGS

Lecture 14. NARCOTIC ANALGESICS

This lecture presents the pharmacological properties of the opioids (opioid agonists) and the opioid antagonists. Opioids are natural or synthetic compounds that produce morphine-like effects. The term opiates is reserved for drugs, such as morphine and codeine, obtained from the juice of the opium poppy. All drugs of this category act by binding to specific opioid receptors in the CNS to produce effects that mimic the action of endogenous peptide neurotransmitters, the opiates (e.g. endorphins, and enkephalins). Although the opioids have a broad range of effects, their primary use is to relieve intense pain and the anxiety that accompanies it, whether it be form surgery or as a result of injury or a disease, such as cancer. However, their widespread availability has led to abuse of these opioids with euphoric properties. Antagonists that can reverse the action of opioids are also very important clinically in cases of overdose.

Opioid receptors. Opioids interact with protein receptors on the membranes of certain cells in the CNS, on nerve terminals on the periphery, and on cells of the GI tract. The major effects of the opioids are mediated by 4 families of receptors, designated by the Greek letters, (, (, ( and (, each of which exhibits a different specificity for the drug(s) it binds. In general, binding potency correlates with analgesia (diag. 5.7). The analgesic properties of the opioids are primarily by the ( receptors; however, the ( receptors on the dorsal horn also contribute. The enkephalins interact more selectively with the ( receptors in the periphery. The ( receptors are less specific (e.g. the ( receptor also binds nonopioid agents, such as the hallucinogen phencyclidine). The ( receptor may be responsible for the hallucinations and dysphoria sometimes associated with opioids.
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Diagram 5.7 Opioid receptors and effects of drugs
Distribution of receptors. High densities of opioid receptors are present in five general areas of the CNS known to be involved in integrating information about pain. These pathways descend from the periaqueductal gray (PAG) through the dorsal horn of the spinal cord. They have also been identified in the periphery.

ae. Brainstem. Opioid receptors mediate respiration, cough, nausea and vomiting, maintenance of blood pressure, pupillary diameter, and control of stomach secretions.

af. Medial thalamus. This area mediates deep pain that is poorly localized and emotionally influenced.

ag. Spinal cord. Receptors in substantia gelatinosa are involved with the receipt and integration of incoming sensory information.

ah. Hypothalamus. Receptors here affect neuroendocrine secretion.

ai. Limbic system. These receptors probably do not exert analgesic action, but they may influence emotional behavior.

aj. Periphery. Opioids also bind to peripheral sensory nerve fibers and their terminals. As in the CNS, they inhibit Ca++-dependent release of excitatory, pro-inflammatory substances (e.g. substance P) from these nerve endings.

ak. Immune cells. The role of these receptors has not been determined.

Opioids are classified according to its affinity for opioid receptors 
(diag. 5.8). 
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Diagram 5.8 Classification of opioids according to its affinity for opioid



   receptors

Strong agonists

Morphine is the major analgesic drug contained in crude opium and is the prototype agonist. Codeine is present in lower concentrations and is inherently less potent. These drugs show a high affinity for ( receptors, varying affinities for ( and ( receptors, and low affinity for ( receptors.

Morphine

Mechanism of action. Opioids exert their major effects by interacting with opioid receptors in the CNS and the GI tract. Opioids cause hyperpolarization of nerve cells, inhibiting the nerve firing, and presynaptic inhibition of transmitter release. Morphine inhibits the release of many excitatory transmitters from nerve terminals carrying nociceptive (painful) stimuli; it also decreases the release of substance P, which modulates pain perception in the spinal cord.

Actions:
al. Analgesia. Morphine causes analgesia (relief of pain without loss of conscious-ness). Opioids relieve pain both by raising the threshold at the spinal cord level, and more importantly, by altering the brain’s perception of pain. Patients treated with morphine are still aware of the presence of pain, but the sensation is not unpleasant.

am. Euphoria. Morphine produces a powerful sense of contentment and well-being. Euphoria may be caused by stimulation of the ventral tegmentum.

an. Respiration. Morphine causes respiratory depression by reduction of the sen-sitivity of respiratory center to carbon dioxide. This occurs with ordinary doses of morphine and is accentuated as the dose increases until, ultimately, respiration ceases. Respiratory depression is the most cause of death in acute opioid overdose.

ao. Depression of cough reflex. Morphine and codeine have antitussive properties. In general, cough suppression does not correlate closely with analgesic and respiratory depressant properties of opioid drugs. The receptors involved in the antitussive action appear to be different than those involved in analgesia.

ap. Miosis. The pinpoint pupil, characteristic of morphine use, results from stimulation of ( and ( receptors. Morphine excites the Edinger-Westphal nucleus of the oculomotor nerve, which causes enhanced parasympathetic stimulation of the eye. There is little tolerance to the effect, and all addicts demonstrate pin-point pupils. This is important diagnostically, because most other causes of coma and respiratory depression produce dilation of the pupil.

aq. Emesis. Morphine directly stimulates the chemoreceptor trigger zone in the area postrema that causes vomiting. However, the emesis does not produce unpleasant sensation.

ar. GI tract. Morphine relieves diarrhea. It decreases motility of smooth muscle and increases tone. It increases pressure in biliary tract. Morphine also increases tone of the anal sphincter. Overall, morphine produces constipation, with little tolerance developing.

as. Cardiovascular. Morphine has no major effect on the blood pressure or heart rate except at large doses, when hypotension and bradycardia may develop. Because of respiratory depression and carbon dioxide retention, cerebral vessels dilate and increase cerebrospinal fluid (CSF) pressure. Therefore, morphine is usually contraindicated in individuals with severe brain injury.

at. Histamine release. Morphine releases histamine from mast cells, causing urticaria, sweating, and vasodilation. Because it can cause bronchoconstriction, asthmatics should not receive the drug.

au. Hormonal actions. Morphine inhibits release of gonadotropin-releasing hormone and decreases the concentration of luteinizing hormone, follicle-stimulating hormone, adrenocorticotropic hormone, and (-endorphin. Testosterone and cortisol levels decrease. Morphine increases prolactin and growth hormone release by diminishing dopaminergic inhibition. It increases antidiuretic hormone (ADH) and thus leads to fluid retention.

Therapeutic uses:
av. Analgesia. Despite intensive research, few other drugs have been developed that are as effective in the treatment of pain (postoperative pain, pain of terminal illness and cancer pain, etc.). Opioids induce sleep, and in clinical situations when pain is present and sleep is necessary, opiates may be used to supplement the sleep-inducing properties of benzodiazepines. [Note: The sedative-hypnotic drugs are not usually analgesic, and may have diminished sedative effect in the presence of pain.]

aw. Relief of cough. Morphine suppresses the cough reflex; however, codeine is more widely used. Codeine has greater antitussive action than morphine.

ax. Pulmonary edema. Morphine is used to alleviate the dyspnea of acute left ventricular failure and pulmonary edema, in which to i.v. morphine may be dramatic. The mechanism underlying this relief is still not clear. It may involve an alteration of the patient’s reaction to impaired respiratory function and indirect of the work of the heart due to reduced fear.

ay. Treatment of diarrhea. Morphine decreases the motility of smooth muscle and increases tone. Synthetic opioids also produce a decrease in bowel motility; several of these, such as Loperamide are used exclusively for this purpose.

Pharmacokinetics. Absorption of morphine from the GI tract is slow and erratic, and the drug is usually not given orally. Codeine, by contrast, is well absorbed when given by mouth. Significant first pass metabolism occurs in the liver; therefore, i.m., s.c., or i.v. injections produce more reliable responses. Opiates have been commonly taken for nonmedical purposes by inhalation of the smoke from burning crude opium, which provides a rapid onset of action.

Morphine rapidly enters all body tissues, including the fetuses of pregnant women, and should not be used for analgesia during labor. Infants born of addicted mothers show physical dependence on opiates and exhibit withdrawal symptoms. Only a small percentage of morphine crosses the blood-brain barrier, since morphine is the least lipophilic of the common opioids. This contrasts with the more fat-soluble opioids, such as fentanyl and heroin, which readily penetrate into the brain and rapidly produce an intense “rush” of euphoria.

Morphine is metabolized in the liver to glucuronides. Morphine-6-glucuronide is a very potent analgesic, whereas the conjugate at the 3-position is inactive. The conjugates are excreted primarily in the urine. The duration of action of morphine is 4 to 6 hours in naïve individuals. [Due to the low conjugation capacity in neonates, they should not receive morphine.]

Adverse effects. Severe respiratory depression occurs. Other effects include vomiting, dysphoria, and allergy-enhanced hypotensive effects. The elevation of intracranial pressure, particularly in head injury, can be serious. Morphine enhances cerebral and spinal ischemia. In prostatic hypertrophy, Morphine may cause acute urinary retention. A serious action is stoppage of respiratory exchange in emphysema or cor pulmonale patients. If employed in such individuals, respiration must be carefully watched.

Tolerance and physical dependence. Repeated use produces tolerance to the respiratory depressant, analgesic, euphoric, and sedative effects of morphine. However, tolerance usually does not develop to the pupil-constricting and constipating effects of the drug. Physical and psychologic dependence readily occur with morphine and with some other agonists. Withdrawal produces a series of autonomic, motor and psychological responses that causes serious, almost unbearable symptoms. However, it is very rare that the effects are so profound as to cause death.

Methadone

Methadone is a synthetic, orally effective opioid that is approximately equal in potency to morphine, but induces less euphoria and has a longer duration of action. Methadone has its greatest action on ( receptors. The analgesic activity is equivalent to that of morphine. The drug is well absorbed when administered orally. The miotic and respiratory depressant actions of methadone have average half-lives of 24 hours. 

Methadone is used in the controlled withdrawal of addicts from heroin and morphine. Orally administered, methadone is substituted for the injected opioid. The patient then slowly weaned from methadone. Methadone causes a milder withdrawal syndrome, which also develops more slowly than that seen during withdrawal from morphine. Readily absorbed following oral administration, methadone has a longer duration of action than does morphine. Methadone can produce dependence like that of morphine. The withdrawal syndrome is much milder but is more protracted (days to weeks) than with opiates.

Fentanyl

Fentanyl has 80 times the analgesic potency of morphine, and is used in anesthesia. It has a rapid onset and short duration of action (15 to 30 minutes). When combined with droperidol it produces a dissociative anesthesia (neuroleptanalgesia). Sufentanil, a related drug, is even more potent than fentanyl.

Heroin

Heroin does not occur naturally but is produced by acetylation of morphine, which leads to a tree-fold increase in its potency. Its greater lipid solubility allows it to cross blood-brain barrier more rapidly than morphine, causing a more exaggerated euphoria when the drug is taken by injection. Heroin is converted to morphine in the body, but lasts about half as long. It has no accepted medical use.

Omnoponum
Omnoponum is a mixture of purified opium alkaloids that contains 48-50 % of morphine and 32-35 % of other alkaloids. Omnoponum produces a pattern of effects quite similar to that of morphine. Sometimes it is better tolerated than morphine and appears to be less spasmogenic.

Trimeperidine (Promedolum)

Promedolum is a synthetic opioid with a structure unrelated to morphine. The pharmacological effects of promedolum closely parallel but not identical those of morphine. Promedolum causes a depression of respiration. On i.v. administration, the drug produces a decrease in peripheral resistance and an increase in peripheral blood flow. As with morphine, promedolum dilates cerebral vessels, increases cerebrospinal fluid pressure, and contracts smooth muscle (the latter to a lesser extent than does morphine). In GI tract, promedolum impedes motility, and chronic use result in constipation. Promedolum does not cause pinpoint pupils, but rather causes pupil to dilate because of an atropine-like activity. Promedolum provides analgesia for any type of severe pain. Unlike morphine, it is not clinically useful in the treatment of diarrhea or cough. Promedolum produces less of an increase in urinary retention than does Morphine.

Moderate agonists

Codeine

Codeine is a much less potent analgesic than morphine, but it has a higher oral efficacy. Codeine shows good antitussive activity at doses that do not causes analgesia. The drug has a lower abuse potential than morphine and rarely produces dependence. Codeine produces less euphoria than morphine. Codeine is often used in combination with aspirin or paracetamol. [Note: In most nonprescription cough preparations, codeine has been replaced by newer drug, such as dextromethorphan, a synthetic cough depressant that has no analgesic action and a low potential for abuse.]

Mixed agonist-antagonists

Drugs that stimulate one receptor but block another are termed mixed agonist-antagonists. The effects of the drugs depends on previous exposure to opioids. In individuals who have not recently received opioids, mixed agonist-antagonists show agonist activity and are used to relieve pain. In the patient with opioid dependence, the agonist-antagonist drugs may show primarily blocking effects, that is, produce withdrawal symptoms. Most of the drugs in this group cause dysphoria, rather than euphoria, mediated by activation of ( receptors.

Pentazocine

Pentazocine acts as an agonist on ( receptors and is a weak antagonist at ( and ( receptors. It also binds to ( receptors, which may account for its dysphoric properties. Pentazocine promotes analgesia by activating receptors in the spinal cord, and is used to relieve moderate pain. In higher doses, the drug causes respiratory depression. High doses increase blood pressure and can cause hallucination, nightmares, tachy-cardia, and dizziness. In angina, pentazocine increases the mean aortic pressure and pulmonary arterial pressure and thus increases the work of the heart. The drug decreases renal blood flow. Despite its antagonist action, pentazocine does not antagonize the respiratory depression of morphine, but it can precipitate a withdrawal syndrome in a morphine abuser. Pentazocine should not be used with agonists such morphine, since the antagonist action may block the analgesic effect of morphine. Tolerance and dependence develop on repeated use.

Buprenorphine

Although buprenorphine is classified as a partial agonist acting on the ( receptors, it behaves like morphine​ in naïve patients. However, it can also antagonize morphine. Buprenorphine has a long duration of action because of its tight binding to the receptor. It is metabolized by the liver and excreted in the bile and urine. Adverse effects include respiratory depression, decrease (or, rarely, increase) in blood pressure, nausea and dizziness.

Antagonists

The opioid antagonist bind with high affinity to opioid receptors but fail to activate the receptor- mediated response. Administration of opioid antagonists produces no profound effects in normal individuals. However, in patients addicted to opioids, antagonists rapidly reverse the effect of agonists, such as heroin, and precipitate the symptoms of opiate withdrawal.

Naloxone

Naloxone is used to reverse the coma and respiratory depression of opioid overdose. It rapidly displaces all receptor-bound opioid molecules and therefore is able to reverse the effect of a heroin overdose. Within 30 seconds of intravenous injection of naloxone, the respiratory depression and coma characteristic of high doses of heroin are reversed, causing the patient to be revived and alert. Naloxone has a half-life of 60 to 100 minutes. Naloxone is a competitive antagonist at (, ( and ( receptors, with a 10-fold higher affinity for ( receptors than for (. This may explain why naloxone readily reverses respiratory depression with only minimal reversal of analgesia that results from agonist stimulation of ( receptors in the spinal cord. Naloxone produces no pharmacological effects in normal individuals, but it precipitate withdrawal symptoms in morphine and heroin abusers.

Naltrexone

Naltrexone has action similar to those of naloxone. This drug has a longer duration of action than naloxone, and a single oral dose blocks the effects of injected heroin for up to 48 hours. Naltrexone is used in opiate-dependence maintenance programs and may also be beneficial in treating chronic alcoholism.

Available forms:

Morphine hydrochloride – in tablets 0,01 each; in ampoules 1 % solution
1 ml each

Codeine – in tablets 0,015 each

Pentazocine – in tablets 0,05 each; in ampoules 1 ml (contain 0,03 of pentazocine) each

Trimeperidine (Promedolum) – in tablets 0,025 each; in ampoules 1 % or 2 % solution 1 ml 

Fentanyl – in ampoules 0,005 % solution 2 or 5 ml each

Naloxone hydrochloride – in ampoules 1 ml (contain 0,0004 of naloxone) 

Naltrexone – in tablets 0,05 each

Lecture 15. NEUROLEPtICS

The use of drugs with well-demonstrated efficacy in psychiatric disorders has become widespread since the mid-1950s. In 1950, chlorpromazine was synthesized in France. The recognition of its unique effects by Laborit and its use in psychiatric patients by Deley and Deniker (1952) marked the beginnings of modern psychopharmacology. A report on Meprobamate by Berger (1954) marked the beginning of investigation of modern sedatives with useful antianxiety properties. An antitubercular drug, iproniazid, was introduced in the early 1950s and was soon recognized as a MAO inhibitor and antidepressant. In 1958, Kuhn recognized the antidepressant effect of imipramine. The first of antianxiety benzodiazepines, chlordiazepoxide, was developed by Sternbach in 1957. During the 1960s the expansion of psychopharmacological research was rapid, and many theories of psychoactive drug effects were introduced. The clinical efficacy of many of these agents was firmly established during that decade. Today, about 10-20 % of prescriptions are for medications intended to affect mental processes, namely, to sedate, stimulate, or otherwise change mood, thinking, or behavior.

Neuroleptic drugs (also called antischizophrenic drugs, antipsychotic drugs, or major tranquilizers) are used primarily to treat schizophrenia but also effective in other psychotic states, such as manic states and delirium. The traditional neuroleptic drugs are competitive inhibitors at a variety of receptors, but their antipsychotic effects reflect competitive blocking of dopamine receptors. The drugs vary in their potency, but no one drug is clinically more effective than another. In contrast, the newer “atypical” antipsychotic drugs appear to owe their unique activity to blockade of serotonin receptors. Neuroleptics are not curative and do not eliminate the funda-mental thinking disorders, but often do permit the psychotic patient to function in a supportive environment.

Schizophrenia is a particular type of psychosis, that is, a mental disorder caused by some inherent dysfunction of the brain. It is characterized by delusions, hallucinations (often in the form of voices), and thinking or speech disturbances. This mental disorder is a common affliction, occurring among about 1 % of the population, or at about the same incidence as diabetes mellitus. Schizophrenia has a strong genetic component and probably reflects some fundamental biochemical abnormality, possibly an overactivity of the mesolimbic dopaminergic neurons.

The neuroleptic drugs can be divided into five major classes based on the structure of the drugs (diag. 5.9). This classification is of modest importance, because within each chemical group, different side chains have profound effects on the potencies of the drugs. The management of psychotic disorders can typically be achieved by familiarity within the effects of one or two drugs in each class.
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Diagram 5.9 Classification of neuroleptics

Mechanism of action.
Dopamine receptor-blocking activity in brain. All of the neuroleptics block dopamine receptors in the brain and in the periphery. Five types of dopamine recep-tors have been identified. The clinical efficacy of the traditional neuroleptic drugs correlates closely with their ability to block D2 receptors in the mesolimbic system. The action of the neuroleptic drugs are antagonized by agents that raise dopamine concentration, e.g. L-dopa and amphetamines.

Serotonin receptor-blocking activity in the brain. The newer “atypical” agents appear to exert part of their unique action through inhibition of serotonin (S) receptors. Thus, clozapine has high affinity for D1 and D4, S2, muscarinic and (-adrenoreceptors, but it is also a dopamine D2-receptor antagonist. Another new agent, risperidone, blocks S2 receptor to a greater extent than it does D2 receptors. Both of these drugs exhibit a low incidence of extrapyramidal side effects.

Actions. The antipsychotic actions of neuroleptic drugs reflect blockade at dopamine/serotonin receptors. However, many of these agents also block cholinergic, adrenergic, and histamine receptors, causing a variety of side effects.

az. Antipsychotic actions. The neuroleptic drugs reduce the hallucinations and agitation associated with schizophrenia by blocking dopamine receptors in the mesolimbic system of the brain. These drugs also have a calming effect and reduce spontaneous physical movement. In contrast to the CNS depressants, such as barbitu-rates, the neuroleptics do not depress intellectual function of the patient, and motor incoordination is minimal. The antipsychotic effects usually take several weeks to occur.

ba. Extrapyramidal effects. Parkinsonian symptoms, akathisia (motor restlessness), and tardy dyskinesia (inappropriate postures of the neck, trunk, and limbs) occur with chronic treatment. Blocking of dopamine receptors in the nigrostriatal pathway probably causes these unwanted parkinsonian symptoms. Clozapine and risperidone exhibit a low incidence of these symptoms.

bb. Antiemetic effect. With the exception of thioridazine, most of the neuroleptic drugs have antiemetic effects that are mediated by blocking D2 receptors of the chemoreceptor trigger zone of the medulla.

bc. Antimuscarinic effect. All of the neuroleptics, particularly thioridazine and aminazine, cause anticholinergic effect, including blurred vision, dry mouth, sedation, and inhibition of gastrointestinal and urinary smooth muscle, leading to constipation and urinary retention.

bd. Other effects. Blockade of (-adrenegic receptors causes orthostatic hypotension and lightheadedness. The neuroleptics also alter temperature-regulating mechanism and can produce poikilothermy (body temperature varies with the environment). In the pituitary, the neuroleptics block D2 receptors, leading to an increase in prolactin release.

Therapeutic uses:
be. Treatment of schizophrenia: The neuroleptics are the only efficacious treatment of schizophrenia. Not all patients respond, and complete normalization of behavior is seldom achieved. The traditional neuroleptics are most effective in treating positive symptoms (delusions, hallucinations and thought disorders). The newer agents with serotonin blocking activity are effective in many patients resistant to the traditional agents, especially in treating negative symptoms of schizophrenia (withdrawal, blunted emotions, reduced ability to relate to people).

bf. Prevention of severe nausea and vomiting: The neuroleptics are useful in the treatment of drug-induced nausea. (Scopolamine, a muscarinic antagonist, is the drug of choice for the treatment of motion sickness).

bg. Other use: The neuroleptic drugs may be used as tranquilizers to manage agitated and disruptive behavior. Neuroleptics are used in combination with narcotic analgesics for treatment of chronic pain with severe anxiety. Aminazine is used to treat intractable hiccups. Droperidol is a component of neuroleptanesthesia. Promethazine is not a good antipsychotic drug, but the agent is used in treating pruritus because of its antihistaminic properties.

Adverse effects. Adverse effects of the neuroleptic drugs occur in practically all patients and are significant in about 80 %. Although antipsychotic drugs have an array of adverse effects, their therapeutic index is high.

bh. Parkinsonian effects. The inhibitory effects of dopaminergic neurons are normally balanced by the excitatory actions of cholinergic neurons. Blocking dopamine receptors alter this balance, causing a relative excess of cholinergic influence and resulting in extrapyramidal motor effects. A new, nearly normal balance can be achieved by administration of an anticholinergic drug, such as Cyclodolum. 

bi. Other effects. Drowsiness occurs due to CNS depression, usually during the first 2 weeks of treatment. Confusion is sometimes encountered. The neuroleptics produce dry mouth, urinary retention, constipation, and loss of accommodation. They block (-adrenergic receptors, resulting in lowered blood pressure and orthostatic hypotension. The neuroleptics depress the hypothalamus, causing amenorrhea, infertility, and impotence.

Available forms:

Chlorpromazine hydrochloride (Aminazinum) – in dragee 0,025; 0,05 or 0,1 each; in ampoules 2,5 % solution 1; 2; 5 or 10 ml

Trifluoperazine (Triftazinum) – in tablets 0,001; 0,005 or 0,01 each; in ampoules 0,2 % solution 1 ml each

Haloperidol – in tablets 0,0015 or 0,005 each; in ampoules 0,5 % solution
1 ml each 

Clozapine (Azaleptinum) – in tablets 0,025; 0,1 each; in ampoules 2,5 % solution 2 ml each

Lecture 16. TRANQUILIZERS (ANXIOLYTICS)

Anxiety is an unpleasant state of tension, apprehension, or uneasiness–a fear that seems to arise from an unknown source. Disorders involving anxiety are the most common mental disturbances. The symptoms of severe anxiety are similar to those of fear (such as, tachycardia, sweating, trembling, palpitations) and involve sympathetic activation. Episodes of mild anxiety are common life experiences and do not warrant treatment. However, the symptoms of severe, chronic, debilitating anxiety may be treated with antianxiety drugs (sometimes called anxiolytic or minor tranquilizers), and/or some form of psycho- or behavioral therapy. Since all of the antianxiety drugs also cause sedation, the same drugs often function clinically as both anxiolytic and hypnotic agents.

In the XIX century, bromide salts and compounds similar in effects to alcohol, including Paraldehyde and Chloral hydrate, were introduced in medical practice as sedatives. These were followed in the early 1900s by the introduction of barbiturates. The barbiturates were the dominant antianxiety agents throughout the first half of this century. However, by the 1950s concern had arisen about their propensity to induce tolerance, physical dependence, and potentially lethal reactions during withdrawal, and this encouraged the search for safer agents. Compound such as Meprobamate were the initial result. But they also shared many of the undesirable properties of barbiturates. These properties included an unclear separation between their useful antianxiety effect and excessive sedation. This set the scene for the discovery of chlordiazepoxide in the late 1950s and introduction more than a dozen benzodiazepines since that time. This class of sedatives has come to dominate the market and medical practice.
Benzodiazepines

Benzodiazepines are the most widely used anxiolytic drugs. They have largely replace barbiturates and meprobamate in the treatment of anxiety, since the benzo-diazepines are most effective and safer. Approximately 20 benzodiazepines are currently available.

Mechanism of action. The mechanism of action of benzodiazepine derivatives has already been discussed in details in the previous lecture (see hypnotics). They bind to specific receptors in the CNS. The result is to enhance the effects of gamma-aminobutyric acid (GABA); an important inhibitory neurotransmitter that acts by opening chloride ion channels into cells).

Actions. The benzodiazepines have no antipsychotic activity, nor any analgesic action and do not affect the autonomic nervous system. All of the benzodiazepines exhibit the following actions to a greater or lesser extent:

a. Reduction of anxiety: At low doses, the benzodiazepines are anxiolytic. They are thought to reduce anxiety by selectively inhibiting neuronal circuits in the limbic system of the brain.

b. Sedative and hypnotic actions: All of the benzodiazepines used to treat anxiety have some sedative properties. At higher doses, certain benzodiazepines produce hypnosis (artificially-produced sleep).

c. Anticonvulsant: Several of the benzodiazepines have anticonvulsant activity and are used to treat epilepsy and other seizure disorders.

d. Muscle relaxant: The benzodiazepines relax the spasticity of sceletal muscle, probably by increasing presynaptic inhibition in the spinal cord.

Therapeutic uses:
e. Anxiety disorders: Currently, the most useful antianxiety drugs are the benzodiazepines. These drugs should not be used to alleviate the normal stress of everyday life, but should be reserved for continued severe anxiety, and then should only be used for short periods of time because of addiction potential. The longer acting agents such as diazepam, are often preferred in those patients with anxiety that may require treatment for prolonged periods of time. The antianxiety effects of the benzodiazepines are less subject to tolerance than the sedative and hypnotic effects. For panic disorders, alprazolam is effective for short- and long-term treatment, although it may cause withdrawal reactions in about 30 % of sufferers.

f. Sleep disorders: Not all of the benzodiazepines are useful as hypnotic agents, although all have sedative and calming effects. The most commonly prescribed benzodiazepines for sleep disorders are long-acting nitrazepam, phenazepam, and flurazepam, intermediate-acting temazepam, and short-acting triazolam.
g. Seizures: Diazepam is the drug of choice in terminating status epilepticus and grand mal seizures. Clonazepam is useful in the chronic treatment of epilepsy.

h. Muscular disorder: Diazepam is useful in the treatment of skeletal muscle spasms such as occur in muscle strain, and in treating spasticity from degenerative disorders, such as multiple sclerosis and cerebral palsy.

Pharmacokinetics. The benzodiazepines are lipophilic and are rapidly and completely absorbed after oral administration and are distributed throughout the body. Diazepam reaches peak concentration in about an hour in adults, and as quickly as 15 to 30 minutes in children. Alprazolam, chlordiazepoxide, and lorazepam have intermediate rates of absorption. Most of the benzodiazepines are bound to plasma protein to a great extent (85 to 95 %)–a factor that limits the efficacy of dialysis in the treatment of acute poisonings. The apparent volumes of distribution for most benzodiazepines are about 1 to 3 liters per kilogram.

The pharmacokinetic parameters for these agents can often be misleading because active metabolites with long half-lives can markedly alter the duration of effects. For example, the formation of nordiazepam from diazepam can extend the duration of effect by twofold or threefold. The benzodiazepines can be roughly divided into short-, intermediate- and long-acting groups (table 5.1).

Table 5.1
Groups of benzodiazepines according to the duration of action

	Long-acting
	Intermediate-acting
	Short-acting

	1–3 days
	10–20 hours
	3–8 hours

	Diazepam

Chlordiazepoxide

Fenazepam
Flurazepam
	Alprazolam

Lorazepam

Temazepam
	Triazolam

Oxazepam




Most benzodiazepines, including chlordiazepoxide and diazepam, are metabolized by the hepatic microsomal metabolizing system to compounds that are also active. For these benzodiazepines, the apparent half-life of the drug represents the combined actions of the parent drug and its metabolites. The benzodiazepines are excreted in urine as glucuronides or oxidized metabolites.

Dependence. Psychological and physical dependence on benzodiazepines can develop if high doses of the drug are given over a prolonged period. Abrupt discontinuation of the benzodiazepines results in withdrawal symptoms, including confusion, anxiety, agitation, restlessness, insomnia, and tension. Because of the long half-lives of some of the benzodiazepines, withdrawal symptoms may not occur until a number of days after discontinuation. Benzodiazepines with a short elimination half-life, such as triazolam, induce more abrupt and severe withdrawal reactions.

Adverse effects. Drowsiness and confusion are the two most common side effect of the benzo-diazepines. Ataxia occurs at high doses and precludes activities that require motor coordination, such as driving an automobile. Cognitive impairment (decreased long-term recall and acquisition of new knowledge) can occur. Triazolam, the benzodiazepine with most rapid elimination, often show a rapid development of tolerance, early morning insomnia and daytime anxiety, along with amnesia and confusion. Benzodiazepines potentiate alcohol and other CNS depressants. However, they are considerably less dangerous than other anxiolytic and hypnotic drugs. As a result, a drug overdose is seldom lethal, unless other central depressants, such as alcohol, are taken concurrently.

Precautions. Use benzodiazepines cautiously in treating patients with liver diseases. They potentiate alcohol and other CNS depressants. Benzodiazepines are, however, considerably less dangerous than other anxiolytic and hypnotic drugs. As a result, a drug overdose is seldom lethal, unless other central depressants, such as alcohol, are taken concurrently.

Benzodiazepine antagonist. Flumazenil is a GABA receptor antagonist that can rapidly reverse the effects of benzodiazepines. The drug is available by i.v. administration only. Onset is rapid but duration is short, with a half-life of about one hour. Frequent administration may be necessary to maintain reversal of benzodiazepines.

Other anxiolytic agents

Other drugs that have been used in the treatment of anxiety include the propanediol carbamates (Meprobamate), certain anticholinergic agents (Amizil), antihistamines, etc. many of these uses are now virtually obsolete.

Meprobamate: The properties of meprobamate resemble those of the benzo-diazepines (anxiolytic, sedative-hypnotic, muscle relaxant, and anticonvulsive actions). However, meprobamate present additional problems, particularly its liability to produce tolerance, physical dependence, severe withdrawal reactions, and life-threatening toxicity with overdosage.

Amizylum: Amizytlum is a centrally acting muscarinic antagonist with anxiolytic effect. Its side effects qualitatively resembles the belladonna alkaloids.

Buspirone: Buspirone represents an entirely new class of drugs useful in the treat-ment of generalized anxiety disorders. It has an efficacy comparable to the benzo-diazepines. The action of buspirone appear to be mediated by serotonin (5-HT1A) receptors, although other receptors could be involved, since buspirone displays some affinity for DA2 dopamine receptors and 5-HT2 serotonin receptors. The mode of action thus differs from that of benzodiazepines. Further, buspirone lacks anti-convulsant and muscle-relaxant properties. The frequency of adverse effects is low. Sedation and psychomotor and cognitive dysfunction are minimal, and dependence is unlikely. Buspirone has the disadvantage of a slow onset of action.

Available forms:

Diazepam – in tablets 0,01 each

Alprazolam – in tablets 0,25 or 0,5 each

Oxazepam – in tablets 0,1

Amizylum – in tablets 0,001 or 0,002 each

Lecture 17. PSYCHOSEDATIVE AGENTS

A sedative drug (or dose of a drug) produces decrease in psychomotor activity and calms the recipient. In contrast to anxiolytics, this group of agents depresses the central nervous system in a relatively nonselective fashion. Many drugs share central depressant action.
Traditionally, the following drugs (or doses of drugs) used as sedatives:

· long-acting and intermediate-acting barbiturates in low doses (1/5–1/10 of a hypnotic dose);

· sodium bromide or potassium bromide;

· plant extracts (Valeriana officinalis, Leonurus cardiaca);

· complex mixtures containing sedative agents.
Available forms:

Tincture of Valerian – in bottles 30 ml each

Lecture 18. ANTIDEPRESSANT DRUGS

Affective disorders–major depression and mania (or bipolar manic-depressive illness)–are characterized by changes in mood as the primary clinical manifestation. Depression is different from schizophrenia, which produces disturbances in thought. The symptoms of depression are intense feeling of sadness, hopelessness, despair, and inability to experience pleasure in usual activities. Mania is characterized by the opposite behavior, that is, enthusiasm, rapid thought and speech patterns, and extreme self-confidence and impaired judgment. All clinically useful antidepressant drugs (also called thymoleptics) potentiate, either directly or indirectly, the action of noradrenaline, dopamine, and/or serotonin in the brain. This, along with other evidence, led to biogenic amine theory, which proposes that depression is due to a deficiency of monoamines such as noradrenaline and serotonin in certain key sites in the brain. Conversely, mania is envisioned as caused by overproduction of these neurotransmitters.

Classification of antidepressants

· Inhibitors of neuronal reuptake

a. nonselective (tricyclic/polycyclic antidepressants): Amitriptyline, Imizine (Imipramine), Maprotiline, Amoxapine;

b. selective serotonin reuptake inhibitors: Fluoxetine, Paroxetine, Trazodone;

· monoamine oxidase inhibitors: nialamide, phenelzine, tranylcypromine;

· drugs used to treat mania: lithium salts.
TRICYCLIC/POLYCYCLIC ANTIDEPRESSANTS

Mechanism of action.
Inhibition of neurotransmitter uptake. Tricyclic antidepressants (TCAs) inhibit the neuronal reuptake of noradrenaline and serotonin into presynaptic nerve terminals. This leads to increased concentration of monoamines in the synaptic cleft, resulting in antidepressant effect. This theory has been discounted by some because of several observations. E.g. the potency in blocking neurotransmitter uptake often does not correlate with antidepressant effects. Further, blockade of reuptake occurs immediately after administration of the drug, but the antidepressant effect of the TCA requires several weeks of continued treatment. It has been suggested that monoamine receptor densities in the brain may change over a 2 to 4 week period with drug use and may be important in the onset of activity.

Blocking of receptors. The TCAs also block serotoninergic, (-adrenergic, histamine, and muscarinic receptors. It is not known which, if any, of these accounts for the therapeutic benefit.

Actions. TCAs elevate mood, improve mental alertness, increase physical activity, and reduce morbid preoccupation in 50 to 70 % of individuals with major depression. The onset of the mood-elevation is slow, requiring 2 weeks or longer. These drugs do not produce stimulation or mood elevation in normal individuals. Drugs can be used for prolonged treatment of depression without loss of effectiveness.

Therapeutic uses. The TCAs are effective in treating severe major depression. Some panic disorders also respond to TCAs. Imipramine has been used to control bed-wetting in children (older than 6 years) by causing contraction of the internal sphincter of the bladder. At present it used cautiously, because of the inducement of cardiac arrhythmias and other serious cardiovascular problems.

Pharmacokinetics. The TCAs are well absorbed upon oral administration, and because of their lipophilic nature, are widely distributed and readily penetrate into the CNS. This lipid solubility also causes these drugs to have long half-lives, for example, 4 to 17 hours for imipramine. The initial treatment period is typically 4 to 8 weeks. These drugs are metabolized by the hepatic microsomal system and conjugated with glucuronic acid. Ultimately, the TCAs are excreted as inactive metabolites via the kidney.

Adverse effects: 
i. Antimuscarinic effects: Blockade of acetylcholine receptors leads to blurred vision, xerostomia (dry mouth), urinary retention, constipation, and aggravation of glaucoma and epilepsy.

j. Cardiovascular: Increased catecholamine activity results in cardiac overstimulation, which can be life-threatening in case of overdoses. Blockade of (-adrenergic receptors may cause orthostatic hypotension and reflex tachycardia. In clinical practice this is the most serious problem in the elderly.

k. Sedation: Sedation may bee prominent, especially during the first several weeks of the treatment.

l. Precautions: The tricyclic antidepressant should be used with caution in manic-depressive patients, since they may unmask manic behavior. The TCAs have a narrow therapeutic index; e.g. 5 to 6 times the maximal daily dose of imipramine can be lethal. Depressed patients who are suicidal should be given only limited quantities of these drugs.

SELECTIVE SEROTONIN-REUPTAKE INHIBITORS

The selective serotonin-reuptake inhibitors (SSRI) are a new group of chemically unique antidepressant drugs that specifically inhibit serotonin reuptake. Compared with tricyclic antidepressant, the SSRIs cause fewer anticholinergic effects and lower cardiotoxicity. However, the newer SSRIs should be used cautiously until their long-term effects have been evaluated.

Fluoxetine

Actions. Fluoxetine is the prototype of antidepressant drugs that selectively inhibit serotonin reuptake. Fluoxetine is as effective as tricyclic antidepressants in the treatment major depression. The drug is free of most of the troubling side effects of TCAs, including anticholinergic effects, orthostatic hypotension, and weight gain. Fluoxetine is preferred over TCAs by non-specialists who write most of the prescriptions for antidepressant drugs. As a result, fluoxetine is now the most widely prescribed antidepressant in many countries.

Therapeutic uses. The primary indication for fluoxetine is depression, where it is as effective as the tricyclic antidepressants. Fluoxetine is effective in treating bulimia nervosa and obsessive-compulsive disorder. The drug has been used for a variety of other indications, including anorexia nervosa, panic disorder, pain associated with diabetic neuropathy, and for premenstrual syndrome.

Pharmacokinetics. Fluoxetine is slowly cleared from the body, with a 1 to 10 days half-life for the parent compound, and 3 to 30 days for the active metabolites. Fluoxetine is administered orally; with a constant dose, a steady-state plasma concentration of the drug is achieved after several weeks of treatment. Fluoxetine is a potent inhibitor of a hepatic cytochrome P-450 isoenzyme responsible for the elimination of tricyclic antidepressants, neuroleptics, some antiarrhythmic and (-blockers. [Note: About 7 % of the population lack this P-450 enzyme and therefore metabolize fluoxetine very slowly.]

Adverse effects. Commonly observed adverse effects are nausea, insomnia, anorexia, weight loss, sexual dysfunction. Loss of libido, delayed ejaculation and anorgasmia are probably under-reported side effects often noted by clinicians, but are not prominently featured in the list of standard side effects. Overdoses of fluoxetine do not cause cardiac arrhythmias but can cause seizures. [In a report of patients who took an overdose of fluoxetine (up to 1200 mg compared with 20 mg/day as a therapeutic dose) about half of the patients had no symptoms.]

Other SSRIs

Other antidepressant drugs that primarily affect serotonin reuptake include Trazodone, Fluvoxamine, Paroxetine and other. These SSRIs differ from fluoxetine in their relative effects on the reuptake of serotonin and noradrenaline. They do not seem to be more efficacious than Fluoxetine, but their profiles of side effects are somewhat different. There is a high variability among patients in the rate of elimination of these drugs (including Fluoxetine), and failure to tolerate one drug should not preclude a trial of another SSRI.

MONOAMINE OXIDASE INHIBITORS

Monoamine oxidase (MAO) is a mitochondrial enzyme found in neuronal and other tissues, such as the gut and liver. In the neuron, MAO functions as a “safety valve” to inactivate any excess neurotransmitter molecules (noradrenaline, dopamine, and serotonin) that may leak out of synaptic vesicles when the neuron is at rest. The MAO inhibitors inactivate the enzyme, permitting neurotransmitter molecules to escape degradation and therefore to accumulate within the presynaptic neuron. First generation of MAO inhibitors (nialamide) blocks MAO irreversibly; in contrast, second generation is reversible MAO inhibitors (Pirlindole, Incazanum). Use of MAO inhibitors is now limited because of the complicated dietary restrictions required of patients taking these drugs.

Mechanism of action. MAO inhibitors form complexes with the enzyme, causing irreversible (Nialamide) or reversible (Pirlindole, Incazanum) inactivation. This results in increased stores of noradrenaline, serotonin and dopamine within the neuron, and subsequent potentiation of their actions. This drugs inhibit not only MAO in brain, but oxidases that catalyze oxidative deamination of drugs and potentially toxic substances, such as tyramine, which is found in certain foods. The MAO inhibitors therefore show a high incidence of drug-drug and drug-food interactions.

Although MAO is fully inhibited after several days of treatment, the antidepressant action is delayed several weeks. Most MAO inhibitors have a mild amphetamine-like stimulant effect (table 5.2).

Table 5.2.
Psychotropic spectra of action of the antidepressant drugs

	Psychostimulant effect
	Antidepressant effect
	Sedative effect

	
	
	


Therapeutic uses. MAO inhibitors are indicated for depressant patients who are unresponsive or allergic to tricyclic antidepressants. Patients with low psychomotor activity may benefit from the stimulant properties MAO inhibitors. These drugs are also useful in the treatment of phobic states.

Pharmacokinetics. These drugs are well absorbed on oral administration. Antidepressant effect requires 2 to 4 weeks of treatment. Enzyme regeneration, when irreversibly inactivated, usually occurs several weeks after termination of the drug. Thus, when switching antidepressant agents, a minimum of 2 weeks delay must be allowed after termination of MAO-inhibitor therapy.

Adverse effects. Severe and often unpredictable side effects limit the widespread use of MAO inhibitors. For example, tyramine, contained in certain foods, such as aged cheeses, chicken liver, beer, and red wines, is normally inactivated by MAO in the gut. Individuals, receiving a MAO inhibitor are unable to degrade tyramine obtained from the diet. Tyramine causes the release of large amount of stored catecholamines from the nerve terminals, resulting in hypertension, tachycardia, cardiac arrhythmias, headache, nausea, and stroke. Patients must therefore be educated to avoid tyramine-containing foods. Phentolamine or prazosin are helpful in the management of tyramine-induced hypertension. Other possible side effects of treatment with MAO inhibitors include drowsiness, orthostatic hypotension, blurred vision, dryness of the mouth, dysuria, and constipation. MAO inhibitors and SSRIs should not be co-administered due to the risk of life-threatening “serotonin-syndrome”. Both drugs required washout periods of 6 weeks before administering the other.

LITHIUM SALTS

Lithium salts are used prophylactically in treating manic-depressive patients and in the treatment manic episodes. They are also effective in treating 60 to 80 % of patients exhibiting mania and hypomania. Although many cellular processes are altered by treatment with lithium salts, the mode of action is unknown. Lithium is given orally, and the ion is excreted by the kidney. Lithium salts are very toxic. Their safety factor and therapeutic index are extremely low–comparable to those of digitalis. Adverse effects include ataxia, tremor, confusion, and convulsions. Lithium causes no notice-able effect on normal individuals. It is not a sedative, euphoriant or depressant.

Available forms:

Pirlindole – in tablets 0,025 or 0,05 each
Imipramine – in tablets 0,025 each; in ampoules 1,25 % solution 2 ml 

Fluoxetine – in capsules 0,02 each

Lecture 19. PSYCHOSTIMULANTS. NOOTROPIC DRUGS

This section describes two groups of drugs. The first group, the genuine psycho-stimulants, cause excitement and euphoria, decrease feelings of fatigue, and increase motor activity. The second group include drugs with some psychostimulant effects.

According to this psychostimulants are classified into

· Genuine psychostimulants:

c. Methylxanthines – Caffeine, Caffeine-benzoate sodium;

d. Benzoylmethylecgoine – Cocaine;

e. Phenylalkilamines – Amphetamine (Phenaminum);

f. Phenylalkylsydnonimes – Mesocarb;

· Cerebroactive drugs (cerebral activators):

g. Nootropic and GABA-ergic agents – Piracetam (Nootropil), Pyritinol, Aminalon (Gamma-aminobutyric acid), Pantohamum (Hopantenic acid);

h. Adaptogenes and miscellaneous agents with stimulant activity – preparations of Ginseng, Eleutherococcus, etc.

Methylxanthines

Methylxanthines include theophylline found in tea, theobromine found in cocoa, and caffeine. Caffeine, the most widely consumed stimulant in the world, is found in highest concentration in coffee but is also present in tea, cola drinks, chocolate candy, and cocoa.

Mechanism of action. The methylxanthines may act by several mechanisms, including increase in cAMP and cGMP caused by inhibition of phosphodiesterase, and blockade of adenosine receptors.

Actions.
bj. CNS. The caffeine contained in 1 to 2 cups of coffee (100 to 200 mg) cause a decrease in fatigue and increased mental alertness as a result of stimulating the cortex and other areas of the brain. Consumption of 1.5 grams of caffeine (12 to 15 cups of coffee) produces anxiety and tremors. The spinal cord is stimulated only by very high doses (2 to 5 g) of caffeine.

bk. Cardiovascular system. A high dose of caffeine has positive inotropic and chronotropic effects on the heart. [Note: Increased contractility can be harmful to patients with angina pectoris. Accelerated heart rate can trigger premature ventricular contractions in others.]

bl. Diuretic action. Caffeine has a mild diuretic action that increases urinary output of sodium, chloride, and potassium.

bm. Gastric mucosa. Since all methylxanthines stimulate secretion of hydrochloric acid (HCl) from the gastric mucosa, individuals with peptic ulcers should avoid beverages containing methylxanthines.

Pharmacokinetics. The methylxanthines are well absorbed orally. Caffeine distributes throughout the body, including brain. The drugs cross the placenta to the fetus and are secreted into the mother’s milk. All the methylxanthines are metabolized in the liver, and the metabolites are then excreted in the urine.

Adverse effects. Moderate doses of caffeine cause insomnia, anxiety, and agitation. A high dosage is required to show toxicity, which is manifested by emesis and convulsions. The lethal dose is about 10 g for caffeine (about 100 cups of coffee), which induces cardiac arrhythmias. Death from caffeine is thus highly unlikely. Lethargy, irritability, and headache occur in users who have routinely consumed more than 600 mg of caffeine per day (roughly 6 cups of coffee) and then suddenly stop.

Cocaine

Cocaine is an inexpensive, widely available, and highly addictive drug (e.g. as it has been estimated, cocaine is currently abused daily by over 3 million people in the United States).

Mechanism of action. The primary mechanism of action is blockade of nor-adrenaline, serotonin, and dopamine re-uptake into the presynaptic terminals from which these transmitters are released. This block potentiates and prolongs the CNS and peripheral actions of these catecholamines. In particular, the prolongation of dopaminergic effects in the brain’s pleasure system (limbic system), produces the intense euphoria that cocaine initially causes. Chronic intake of cocaine depletes dopamine. This depletion triggers the vicious cycle of craving for cocaine that temporarily relieves severe depression.

Actions. The behavioral effects of Cocaine result from powerful stimulation of the cortex and brainstem. Cocaine acutely increases mental awareness and produces a feeling of well-being and euphoria that is similar to that caused by amphetamine. Like amphetamine, cocaine can produce hallucinations, delusions, and paranoia. Cocaine increases motor activity, and at high doses cause tremors and convulsions, followed by respiratory and vasomotor depression.

Peripherally, Cocaine potentiates the action of noradrenaline and produces the “fight or flight” syndrome characteristic of adrenergic stimulation. This is associated with tachycardia, hypertension, pupillary dilation, and peripheral vasoconstriction.

Therapeutic uses. Cocaine has a local anesthetic action that represents the only current rationale for the therapeutic use of cocaine; cocaine is applied topically as a local anesthetic during eye, ear, nose, and throat surgery. The local anesthetic action of cocaine is due to a block of voltage-activated sodium channels. [Note: Cocaine is the only local anesthetic that causes vasoconstriction. This effect is responsible for the necrosis and perforation of the nasal septum seen in association with chronic inhalation of cocaine powder.]

Pharmacokinetics. Cocaine is self-administered by chewing, intranasal snorting, smoking, and intravenous injection. Peak effect occurs at 15 to 20 min. after nasal intake of cocaine powder, and the high disappears in 1 to 1.5 hours. Rapid but short effects are achieved following i.v. injection of cocaine, or by smoking the free base form of the drug (“crack”). Because the onset of action is most rapid, the potential for overdosage and dependence is greatest with i.v. injection and crack smoking.

Adverse effects. The toxic response to acute cocaine ingestion can precipitate an anxiety reaction that includes hypertension, tachycardia, sweating, and paranoia. Like all stimulant drugs, cocaine stimulation of the CNS is followed by a period of mental depression. Addicts withdrawing exhibit physical and emotional depression as well as agitation. These symptoms can be treated with benzodiazepines or phenothiazines.

Cocaine can induce seizures as well as fatal cardiac arrhythmias. Intravenous diazepam and propranolol may be required to control cocaine-induced seizures and arrhythmias, respectively.

Amphetamine

Amphetamine shows neurologic and clinical effects that are quite similar to those of cocaine.

Mechanism of action. As with cocaine, the effects of amphetamine on the CNS and peripheral nervous system are indirect; that is, they depend upon an elevation of the level of catecholamine transmitters in synaptic spaces. Amphetamine, however, achieves this effect by releasing intracellular stores of catecholamines. Since amphetamine also blocks MAO, high level of catecholamines are readily released into synaptic spaces. Despite different mechanisms of action, the behavioral effects of amphetamine are similar to those of cocaine.

Actions. The major cause of the behavioral effects of amphetamine is probably due to release of dopamine rather than release of noradrenaline. Amphetamine stimulates the entire cerebrospinal axis, cortex, brain stem, and medulla. This leads to increased alertness, decreased fatigue, depressed appetite, and insomnia. In high doses, convulsions can ensue. These CNS stimulant effects of amphetamine and its derivatives have led to their use in the therapy of depression, hyperactivity in children, narcolepsy, and appetite control.

In addition to its marked action on the CNS, amphetamine acts on the adrenergic system, indirectly stimulating the receptors through noradrenaline release.

Therapeutic uses. Factors that limit the therapeutic usefulness of amphetamine include psychological and physiological dependence similar to those with cocaine, and the development of tolerance to the euphoric and anorectic effects with chronic use. [Note: Less tolerance to the toxic CNS effects (e.g. convulsions) develops.]

m. Attention deficit syndrome: Some young children are hyperkinetic and lack the ability to be involved in any one activity for longer than a few minutes. Amphetamine and more recently amphetamine derivative methylphenidate alleviate many of the behavior problems associated with this syndrome, and reduce the hyperkinesia that the children demonstrate. Their attention is thus prolonged, allowing them to function better in a school atmosphere.

n. Narcolepsy: Methylphenidate and amphetamine are used to treat narcolepsy, a disorder marked by an uncontrollable desire for sleep.

Pharmacokinetics. Amphetamines are completely absorbed from the GI tract, metabolized by the liver, and excreted in the urine. Amphetamine abusers often administer the drugs by i.v. injection and by smoking. The euphoria caused by amphetamine lasts 4 to 6 hours, or 4 to 8 times longer than the effects of cocaine. The amphetamines produce addiction–dependence, tolerance and drug-seeking behavior.

Adverse effects. Undesirable side effects of amphetamine usage include insomnia, irritability, weakness, dizziness, tremor, and hyperactive reflexes. Amphetamine can also cause confusion, delirium, panic states, and suicidal tendencies, especially in mentally ill patients. Chronic amphetamine use produces a state of “amphetamine psychosis” that resembles an acute schizophrenic attack. Overdoses of amphetamine are treated with aminazine, which relieves the CNS symptoms as well as the hypertension because of its (-blocking effects.

In addition to its CNS effects, amphetamine causes palpitations, cardiac arrhythmias, hypertension, anginal pain, and circulatory collapse. Headache, chills, and excessive sweating may also occur. Amphetamine should not be given to patients receiving MAO inhibitors. Amphetamine acts on GI tract, causing anorexia, nausea, vomiting, and abdominal cramps, and diarrhea.

NOOTROPIC DRUGS

“Nootropic” means a drug that selectively improves of higher telencephalic integrative activities (cognitive function, learning, memory etc.) They are thought to bring about their effects by improvement in cerebral circulation, activation of neuronal metabolism, neurotransmitter modulation, improvement of neuronal integration etc.

Piracetam: It is a cyclic GABA derivative, but has no GABA like activity. Piracetam has been claimed to improve ATP/ADP ratio in telencephalon, stimulate synaptic transmission. It is believed also to act by protecting altered brain metabolism.

Pyritinol: It consists of two pyridoxine (vit. B6) molecules, joined through a disulfide bridge, but has no vitamin B6 activity. It is claimed to improve regional blood flow in ischemic brain areas, activate cerebral metabolism, increase glucose uptake in brain etc.
Clinical indication for piracetam, pyritinol and other nootropic agents include:

o. transient ischemic attacks, cerebrovascular accidents – stroke;

p. mental retardation in children;

q. sequelae of head injury, brain surgery;

r. organic psycho-syndromes;

s. senile dementia and confusional states of old age;

t. concentration and memory defects…

The above therapeutic field is commercially highly profitable. Cerebroactive drugs have been briskly promoted by manufacturers and wishfully prescribed by physicians. However, precise trails have been shown that in many cases the initial enthusiasm about ‘cerebroactive drugs’ was merely wishful thinking. But they continue to be prescribed in the absence of any thing better.

Available forms:

Caffeine-sodium-benzoate – in tablets 0,1; 0,2 (for adult) and 0,075 (for children); in ampoules 10 % or 20 % solution 1 or 2 ml

Mesocarb – in tablets 0,005 or 0,025 each

Piracetam – in capsules 0,4 each; in tablets 0,2 each; in ampoules 20 % solution 5 ml each

Phenibut-anvi – in tablets 0,25 each

Lecture 20. ANALEPTICS

These are drugs which stimulate respiratory and cardiovascular centers. They have resuscitative value in coma or fainting. Analeptics do stimulate respiration in subconvulsive doses, but margin of safety is narrow; the patient may get convulsions while still in coma. Mechanical support to respiration and other measures to improve circulation are more effective and safe. They are not dependable for long term support. Situations in which they may employed are: hypnotic drug poisoning; failure to ventilate spontaneously after general anesthesia; apnoea in premature infant, etc. More information about analeptics see in lecture “Drugs used in respiratory diseases”.

Available forms:

Sulfocamphocainum – in ampoules 10 % solution 2 ml each

Examination questions

2. A patient whose anesthesia is being managed only with isoflurane (Forane) delivered at an inspired concentration near the MAC occasionally moves and exhibits facial grimacing, apparently in response to surgical manipulation of the bowel. These responses are

(A)
Natural consequences of physical manipulations that induce noxious sensory input to the CNS

(B)
An indication that neuromuscular blocking agents should be administered without delay

(C)
Not likely to be blocked by coadministering an analgesic drug such as morphine

(D)
Signs suggesting that the patient should be given twice the MAC of isoflurane

(E)
Not avoidable because the bowel is unusually sensitive to physical manipulation.

3. A hypotensive patient suspected of having internal bleeding is given a dose lower than the usual amount of an intravenous anesthetic. An acceptable level of anesthesia occurs. How is it possible to achieve anesthesia in this patient with a dose of anesthetic that may be inadequate in a normoten-sive patient with adequate blood volume?

(A)
Enzymatic activity of hepatic enzymes is com- promised when blood pressure is low.

(B)
More anesthetic appears in the brain and redistribution of the intravenous drug to tissues with reduced blood flow is compromised when hemor-rhagic shock occurs.

(C)
The diffusion of lipid-soluble drugs through the blood-brain barrier is enhanced.

(D)
Tissues with a characteristically high blood flow per unit mass receive less blood and less anesthetic when blood volume is low.

(E)
Anesthetics bind more readily to tissue receptors when hypotension and poor oxygenation occur.

4. With which hypothetical anesthetic would you expect anesthetic partial pressure to be achieved relatively quickly?

(A)
An agent that is highly soluble in blood and other body tissues

(B)
An agent with a low MAC (in range less than 1% in the inspired air)

(C)
An agent with a high Ostwald solubility coefficient

(D)
An agent whose rate of rise of partial pressure in the lung is influenced minimally by uptake into the blood.

(E)
An agent supplied as a gas rather than one supplied as a volatile liquid

5. Remifentanil (Ultiva) has recently gained popularity as a high-dose opioid anesthesia because

(A)
It induces anesthesia in patients faster than any other drug

(B)
Phenylpiperidine-type opioids releases hista- mine from mast cells

(C)
It is metabolized by nonspecific esterases in red blood cells and other tissues

(D)
It has a long duration of action following intravenous infusion

(E)
It does not produce chest wall rigidity

6. Patients with coronary artery disease are particularly challenging for anesthesia, since alterations in vascular responsiveness and myocardial function may put them at risk. In this respect, which statement correctly describes the cardiovascular action of an agent or agents that should be taken into account when planning anesthesia for such patients?

(A)
All halogenated hydrocarbon inhalational anesthetics sensitize the myocardium to catecholamine-induced cardiac arrhythmias.

(B)
Halogenated hydrocarbon inhalational agents reduce cardiac output equally well.

(C)
Sevoflurane (Ultane) directly stimulates sympathetic function.

(D)
Reflex sympathetic stimulation is a major component of halothane's (Fluothane) cardiovascular profile.

(E)
Several halogenated hydrocarbons produce vascular relaxation to reduce blood pressure.

7. The mechanism of anesthesia remains an active area of research. Which statement best describes significant developments in this area of scientific investigation?

(A)
Anesthetics are physically attracted to the aqueous phase of neuronal membranes.

(B)
Anesthesia is associated with interactions of the agents with a single unique site on the GABAA receptor.

(C)
Anesthesia ultimately occurs as Cl moves out of neuronal cells, an action that makes the cells less excitable.

(D)
Although some exceptions occur, a correlation between anesthetic potency and their oil-water partition coefficient suggested a unitary hypothesis for the production of anesthesia.

(E)
Enantiomers of inhalational agents provide support for the Meyer Overton rule.
8. Which of the following opioids has an analgesically active metabolite?

(A)
Naloxone

(B)
Meperidine

(C)
Propoxyphene

(D)
Codeine

(E)
Nalmefene

9. Which of the following statements about celecoxib is true?

(A)
It irreversibly acetylates the COX-2 enzyme.

(B)
It inhibits both the inducible and constitutive COX-2 enzyme.

(C)
It produces no GI bleeding.

(D)
It is indicated only for the disease, osteoarthritis.

(E)
It increases healing of GI ulcers.

10. Morphine produces an analgesic effect due to

(A)
A block of potassium efflux from a neuron

(B)
An increase in c-AMP accumulation in a neuron

(C)
A decrease in intracellular calcium in a neuron

(D)
Interaction with a Gs protein in the neuron

(E)
An increase in calcium channel phosphorylation in the neuron

11. κ-Opioid receptor activation is required to observe

(A)
Respiratory depression

(B)
Bradycardia

(C)
Miosis

(D)
Mydriasis

(E)
Hypocapnia

12. Which of the following statements about fentanyl patches is true?

(A)
They produce no respiratory depression.

(B)
They produce anesthesia and analgesia.

(C)
They produce no constipation.

(D)
They can be used during pregnancy.

(E)
They cannot be used in nonambulatory patients.

13. A man aged 74 has moderate hypertension controlled with hydrochlorothiazide 12.5 mg once daily and losartan 50 mg once daily. He is prescribed rofecoxib 50 mg once daily to control osteoarthritis pain. After 3 months of this therapy, his blood pressure begins to rise. This increase in blood pressure is most likely due to

(A)
Inhibition of COX-2 by rofecoxib, which leads to decreased renal blood flow

(B)
Increased metabolism of losartan due to induction of CYP2C9 by rofecoxib

(C)
Increased excretion of hydrochlorothiazide due to increased renal blood flow (caused by rofecoxib

D)
Arteriolar contraction in the peripheral circulation caused by inhibition of COX-1 by rofecoxib

(E)
Weight gain caused by rofecoxib's ability to decrease basal metabolic rate.

14. The use of low-dose methotrexate in the treatment of rheumatoid arthritis is most frequently

(A)
Reserved for cases in which NSAIDs no longer adequately control pain and stiffness

(B)
Initiated only after significant joint destruction

(C)
Contraindicated in individuals being treated with NSAIDs

(D)
Used for pregnant women, since it is the DMARD with the least fetal toxicity

(E)
Initiated early in the course of moderate to severe forms of the disease

15. A 52-year-old woman with a history of eczema and heavy alcohol use begins taking ibuprofen to control hip and knee pain due to osteoarthritis. Over the course of 6 months, as the pain worsens, she increases her dosage to a high level (600 mg four times daily). What toxicity is most likely to occur, and why?

(A)
Abnormal heart rhythms; alcohol induces cy- tochrome P450 isozymes that convert ibuprofen to a cardiotoxic free radical metabolite

(B)
Necrotizing fasciitis; eczema predisposes an individual to this toxicity of ibuprofen

(C)
Gastric ulceration; heavy alcohol use increases the susceptibility of an individual to ibuprofen- induced GI toxicity

(D)
Confusion and ataxia; these CNS toxicities of ibuprofen are additive with those of ethanol

(E)
Eosinophilia; this rare complication of ibuprofen therapy is exacerbated by the immunosuppression frequently seen in alcoholics

16. Etanercept produces its antirheumatic effects by direct

(A)
Inhibition of cAMP phosphodiesterase in monocytic lineage leukocytes

(B)
Selective inhibition of COX-2

(C)
Enhancement of leukotriene synthesis at the expense of prostaglandin synthesis

(D)
Reduction of circulating active TNF-a levels

(E)
Inhibition of the production of autoantibodies

17. An advantage of celecoxib over most other NSAIDs is

(A)
Less inhibition of PGE2 effects on the gastric mucosal

(B)
Less risk of bronchospasm and hypersensitivity reactions. Once-daily dosing allows the patient convenience

(C)
Less risk of harm to the developing fetus in the third trimester

(D)
Greater degree of efficacy in the treatment of rheumatoid arthritis

18. Opisthotonos is a convulsive condition that is often associated with the ingestion of strychnine. This condition is associated with all of the following EXCEPT

(A)
Antagonism of the inhibitory amino acid neu- rotransmitter glycine

(B)
The predominance of glycine as an inhibitory amino acid transmitter in the spinal cord

(C)
Antagonism of the inhibitory amino acid neu- rotransmitter GABA

(D)
The convulsions lead to tonic extension of the body and all limbs

19. Which of the following classes of agents is useful in the treatment of attention deficit hyperkinetic disorder?

(A)
Analeptic stimulants

(B)
Benzodiazepines

(C)
Xanthines

(D)
Psychomotor stimulants

(E)
Phosphodiesterase inhibitors

20. Which of the following mechanisms of action account for the effects of all analeptic stimulants except strychnine?

(A)
Antagonism of chloride ion influx at the GABA receptor-chloride channel complex

(B)
Increased release of catecholamines from CNS neurons

(C)
Inhibition of cholinesterase leading to increased acetylcholine levels

(D)
Antagonism of CNS adrenoceptors to reduce inhibition produced by catecholamines

(E)
Antagonism of nicotinic receptors that inhibit motor neuron activity

21. The CNS stimulation produced by methylxanthines, such as caffeine, is most likely due to the antagonism of which of the following receptors?

(A)
Glycine receptors

(B)
Adenosine receptors

(C)
Glutamate receptors

(D)
GABA receptors

(E)
Cholinergic muscarinic receptors

22. Cardiac stimulation is an adverse effect associated with the use of the psychomotor stimulants, such as amphetamine. Which of the following mechanisms is most likely responsible for this peripheral effect?

(A)
Inhibition of vagal tone through an action in the CNS

(B)
Indirect sympathomimetic effects in the periphery due to release of norepinephrine

(C)
Inhibition of a GABA-mediated negative chronotropic effect at the heart

(D)
Antagonism of muscarinic receptors in the heart

(E)
Blockade of ganglionic transmission at sympathetic ganglia in the periphery
23. A 21-year-old man is a full-time college student who also works 25 hours per week. Over the past 3 months he has become increasingly anxious. He says he is tired most of the time and has trouble concentrating on his studies. Which of the following drugs would be the most appropriate initial phar-macologic treatment for his anxiety?

(A)
Phenobarbital

(B)
Alprazolam

(C)
Zolpidem

(D)
Hydroxyzine

(E)
Propranolol

24. A 33-year-old woman has recently undergone a divorce. She reports that although she is exhausted, it usually takes her 2 or more hours to fall asleep at night. Which of the following drugs would help relieve her sleep disturbance while being least disruptive to REM sleep?

(A)
Triazolam

(B)
Chloral hydrate

(C)
Zolpidem

(D)
Amobarbital

(E)
Hydroxyzine

25. A 54-year-old man is scheduled for an elective colonoscopy that will take approximately 20 minutes. Which of the following drugs would be most likely to produce the desired anesthesia and antero- grade amnesia?

(A)
Buspirone

(B)
Zephalon

(C)
Midazolam

(D)
Chlordiazepoxide

(E)
Hydroxyzine

26. A 33-year-old woman has a 15-year history of alcohol abuse. She comes to the emergency department for treatment of injuries received in a fall. She says she has been drinking heavily and almost continuously for 2 weeks, and she wants to stop. Which of the following drugs would most effectively and safely lessen the intensity of her withdrawal syndrome?

(A)
Buspirone

(B)
Chlordiazepoxide

(C)
Chloral hydrate

(D)
Midazolam

(E)
Zolpidem

27. A 23-year-old medical student has to make a presentation before his classmates. He is very anxious about this presentation and reports that on one previous occasion the sweating and palpitations that accompany his stage fright were so intense that he was unable to complete his presentation. Pretreatment with which of the following drugs would relieve his symptoms without making him drowsy?

(A)
Alprazolam

(B)
Zephalon

(C)
Chloral hydrate

(D)
Propranolol

(E)
Diazepam
28. A 10-year-old boy with generalized tonic seizures is seen by his dentist at a routine checkup. The dentist observes that the patient has an overgrowth of gum tissue. The patient was most likely receiving which of the following agents?

(A)
Ethosuximide

(B)
Clonazepam
(C)
Primidone
(D)
Phenytoin
(E)
Zonisamide
29. The metabolism of which AED frequently displays zero-order kinetics following moderate to high therapeutic doses?

(A)
Carbamazepine

(B)
Phenytoin

(C)
Valproic acid

(D)
Ethosuximide

(E)
Zonisamide

30. Many anticonvulsant drugs, as a major part of their mechanism of action, block the sodium channel, but other effective agents do not use this mechanism. Which of the following anticonvulsants has the ability to block T-calcium currents as its primary mechanism of action?

(A)
Ethosuximide

(B)
Phenytoin

(C)
Topiramate

(D)
Carbamazepine

(E)
Lamotrigine

31. A 14-year-old patient is diagnosed with absence epilepsy. Any of the following drugs could be considered a reasonable choice to prescribe EXCEPT

(A)
Ethosuximide

(B)
Phenobarbital

(C)
Carbamazepine

(D)
Valproic acid

32. Which of the following agents has the capacity to inhibit the reuptake of GABA into neurons and glia?

(A)
Zonisamide

(B)
Vigabatrin

(C)
Tiagabine

(D)
Ethosuximide

(E)
Gabapentin
33. Which of the following antidepressants is most selective for inhibition of neuronal reuptake of serotonin?

(A)
Mirtazapine (Remeron)
(B)
Venlafaxine (Effexor)
(C)
Bupropion (Wellbutrin)

(D)
Sertraline (Zoloft)
(E)
Imipramine (Tofranil)
34. In a patient with a seizure disorder, which antide- pressant is contraindicated?

(A)
Nefazodone (Serzone)
(B)
Fluoxetine (Prozac)
(C)
Venlafaxine (Effexor)
(D)
Mirtazapine (Remeron)
(E)
Bupropion (Wellbutrin)

35. Mr. Smith is 28 years old and has no active medical problems. He has been treated with Li+ for manic- depressive illness for 1 year, and his mood has been stable. He now reports the gradual onset of fatigue, weight gain, and cold intolerance. Which single laboratory test is most likely to lead to the correct diagnosis?

(A)
TSH (thyroid-stimulating hormone)

(B)
Hepatic function panel

(C)
Glucose tolerance test

(D)
Hematocrit

(E)
Serum prolactin level

36. Which of the following antidepressants requires therapeutic blood monitoring for safe use?

(A)
Paroxetine (Paxil)
(B)
Phenelzine (Nardil)
(C)
Nortriptyline (Pamelor)
(D)
Venlafaxine (Effexor)
(E)
Bupropion (Wellbutrin)
37. Which of the following statements about antide- pressant medications is most appropriate?

(A)
They all have a delay of approximately 48 hours for onset of benefit.

(B)
There are large differences in efficacy among individual agents.

(C)
Some benefit is expected in 65 to 80% of patients treated with an antidepressant for major depression.

(D)
The major contribution of the newer antidepressants lies in the marked improvement in duration of action.

38. Which of the following agents possesses pharmacological actions characterized by high antipsychotic potency, high potential for extrapyramidal toxicity, and a low likelihood of causing sedation?

(A)
Thioridazine

(B)
Haloperidol

(C)
Flumazenil

(D)
Clozapine

(E)
Carbamazepine

39. Tardive dyskinesia after long-term antipsychotic administration is thought to be due to

(A)
A decrease in dopamine synthesis

(B)
Enhanced stimulation of D2 dopamine autoreceptors

(C)
Loss of cholinergic neurons in striatum

(D)
Up-regulation of striatal dopamine receptors

(E)
Increased tolerance to antipsychotic agents

40. Which neuroleptic agent has the lowest likelihood of producing tardive dyskinesia?

(A)
Imipramine

(B)
Chlorpromazine

(C)
Clozapine

(D)
Fluoxetine

(E)
Thiothixene

41. Which clinical condition poses the greatest concern to a patient on antipsychotic therapy?

(A)
Epilepsy

(B)
Nausea associated with motion sickness

(C)
Manic phase of bipolar disorder

(D)
Hallucinogen-induced psychosis

(E)
Tourette's syndrome

42. Mr. James began haloperidol therapy for schizophrenia and within several weeks developed bradykinesia, rigidity, and tremor. Though his psychoses were well controlled, he was switched to another agent, thioridazine, which proved to be as effective as haloperidol in managing his primary condition and did not result in the undesirable symptoms. The most likely explanation for these observations is that

(A)
Haloperidol acts presynaptically to block dopamine release.

(B)
Haloperidol activates GABAergic neurons in the striatum.

(C)
Haloperidol has a low affinity for D2-receptors.

(D)
Thioridazine has greater α-adrenergic blocking activity than haloperidol.

(E)
Thioridazine has greater muscarinic blocking activity in brain than haloperidol.

43. Which drug may be useful in the management of the neuroleptic malignant syndrome, although it can worsen the symptoms of schizophrenia?

(A)
Risperidone

(B)
Thiothixene

(C)
Haloperidol

(D)
Bromocriptine

(E)
Valproic acid
Answers
1. A. Unless supplemented with strong analgesic drugs such as opioids, most general anesthetics allow reflex reactions to painful stimuli, which may include movement and autonomic reflex changes. Even though these reflex changes occur, if adequately anesthetized, patients will not experience the noxious stimulus. To give this patient a neuro-muscular blocking agent without initially evaluating the adequacy of anesthesia would be a mistake. A lawsuit is almost certain, should the patient be inad equately anesthetized and complain postoperatively of being aware but paralyzed. If it is determined that the patient is receiving adequate anesthesia (i.e., evaluate the delivery of gas, and check other reflexes such as corneal), the use of a neuromuscu-lar blocking drug may be acceptable if movement is interfering with the procedure. Morphine may be a reasonable supplement to anesthetic management to inhibit reflex reactions to noxious stimuli. Raising the inspired concentration of isoflurane may further blunt reflex reactions to noxious stimuli. However, it may not be a wise choice, since multiples of MAC may cause greater instability of physiological functions (i.e. cardiovascular function). Use a balanced anesthetic approach with adjunctive agents. The gut is quite responsive to noxious insult, but the reflex responses are still inhibited with proper analgesics, so muscular movement is avoidable.

2. B. Perfusion of the brain is preserved when hemorrhage occurs. Thus, a greater proportion of the initial dose of anesthetic should appear in the brain, and a dose smaller than what is needed for a normovolemic patient is all that is required. Also, since flow to tissues associated with redistribution of the drug and termination of anesthesia is compromised, anesthesia should be deep and extended. Titrate this patient to a safe level of effect. While poor perfusion of the liver may reduce the exposure of drugs to metabolic enzymes, most intravenous anesthetics rely very little on hepatic clearance to terminate the anesthetic effect when a single bolus is administered. Furthermore, the question implies a direct influence of blood pressure on the efficiency of hepatic enzymes, and there is no evidence to support such a contention. Option C is not true. The opposite of option D is true. No evidence exists that binding of anesthetics is altered by these conditions.

3. D. Anesthetics with low blood and tissue solubility require minimal uptake from the lung, as alveolar partial pressure equilibrates with tissue. Remember, alveolar partial pressure is the driving force to establish tension gradients throughout the body. Thus, when uptake is low and alveolar tension rises quickly, blood and brain (which receives a high blood flow) equilibrate with gaseous agents quickly, and anesthesia is induced relatively rapidly. A gas that is highly soluble in tissues requires a greater accumulation from the lung before partial pressure equilibria are attained, since with greater uptake the rate of rise of the alveolar tension to the inspired level is slower. Although a relationship exists between MAC and blood solubility with respect to anesthetic concentration in the tissues, the association suggested by choice B is opposite the expectation. Consider the implications of the Meyer Overton rule. An agent with a high Ostwald solubility coefficient is one of the more soluble agents in tissue, so the explanation of option A applies. Option E has no apparent bearing on the rate of rise of the alveolar partial pressure in brain, alveolus, or any other tissue.

4. C. Remifentanil has become popular as a component drug in the technique of total intravenous anesthesia as a consequence of this feature. It is distribution of blood to the brain, not specific pharmacological properties, that primarily controls the rate of induction of anesthesia with IV agents. Phenyl- piperidines as a class of opioids are less likely to produce histamine release. Moreover, histamine release may complicate anesthetic management (e.g. bronchoconstriction and hypotension), so if it were an action of remifentanil it would be a negative feature. Remifentanil's duration of action is short because it is rapidly metabolized. Chest wall rigidity is associated with high doses of phenylpiperidine opioids in particular, and no evidence suggests that remifentanil would be any less likely to cause such an effect.

5. E. Reduced peripheral vascular resistance occurs with most halogenated hydrocarbons, and reflex tachycardia may be a concern. Halothane may be the clearest exception, since there appears to be a balance between relaxation and constrictor influences in various vascular beds with this agent so that total peripheral resistance changes very little. Halothane is the agent of concern when sensitiza- tion of the myocardium to catecholamine-induced arrhythmias may be important, such as during incidences of hypercapnia. Sevoflurane does not directly influence sympathetic function. However, reflex tachycardia can occur. Reflex sympathetic stimulation is blocked by halothane. In fact, this may be an advantage of the drug in physiologically risky patients when swings in blood pressure are likely to be frequent.

6. D. Although few contend that a unitary hypothesis will explain anesthesia, the Meyer Overton rule was among the first explanations provided by the scientific community. The correlation remains significant, as it suggests that sites of action for various anesthetics may reside near (or the agent must pass though) hydrophobic tissue components. Also, physical disruption of membrane function may yet be found to play a role for at least some agents. Option A is the reverse of the true interaction. Several sites on the GABA receptor complex may be involved. Cl moves inward to cause cells to become less excitable. Enantiomers, which have nearly identical physical properties but different potencies, challenge the Meyer Overton rule.

7. D. The purpose of this question is to identify first opioids that produce analgesia and then those with a metabolite that compounds the analgesic effects of the drug by being an active analgesic. Naloxone and nalmefene are not analgesics but opioid antagonists. Codeine is metabolized to an active analgesic metabolite, morphine. Meperidine and propoxyphene have nonanalgesic, excitatory, and proconvulsant metabolites.

8. B. The purpose of this question is to clarify the uses and limitations of use of the COX-2 selective inhibitor celecoxib. Celecoxib, by inhibiting COX-2 reversibly, will block the activity of both injury inducible COX-2 and the small amount of constitutive COX-2. COX-2 inhibition has been shown to produce some GI bleeding, albeit less than with the nonselective COX inhibitors. If a patient has ulcera-tions and bleeding, COX-2 inhibitors will prolong healing by blocking the protective effects of COX-2 in the GI tract. Celecoxib is indicated for both osteoarthritis and rheumatoid arthritis.

9. C. The purpose of this question is to clarify the cellular mechanism of analgesia produced by morphine. First, morphine blocks the transmission of nociceptive impulses. In that case, the relevant question is how nociceptive impulses are transmitted via the release of pronociceptive neurotransmitters. The question then is to determine which intracellular process favors a block of release of neurotransmitters. The correct answer is C because calcium is required for neurotransmitter release. Blocking potassium efflux and increasing calcium channel phosphorylation produce functional depolarization and neurotransmitter release. Opioids are coupled to Gi (inhibitory proteins) that decrease cAMP.

10. C. The purpose of this question is to clarify the functional significance of the activation of opioid receptor types. Respiratory depression and bradycardia are associated with the μ2-opioid receptor. Mydriasis is associated with the σ-receptor, which is no longer thought of as opioid. Opioids, via respiratory depression, induce hypercapnia, a build-up of carbon dioxide. The clinically relevant sign of opioid overdose and opioid use is miosis, pinpoint pupils, mediated by κ-receptor activation.

11. E. Fentanyl patches have the same effect as fentanyl, only in a time-release manner. Thus, the purpose of the question is delineation of opioid effects – respiratory depression and constipation. The respiratory depression is life-threatening when the patch is used in nonambulatory patients, and it is therefore contraindicated for that purpose. Similarly, fentanyl is a teratogenic drug contraindicated for use during pregnancy. The fentanyl patch does not induce anesthesia (loss of consciousness) but does produce analgesia.

12. A. By blocking renal prostaglandin synthesis, COX-2 inhibitors, such as rofecoxib, decrease the blood flow to the juxtaglomerular apparatus, thus stimulating the release of renin and subsequent Na+ retention and blood pressure elevation. Rofecoxib is neither metabolized nor induced by CYP2C9. It decreases rather than increases renal blood flow and does not increase the excretion of hy- drochlorothiazide. Item D is incorrect because rofecoxib has very little effect on COX-1 and prostaglandins are not a major controlling factor of peripheral vascular tone. Rofecoxib does not decrease basal metabolic rate.

13. E. Treatment guidelines suggest the use of DMARDs early in the course of rheumatoid arthritis to slow the joint deterioration associated with the disease. Methotrexate is the DMARD of choice for people with moderate to severe forms of rheumatoid arthritis. Although NSAIDs can decrease methotrexate clearance, NSAIDs can be safely used with the low doses of methotrexate used in the therapy of rheumatoid arthritis. Methotrexate is highly teratogenic and should not be used by women who are or may become pregnant.

14. C. The likelihood of gastric ulceration and GI bleeding is increased by heavy alcohol use, poor health, advanced age, long-term NSAID use, and use of drugs such as corticosteroids and anticoagulants. Ibuprofen is not converted to a cardiotoxic metabolite. Dermal toxicities, such as epidermal necrolysis, are rare complications of ibuprofen therapy, but necrotizing fasciitis is not one of them. Confusion and ataxia are not side effects associated with ibuprofen, nor is eosinophilia.

15. D. Etanercept is a recombinant fusion protein consisting of two TNF receptor domains linked to one IgG Fc molecule. It binds to soluble TNF-α and TNF-β and forms inactive complexes. It does not directly affect cAMP phosphodiesterase, leukotriene synthesis, or autoantibody production.

16. A. Celecoxib selectively inhibits COX-2, so it does not inhibit the constitutive activity of COX-1 in the regulation of gastric acid secretion. When prostaglandin synthesis by COX-1 or COX-2 is blocked, eicosanoids are shifted into the leukotriene pathway, so bronchospasm and hypersensitivity reactions are favored. The shorter half-life of celecoxib does not allow once-daily dosing. This drug is no less able than other NSAIDs to close the ductus arteriosus during the third trimester. None of the NSAIDs is empirically more efficacious than the others; a patient's own response and side effects determine the best drug for him or her.

17. C. Glycine is the major inhibitory amino acid transmitter in the spinal cord, and strychnine is a relatively selective antagonist of glycine. Strychnine has very little if any action at the GABA receptor- chloride channel complex.

18. D. Attention deficit-hyperkinetic disorder and attention deficit disorder are among only a few approved uses of the psychomotor stimulants of the amphetamine type.

19. A. Analeptic stimulants, such as pentylenetetrazol and picrotoxin, act by inhibiting chloride influx at the GABAA receptor-chloride channel complex. This antagonism can occur through interaction with one of several binding sites or allosteric modifiers of receptor-channel function.

20. B. Methylxanthines have been proposed to be inhibitors of phosphodiesterase, which would elevate intracellular levels of cAMP. However, the concentration of cAMP that is required for such action is above the threshold of CNS stimulation. Since the methylxanthines are relatively potent antagonists of adenosine and since adenosine has been shown to be a reasonably potent inhibitor of both central and peripheral neurons, the most likely mechanism by which CNS stimulation occurs is through antagonism of adenosine receptors.

21. B. Psychomotor stimulants such as amphetamine are also indirectly acting sympathomimetics that increase the release of catecholamines from sympathetic nerve terminals. While amphetamine and other congeners possess additional actions on peripheral sympathetic nerves, this is the most likely explanation for the cardiac stimulation observed following the administration of these agents.

22. B. The young man's anxiety is probably caused by the stress induced by a full college curriculum along with working 25 hours per week. A benzodiazepine antianxiety agent would help relieve his symptoms.

23. C. Zolpidem is effective at relieving sleep-onset insomnia. The other agents listed could also induce sleep, although each would be expected to produce more disruption of sleep rhythm than would zolpidem.

24. C. Midazolam, like all benzodiazepines given in sufficient dose, has the capacity to produce antero- grade amnesia. It is also available in an injectable form and frequently is used as an anesthetic agent during short procedures.

25. B. Chlordiazepoxide, through its metabolites, has a relatively long biological half-life. It will prevent many of the severe symptoms of acute alcohol withdrawal. Buspirone is not a sedative and will not suppress alcohol withdrawal. The other agents have sedative properties and could potentially suppress alcohol withdrawal but each has a much shorter biological half-life than chlordiazepoxide.

26. D. As a β-adrenoceptor blocker, propranolol can relieve many of the symptoms of stage fright. For this use it can be taken once a few hours before the performance. Chronic dosing is usually not necessary. The other agents produce sedation.

27. D. This is a rather specific effect of phenytoin. Although the gum tissue can be cut back and in some cases overgrowth prevented with good oral hygiene, this is a source of embarrassment to the patient and constitutes a deterrent to the use of this agent.

28. B. Phenytoin is one of a handful of drugs that demonstrates zero-order (or saturation) kinetics. If a patient is showing signs of toxicity to phenytoin, it is important to measure blood levels, since the likelihood that phenytoin is demonstrating zero-order kinetics is very high.

29. A. Ethosuximide has no effect on blocking the sodium channel at therapeutics doses; however, it is very effective in blocking the T-calcium current in the therapeutic dose range. All other choices block the sodium channel at therapeutic doses, and it is acknowledged that this is their sole (or major) mechanism of action.

30. C. The only drug listed that would be expected to offer no benefit to a patient with absence seizures is carbamazepine. In fact, there is clinical evidence that it may actually increase the incidence of absence seizure episodes.

31. C. Tiagabine is the first agent that has been shown to elevate GABA levels by inhibiting the reuptake of this neurotransmitter at neuronal and glial sites in the brain. Vigabatrin can also elevate GABA levels, but it does so by inhibiting the metabolism of GABA.

32. D. Mirtazapine acts at serotonin and adrenergic receptors and does not effect reuptake of neurotrans- mitters. Venlafaxine is a mixed serotonin-norepi-nephrine reuptake inhibitor. Bupropion inhibits norepinephrine and dopamine reuptake. Imipramine is a TCA with mixed serotonin and norepinephrine properties. Sertraline belongs to the class of antidepressants know as the SSRIs and selectively blocks neuronal reuptake of serotonin.

33. E. Nefazodone, fluoxetine, mirtazapine, and venlafaxine have minimal effects on seizure threshold. Bupropion in its original formulation caused seizures in 4 in 1000 patients. Although this has been reduced with the slow release form of the medication (Wellbutrin SR), it remains a contraindication to prescribe this medication to patients with a history of seizures.

34. A. Approximately 5% of patients taking lithium over the long term develop hypothyroidism, and thyroid status should be followed as routine care for these patients. Mr. Smith's symptoms are classic for hypothyroidism. Impairment in glucose metabolism, hepatic function, red blood cell production, and prolactin secretion are not typical complications of lithium therapy.

35. C. Nortriptyline (Pamelor) is a TCA, and as a class these drugs require at least one steady-state blood level to safely and effectively use the medication. Paroxetine, venlafaxine, and bupropion have not had blood levels correlated to response, and their relatively low toxicity does not require therapeutic blood monitoring. Nardil is a MAOI, which can be lethal in overdose, but blood levels are not used to monitor for efficacy or toxicity.

36. C. All agents have a delay of approximately 48 hours. There are no significant differences in efficacy among the individual agents. The major contribution of the newer antidepressants is in their improved safety and tolerability.

37. B. The question describes the pharmacological profile of a high-potency classical antipsychotic agent, most likely of the butyrophenone or phenothiazine class. Thioridazine is a low-potency piperidine phenothiazine agent with significant affinity for α1-adrenergic and muscarinic receptors, having a high potential for sedation as a side effect. Haloperidol is a high-potency butyrophenone with its primary action at the D2 dopaminergic receptor, so it produces a significant incidence of extrapyramidal toxicity and little sedation. Clozapine is a low-potency atypical antipsychotic that binds primarily to D4, 5-HT2, and at receptors and possesses very little extrapyramidal toxicity but significant sedative and autonomic side effects. Flumazenil is a benzodiazepine antagonist, and carbamazepine is an anti- convulsant; neither possesses significant antipsychotic properties.

38. D. This question concerns the most important extrapyramidal reaction to long-term antipsychotic administration tardive dyskinesia and its generally accepted basis. Although some tolerance to the sedative effects of antipsychotics can occur, there is no evidence linking this to tardive dyskinesia. Antipsychotic agents enhance dopamine synthesis acutely by blocking D2-autoreceptors by which the transmitter normally inhibits dopamine cell firing and synthesis. Long-term treatment with a D2- receptor antagonist causes depolarization inactivation of dopamine neurons with diminished transmitter production and release. However, a decrease in dopamine synthesis has not been linked with tardive dyskinesia. On the contrary, lower dopamine tone would more resemble a parkinsonian state, whereas in tardive dyskinesia, antidopaminergic drugs tend to suppress the dyskinetic symptoms, and dopaminergic agonists worsen the condition. Therefore, it is generally accepted that up-regulated dopamine receptors underlie tardive dyskinesia. There is no evidence that the antipsychotics lead to loss of striatal cholinergic neurons.

39. C. Tardive dyskinesia is an extrapyramidal reaction that occurs most commonly after long-term administration of high-potency butyrophenone, thioxan- thene, or phenothiazine. Thus, thiothixene is not a good choice. Chlorpromazine is a low-potency phenothiazine agent with moderate potential to cause extrapyramidal signs. Clozapine is well known to have the lowest potential for producing tardive dyskinesia during chronic therapy. It has other undesirable side effects, but clinical experience with other newer atypical antipsychotics is not sufficient to establish their potential for causing this disorder. Imipramine and fluoxetine are antidepressants.

40. A. The question concerns actions of antipsychotic agents that may have untoward consequences when combined with other coincident or preexisting medical conditions. These drugs have an activating effect on the EEG in epileptic patients and thus may worsen that condition. Generally, the antipsychotics have antiemetic properties but generally are more potent than is necessary to treat motion sickness. The other three conditions listed C, D, and E are indications for the use of antipsychotic agents.

41. E. The question concerns the emergence of parkinsonian signs relatively early in a patient's therapy for schizophrenia and their elimination by switching treatment to a second agent, thioridazine. Haloperidol has high affinity for D2-dopaminergic receptors and is well known to have a high potential for causing these kinds of extrapyramidal signs. The drug has no direct action on GABAergic neurons and does not act presynaptically to affect dopamine release. While thioridazine binds to D2- dopaminergic receptors with an affinity similar to that of haloperidol, it also has much greater an-timuscarinic activity. This latter action can compensate for dopamine receptor blockade in the nigrostriatal tract, so that extrapyramidal function is more appropriately maintained. Thioridazine has greater α-adrenergic blocking activity than haloperidol, but this is not thought to play a role in elimination of the parkinsonian signs. 

42. D. The neuroleptic malignant syndrome is an infrequent extrapyramidal reaction with a relatively high rate of lethality. It is marked by muscle rigidity, high fever, and autonomic instability. It may result from too-rapid block of dopaminergic receptors in individuals who are highly sensitive to the extrapyramidal effects of antipsychotic drugs. Management consists of control of fever, use of muscle relaxants, and administration of the dopamine agonist bromocriptine, which is likely to worsen the psychotic symptoms. Choices A to C are antipsychotics and would likely worsen neuroleptic malignant syndrome. Valproic acid has antimanic, antimigraine, and anti-convulsant properties, but it is not used to treat the syndrome in question.
Drugs Affecting the Cardiovascular System

Lecture 21. CARDIAC GLYCOSIDES

The cardiac glycosides are a group of chemically similar compounds that can increase the contractility of the myocardium and are therefore widely used in treating heart failure.

A large number of plats extracts containing cardiac glycosides have been used by native in various parts of the world as arrow and ordeal poisons. Squill was known as a medicine to the ancient Egyptians.

The Romans employed it as a diuretic, heart tonic, emetic, and rat poison. The dried skin of the common toad has been used for centuries as a drug by Chinese. Digitalis or foxglove was mentioned in 1250 in the writings of Welsh physicians.

In 1775, Dr. William Withering was making a routine journey from Birmingham (England) to see patients at the Stafford Infirmary. While the carriage horses were being changed half way, he was asked to see an old dropsical woman. He thought she would die and so some weeks later, when he heart of her recovery, was interested enough into the cause. Recovery was attributed to an herb tea containing foxglove as an ingredient. He began to investigate its properties, trying it on the poor of Birmingham, whom he used to see without fee each day. Withering found that foxglove extracts caused diuresis in some edematous patients. He defined the type of patients who might benefit from it, and equally important he standardized his foxglove leaf preparations and was able to lay down accurate dosage schedules. Crude foxglove preparations are called ‘digitalis’. In 1785, William Withering published his famous book entitled An Account of the Foxglove and Some of Its Medical Use: With Practical Remarks on Dropsy and Other Diseases. Apparently Withering did not associate digitalis effectiveness in dropsy (edema) with cardiac action of the drug. Probably, John Ferrier in 1799 was the first to ascribe to digitalis a primary action on the heart and to relegate the diuretic effect to a position of secondary importance. Only subsequently was it established that digitalis is valuable for the therapy of congestive heart failure.

Sources. Official digitalis is the dried leaf of the foxglove plant, Digitalis purpurea. Digitalis lanata leaves are used in Europe and are the source of certain purified preparations. Strophanthus is obtained from the seeds of the Strophanthus Kombe or Hispidus; ouabain is derived from Strophanthus gratus.
Chemical nature. Each glycoside molecule consists of aglycone (or genin) attached to glycone (from one to four molecules of sugar). The particular sugars modify water and lipid solubility, potency, and the pharmacokinetic properties, while pharmacologic activity resides in the aglycone. Basic structure of the aglycone is a cyclopentaneperhydrophen nucleus to which is attached an unsaturated lactone ring. The aglycones are chemically related to bile acids, sterols, and steroid hormones.

Congestive heart failure (CHF). CHF is a condition in which the heart is unable to transfer venous return into adequate cardiac output. CHF can be caused by an impaired ability of the cardiac muscle to contract or by an increased workload imposed on the heart. CHF is accompanied by abnormal increases in blood volume and interstitial fluid; the heart, vein, and capillaries are therefore generally dilated with blood. Hence the term ‘congestive’ since the symptoms include pulmonary congestion with left heart failure and peripheral edema with right heart failure. Underlying causes of CHF include arteriosclerotic heart disease, valvular heart disease, dilated cardiomyopathy, and congenital heart disease. The most common cause of heart failure is left systolic dysfunction secondary to coronary artery disease.

The therapeutic goal for CHF is to increase cardiac output. Three classes of drugs have been shown to be clinically effective in reducing symptoms and prolonging life: 1) vasodilators that reduce the load on the myocardium; 2) diuretic agents that decrease extracellular fluid volume; 3) inotropic agents that increase the strength of contraction of cardiac muscle. [Note: These agents relieve the symptoms of cardiac insufficiency but do not reverse the underlying condition.]

Knowledge of the physiology of cardiac muscle contraction is clearly essential to an understanding of the compensatory responses evoked by the failing heart, as well as the action of drugs used to treat CHF.

Physiology of muscle contraction.
The myocardium, like smooth and skeletal muscle, responds to stimulation by depolarization of the membrane; this is followed by shortening of the contractile proteins and ends with relaxation and return to the resting state. However, unlike skeletal muscle, which shows graded contractions depending on the number of muscle cells stimulated, the cardiac muscle cells are interconnected in groups that respond to stimuli as a unit, contracting together whenever a single cell is stimulated.

Action potential. Cardiac muscle cells are electrically excitable. However, unlike the cells of other muscles and nerves, the cells of cardiac muscles show a spontaneous, intrinsic rhythm generated by specialized “pacemaker” cells located in the sinoatrial (SA), and atrioventricular (AV) nodes. The cardiac cells also have an unusually long action potential, which can be divided into five phases (0 to 4; diag. 6.1). Na+, K+, Ca++ are the major ions contributing to depolarization and polarization of cardiac cells. These ions pass through channels in the sarcolemmal membrane and thus create a current. The channels open and close at different times during the action potential; some respond primarily to changes in ion concentration, whereas other are either adenosine triphosphate (ATP)- or voltage-sensitive.
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Diagram 6.1 Action potential 
Cardiac contraction. The contractile machinery of the myocardial cell is essentially the same as in striated muscle. The force of contraction of the cardiac muscle is directly related to the concentration of free (unbound) cytosolic calcium. Therefore agents that increase these calcium levels (or increase the sensitivity of the contractile machinery to calcium) result in the force of contraction (inotropic effect). [Note: The inotropic agents increase the contractility of the heart by directly or indirectly altering the mechanisms that control the concentration of intracellular calcium.]

1. Sources of free intracellular calcium: Ca++ comes from two sources. The first is from outside the cell, where opening of voltage-sensitive Ca++channels causes an immediate rise in free cytosolic Ca++. The second source is the release of calcium from the sarcoplasmic reticulum and mitochondria, which further increases the cytosolic level of calcium.

2. Removal of free cytosolic Ca++: If free cytosolic level were to remain high, the cardiac muscle would be in a constant state of contraction, rather than showing a periodic contraction. Mechanisms of removal include two alternatives.

u. Sodium-calcium exchange: Ca+ is removed by a sodium-calcium exchange reaction that reversibly exchanges calcium ions across the cell membrane. This interaction between the movement of Ca2+ and Na+ is significant, since changes in intracellular Na+ can affect cellular levels of Ca++.

v. Uptake of Ca++ by the sarcoplasmic reticulum and mitochondria: Ca++ is also recaptured by the sarcoplasmic reticulum and the mitochondria. More than 99 % of the intracellular calcium is located in these organelles, and even a modest shift between these stores and free calcium can lead to the large changes in the concentration of free cytosolic calcium.

Compensatory physiological responses in CHF

The failing heart evokes three major compensatory mechanisms to enhance cardiac output (diag. 6.2).

w. Increased sympathetic activity: Baroreceptors sense a decrease in blood pressure, and trigger activation of (-adrenergic receptors in the heart. This results in an increase in heart rate and a grater force of contraction of the heart muscle. In addition, vasoconstriction ((1-mediated) enhances venous return and increases cardiac preload. These compensatory responses increase the work of the heart and, therefore, can contribute to the further decline in cardiac function.

x. Fluid retention: A fall in cardiac output decrease blood flow to the kidney, prompting the release of renin, with a resulting increase in the synthesis of angiotensin ІІ and aldosterone. This result in increased peripheral resistance and retention of sodium and water. Blood volume increases and more blood is returned to the heart. If the heart is unable to pump this extra volume, venous pressure increases and peripheral edema and pulmonary edema occur. These compensatory responses increase the work of the heart and, therefore, can contribute to the further decline in cardiac function.

y. Myocardial hypertrophy: The heart increases in size, and the chambers dilate. Initially, stretching of the heart muscle leads to a stronger contraction of the heart. However, excessive elongation of the fibers results in weaker contraction. This type of failure is termed systolic failure and is a result of a ventricle unable to pump effectively. Less commonly, patients with CHF may have diastolic dysfunction ( a term applied when the ventricles’ ability to relax and accept blood is impaired by structural changes, such as hypertrophy. The thickening of the ventricular wall and subsequent decrease in ventricular volume decreases the ability of heart muscle to relax. In this case, the ventricle does not fill adequately, and the inadequacy of cardiac output is termed diastolic heart failure.

Decompensated heart failure 

If the mechanisms listed above adequately restore cardiac output, then the heart failure is said to be compensated. However, these compensations increase the work of the heart and contribute to further decline in cardiac performance. If the adaptive mechanisms fail to maintain cardiac output, the heart failure is termed decompensated.






















Diagram 6.2 Compensatory physiological responses in congestive heart 


 failure 

Therapeutic strategies in CHF

Chronic heart failure is typically managed by reduction in physical activity, low dietary intake of sodium(less than 1500 mg sodium per day), and treatment with vasodilators, diuretics and inotropic agents. Patients with CHF complain of dyspnea on exertion, orthopnea, paroxysmal nocturnal dyspnea, fatigue, and dependent edema. Positive inotropic agents enhance cardiac muscle contractility, and thus increase cardiac output.
DIGITALIS

The cardiac glycosides are often called digitalis glycosides because most of the drugs come from the digitalis (foxglove) plant. The cardiac glycosides increase cytoplasmic calcium concentration in the cardiac muscle, thereby enhancing contraction of the atrial and ventricular myocardium (positive inotropic effect). The digitalis glycosides show only a small difference between a therapeutically effective dose and doses that are toxic or even fatal. Therefore, the drugs have a low therapeutic index. The digitalis glycosides include digitoxin and the most widely used agent, Digoxin.
Mechanism of action
Regulation of cytosolic calcium concentration. Cardiac glycosides combine reversibly with the sodium-potassium ATPase of the cardiac cell membrane, resulting in an inhibition of pump activity (diag. 6.3). This causes an increase in the intracellular sodium concentration, which favors the transport of calcium into the cell via the Na+/Ca++ exchange mechanism. The elevated intracellular Ca++ levels result in an increase in the systolic force of contraction.
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Diagram 6.3 Mechanism of action of cardiac glycosides
Increased contractility of the cardiac muscle. An increased myocardial contraction leads to a decrease in end systolic volume, thus increasing the efficiency of contraction (increased ejection fraction). The resulting improved circulation leads to reduced sympathetic activity, which then reduces peripheral resistance. Together, these effects cause a reduction in heart rate. Vagal tone is also enhanced so the heart rate decreases and myocardial oxygen demand is diminished. [Note: In the normal heart, the positive inotropic effect of digitalis is counteracted by compensatory autonomic reflexes.]
Basic effects of cardiac glycosides include:

z. Positive inotropic effect (increased force of contraction).
aa. Negative chronotropic effect (reduction in heart rate).
ab. Negative dromotropic effect (decreased or blocked atrioventricular conduction).
ac. Positive bathmotropic effect (increased myocardial excitability).
The ECG effects of cardiac glycosides: PR interval is prolonged (delayed conduction); QT interval is shortened (increased contractility); T wave becomes smaller or inverted.

Therapeutic uses. Digoxin therapy is indicated in patients with severe left ventricular systolic dysfunction after initiation of diuretic and vasodilator therapy. Digoxin is not indicated in patients with diastolic or right-sided heart failure. Dobutamine, another inotropic agent ((1-adrenergic agonist), can be given intravenously in the hospital, but at present no good oral inotropic agents exist other than digoxin. Patients with mild to moderate heart failure will often respond to treatment with ACE inhibitors and diuretics and do not require digoxin. Digitalis is also used to slow ventricular rate in patients with atrial fibrillation or flatter (decreased conduction in AV node protects the ventricles from excessive bombardment in atrial dysrhythmias).

Pharmacokinetics. All cardiac glycosides possess the same pharmacologic actions, but they vary in potency and pharmacokinetics (table 7.1). Digoxin and digitoxin are absorbed after oral administration. Note that digitoxin binds strongly to proteins in the extravascular space, resulting in a large volume of distribution. Digoxin has the advantage of a relatively short half-life, which allows better treatment of toxic reactions. Digoxin also has a more rapid onset of action, making it useful in emergency situations. Digoxin is eliminated largely unchanged in the urine. Digitoxin is extensively metabolized by the liver before excretion in the feces.

Adverse effects. Digitalis toxicity is one of the most commonly encountered adverse drug reactions. Side effects can be often be managed by discontinuing glycoside therapy, determining serum potassium levels, and if indicated, by giving potassium supplements. In general, decreased serum levels of potassium predispose a patient to glycoside toxicity. Severe toxicity resulting in ventricular tachycardia may require administration of antiarrhythmic drugs, and the use of antibodies (FAB fragments) to the glycoside, which bind and inactivate the drug. 

Types of adverse effects include:

bn. Cardiac effects. The major effect is progressively more severe dysrhythmia, moving from decreased or blocked atrioventricular nodal conduction, paroxysmal supraventricular tachycardia, premature ventricular depolarization, ventricular fibrillation, and finally, to complete heart block. A decrease in intracellular potassium is the primary predisposing factor in these effects.

Table 6.1
Pharmacokinetic of cardiac glycosides

	
	Digoxin
	Digitoxin
	Strophanthin

	Lipid solubility
	Medium
	High
	Low

	Oral availability ( % absorbed )
	75
	>90
	0

	Half-life in body (hours )
	40
	168
	21

	Plasma protein binding ( % bound )
	20-40
	>90
	0

	 % metabolized
	<20
	>80
	0

	Volume of distribution (L/kg )
	6,3
	0,6
	18

	Average digitalizing dose

Oral

i.v.
	0.75-1.25 mg

0.5-1.0 mg
	0.8-1.2 mg
	

	Average daily maintenance dose

Oral 

i.v.
	0.125-0.5 mg

0.25 mg
	0.05-0.3 mg
	


bo. Gastrointestinal effects. Anorexia, nausea, and vomiting are commonly encountered adverse effects.

bp. CNS effects. These include headache, fatigue, confusion, blurred vision, alteration of color perception, and haloes on dark objects.

Dosage and administration. If there is no urgent need for an immediate effect, a maintenance dose can be given daily by mouth and its effect evaluated after appropriate intervals. A maximal effect will be achieved in approximately four elimination half-lives. On the other hand, if it is desired to achieve a full therapeutic effect fairly rapidly, it is necessary to give a large initial dose because of the relatively long half-time for elimination.

By tradition, the initial loading dose is called the digitalizing dose. The size of this dose may be difficult to estimate. In theory, it is the steady-state total body store sufficient to cause the desired therapeutic effect. In practice, the digitalizing dose is selected from prior estimates (see table 6.1). The maintenance dose must be equal to the daily loss. For digoxin, this is approximately 35 % of the total body store; for digitoxin, approximately 10 %.

Available forms:

Digitoxin – in tablets 0,0001 each; in suppositories 0,00015 each

Digoxin – in tablets 0,00025 (for adults) and 0,0001 (for children) each; in ampoules 0,025 % solution 1 ml each

Celanidum (Lanatoside C) – in tablets 0,00025 each; in ampoules 0,02 % solution 1 ml each

Strophanthin – in ampoules 0,025 % solution 1 ml each

Corglyconum – in ampoules 0,06 % solution 1 ml each

Panangin® – in patented dragee; in ampoules 10 ml each

Unithiol – in ampoules 5 % solution 5 ml each

Lecture 22. ANTIANGINAL DRUGS

Angina pectoris is the principal symptom of ischemic heart disease. Both the typical and variant forms of angina may be manifested by sudden, severe, pressing substernal pain that often radiates to the left shoulder and arm. The pain of typical angina is commonly induced by exercise, emotion, and is often associated with depression of the S-T segment of the ECG. The underlying pathological process is usually advanced atherosclerosis of the coronary vasculature. In contrast, variant (Prinzmetal’s) angina is caused by vasospasm of the coronary vessels and may not by associated with severe atherosclerosis.

Anginal attacks result from temporary ischemia of the myocardium, such that blood flow is insufficient to maintain adequate oxygenation. This can be due to a decrease in myocardial blood flow, an increase in the requirement of the myocardium for oxygen, or both.

Three classes of drugs are effective, either alone or in combination, in treating patients with stable angina: nitrates, (-blockers, and calcium channel blockers.
All three of the drug groups useful in angina decrease myocardial oxygen requirement by decreasing peripheral vascular resistance, by decreasing cardiac output, or in both ways. In some patients, a redistribution of coronary flow may increase oxygen delivery to ischemic tissue. In variant angina, the nitrates and the calcium channel blockers may also increase myocardial oxygen delivery by reversing coronary arterial spasm.

ORGANIC NITRATES

Organic nitrates (and nitrites) are simple nitric and nitrous acid esters of alcohols. They differ in their volatility; for example, isosorbide dinitrate is solid at room temperature, nitroglycerin is moderately volatile, whereas amyl nitrate is extremely volatile. These compounds cause a rapid reduction in myocardial oxygen demand followed by rapid relief of symptoms. They are effective in stable and unstable angina, as well as Prinzmetal’s or variant angina pectoris.

Nitroglycerin

Nitrates, (-blockers, and calcium channel blockers are equally effective for relief of anginal symptoms. However, for prompt relief of an ongoing attack of angina precipitated by exercise or emotional stress, sublingual (or spray form) nitroglycerin is the drug of choice.

Mechanism of action. The organic nitrates, such as Nitroglycerin, are thought to relax vascular smooth muscle by their intracellular conversion to nitrite ions and to nitric oxide (NO), which in turn activates guanylate cyclase and increases the cells` cyclic GMF. Elevated cGMP ultimately leads to dephosphorylation of the myosin light chain, resulting in vascular smooth muscle relaxation (Diag. 6.4).













Diagram 6.4 Mechanism of action of nitrates

Actions on cardiovascular system. At therapeutic doses, Nitroglycerin has two major effects. First, it causes dilation of the large veins, resulting in pooling of blood in the veins. This diminishes preload (venous return to the heart), and reduces the work of the heart. Second, nitroglycerin dilates the coronary vasculature, providing increased blood supply to the heart muscle. Nitroglycerin causes a decrease in myocardial oxygen consumption because of decreased cardiac work.

Pharmacokinetics. The time to onset of action varies from one minute for nitroglycerin to more than one hour for isosorbide mononitrate. Significant first pass metabolism of nitroglycerin occurs in the liver. Therefore, it is common to give the drug either sublingually or via a transdermal patch.

Adverse effects. The most common adverse effect of nitroglycerin, as well as other nitrates, is headache. Thirty to sixty percent of patients receiving intermittent nitrate therapy with long-acting agents develop headaches. High doses of organic nitrates can also cause postural hypotension, facial flushing, and tachycardia.

Tolerance. Tolerance to the action of nitrates develops rapidly. It can be overcome by provision of a daily “ nitrate-free interval ” to restore sensitivity to the drug. This interval is typically 6 to 8 hours, usually at night because there is decreased demand on the heart at that time. Nitroglycerin patches are worn for 12 hours and removed for 12 hours. However, Prinzmetal’s or variant angina worsens early in the morning, perhaps due to circadian catecholamine surges. These patients` nitrate-free interval should be late afternoon.

Isosorbide dinitrate

Isosorbide dinitrate is an orally active nitrate. The drug is not readily metabolized by the liver or smooth muscle and has a lower potency than nitroglycerin in relaxing vascular smooth muscle.

(-ADRENERGIC BLOCKERS

The (-adrenergic blocking agents suppress the activation of the heart by blocking (1 receptors. They also reduce the work of the heart by decreasing cardiac output and causing a slight decrease in blood pressure. Propranolol is the prototype of this class of compounds, but other (-blockers, such as metoprolol and atenolol are equally effective. However, agents with intrinsic sympathomimetic activity (for example, pindolol, and acebutolol) are less effective in angina and should be avoided. The (-blockers reduce the frequency and severity of angina attacks. These agents are particularly useful in the treatment of patients with myocardial infarction. The (-blockers can be used with nitrates to increase exercise duration and tolerance. They are, however, contraindicated in patients with diabetes, peripheral vascular disease, or chronic obstructive pulmonary disease.

CALCIUM CHANNELS BLOCKERS

The calcium channels blockers inhibit the entrance of calcium into cardiac and smooth muscle cells of the coronary and systemic arterial beds. All calcium channels blockers are therefore vasodilators that cause a decrease in smooth muscle tone and vascular resistance. At clinical doses, these agents affect primarily the resistance of vascular smooth muscle and the myocardium. [Note: Verapamil mainly affects the myocardium, whereas nifedipine exerts a greater effect on smooth muscle in the peripheral vasculature. Diltiazem is intermediate in its actions.]

Nifedipine:

Nifedipine functions mainly as an arteriolar vasodilator. This drug has minimal effect on cardiac conduction or heart rate. Nifedipine is administered orally and has a short half-life (about 4 hours) requiring multiple dosing. The vasodilation effect of nifedipine is useful in the treatment of variant angina caused by spontaneous coronary spasm. Nifedipine can cause flushing, headache, hypotension, and peripheral edema as side effects of its vasodilation activity. The drug may cause reflex tachycardia if peripheral vasodilation is marked resulting in a substantial decrease in blood pressure.

Verapamil

Verapamil slows cardiac conduction directly and thus decreases heart rate and oxygen demand. Verapamil causes greater negative inotropic effects than does nifedipine, but it is a weaker vasodilator. Verapamil is contraindicated in patients with preexisting depressed cardiac function or AV conduction abnormalities. It also causes constipation. Verapamil should be used with caution in digitalized patients, since it increases digoxin levels.

Diltiazem 

Diltiazem has cardiovascular effects that are similar to those of verapamil. It reduces the heart rate, although to a lesser extent than verapamil, and also decreases blood pressure. In addition, diltiazem can relieve coronary artery spasm and is therefore particularly useful in patients with variant angina. The incidence of adverse side effects is low.

Available forms:

Nitroglycerine – in bottles 1 % spirit solution 5 ml each; in tablets 0,0005 

Sustac-mite and Sustac-forte – in tablets 0,0026 and 0,0064 correspondingly each

Nitroderm® – transdermal patch (contains 0,05 of nitroglycerin each)
Isosorbide mononitrate – in tablets 0,02 or 0,04 each; in ampoules 1 % solution 1 ml each

Metoprolol – in tablets 0,1 each

Nifedipine – in tablets 0,01 each

Riboxinum – in tablets 0,2 each; in ampoules 2 % solution 10 ml each

Lecture 23. ANTIARRHYTHMIC DRUGS

Drug therapy for cardiac arrhythmias is based on knowledge of the mechanism, consequences, and natural history of the arrhythmia to be treated and on a clear understanding of the pharmacology of the drugs to be used. The latter includes knowledge of drug action on the electrophysiological properties of normal and abnormal cardiac tissues, of their effects on the mechanical properties of the heart and vasculature, and their effects on other organ systems. Optimal therapy of arrhythmias requires an appreciation of the pharmacokinetic properties of antiarrhythmic drugs and how they are affected by disease. Finally, a broad knowledge of adverse effects of the agents and their potential interactions with other drugs is necessary to monitor the course of therapy.

Introduction to the arrhythmias. The heart contains specialized cells that exhibit automaticity, that is, they can intrinsically generate rhythmic action potential in the absence of external stimuli. These “pacemaker” cells differ from other myocardial cells in showing a slow, spontaneous depolarization during diastole (Phase 4) caused by an inward positive current carried by sodium and calcium currents. This depolarization is fastest in the SA node (the normal initiation site of the action potential) and decreases throughout the normal conduction pathway through the AV node to the bundle of His and the Purkinje system. Dysfunction of the impulse generation or conduction at any of a number of sites in the heart can cause an abnormality in cardiac rhythm. 

The arrhythmias are conceptually simple​ – dysfunctions cause abnormalities in impulse formation and conduction in the myocardium. However, in the clinic, arrhythmias present as a complex family of disorders that show a variety of symptoms. For example, cardiac arrhythmias may cause the heart (1) to beat too slowly (sinus bradycardia); (2) to beat too rapidly (sinus tachycardia, atrial or ventricular premature depolarization, atrial flutter); (3) to respond to impulses originating from sites other than the SA node; or (4) to respond to impulses traveling along accessory (extra) pathways that lead to deviant depolarization (A-V reentry, Wolf-Parkinson -White syndrome). In order to make sense of this large group of disorders, it is useful to organize the arrhythmias into groups according to the anatomic site of the abnormality – the atria, AV node, or the ventricles. Several commonly occurring arrhythmias are summarized in the following figure. (Each of these abnormalities can be further divided into subgroups depending on the ECG findings).

Causes of arrhythmias. Most arrhythmias arise either from aberrations in impulse generation (abnormal automaticity) or from a defect in impulse conduction.

Abnormal automaticity. The SA node shows the fastest rate of Phase 4 depolarization and therefore, exhibits a higher rate of discharge than that occurring in the pacemaker cells exhibiting automaticity. The SA thus normally sets the pace of contraction of the myocardium, and latent pacemakers are depolarized by impulses coming from the SA node. However, if cardiac sites other than the SA node show enhanced automaticity, they may generate competing stimuli, and arrhythmia may arise. Abnormal automaticity may also occur if the myocardial cells are damaged, for example, by hypoxia or potassium imbalance. These cells may remain partially depolarized during diastole and therefore can reach the firing threshold earlier than normal cells.

Effect of drug on automaticity. Most of the antiarrhythmic agents suppress automaticity (1) by decreasing the slope of Phase 4 (diastolic) depolarization and/or (2) by raising the threshold of discharge to a less negative voltage. Such drugs cause the frequency of discharge to decrease, an effect that is more pronounced in cells with ectopic pacemaker activity than in normal cells.

Abnormalities in impulse conduction. Impulses from higher pacemaker centers are normally conducted down pathways that bifurcate to activate the entire ventricular surface. A phenomenon called reentry can occur if a uni-directorial block caused by myocardial injury or a prolonged refractory period results in an abnormal conduction pathway (diag. 6.5). Reentry is the most common cause of arrhythmias and can occur at any level of the cardiac conduction system. For example, consider a single Purkinje fiber with two conduction pathways to ventricular muscle. An impulse normally travels down both limbs of the conduction path. However, if myocardial injury results in a uni-directorial block, the impulse may only be conducted down path #1. If the block in pathway #2 is in the forward direction only, the impulse may travel in a retrograde fashion through pathway #2 and reenter the point of bifurcation. This short-circuit pathway results in reexcitation of the ventricular muscle, causing premature contraction or sustained ventricular arrhythmia.

Effects of drugs on conduction abnormalities. Antiarrhythmic agents prevent reentry by slowing conduction and/or increasing the refractory period required to convert a uni-directorial block into a bi-directorial block. 
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Diagram 6.5 Phenomenon of reentry
Antiarrhythmic drugs

As noted above, the antiarrhythmic drugs can modify impulse generation or conduction. More than a dozen such drugs that are potentially useful in treating arrhythmias are currently available. However, only a limited number of these agents are clinically beneficial in the treatment of selected arrhythmias. 
For example, the acute termination of ventricular tachycardia by lidocaine or supraventricular tachycardia by adenosine or verapamil are examples in which antiarrhythmic therapy results in decreased morbidity. In contrast, many of the antiarrhythmic agents are now known to have lethal proarrhythmic actions (Flecainide, Encainide, Moricizine), that is, to cause arrhythmias.

Class I antiarrhythmic drugs

The antiarrhythmic drugs can be classified according to their predominant effects on the action potential (table 6.2). Although this classification is convenient, it is not entirely clear-cut, because many of the drugs have action relating to more than one class. Class I antiarrhythmic drugs act by blocking voltage- sensitive sodium channels. The decrease rate of enter of sodium slows the rate of rise of Phase 0 of the action potential. Class I therefore generally cause a decrease in excitability and conduction velocity.

The class I drugs have been subdivided into three groups according to their effects on the duration of the action potential. Class IA agents slow the rate of rise of the action potential, thus slowing conduction, and prolong the action potential and increase the ventricular effective refractory period. Class IB drugs have little effect on the rate of depolarization, but rather they decrease the duration of the action potential by shortening repolarization. Class IC agents markedly depress the rate of rise of the membrane action potential, and therefore they cause marked conduction slowing but have little effect on the duration of the membrane action potential or the ventricular effective period. Class I drugs show a greater degree of blockade in tissues that are frequently depolarizing (for example, during tachycardia). This property is called “use-dependence” and enables these drugs to block cells that are discharging at an abnormally high frequency without interfering with the normal low-frequency beating of the heart.

Table 6.2

Mechanism of action of antiarrhythmic drugs

	Classification of drug
	Mechanism
of action
	Comment

	IA
	Na+ channel blocker
	Slows Phase 0 depolarization

	IB
	Na+ channel blocker
	Shortens Phase 3 repolarization

	IC
	Na+ channel blocker
	Markedly slows Phase 0 depolarization

	II
	(Adrenoreceptor blocker
	Suppresses Phase 4 depolarization

	III
	K+ channel blocker
	Prolongs Phase 3 repolarization

	IV
	Ca2+channel blocker
	Shortens action potential


Quinidine 

Quinidine is the prototype Class IA drug. 

Mechanism of action. Quinidine binds to sodium channels and prevents sodium influx, thus slowing the rapid upstroke during Phase 0. It also decreases the slope of Phase 4 spontaneous depolarization.

Actions. Quinidine inhibits ectopic arrhythmias and ventricular arrhythmias caused by increased automaticity. Quinidine also prevents reentry arrhythmias by producing bi-directorial block through prolonging the effective refractory period. The drug has little effect on normal automaticity.

Therapeutic uses. Quinidine is used in the treatment of a wide variety of arrhythmias, including atrial, AV junctional, and ventricular tachyarrhythmias. Quinidine is used to maintain sinus rhythm after direct current cardioversion of atrial flutter or fibrillation and to prevent frequent ventricular tachycardia.

Pharmacokinetics. Quinidine sulfate is rapidly and almost completely absorbed after oral administration.

Adverse effects. A potential adverse effect of quinidine (or any antiarrhythmic drug) is exacerbation of the arrhythmia. Quinidine may cause SA and AV block, asystole, and ventricular tachycardia. Cardiotoxic effects are exacerbated by hyperkalemia. Nausea, vomiting, and diarrhea are commonly observed. Large doses may induce the symptoms of cinchonism, for example, blurred vision, tinnitus, headache, disorientation, and psychosis. The drug has a mild (-adrenergic blocking action as well as an atropine-like effect.

Procainamide (Novocainamide)

Actions. This Class A drug, a derivative of the local anesthetic Procaine (Novocain), shows action similar to those of Quinidine.

Pharmacokinetics. Procainamide is absorbed following oral administration. [Note: The intravenous route is associated with hypotension occurs if the drug is too rapidly infused.] Procainamide has a relatively short half-life of 2-3 hours. A portion of drug is acetylated in the liver to N-acetylprocainamide (NAPA), which is eliminated via the kidney.

Adverse effects. With chronic use, Procainamide causes a high incidence of side effects, including a reversible lupus erythematosus-like syndrome that develops in 25 to 30 % of patients. Toxic concentrations of Procainamide may cause asystole or induction of ventricular arrhythmias. CNS side effects include depression, hallucination and psychosis. 

Disopyramide (Rythmilen, Rythmodan)

Actions. This class IA drug shows actions to those of quinidine. Disopyramide produces a negative inotropic effect that is greater than the weak effect exerted by quinidine and procainamide, and unlike the latter drugs, disopyramide causes peripheral vasoconstriction. The drug may produce a clinically important decrease in myocardial contractility in patients with preexisting impairment of left ventricular function. Disopyramide is used for treatment of ventricular arrhythmias as an alternative to procainamide or quinidine.

Pharmacokinetics. Approximately one half of the orally ingested drug is excreted unchanged by the kidneys. About 30 % of the drug is converted by the liver to the less active mono-N-dealkylated metabolite.

Adverse effects. Disopyramide shows effects of anticholinergic activity, for example, dry mouth, urinary retention, blurred vision, and constipation.

Lidocaine

Lidocaine is a Class IB drug. The IB agents rapidly associate and dissociate from sodium channels. Thus the actions of Class IB agents are manifested when the cardiac cell is depolarized or firing rapidly. Class IB drugs are particularly useful in treating ventricular arrhythmias. Lidocaine is the drug of choice for emergency treatment of cardiac arrhythmias.

Actions. Lidocaine, a local anesthetic, shortens phase 3 repolarization and decreases the duration of the action potential. Unlike quinidine, which suppresses arrhythmias caused by increased normal automaticity, lidocaine suppresses arrhythmias caused by abnormal automaticity. Lidocaine, like quinidine, abolishes ventricular reentry.

Therapeutic uses. Lidocaine is useful in treating ventricular arrhythmias arising during myocardial ischemia, such as that experienced during a myocardial infarction. The drug does not markedly slow conduction and thus has little effect on atrial or AV junction arrhythmias.

Pharmacokinetics. Lidocaine is given intravenously. The drug is dealkylated and eliminated almost entirely by the liver.

Adverse effects. Lidocaine has a fairly wide toxic-to-therapeutic ratio; it shows little impairment of left ventricular function, and has no negative inotropic effect. The CNS effects include drowsiness, slurred speech, paresthesia, agitation, confusion, and convulsions; cardiac arrhythmias may also occur.

Flecainide

Flecainide is a Class IC drug. These drugs slowly dissociate from resting sodium channels and show prominent effects, even at normal heart rates. These drugs are approved only for refractory ventricular arrhythmias. However, recent data have cast serious doubts on the safety of the Class IC drugs.
Class II antiarrhythmic drugs

The Class II agents include the (-adrenergic antagonists. These drugs diminish Phase 4 depolarization, thus depressing automaticity, prolonging AV conduction, and decreasing heart rate and contractility. Class II agents are useful in treating tachyarrhythmias caused by increased sympathetic activity. They are also used for atrial flutter and fibrillation, and for AV nodal reentrant tachycardia.

Propranolol (Anaprilinum)

Propranolol reduces the incidence of sudden arrhythmic death after myocardial infarction (the most common cause of death in this group of patients). The mortality rate in the first year after a heart attack is significantly reduced by Propranolol, partly because of its ability to prevent ventricular arrhythmias.

Metoprolol and Pindolol
Propranolol is the (- adrenergic antagonist most widely used in the treatment of cardiac arrhythmias. However, (1-specific drugs, such as metoprolol reduce the risk of bronchospasm, and drugs with partial agonist activity, such as pindolol may decrease the frequency of cardiac failure.

Class III antiarrhythmic drags

Class III agents block potassium channels and thus diminish the outward potassium current during repolarization of cardiac cells. These agents prolong the duration of action potential without altering Phase 0 of depolarization or the resting potential. Instead, they prolong the effective refractory period.

Sotalol

Actions. Sotalol, although a class III antiarrhythmic agent, also has potent (-blocker activity. Sotalol block a rapid outward potassium current. This blockade prolongs both repolarization and the duration of the action potential, thus lengthening the effective refractory period.

Therapeutic uses. (-Blockers are used for the long-term therapy to decrease the rate of sudden death following an acute myocardial infarction. (-Blockers have modest ability to suppress ectopic beats and reduce myocardial oxygen demand. They have strong anti-fibrillar effects, particularly in the ischemic myocardium.

Adverse effects. This drug also has the lowest rate of acute or long-term adverse effects. As with all drugs that prolong the QT interval, the syndrome of torsade de pointes is a serious potential adverse effect, typically seen in 3 to 4 % of patients.

Amiodarone

Actions. Amiodarone contains iodine and is related structurally to thyroxine. It has complex effects showing Class I, II, III and IV actions. Its dominant effect is prolongation of the action potential duration and the refractory period. Amiodarone has antianginal as well as antiarrhythmic activity.

Therapeutic uses. Amiodarone is effective in the treatment of severe refractory supraventricular tachyarrhythmia. Its clinical usefulness is limited by its toxicity

Pharmacokinetics. Amiodarone is incompletely absorbed after oral administration. The drug is unusual in having a prolonged half-life of several weeks. Full clinical effects may not be achieved until 6 weeks after initiation of treatment.

Adverse effects. Amiodarone shows a variety of toxic effects. After long-term use, more than one half of the patients receiving the drug show side effects sufficiently severe to prompt its discontinuation. Some of the more common effects include interstitial pulmonary fibrosis, GI tract intolerance, tremor, ataxia, dizziness, hyper- or hypothyroidism, liver toxicity, photosensitivity, neuropathy, muscle weakness, and blue skin discoloration caused by iodine accumulation in the skin. [Recent clinical trials have shown that amiodarone did not reduce incidence of sudden death or prolong survival in patients with congestive heart failure.]

Class IV antiarrhythmic drugs

The Class IV drugs are calcium channel blockers. They decrease the inward current carried by calcium, resulting in a decrease in the rate of Phase 4 spontaneous depolarization and slowed conduction in tissues dependant on calcium currents, such as the AV node. Although voltage-sensitive calcium channels occur in many different tissues, the major effect of calcium-channels blockers is on vascular smooth muscle and the heart.

Verapamil and diltiazem

Verapamil shows greater action on the heart than on vascular smooth muscle, whereas nifedipine, a calcium channel-blocker used to treat hypertension exerts a stronger effect on vascular smooth muscle than on the heart. Diltiazem is intermediate in its actions.

Actions. Calcium enters cells by voltage-sensitive channels and by receptor-operated channels that are controlled by the binding of agonists, such as catecholamines, to membrane receptors. Calcium channels blockers, such as verapamil and Diltiazem, are more effective against the voltage-sensitive channels, causing a decrease in the slow inward current that triggers cardiac contraction. Verapamil and Diltiazem bind only to open, depolarized channels. These drugs are therefore use-dependant, that is, they block most effectively when the heart is beating rapidly, since in a normally paced heart, the calcium channels have time to repolarize, and the bound drug dissociates from the channel before the next conduction pulse. Verapamil and Diltiazem are effective in treating arrhythmias that must traverse calcium-dependant cardiac tissues, such as AV node.

Therapeutic uses. Verapamil and Diltiazem are more effective against atrial than ventricular dysrhythmias (diag. 6.6). They are useful in treating reentrant supraventricular tachycardia and reducing ventricular rate in atrial flutter and fibrillation. In addition, these drugs are used to treat hypertension and angina.
Pharmacokinetics. Verapamil and Diltiazem are absorbed after oral administration. Verapamil is extensively metabolized by the liver; thus, care should be taken in administration of this drug to patients with hepatic dysfunction.
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Diagram 6.6. Uses of antiarrhythmic drugs
Adverse effects. Verapamil and Diltiazem have negative inotropic properties and therefore may be contraindicated in patients with preexisting depressed cardiac function. Both drugs can also cause a decrease in blood pressure caused by peripheral vasodilation.

Other antiarrhythmic drugs (Class V)

Digoxin

Digoxin shortens the refractory period in atrial and ventricular cells while prolonging the effective refractory period and diminishing conduction velocity in Purkinje fibers. Digoxin is used to control the ventricular response rate in atrial fibrillation and flutter. At toxic concentrations, digoxin causes ectopic ventricular beats that may result in ventricular tachycardia and fibrillation. [Note: This arrhythmia is usually treated with lidocaine or Phenytoin.]

Adenosine

Adenosine is a naturally occur in nucleoside, but at high doses the drug decreases conduction velocity, prolongs the refractory period, and decreases automaticity in the AV node. Intravenous adenosine is the drug of choice for abolishing acute supraventricular tachycardia. It has low toxicity, but causes flushing, chest pain and hypotension. Adenosine has an extremely short duration of action.

Available forms:

Quinidine – in tablets 0,1 and 0,2 each

Mexiletine hydrochloride – in capsules 0,05 and 0,2 each; in ampoules 2,5 % solution 10 ml each

Pindolol – in tablets 0,005; 0,01 and 0,015 each; in ampoules 0,004 % solution 2 ml each

Amiodarone – in tablets 0,2 each; in ampoules 5 % solution 3 ml each

Verapamil – in tablets 0,04, 0,12 each; in ampoules 0,25 % solution 2 ml 

Lecture 24. DIURETIC DRUGS

Diuretics are agents that increase the rate of urine formation. Except for the osmotic diuretics, these agents are ion transport inhibitors that decrease the reabsorption of Na+ at different sites in the nephron. As a result, Na+ and other ions such as Cl- enter the urine in greater amounts than normal along with water, which is carried passively to maintain osmotic equilibrium. Diuretics thus increase the volume of the urine and often change its pH as well as the ionic composition of the urine and blood. The efficacy of the different classes of diuretics varies considerably, with the increase in secretion of Na+ varying from less than 2 % for the weak, potassium-sparing diuretics, to over 20 % for the potent loop diuretics. Their major clinical use are in managing disorders involving abnormal fluid retention (edema) or in treating hypertension in which their diuretic action causes a decreased blood volume, leading to a reduction in blood pressure. Except for the osmotic diuretics, the diuretic drugs act directly on the tubular epithelia. For the most part, these direct actions are site, i.e., a drug will act on one or another tubular segment, but not on all of them. However, sites that are not attack directly may well be affected indirectly; a change in the behavior of one segment will alter conditions for the downstream segments. In this lecture, the diuretic drugs are discussed in the order of their site of action along the nephron.

Normal regulation of fluid and electrolytes by the kidneys. Approximately 16-20 % of the blood plasma entering the kidneys is filtrated from the glomerular capillaries into Bowman’s capsule. The filtrate, although normally free of proteins and blood cells, does contain most low molecular weight plasma components in approximately the same concentration as are found in the plasma. These include glucose, sodium bicarbonate, amino acids, and other organic solutes, plus electrolytes, such as Na+, K+, and Cl-. The kidney regulates the ionic composition and volume of the urine by the reabsorption or secretion of ions and/or water at five functional zones along the nephron, namely the proximal convoluted tubule, the descending loop of Henle, the ascending loop of Henle, the distal convoluted tubule, and the collecting duct.

Proximal convoluted tubule. In the extensively convoluted proximal tubule located in the cortex of the kidney, almost all of the glucose, bicarbonate, amino acids, and other metabolites are reabsorbed. Approximately two third of the Na+ is also reabsorbed in the proximal tubule; chloride and water follow passively to maintain electrical and osmolar equality. If it were not for the extensive reabsorption of solutes and water in the proximal tubule, the mammalian organism would rapidly become dehydrated and lose its normal osmolarity.

Acid secretory system: the proximal tubule is the site of the organic acid and base secretory system. The organic acid secretory system secretes a variety of organic acids (such as uric acid, some antibiotics, and diuretics) from the bloodstream into the proximal tubule’s lumen. Most diuretic drugs are delivered to the tubular fluid via this system. The organic acid secretory system is saturable, and diuretic drugs in the bloodstream compete for transfer with endogenous organic acids, such as uric acid. This explains the hyperuricemia seen with certain of the diuretic drugs, such as furosemide and Chlorothiazide.

Descending loop of Henle. The remaining filtrate, which is isotonic, next enters the descending limb of Henle and passes into the medulla of the kidney. The osmolarity increases along the descending portion of the loop of Henle because of the countercurrent mechanism. This results in a tubular fluid with a three-fold increase in salt concentration.

Ascending loop of Henle. The cells of the ascending tubular epithelium are unique in being impermeable to water. Active reabsorption of Na+, K+ and Cl- is mediated by a Na+/K+/2Cl- cotransporter. Mg++ and Ca++ enter the interstitial fluid via the paracellular pathway. 

The ascending loop is thus a diluting region of the nephron. Approximately 25-30 % of the tubular sodium chloride returns to the interstitial fluid, thus helping to maintain the fluid’s high osmolarity. Since the loop of Henle is a major site of salt reabsorption, drugs affecting this site, such as loop diuretics, are the most efficacious of all the diuretic classes.

Distal convoluted tubule. The cells of the distal convoluted tubule are also impermeable to water. About 10 % of the filtrated sodium chloride is reabsorbed via a Na+/Cl- transporter, which is sensitive to thiazide diuretics. Additionally, Ca++ excretion is regulated by parathyroid hormone in this portion of tubule.

Collecting tubule and duct. The principal and intercalated cells of the collecting tubule are responsible for Na+-K+ exchange and for H+ secretion and K+ reabsorption, respectively. Stimulation of aldosterone receptors in the principal cells result in Na+ reabsorption and K+ secretion. Antidiuretic hormone (ADH, vasopressin) receptors promote the reabsorption of water from the collecting tubules and ducts.

Kidney function in disease. In many diseases the amount of NaCl reabsorbed by the kidney tubules is abnormally high. This leads to the retention of water, an increase in blood volume, and expansion of the extravascular fluid compartment, resulting in the edema of the tissues. Several commonly encountered causes of edema include:

bq. Congestive heart failure. The decreased ability of the failing heart to sustain adequate cardiac output causes the kidney to respond as if there were a decrease in blood volume. The kidney, as part of the normal compensatory mechanism, retains more salt and water as a means of raising blood volume and increasing the amount of blood that is returned to the heart. However, the diseased heart cannot increase its output, and increased vascular volume results in edema.

br. Hepatic ascites. Ascites, the accumulation of fluid in the abdominal cavity, is a common complication of cirrhosis of the liver.

bs. Increased portal blood pressure. Blood flow in the portal system is often obstructed in cirrhosis, resulting in an increased portal blood pressure. Further, colloidal osmotic presser of the blood is decreased as a result of impaired synthesis of plasma proteins by the liver. Increased portal blood pressure and low osmolarity of the blood cause fluid to escape from the portal vascular system and collect in the abdomen.

bt. Secondary hyperaldosteronism. Fluid retention is promoted by elevated levels of circulating aldosterone. This secondary hyperaldosteronism results from the decreased ability of the liver to inactivate the steroid hormone and leads to increased Na+ and water reabsorption, and exacerbation of fluid accumulation.

bu. Nephrotic syndrome. When damaged by disease, the glomerular membranes allow plasma proteins to enter the glomerular ultrafiltrate. The loss of protein from the plasma reduces the colloidal osmotic pressure resulting in edema. The low plasma volume stimulates aldosterone secretion through the renin- angiotensin-aldosterone system. This leads to retention of Na+ and fluids, further aggravation the edema.

bv. Premenstrual edema. Edema associated with menstruation is the result of imbalances in hormones such as estrogen excess, which facilitates the loss of fluid into the extracellular space. Diuretics can reduce the edema.

Carbonic anhydrase inhibitors

Acetazolamide (Diacarb) is a sulfanilamide without antibacterial activity. Its main action is to inhibit the enzyme carbonic anhydrase in the proximal tubule epithelial cells. However, carbonic anhydrase inhibitors are more often used for their other pharmacologic action rather than for their diuretic effect, because these agents are much less efficacious than thiazides or loop diuretics. 

Mechanism of action: Acetazolamide inhibits carbonic anhydrase, located intracellularly and on the apical membrane of the proximal tubule epithelium (diag. 7.7) [Carbonic anhydrase catalyzes the reaction of CO2 and H2O leading to H+ and HCO3- (bicarbonate).] The decreased ability to exchange Na+ for H+ in the presence of Acetazolamide results in a mild diuresis. Additionally, HCO3- is retained in the lumen with marked elevation in urinary pH. The loss of HCO3- causes a hyperchloremic metabolic acidosis and decreased diuretic efficacy following several days of therapy. 
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Diagram 7.7 Mechanism of action of acetazolamide
Therapeutic uses:
a. Treatment of glaucoma. The most common use of acetazolamide is to reduce the elevated intraocular pressure of open-angle glaucoma. Acetazolamide decreases the production of aqueous humor, probably by blocking carbonic anhydrase in the ciliary body of the eye. It is useful in the chronic treatment of glaucoma but should not be used for an acute attack; pilocarpine is preferred for an acute attack because of its immediate action.

b. Epilepsy. Acetazolamide is sometimes used in the treatment of epilepsy – both generalized and partial. It reduces the severity and magnitude of the seizures. Often acetazolamide is used chronically in conjunction with antiepileptic medication to enhance the action of these other drugs.

c. Mountain sickness. Less commonly acetazolamide can be used in the prophylaxis of acute mountain sickness among healthy, physically active individuals who rapidly ascend above 10,000 feet. Acetazolamide given nightly for 5 days before the ascent prevents the weakness, breathlessness, dizziness, nausea, and cerebral and pulmonary edema characteristic of the syndrome.

Pharmacokinetics. Acetazolamide is given orally once a day.
Adverse effects. Metabolic acidosis (mild), potassium depletion, renal stone formation, drowsiness, and paresthesia may occur.

Loop (or high-ceiling) diuretics

The term high ceiling has been used to denote a group of diuretics that have a distinctive action on renal tubular function. Furosemide, Bumetanide, Torsemide and Ethacrynic acid are four diuretics that have their major action on the ascending limb of the loop of Henle. Compared to all other classes of diuretics, these drugs have the highest efficacy in mobilizing Na+ and Cl- from the body. Ethacrynic acid has a steeper dose-response curve than furosemide; it shows greater side effects than those seen with the other loop diuretics and is not as widely used. Bumetanide is much more potent than Furosemide, and its use is increasing.

Mechanism of action. Loop diuretics inhibit the Na+/K+/Cl-cotransport of the luminal membrane in the ascending limb of the loop of Henle. Therefore reabsorption of Na+, K+, and Cl- is decreased. The loop diuretics are the most efficacious of the diuretic drugs, because the ascending limb accounts for the reabsorption of 25-30 % of filtered NaCl and downstream sites are not able to compensate for this increased Na+ load.

Actions. The loop diuretics act promptly, even among patients who have poor renal function or who have not responded to thiazides or other diuretics. [Note: Loop diuretics increase the calcium content, while thiazide diuretics decrease the Ca++ concentration of the urine.] The loop diuretics cause decreased renal vascular resistance and increased renal blood flow.

Therapeutic uses. The loop diuretics are the drug of choice for reducing the acute pulmonary edema of congestive heart failure because of their rapid onset of action. The high-ceiling diuretics are effective for the treatment of edema of cardiac, hepatic, or renal origin. In the management of refractory edema, the high-ceiling agents may be used in conjunction with other types of diuretics, such as a thiazide or K+-sparing drug, but there is no rationale for administering two loop diuretics concomitantly. High-ceiling diuretics (along with hydration) are also useful in treating symptomatic hypercalcemia because they increase Ca++ urinary excretion.

Pharmacokinetics. Loop diuretics are administered orally or parenterally (i.v. or i.v.). Their duration of action is relatively brief, 1 to 4 hours.

Adverse effects.
d. Ototoxicity. Hearing can be affected adversely by the loop diuretics, particularly when used in conjunction with the aminoglycoside antibiotics. Vestibular function is less likely to be disturbed, but it too may be affected.

e. Hyperuricemia. Furosemide and ethacrynic acid compete with uric acid for the renal and biliary secretory systems, thus blocking its secretion and thereby causing or exacerbating gouty attacks.
f. Acute hypovolemia. Loop diuretics can cause a severe and rapid reduction of blood volume, with the possibility of hypotension.
g. Potassium depletion. The heavy load of Na+ presented in the collecting tubule results in increased exchange of tubular Na+ for K+, with the possibility of inducing hypokalemia. The loss of K+ from cells in exchange for H+ leads to hypokalemic alkalosis. Potassium depletion can be averted by use of potassium-sparing diuretics or dietary supplementation with K+.
Thiazides and related agents

The thiazides are the most widely used of the diuretic drugs. They are related in structure to the carbonic anhydrase inhibitors. The thiazides have significantly greater diuretic activity than acetazolamide, and they act on the kidney by different mechanisms. All thiazides affect the distal tubule, and all have equal maximum diuretic effect, differing only in potency, expressed on a per-milligram basis.

Chlorothiazide

Chlorothiazide, the prototype thiazide diuretic, was the first modern diuretic that was active orally and was capable of affecting the severe edema of cirrhosis and congestive heart failure with a minimum of side effects. Its properties are representative of the thiazide group, although newer derivatives such as hydrochlorothiazide or chlorthalidone are now used more commonly.
Mechanism of action. The thiazide derivatives act manly in the distal tubule to decrease the reabsorption of Na+ by inhibition of a Na+/Cl- cotransporter on the luminal membrane. They have a lesser effect in the proximal tubule. As a result, these drugs increase the concentration of Na+ and Cl- in the tubular fluid. The acid-base balance is not usually affected. [Note: Because the site of action of the thiazides is on the luminal membrane, these drugs must be excreted into the tubular lumen to be effective. Therefore, with decreased renal function, thiazide diuretics lose efficacy.]

Actions:
h. Increased excretion of Na+ and Cl-. Chlorothiazide causes diuresis with increased Na+ and Cl- excretion, which can result in the excretion of a very hyperosmolar urine. This latter effect is unique among the other diuretic classes, which are unlikely to produce a hyperosmolar urine. The diuretic action is not affected by the acid-base status of the body, nor does chlorothiazide use change the acid-base status of the blood. 

i. Loss of K+. because thiazides increase the filtrate arriving at the distal tubule, more K+ is also exchanged for Na+. Thus, prolonged use of these drugs results in continual loss of the K+ from the body. Therefore, it is imperative to measure serum K+ once a month (more frequently at the beginning of therapy). Often, K+ can be supplemented by diet along, such as by increasing the intake of citrus fruits, bananas, and prunes. In some cases, K+ salt supplementation may be necessary.

j. Decreased urinary calcium excretion. Thiazides decrease the Ca++content of the urine by promoting the reabsorption of Ca++. This contrasts with the loop diuretics, which increase the Ca++ concentra-tion of the urine.

k. Reduced peripheral vascular resistance. An initial reduction in blood pressure results from a decrease in blood volume and therefore a decrease in cardiac output. With continued therapy, volume recovery occurs. However, there are continued hypotensive effects, results from reduced peripheral vascular resistance caused by relaxation of arteriolar smooth muscle. This usually occurs prior to the diuretic effect.

Therapeutic uses:
l. Hypertension. Clinically, the thiazides have long been the mainstay of antihypertensive medication, since they are inexpensive, convenient to administer, and well tolerated. They are effective in reducing systolic and diastolic blood pressure for extended periods in the majority of patients with mild to moderate essential hypertension. After 3-7 days of treatment, the blood pressure stabilizes at a lower level and can be maintained indefinitely by a daily dosage of the drug, which causes lower peripheral resistance without having a major diuretic effect. Many patients can be continued for years on the thiazides alone, although a small percentage of patients require additional medication, such as (- adrenergic blockers.

m. Congestive heart failure. Thiazides can be the diuretic of choice in reducing extracellular volume in mild to moderate congestive heart failure. If the thiazide fails, loop diuretics may be useful.

n. Renal impairment. Patients with nephrotic syndrome accompanied by edema are initially treated with loop diuretics; only if this treatment fails are they given metolazone in conjunction with loop diuretic.

o. Hypercalciuria. The thiazides can be useful in treating idiopathic hypercalciuria because they inhibit urinary Ca++ excretion. This is particularly beneficial for patients with calcium oxalate stones in the urinary tract.

p. Diabetes insipidus. Thiazides have the unique ability to produce a hyperosmolar urine. Thiazides can be substitute for the antidiuretic hormone in the treatment of nephrogenic diabetes insipidus. The urine volume of such individuals may drop from 11 L/day to about 3 L/day.

Pharmacokinetics. The drugs are effective orally. Most thiazides take 1 to 3 weeks to produce a stable reduction in blood pressure, and they exhibit a prolonged biological half-life (40 hours). All thiazides are secreted by the organic acid secretory system of the kidney.
Adverse effects:
q. Potassium depletion. Hypokalemia is the most frequent problem encountered with the thiazide diuretics and can predispose patients on digitalis to ventricular arrhythmias. Activation of the renin-angiotensin-aldosterone system by the decrease in intravascular volume contributes significantly to urinary K+ losses. The K+ deficiency can be overcome by spironolactone or by triamterene. Low sodium diets blunt the potassium depletion caused by thiazide diuretics.

r. Hyperuricemia. Thiazides increase serum uric acid by decreasing the amount of acid excreted by the organic acid secretory system. Being insoluble, the uric acid deposits in the joints, and an attack of gout may result in individuals predisposed to gouty attack. It is important, therefore, to perform periodic blood tests for uric acid levels.

s. Hyperglycemia. Patients with diabetes mellitus, who are taking thiazides, may become hyperglycemic and have difficulty in maintaining appropriate blood sugar levels.
Hydrochlorothiazide is a thiazide derivative that has proven to be more popular than the parent drug. This is because it has far less ability to inhibit carbonic anhydrase as compared to chlorothiazide. It is also more potent, so that the required dose is considerably less than that of Chlorothiazide. On the other hand, the efficacy is the same as that of the parent drug.

Chlorthalidone is a thiazide derivative that behaves like Hydrochlorothiazide. It has a very long duration of action and therefore is often used to treat hypertension. It is given once per day for this indication.

Thiazide analogs

Metolazone is more potent than the thiazides and, unlike the thiazides, causes Na+ excretion in advanced renal failure. 

Indapamide is a lipid soluble, nonthiazide diuretic that has a long duration of action. At low doses, it shows significant antihypertensive action with minimal diuretic effects. Indapamide is often used in advanced renal failure to stimulate additional diuresis on top of that achieved by loop diuretics. Indapamide is metabolized and excreted by the GI tract and kidneys; it therefore is less likely to accumulate in patients with renal failure and may be useful in their treatment.

Potassium- sparing diuretics

These agents act in the collecting tubule to inhibit Na+ reabsorption, K+ secretion, and H+ secretion. Potassium-sparing diuretics are used primarily when aldosterone is present in excess. The major use of potassium-sparing agents is in the treatment of hypertension, most often in combination with a thiazide. It is extremely important that patients treated with any potassium-sparing diuretic be closely monitored for potassium levels. Exogenous potassium supplementation is usually discontinued when potassium-sparing diuretic therapy is instituted.

Spironolactone

Mechanism of action. Spironolactone is a synthetic aldosterone antagonist that competes with aldosterone for intracellular cytoplasmic receptor sites. The spironolactone-receptor complex is inactive, that is, it prevents translocation of the receptor complex into the nucleus of the target cell, and thus does not bind to DNA. This results in a failure to produce proteins that are normally synthesized in response to aldosterone. These mediator proteins normally stimulate the Na+–K+ exchange sites of the collecting tubule. 

Actions. In most edematous states, blood levels of aldosterone are high, which is instrumental in retaining Na+. When spironolactone is given to a patient with elevated circulating levels of aldosterone, the drug antagonizes the activity of the hormone, resulting in retention of K+ and excretion of Na+. Where there are no significant circulating levels of aldosterone, such as in Addison’s disease (primary adrenal insufficiency), no diuretic effect of the drug occurs.

Therapeutic uses:
t. Diuretic. Although spironolactone has the low efficacy in mobilizing Na+ from the body in comparison with the other drugs, it has the useful property of causing the retention of K+. Because of this latter action, spironolactone is often given in conjunction with a thiazide or loop diuretic to prevent K+ excretion.

u. Secondary hyperaldosteronism. Spironolactone is the only potassium sparing diuretic that is routinely used alone to induce net negative salt balance. It is particularly effective in clinical situations associated with secondary hyperaldosteronism.

Pharmacokinetics. Spironolactone is completely absorbed orally and is strongly bound to proteins. It is rapidly converted to an active metabolite, canrenone. The action of spironolactone is largely due to the effect of canrenone, which has mineralocorticoid-blocking activity. Spironolactone induces hepatic cytochrome P-450.

Adverse effects. Because spironolactone chemically resembles some of the sex steroids, it does have minimal hormonal activity and may induce gynecomastia in males and menstrual irregularities in females. Because of this, the drug should not be given in high doses on a chronic basis. It is most effectively employed in mild edematous state where it is given for a few days at a time. At low doses, spironolactone can be used chronically with few side effects. Hyperkalemia, nausea, lethargy, and mental confusion can occur.

Triamterene and Amiloride
Triamterene and amiloride block Na+ transport channels resulting in a decrease in Na+-K+ exchange; they have K+-sparing diuretic action similar to that of spironolactone. However, the ability of these drugs to block Na+-K+ exchange site in the collecting tubule does not depend on the presence of aldosterone. Thus, they have diuretic activity even in individuals with Addison’s disease. They, like spironolactone, are not very efficacious diuretics. Both triamterene and amiloride are frequently used in combination with other diuretics, usually for their potassium-sparing properties. For example, much like spironolactone, they prevent K+ loss that occurs with thiazides and furosemide. The side effects of triamterene are leg cramps and the possibility of increased blood urea nitrogen (BUN) as well as uric acid and K+ retention.

Osmotic diuretics

The term osmotic diuretic is used for certain solutes that have the following attributes in common: (1) they are freely filterable at the glomerulus; (2) they undergoes little or no reabsorption and (3) they are relatively inert by conventional pharmacological criteria. These agents are administered in sufficiently large quantities to contribute significantly to the osmolarity of the plasma, the glomerular filtrate, and the tubular fluid. Mannitol is the most frequently used of the osmotic diuretics. Other agents include urea, glycerin, and isosorbide. Increase in diuresis is due to their ability to carry water with them into the tubular fluid. Only a small amount of additional salt may also be excreted. Because osmotic diuretics are used to effect increased water excretion, they are not useful in treating conditions in which Na+ retention occurs. They are used to maintain urine flow following acute toxic ingestion of substances capable of producing acute renal failure. Osmotic diuretics are a mainstay of treatment for patients with increased intracranial pressure, or acute renal failure due to shock, drug toxicities, severe traumatic injury, and management of hemolytic transfusion reactions. Maintaining urine flow preserves long-term kidney function and may save the patient from dialysis. [Mannitol is not absorbed when given orally; the agent can only be given intravenously.]

Methylxanthines

The Methylxanthines have long been known for their additional diuretic action. Of the Methylxanthines, theophylline has the greatest action on kidney. Although there is some controversy, theophylline-induced diuresis probably result from an increase in renal blood flow and glomerular filtration rate. This is most obvious in conditions that produce reductions in these parameters, such as hypotension or cardiac insufficiency. The methylxanthines are rarely employed as primary diuretics. However, when used for other purposes, particularly as bronchodilators, the coexistence of their diuretic action should be kept in mind.

Available forms:

Hydrochlorothiazide – in tablets 0,025 and 0,1 each

Furosemide – in tablets 0,04 each; in ampoules 1 % solution 2 ml each

Acetazolamide (Diacarbum) – in tablets 0,25 each

Triamterene – in capsules 0,05 each

Triampur – in patented tablets (each contains Triamterene and Hydrochlorothiazide)

Spironolactone – in tablets 0,025 each

Mannite – in ampoules 15 % solution 200, 400 and 500 ml each

Lecture 25. DRUGS USED IN ARTERIAL HYPERTENSION

Hypertension is defined as a sustained diastolic blood pressure greater than 90 mm Hg accompanied by an elevated systolic blood pressure (>140 mm Hg). Hypertension results from increased peripheral vascular muscle tone, which leads to increased arteriolar resistance and reduced capacitance of the venous system. Elevated blood pressure is an extremely common disorder, affecting approximately 15 % of the population in developed countries. Although many of these individuals have no symptoms, chronic hypertension – either systolic or diastolic – can lead to congestive heart failure, myocardial infarction, renal damage, and cerebrovascular accidents. The incidence of morbidity and mortality significantly decreases when hypertension is diagnosed early and is properly treated.

Etiology of hypertension. Although hypertension may occur secondary to other disease processes, more than 90 % of patients have essential hypertension, a disorder of unknown origin affecting the blood pressure- regulating mechanism. A family history of hypertension increases the likelihood that an individual will develop hypertensive disease. Essential hypertension occurs four times more frequently among blacks than whites, and it occurs more often among middle-aged males than among middle-aged females. Environmental factor such as a stressful lifestyle, high dietary intake of sodium, obesity, and smoking all further predispose an individual to the occurrence of hypertension. 

Mechanisms for controlling blood pressure. Arterial blood pressure is regulated within a narrow range to provide adequate perfusion of the tissues without causing damage of the arterial intima. Arterial blood pressure is directly proportional to the product of the cardiac output and the peripheral vascular resistance:

Arterial blood ( Cardiac output ( Peripheral pressure resistance
In both normal and hypertensive individuals, cardiac output and peripheral resistance are controlled mainly by two overlapping control mechanisms: the baroreflexes mediated by the sympathetic nervous system, and the renin-angiotensin-aldosterone system. Most antihypertensive drugs lower blood pressure by reducing cardiac output and/or decreasing peripheral resistance.

Baroreceptors and the sympathetic nervous system Baroreflexes involving the sympathetic nervous system are responsible for the rapid moment-to-moment regulation of the blood pressure. A fall in blood pressure causes pressure-sensitive neurons (baroreceptors in the aortic arch and carotid sinuses) to send fewer impulses to the cardiovascular centers in the CNS. This prompts a reflex response of increased sympathetic and decreased parasympathetic output to the heart and vasculature, resulting in vasoconstriction and increased cardiac output 
(diag. 6.8). These changes result in a compensatory rise in blood pressure.





































































































































































































































































Diagram 6.8 Mechanisms increasing blood pressure
Renin-angiotensin-aldosterone system The kidney provides for the long-term control of blood pressure by altering the blood volume. Baroreceptors in the kidney respond to reduced arterial pressure (and to sympathetic stimulation of (-adrenoreceptors) by releasing the enzyme renin. 

This peptidase converts angiotensinogen to angiotensin I, which is in turn converted to angiotensin II in the presence of angiotensin converting enzyme (ACE).
Angiotensin II is the body’s most potent circulating vasoconstrictor, causing an increase in blood pressure. Furthermore, angiotensin stimulates aldosterone secretion, leading to increased renal sodium reabsorption and an increase in blood volume, which contribute to a further increase in blood pressure.

Classification of drugs
Antihypertensive drugs can be classified according to their sites of action. There is a variety of mechanisms of action and some drugs appear under more than one heading.

· Neurotropic: sedatives, anxiolytics, neuroleptics, and hypnotic drugs in low doses;

· Drugs acting at synaptic transmission: 

i. centrally-acting adrenergic drugs (Clonidine, (-Methyldopa);

j. adrenergic antagonists:

- sympatholytics

- (-adrenergic blockers:

(1-blockers (Prazosin)

(1- and (2-blockers (Phentolamine)

- (-adenergic blockers:

nonselective (1- and (2-blockers (Propranolol, Pindolol, Timolol)

selective (1-blockers (Atenolol, Acebutolol, Metoprolol)

- an ( + (-blocker: Labetalol;

k. cholinergic (ganglionic blockers): Benzohexonium, Pentaminum;

· Myotropic:

l. calcium channels blockers: Verapamil, Diltiazem, Nifedipine;

m. phosphodiesterase inhibitors: Aminophylline, Papaverine;

n. imidazole derivatives: Dibazole;

o. peripheral vasodilators: Hydralazine, Minoxidil, Diazoxide, Sodium nitroprusside, ganglionic blockers;

· Drugs affecting blood volume and plasma enzymes:

p. angiotensin converting enzyme inhibitors: Captopril, Enalapril;
q. diuretics.
Treatment strategies. Mild hypertension can be controlled with a single drug. More severe hypertension may require treatment with several drugs that are selected to minimize adverse effects of the combined regimen. Treatment is initiated with any of four drugs depending on the individual patient: a diuretic, a (-blocker, an ACE inhibitor, or a calcium channel blocker. If blood pressure is inadequately controlled, a second drug is added. A (-blocker is usually added if the initial drug was a diuretic, or a diuretic is added if the first drug was a (-blocker. A vasodilator can be added as a third step for those patients who still fail to respond.

Individualized care. Certain subsets of the hypertensive population respond better to one class of drug than another. For example, black patients respond well to diuretics and calcium channel blockers, but therapy with (-blockers or ACE inhibitors is often less effective. Similarly, calcium channels blockers, ACE inhibitors, and diuretics are favored for treatment of hypertension in the elderly, whereas (-blockers and (- antagonists are less well tolerated. Furthermore, hypertension may coexist with other diseases that can be aggravated by some of the antihypertensive drugs. For example, diagram 6.9 shows the preferred therapy in hypertensive patients with various concomitant diseases. In such cases, it is important to match antihypertensive drugs to the particular patient.
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Diagram 6.9 Individualized care of hypertension according to concomitant 


 disease
The hypertensive patient is usually asymptomatic and is diagnosed by routine screening before the occurrence of overt end-organ damage. Thus, therapy is directed at preventing disease sequelae (that occur in the future), rather than in relieving present discomfort of the patient. The adverse effects associated with the hypertensive therapy may influence the patient more the future benefits. Thus, it is important to enhance compliance by carefully selecting a drug regimen that both reduces adverse effects and minimizes the number of doses required daily.

DIURETICS

Diuretics and/or (-blockers are currently recommended as the first-line drug therapy for hypertension. Low-dose diuretic therapy is safe and effective in preventing stroke, myocardial infarction, congestive heart failure and total mortality. Recent data suggest that diuretics are superior to (-blockers in older adults.

Thiazide diuretics

All oral diuretic drugs are effective in the treatment of hypertension, but the thiazides have found the most widespread use.

Actions. Thiazide diuretics, such as Hydrochlorothiazide, lower blood pressure, initially by increasing sodium and water excretion. This causes a decrease in extracellular volume, resulting in a decrease in cardiac output and renal blood flow. With long-term treatment, plasma volume approaches a normal value, but peripheral resistance decreases. Spironolactone, a potassium-sparing diuretic, is often use with thiazides.

Therapeutic use. Thiazide diuretics decrease blood pressure in both the supine and standing positions; postural hypotension is rarely observed, except in elderly, volume-depleted patients. These agents counteract the sodium and water retention observed with other agents (for example, hydralazine). Thiazides are therefore useful in combination therapy with variety of other antihypertensive agents including (-blockers and ACE inhibitors. Thiazide diuretics are particularly useful in the treatment of black and elderly patients, and in those with chronic renal disease. Thiazide diuretics are not effective in patients with inadequate kidney function (creatinine clearance less than 50 mls/min). Loop diuretics may be required in these patients.

Pharmacokinetics. Thiazide diuretics can be administered orally. They induce considerable disturbances in electrolyte balance. For example, blood levels of K+ and Mg++ are reduced, and Ca++ is retained by the body.

Adverse effects. thiazide diuretics induce hypokalemia and hyperuricemia in 70 % of patients, and hyperglycemia in 10 % of patients. Serum potassium level should be monitored closely in patients who are predisposed to cardiac arrhythmias and who are concurrently being treated with both thiazide diuretics and digitalis glycosides. Diuretics should be avoided in the treatment of hypertensive diabetics or patients with hyperlipidemia.

Loop diuretics

The loop diuretics act promptly, even in patients who have poor renal function or who have not responded to thiazides. The loop diuretics cause decreased renal vascular resistance and increase renal blood flow. [Note: Loop diuretics increase the Ca++ content of urine, whereas thiazides decrease the Ca++ concentration of the urine.

(-ADRENORECEPTOR BLOCKING AGENTS

(-Blockers and/or diuretics are currently recommended as first-line drug therapy for hypertension. These drug are efficacious but have some contraindications.

Actions. The (- blockers reduce blood pressure primarily by decreasing cardiac output. They may also decrease sympathetic outflow from the CNS and inhibit the release of renin from the kidneys, thus decreasing the formation of angiotensin II and secretion of aldosterone. The prototype (-blocker is Propranolol, which acts at both (1 and (2 receptors. Newer agents, such as Atenolol and Metoprolol, are selective for (1 receptors. These agents may be used in disease states such as asthma, in which Propranolol is contraindicated due to its (2-mediated bronchoconstriction.

Therapeutic uses:
v. Subsets of the hypertensive population. The (-blockers are more effective for treating hypertension in white than in black patients, and in young patients compared to the elderly. [Note: Conditions that discourage the use of (-blockers (for example, severe chronic obstructive lung disease, congestive heart failure, occlusive peripheral vascular disease) are more commonly found in the elderly and in diabetics.]

w. Hypertensive patients with concomitant diseases. The (- blockers are useful in treating conditions that may coexist with hypertension, such as supraventricular tachyarrhythmia, previous myocardial infarction, glaucoma (applied topically), and migraine headache.

Pharmacokinetics. The (-blockers are orally active. Propranolol undergoes extensive first-pass metabolism. The (-blocker may take several weeks to develop their full effects.

Adverse effects:
x. Common effects. The (- blockers may cause CNS side effects such as fatigue, lethargy, insomnia, and hallucinations; these drugs can also cause hypotension. The (-blockers may decrease libido and cause impotence; drug-induced sexual dysfunction can severely reduce patient compliance.

y. Alteration in serum lipid patterns. The (-blockers may disturb lipid metabolism, decreasing high-density lipoproteins (HDL) and increasing plasma triacylglycerol.

Drug withdrawal. Abrupt withdrawal may cause rebound hypertension, probably as a result of up-regulation of (-receptors. Patients should be tapered off of (-blocker therapy in order to avoid precipitation of arrhythmias. The (-blokers should be avoided in treating patients with asthma, congestive heart failure, and peripheral vascular diseases.

ACE INHIBITORS

The ACE inhibitors (captopril, enalapril) are recommended when the preferred first-line agents (diuretics or (-blockers) are contraindicated or ineffective. Despite their wide-spread use, it is not clear if ACE inhibitors increase the risk of other major diseases.

Actions. The ACE inhibitors lower blood pressure by reducing peripheral vascular resistance without reflex increasing cardiac output, rate, or contractility (diag. 6.10). These drugs block the angiotensin converting enzyme that cleaves angiotensin I to form the potent vasoconstrictor, angiotensin II. These inhibitors also diminish the rate of bradykinin inactivation. Vasodilation occurs as a result of the combined effects of lower vasocon-striction caused by diminished levels of angiotensin II and the potent vasodilating effect of increased bradykinin. By reducing circulating angiotensin II levels, ACE inhibitors also decrease the secretion of aldosterone, resulting in decreased sodium and water retention.
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Diagram 6.10. Action of renin-angiotensin system
Therapeutic uses. Like (-blockers, ACE inhibitors are most effective in hypertensive patients who are white and young. However, when used in combination with a diuretic, the effectiveness of ACE inhibitors is similar in white and black hypertensive patients. Unlike (-blockers, ACE inhibitors are effective in the management of patients with chronic congestive heart failure. ACE inhibitors are now a standard in the care of a patient following a myocardial infarction.

Adverse effects. common side effects include dry cough, rashes, fever, altered taste, hypotension (in hypovolemic states), and hyperkalemia. Potassium supplements or Spironolactone are contraindicated. Angioedema is a rare but potentially life-threatening reaction. Because of the risk of angioedema and first dose syncope, ACE inhibitors are first administered in the physician’s office with close observation. Reversible renal failure can occur in patients with severe renal artery stenosis. ACE inhibitors are fetotoxic and should not be used in pregnant women.

ANGIOTENSIN II ANTAGONISTS

The nanopeptide Losartan, a highly selective angiotensin II receptor blocker, has recently been approved for antihypertensive therapy. Its pharmacologic effects are similar to ACE inhibitors in that it produces vasodilation and blocks aldosterone secre-tion. Its adverse effects profile is improved over the ACE inhibitors, although it is fetotoxic.

CALCIUM CHANNEL BLOCKERS

Calcium channel blockers are recommended when the preferred first-line agents are contraindicated or ineffective. Despite their wide-spread use, it is not clear what effects antihypertensive therapy with these drugs has on major disease. One retro-spective study suggests that use of short-acting calcium channel blockers, especially in high doses, is associated with an increased risk of myocardial infarction. If confirmed in more rigorous randomized trials, these finding will reinforce the importance of diuretics and (-blockers as first-line agents.

The calcium channel blockers are divided into three chemical classes, each with different pharmacokinetic properties and clinical indications:

· Diphenylalkylamines: Verapamil is the only member of this class that is currently in clinical practice. Verapamil is the least selective of any calcium channel blocker, and has significant effects on both cardiac and vascular musculature. It is used to treat angina, supraventricular tachyarrhythmias, and migraine headache.

· Benzothiazepines: Diltiazem is the only member of this class. Like verapamil, diltiazem affects both cardiac and vascular smooth muscle cells; however, it has a less pronounced negative inotropic effect on the heart than does verapamil. Diltiazem has a favorable side-effect profile.

· Dihydropyridines: This rapidly expanding class of calcium channel blockers includes the first-generation nifedipine, and newer agents amlodipine, felodipine, isradipine, nicardipine, and nisoldipine. These second-generation calcium channel blockers differ in pharmacokinetics, approved uses, and drug interactions. All the dihydropyridines have a much greater affinity for vascular calcium channels than for calcium channels in the heart. They are therefore particularly attractive in treating hypertension. Some of the newer agents, such as amlodipine and nicardipine, have the advantage that they show little interaction with other cardiovascular drugs, such as digoxin or warfarin.
Actions. The intracellular concentration of calcium plays an important role in maintaining the tone of smooth muscle and in the contraction of the myocardium. Calcium enters muscle cells through special voltage-sensitive calcium channels. This triggers release of calcium from the sarcoplasmic reticulum and mitochondria, which further increases the cytosolic level of calcium. Calcium channel antagonists block the inward movement of calcium by binding to L-type calcium channels in the heart and in smooth muscle of the coronary and peripheral vasculature. This causes vascular smooth muscle to relax, dilating mainly arterioles.

Therapeutic uses. Calcium channel blockers have an intrinsic natriuretic effect; therefore, they do not usually require the addition of a diuretic. These agents are useful in the treatment of hypertensive patients who also have asthma, diabetes, angina, and/or peripheral vascular disease.

Pharmacokinetics. Most of these agents have short half-lives (T1/2=3 to 8 hours) following an oral dose. Treatment is required three times a day to maintain good control of hypertension. Sustained release preparations permit less frequent dosing.

Adverse effects. Although infrequent, side effects include constipation in 
10 % of patients, dizziness, headache, and a feeling of fatigue caused by a decrease in blood pressure. Verapamil should be avoided in patients with congestive heart failure due to its negative inotropic effects.

(-ADRENERGIC BLOCKING AGENTS

Prazosin, oxazosin and Terazosin produce a competitive block of (1 adrenoreceptors. They decrease peripheral vascular resistance and lower arterial blood pressure by causing the relaxation of both arterial and venous smooth muscle. These drugs cause only minimal changes in cardiac output, renal blood flow, and glomerular filtration rate

Therefore, long-term tachycardia and increased renin release do not occur. Postural hypotension may occur in some individuals. Prazosin is used to treat mild to moderate hypertension and is prescribed in combination with propranolol or a diuretic for additive effects. Reflex tachycardia and first dose syncope are almost universal adverse effects. Concomitant use of a (-blocker may be necessary to blunt the short-term effect of reflex tachycardia.

CENTRALLY-ACTING ADRENERGIC DRUGS

Clonidine (Clophelinum)

This (2-agonist diminishes central adrenergic outflow. Clonidine is used primarily for the treatment of mild to moderate hypertension that has not responded adequately to treatment with diuretics alone. Clonidine does not decrease renal blood flow or glomerular filtration and therefore is useful in the treatment of hypertension complicated by renal disease. Clonidine is absorbed well after oral administration and is excreted by the kidney. Because it causes sodium and water retention, clonidine is usually administered in combination with a diuretic. Adverse effects are generally mild, but the drug can produce sedation and drying of nasal mucosa. Rebound hypertension occurs following abrupt withdrawal of clonidine. The drug should therefore be withdrawn slowly if the clinician wishes to change agents.

(-Methyldopa

This (-adrenergic agonist diminishes the adrenergic outflow from the CNS, leading to reduced total peripheral resistance. Cardiac output is not decreased and blood flow to vital organs is not diminished. Because blood flow to the kidney is not diminished, (-methyldopa is especially valuable in treating hypertensive patients with renal insufficiency. The most common side effects are sedation and drowsiness.

VASODILATORS

The direct-acting smooth muscle relaxants, such as hydralazine and minoxidil, have traditionally not been used as primary drugs to treat hypertension. Vasodilators act by producing relaxation of vascular smooth muscle, which decreases resistance and therefore decreases blood pressure. These agents produce reflex stimulation of the heart, resulting in the competing symptoms of increased myocardial contractility, heart rate, and oxygen consumption. These actions may prompt angina pectoris, myocardial infarction. Vasodilators also increase plasma renin concentration, resulting in sodium and water retention. These undesirable side effects can be blocked by concomitant use of a diuretic and a (-blocker.

Hydralazine

This drug causes vasodilation, acting primarily on arteries and arterioles. This results in a decreased peripheral resistance, which in turn prompts a reflex elevation in heart rate and cardiac output. Hydralazine is used to treat moderately severe hypertension. It is almost always administered in combination with a (-blocker (to balance the reflex tachycardia) and a diuretic (to decrease sodium retention). Together, the three drugs decrease cardiac output, plasma volume, and peripheral vascular resistance. Adverse effects of hydralazine therapy include headache, nausea, sweating, arrhythmia, and precipitation of angina. A lupus-like syndrome can occur with high dosage, but it is reversible on discontinuation of the drug.

Minoxidil

This drug causes dilation of resistance vessels (arterioles) but not of capacitance vessels (venules). Minoxidil is administered orally for treatment of severe to malignant hypertension that is refractory to other drugs. Reflex tachycardia may be severe and may require the concomitant use of a diuretic and a (-blocker. Minoxidil causes serious sodium and water retention, leading to volume overload, edema, and congestive heart failure. [Note: Minoxidil treatment also causes hypertrichosis (the growth of the body hair). This drug is now used topically to treat male pattern baldness.]

HYPERTENSIVE EMERGENCY

Hypertensive emergency is a rare, but life-threatening situation in which the diastolic blood pressure is either over 150 mm Hg (with systolic blood pressure greater than 210 mm Hg) in an otherwise healthy person, or 130 mm Hg in an individual with pre- existing complications, such as encephalopathy, cerebral hemorrhage, left ventricular failure, or aortic stenosis. The therapeutic goal is to rapidly reduce blood pressure.

Sodium nitroprusside

Nitroprusside is administered intravenously, and causes prompt vasodilation, with reflex tachycardia. It is capable of reducing blood pressure in all patients, regardless of the cause of hypertension. The drug has little effect outside the vascular system, acting equally on arterial and venous smooth muscle. [Note: Because nitroprusside also acts on the veins, it can reduce cardiac preload.] Nitroprusside is metabolized rapidly (t1/2 of minutes) and requires continuous infusion to maintain its hypotensive action. Sodium nitroprusside exerts few adverse effects except for those of hypotension caused by overdose. Nitroprusside metabolism results in cyanide ion production, although cyanide toxicity is rare and can be effectively treated with an infusion of sodium thiosulfate to produce thiocyanate, which is less toxic and eliminated by the kidneys. [Note: Nitroprusside is poisonous if given orally because of its hydrolysis to cyanide.]

Diazoxide

Diazoxide is a direct acting arteriolar vasodilator. It has vascular effects like those of hydralazine. For patients with coronary insufficiency, Diazoxide is administered i.v. with a (- blocker, which diminishes reflex activation of the heart. Diazoxide is useful in the treatment of hypertensive emergencies, hypertensive encephalopathy, and eclampsia. Excessive hypotension is the most serious toxicity.

Labetalol

Labetalol is both an (- and (-blocker that has been successfully used in hypertensive emergencies. Labetalol does not cause the reflex tachycardia that may be associated with diazoxide. Labetalol carries the contraindications of a nonselective (-blocker. 

Available forms:

Captopril – in tablets 0,025; 0,05 and 0,1 each

Ethacrynic acid – in tablets 0,05 each; in ampoules 0,05 each (to dilute in physiologic solution before using)

Clonidine (Clophelinum) – in tablets 0,000075 and 0,00015 each; in ampoules 0,01 % solution 1 ml each

Reserpine – in tablets 0,0001 and 0,00025 each

Atenolol – in tablets 0,1 each

Prazosin – in tablets 0,001 and 0,005 each

Diltiazem – in tablets 0,03 and 0,06 each

Papaverine hydrochloride – in tablets 0,04 each; in ampoules 2 % solution 2 ml each

Nitroprusside sodium – in ampoules 0,025 and 0,05 each (to dilute in 
500 ml of 5 % solution of glucose)

Hydralazine (Apressinum) – in tablets 0,01 and 0,25 each 

Lecture 26. DRUGS USED IN HYPOTENSION

Shock is a state of inadequate capillary perfusion (oxygen deficiency) of vital tissues to an extent that adversely affects cellular metabolism (capillary endothelium and organs) causing malfunction including release of enzymes and vasoactive substances, i.e. it is a low flow or hypoperfusion state.

The essential element, hypoperfusion of vital organs, is present whatever the cause, whether the pump failure (myocardial infarction), maldistribution of the blood (septic shock) or loss of total intravascular volume (bleeding, or increased permeability of vessels damaged by bacterial cell wall substances, by burns or by anoxia). Function of vital organs, brain (consciousness) and kidney (urine formation) are critical indicators of adequacy of perfusion of these organs.
Treatment may be summarized:

z. Treatment of the cause: pain, wounds, infections, adrenocortical deficiency.

aa. Replacement of any fluid lost from the circulation; but extra fluid is dangerous when the primary fault is in the heart or pulmonary circulation.

ab. Maintenance of the diastolic blood pressure and perfusion of vital organs (brain, heart, kidneys).

Blood flow rather than blood pressure is of the greatest immediate importance for the function of vital organs. Hypotension due to low peripheral resistance is of little importance if the patient is horizontal or tilted head down, for venous return to the heart, and so the cardiac output, are then maintained, and blood flow to brain, myocardium and kidneys remains adequate until the diastolic blood pressure falls below about 40 mm Hg. But low cardiac output is always serious even though compensatory vasoconstriction maintains the arterial pressure, for blood flow is reduced.

The decision how to treat shock depends on assessment in the individual patient of the pathophysiology, whether cardiac output, and so peripheral blood flow, is inadequate (low pulse volume, cold constricted periphery), or whether cardiac output is normal and peripheral blood flow is adequate (good pulse volume and warm dilated periphery) whether the patient is hypovolemic or not, or needs a cardiac inotropic agent, a vasoconstrictor or a vasodilator.

In poisoning by cerebral depressant the principal cause of hypotension is low peripheral resistance due to sympathetic block. The cardiac output can be restored by tilting the patient head down and by increasing the venous filling pressure by cautiously expanding the blood volume with plasma. Use of vascular drugs is unnecessary and may be harmful. They do not reproduce the pattern of the missing sympathetic (neurogenic) vasoconstriction.

In central circulatory failure (e.g. myocardial infarction) the cardiac output and blood pressure are low due to loss of pumping power. Venous return, (central venous pressure) is normal or high. Not surprisingly, the use of drugs in low output due to acute myocardial damage is disappointing. Vasoconstriction (by 
(- adrenoreceptor agonist), by increasing peripheral resistance, may raise the blood pressure by increasing afterload, but this can further reduce cardiac output. Cardiac stimulation with (1-adrenoreceptor agonist may increase myocardial oxygen consumption and may cause a dysrhythmia. Dopamine and Dobutamine offer a reasonable choice. However, if there is bradycardia, output can be increased by vagal block with Atropine. Digitalis is not useful in cardiogenic shock. Vasodilators may be needed to treat severe heart failure.

In septic shock (caused by endotoxins from gram-negative organisms and other cell products from gram-positive organisms), the cardiac output may be low or high, but vital organs are underperfused. First there is a peripheral vasodilation with eventual fall in arterial pressure. Blood is sequestrated in the periphery. 

The immediate aim of treatment is to restore cardiac output by increasing venous return to the heart. This can be done by increasing intravascular volume (plasma transfusion), keeping a close watch on central venous pressure to avoid overload the heart. In addition a vasodilator drug may allow the release of the sequestered blood, and (-adrenoreceptor blockers (e.g. phentolamine) have been used for this. Administration of a vasodilator to a patient with a low blood volume is, of course, disastrous.

Drugs that increase peripheral resistance (sympathomimetics with (-effect and no (1- effect) are likely only to make matters worse by further reducing blood flow to vital organs. Noradrenaline does have some cardiac inotropic ((1) effect and may be used if substantial vasoconstriction is judged necessary. But Dopamine provides a “mix” of actions that is least likely to do harm and even may do good 
(( + (-effect + renal vasodilation).

Adrenocortical steroids in enormous (and costly) doses (e.g. Dexamethasone 2-6 mg/kg i.v. as a single injection, repeated in 2-6 hours and after that as clinical judgment counsels for a maximum of 2-3 days) may benefit by reducing the consequences of damage of cellular membranes by toxins or anoxia and so preventing the release of biologically active damaging substances. The effect probably has nothing to do with the ordinary actions of corticosteroids. Ordinary replacement doses are useless.

Choice of drug in shock. On present knowledge the best drug would be one that stimulates the myocardium as well as selectively modifying peripheral resistance increase flow to vital organs.

Dopamine meets these requirements best. Where high doses are being used and vasoconstriction predominates it may sometimes be useful to add a vasodilator, e.g. an (-adrenoreceptor blocking drug. As well as reducing peripheral blood flow, prolonged vasoconstriction reduces blood volume due to passage of fluid into the extravascular space. Thus cessation of use may be followed by a drop in cardiac output.

Dobutamine is used when cardiac inotropic effect is the primary requirement.

Noradrenaline is used when vasoconstriction is the first priority, plus some slight cardiac inotropic effect.

Restoration of intravascular volume. Ideally the transfusion should be similar to that which has been lost blood for hemorrhage, plasma for burns, saline for gastrointestinal loss. However, in an emergency, speed of replacement is more important than its nature. Note on dextrans (polysaccharides): Dextran 150, 110 or 70 (these are the molecular weights in thousands; albumin MW is 69 000) can be used as plasma substitutes to restore volume; they are retained in the circulation and largely eliminated by catabolism (Dextran 60 is also called Polyglucin). Dextran 40 (Reopolyglucin) should not be used for this purpose; its small molecule means that it is rapidly (few hours) excreted by renal glomerular filtration; it is concentrated in the urine and, especially if there is oliguria, this results in a highly viscous urine that blocks renal tubules causing acute renal failure. It is used to improve peripheral blood flow by decreasing plasma sludging of cells, e.g. peripheral vascular disease and postsurgical thromboembolism. Large volume of all dextrans (above 1.5 L) can interfere with platelet function. They also interfere with blood group cross- matching and clinical biochemical measurements. Gelatin (MW approx. 30 000) are alternatives to dextrans.

Available forms:

Dobutamine – in ampoules 5 % solution 5 ml each

Dopamine – in ampoules 0,5 % or 4 % solution 5 ml each

Noradrenaline hydrotartrate – in ampoules 0,2 % solution 1 ml each 

Prednisolone hemisuccinate – in ampoules 0,025 each (to dilute before using in 5 ml of sterile water)

Dextran 60 (Polyglucinum) – in bottles 100; 200 and 400 ml each
Examination questions

44. A 40-year-old man goes to the emergency department because of an intractable cough for the past few days. No one else in his household has any cough, fever, upper respiratory infection, and so on. He was released from the hospital a week ago with the diagnosis of idiopathic dilated cardiomyopathy following an extensive evaluation that revealed normal coronary anatomy and a left ventricular EF of 38%. He was discharged with prescriptions for digitalis, furosemide, captopril, and carvedilol. He has been more active and has noted improvement in his dyspnea and fatigue that prompted his initial presentation 10 days ago. He appreciates all of the care that he received and apologizes for making a fuss over the cough. He states that his wife made him come in because she was concerned that it might be his heart. He states that the cough is different from the congested feeling he had 10 days ago. On examination, he was afebrile; his heart rate was 60 beats per minute; blood pressure, 100/60. Neck veins were flat; carotid upstrokes were normal. Chest and lungs were clear. Heart revealed a regular rate and rhythm without murmurs, gallops, or rubs. Abdomen was soft and not tender. Bowel sounds were present without organomegaly. Extremities revealed no cyanosis, clubbing, or edema. Chest radiograph and electrocardiogram revealed no acute changes and no active disease. The physician was satisfied that he was hemodynamically stable and the cough was not resulting from worsening heart failure. What is a reasonable next step?

(A)
Admit to the hospital to exclude (rule out) a myocardial infarction

(B)
Apply a PPD skin test to exclude tuberculosis

(C)
Substitute an angiotensin II receptor blocker for the ACE inhibitor

(D)
Provide reassurance and continue with current medications

(E)
Immediately stop the (3-adrenergic blocker, carvedilol

45. A 67 year old woman has had fatigue and shortness of breath over the past few months. She has diabetes and hypertension for which she has been treated for 25 years with appropriate medications. She is status post three myocardial infarctions (MI X3) and has known inoperable coronary artery disease and CHF. She has been very compliant with her complicated medical regimen, which includes digitalis, an ACE inhibitor (fosinopril), loop diuretic (furosemide), (3-adrenergic receptor blocker (carvedilol) and aldosterone antagonist (spironolactone). On examination she was noted to be in acute respiratory distress with a respiratory rate of 24, a heart rate of 60, and blood pressure of 110/60. She was anxious and uncomfortable but polite and cooperative. Neck veins were elevated to 8 cm with the patient partially supine. Lungs revealed rales to the angles of the scapulae bilaterally. Heart revealed a third heart sound and a high pitched holosystolic murmur at the apex consistent with mitral regurgitation. Abdomen was protuberant with a fluid shift consistent with ascites. Extremities revealed 2 to 3 + pretibial pitting edema bilaterally. What can the physician offer this woman?

(A)
Intravenous (cAMP elevating) positive in- otropic agents

(B)
Vasodilator therapy with hydralazine

(C)
α-Adrenergic blockade with prazosin

(D)
Stop the diuretic, furosemide

(E)
Stop the ACE inhibitor, fosinopril

46. Digitalis functions to improve congestive heart failure by

(A)
Induction of emesis

(B)
Activation of a-adrenergic receptors

(C)
Improving survival in patients of heart failure

(D)
Binding to and inhibiting the Na-K ATPase enzyme in cardiac myocytes

(E)
Deactivation of the angiotensin receptor

47. The combination of hydralazine and nitrates has been shown to improve survival in patients of heart failure. All of the following statements about this combination are true except:

(A)
The combination serves to decrease both after- load and preload.

(B)
Prazosin is as effective as the combination in treatment of congestive heart failure.

(C)
The concept of afterload reduction is principally derived from patients of significant mitral regurgitation.

(D)
The VA cooperative study was a landmark trial demonstrating the beneficial effect of hydralazine and nitrate combination in patients of heart failure.

48. β-Blockers have been effective in the treatment of heart failure. They primarily exert their effect by

(A)
Binding to the receptor that binds norepineph- rine

(B)
Inducing a prominent diuretic effect

(C)
Increasing contractility

(D)
Improving asthma control

(E)
Increasing heart rate to meet the additional demands placed upon the heart in CHF

49. A 45-year-old woman has had recurrent episodes of atrial fibrillation. She is receiving phenytoin and quinidine to control the atrial fibrillation. She is also taking a low dose of diazepam for insomnia and estrogen replacement therapy. You learn today that she has been receiving ciprofloxacin for a urinary track infection. The reason for her appointment today is that she has been having ringing in the ears, headache, nausea, and blurred vision. She tells you that she is also having trouble hearing the television. You suspect drug toxicity. The most likely agent is

(A)
Ciprofloxacin

(B)
Estrogen

(C)
Phenytoin

(D)
Diazepam

(E)
Quinidine

50. You are asked to treat a 55-year-old patient for continuing ventricular arrhythmias. The patient is receiving timolol drops for glaucoma, daily insulin injections for diabetes mellitus, and an ACE inhibitor for hypertension. You decide to use phenytoin instead of procainamide because of what pharmacological effect of procainamide?

(A)
The local anesthetic effect of procainamide would potentiate diabetes.

(B)
The anticholinergic effect of procainamide would aggravate glaucoma.

(C)
The hypertensive effects of procainamide would aggravate the hypertension.

(D)
The local anesthetic effect of procainamide would aggravate the hypertension.

(E)
The cholinergic effects of procainamide would aggravate the diabetes.

51. Exercise-induced ventricular tachycardia in persons without overt cardiac disease is an example of delayed after-depolarizations and is characterized by an increase in intracellular ionized calcium. This type of arrhythmia is known to often respond well to which of the following combinations?

(A)
β-Blocker and ACE inhibitor

(B)
Calcium channel antagonist and ACE inhibitor

(C)
α-Blocker and ACE inhibitor

(D)
β-Blocker and calcium channel antagonist

(E)
α-Blocker and calcium channel antagonist

52. Antiarrhythmic drugs are classified in four main groups based on their predominant mechanism of action. Antiarrhythmic agents in which class suppress abnormal automaticity and permit the sino- atrial node to again assume the role of the dominant pacemaker?

(A)
Class I

(B)
Class II

(C)
Class III

(D)
Class IV

53. Although most antiarrhythmic drugs (and indeed most drugs) are chemically synthesized, some compounds that occur endogenously in humans are useful. Indicate which of the following agents occurs endogenously and is a useful antiarrhythmic agent.

(A)
Phenytoin

(B)
Digoxin

(C)
Adenosine

(D)
Quinine

(E)
Lidocaine
54. A patient comes to your office with effort-induced angina and resting tachycardia. You choose the following drug to treat the patient because it slows heart rate by blocking L-type calcium channels in the SA node:

(A)
Verapamil

(B)
Propranolol

(C)
Nitroglycerin

(D)
Isosorbide dinitrate

(E)
Metoprolol

55. Which of the following hemodynamic effects of nitroglycerin are primarily responsible for the beneficial results observed in patients with secondary angina?

(A)
Reduction in the force of myocardial contraction

(B)
Reduction in systemic vascular resistance (afterload)

(C)
Increased heart rate

(D)
Reduction in venous capacitance (preload)

(E)
Increased blood flow to the subepicardium

56. A woman is prescribed a combination of drugs consisting of a nitroglycerin patch and a β-blocker, such as propranolol, to treat her attacks of secondary angina. Which effect of propranolol would counteract an adverse effect of nitroglycerin?

(A)
A decrease in preload

(B)
A decrease in afterload

(C)
A decrease in heart rate

(D)
An increase in myocardial contractile force

(E)
A reduction in coronary vasospasm

57. A patient who has been taking propranolol for a long period for secondary angina comes to your office complaining of increased frequency of chest pains on exertion. You decide to stop the propranolol and give him diltiazem because you suspect he has a mixture of secondary and primary angina. Why would diltiazem be more likely to relieve the angina if your new diagnosis is accurate?

(A)
Diltiazem produces a decrease in heart rate.

(B)
Diltiazem dilates coronary blood vessels in spasm.

(C)
Diltiazem produces AV blockade.

(D)
Diltiazem reduces myocardial contractility.

(E)
Diltiazem reduces afterload.

58. Metoprolol would produce which beneficial effect in a patient with secondary angina?

(A)
A decrease in preload

(B)
An increase in collateral blood flow

(C)
An increase in afterload

(D)
An increase in diastolic filling time

(E)
An increase in blood flow through a concentric stenosis

59. Which of the following statements most accurately characterize the cellular action of the calcium channel blockers?

(A)
Their interaction with membrane phospho- lipids results in a nonselective decrease of ion transport.

(B)
They inhibit the Na+-Ca++ exchanger in cardiac and smooth muscle.

(C)
They interact at three distinct sites at the L- type voltage-gated calcium channels.

(D)
Their interaction with the sodium pump results in an inhibition of calcium transport.

60. Which of the following calcium channel blockers would be most likely to suppress atrial tachyarrhythmias involving the A-V node?

(A)
Nifedipine

(B)
Verapamil

(C)
Nicardipine

(D)
Amlodipine

61. All of the following statements are applicable with regard to the systemic effects caused by nifedipine EXCEPT:

(A)
It typically causes peripheral vasodilation.

(B)
It often elicits reflex tachycardia.

(C)
It causes coronary vasodilatation and an increase in coronary blood flow.

(D)
Its benefit in the management of angina is related to the reduction in preload that it induces.

62. All of the following statements regarding the phar- macokinetics of calcium channel blockers are correct EXCEPT

(A)
They are characterized by significant amount (~ 90%) of protein binding.

(B)
They undergo significant first-pass metabolism.

(C)
Their half-life is not altered by hepatic cirrhosis.

(D)
They can be administered orally.

63. All of the following adverse effects are likely to occur with long-term use of calcium channel blockers EXCEPT

(A)
Skeletal muscle weakness

(B)
Flushing

(C)
Dizziness

(D)
Headache

64. A 55-year-old patient has been referred to you. She complains about a skin rash and a cough. In the course of history taking, she tells you that she takes high blood pressure medication but she doesn't remember the name. You suspect a drug toxicity. Which of the following antihypertensive agents is the patient most likely taking?

(A)
Captopril

(B)
Nifedipine

(C)
Prazosin

(D)
Propanolol

(E)
Clonidine

65. Which of the following compounds depends least upon the release of EDRF (nitric oxide) from en- dothelial cells to cause vasodilation?

(A)
Bradykinin

(B)
Histamine

(C)
Minoxidil

(D)
Hydralazine

(E)
Acetylcholine

66. Which of the following antihypertensive drugs is contraindicated in a hypertensive patient with a pheochromocytoma?

(A)
Metyrosine

(B)
Labetalol

(C)
Prazosin

(D)
Phenoxybenzamine

(E)
Guanethidine

67. Which of the following antihypertensive agents would decrease renin release?

(A)
Prazosin

(B)
Clonidine

(C)
Captopril

(D)
Nitroprusside

(E)
Diazoxide
68. An accurate statement regarding the actions of both ACE inhibitors and AT1 receptor antagonists is that

(A)
Both classes of drugs increase bradykinin.

(B)
Angiotensin II can act at the AT2 receptor with both classes of drugs.

(C)
Both classes of drugs reduce total peripheral resistance.

(D)
Both classes of drugs decrease circulating angiotensin II levels.

(E)
Both classes of drugs are first-choice treatments for congestive heart failure.

69. Angiotensin II can

(A)
Increase the synthesis and release of aldos- terone

(B)
Reduce the activity of the sympathetic nervous system

(C)
Be a potent positive inotropic at the heart

(D)
Relax vascular smooth muscle

(E)
Reduce the growth of cardiovascular cell types

70. The most potent vasoconstrictor known is

(A)
Bradykinin

(B)
Angiotensin II

(C)
Angiotensin IV

(D)
Natriuretic peptide

(E)
Endothelin

71. The mechanism of action of captopril is

(A)
Angiotensin receptor antagonist

(B)
ACE inhibitor

(C)
Aldosterone receptor antagonist

(D)
Bradykinin antagonist

72. L-Argenine serves as a precursor for

(A)
Bradykinin

(B)
L-Citrulline

(C)
Nitrous oxide

(D)
Atrial natriuretic peptide

73. When a patient is treated with a thiazide diuretic for hypertension, all of the following are likely EXCEPT:

(A)
The fall of blood pressure that occurs in the first 2 weeks of therapy results from a decrease of extracellular volume.

(B)
The sustained fall in blood pressure that occurs after several weeks of therapy is due to a decrease of intravascular resistance.

(C)
After the blood pressure is reduced, hy- pokalemia remains a complication.

(D)
Hyperuricemia may occur.

(E)
Hypoglycemia may occur.

74. Furosemide increases the excretion of all of the following EXCEPT:

(A)
Na+
(B)
K+

(C)
Ca++ and Mg++
(D)
Uric acid

75. Which of the following drugs is an appropriate initial antihypertensive therapy in an otherwise healthy adult with mild hypertension?

(A)
Bumetanide

(B)
Triamterene

(C)
Hydrochlorothiazide

(D)
Aldactone

76. When furosemide is administered to a patient with pulmonary edema, there is often symptomatic relief within 5 minutes of starting treatment. This relief is primarily due to:

(A)
A rapid diuretic effect

(B)
An increase in venous capacitance

(C)
A direct effect on myocardial contractility

(D)
Psychological effects

Answers
43. C. The most likely diagnosis is ACE inhibitor-induced cough. A reasonable approach is to substitute an ARB (angiotensin II receptor blocker) such as valsartan or losartan for the ACE inhibitor, cap-topril. Reassure and encourage the patient and spouse that you think the cough will resolve a few days after stopping the ACE inhibitor. There is generally no benefit to trying any other ACE inhibitor, as the side effect is a class effect resulting from enhanced kinin activity from ACE inhibition. Myocardial infarction is extremely unlikely in this patient based on the catheterization data showing normal coronary anatomy. Abrupt withdrawal of a (3-blocker may precipitate tachycardia and hypertension and should be avoided.

44. A. This woman with CHF has obviously decompensated despite compliance with standard care. She is symptomatic and may benefit from a short course of high-intensity intravenous therapy with a cAMP-elevating agent (e.g., dobutamine, milrinone, amrinone). This may be a reversible event or part of the inevitable decline of the disease process. Approximately 45% of CHF patients die suddenly of a presumed electrical event (e.g., ventricular tachycardia, asystole). The others die slowly of progressive deterioration. Many patients at the end stages of CHF prefer to try repeated outpatient in-otropic (cAMP elevating) therapy for symptomatic relief even though it may be associated with a higher incidence of sudden death.

45. D. Inhibition of Na-K ATPase leads to an elevation of intracellular Na+. This results in an increase in intracellular Ca++ and an enhanced myocardial contractibility. There is no definitive evidence that digitalis improves survival of patients in heart failure, but it clearly improves the symptoms of this condition.

46. B. Prazosin has been shown not to be as effective as the combination of hydralazine and nitrates.

47. A. The salutary effect of (3-blockers appears to be due solely to its binding to the (3-receptor, which prevents norepinephrine binding and stimulates cAMP formation. The other choices do not occur.

48. E. Quinidine. These are the classic signs of cinchon-ism and are adverse effects of quinidine and quinine, constituents of the cinchona tree. Some of these effects could be seen as toxic effects of phenytoin. However, auditory acuity is associated with cinchonism and not with phenytoin toxicity. Nausea but not the other effects could be associated with ciprofloxacin. Excessive drowsiness would be expected if diazepam were involved. These effects would not be expected with the estrogen replacement therapy.

49. B. Anticholinergic agents, such as procainamide and disopyramide, are relatively contraindicated in patients with glaucoma. Procainamide is hypoten- sive rather than hypertensive. The local anesthetic activity of procainamide would have no adverse interaction with the diabetes mellitus.

50. B. Each of these approaches would reduce the tissue calcium concentration and prevent arrhythmias. Agents with a-blocking capacity would have no effect on calcium. Agents with ACE inhibitory activity would likewise have no effect on calcium.

51. A. Class I agents suppress both normal Purkinje fiber and His bundle automaticity in addition to abnormal automaticity resulting from myocardial damage. Class II drugs block β-adrenoceptors; class III drugs prolong the membrane action potential by delaying repolarization; and class IV drugs block the slow inward movement of calcium ions.

52. C. Adenosine is a product of the metabolism of adenosine triphosphate. Phenytoin and lidocaine are totally synthetic, while digoxin occurs naturally in plants and quinine occurs in the cinchona tree.

53. A. Verapamil is an L-type calcium channel blocker. Nitroglycerin and isosorbide are both organic nitrates and have no direct effect on L-type calcium channels at the SA node, while propranolol and metoprolol are β-adrenoceptor blockers and will slow heart rate by blocking the actions of norepinephrine and epineph-rine on β-receptors at the SA node.

54. D. Nitroglycerin can reduce preload, which in turn reduces wall tension and increases subendocardial blood flow. Nitroglycerin also reduces afterload, but this is a small effect compared to the reduction in preload. Its effects on heart rate and contractility are minimal, and if anything reflex tachycardia and increase in contractility would be detrimental effects of too much nitroglycerin.

55. C. Nitroglycerin can increase heart rate via an increase in sympathetic tone to the heart due to an excessive decrease in blood pressure; propranolol would block the β-receptors responsible for the tachycardia. Propranolol does not decrease preload, and its effect to decrease afterload would exacerbate the decrease in afterload produced by nitroglycerin. Propranolol does not increase myocardial contractile force and could actually increase the incidence of vasospasm by unmasking a-adrenocep- tors in the coronary blood vessels.

56. B. Both diltiazem and propranolol would produce the effects listed in A, C, D, and E. Only diltiazem would dilate vessels in spasm. Propranolol would tend to produce vasoconstriction, not vasodilation.

57. D. An increase in time spent in diastole would increase subendocardial blood flow. Metoprolol does not decrease preload or increase afterload; in fact the opposite is likely to occur. Metoprolol does not affect collateral blood flow or flow through a concentric stenosis.

58. C. The available blockers act primarily at voltage- gated calcium channels of the L type. The three prototypes, verapamil, nifedipine, and diltiazem, act at three discrete sites at this channel.

59. B. The other three drugs (dihydropyridines) are characterized by relatively selective vasodilator effects with little if any cardiac effects at doses employed clinically for hypertension or angina.

60. D. The vasodilatory effects of nifedipine are largely restricted to arteries (and consequently the after- load). It does not alter venous tone (and thus preload) significantly.

61. C. Since they are metabolized in the liver, hepatic cirrhosis can be expected to alter their half-life.

62. A. Skeletal muscles depend on the mobilization of intracellular stores of calcium for their contractile responses rather than transmembrane flux of calcium through the calcium channels. Therefore, skeletal muscle weakness is not likely to occur.

63. A. Although many drugs can evoke a reaction such as a rash, a rash and a dry cough are well-recognized side effects of angiotensin converting enzyme (ACE) inhibitors, such as captopril. Up to 20% of these patients may develop a cough with ACE inhibitors. The cause is not known for certain, but it may be related to the accumulation in the lungs of bradykinin or other inflammatory mediators. Inhibiting ACE leads to an increase in bradykinin, which is normally broken down by this enzyme. The rash was originally attributed to a sulfhydryl group in captopril but is known to occur with other non-sulfhydryl-containing ACE-inhibitors.

64. C. The vasodilation caused by bradykinin, hista- mine, hydralazine, and acetylcholine depends in part upon nitric oxide release from the endothelium. Minoxidil activates K+ channels, which results in vascular smooth muscle hyperpolarization and thereby relaxation.

65. E. Guanethidine does not normally cause release of catecholamines from the adrenal medulla. However, it may provoke the release of catecholamines from pheochromocytoma. This action plus its ability to antagonize neuronal uptake of catecholamines could trigger a hypertensive crisis. The other drugs are good choices to lower blood pressure in a patient with pheochromocytoma: metyro- sine, by decreasing synthesis; labetalol, by blocking both the a- and β-effects of the catecholamines; prazosin and especially phenoxybenzamine, by introducing a fairly long a-blockade.

66. B. Clonidine is an antihypertensive because it decreases sympathetic outflow from the CNS to the periphery and therefore reduces the sympathetically induced stimulation of renin release. The sympathetic effect on renin release is mediated by β-receptors, so prazosin, an a-blocker would not decrease release. Captopril is an ACE inhibitor and is likely to enhance renin release, although it would prevent the effects of renin by reducing the formation of angiotensin II. Nitroprusside and diazoxide are directly acting vasodilators and will promote renin release reflexively.

67. C. ACE inhibitors increase circulating bradykinin levels, while AT1 receptor antagonists have no effect on circulating bradykinin. The ability of converting enzyme inhibitors to increase bradykinin levels is thought to contribute to the benefits of this class of drugs in the treatment of hypertension and heart failure. With an ACE inhibitor, the actions of angiotensin II at both the AT1 and the AT2 receptor is decreased; however, with an AT1 receptor antagonist, angiotensin II can act at the AT2 receptor. Only ACE inhibitors decrease circulating angiotensin II levels; the level of angiotensin II may actually increase with an AT1 receptor antagonist because of removal of the endocrine feedback loop. ACE inhibitors have proven benefits in the treatment of congestive heart failure, while AT1 receptor antagonists are reserved for therapy of patients who have significant adverse effects from converting enzyme inhibition.

68. A. Angiotensin II has diverse physiological effects, including stimulating the synthesis and release of aldosterone from the adrenal cortex. This effect of angiotensin II results in fluid and water retention. The other answers are incorrect in that angiotensin II stimulates the sympathetic nervous system, is a weak inotropic, contracts vascular smooth muscle, and increases the growth status of cardiovascular cell types.

69. E. Bradykinin and natriuretic peptide are vasodilators. Both angiotensin II and angiotensin IV are vasoconstrictors but not nearly as potent as any en- dothelin peptide.

70. B. Compounds that act as ACE inhibitors are particularly useful for the treatment of hypertension and congestive heart failure.

71. C. Nitric oxide is an important compound that acts as a biological messenger in many physiological responses. L-Citrulline is a product of the oxidation of L-argenine in the formation of nitric oxide. Bradykinin is formed from a precursor kininogen.

72. E. There is no evidence that the thiazides have any effect on blood sugar. Initial reductions of blood pressure are due to decreased extracellular volume and cardiac output. The beneficial effect of the sustained reduction of blood pressure is due to reduced vascular resistance. Extracellular volume remains modestly reduced and cardiac output returns to pretreatment levels. Hypokalemia does not ameliorate over time and is associated with an increased risk of ventricular fibrillation and malignant arrhythmias. The magnitude of hypokalemia produced by thiazide and thiazidelike diuretics is dose dependent. However, the degree to which individual patients are affected varies, though chronic administration of even small doses causes some K+ depletion. Hyperuricemia is thought to have two causes. One is competition of the thiazide class of diuretics, which are weak organic acids, with uric acid for secretion by proximal tubules. This leads to diminished uric acid excretion. Serum concentrations of uric acid are further elevated by the reduced extracellular volume. Diuretic-induced hyperuricemia may cause acute gouty attacks.

73. D. Increased Na+ excretion is a direct consequence of diuretic treatment. In thick ascending limbs, the site of furosemide action, calcium and magnesium transport is largely determined by the magnitude of sodium absorption. Decreases of Na+ absorption are accompanied by diminished Ca++ and Mg++ absorption. K+ wasting is due to increased K+ secretion by late distal tubules and collecting ducts. Uric acid excretion decreases as a consequence of competition for the proximal tubule organic acid secretory mechanism.

74. C. Although still highly controversial, the initial use of a thiazide diuretic for monotherapy has been recommended by the Joint National Committee on Detection, Evaluation and treatment of High Blood Pressure. Triamterene and Aldactone are rarely used alone and exhibit no antihypertensive activity. A recent study found that the loop diuretics bumetanide and furosemide effectively reduced blood pressure. Serum lipid levels were less affected than with thiazide diuretics or chlorthalidone. However, thiazide diuretics are a more conservative and approved approach for the initial treatment of hypertension that avoid the more dramatic fluid and electrolyte shifts that occur with loop diuretics.

75. B. Intravenous furosemide causes a significant decrease in pulmonary capillary wedge pressure and right atrial pressure, concomitantly decreasing stroke volume and increasing vascular resistance. This effect in many cases occurs before diuresis begins.
DRUGS AFFECTING THE metabolism

Lecture 27. DRUGS AFFECTING THE ENDOCRINE SYSTEM
Hormones are the biological active substances that are produced by endocrine glands. They possess high activity being present in small doses. Hormones regulate processes of reproduction, growth, development of organism and model it’s protective reactions.

By chemical structure hormone drugs are divided on next groups:

· Substances of protein or peptide structure (drugs of hypothalamus, pituitary, parathyroid and pancreatic hormones, and calcitonin);

· Derivatives of aminoacids (agents of thyroid hormones);

· Steroid substances (drugs of adrenal cortex and gonadal hormones).

Hormones interact with specific receptors, located on cellular membranes or intracellularly. Hormones of protein structure predominantly bind with receptors on cellular membranes. Mostly these receptors are co-operated with adenylate cyclase system, which stimulating leads to increasing of cAMP forming, and it’s through protein kinases influence on intracellular processes. Adenylatecyclase, cAMP and calcium-ions are mediators among receptors and intercellular processes. Steroid hormones enter cells of target tissues and binds to an intracellular specific receptor. The hormone receptor complex translocates into the nucleus and binds to nucleotides on various genes and regulate their transcription and proteins synthesis.

Hormonal drugs are received from different sources. Some agents are extracted from correspondent animal gland (thyreoidine, bovine insulin), another are synthesized (L-thyroxine, triiodothyronine). Also, hormones can be produced by recombinant DNA techniques (human insulin) by inserting the human proinsulin gene into E coli or yeast.

Hormonal drugs are used for the treatment of endocrine diseases (substitutive, stimulating, and inhibiting therapy) and nonendocrine diseases (allergic disorders, cancer). It is necessary to remember, that during prolonged using of high doses of hormonal substances, the atrophy of endocrine glands is possible, in result of which during sudden cessation of the treatment “syndrome of breaking” (withdraw) may develop. It is characterized by symptoms of acute endocrine insufficiency.
27.1. Hormones OF PROTEIN AND AMINOACID STRUCTURE

HYPOTHALAMIC AND PITUITARY HORMONES

Neuroendocrine control of metabolism, growth, and certain aspects of reproduction is mediated by a combination of neural and endocrine systems located in the hypothalamus and pituitary gland (hypophysis). The pituitary gland consists of anterior and intermediate lobes (adenohypophysis), and a posterior lobe (neurohypophysis), which release a number of hormones that either control the secretion of other endocrine glands or affect the metabolic actions of target tissues directly. The secretion of anterior lobe hormones is regulated by hormones formed in the hypothalamus. These hormones are small peptides that function as releasing or inhibiting hormones. The posterior lobe hormones are synthesized in the hypothalamus and transported to the pituitary posterior lobe, from which they are released into the circulation.

Six anterior pituitary hormones are recognized: Somatotropin (growth hormone), Thyrotropin (TSH), Adrenocorticotropin (ACTH), Follicle-stimulating Hormone (FSH), Luteinizing Hormone (LH), and Prolactin (PRL). 

Somatotropin (growth hormone) is a peptide hormone. It deficiency leads to short stature. Somatotropin for pharmacologic use is produced with recombinant DNA technology. Somatotropin can be administered intramuscularly. Pharmacologic doses of growth hormone cause longitudinal growth indirectly via another class of peptide hormones, the somatomedins, or insulin-like growth factors that are synthesized predominantly in the liver. Also somatotropin stimulates growing of skeletal muscle and organs. It increases protein synthesis, which results in nitrogen retention. Somatotropin cause the retention of phosphorus, sodium, and potassium through promotion of cellular growth. The metabolic action of growth hormone is an initial insulin-like effect with increased tissue uptake of both glucose and amino acids and decreased lipolysis. Within a few hours, there is a peripheral insulin antagonistic effect with impaired glucose uptake and increased lipolysis. Somatotropin is indicated for long-term treatment of growth failure in children caused by pituitary growth hormone deficiency (pituitary dwarfism). Adverse effects often include arthralgia and fluid retention. 

Somatostatin is found in the hypothalamus. It has been synthesized. Somatostatin has been shown to inhibit the release of growth hormone, glucagon, insulin, and gastrin. Somatostatin has limited therapeutic usefulness because of its short duration of action (half-life 2-3 minutes) and its multiple effects on many secretory systems. Octreotide is synthetic analogous of somatostatin. It is more potent than somatostatin in inhibiting growth hormone release. Because of this relatively reduced effect on pancreatic β-cells, octreotide has been particularly useful in treating acromegaly and carcinoid tumors (gastrinoma, glucagonoma) without provoking hyperglycemia. The serum half-life of octreotide is about 80 minutes. Adverse effects of therapy include biliary sludge and steatorrhea.
Thyrotropin is normally secreted as part of a feedback system of thyroid hormone level regulation. It stimulates each step of thyroid hormone synthesis, including iodine uptake. In hyperthyroidism, the serum thyrotropin level is suppressed. Therapeutic thyrotropin is prepared from bovine anterior pituitaries. Thyrotropin is used diagnostically to differentiate between primary and secondary hypothyroidism. Thyroid tenderness and symptoms of hyperthyroidism may occur. Thyrotropin-releasing hormone that is found in the hypothalamus stimulates the pituitary to produce thyrotropin. Thyrotropin-releasing hormone stimulation of thyrotropin is blocked by thyroxine and potentiated by lack of thyroxine. Protirelin is a synthetic analogous of thyrotropin-releasing hormone. Protirelin is indicated as an adjunct for distinguishes between secondary (pituitary) and tertiary (hypothalamic) hypothyroidism.

Adrenocorticotropin primary endocrine function is to stimulate synthesis and release of cortisol by the adrenal cortex. Corticotropin is an ACTH that is obtained from porcine or bovine pituitary glands. Synthetic human ACTH is known as cosyntropin. Both animal and synthetic corticotropin are well absorbed by the intramuscular route. Cosyntropin is preferred because it is less antigenic. The biologic half-live of agents is under 20 minutes. The effects of long-acting repository forms of corticotropin persist for up to several days with a zinc hydroxide complex. Corticotropin shares many actions of the corticosteroids due to its ability to increase endogenous corticosteroid synthesis. Corticotropin is indicated as an aid in diagnosing adrenocortical insufficiency and after prolonged using of glucocorticoids for restoring of adrenal’s cortex functioning. But it may also cause depression of ACTH production. The toxicity of therapeutic doses of ACTH resembles that of the glucocorticoids with the added mild virilism (hyperandrogenism) in women. 

FSH stimulates gametogenesis and follicular development in women and spermatogenesis in men. It is needed for proper ovarian estrogenesis. Human menopausal gonadotropins (HMG) are a mixture of partially catabolized human FSH and LH extracted from the urine of postmenopausal women. They are used in states of infertility to stimulate ovarian follicle development in women and spermatogenesis in men and for pituitary or hypothalamic hypogonadism with infertility. In both sexes, they must be used in conjunction with a luteinizing hormone. Overstimulation of the ovary with HMG can lead to ovarian enlargement. 

Luteinizing hormone acts on testicular Leydig cells to stimulate testosterone production. In the ovary, LH acts on the mature follicle to induce ovulation, and it stimulates the corpus luteum in the luteal phase of the menstrual cycle to produce progesterone. Human chorionic gonadotropin is a hormone produced by the human placenta and excreted into the urine, whence it can be extracted and purified. It is very similar to LH in structure. HCG can be used in combination with human menotropins to induce ovulation in women and for stimulation of testosterone secretion by the testes of men with hypogonadotropic hypogonadism. HMG and HCG are administered intramuscularly. Androgen-dependent neoplasia and precocious puberty are contraindications to HCG use.

Gonadotropin-releasing hormone (GnRH) is produced by hypothalamus and controls the release of gonadotropins (FSH, LH). Pharmaceutical GnRH is synthetic. Analogs (e.g., Leuprolide, Nafarelin) are more potent and longer-lasting than native GnRH. GnRH and its analogs are administered parenterally. Pulsatile intravenous administration stimulates FSH and LH secretion. Thus, GnRH is used to treat infertility caused by hypothalamic hypogonadism in both sexes. In contrast, GnRH administered continuously or GnRH analogs administered in depot formulations inhibit gonadotropin release and induce hypogonadism. Leuprolide, Nafarelin are used to treat prostate cancer, uterine fibroids, and endometriosis. Danazol is gonadotropin inhibitor. It suppresses the output of pituitary gonadotropins (FSH, LH). As a result, anovulation and associated amenorrhea occur. Danazol is being used to treat gynecomastia, endometriosis, and menorrhagia.

Prolactin is the principal hormone that stimulates the development of mammary glands and lactation. Its preparation - Lactin is obtained from bovine pituitary glands. Lactin is available for use in lactation-deficient women in period following birth. For patients with symptomatic hyperprolactinemia, inhibition of prolactin secretion can be achieved with Bromocriptine and other dopamine agonists. Also bromocriptine may be used to treat acromegaly and Parkinson’s disease.

The hormones of the intermediate lobe have melanocyte-stimulating properties. Its preparation – Intermedin that is obtained from bovine pituitary gland is used for the treatment of degenerative processes in retina and hemeralopia (impairment of vision in reduced illumination) in eye-drops form. 

Two posterior pituitary hormones are known: Vasopressin and Oxytocin. Their structures are very similar. Pharmaceutical vasopressin and oxytocin are synthetics.
In pharmacologic doses, Oxytocin can be used to induce uterine contractions and maintain labor. It can also be used for control of postpartum uterine hemorrhage. Oxytocin elicit milk ejection in lactating women. Oxytocin is administered intravenously or intramuscularly. It circulating half-life is 5 minutes. Contraindications include fetal distress, prematurity, abnormal fetal presentation, cephalopelvic disproportion, and other predispositions for uterine rupture. Desaminooxytocin is a synthetic analog of oxytocin. It is act longer than parental agent and is used subglossal.
Vasopressin (antidiuretic hormone, ADH) possesses antidiuretic and vasopressor properties. A deficiency of this hormone results in diabetes insipidus. Vasopressin interacts with two types of receptors. V1 receptors are found on vascular smooth muscle cells and mediate vasoconstriction. V2 receptors are found on renal tubule cells and mediate antidiuresis through increased water permeability and water resorption in the collecting tubules. Vasopressin is administered by intravenous, intramuscular, or intranasal routes. The half-life of circulating ADH is approximately 20 minutes. Desmopressin is a long-acting synthetic analog of vasopressin with an antidiuretic-to-pressor ratio 4000 times that of vasopressin. Vasopressin and desmopressin are the alternative treatments of choice for pituitary diabetes insipidus. Vasopressin (but not desmopressin) can cause vasoconstriction and should be used cautiously in-patients with coronary artery disease. 

THYROID AND ANTITHYROID DRUGS

The normal thyroid gland secretes the thyroid hormones - triiodothyronine (T3) and tetraiodothyronine (T4, thyroxine). These hormones contain iodine as an essential part of the molecule. Nearly all of the iodide intake is via the gastrointestinal tract from food, water, or medication. Once taken up by the thyroid gland, iodide undergoes a series of enzymatic reactions that convert it into active thyroid hormone. First of all iodide is oxidized to iodine, in which form it rapidly iodinates tyrosine residues within the thyroglobulin molecule to form Monoiodotyrosine (MIT) and Diiodotyrosine (DIT). This process is called iodide organification. Two molecules of DIT combine within the thyroglobulin molecule to form L-thyroxine (T4). One molecule of MIT and one molecule of DIT combine to form T3. Thyroid hormones are released from thyroglobulin by proteolysis of thyroglobulin. T4 and T3 in plasma are reversibly bound to globulin. Thyrotropin (pituitary) stimulates the synthesis and release of T4 and T3. These thyroid hormones, in a negative feedback fashion, act in the pituitary to block the action of thyrotropin-releasing hormone and in the hypothalamus to inhibit it synthesis and secretion.
The free forms of thyroid hormones, T4 and T3 enter the cell. Within the cell, T4 is converted to T3, which is more potent than T4, and the T3 enters the nucleus, where it binds to a specific receptor. Most of the effects of thyroid on metabolic processes appear to be mediated by activation of nuclear receptors that lead to increased formation of RNA and subsequent protein synthesis. 

Thyroid hormones have both catabolic (calorigenic) and anabolic effects. Thyroid hormones increase basal metabolism and consequent increase oxygen consumption of tissues and body temperature. They speed up the catabolism of carbohydrates, fats, and proteins. However, it potentiates the secretion and action of growth hormone. Many of the manifestations of thyroid hyperactivity resemble sympathetic nervous system overactivity (tachycardia, cardiac arrhythmia, tremor, excessive sweating, and nervousness). The secretion and degradation rates of hormones, including catecholamines, cortisol, estrogens, testosterone, and insulin, are affected by thyroid status. Diminished production of thyroid hormone (hypothyroidism, myxedema) leads to clinical manifestations of thyroid insufficiency, including low metabolic rate, tendency to weight gain, somnolence and edema of subcutaneous tissue. Thyroid deprivation in early life results in cretinism (mental retardation, dwarfism).

Thyroid preparations may be synthetic (L-thyroxine, Triiodothyronine) or of animal origin (Thyreoidine).

Synthetic L-thyroxine is the preparation of choice for thyroid replacement because of its stability, lack of allergenic foreign protein, and long half-life (7 days), which permits once-daily administration. Oral absorption of current preparations of L-Thyroxine is averaging 80 %. Although Triiodothyronine (Liothyronine) is 3-4 times more active than L-Thyroxine, it is not recommended for routine replacement therapy because of its shorter half-life (24 hours), which requires multiple daily doses. Furthermore, because of its greater hormone activity and consequent greater risk of cardiotoxicity, T3 should be avoided in-patients with cardiac disease. T3 is almost completely absorbed (95 %) and minimally interfered with by intraluminal binding proteins. Thyreoidine (Thyroid) is the preparation of bovine desiccated thyroid gland. It contains the combination of thyroid hormones. Thyreoidine has variable hormone concentrations and high protein antigenicity. 

Thyroid hormones are indicated as replacement therapy in the treatment of hypothyroidism. In general, L-thyroxine is the preferred thyroid hormone because of the absence of variability. Triiodothyronine is recommended because of its short half-life and readily reversible effects for initial therapy in myxedema and myxedema coma. It may also be preferred when gastrointestinal absorption processes are impaired.

Antithyroid drugs are used in case of hyperthyroidism. 

The thioamides Mercazolil (Methimazole) and Propylthiouracil are major drugs for treatment of thyrotoxicosis. Mercazolil is about ten times more active than Propylthiouracil. Mercazolil and Propylthiouracil are rapidly absorbed. They are readily accumulated by the thyroid gland. The major action is to prevent thyroid hormones synthesis by inhibiting iodine organification. A single dose of Mercazolil exerts an antithyroid effect for longer than 24 hours; thus it can be used one time a day. Since the synthesis rather than the release of hormones is affected, the onset of these agents is slow, often requiring 3-4 weeks before stores of T4 are depleted. The adverse effects are rash, leukopenia, and goiter. It can be explained by decreasing of thyroid hormones level in blood that leads to increasing of thyrotropin synthesis. The last one stimulates thyroid gland hypertrophy and hyperplasia. For preventing of goitrogenic effect iodine drugs are used. 

Potassium perchlorate (KClO4) can block uptake of iodide by the gland. Since these effects can be overcome by large doses of iodides, their effectiveness is somewhat unpredictable. Potassium perchlorate is rarely used clinically because it’s mild antithyroid activity and adverse effects (leukopenia, anemia).

Iodides – potassium iodide, sodium iodide - have multiple effects on the thyroid gland. They decrease the thyrotropin synthesis. Also iodides inhibit hormone's release and decrease the size and vascularity of the hyperplastic gland that make these drugs valuable as preoperative preparation for surgery. Disadvantages of iodide therapy include an increase in intraglandular stores of iodine, which may delay onset of thioamide therapy or prevent use of radioactive iodine therapy for several weeks. Iodide should not be used alone, because the gland will "escape" from the iodide block in 2-8 weeks. Adverse reactions include acneiform rash (similar to that of bromism), swollen salivary glands, conjunctivitis, and rhinorrhea.

Radioactive iodine (I131) is used for treatment of thyrotoxicosis. It is concentrated by the thyroid gland. Its therapeutic effect depends on emission of β-rays with an effective half-life of 5-8 days. Within a few weeks after administration, destruction of the thyroid parenchyma is evidenced by epithelial necrosis and follicular disruption. 

The Calcitonin secreted by the thyroid gland. The principal effects of calcitonin are to lower serum calcium and phosphate by actions on bone and kidney. Calcitonin inhibits osteoclastic bone resorption. In the kidney, calcitonin reduces both calcium and phosphate reabsorption. Also it decreases gastrin secretion and reduces gastric acid output. Human Calcitonin monomer has a half-life of about 10 minutes. Salmon calcitonin (Miacalcin) has a longer half-life. Both human calcitonin and Miacalcin are synthesized. In addition, calcitonin is present in Calcitrin that is obtained from porcine thyroid gland. The ability of calcitonin to block bone resorption and lower serum calcium makes it a useful drug for the treatment of hypercalcemia and osteoporosis.

Parathormone (parathyroid hormone, PTH) is produced by the parathyroid gland. PTH enhances calcium and phosphate absorption in intestine. In bone, PTH increases the activity and number of osteoclasts, the cells responsible for bone resorption. It increases bone remodeling, a specific sequence of cellular events initiated by osteoclastic bone resorption and followed by osteoblastic bone formation. In the kidney, PTH increases the ability of the nephron to reabsorb calcium but reduces its ability to reabsorb phosphate. Another important action of PTH on the kidney is its stimulation of 1,25-dihydroxyvitamin D production. All these effects are result in increasing serum calcium.

Parathyreoidine is produced from bovine parathyroid gland. It is injected intramuscularly or subcutaneous. Its action starts in 4 hours and last 24 hours. Parathyreoidine is used for hypothyroid tetany treatment. 

PANCREATIC HORMONES AND ANTIDIABETIC DRUGS


Insulin is synthesized in β-cells islets of Langerhans, which interspersed throughout the pancreatic gland. Insulin is a small protein that contains 51 amino acids arranged in two chains linked by disulfide bridges. Within the β-cell, insulin precursor is produced and than proinsulin is hydrolyzed into insulin. Insulin releasing from pancreatic β-cells is stimulated in response to a glucose, mannose, certain amino acids (e.g., leucine, arginine), and vagal activity. Hyperglycemia results in increased intracellular ATP levels, which close the ATP-dependent potassium channels, and results in depolarization of the β-cell and opening of voltage-gated calcium channels. The resulting increased intracellular calcium triggers secretion of the hormone. The liver and kidney remove insulin from the circulation, presumably by hydrolysis of the disulfide connections through the action of insulinase. The half-life of circulating insulin is 3-5 minutes.

Once insulin has entered the circulation, it is bound by specialized receptors that are found on the membranes of most tissues. The full insulin receptor consists of α-subunit, which is entirely extracellular and constitutes the recognition site, and a β-subunit that spans the membrane. The β-subunit contains a tyrosine kinase. When insulin binds to the α-subunit at the outside surface of the cell, tyrosine kinase activity is stimulated in the β-portion that leads to the series of phosphorylation within the cell. Finally, the insulin-receptor complex is internalized where insulin is act. 

Insulin promotes uptake of carbohydrates, proteins, and fats in most tissues. Also, insulin stimulates protein and free fatty acid synthesis, and inhibits release of free fatty acid from adipose cells. Insulin increases active glucose transport through liver, muscle and adipose cellular membranes, and promotes conversion of intracellular glucose and free fatty acid to the appropriate storage forms (glycogen and triglyceride, respectively). In liver and muscles it inhibit glycogenolysis and gluconeogenesis. In addition, insulin decreases protein catabolism and ketogenesis. 

Administered insulin substitutes for the lack of endogenous insulin secretion and partially corrects the disordered metabolism and inappropriate hyperglycemia of diabetes mellitus. They’re two types of diabetes mellitus. Type I diabetes (IDDM, insulin-dependent diabetes mellitus) is a catabolic disorder in which circulating insulin is virtually absent. Exogenous insulin is therefore required. Type II diabetes (NIDDM, non-insulin-dependent diabetes mellitus) represents a group comprising milder forms of diabetes that occur predominantly in obese. Circulating endogenous insulin is relatively inadequate because of tissue insensitivity. When dietary treatment fail to correct hyperglycemia, sulfonylurea drugs are usually prescribed. Insulin therapy may be required to achieve satisfactory glycemic control.

Three principal types of insulins are available (1) short-acting – Insulin, (2) intermediate-acting – Insulin-Semilente, Insulin-Lente, (3) long-acting – Insulin-Ultralente (table. 7.1).

Table 7.1
Pharmacokinetic of insulins

	Insulin type
	Onset of action (hrs)
	Time to peak (hrs)
	Duration of action (hrs)

	Regular insulin
	0,5-1
	2-4
	5-7

	Insulin-Semilente
	1-3
	2-8
	12-16

	Insulin-Lente
	1-3
	8-12
	18-28

	Insulin-Ultralente
	4-6
	18-24
	36


Short-acting insulin is dispensed as solutions and contains small amounts of zinc to improve their stability and shelf-life. Another insulins have been modified to provide prolonged action and are dispensed as suspensions with varying concentrations of zinc in acetate buffer (Ultralente and Lente insulins). Conventional subcutaneous insulin therapy presently consists of split-dose injections of mixtures of short-acting and intermediate-acting insulins or multiple doses of short-acting insulin pre-prandial in association with any of insulin suspensions (Lente, or Ultralente) whose prolonged duration of action provides overnight basal insulin levels. Clinical trials have demonstrated that optimal time of pre-prandial subcutaneous injection of regular human insulin is 30 minutes before the meal. Short-acting soluble insulin is the only type that should be administered intravenously and it is particularly useful when the insulin requirement is changing rapidly, such as diabetic ketoacidosis or after surgery.
According to the sources insulins are divided into beef, pork, and human. The beef hormone is slightly more antigenic than pork insulin. Human insulin, which is less expensive and immunogenic than pork insulin, has generally supplanted it. Currently, all insulins in Ukraine are available in a concentration of 40 units/ml.

Hypoglycemic reactions are the most common complication of insulin therapy. They may result from a delay in taking a meal or an overdosing of insulin. The symptoms of hypoglycemia are tachycardia, palpitations, sweating, tremulousness, nausea, and hunger. They may progress to convulsions and coma if untreated. In a case of mild hypoglycemia orange juice, glucose, or any sugar-containing beverage or food may be given. In case of unconsciousness the treatment of choice is to give 20 ml of 40 % glucose solution by intravenous infusion or solutions of adrenaline or glucagon injected either subcutaneously or intramuscularly. 

Because sensitivity is often to non-insulin protein contaminants, the new highly purified insulins have markedly reduced the incidence of insulin allergy, especially local reactions. Some diabetic patients have a high titer of circulating anti-insulin antibodies. This results in extremely high insulin requirements – often more than 200 units daily. Atrophy or hypertrophy of subcutaneous fatty tissue may occur at the site of injection.
Oral hypoglycemic drugs. The major oral medications currently available for treating hyperglycemia in non-insulin-dependent diabetics are the class of compounds known as sulfonylureas. 

Sulfonylureas release insulin from β-cells and potentiate the action of insulin on its target tissues. Sulfonylureas inhibit the efflux of potassium ion through the channel and results in depolarization. Depolarization, in turn, opens a voltage-gated calcium channel and results in calcium influx and the release of preformed insulin. Sulfonylurea drugs might restore peripheral tissue sensitivity to insulin. 

Sulfonylureas are absorbed from gastrointestinal tract readily and completely. Mostly they bind with blood proteins (70-99 %). Sulfonylureas are metabolized in liver and excreted mainly via kidneys. The most serious adverse effect is hypoglycemia. Also disulfiram-like reaction (flushing of the face, neck, and arms) may occur with any of the sulfonylureas when alcohol is ingested concurrently. 

There are two generations of sulfonylureas: first generation are Butamide, Chlorpropamide; second generation are Glibenclamide, Glipizide.

Butamide (Tolbutamide) is well absorbed but rapidly oxidized in the liver. Its duration of effect is relatively short (6-10 hours). It is administered before each meal and at bedtime. Chlorpropamide has a long duration of effect (24-48 hours) and is slowly metabolized in the liver. The maintenance dose is given in the morning. Potential for serious adverse effects is high because of Chlorpropamide prolonged action. Also Chlorpropamide can cause antidiuretic effect. Diabetes patients who have not responded to Tolbutamide or Chlorpropamide may respond to the more potent second-generation sulfonylureas.
Duration of action of Glipizide and Glibenclamide (Glibutide) is approximately 24 hours. These agents should be ingested 30 minutes before breakfast, since rapid absorption is delayed when the drug is taken with food. The dose is given once a day. Serious adverse effect occurs more often with glibenclamide than with chlorpropamide and glipizide, because of prolonged action of glibenclamide. Gliclazide has the same serum half-life and duration of action as glibenclamide. In addition, it reduces platelet adhesiveness and aggregation and has fibrinolytic activity – hence gliclazide has prevent possible disorders of microcirculation during mellitus diabetes.
Second group of oral hypoglycemic compounds consists of the Biguanides. These agents reduce blood glucose even in the absence of pancreatic β-cell function. Currently proposed mechanisms of action include direct stimulation of glycolysis in tissues, with increased glucose removal from blood, and slowing of glucose absorption from the gastrointestinal tract. Biguanides cause the accumulation of lactic acid in muscles (probably due to stimulation of anaerobic glycolysis). Biguanides have been most often prescribed for patients with refractory obesity. To this group belongs Buformin (Glibutide) and Metformin. They are well absorbed from gastrointestinal tract. The onset of maximal hypoglycemic effect is 5 hours and duration of effect is 14 hours. A common schedule would be to begin with a single daily tablet given for several days. If this is well tolerated, to add a second tablet if hyperglycemia persists. The toxic effects of biguanides are gastrointestinal upset (nausea, vomiting, and diarrhea) and lactic acidosis. Biguanides does not provoke hypoglycemia.

Glucagon is synthesized in α-cells of Langerhans islets. The pharmacologic result of glucagon infusion is to raise blood glucose at the expense of stored hepatic glycogen. Glucagon has a potent inotropic and chronotropic effect on the heart. Thus, it produces an effect very similar to that of β-adrenoreceptor agonists without requiring functioning β-receptors. The major use of Glucagon is for emergency treatment of severe hypoglycemic reactions in insulin-dependent patients when unconsciousness precludes oral feedings and use of intravenous glucose is not possible.
Available forms:

Somatotropin – in bottles 5 ml (2 or 4 unites)

Octreotide – in ampoules 0,00005; 0,0001 or 0,0005 each

Gonadotropin chorionic – in bottles 500; 1000; 1500 or 2000 unites each (to dilute in 1 ml solution, for i.m. injection)

Danazol – capsules 0,1 or 0,2 each

Oxytocin – in ampoules 1 ml (5 unites) each

Pituitrinum – in ampoules 1 ml (5 unites) each

Triiodothyronine hydrochloride – tablets 0,00002 or 0,000005 each

L-Thyroxine – tablets 0,05 or 0,1 each

Mercazolilum – tablets 0,005 each

Calcitonin – in ampoules 1 ml (50 or 100 unites) each

Parathyroidinum – in ampoules 1 ml (20 unites) each

Insulin – in bottles 5 or 10 ml (1 ml contains 40 unites) each

Tolbutamide (Butamidum) – tablets 0,25 or 0,5 each

Glibenclamide – tablets 0,005 each

Buformin – tablets 0,5 each

27.2. HORMONES OF STEROID STRUCTURE

ADRENOCORTICOSTEROIDS

The adrenal cortex releases a large number of steroids that may be classified as those having important effects on intermediary metabolism (glucocorticoids), those having principally salt-retaining activity (mineralocorticoids), and those having androgenic or estrogenic activity. 

The glucocorticoids (corticosteroids) in humans are cortisol (major) and cortisone. They are synthesized from cholesterol. The rate of their secretion changes in a circadian rhythm governed by irregular pulses of adrenocorticotropin (ACTH) that peak in the early morning hours and after meals. In plasma, they are bound to plasma proteins. Free hormone diffuses across cell membranes and complex with specific cytoplasmic receptors. These complexes then enter the cell nucleus, bind to DNA, and stimulate transcription of messenger RNA (mRNA) and subsequent protein synthesis. Glucocorticoids in rapid feedback way suppress the synthesis of pituitary ACTH. Most of the glucocorticoids are inactivated in the liver by reduction and conjugation with glucuronic acid or sulfate, and are excreted into the urine.

Effects of glucocorticoids. The glucocorticoids have important dose-related effects on carbohydrate, protein, and fat metabolism. In the liver, glucocorticoids increase glycogen deposition by stimulating glycogen synthase activity and increasing glucose production from protein (gluconeogenesis). Glucocorticoids inhibit the peripheral glucose uptake and lead to hyperglycemia. Glucocorticoids have catabolic effects in lymphoid and connective tissue, muscle, fat, and skin. In children, the catabolic effects of excessive amounts of glucocorticoid reduce growth. Glucocorticoids increase lipolysis and mobilize fatty acids from adipose tissues, leading to increased plasma fatty acid concentrations. Glucocorticoids increase bone resorption and calcium excretion, and decrease gastrointestinal absorption of calcium. These actions may lead to inhibition of bone growth in children and adolescents and the development of osteoporosis at any age.

Glucocorticoids have immunodepressive and anti-inflammation activities. Glucocorticoids decrease or prevent tissue responses to inflammatory processes, thereby reducing development of symptoms of inflammation without affecting the underlying cause. Glucocorticoids inhibit accumulation of inflammatory cells, including macrophages and leukocytes, at sites of inflammation. They also inhibit phagocytosis, lysosomal enzyme release, and release of several chemical mediators of inflammation. They reduce the permeability of inflamed capillaries and reduce of leukocyte adherence to the capillary endothelium, leading to inhibition of both leukocyte migration and edema formation; and diminish the activity of the phospholipase A2 with subsequent inhibition of the inflammation mediators synthesis (prostaglandins, thromboxanes, and leukotrienes) from arachidonic acid. 

Mechanisms of immunosuppressant action may involve prevention or suppression of cell-mediated (delayed hypersensitivity) immune reactions as well as more specific actions affecting the immune response. Glucocorticoids reduce the concentration of thymus-dependent lymphocytes (T-lymphocytes), monocytes, and eosinophils. They also decrease binding of immunoglobulin to cell surface receptors and inhibit the synthesis, and release of interleukins, thereby decreasing T-lymphocyte blastogenesis and reducing expansion of the primary immune response. Glucocorticoids may also decrease concentrations of complement components and immunoglobulins. 

The structural and functional changes in the lungs near term, including the production of pulmonary surfactant required for air breathing, are stimulated by glucocorticoids. Treatment of the mother with large doses of glucocorticoid reduces the incidence of respiratory distress syndrome in infants delivered prematurely. 

Steroids having glucocorticoid activity have become important agents for use in the treatment of many inflammatory and allergic disorders (table 7.2).

Table 7.2.
Main glucocorticoids and their biological activity

	Glucocorticoids
	Relative potency
	Biological (tissue) half-life (hr)

	
	Glucocorticoid activity*
	Mineralocorticoid
activity**
	

	Short-acting

Cortisone

Hydrocortisone

Intermediate-acting

Methylprednisolone

Prednisolone

Triamcinolone

Long-acting

Dexamethasone
Betamethasone
	0,8

1

5

4

5

20-30

20-30
	++

++

0

+

0

0

0
	8-12

8-12

18-36

18-36

18-36

36-54

36-54


* 
- anti-inflammatory, immunosuppressant, metabolic effects 

**
- sodium and water retention, potassium depletion

Indications. Glucocorticoids are indicated for their anti-inflammatory and immunosuppressant effects in the treatment of allergic disorders (allergic rhinitis, angioedema, anaphylactic reactions, bronchial asthma, transfusion reactions), collagen disorders (dermatomyositis, vasculitis, lupus erythematosus, rheumatic fever), dermatitis, autoimmune anemia, chronic hepatitis, leukemia, ophthalmic disorders (iridocyclitis, keratitis). For most indications, glucocorticoid administration provides symptomatic relief but has no effect on the underlying disease processes. Use of these medications does not eliminate the need for other therapies that may be required. 

Glucocorticoids are indicated (in physiologic doses) as replacement therapy in the treatment of adrenal insufficiency states. For this purpose are indicated Cortisone, Hydrocortisone (Cortisol), and Fludrocortisone because of their significant mineralocorticoid activity (see table 7.2). Cortisone is transformed in organism to Hydrocortisone. It is used orally (tablets) or intramuscularly (suspension). Hydrocortisone can be injected intra-articulate (suspension) for the treatment of arthritis or can be applied topically (ointment) for dermatitis treatment. Fludrocortisone, a synthetic corticosteroid, is the most commonly prescribed salt-retaining hormone.

Natural glucocorticoids are used mostly in those cases, when their mineralocorticoid activity is desirable (adrenal insufficiency). However, agents having minimal mineralocorticoid activity are preferred in all another cases. This group includes Prednisolone, Methylprednisolone, fluorinated glucocorticoids (Triamcinolone, Dexamethasone, Betamethasone), and bisfluorinated glucocorticoids (Flumethasone, Fluocinolone). It is consider, that presence of the Fluor atom in glucocorticoids molecule has decrease its mineralocorticoid activity and its absorption from skin. Prednisolone is used orally, topically. It must be injected intramuscularly or intravenously for emerge states (anaphylactic reaction, bronchial asthma attack, shock states of different etiology). In generally, Triamcinolone and Dexamethasone are produced as tablets. Thanks to their bed absorption from skin (that diminish their systemic effects) Flumethasone, Fluocinolone are prescribed in ointment form for the treatment of dermatitis of different etiology.

Adverse effects. When the glucocorticoids are used less than 1 week, it is unusual to see serious adverse effects. The major undesirable effects of the glucocorticoids are the result of their hormonal actions and lead to the clinical picture of iatrogenic Cushing's syndrome. The appearance of the face is altered by rounding. Fat tends to be redistributed from the extremities to the trunk and face. Over a period of time can appear such adverse effects as weight gain, thinning of the skin (with striae), hyperglycemia, osteoporosis, and hypertension. Wound healing is also impaired. Other serious complications include the development of peptic ulcers, bacterial and mycotic infections. Glucocorticoids (especially, cortisone and hydrocortisone) cause some sodium and fluid retention and loss of potassium. 

Nowadays antagonists of the synthesis or action of the glucocorticoids are well-known. They can be used in the treatment of Cushing's syndrome. Mifepristone is a glucocorticoid antagonist that binds to glucocorticoid as well as to progesterone receptors. Metyrapone is an inhibitor of glucocorticoids and mineralocorticoids synthesis.
The most important mineralocorticoid in humans is Aldosterone. However, small amounts of Desoxycorticosterone (DOC) are also formed and released. Its actions, effects, and metabolism are similar to aldosterone. ACTH and angiotensin produce a stimulation of aldosterone release. Also its secretion is enhanced by dietary sodium restriction. Mineralocorticoids act by binding to the receptor in the cytoplasm of cells of the kidneys collecting tubules. Aldosterone promotes the reabsorption of sodium from urine by the distal renal tubules, loosely coupled to the secretion of potassium ion. Excessive levels of aldosterone lead to hypernatremia, hypokalemia, increased plasma volume, and hypertension. Desoxycorticosterone acetate (DOCSA) is used in practice. It is prescribed in case of chronic adrenal glands insufficiency, myasthenia and adynamia. Adverse effects of DOCSA are edema, hypertension.

Spironolactone is steroid that competes with aldosterone for binding sites and decrease its effect peripherally. It is used as diuretic drug (lecture “Diuretic drugs”) and for the treatment of hyperaldosteronism. 

THE GONADAL HORMONES. ESTROGENS AND PROGESTINS

The ovary has important gametogenic and hormonal functions. First of all hypothalamic produce Gonadotropin-releasing hormone (GnRH) which stimulates the release of Follicle-stimulating hormone (FSH) and Luteinizing hormone (LH) (see “Hypothalamic and pituitary hormones”). At the beginning of each cycle, a variable number of follicles, each containing an ovum, begin to enlarge in response to FSH. After 5 or 6 days, one of the follicles begins to develop more rapidly. The granulosa cells of this follicle synthesize estrogens. When ovum is matured, follicle is ruptures and ovulation is appearing. Following the above events, the cavity of the ruptured follicle fills is transformed to the corpus luteum. The cells of this structure produce estrogens and progesterone for the remainder of the cycle, or longer if pregnancy occurs. If pregnancy does not occur, the corpus luteum begins to degenerate and ceases hormone production. The endometrium, which proliferated during the follicular phase and developed its glandular structure during the luteal phase, is shed in the process of menstruation. 

The major estrogens produced by women are Estradiol, Estrone, and Estriol. Estradiol appears to be the major secretory product of the ovary. Most estrone and estriol are formed in the liver from estradiol. As noted above, estrogens are produced in the ovarian follicle and in corpus luteum. During pregnancy, the fetoplacental unit synthesizes a large amount of estrogen. When released into the circulation, estradiol binds strongly to a sex hormone-binding globulin. Estrogens are metabolized in the liver and their conjugated metabolites excreted in the bile. However, the conjugates may be hydrolyzed in the intestine to active, reabsorbable compounds. 

Physiologic effects. Free plasma estrogens enter the cell and bind to their receptor. The receptor-hormone complex binds to nucleotides on various genes and regulates their transcription and proteins synthesis. 

Estrogens stimulate the development of the vagina, uterus, and uterine tubes as well as the growth of the axillary and pubic hair. They stimulate stromal development and ductal growth in the breast and are responsible for the accelerated growth phase and the closing of the epiphyses of the long bones that occur at puberty. Estrogen also plays an important role in the development of the endometrial lining (proliferation). Estrogens decrease the rate of resorption of bone. Estrogens increase high-density lipoproteins level, slightly reduce low-density lipoproteins and cholesterol levels. Estrogens enhance the coagulability of blood. They are responsible for estrous behavior in animals and influence libido in humans. They facilitate the loss of intravascular fluid into the extracellular space, producing edema. 

Many agents of steroid estrogens are used in medicine. They are Estrone, Estradiol dipropionate, and ethinyl Estradiol. Estrone and estradiol are produced as oil solutions and are injected intramuscularly. Estrone is acts during 24 hours, however estradiol – 2-4 days. Ethinyl estradiol is a semisynthetic estrogen. It’s in 50 times more potent than estrone. Furthermore, ethinyl estradiol is available for ingestion. In addition to the steroid estrogens, a variety of nonsteroidal compounds with estrogenic activity have been synthesized and used clinically. These include Hexestrol (Synoestrolum), Diethylstilbestrol. Hexestrol is the synthetic analogue of estradiol. It is taken orally and injected intramuscularly.

Indications. Estrogens are indicated for replacement therapy in estrogen-deficient patients (upset of menstrual cycle – dysmenorrhea, amenorrhea, castration, or menopause). They are indicated for complex treatment of breast carcinoma in postmenopausal women and prostatic carcinoma in men. Estrogens alone or combined with progestins can be used for contraception. They have been used extensively to replace estrogen in the treatment of vasomotor symptoms, and osteoporosis associated with menopause. For this purpose patients can use estrogens or their combination with gestagens: Proginova (contains estradiol valerate; 21 dragee for month), Clinorm (two-phase agent; 9 dragee that contain estradiol valerate; 12 dragee - estradiol valerate + levonorgestrel (gestagen)). 
Adverse effects. Estrogen therapy may cause a menorrhagia, endometrial hyperplasia. They can be prevented by administration of a progestin agent with estrogen in each cycle. Nausea and breast tenderness are common and can be minimized by using the smallest effective dose of estrogen. Estrogen can lead to cholestasis, thrombophlebitis, peripheral edema, and hypertension. Diethylstilbestrol should be avoided during pregnancy. 

Nowadays antiestrogen agents are well known. Tamoxifen is a competitive inhibitor of estrogen receptors and is extensively used in the palliative treatment of breast cancer. It is a nonsteroidal agent that is given orally.

Progesterone is the most important progestin in humans. It is synthesized in the ovary (corpus luteum), testis, adrenal, and in placenta during pregnancy. The level of progesterone in the female is higher the luteal phase than during the follicular phase of the cycle. Progestins enter the cell and bind to progesterone receptors. The ligand-receptor complex binds to a response element to activate gene transcription, resulting in an increase in protein synthesis. Progesterone causes the maturation and secretory changes in the endometrium that are seen following ovulation. Also it leads to relaxation of uterine smooth muscle and stimulation of mammary alveolar tissue growth. Progesterone is responsible for pregnancy preservation. It also has depressant and hypnotic effects on the brain.

Progesterone is rapidly absorbed following administration by any route. It is almost completely metabolized in one passage through the liver, and for that reason it is quite ineffective when administered orally. In the liver, progesterone is metabolized and conjugated with glucuronic acid. It is excreted into the urine. A variety of progestin compounds have been synthesized. In general, such compounds as Hydroxyprogesterone (Oxyprogesterone) and Medroxyprogesterone are the most closely related, pharmacologically as well as chemically, to progesterone. Hydroxyprogesterone and medroxyprogesterone have a long duration of action. They are used in oil solution intramuscularly once in 7-14 days. Pregnine is in 5 times weaker than progesterone. However, Pregnine is available for oral and subglossal (sublingual) route of using.

A group of testosterone-derivatives with progestin activity - Levonorgestrel, Norethisterone (Norethindrone) - has been introduced, principally as components of oral contraceptives. They do not support pregnancy in test animals, are more effective gonadotropin inhibitors, and may have minimal androgenic or anabolic activity. 

Progestins have been used in the first trimester of pregnancy to prevent habitual abortion or to treat threatened abortion, however their usefulness is doubtful. Progestins are used for the treatment of amenorrhea in the presence of estrogen. They are useful in producing long-term ovarian suppression for the treatment of dysmenorrhea, endometriosis, and for contraception. Progestins may cause changes in menstrual flow, edema, and hypertension. 

It is already synthesized antiprogestin agent – Mifepristone. It binds strongly to the progesterone receptor and inhibits the activity of progesterone. Mifepristone is used for termination of early pregnancies.

CONTRACEPTIVES
A large number of oral contraceptives containing estrogens or progestins (or both) are now available for clinical use. Two types of preparations are used for oral contraception: (1) combinations of estrogens and progestins and (2) continuous progestin therapy. The estrogenic component of commercially oral contraceptive combinations is Ethinyl estradiol. The progestin component is Levonorgestrel, Norethisterone (Norethindrone), or Norgestrel. The combinations of estrogens and progestins exert their contraceptive effect largely through selective inhibition of pituitary function that results in inhibition of ovulation. The combination agents also produce a change in the cervical mucus, endometrium, and uterine tubes, which decrease the likelihood of conception and implantation. 

Estrogen-progestin oral contraceptives are usually classified according to their formulation. Monophasic preparations contain fixed-combination of estrogen and progestin (Nonovlon, Rigevidon, and Microgynon). Biphasic (Anteovin) and triphasic (Trisiston, Tri-regol) preparations are consist of 2 or 3 sequentially administered fixed combinations of estrogen and progestin. Bi- and triphasic contraceptives are more physiological, because differences of estrogen-progestin correlation are imitate normal fluctuation of female sex hormones.

Most combinations are available as 21-day dosage preparations. In establishing an oral contraceptive dosage cycle, the menstrual cycle is usually considered to be 28 days. The first day of bleeding is counted as the first day of the cycle. Administration of oral contraceptives usually begins on the fifth day of the menstrual cycle and is usually administered once daily for 21 consecutive days. 

The pregnancy rate with combination agents is estimated to be about 0.5-1 per 100 woman years at risk. About 97 % of patients will ovulate by the third posttreatment cycle. Progestins and estrogens are also useful in the treatment of endometriosis. It is now clear that these compounds reduce the risk of endometrial and ovarian cancer. 

Adverse effects. Minor adverse effects are frequent, but most are mild and many are transient. Mild adverse effects are headache, nausea, mastalgia, breakthrough bleeding, weight gain, and edema. Severe adverse effects are rare and include increasing coagulability of blood (risk of thromboembolic disease), hypertension, reduction of glucose tolerance, cholestatic jaundice, depression. These drugs should be avoided in patients with estrogen-dependent neoplasm. These agents are contraindicated in adolescents in whom epiphysial closure has not yet been completed.

Small doses of progestins can be used for contraception also. Progestin-only contraceptives alter cervical mucus and endometrium so that sperm migration into the uterus and probable implantation is inhibited. In addition, continuous administration of the drugs decreases the ovum transport by altering motility in fallopian tubes. Although progestin-only oral contraceptives are less effective than estrogen-progestin combinations, they are particularly suited for use in patients for whom estrogen administration is undesirable. Orally can be taken Continuin, Microlut. Unlike estrogen-progestin combinations, progestin-only oral contraceptives must be taken daily, without interruption, to be effective. The main adverse effect is incidences of abnormal bleeding. 

Pregnancy can be prevented following coitus by the administration of large doses of estrogens or progestins (postcoital contraceptives). For example Postinor (contain L-norgestrel). When treatment is begun within 72 hours, it is effective 99 % of the time. Postcoital contraceptives can be used not more than 4 times a month.

ANDROGENS, ANABOLIC STEROIDS AND ANTIANDROGENS

The testis, like the ovary, has both gametogenic and endocrine functions. In humans, the most important androgen secreted by the testis (in the interstitial or Leydig cells) is Testosterone. Endogenous plasma testosterone is maintained and regulated by gonadotropins within a normal range by a negative feedback system involving the hypothalamus and pituitary. In blood circulating testosterone is bound to sex hormone-binding globulin. In many target tissues (for example in prostate), Testosterone is converted to dihydrotestosterone. Androgens are highly lipid-soluble and enter cells of target tissues by passive diffusion. Testosterone or dihydrotestosterone binds to an intracellular androgen receptor. The hormone-receptor complex translocates into the nucleus and initiates or suppresses transcription, and protein synthesis. In the liver testosterone is transformed into non-active substances such as androsterone that is then conjugated and excreted into the urine.

Physiologic effects. Androgens stimulate spermatogenesis, development of male sexual organs (seminal vesicles, penis, and scrotum) and secondary sexual characteristics (male hair, enlargement of the larynx, and thickening of vocal cords). Androgens increase linear bone growth and bone density, and help fuse the epiphysial growth centers. They cause nitrogen retention that indicates an increasing of protein synthesis within the body (anabolic effect). That leads to growing of skeletal muscles and parenchymal organs. They also stimulate erythrocyte production.

The ethers of testosterone have been used extensively in clinics (Testosterone propionate and Testosterone enanthate). They are injected intramuscularly one time in 2 days or in 3-4 weeks correspondently. These derivatives are hydrolyzed to release free Testosterone at the site of injection. Methyltestosterone is Testosterone derivative that is active when given by mouth (subglossal).

Indications. Androgens are used to replace or augment endogenous androgen secretion in hypogonadal men. Androgens have also been used in the treatment of breast cancer as a supplement to chemotherapy in women until 60 years. Androgens are sometimes given for the therapy of dysmenorrhea, postmenopausal syndrome. In women, the administration of testosterone is associated with masculinize actions (virilism): hirsutism, acne, depression of menses, and deepening of the voice. Sodium retention and edema may appear also. 

Anabolic steroids are synthetic derivatives of testosterone. Chemical changes results in reduction of their androgenic properties comparatively with testosterone and retention of their anabolic features. Many anabolic steroids are used in clinics: Methandrostenolone, Phenoboline (Nandrolone phenylpropionate), Retabolil (Nandrolone decanoate). Phenoboline and Retabolil are used intramuscularly. Duration of action is 2-3 weeks. Methandrostenolone is used orally daily. Anabolic steroids have been used for reversing of protein loss after trauma, surgery, or prolonged immobilization and in patients with debilitating diseases. Anabolic agents are indicated for the treatment of osteoporosis. These agents have been used to stimulate growth in boys with delayed puberty. 

Since complete dissociation of anabolic and androgenic effects is not possible, anabolic steroids produce slight masculinize actions. In addition, anabolic steroids can cause nausea, edema, hypercalcemia, and upset of liver function.

The potential usefulness of antiandrogens for the treatment of patients producing excessive amounts of testosterone has led to the search for effective drugs that can be used for this purpose. Since dihydrotestosterone appears to be the essential androgen in the prostate, androgen effects in this tissues can be reduced by an inhibitor of 5-reductase. Finasteride, an inhibitor of this enzyme, produces a reduction in dihydrotestosterone levels. It has been reported to be moderately effective in reducing prostate size in men with benign prostatic hyperplasia. Cyproterone acetate is effective antiandrogen that inhibits the action of androgens at the target organ. These compounds have been used in women for the treatment of hirsutism and in men to decrease excessive sexual drive. Flutamide, is a competitive antagonist at the androgen receptor that has been used in the treatment of prostatic carcinoma. Spironolactone, a competitive inhibitor of aldosterone (see “Diuretic drugs”) also competes for the androgen receptors in target tissues. It also reduces the synthesis of testosterone. It is used for the treatment of hirsutism in women.

Available forms:

Cortisone – tablets 0,025 or 0,05; in bottles 10 ml (1 ml contains 0,025 g Cortisone acetate)

Prednisolone – tablets 0,001 or 0,005 each

Prednisolone hemisuccinate – in ampoules 0,025 each (to dilute in 5 ml solution, for i.v. or i.m. injections)

Dexamethasone – tablets 0,0005 each

Fluocinolone acetonide (Sinaflan) – 0,025 % ointment 10,0 or 15,0

Desoxycorticosterone acetate – in ampoules 0,5 % oil solution 1 ml each; tablets 0,005 each (subglossal usage) 

Oestradiol dipropionate – in ampoules 0,1 % oil solution 1 ml each

Ethinylestradiol – tablets 0,01 or 0,05 each

Synoestrolum – in ampoules 0,1 % or 2 %* oil solution 1 ml each; tablets 0,001 each

Tamoxifen – tablets 0,01; 0,02 or 0,04 each

Oxyprogesterone caproate – in ampoules 12,5 % or 25 % oil solution 1 ml
Non-Ovlon (Ethinylestradiol + Norethisterone) – patented tablets (21 tablets in package)

Continuin – patented tablets (42 tablets in package)

Testosterone propionate – in ampoules 1 % or 5 % oil solution 1 ml each

Methyltestosterone – tablets 0,005 or 0,01 each

Nandrolone (Retabolil) – in ampoules 5 % oil solution 1 ml each

Finasteride – tablets 0,005 each

Lecture 28. VITAMINS

Vitamins (lat. vita, life, + amine) are the organic substances, present in minute amounts in natural foodstuffs, that are essential to normal metabolism, usually as coenzymes; insufficient amounts in the diet may cause deficiency diseases.

Vitamins are usually divided on water-soluble and fat-soluble vitamins. To water-soluble are concerned vitamins B1 (Thiamine), B2 (Riboflavin), PP (Nicotinic acid), B5 (Pantothenic acid), B6 (Pyridoxine), B12 (Cyanocobalamin), B15 (Pangamic acid), Bc (Folic acid), C (Ascorbic acid), P (group of bioflavonoids). To fat-soluble are concerned - vitamins A (Retinol), D2 (Ergocalciferol), D3 (Cholecalciferol), E (Tocopherol), K (Phylloquinone).

Needs of organism in vitamins are changed in dependence to age, work, climate, character of feeding, etc. The hard work, neuro-psychical stress, pregnancy, and breast-feeding, hard climate conditions lead to the higher vitamin demands. Also it is higher in children than in adults. Hypovitaminosis and avitaminosis appear during vitamin’s deficiency. Nowadays avitaminosis is observed comparatively seldom. Hypovitaminosis is more often observed. It is characterized by not determined symptoms (fatigue, headache, weakness, lowering of capacity for work, lowering of resistance for infections and other diseases, etc.). Avitaminosis is the brightest appearance of vitamin's insufficiency. It is characterized by clearly expressed specific symptomatology and is stipulated by full absence or prolonged vitamin deficiency. Reasons of vitamin's deficiency in organism include low content of vitamins in meals (“alimentary” hypovitaminosis), disorders of vitamin's absorption from intestine that evoked by diseases of GI and liver (“secondary” or “endogenic” hypovitaminosis), and considerable increasing of dietary requirements. However, prolonged overdosing of vitamins, usually fat-soluble (vitamins A, D), can cause development of hypervitaminosis.

Vitamin drugs are used in substitutive, adaptive and pharmacodynamic therapy. Substitutive vitamin therapy is used during treatment of avitaminosis and hypovitaminosis. Adaptive vitamin therapy is used for bettering of organism's adaptation for quickly changing conditions of environment (spring-autumn) and in hard conditions (polar or tropical climate, climbing, work under surface of water, during flying by plains, etc.). Doses for substitutive and adaptive therapy are in 2-3 times higher than physiologic dietary requirements and are used for course therapy. 

Pharmacodynamic vitamin therapy is used during treatment of diseases that are not caused by vitamin's deficiency. It's basic difference from substitutive therapy is in using of higher vitamin's doses, which in dozens and hundreds times exceed daily requirements. Example is using of vitamin D2 (ergocalciferol) by 100000 IU per day for treating of tubercular lupus of skin.

28.1. WATER-SOLUBLE VITAMINS

Ascorbic acid (vitamin C, antiscorbutic vitamin) is a water-soluble vitamin, which is present in fresh fruits, vegetables, berries (wild rose). Citrus fruits are a particularly good source of vitamin C. Ascorbic acid is synthesized for use as a drug. Ascorbic acid is reversibly oxidized to dehydroascorbic acid in the body. These two forms of the vitamin are believed to be important in oxidation-reduction reactions: 

    -2H

Ascorbic acid    


 Dihydroascorbic acid
    +2H

Ascorbic acid is required for collagen formation, tissue repair and preservation of blood vessel integrity. The vitamin is involved in tyrosine metabolism, conversion of folic acid to Folinic acid, carbohydrate metabolism, synthesis of lipids and proteins, resistance to infections, and cellular respiration. In addition, Ascorbic acid enhances the absorption of nonheme iron. 

Ascorbic acid deficiency results in scurvy. Collagenous structures are primarily affected, and lesions develop in bones and blood vessels: ulceration of the gums hemorrhages into the skin and from the mucous membranes, debility, and immunity impairment. 

Vitamin C is readily absorbed after oral administration. Ascorbic acid is widely distributed in body tissues. Large concentrations of the vitamin are found in the liver, leukocytes, and adrenal glands. Mostly Ascorbic acid is metabolized to oxalates, which are excreted in the urine. Large doses of ascorbic acid may cause acidification of the urine, occasionally leading to precipitation of urate, oxalate stones, or drugs in the urinary tract. Ascorbic acid is used to prevent and to treat scurvy. It has been prescribed for hemorrhagic states, fever, infection, and trauma, poisoning by different substances, anemia, atherosclerosis, peptic ulcer, and the common cold. Ascorbic acid may be useful to treat idiopathic methemoglobinemia. Ascorbic acid injection has been reported to be incompatible with many drugs.

Thiamine (vitamin B1, antineuritic vitamin) is a water-soluble vitamin, which is present in many foods including yeast, cereal grains, nuts, and meat. Thiamine combines with adenosine triphosphate (ATP) in the liver, kidneys, and leukocytes to form thiamine diphosphate (thiamine pyrophosphate) which is a coenzyme in carbohydrate metabolism (in the decarboxylation of pyruvic and alpha-ketoglutaric acids). Thiamine diphosphate is also a coenzyme of transketolase in the utilization of glucose in the pentose phosphate pathway. 

Thiamine deficiency leads to increased pyruvic and lactic acids concentration in the blood (acidosis). The organ systems principally affected by thiamine deficiency are the peripheral nervous system (polyneuritis), cardiovascular system (heart failure), and GI tract. In severe cases Thiamine deficiency results in beriberi (paresis, paralysis) and encephalopathy syndrome. Administration of thiamine completely reverses the cardiovascular and GI symptoms of thiamin deficiency; however, the degree of improvement in neurologic symptoms depends on the duration and severity of the lesions.
Following oral administration thiamine is readily absorbed; however, the total amount absorbed following oral administration of a large dose is limited. GI absorption of Thiamine is decreased in alcoholics and in patients with cirrhosis or malabsorption. Thiamine is rapidly and completely absorbed following intramuscular administration.

Thiamine is used to prevent and to treat Thiamin deficiency syndromes including beriberi, encephalopathy syndrome, and peripheral neuritis. It is also used for the treatment of paresis, neuritis, heart failure, arrhythmia, and ketoacidosis. Thiamine commercially is available in form of Thiamin bromide or Thiamin chloride for oral and intramuscular administration. The probable adverse effect is hypersensitivity.

Riboflavin (vitamin B2) is a water-soluble vitamin, which is present in many foods including milk, meat, eggs, nuts, cereal grains, and yeast. In humans, an exogenous source of Riboflavin is required for tissue respiration. Riboflavin is converted to the coenzyme, flavin mononucleotide (FMN) and flavin adenine dinucleotide (FAD). These coenzymes act as hydrogen-carrier molecules for several enzymes (flavoproteins) involved in oxidation-reduction reactions of organic substrates and in intermediary metabolism. Riboflavin is also indirectly involved in maintaining erythrocyte integrity.

Riboflavin deficiency (ariboflavinosis) results in cheilosis (angular stomatitis), glossitis, keratitis, ocular changes (photophobia, hemeralopia), and anemia.

Riboflavin is readily absorbed from the upper GI tract. FAD and FMN are widely distributed into body tissues, including GI mucosal cells, erythrocytes, and the liver. Free Riboflavin is present in the retina. Vitamin B2 is used to prevent riboflavin deficiency and to treat ariboflavinosis. Riboflavin may be useful in treating keratitis, iritis, skin and infection diseases. Commercially available is Riboflavin (oral, topical), Riboflavin mononucleotide (injection). Riboflavin is nontoxic.

Vitamin PP (B3) has two forms: Nicotinic acid (Niacin) and Nicotinamide (Niacinamide). Nicotinic acid and tryptophan (that is converted to Nicotinamide) present in many foods including yeast, meat, fish, milk, eggs, green vegetables, and cereal grains. Commercially available Nicotinic acid and Nicotinamide are prepared synthetically. Nicotinic acid is incorporated into 2 coenzymes: nicotinamide adenine dinucleotide (NAD) and nicotinamide adenine dinucleotide phosphate (NADP). They act as hydrogen-carrier molecules in glycogenolysis, tissue respiration, and lipid metabolism (more than 150 reactions). In large doses, Nicotinic acid (not nicotinamide) produces peripheral vasodilatation, predominantly of cutaneous vessels in the face, neck, and chest; decreases serum low-density lipoprotein concentrations; activates the fibrinolytic system. Nicotinic acid reportedly increases gastric acid secretion. Vitamin PP deficiency results in pellagra that accompanied by dermatitis, diarrhea, and dementia (loss of cognitive functions). 

Vitamin PP is readily absorbed from the GI tract following oral administration, as well as from subcutaneous and i.m. injection site. It is widely distributed into body tissues. Metabolites of Vitamin PP are excreted in urine. 

Vitamin PP is used to prevent and to treat nicotinic acid deficiency. Large doses of Nicotinic acid are used for the treatment of atherosclerosis (antilipemic agent); conditions associated with deficient circulation (e.g., peripheral vascular disease and vascular spasm), gastritis, and liver diseases. 

Large doses of Nicotinic acid can cause flushing (face, neck), pruritus, heartburn, hypotension, and headache. Long-term using of Nicotinic acid may impair glucose tolerance and lead to lipid dystrophy of liver (methionine can prevent liver damage).

Nowadays some drugs include Nicotinic acid. For example, Nicoverin (Nicotinic acid + Papaverine), Nicoshpan (Nicotinic acid + No-Spa). Papaverine and No-Spa relieve smooth muscle spasm (spasmolytics) and Nicotinic acid enhances their action, especially vasodilatation. Thus, Nicoverine and Nicospan are used for the treatment of hypertonia. Litonit (Lithium salt of Nicotinic acid) is known as tranquilizer. The head of department pharmacology of Odessa medical university prof. V.I. Kresyun investigated it. Nowadays Litonit is used for alcoholism treatment. Current work of department pharmacology OGMU is based on the study of neurotropic and hepatotropic activities of newly synthesized compounds of germanium and nicotinic acid as well as nicotinamide. These substances possess tranquilizer and hepatoprotective effects, that open’s perspective of their purpose investigation.

Vitamin B6 (as pyridoxine, pyridoxal, and pyridoxamine) is a water-soluble vitamin, which is present in many foods including cereal grains, vegetables, liver, meat, and eggs. Pyridoxine, pyridoxal, and pyridoxamine are converted to the active forms of the vitamin, pyridoxal phosphate and pyridoxamine phosphate, which act as coenzymes in a wide variety of reactions in nitrogenous metabolism. They are involved in transamination, deamidation, and decarboxylation of amino acids, in the conversion of Tryptophan to Nicotinamide. Pyridoxine appears to be essential in the synthesis of GABA within the CNS and in the synthesis of heme. The vitamin is also involved in lipid metabolism. 

Deficiency of the vitamin has rarely been identified in humans. Artificial pyridoxine deficiency affects the peripheral nerves (neuritis), CNS (seizure), skin (dermatitis), and the hematopoietic system (leukopenia). Pyridoxine deficient state can occur during treatment of tuberculosis with isoniazid that inhibits the conversion of Vitamin B6 to the pyridoxal phosphate.

Vitamin B6 is readily absorbed from the GI tract following oral administration. It is stored mainly in the liver. Pyridoxine is used to prevent and to treat Vitamin B6 deficiency. Also it is indicated for the treatment of hematopoietic upset (leukopenia, anemia), disorders of nervous system (neuritis, parkinsonism, and vertigo), and hepatitis.

Commercially available form is Pyridoxine hydrochloride (oral, injection). Long-term administration of megadose of Pyridoxine can cause sensory neuropathy.

Pantothenic acid (Vitamin B5) is a water-soluble vitamin, which is widely distributed in plant and animal tissues. Rich sources of pantothenic acid include meat, vegetables, cereal grains, eggs, and milk. Also it is synthesized in bowel by E. coli. In humans, an exogenous source of pantothenic acid is required for intermediary metabolism of carbohydrates, proteins, and lipids. Pantothenic acid is a precursor of coenzyme A which is required for acetylation reactions in gluconeogenesis, in the release of energy from carbohydrates, in the synthesis and degradation of fatty acids, and in the synthesis of steroid hormones, acetylcholine, and other compounds. 

Dietary deficiency of pantothenic acid has not been clinically identified in humans. Experimentally produced pantothenic acid deficiency resulted in drowsiness, fatigue, headache, paresthesia of legs, and GI complaints. 

Pantothenic acid is readily absorbed from the GI tract following oral administration. It is widely distributed into body tissues, mainly as coenzyme A. Highest concentrations are found in the liver and adrenal glands. Pantothenic acid is excreted unchanged.

The vitamin is commercially available as the calcium salt (Calcium pantothenate). It has been used orally and parenterally. Calcium pantothenate is indicated for the treatment of peripheral neuritis, toxicosis during pregnancy, hepatitis, atony of intestine, streptomycin neurotoxicity, and catarrhal respiratory disorders. Pantothenic acid is usually nontoxic even in large doses. Allergic reactions to it have been reported occasionally.

Pangamic acid (Vitamin B15) is considered to vitamin-like substances. It is donator of methyl groups and possesses anti-hypoxanthic action. It is used in form of Calcium pangamate during dystrophy of myocardium, angina pectoris, atherosclerosis, diseases of liver, and during treatment of alcoholism.

Rutin (Vitamin P) unites group of bioflavonoids, which are present in green tea, citrus's, wild rose, etc. Together with ascorbic acid it takes part in oxidizing-restoring processes and prevents forming of lipid's peroxides. It increases firmness and lowers penetrability of capillaries. So, it is used in combination with Ascorbic acid (Ascorutin) for the treatment of increased penetrability of vessels (capillary toxicosis, hemorrhagic diathesis), allergy, and polyarthritis.

Vitamin U is contained in cabbage, asparagus, and fresh tomato. It is donator of methyl groups and takes part in oxidizing-restoring processes. It is used enterally during ulcerative disease of stomach and duodenum, gastritis, and colitis.

Vitamin B12 (Cyanocobalamin) and Folic acid (Vitamin Bc, Pteroylglutamic acid) are discussed in lecture “Drugs influencing the erythropoiesis”. 

Multivitamins. When a single vitamin deficiency is evident, other vitamin deficiencies (clinical or subclinical) often accompany it. Therapeutic multivitamin preparations may, therefore, be useful in these patients. Therapeutic multivitamins may also be indicated in pathologic conditions in which nutritional requirements are greatly increased (e.g., alcoholism, hyperthyroidism, severe illness or injury, cachexia) or in conditions in which absorption, utilization, or excretion of vitamins is abnormal (including malabsorption syndromes). 

The vitamin combination chosen should fit the needs of the individual patient. It should be remembered that some vitamins (especially Vitamins A and D) and many minerals may be toxic in large doses, and dosage of multivitamin preparations containing these agents should take the patient's dietary intake into account. Vitamins are usually administered orally; however, the drugs may be given parenterally in patients in whom oral administration is not feasible, including those receiving total parenteral nutrition. Multivitamin injections are reportedly incompatible with i.v. solutions containing various drugs. Multivitamin preparations are tablets or dragee “Hexavit”, “Pangexavit”, “Decamevit”, “Aerovit”, “Glytamevit”, “Unicap”, etc. For instance, dragee “Hexavit” includes vitamin A, B1, B2, PP, B6, C.

Available forms:

Ascorbic acid– powder; tablets 0,05 or 0,1 each (for adults); tablets 0,025 each (for children); in ampoules 5 % or 10 % solution 1 or 2 ml


Thiamine chloride – tablets 0,002; 0,005 or 0,01 each; in ampoules 2,5 % or 5 % solution 1 ml each

Riboflavin – powder; tablets 0,002 each (for prophylaxis); tablets 0,005; 0,01 each (for treatment)

Nicotinic acid– powder; 0,05 each; in ampoules 1 % solution 1 ml 

Nicotinamide – powder; tablets 0,005 each (for prophylaxis); tablets 0,025 each (for treatment)

Pyridoxine – powder; tablets 0,002; 0,005 or 0,01 each; in ampoules 1 % or 5 % solution 1 ml each

Potassium pantothenate – tablets 0,1 each; in ampoules 10 % solution 2 or 5 ml 

Rutin – powder; tablets 0,02 each

Hexavit – patented dragee

28.2. FAT-SOLUBLE VITAMINS

Vitamin A is a fat-soluble vitamin that is present in foods in a variety of forms: Retinol (Vitamin A1), Dehydroretinol (Vitamin A2), and Retinoic acid. Vitamin A is present in esterified form in eggs, milk, butter, and oily salt-water fish. Provitamin A carotenoid pigments (including α-, β-, and γ-carotene), the most active of which is β-carotene, are present in green and yellow vegetables and fruits and are converted to retinol in humans. 

In humans, an exogenous source of Vitamin A is required for growth, vision, reproduction, and the integrity of mucosal and epithelial surfaces. Vitamin A has been reported to act as a cofactor in mucopolysaccharide synthesis. In the retina, retinol is converted to the aldehyde (retinal), which combines with opsin to form rhodopsin, the visual pigment. Under the influence of light rhodopsin is split into retinal and opsin that accompanied with perceiving of light. In darkness the resynthesis of rhodopsin occurs. Thus, rhodopsin is necessary for visual adaptation for darkness (diag. 7.1). 
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Diagram 7.1. Synthesis and breaking of Vitamin A
Vitamin A deficiency leads to night blindness (nyctalopia or hemeralopia - impairment of vision in reduced illumination), xerophthalmia (dryness of the cornea) and keratomalacia (ulceration of the cornea), hyperkeratosis of the skin, immunodeficiency, and epithelial metaplasia of mucous membranes that decrease resistance to infections. That’s why, Vitamin A is known also as “anti-infection agent”.

Vitamin A is readily and completely absorbed if fat absorption is normal. Retinol esters are hydrolyzed in the GI lumen by pancreatic enzymes and in presence of bile. Retinol is absorbed and then reesterified, mainly to retinyl palmitate. It is stored in the liver. Normal body stores of Vitamin A are sufficient to meet the body's requirements for several months. Retinol is released from the liver bound to the plasma proteins. Vitamin A metabolites are excreted in urine and feces. 

Vitamin A is used to prevent and to treat symptoms of Vitamin A deficiency such as xerophthalmia and night blindness. Oral administration of water-miscible Vitamin A preparations may be useful in preventing deficiency in patients with malabsorption. Vitamin A may be useful in infections, skin disorders (burns, ichthyosis, and psoriasis), and however, other retinoids (e.g., Etretinate, Isotretinoin) are currently being investigated for use in the treatment of these dermatological disorders. Vitamin A has been studied in animals as an anticarcinogen; further study in humans is needed to determine efficacy.  For clinical use, Vitamin A is available as Retinol (Vitamin A alcohol) or esters of retinol formed from acetic and palmitic acids. Vitamin A activity is preferably expressed in International units (IU). 

Doses of Vitamin A that do not exceed the physiologic requirement are usually nontoxic. Effects of acute overdosing are vomiting, diarrhea, confusion or unusual excitement. Chronic overdosing includes bone or joint pain, painful hyperostosis of the bones (thickening of bones), drying or cracking of skin, loss of hair, unusual tiredness. Large doses of Vitamin A are teratogenic in animals. Treatment of hypervitaminosis A consists of discontinuance of Vitamin A and symptomatic therapy as indicated.
Group of Vitamin D (antirachitic vitamins) includes fat-soluble vitamins that possess antirachitic and hypercalcemia activity. Because they are activated in the body and have regulatory effects, they are sometimes considered hormones. Vitamin D analogs include Cholecalciferol (Vitamin D3) and Ergocalciferol (Vitamin D2). Vitamin D is present in fish oil, liver of aquatic mammals (e.g., seals, polar bears), eggs, butter, and milk. Ergocalciferol is formed from ergosterol. Cholecalciferol is formed from 7-dehydrocholesterol in the skin after exposure to ultraviolet light. In the human body, cholecalciferol is hydroxylated to Calcifediol (25-hydroxyvitamin D3) in liver and then to Calcitriol (1,25-dihydroxyvitamin D3) and Secacalcifediol (24,25-dihydroxyvitamin D3) in kidneys (diag. 7.2). Ergocalciferol has the same conversion as cholecalciferol.
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Diagram 7.2. Synthesis of Vitamin D3
Calcitriol and Calcifediol enhance the efficiency of intestinal calcium and phosphorous absorption in the small intestine and stimulate renal reabsorption of calcium and phosphate. They exhibit potent antiproliferative and prodifferentiation effects. Recent evidence suggests that 24, 25-dihydroxyvitamin D3 stimulates bone formation. Vitamin D deficiency results in skeletal demineralization. In children, Vitamin D deficiency leads to rickets that is characterized by skeletal deformations (e.g., frontal bossing), and outward and inward deformities of the lower limbs resulting in bowed legs and knocked knees, respectively. In adults, Vitamin D deficiency leads to an osteoporosis (reduced bone mass) and osteomalacia (softening of the bones). Any alteration in cutaneous production of cholecalciferol, GI Vitamin D absorption, or metabolism of the vitamin to its active form (i.e., calcitriol) can result in it deficiency. 

Vitamin D is readily absorbed from the GI tract following oral administration. The presence of bile is required for it absorption. Vitamin D is incorporated into chylomicrons and absorbed via the lymphatic system and then associates mainly with a specific α-globulin as well as Vitamin D hydroxylated metabolites. 25-hydroxylated vitamin D2, D3 are stored in fat and muscles. The metabolites of Vitamin D analogs are excreted principally in bile and feces. Activity of Ergocalciferol and Cholecalciferol is expressed in International Units.

For clinical use, Vitamin D is available as Cholecalciferol, Ergocalciferol,and Calcitriol. Vitamin D is used to prevent or treat rickets, osteoporosis, hypocalcemia tetany, and to manage psoriasis and hypoparathyroidism. Administration of excessive doses of Vitamin D may lead to hypervitaminosis D manifested by hypercalcemia. Early symptoms of hypercalcemia may include weakness, drowsiness, metallic taste, vomiting, vertigo, and bone pain. Later consequences of hypercalcemia may include impairment of renal function, osteoporosis, and metastatic calcification of organs and vessels. Treatment of Vitamin D intoxication consists of withdrawal of the drug, administration of fluids, corticosteroids, and calciuria diuretics (e.g., furosemide and ethacrynic acid). 

Vitamin E (antisterility vitamin) is a fat-soluble vitamin, which is present in many foods including vegetable oils, cereal grains, animal fats, meat, eggs, fruits, and vegetables. The vitamin exists in a variety of forms: α-, β-, and γ-tocopherols. The most biologically active natural form of the vitamin is α-tocopherol. 

The exact biologic function of vitamin E in humans is unknown, although the vitamin is believed to act as an antioxidant. It has been postulated that vitamin E protects polyunsaturated fatty acids (which are components of cellular membranes) and other oxygen-sensitive substances (Vitamins A, C) from oxidation. Vitamin E delays the accumulation of free radicals resulting in excessive lipid peroxidation. Thus, it limits atherosclerosis and CNS neuronal generation (Alzheimer's disease). Vitamin E also may inhibit platelet aggregation and adhesion. Vitamin E deficiency does not cause specific disease in adults; however, in premature neonates thrombosis and hemolytic anemia may occur. In animals, avitaminosis E is associated with infertility in male and spontaneous abortion in female, dystrophy of skeletal muscles and myocardium. 

Absorption of Vitamin E from the GI tract depends on the presence of bile and only half of the vitamin obtained from dietary sources is absorbed. After absorption, Vitamin E reaches the lymph circulation and then is transported with plasma proteins. Vitamin E is distributed to all tissues and is stored in adipose tissue. Vitamin E is metabolized in the liver is excreted primarily in the bile. 

Vitamin E has been used for the treatment of habitual abortion, infertility, myodystrophy, dementia, angina pectoris, and thrombophlebitis. For drug use, Vitamin E is available as Tocopherol acetate. Vitamin E is usually nontoxic; however, it may cause allergic reactions and pain in site of injection.

Lecture 29. ENZYME PREPARATIONS AND ENZYME INHIBITORS

Enzyme agents are the preparations of enzymes. They are widely used in medicine for the different purposes. The first enzyme agents group (Trypsin) is indicated for purulent-necrotic processes; the second group (Pancreatin) increases digestive activity; the third group (Streptokinase) has fibrinolytic properties; the fourth group includes different enzyme drugs (Lydase, Penicillinase). 

Trypsin is a proteolytic enzyme that formed in the small intestine. It hydrolyzes peptides, amides, etc. Crystallized trypsin, a purified preparation of the pancreatic enzyme. It is used in medicine for debridement (excision) of wounds and ulcers for dead tissues, fibrin, and viscous secretes. In addition it has anti-inflammatory activity and permit antibodies, leukocytes, and antibiotics better access to the infected area. Trypsin is non-active (safe) relatively for undamaged tissues. It is used in inhalation for the cleaning of bronchi for viscous mucus or exudate during bronchitis, pneumonia. Trypsin is injected intramuscularly or used topically for the treatment of thrombophlebitis, parodontitis, osteomyelitis, and purulent infections of soft tissues. The agent can irritate tissues at the site of its application and can cause allergic reactions or intoxication that predominantly are evoked by absorption of necrotic tissues. Chymotrypsin is a proteinase of the gastrointestinal tract. It hydrolyzes proteins. Chymotrypsin is similar in indications to Trypsin.

Deoxyribonuclease and Ribonuclease are the enzymes. They hydrolyze phosphodiester bonds in DNA and proteins. These agents have the same to Trypsin using. Deoxyribonuclease and Ribonuclease are obtained from the cattle pancreas as well as Chymotrypsin and Trypsin.

Collagenase is a proteolytic enzyme capable of specifically hydrolyzing peptide bonds of collagen. The enzyme debrides necrotic tissue without damaging granulation tissue. It is derived from cattle pancreas. Collagenase is used to promote debridement of necrotic tissue in the treatment of severe burns and dermal ulcers. Pain and burning may occur at the site of Collagenase application.

Pepsin is the principal digestive enzyme (Protease) of gastric juice, formed from pepsinogen; it hydrolyzes peptide bonds at low pH values, reducing proteins to smaller molecules. For medical purpose it is obtained from stomach mucous membrane of hog. Pepsin is indicated for replacement therapy of stomach upset such as achlorhydria (absence of hydrochloric acid in the gastric juice) or hypoacidity (lower than normal level of hydrochloric acid). Natural gastric juice is digestive fluid secreted by the stomach glands of the dogs or horses. It normalizes secretion and motility of gastrointestinal tract. Abomin is received from the stomach mucous membrane of calf or lamb. It contains the summary of proteolytic enzymes. Gastric Juice and Abomin have the same indications as Pepsin.
Pancreatin is a substance containing enzymes, principally Amylase, Lipase, and Protease, obtained from the pancreas of the cattle and hog. Pancreatin is used as replacement therapy in the symptomatic treatment of chronic pancreatitis, pancreatectomy, or other conditions in which pancreatic insufficiency impairs fat digestion. Pancreatic exocrine replacement therapy should not delay or supplant treatment of the primary disorder. The medication is taken before meals. Because pancreatin has a high purine content, hyperuricemia, uric acid renal stones may be seen as a side effect. Hypersensitivity reactions have been reported. Panzynorm forte N (contain pancreatin, bile extract, and extract of stomach mucous membrane), Festal (pancreas enzymes and bile extract), Mezym® forte (pancreas enzymes) are the digestive enzyme replacement products also. Their are used for the treatment of digestive insufficiency of gastrointestinal tract.

Fibrinolytic drugs (Fibrinolysin, Streptokinase, and Urokinase) are discussed in lecture “Drugs used in disorders of coagulation”. 

Hyaluronidase (Lydase) is a protein enzyme that found widely distributed in nature. Hyaluronidase for injection is a sterile, dry, soluble enzyme product prepared from cattle’s testes. The potency of the drug is expressed in conventional units. Hyaluronidase modifies the permeability of connective tissue through the hydrolysis of hyaluronic acid. Occurring as one of the principal viscous polysaccharides of connective tissue and skin, hyaluronic acid is one of the chief ingredients of the tissue cement, which offers resistance to the diffusion of liquids through tissue. Hyaluronidase is indicated in the treatment of ankylosis (stiffening) of the joints and postburn scars. The enzyme also hastens the disappearance of swelling after hemorrhage. Adverse effects from Hyaluronidase are rare. Occasional sensitivity reactions (e.g., urticaria) have been reported.

Penicillinase is a β-lactamase enzyme, which destroy all biosynthetic and majority of semisynthetic penicillins. It is produced by certain strains of microbes (e.g. staphylococci). Penicillinase is used in case of acute or delays hypersensitivity for penicillins. 

Asparaginase is an enzyme that is isolated for clinical use from various bacteria. The drug is used to treat leukemia. It acts indirectly by catabolic depletion of serum asparagine. These results in inhibition of protein synthesis in neoplastic cells, requiring an external source of asparagine (see lecture “Immunotropic agents”).
Enzyme inhibitors are discussed in other topics: (1) proteinase inhibitors (Aprotinin (Contrykal)) one can see in lecture “Drugs used in gastrointestinal diseases”; (2) fibrinolytic inhibitors (Aminocaproic acid) see in “Drugs used in bleeding disorders”; (3) cholinesterase-inhibiting drugs (Neostigmine methylsulfate (Proserine)) see in “Cholinomimetics”; (4) monoamine oxidase (MAO) inhibitors (Nialamide) see in “Antidepressant agents”; (5) carbonic anhydrase inhibitors (Acetazolamide (Diacarb)) see in “Diuretic agents”; (6) xanthine oxidase inhibitors (Allopurinol) see in “Drugs used in gout”; (7) acetaldehyde dehydrogenase inhibitors (Teturamum) see in “The alcohols”. 

Available forms:

Retinol acetate – in bottles 3,44 % oil solution 10 ml each; in ampoules oil solution 1 ml (contain 25000; 50000 or 100000 IU) each; in capsules 0,2 (3300; 5000 or 33000 IU) each

Ergocalciferol – in dragee 500 IU each (for prophylaxis); in bottles 0,5 % solution 5 ml (1 ml contain 200000 IU) each (for prophylaxis and treatment); in bottles 0,0625 %; 0,125 % or 0,5 % oil solution 10 ml each 
(1 ml contain 25000; 50000 or 200000 IU correspondently)

Tocopherol acetate – in bottles 5 %; 10 % or 30 % oil solution 10; 20 or 
50 ml each; in ampoules 5 %; 10 % or 30 % oil solution 1 ml each

Trypsin crystallized – in bottles or in ampoules 0,005 or 0,01 each, to dilute in 2 or 20 ml of physiologic solution before injection or applying correspondently
Pancreatin – in tablets 0,25 each

Hyaluronidase (Lydase) – in bottles 64 conventional units (CU) each, to dilute in 1 ml of physiologic solution (for injection)
Examination questions
77. A patient with severe diarrhea as a result of a carcinoid tumor is a candidate for which of the following treatments?

(A)
Pulsatile administration of GnRH

(B)
Nasal administration of desmopressin

(C)
Depot injections of octreotide

(D)
Oral administration of bromocriptine

78. The actions of ADH include all of the following EXCEPT

(A)
Stimulation of ACTH release

(B)
Stimulation of bile secretion

(C)
Constriction of most blood vessels

(D)
Stimulation of coagulation factor VIII production

(E)
Production of concentrated urine

79. A patient with endometriosis who is being treated with leuprolide has hot flashes and dry skin and vagina. What additional treatment would relieve these unpleasant effects?

(A)
Estrogen and progesterone

(B)
Ganirelix

(C)
Testosterone

(D)
Bromocriptine

80. A 30-year-old woman has secondary amenorrhea and serum prolactin levels of 75 ng/mL. She has visited a fertility clinic to attempt to become pregnant. What treatment should be given?

(A)
Clomiphene

(B)
Ganirelix

(C)
Cabergoline

(D)
Estradiol

81. Growth hormone deficiency in children must be determined by measuring hormone levels after giving an agent that stimulates release because

(A)
Normal growth hormone secretion in children is too low to be measured by current assays

(B)
Growth hormone secretion occurs only during sleep

(C)
Growth hormone secretion is episodic

(D)
A different form of growth hormone is secreted after stimulation

82. During the period of withdrawal from extended glucocorticoid therapy

(A)
Prompt recovery of the hypothalamic-pituitary-adrenal axis results in restoration of endogenous corticotrophin release.

(B)
The patient may be eager to further reduce the dose of glucocorticoid.

(C)
The physician should rapidly reduce glucocorticoid therapy to physiological doses.

(D)
Patients should not require an increment in steroid therapy during increased stress (e.g., severe infection).

(E)
The appearance of fever and malaise attributed to steroid withdrawal may be difficult to distinguish from reactivation of rheumatic disease.

83. Which one of the following enzymes is required for cortisol biosynthesis?

(A)
21-hydroxylase

(B)
17, 20 lyase

(C)
Cyclooxygenase

(D)
11-β-hydroxysteroid dehydrogenase-2

(E)
18-hydroxylase

84. The primary goal of glucocorticoid treatment in rheumatic arthritis is

(A)
Suppression of inflammation and improvement in functional capacity

(B)
Eradication of all symptoms

(C)
Reversal of the degenerative process

(D)
Development of a sense of well-being in the patient

(E)
Prevention of suppression of the hypothalamic- pituitary-adrenal axis

85. The addition of a fluoride group on ring C of cortisol to give 9-a-fluorocortisol

(A)
Will shorten its half-life

(B)
Will increase both glucocorticoid and mineralocorticoid activity

(C)
Shares an advantage over cortisol in that sodium retention is not as marked at equipotent inflammatory doses

(D)
Will not cause suppression of the hypothalamic- pituitary-adrenal axis when applied topically.

(E)
Provides a steroid widely used in the treatment of rheumatoid arthritis

86. Dexamethasone

(A)
Is adequate replacement therapy in an adrenalectomized patient

(B)
Has a half-life equivalent to that of cortisol

(C)
Produces salt retention in therapeutic doses

(D)
Possesses most of the undesirable side effects of cortisol

(E)
Has antiinflammatory potency equivalent to that of cortisol

87. Which answer is most appropriate for the action of ketoconazole?

(A)
It has a single major action that is confined to the adrenal cortex.

(B)
It provides long term treatment for Cushing's disease.

(C)
It has an action on the adrenal cortex that is irreversible.

(D)
Its action may be associated with liver dysfunction.

(E)
It preferentially blocks cortisol synthesis as opposed to testosterone production.
88. All of the following are common adverse effects associated with drug overdose of thyroid hormone replacement therapy EXCEPT

(A)
Cardiac palpitation

(B)
Arrhythmias,

(C)
Tachycardia

(D)
Weight gain

(E)
Heat intolerance.

89. An adequate dietary intake of iodine is essential to prevent hypothyroidism. In many areas of the world, dietary iodine intake is insufficient and must be supplemented. There is another element in which a dietary intake may be insufficient that is also associated with thyroid hormone metabolism. This element is

(A)
Calcium

(B)
Selenium

(C)
Fluorine

(D)
Sodium

(E)
Potassium

90. What is the primary reason for administering β-adrenergic receptor blocking drugs as adjunct therapy in the treatment of thyrotoxicosis?

(A)
They reduce the elevated thyroid hormone levels.

(B)
Many of the effects of elevated thyroid hormones result from an increase in number of β-adrenoceptors.

(C)
They elevate the levels of prostaglandins through indirect mechanism.

(D)
The effects of elevated thyroid hormones are directly antagonized by β-adrenoceptor agonists.

91. The following statements regarding the mechanism of action of thionamide drugs in the treatment of hyperthyroidism are true EXCEPT

(A)
The clinical effects are apparent soon after administration.

(B)
The compounds inhibit the action of the enzyme TPO.

(C)
The drugs inhibit thyroid hormone synthesis.

(D)
These drugs do not inhibit secretion of preexisting stored thyroid hormone.

92. Why are elderly individuals more likely to be vitamin D deficient than young adults? All of the choices are true EXCEPT

(A)
They spend less time outdoors exposed to the sun, which is important in the synthesis of vitamin D.

(B)
Their appetite and intake of essential nutrients is diminished because of chronic medical conditions associated with aging.

(C)
The formation of the active form of vitamin D is diminished by chronic liver and renal conditions.

(D)
The vitamin D receptor has less affinity for D3 with aging.

93. A 48-year-old white man is noted to have osteopenia on a routine LS spine film while being evaluated for back pain. His bone density reveals osteoporosis of both his hip and LS spine. All of the choices are possible EXCEPT

(A)
He has been taking Gabapentin (Neurontin) for the past 2 years for a seizure disorder.

(B)
He has Crohn's disease and has had to take prednisone off and on since age 16.

(C)
He has had multiple calcium kidney stones over the past few years and has been on a low-calcium diet.

(D)
He had glomerulonephritis at age 24 and developed chronic renal failure but received a kidney transplant 10 years ago.

(E)
He drinks 2 to 3 glasses of wine each day at dinner.

94. The main reason Metformin should not be used in patients with renal failure is that

(A)
It increases the risk of lactic acidosis.

(B)
It increases the risk of ketoacidosis.

(C)
It causes development of congestive heart failure.

(D)
It causes hepatic necrosis.

(E)
It causes hypoglycemia.

95. Hypoglycemia is rarely seen with these drugs when used as monotherapy EXCEPT:

(A)
Metformin

(B)
Rosiglitazone

(C)
Miglitol

(D)
Glyburide

(E)
A, B, and C

96. Breast cancer is the second most common cancer in women. All of the following statements concerning breast cancer at true EXCEPT

(A)
Hormonal therapy is reserved for patients with advanced metastases.

(B)
Estrogen treatment is an acceptable form of hormonal therapy.

(C)
Progestin treatment is an accepted form of hormonal therapy.

(D)
Tamoxifen is an accepted form of nonhormonal therapy.

97. The mechanism of action of the compound RU486 is to

(A)
Block estrogen binding to ERs

(B)
Block progestin binding to progesterone receptors

(C)
Act as an estrogen agonist

(D)
Act as a progesterone agonist

98. The formation of what as a principal precursor of testosterone is considered the biosynthetic rate- limiting step?

(A)
Pregnenolone

(B)
Cholesterol

(C)
Androstenediol

(D)
Estrogen

(E)
Progesterone

99. Normal skeletal muscle cells

(A)
Typically lack androgen receptors and thus are not affected by high concentrations of testosterone

(B)
Respond more readily to dihydrotestosterone than to testosterone

(C)
Have higher levels of 5a-reductase than do prostatic tissue cells

(D)
Use the androgen receptor to enhance protein anabolic activity

(E)
Produce testosterone in response to FSH stimuli

100. Upon examination, a 68-year-old married man was found to have a greatly enlarged prostate. Which one of the following drugs is most likely to suppress prostatic growth without affecting libido?

(A)
Spironolactone

(B)
Finasteride

(C)
Ketoconazole

(D)
Flutamide

(E)
Stanozolol
101. A patient with pancreatic disease complains of difficulty driving at night because of vision problems. Ulceration of the cornea is detected on ophthalmic examination. Which of the following should be recommended?

(A)
Supplementation with vitamin B complex

(B)
Supplementation with vitamin A

(C)
Decreased intake of vitamin A

(D)
Supplementation of diet with more red meat

(E)
Decreased vitamin C intake

102. A patient comes into the clinic for a pregnancy test. It is positive. Which of the following should be recommended?

(A)
A multivitamin without iron

(B)
A multivitamin with iron

(C)
A diet rich in carrots

(D)
No vitamin supplement

(E)
A vitamin A supplement

103. Capillary fragility, malaise, and abnormal bone and tooth development describe a deficiency of which vitamin?

(A)
Vitamin A

(B)
Vitamin B6
(C)
Vitamin C

(D)
Riboflavin

(E)
Vitamin E

104. Which vitamin can mask the symptoms of pernicious anemia by alleviating the anemia but not preventing the neurological damage?

(A)
Vitamin B12
(B)
Niacin

(C)
Folic acid

(D)
Vitamin C

(E)
Vitamin D

105. An epileptic patient who is taking Phenytoin and Lamotrigine to control her seizures is in the first month of pregnancy and definitely wants to have the baby. What vitamin supplement would be essential?

(A)
Vitamin B6
(B)
Vitamin D

(C)
Vitamin C

(D)
Niacin

(E)
Folic Acid
Answers

76. C. Carcinoid tumors arise from neuroendocrine cells of the gut and secrete serotonin and gastrointestinal hormones, which activate the gastrointestinal tract and result in diarrhea. Most of these tumors have receptors for somatostatin, which inhibit secretion when activated, resulting in reduced activity of the gut. Octreotide is a stable analogue of somatostatin that is effective in treating carcinoid-induced diarrhea and that may slow tumor growth. The long-acting form requires only monthly injections to maintain effective levels. GnRH, desmopressin, and bromocriptine will not inhibit secretion from these neuroendocrine tumors.

77. B. ADH has many actions through three receptors but does not affect bile secretion. It stimulates ACTH release, although the predominant control occurs through corticotropin-releasing hormone. It has pressor activity by causing smooth muscles cells of most blood vessels to constrict. It stimulates production of coagulation factor VIII and von Willebrand's factor, and it increases the permeability of the collecting duct in the kidney to water, resulting in urine that has high osmolarity and low volume.

78. A. Endometriosis is growth of the endometrium beyond the uterine cavity. Leuprolide is a GnRH analogue that suppresses LH and FSH when present continuously, resulting in endometrial atrophy and low estrogen levels, causing hot flashes and skin dryness; long-term use may also reduce bone density. Low-dose estrogen and progesterone replacement therapy relieves the side effects caused by reduced estrogen levels, usually without stimulating endometrial growth. However, the recent warning of relative cancer risk of estrogen-progesterone combinations as short-term versus long-term hormonal replacement therapy must be carefully considered. Ganirelix, testosterone, and bromocriptine would not relieve the side effects.

79. C. High prolactin levels may cause amenorrhea and infertility through mechanisms not understood. Prolactin levels in normal women are less than 20 ng/mL. The primary control of prolactin is through inhibition of secretion by dopamine from the hypo- thalamus. Cabergoline is a stable dopamine agonist that reduces prolactin secretion. Clomiphene, an estrogen antagonist, is used to stimulate LH and FSH release to enhance fertility but should not be used until it has been determined whether reducing pro- lactin levels alone is sufficient to cause fertility. Ganirelix and estradiol are not useful in treating infertility.

80. C. Growth hormone secretion is episodic, and a single measurement without stimulation may give a false impression of growth hormone levels that are too low (<5 ng/mL). Growth hormone release occurs not only immediately after sleep but also after eating and after exercise. A 20-kilodalton form of growth hormone is secreted with the normal 22-kilodalton form, but the former is present in about one-fifth the amount. Both forms have biological activity and are secreted basally and after stimulation of growth hormone release.

81. E. Recovery from prolonged steroid therapy is slow, and the withdrawal may be unpleasant. The patient may be reluctant to reduce the dose of steroid because of its salutary effects on the psyche. Tapering the dose of steroid is important in steroid withdrawal; however, the patient may temporarily require a dose increase during periods of heightened stress.

82. A. 17, 20 lyase is required for androgen synthesis, cyclooxygenase for prostaglandin production, 11-β-hydroxysteroid dehydrogenase-2 acts as a reduc- tase-converting cortisol to its inactive 11-keto derivative cortisone, whereas 18-hydroxylase is required for aldosterone production.

83. A. Glucocorticoid treatment of rheumatoid arthritis does not eradicate all symptoms, nor does it reverse the degenerative process. Suppression of the hypothalamic-pituitary-adrenal axis is an unwanted side effect of glucocorticoid therapy. While development of a sense of well-being may be attributed to the relief of symptoms, it is not the primary basis for employing the potent glucocorticoids.

84. B. The addition of a fluoride group to ring C of cortisol to give 9-α-fluorocortisol greatly increases and prolongs all biological activity. The result is an agent with potent glucocorticoid and mineralocorticoid activity, making it inappropriate to use in rheumatoid arthritis. Because of its potency and extended action, Fluorocortisol will have a greater tendency to depress the hypothalamic-pituitary axis than cortisol, even when applied topically.

85. D. Dexamethasone is a fluorinated glucocorticoid that is more potent and longer acting than cortisol. While devoid of salt-retaining activity in therapeutic doses, this glucocorticoid does possess most of the adverse effects observed with cortisol. Because it lacks mineralocorticoid activity, dexamethasone is not used in replacement therapy.

86. D. In addition to its ability to block steroid biosynthesis, ketoconazole is frequently used as an anti-fungal agent. Its action is readily reversible and is used principally for interim management of Cushing's disease prior to surgery or radiotherapy. Ketoconazole preferentially blocks the C17, 20 lyase reaction that is involved in the synthesis of sex steroids.

87. D. The cardiac effects (A, B, and C) are symptoms of hyperthyroidism, as is E. Instead of weight gain, a loss in body weight would be expected.

88. B. Selenium in the form of selenocysteine is required for three enzymes that remove iodide from thyroid hormones. There are no significant areas in which dietary intake of sodium or potassium are problems. Fluorine deficiency is not associated with thyroid hormone metabolism.

89. B. The symptoms of thyrotoxicosis are largely mediated through the adrenergic nervous system, and (3-adrenoceptor blockers may ameliorate some of the manifestations of the disorder. They have no effect on thyroid hormone levels or on prostaglandins. The effects are directly antagonized by antagonists rather than agonists.

90. A. The clinical effects are not apparent until the preexisting intrathyroidal stores of thyroid hormone are depleted. This may take several weeks. This class of drugs do inhibit the action of the enzyme TPO and thus inhibit thyroid hormone synthesis. They do not inhibit secretion of preexisting stored thyroid hormone.

91. D. There is no evidence that affinity for D3 with its receptor is altered during aging. Aging is associated with vitamin D deficiency for several reasons. It is important for the elderly to receive vitamin D supplementation to prevent osteoporosis and the other problems associated with hypocalcemia. If they have chronic liver or renal conditions, use of one of the specific metabolites should be used, such as cal- citriol.

92. E. There is no good evidence that moderate amounts of alcohol contribute to osteoporosis. All of the other listed conditions can contribute to osteoporosis. Antiseizure medications interfere with activation of vitamin D; glucocorticoids stimulate bone resorption of calcium; renal loss of calcium can result in secondary hyperparathyroidism; and organ transplantation is associated with osteoporosis because of the glucocorticoids and other im-munosuppressive medications used. Individuals chronically taking these medications should take a bisphosphonate for prophylaxis. In patients prone to form kidney stones, a low dose of a thiazide diuretic will often block the renal loss of calcium and prevent osteoporosis and further stone formation.

93. A. Metformin causes lactic acidosis in patients with renal failure and severe congestive heart failure. It does not increase the risk of ketoacidosis and showed a reduction in cardiovascular comorbidities in a large study. It is contraindicated in patients with severe liver disease but does not cause hepatic necrosis. When used as monotherapy, metformin rarely causes hypoglycemia.

94. D. One of the most important therapeutic objectives is to maintain normal glucose levels without producing frequent hypoglycemia. The main class of hypoglycemic drugs that have a propensity to cause hypoglycemia are the sulfonylureas, of which gly- buride is one. This is not a problem with the other choices.

95. B. Estrogen therapy is contraindicated in the presence of breast cancer. Normal breast growth is stimulated by estrogens, and estrogen administration is therefore contraindicated. Hormonal therapy is normally reserved for patients with advanced metastases. Surgery and local irradiation are the preferred therapy for early breast cancer. Progestin treatment and tamoxifen therapy are both accepted forms of therapy. Both are more effective in treatment of cancers with high-affinity receptors for estrogen, progesterone, or both.

96. B. RU 486 acts as a competitive progesterone antagonist and blocks progesterone binding at its receptors. It has no activity at estrogenic receptors.

97. A. In the Leydig cell the rate-limiting step in testosterone synthesis is the enzymatic cleavage of side chains from cholesterol to form pregnenolone.

98. D. Skeletal muscle cells use the androgen receptor to bind testosterone that promotes the anabolic effect of this hormone.

99. B. Finasteride is a 5a-reductase inhibitor, which essentially makes dihydrotestosterone unavailable to the prostate but does not reduce serum testosterone levels. The decreased prostatic levels of dihydrotestosterone frequently result in a size regression of the prostate, while the relatively normal testosterone levels minimize a depressed libido. Flutamide and spironolactone exhibit antiandrogen effects by competing for the androgen receptor; ketoconazole inhibits testosterone synthesis; and stanozolol is an oral anabolic androgen preparation.

100. B. Supplement with vitamin A. Vitamin A deficiency symptoms include night blindness that can lead to corneal ulceration. This deficiency can occur in patients with impaired liver storage or fat malab-sorption. Dairy products, such as milk, are a good source of vitamin A. (3-Carotene, a vitamin A precursor, is found in pigmented vegetables, such as carrots. When a deficiency is diagnosed, it is appropriate to treat the patient with a supplement rather than to rely on increased consumption of vitamin A-rich foods. A patient with pancreatic disease and malabsorption syndrome will need parenteral supplementation.

101. B. Pregnancy increases the need for vitamins and iron in general. Folic acid has been shown to decrease the risk of neural tube defects, such as spina bifida. It is important to assess the nutritional status of the patient to determine whether higher levels of folic acid are needed. Vitamin A is a teratogen and should not be given in high doses during pregnancy.

102. C. Early symptoms of vitamin C deficiency, or scurvy, include malaise. Hemorrhages, especially of the gums, may result from capillary fragility.

103. C. The only effective treatment of pernicious anemia is supplementation of vitamin B12. It is important to determine whether megaloblastic anemia is from a deficiency of folic acid or vitamin B12. Treatment of vitamin B12-deficient anemia with folic acid may result in neurological damage if vitamin B12 is not adequately supplemented.

104. E. Folic acid supplements should be given to all pregnant women. In addition, phenytoin use is associated with lowered folate levels.
DRUGS INFLUENCING THE BLOOD SYSTEM

Lecture 30. DRUGS INFLUENCING the ERYTHROPOIESIS

Agents influencing on erythropoiesis are divided into drugs that stimulate he formation of erythrocytes (red blood cells) and drugs that inhibit erythropoiesis. Drugs stimulating erythropoiesis are used for the treatment of anemias. Anemia is a condition in which the number of red blood cells and the amount of hemoglobin in the blood are less than normal. Nowadays hypochromic and hyperchromic, hypo- and aplastic, hemolytic anemias are known. 

Hypochromic anemia is characterized by a decrease in the ratio of the weight of hemoglobin to the volume of the erythrocyte. It means that erythrocytes contain less hemoglobin than they could have under optimal conditions. Mostly, hypochromic anemia is accompanied by iron deficiency state that’s why it sometimes is named as hypoferric anemia. 

Iron forms the nucleus of the heme, which when combined with appropriate globin chains forms hemoglobin. Hemoglobin is a protein whose structure allows for reversible binding of oxygen, providing the critical mechanism for oxygen transport from the lungs to other tissues. Ionic iron is a component of myoglobin and enzymes necessary for energy transfer (e.g., cytochrome oxidase, xanthine oxidase, and succinic dehydrogenase), however the vast majority of iron is normally present in hemoglobin. In addition, iron is stored in the form of ferritin and hemosiderin (in liver, spleen). 

Iron deficiency is commonly seen in children during rapid growth periods, in menstruating women, and in pregnant or lactating women. The most common cause of iron deficiency in adults, however, is blood loss. These situations are all associated with increased iron requirements. 

Iron is normally available in the diet from a wide variety of foods but is especially abundant in meat protein (diag. 8.1). Iron is absorbed only in ionic condition, especially in ferrous form (Fe2+). That’s why iron absorption is increased in the presence of hydrochloric acid (convert nonionic iron to ionic) and ascorbic acid (reduce ferric iron [Fe3+] to ferrous). Absorption is decreased by the presence of chelators or complexing agents in the intestinal lumen. Gastric resection decreases iron absorption by decreasing hydrochloric acid production. Iron is transported across the intestinal mucosal cell by active transport. The absorbed iron can combines with the protein apoferritin to yield ferritin and stored in mucosal cells which are exfoliated and excreted in the feces or can be transported to the plasma where it is bound to transferrin (globulin). Thus, iron is transported to the developing erythroid cells in bone marrow. 

Iron can be stored in two forms: ferritin and hemosiderin. Both ferritin and hemosiderin are stored in macrophages in the liver, spleen, and bone marrow. Most of the iron liberated by destruction of hemoglobin is conserved and reused by the body. Excretion of iron occurs primarily as desquamation of cells of GI mucosa. 

The only clinical indication for the use of iron preparations is the treatment or prevention of iron deficiency anemia. The treatment of iron deficiency anemia consists of administration of oral or parenteral iron preparations. Ferrous lactate, and Ferrous sulfate are commercially available for oral administration.
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Diagram 8.1. Absorption, distribution, and excretion of iron

Also combine iron preparations such as Ferroplex® (ferrous sulfate plus ascorbic acid), Ferramidum (complex compound of Iron with Nicotinamide) can be used. Oral iron preparations should be taken between meals for maximum absorption but may be taken with or after meals, if necessary, to minimize adverse GI effects.

Adverse effects of oral iron therapy include teeth darkening, epigastric discomfort, dark stools, and constipation. These effects are usually dose-related and can often be overcome by lowering the daily dose of iron. It is postulated that iron interfere with hydrogen sulfide (H2S) that leads to the iron sulfide (FeS) production. The last one can cause the teeth darkening. On the other hand, hydrogen sulfide is known as stimulate of bowel motility, that’s why decreasing of free hydrogen sulfide volume associated with constipation. 

Parenteral therapy should be reserved for patients that unable to tolerate or absorb oral iron and patients with extensive chronic blood loss. Parenteral iron agents include Ferbitol, Fercoven, and Ferum-Lek. Ferbitol is injected intramuscularly, Fercoven is for intravenous injection, and Ferum-Lek can be used by both routes. Chest tightness, shock, hypotension, tachycardia, flushing, and arrhythmias have occurred in patients receiving parenteral iron preparations.

Large amounts of oral iron cause necrotizing gastroenteritis, with vomiting, abdominal pain, and bloody diarrhea followed by shock and dyspnea. Urgent treatment of overdosing includes stomach lavage with sodium bicarbonate solutions to form insoluble iron salts. Deferoxamine (iron chelating compound) should be given by injection to bind iron. Appropriate supportive therapy for shock and dyspnea (heart glycosides, hypertensive agents, and analeptics) must also be provided. 

Some agents of cobalt are indicated for the treatment of the hypochromic anemia. One of them is Coamide. It is a complex compound of cobalt with nicotinamide. Coamide stimulates erythropoiesis and promotes assimilating of iron. It is administered subcutaneously. In addition, copper-containing agent “Hemostimulin” (Copper sulfate, Ferrous sulfate, and dry dietary blood) is indicated for the treatment of hypochromic anemia as well as Nicotinic acid.

Erythropoietin is a glucoprotein that stimulates erythroid proliferation and differentiation. It is produced by the kidney in response to tissue hypoxia. When anemia occurs, more erythropoietin is produced by the kidney. Recombinant human erythropoietin (Epoetin alpha) is produced in a mammalian cell expression system using recombinant DNA technology. Erythropoietin is indicated in the treatment of anemia associated with renal failure, chronic inflammation, AIDS, and cancer.

Hyperchromic anemia is characterized by an increase in the ratio of the weight of hemoglobin to the volume of the erythrocyte. It means that the erythrocytes contain more hemoglobin than normal. Usually hyperchromic anemia is associated with Vitamin B12 and/or folic acid deficiency. It leads to impaired DNA synthesis, inhibition of normal mitosis, and abnormal maturation of the cells. These changes are most apparent in tissues where cells undergo rapid cell division, such as the bone marrow and the gastrointestinal epithelium. It is characterized by diminished cell division in the face of continued RNA and protein synthesis. This leads to production of large (macrocytic) erythrocytes that have a high RNA:DNA ratio and are defective in the sense that they are highly susceptible to destruction. Also, anemias caused by Vitamin B12 and folic acid deficiency is called megaloblastic anemia. 

Vitamin B12 is a group of cobalt-containing substances (cobalamins), having biologic activity in humans. Vitamin B12 is synthesized by microorganisms and it is present in many foods of animal origin, particularly liver, kidney, fish, and meat; plants contain minimal amounts of the vitamin. Cyanocobalamin is a cobalamin that found in food. In humans, an exogenous source of Vitamin B12 is required for nucleoprotein and myelin synthesis, cell reproduction, normal growth, and the maintenance of normal erythropoiesis. Cells characterized by rapid division (e.g., epithelial cells, bone marrow, and myeloid cells) appear to have the greatest requirement for Vitamin B12. Coenzyme B12 is essential for synthesis of methionine. Vitamin B12 also can be involved in maintaining sulfhydryl (SH) groups in the reduced form required by many SH-activated enzyme systems. Through these reactions, Vitamin B12 is associated with fat and carbohydrate metabolism and protein synthesis. Vitamin B12 deficiency results in megaloblastic (pernicious) anemia of Addison-Biermer, GI lesions (glossitis) and neurological damage (paresthesia, disorder of gait) that begins with an inability to produce myelin. 

Vitamin B12 is absorbed from the small intestine following oral administration. In the stomach, free Vitamin B12 (extrinsic Castle’s factor) is attached to intrinsic factor (IF or intrinsic Castle’s factor); IF, a glycoprotein secreted by the gastric mucosa, is necessary for active absorption of the vitamin from the GI tract. Absorption of Cyanocobalamin following oral administration is decreased by structural or functional damage to the stomach or ileum. In the intestinal mucosal cell, Vitamin B12 is released from the Vitamin B12-If complex and becomes rapidly bound to plasma proteins. Vitamin B12 is distributed into the liver, bone marrow, and other tissues.

Cyanocobalamin is usually considered the Vitamin B12 preparation of choice. It is used in the treatment of pernicious anemia and in patients with malabsorption of Vitamin B12, such as those with partial or total gastrectomy, regional enteritis, and ileal resection. The drug has been used for the management of hepatitis, neuralgia and neuropathies, and multiple sclerosis. Vitamin B12 is usually nontoxic even in large doses; however, mild diarrhea, peripheral thrombosis, and itching have been reported.

Folic acid (Vitamin Bc, Pteroylglutamic acid) is a compound composed of a pteridine heterocycle, p-aminobenzoic acid, and Glutamic acid. It is present in a wide variety of foods, particularly liver, kidneys, yeast, and leafy, green vegetables. Also it has been synthesized in bowel by microflora. In man, an exogenous source of folate is required for nucleoprotein synthesis and the maintenance of normal erythropoiesis. Folic acid is the precursor of active Tetrahydrofolic acid, which is involved in the biosynthesis of purines and thymidylates of nucleic acids. The folate cofactors are inter-convertible by various enzymatic reactions and serve the important biochemical function of donating one-carbon units at various levels of oxidation. Impairment of thymidylate synthesis in patients with folic acid deficiency is thought to account for the defective DNA synthesis that leads to megaloblast formation and megaloblastic and macrocytic anemias.

Folic acid is absorbed rapidly from the small intestine following oral administration. Tetrahydrofolic acid and its derivatives are distributed into all body tissues; the liver contains about one-half of total body folate stores. Folic acid is largely metabolized in the liver and is excreted by kidneys.

Folic acid is used for the treatment of megaloblastic and macrocytic anemias, resulting from folate deficiency, megaloblastic anemias of pregnancy and infancy, tropical sprue, megaloblastic anemia associated with liver disease and alcoholism. It is used orally. Folic acid is relatively nontoxic. Allergic reactions to it have been reported rarely. 

Drugs that inhibit erythropoiesis are used for the treatment of polycythemia (erythremia). Bone marrow hyperplasia and an increase of erythrocytes in blood characterize this disease. Radioactive phosphorus-32 isotope (32P), which is a β-emitter, is used for polycythemia treatment. Also, it causes leukopenia and thrombocytopenia. 

Lecture 31. BLOOD SUBSTITUTES

DRUGS FOR PARENTERAL NUTRITIONAL THERAPY 

This group includes Hydrolysine, Aminocrovinum, and Polyamine. These drugs contain amino acids and are indicated for nutrition during therapy of cachexia, unconscious state, starvation, pre- and postoperative state. They should be used only when the gut cannot be used (operation at gullet or stomach). Hydrolysin is obtained by hydrolysis of serum proteins of cattle; Aminocrovinum is the hydrolysate of human blood proteins; and Polyamine is the complex of 13 amino acids. Lipofundinum (Intralipid) is fat emulsion that produced from safflower oil. It contains emulsified fat particles, similar to naturally occurring chylomicrons. Intravenous fat emulsion provides the patient requiring parenteral nutrition with a source of calories and the essential fatty acids (polyunsaturated).

PLASMA SUBSTITUTES AND DEINTOXICATION SOLUTION.

Dextran 60 (Polyglucinum) and Dextran 40 (Reopolyglucinum) are a glucose polymers (dextrans) with average molecular weights of approximately 60,000 and 40,000 correspondently. The principal effect of dextrans following intravenous administration is plasma volume expansion, resulting from the drugs colloidal osmotic effect in drawing fluid from the interstitial to the intravascular spaces. Plasma volume expansion is accompanied by an increase of cardiac and urinary output, of blood pressure (hemodynamic action). Polyglucinum possesses more strong hemodynamic effect than Reopolyglucin. However, Reopolyglucinum improves microcirculation by diminished erythrocyte aggregation and blood viscosity. About 70 % of a dose of Reopolyglucin are excreted unchanged in urine within 24 hours after administration. Polyglucinum is not excreted by the kidneys but is slowly degraded to glucose.

Dextrans, especially Polyglucinum, are used for fluid replacement and for plasma volume expansion in the treatment of shock resulting from burns, surgery, hemorrhage, or other trauma in which a circulating volume deficit is present. Reopolyglucin is also used for prophylaxis and treatment of thromboembolic complication, during extracorporeal circulation. 

Adverse effects of dextrans include allergic reactions such as urticaria, hypotension, and sometimes anaphylactoid reactions. Care must be taken in administering dextrans to patients with impaired renal function, pulmonary edema, or congestive heart failure. 

Human’s albumin is a solution of serum albumin prepared from blood obtained from healthy human donors. Serum albumin is an important factor in the regulation of plasma volume through its contribution to the oncotic pressure of plasma. Intravenous administration of albumin human causes a shift of fluid from the interstitial spaces into the circulation, reducing hemoconcentration and blood viscosity, and raising of blood pressure. Albumin contains amino acids and provides modest nutritive effect. Albumin functions as a carrier of intermediate metabolites (bilirubin), trace metals, and some drugs, thus affecting their transport, and inactivation. Human’s albumin solutions are used in the treatment of shock resulting from burns, surgery, and hemorrhage; of hypoproteinemia (hepatic cirrhosis, postoperative patients); of cerebral edema. Adverse reactions, which may be caused by allergy or protein overload, include chills, fever, vomiting.

Gelatinolum is an agent of split food gelatin. It is used as a hemostat, plasma substitute, and protein food adjunct in malnutrition.

Polyvinylpyrrolidone (povidone) derivative solutions are Neohaemodesum and Enterodesum. Polyvinylpyrrolidone is a synthetic polymer. All above-mentioned derivatives has low molecular weight (8 000 and 12 000). Also, these agents contain ions of sodium, potassium, calcium, magnesium, and chlorine. Polyvinylpyrrolidone binds with toxins in blood and eliminate them quickly from organism. In addition, these preparations improve the blood circulation in kidneys, enhance the diuresis, and can act as a plasma extender. Neohaemodesum is injected intravenously for deintoxication that caused by gastrointestinal diseases (e.g., dysentery and salmonellosis), acute liver and kidney insufficiency, burns, etc. Quick infusion of Neohaemodesum can diminish the blood pressure. Enterodesum has the same indications as Neohaemodesum but it used orally.

Glucose (Dextrose) is a monosaccharide. It increases blood glucose concentrations, provides calories, induces diuresis depending on the volume administered. 5 % Glucose solution is isotonic solution and 40 % glucose solution is hypertonic. Glucose injections are used for the treatment of hypoglycemia, and as source of calories and water for hydration/deintoxication during infection diseases, liver disorders, heart insufficient, shock, and collapse. Hypertonic glucose injections are used to provide adequate calories in a minimal volume of water. Hyperglycemia may occur as a result of the rate of administration or metabolic insufficiency.

SALT SOLUTIONS

Solution of Sodium chloride provides electrolyte supplementation. Sodium is the major cation of extracellular fluid and functions principally in the control of water distribution, fluid and electrolyte balance, and osmotic pressure of body fluids. Sodium is also associated with chloride and bicarbonate in the regulation of acid-base balance. Chloride, the major extracellular anion, closely follows the physiologic disposition of sodium. 0.9 % solution of sodium chloride is an isotonic solution because it has approximately the same osmotic pressure as body fluids. 
3 % and 5 % sodium chloride are the hypertonic solutions. Isotonic sodium chloride is used for extracellular fluid replacement during shock or collapse; irrigation of wounds, eyes, noise, and mucosa; deintoxication during poisoning; and dilution of drugs before their using. Hypertonic sodium chloride is used in the management of purulent wounds (it promotes outflow of pus); uterine and gastrointestinal bleeding; as weak antimicrobial agent. Excessive administration of sodium chloride may result in hypernatremia and lose of bicarbonate with an acidifying effect.

Ringer's solution includes sodium chloride, sodium bicarbonate, potassium chloride, calcium chloride and water for injection. It has even more “physiologic” content than 0,9 % solution of Sodium chloride. Ringer’s solution has the same indication as sodium chloride. Such solutions as Quartasol®, Trisol®, Acesol®, etc. contain sodium chloride and potassium chloride; Quartasol® and Trisol® include sodium bicarbonate. These solutions decrease hypovolemia and blood viscosity, hinder the development of acidosis, promote microcirculation, increase diuresis, and cause deintoxication. Thus, they are used for the treatment of intoxication and hypohydremia during different diseases (e.g., cholera, dysentery).
PREPARATIONS OF CALCIUM AND POTASSIUM

Calcium is essential to transmission of nerve impulses, contraction of muscles, bone formation, and blood coagulation. Calcium also plays regulatory roles in the release of hormones, in the maintenance of the capillary permeability. Calcium deficiency is characterized by reduced bone mass (osteoporosis) and tetany (twitches, cramps). Calcium is absorbed from the GI tract. Vitamin D and parathyroid hormone increase the capability of the absorptive mechanisms. More than 99 % of total body calcium is found in bone and teeth. 

Calcium salts are used for the treatment or prevention of calcium depletion. Also, calcium therapy is used for the treatment of heart arrest, allergic reactions, bleeding, hyperpermeability of vessels (vasculitis), skin diseases (psoriasis, itching), hepatitis. For oral and intravenous administration, the gluconate, lactate, and chloride salts of calcium are available. 

Calcium salts, especially chloride, by any route of administration can produce irritation. They may cause local necrosis if they will be injected subcutaneous. Rapid injection may cause vasodilation, decreased blood pressure, and arrhythmias. 

Potassium is the major cation of intracellular fluid and is essential for maintenance of isotonicity and electrodynamic characteristics of the cell. Potassium is essential to transmission of nerve impulses, contraction of muscles, gastric secretion, and renal function.

Potassium supplements are used for treatment of arrhythmias, potassium depletion. Conditions, which may result in potassium deficiency, include vomiting, diarrhea, and administration of certain drugs including diuretics, corticosteroids, and cardiac glycosides. In addition, potassium chloride is a component of several multiple electrolyte intravenous infusion fluids.

For oral and intravenous administration, “Panangin” (Potassium asparaginate) and Potassium chloride are available. Hyperkalemia is the most common hazard of potassium therapy. It is accompanied by paresthesia, arrhythmias, and vomiting.

ACIDIFYING AND ALKALINIZING AGENTS

Ammonium chloride is an acid-forming salt that result from dissociation of the salt to an ammonium cation and a chloride anion. The chloride anion combines with fixed bases in the extracellular fluid, thereby reducing the alkaline reserve of the body and acidosis results. It increases sodium and water excretion that leads to diuretic effect. 

Ammonium chloride is used orally. Also it increases bronchial secretion and facilitates its expulsion. Ammonium chloride is used for the treatment of metabolic alkalosis, edematous conditions, and bronchitis. It may cause metabolic acidosis and irritation of gastric mucosa.

Hydrochloric acid (HCl) is the acid of gastric juice. It possesses strong irritant potency. It is used internally as diluted Hydrochloric acid for hypo- or achlorhydria.

Sodium bicarbonate is an alkalinizing agent, which dissociates to provide bicarbonate ion. Sodium bicarbonate is used in the treatment of metabolic acidosis, certain intoxications (e.g., Phenobarbital, and Salicylates), for increasing of the solubility of certain weak acids (e.g., Sulfanilamides, Uric acid), for bettering of expulsion of the bronchial secretion during bronchial asthma. For the use of Sodium bicarbonate as an antacid, see “Antacids”.

Available forms:

Cyanocobalamin – in ampoules 0,003 %; 0,01 %; 0,02 % or 0,05 % solution 1 ml each

Folic acid– powder; in tablets 0,001 each

Ferri lactate – in capsules 1,0 each

Haemostimulinum – in patented tablets

Ferrum-Lek – in ampoules solution 2 ml (for intramuscular injection) or 
5 ml (for intravenous injection) each

Coamidum – in ampoules 1 % solution 1 ml each

Aminocrovinum – in bottles 250 or 500 ml each

Polyglucinum – in bottles 100; 200 or 400 ml

Reopolyglucinum – in bottles 100; 200 or 400 ml

Neohaemodesum – in bottles 100; 200 or 400 ml

Sodium chloride – powder; in tablets 0,9 each; in ampoules 0,9 % solution 5; 10 or 20 ml each; in bottles 0,9 % solution 400 ml each

Quartasol – in bottles solution 100; 200 or 400 ml each

Sodium hydrocarbonate – powder; in ampoules 4 % solution 20 ml each; in suppository that contain 0,3; 0,5 or 0,7 of Sodium hydrocarbonate each

Glucose – powder; in tablets 0,5 or 1,0 each; in ampoules 5 %; 10 %; 25 % or 40 % solution 10; 20; 25 or 50 ml each; in bottles 5 %; 10 %; 20 % or 40 % solution 200 or 400 ml each

Calci gluconate – powder; in tablets 0,5 each; in ampoules 10 % solution 
10 ml each

Potassium chloride – powder; in ampoules 4 % solution 20 ml each

Lecture 32. DRUGS USED IN DISORDERS OF COAGULATION

Hemostasis is the spontaneous arrest of bleeding from a damaged blood vessel. The immediate hemostatic response of a damaged vessel is vasospasm. Within seconds, platelets stick to the exposed collagen of the damaged endothelium (platelet adhesion) and to each other (platelet aggregation). This localized stasis triggers blood coagulation that is characterized by the transformation of soluble fibrinogen into insoluble fibrin. Blood coagulation and thrombus formation must be confined to the smallest possible area to achieve local hemostasis in response to bleeding from trauma or surgery without impaired blood flow. Fibrinolysis regulates and delimits hemostasis.

Bleeding and thrombosis are altered states of hemostasis. Impaired hemostasis results in spontaneous bleeding; stimulated hemostasis results in thrombus formation. The drugs used to arrest bleeding and to inhibit thrombosis are the subjects of this lecture.

Drugs that used for the prevention or treatment of thrombosis are the next:

· Anticoagulant drugs

r. anticoagulants of direct action (Heparin, Enoxaparin, Sodium citrate, Hirudin);

s. anticoagulants of indirect action or oral anticoagulants (Neodicumarin, Syncumar, Phenylin).

· Antiaggregate drugs (Acetylsalicylic acid, Ticlopidine, and Dipyridamole).

· Fibrinolytic drugs (Streptokinase, Streptodecase, Urokinase, and Alteplase). 

Effects of agents that influence on coagulation and fibrinolysis are illustrated on diag. 8.3.
Heparin is an anionic, sulfated glycosaminoglycan present in mast cells. It average molecular weight is about 12,000. Heparin is strongly acidic and reacts with certain basic compounds resulting in a loss of pharmacologic activity. Commercial Heparin is prepared from either porcine intestinal mucosa or bovine lung tissue. Heparin potency is expressed in International Units.

Actions. Heparin acts as a catalyst to markedly accelerate the rate at which antithrombin III (heparin cofactor) neutralizes thrombin and activated coagulation factor IX, X, XI, XII. In low doses heparin prevents the conversion of prothrombin to thrombin and in higher doses it inhibits the conversion of fibrinogen to fibrin. Patients with familial antithrombin III deficiency may appear to be resistant to the effects of Heparin, since adequate levels of antithrombin III are necessary for the drug's anticoagulant effect. 
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Diagram 8.3 Direction of effects of agents that influence on coagulation and 

 fibrinolysis

Heparin therapy produces prolongation of the activated coagulation time, whole blood clotting time, etc. Heparin clears lipemic plasma by stimulating of lipoprotein lipase, which hydrolyze triglycerides to free fatty acids and glycerol. Heparin in high doses has been reported to decrease on platelet aggregation. 

Heparin is not absorbed from the GI tract and must be administered parenterally. The onset of anticoagulant activity is immediate following direct intravenous injection and occurs within 30-60 minutes following subcutaneous. The duration of action is about 2-6 hours. The drug is metabolized in vessels endothelium and in the liver.

Indications. Heparin is used for prophylaxis and treatment of venous thrombosis, pulmonary embolism, chronic consumptive coagulopathies (disseminated intravascular coagulation). Fixed low-dose subcutaneous Heparin therapy is used for prevention of postoperative deep-vein thrombosis and pulmonary embolism in patients undergoing major abdominal or thoracic surgery who are at a risk of thromboembolic disease. Heparin is the anticoagulant of choice when an immediate effect is required. An oral anticoagulant (usually a Coumarin derivative) is generally used for follow-up anticoagulant therapy after the Heparin therapy has been established and when long-term anticoagulant therapy is indicated. In first case therapy with the two drugs should be overlapped for a short period of time. 

Adverse effects. Hemorrhage, the major adverse effect of heparin therapy, is an extension of the pharmacologic action of the drug and may range from minor local ecchymosis to major hemorrhagic complications. Nosebleed, hematuria, or tarry stools may be noted as the first sign of bleeding or overdosage; easy bruising or petechiae may precede frank bleeding. That’s why the coagulation time and whole blood clotting time should be determined during heparin therapy in all patients. Discontinuance of Heparin will usually correct minor bleeding or overdosage within a few hours. If severe hemorrhage or overdosage occurs, protamine sulfate should be administered immediately. In adequate dosage, protamine sulfate neutralizes the anticoagulant effect of Heparin. Deep subcutaneous injection of Heparin may rarely cause local irritation, hematoma, or cutaneous necrosis.

Enoxaparin is a depolymerized heparin. The average molecular weight of Enoxaparin is approximately one-third that of regular Heparin; therefore, Enoxaparin is referred to as a low molecular weight heparin. Enoxaparin has less effect on Thrombin than does unfractionated Heparin. However, Enoxaparin has more antiaggregating properties. Compared with unfractionated Heparin, Enoxaparin has greater bioavailability after subcutaneous administration and a longer half-life, allowing less frequent administration (1-2 times per day). Enoxaparin is used for the prevention of postoperative deep-vein thrombosis. The usual precautions and contraindications associated with heparin anticoagulation therapy should be followed in patients for whom Enoxaparin therapy is considered.

Sodium citrate binds calcium ions in blood that prevents blood clotting. It is used as stabilizer of blood during its conserving. Hirudin is a powerful and specific thrombin inhibitor from the leech, which is now being prepared by recombinant DNA technology.

Oral anticoagulants

Coumarin anticoagulants (Neodicumarin, Syncumar) are the derivatives of 4-oxycoumarin. Indandione anticoagulant (Phenylin) is a derivative of indandione. Coumarin and indandione derivatives are indirect-acting anticoagulants.

Actions. Coumarin and indandione derivatives alter the synthesis of blood coagulation factors II (prothrombin), VII (proconvertin), IX (Christmas factor), and X (Stuart-Prower factor) in the liver by interfering with the action of Vitamin K, which is necessary for the gamma-carboxylation of several glutamic acid residues in the precursor proteins of these coagulation factors. In adequate dosage, phytonadione (Vitamin K1) reverses the effect of coumarin and indandione derivatives on the hepatic synthesis of vitamin K-dependent coagulation factors. In contrast to Heparin, coumarin and indandione derivatives have no anticoagulant effect in vitro.

Because coumarin and indandione derivatives do not alter catabolism of blood coagulation factors, depletion of circulating functional vitamin K-dependent coagulation factors must occur before effects of the drugs become apparent. An anticoagulant effect generally occurs within 24 hours following administration of Neodicumarin, but peak anticoagulant and antithrombogenic effects may be delayed for 72-96 hours. Similarly, there is a period of latency following discontinuance of the drugs until blood concentrations of functional vitamin K-dependent coagulation factors return to pretreatment levels. Coumarin- or indandione-derivative therapy inhibits thrombus formation and may prevent extension of existing thrombi. The drugs have no direct effect on established thrombi. 

Neodicumarin, Syncumar, and Phenylin are well absorbed from the GI tract. Coumarin and indandione derivatives are usually detectable in plasma within 1 hour following oral administration, and peak plasma concentrations of the drugs are usually attained within 1-12 hours. They are 97 % or more bound to plasma proteins, primarily albumin. Coumarin and indandione derivatives are hydroxylated by hepatic microsomal enzymes to inactive metabolites. In general, coumarin and indandione derivatives are excreted in bile as inactive metabolites, then they are reabsorbed, and excreted in urine. 

Indications. The most widely accepted indications for anticoagulant therapy include the treatment of venous thrombosis and pulmonary embolism and prevention of these conditions in high-risk patients. A coumarin derivative is generally used for follow-up anticoagulant therapy after the effects of full-dose heparin therapy have been established and when long-term anticoagulant therapy is indicated.

The efficiency of indirect-acting anticoagulants is measured by prothrombin ration: it must be not less than 40-50 % (normal is 80-100 %).

Adverse effects. Hemorrhage is the most common adverse effect of indirect-acting anticoagulants. If moderate or severe hemorrhage occurs or if the prothrombin time is excessively prolonged, the drug should be discontinued immediately and phytonadione administered. Coumarin and indandione derivatives should be used with caution in any condition where added risk of hemorrhage is present. Concurrent administration of numerous drugs has been reported to affect patient response to indirect-acting anticoagulants. Nonsteroidal anti-inflammatory agents (Aspirin, Butadion (Phenylbutazone)) can inhibit platelet aggregation and displace of albumin-bound indirect-acting anticoagulants, increasing their free fraction. These changes can cause GI bleeding and peptic ulceration. Barbiturates and Rifampin cause a marked decrease of the anticoagulant effect by induction of the hepatic enzymes that transform Neodicumarin. Cumarin derivatives potentiate the action of the hypoglycemic agents and Diphenin (Phenytoin), because Coumarins inhibit hepatic metabolism of these drugs.

Fibrinolytic agents

Fibrinolytic drugs rapidly lyse thrombi by catalyzing the formation of the serine protease Plasmin (Fibrinolysin) from its precursor Zymogen, Plasminogen (Profibrinolysin). These drugs create a generalized lytic state when administered intravenously. Thus, both protective hemostatic thrombi and target thromboemboli are broken down.

Actions. Streptokinase is a nonenzymatic protein produced by group C β-hemolytic streptococci. The activity of streptokinase is expressed in International Units. Streptokinase promotes thrombolysis. Streptokinase converts plasminogen into the proteolytic enzyme plasmin. Plasmin degrades fibrin, fibrinogen, and other plasma procoagulant proteins. Plasmin is inactivated by circulating inhibitors, including α2-antiplasmin. Plasmin generated in the circulation is bound to antiplasmin and is released at the thrombus site resulting in external lysis. The effects of Streptokinase on coagulation usually disappear within a few hours but may persist for up to 12 hours after discontinuance of intravenous infusion. Laboratory control during fibrinolytic therapy includes assure of thrombin time and fibrinogen amount. During the first few hours of streptokinase therapy, the drug may rapidly activate plasminogen and cause hyperplasminemia that may lead to coagulation defects. 

Streptokinase has been shown to decrease the viscosity of blood and plasma, and to decrease the erythrocyte and platelet aggregation tendency, thus increasing blood flow and perfusion of collateral blood vessels. 

Following intravenous infusion, Streptokinase is rapidly cleared from the circulation. The serum half-life is about 80 minutes. 

Indications. Streptokinase is used as a thrombolytic agent in selected cases of myocardial infarction, pulmonary embolism, acute vein or arterial thrombosis. The drug is generally most effective in lysing recently formed thrombi. For example, streptokinase therapy should be initiated as soon as possible after myocardial infarction, preferably within 3-6 hours, since potential clinical benefit diminishes as the time period to initiation of therapy increases. Streptokinase therapy should be initiated no later than 3 days, after onset of the thromboembolic episode.

Adverse effects. The most frequent and severe adverse effects of streptokinase therapy are hemorrhage, fever, and allergy. Severe spontaneous bleeding has occurred during streptokinase therapy. If serious spontaneous bleeding occurs, streptokinase therapy should be terminated immediately. Plasma volume expanders and aminocaproic acid may be used. Streptokinase is strongly antigenic; repeated administration elicits antibodies that diminish the effect of the drug and may cause allergic reactions, including anaphylaxis. 

Streptodecase – is an agent of Streptokinase that binds with polysaccharide water-soluble molecule. It ensures prolong releasing of streptokinase. One infusion of Streptodecase provides fibrinolytic effect during subsequent 3 days. 

Urokinase is an enzyme produced by the kidneys and excreted in urine. Commercially available Urokinase is isolated from human kidney tissue cultures. The activity of Urokinase is expressed in IU. Urokinase has the same mechanism action as Streptokinase. The fibrinolytic effect of Urokinase usually disappears within a few hours but increased thrombin time, decreased plasma levels of fibrinogen and plasminogen may persist for up to 12-24 hours following discontinuance of the infusion.

Agent reportedly is not absorbed from the GI tract. Following intravenous infusion, the drug is rapidly cleared from the circulation. Urokinase is estimated to have a plasma half-life of 10-20 minutes. Urokinase has the similar indications with Streptokinase. The most frequent and severe adverse effect of Urokinase therapy is hemorrhage. In contrast to Streptokinase, Urokinase is reportedly nonantigenic.

Alteplase, a biosynthetic (recombinant DNA origin) form of the enzyme human tissue-type plasminogen activator (T-PA), is a thrombolytic agent. Endogenous human t-PA is a serine protease secreted principally by vascular endothelial cells. It may be activated by several endogenous proteases, including Plasmin, tissue Kallikrein, and Trypsin.

Alteplase is a thrombolytic agent. T-PA as well as Streptokinase and Urokinase promote conversion of plasminogen into form of plasmin. During physiologic fibrinolysis, the activity of circulating plasmin is inhibited rapidly (half-life approximately 100 msec) by α2-antiplasmin. The fibrinolytic activity of plasmin is maintained within the thrombus because the active sites of plasminogen (and thus plasmin) at which fibrin binds are the same sites at which α2-antiplasmin binds. Fibrin-bound plasmin within the thrombus, therefore, is relatively protected from inactivation. Thrombolytic agents such as Streptokinase and Urokinase activate both fibrin-bound and circulating plasminogen indiscriminately; systemic activation of plasminogen results in the release of large amounts of plasmin into the circulation that leads to degradation of plasma procoagulant proteins. Predominantly, Alteplase activates fibrin-bound plasminogen.

Alteplase is not absorbed after oral administration and must be administered parenterally. It has the resemble uses to Streptokinase. The most frequent and severe adverse effect of alteplase therapy is hemorrhage.

Antiaggregate agents

Platelet function is regulated by two categories of substances. The first group consists of agents that induce the platelet aggregation, e.g., and Thromboxane A2, Collagen, Thrombin, ADP, Calcium ions, Prostaglandin E2, Serotonin, and Catecholamines. The second category contains agents that inhibit platelet aggregation, e.g., Prostacyclin I2, AMP, Adenosine, Methylxanthines, and Heparin. The prostaglandin Thromboxane A2 is an arachidonate product that causes platelets to aggregate. It is synthesized in platelets. Prostacyclin I2 is an arachidonate product also, but it inhibits aggregation and adhesion of platelets. Prostacyclin I2 is formed in endothelium of vessels wall. 

Acetylsalicylic acid (Aspirin) inhibits the synthesis both of Thromboxane A2 and Prostacyclin I2 by inactivation of the enzyme cyclooxygenase. However, inhibition of cyclooxygenase in platelets is irreversible, because the anuclear platelet cannot synthesize new proteins, it cannot manufacture new enzyme during its 10-day lifetime. That’s why diminish of Thromboxane A2 is more evident. Other salicylates and other nonsteroidal anti-inflammatory drugs also inhibit Cyclooxygenase but have a shorter duration of inhibitory action because their action is reversible. Daily dose 325 mg of aspirin is approved for prophylaxis of myocardial infarction. The risk-versus-benefit measure of Aspirin as a prophylactic drug is questionable for patients with peptic ulcer disease.

Ticlopidine reduces platelet aggregation by inhibiting the ADP pathway of platelets. Unlike Aspirin, the drug has no effect on prostaglandin metabolism. It is used in the prevention of vascular events among patients with transient ischemic attacks, completed strokes, and unstable angina pectoris. Adverse effects include nausea, diarrhea, hemorrhage, and, most seriously, leukopenia. It is particularly useful in patients who cannot tolerate aspirin. 

Dipyridamole (Curantyl) increases endogenous concentrations of adenosine and cyclic adenosine monophosphate (cAMP) by inhibiting their destruction. It is postulated that adenosine and cAMP are the platelet aggregation inhibitors. Also adenosine is a coronary vasodilator. Dipyridamole is indicated to prevent thromboembolic complications, in the treatment of occlusive vascular diseases as well as to reduce the recurrence of transient ischemic attacks and risk of reinfarction. 

Dipyridamole may preferentially dilate, and increase blood flow through, nondiseased coronary blood vessels, leading to a redistribution of blood flow away from significantly stenotic coronary vessels. This "coronary steal" effect may leads to angina pectoris. Dipyridamole dilates the blood vessels and its using can be accompanied by hypotension, tachycardia, and flushing.

Drugs used in bleeding disorders are divided into:

· Coagulant drugs

t. drugs for topical using (Thrombin, Gelatin sponge); 

u. drugs for general using (Fibrinogen, Cryoprecipitate). 

· Antagonists of anticoagulant drugs (Protamine sulfate, Vitamin K).

· Inhibitors of fibrinolysis (Aminocaproic acid, Contrykal, Aprotinin, etc).

· Coagulating substances of plant nature (leaf of Nettle, Water pepper, etc.).

Thrombin is a hemostatic agent. It is commercially available as a powder containing the protein substance prepared from prothrombin of human serum. Thrombin affects hemostasis principally by converting fibrinogen to fibrin. Agent is used topically as an aid in hemostasis when oozing blood and minor bleeding from capillaries and small venules is accessible. Thrombin solutions may be used in conjunction with absorbable gelatin sponge for hemostasis. Gelatin increases blood thickness.

Fibrinogen is prepared from normal human plasma. It is a coagulant (clotting factor II) and used as an adjunct in the management of acute, congenital, or acquired chronic hypofibrinogenemia. It is injected intravenously. Cryoprecipitate is a plasma protein fraction and is obtainable from whole blood. It is used to treat deficiencies of factor VIII in patients with hemophilia A and occasionally to provide fibrinogen. 

Calcium ions stimulate forming of thromboplastin, transforming of prothrombin to thrombin and polymerization of fibrin. Calcium drugs are administered during hypocalcemia (transfusion of citrate blood), during increased permeability of capillaries (hemorrhagic vasculitis), before operations.

Protamine is a cationic protein that occurs in the sperm of certain species of fish. Commercially available Protamine sulfate is prepared from the sperm of salmon. Protamine sulfate, which is strongly basic, acts as a Heparin antagonist in vitro and in vivo by complexing with strongly acidic Heparin to form a stable nonactive salt. Protamine sulfate is used in the treatment of severe Heparin calcium or Heparin sodium overdosage. Hypersensitivity reactions including urticaria, angioedema, and anaphylactoid reactions have occurred occasionally after administration of Protamine sulfate.

Vitamin K (antihemorrhagic vitamin) is a fat-soluble substance. Two natural forms exist: Vitamins K1 and K2. Vitamin K1 (Phylloquinone) is found primarily in leafy green vegetables. Vitamin K2 (Menaquinone) is found in animal liver, and is synthesized by intestinal bacteria in human organism. Vitamin K is required for the synthesis of blood coagulation factors II (prothrombin), VII (proconvertin), IX (Christmas factor), and X (Stuart-Prower factor) in the liver. In adequate doses, Vitamin K reverses the inhibitory effect of coumarin and indandione derivatives on the synthesis of these factors. Vitamin K deficiency, which occur in the presence of malabsorption syndromes (colitis, enteritis, and jaundice), is associated with low blood level of prothrombin and others coagulation factors that is exhibited by bleeding.

Phytomenadione (Phytonadione) is identical to naturally occurring Vitamin K1. Like another lipid-soluble vitamins, Vitamin K1 is absorbed from the GI tract only in the presence of bile salts. Vicasol (Menadione) is the water-soluble salt of Vitamin K3.. Vicasol is available both for oral using and for injection. Vitamin K is used in the treatment of bleeding that associated with hypoprothrombinemia, hemorrhagic disease of the newborn. The hemostatic effect of Vitamin K is delayed for 6 hours. Vitamin K is relatively nontoxic; however, allergic reactions and thrombosis may appear.

Aminocaproic acid is an inhibitor of fibrinolysis. It inhibits the activation of profibrinolysin (plasminogen) and it also inhibits the action of fibrinolysin (plasmin). Aminocaproic acid is rapidly and completely absorbed from the GI tract. It is excreted in urine as unchanged drug within 12 hours following the dose. Aminocaproic acid is used intravenously as well as orally in the treatment of excessive bleeding resulting from systemic hyperfibrinolysis. Use of the drug should be accompanied by laboratory tests to determine the degree of fibrinolysis present. Adverse effects of Aminocaproic acid are mild. They include vomiting, abdominal pain, diarrhea, dizziness, and fever.

Contrykal, Aprotinin, an animal origin drugs, are the serine protease (trypsin, kinins, plasmin, etc) inhibitors that inhibits fibrinolysis by free plasmin. Aprotinin will reduce bleeding from many types of surgery, especially that involving extracorporeal circulation for open-heart procedures. It is currently approved for use in patients undergoing coronary artery bypass grafting who are at high risk of excessive blood loss. Contrykal inhibits trypsin, kinins, and fibrinolysin. It is used for the treatment of acute pancreatitis because it is associated with excessive serum level of proteases. The most serious adverse effects of these agents are allergic reactions.

Coagulating substances of plant nature (leaf of nettle, water pepper, etc.) include tanning substances, Vitamins K, C, P, etc. They cause stabilizing action on vascular wall and increase firmness of capillaries. They are used in form of decocts, tinctures, extracts during chronic bleeding (uterine, intestinal, etc.). 

Available forms:

Heparin – in bottles 5 ml (1 ml – 5000; 10000 or 20000 IU) each

Ethyl biscoumacetate (Neodicumarin) – in tablets 0,05 or 0,1 each

Ticlodipine – in tablets 0,25 each

Dipyridamole – in tablets (or dragee) 0,025 or 0,075 each; in ampoules 
0,5 % solution 2 ml each

Streptokinase – in bottles 100000 or 250000 IU each (to dilute in 50 ml of physiologic solution before using)

Thrombin – in bottles or ampoules 0,125 IU each (to dilute in 10 ml of physiologic solution before using)

Fibrinogen – in bottles 1,0 each (to dilute in 250 ml of applied solution)

Protamine sulfate – in bottles 1 % solution 5 ml each; in ampoules 1 % solution 2 or 5 ml each

Vicasol – powder; in tablets 0,015 each; in ampoules 1 % solution 1 ml 

Aminocaproic acid – powder; in bottles 5 % solution 100 ml each

Folia Urtica – infusion, MD – 0,6

Lecture 33. IMMUNOTROPIC AGENTS

The immune system is designed to protect the host from invading pathogens and to eliminate disease. It is provided by two major components: the innate and the adaptive (acquired) immune systems. The innate immune system is the first line of defense against an antigenic insult and includes physical (e.g., skin), biochemical (e.g., complement, lysozyme), and cellular (macrophages, neutrophils) components. The adaptive immune system include production of antibodies, which are the effectors of humoral immunity; and the activation of lymphocytes, which are the effectors of cell-mediated immunity. The generation of specific immunity requires the participation of antigen-presenting cells (macrophages, Langerhans cells) and B-lymphocytes. Cell-mediated immunity is ensured mainly by T-lymphocytes that able to discriminate between foreign ("non-self") antigens and "self" antigens of the host and to respond to a previously encountered antigen in a learned way by initiating a vigorous memory response.

Immunostimulating agents

Such drugs can be used to increase the immune responsiveness of patients who have immunodeficiency. The major potential uses are in immunodeficiency disorders, chronic infectious diseases, and cancer.

Classification of immunostimulating agents.

· Agents that stimulates nonspecific immunity (Methyluracil, Pentoxil).

· Agents that mostly stimulate macrophages and T-lymphocytes (Sodium nucleate, BCG, Prodigiosan®, Pyrogenal®, Thymus agents, Levamisole, Interferon).

· Agents that hasten macrophages and granulocytes formation (Filgrastim, Molgramostim)

· Agents that predominantly stimulate B-lymphocytes (Myelopid).

Methyluracil and Pentoxil are the derivatives of pyrimidine. These drugs hasten cell regeneration, wounds healing; stimulate cellular and humoral immunity. They indicated in the cure of mild leukopenia, badly closed wounds, burns, bone crash, and ulcer disease of duodenum. Methyluracil and Pentoxil are well absorbed from intestine. These drugs are good tolerated. However, Pentoxyl may cause gastrointestinal disorders. 

Sodium nucleate, a sodium salt of nucleic acid, is formed by hydrolysis of yeast. It promotes the acceleration of restoring processes; stimulates leukopoiesis, cooperation of T- and B-lymphocytes, and phagocytic properties of macrophages. Sodium nucleate is indicated for different diseases that accompanied with leukopenia. 
BCG is a viable strain of Mycobacterium bovis that has been used for immunization against tuberculosis. It has also been employed as a nonspecific adjuvant immunostimulator in cancer therapy (leukemia, cancer of intestine, bladder, and breast). BCG appears to act at least in part via activation of macrophages to make them more effective killer cells.

Prodigiosan is a microbial polysaccharide that is extracted from Bac. prodigiosum. It stimulates cellular immunity (T-lymphocytes) and adrenal cortex. It postulates that Prodigiosan augments the interferon synthesis. Prodigiosan is prescribed as adjuvant drug in the treatment of diseases that characterized by depressed immunity. For instance, chronic inflammation processes, postoperative period, during antibiotic therapy, badly closed wounds, etc. Agent is injected intramuscularly once per 3-7 days. Fever, headache, arthralgia, and fatigue sometimes are observed after Prodigiosan administration. 

Pyrogenal (Grecian: pyr- fire, gen- producing) is a microbial polysaccharide that is synthesized by Pseudomonas aeruginosa. It is a fever-inducing agent. Pyrogenal is similar in action to Prodigiosan. In addition, Pyrogenal stimulates the restoring of central and peripheral nervous system; activates the disappearance of scars. Pyrogenal is indicated in the treatment of chronic prostatitis, chronic inflammation of women reproductive system, inflammation and damages of peripheral and central nervous system, and post burn scars. Agent is prohibited during fever and pregnancy.

Levamisole was first synthesized for the treatment of parasitic infections. Later studies suggested that it appears to act as an immunorestorative agent in the presence of immunosuppression, but does not stimulate the immune response to above normal levels. Thus, it modulates the immune response or acts like immunomodulating agent. Mechanism of action is related to T-cell activation and proliferation, augmentation of monocyte and macrophage activity, and an increase in neutrophil mobility, adherence, and chemotaxis. Levamisole is used for the treatment of both primary and secondary immunodeficiency, autoimmune disease, chronic and relapse infections, cancer, etc. It has also been widely tested in rheumatoid arthritis and found to have efficacy. Agent is taken orally. However, it can induce severe agranulocytosis, which required discontinuation of its use. Thus, Levamisole therapy must be under regular leukocyte measurement.

Thymalinum consists of a group of protein hormones synthesized by the thymus. These proteins have been isolated and purified from bovine thymus glands. Thymalinum regulates the amount of T- and B-lymphocytes and activates cell immunity. Thymalinum is used for the treatment of different states that are associated with immunodeficiency and depression of hemopoiesis. For example, acute or chronic purulent processes, burns, chemotherapy of patients with cancer, etc. Tactivin is an agent of protein structure, which is obtained from bovine thymus gland. It appears to convey T-cell specificity to uncommitted lymphoid stem cells and to induce the maturation of pre-T cells. Tactivin increases the number of T-lymphocytes. It induces enhanced production of interleukins. This agent is indicated for the treatment of T-lymphocyte deficiency states including psoriasis, leukosis, etc. Thymalinum and Tactivin are prohibited during pregnancy and in case of hypersensitiveness to these drugs. Vilosenum as well as previous drugs are an extract of cattle thymus. It is used locally in drops or inhalation for the treatment of allergic disorders of the upper respiratory ways (allergic rhinitis and sinusitis). 

Interferons are belong to cytokines. They have antiproliferative, antimicrobial, and antitumor effects (see lecture “Antiviral agents”). The production of highly purified Interferons has been greatly facilitated by the pharmaceutical application of gene cloning techniques. Three major classes of Interferons are now recognized: - (leukocyte), - (fibroblast), and -(immune, T-lymphocyte). Each type can function as a potent cytokine with complex antiviral and immunomodulatory activity. -interferon has the stronger action on the immunity than other Interferons. Interferons activate macrophages, T-lymphocytes, and natural killer cells. Natural -interferon has been used for prophylaxis and treatment of the common cold virus’s infections and herpes keratitis. Recombinant -interferon (Reaferon (Interferon alfa-2a), Intron A (Interferon alfa-2b)) is approved for the treatment of hepatitis B and C, leukemia, bladder and renal carcinoma, and malignant melanoma. Poludan® (Polyadenylic acid + Uridylic acid), Tilorone (Amixin) stimulates the synthesis of endogenous interferon and thus possess antiviral activity. Poludan is a topical agent for the treatment of viral eyes diseases. Amixin is active in case of virus’s hepatitis B and C.

Three cytokines with colony-stimulating properties have been studied extensively and are now being used in humans. They are Erythropoietin (see lecture “Drugs influencing the erythropoiesis”), Granulocyte Colony-stimulating factor (G-CSF), and Granulocyte-macrophage colony-stimulating factor (GM-CSF). G-CSF stimulates mainly the forming of granulocytes. GM-CSF promotes the forming of macrophages or activates combine granulocyte-macrophage colonies. Filgrastim (G-CSF) and Molgramostim (GM-CSF) are produced by recombinant techniques. These drugs hasten recovery from neutropenia in patients with malignancies who are receiving chemotherapy and accelerate marrow recovery after autologous bone marrow transplantation. 

Myelopid is an immunomodulating agent of peptide structure, which is received from cattle or porcine bone marrow tissue cultures. At immunodeficient patients it restores the indicators of T- and B-lymphocytes, restores the formation of antibodies, and promotes the restoring of another indicators of humoral immunity. Myelopid is used in the cure of acquired immunodeficiency states with predominant confound of humoral immunity, including postoperative aggravations, osteomyelitis, etc. Agent is injected subcutaneously. Adverse effects include vertigo, fatigue, nausea, and fever.

Immunosuppressive agents.

Agents that suppress the immune system play an important role in the retention of organ or tissue grafts and in the treatment of certain diseases that arise from dysregulation of the immune response. There is definite overlap between the drugs used for immunosuppression and those used in cancer chemotherapy (cytotoxic drugs).

Classification of immunosuppressive agents.

· Alkylating agents (Cyclophosphane, Embichin, Chlorbutin, and Busulfan).

· Antimetabolites (Mercaptopurine, Azathioprine, Methotrexate, and Ftoruracil).

· Anticancer antibiotics (Dactinomycin, Rubomycin, Doxorubicin and Bruneomycin).

· Alkaloids (Vinblastine, Vincristine).

· Steroid hormones and their antagonists (Tamoxifen, Leuprolide).

· Enzymes (Asparaginase).

The major clinically useful alkylating agents are Cyclophosphane, Embichin (Mechlorethamine), Chlorbutin, and Myelosan (Busulfan) are the most useful. As a class, the alkylating agents exert cytotoxic effects via transfer of their alkyl groups to various cellular constituents. Alkylation of DNA within the nucleus probably represent the major interactions that lead to cell death. Cyclophosphane, Chlorbutin are used in the treatment of lymphocytic leukemia, lympholeukosis, Hodgkin’s disease, multiple myelosis, neuroblastoma, ovarian carcinoma, breast cancer, etc. Myelosan used for specialized purposes for chronic myeloid leukemia.

One of the major and dose-limiting adverse effects of alkylating drugs is hematological toxicity. Hematopoietic adverse effects include leukopenia, thrombocytopenia, and anemia. Repeated blood counts are essential during administration of these agents because the development of severe leukopenia or thrombocytopenia necessitates interruption of therapy. Anorexia, nausea, and vomiting occur commonly with alkylating drugs, especially at high doses. It is reported that these effects respond to treatment with antiemetics.

Mercaptopurine and Azathioprine are the chemical analogs of the physiologic purines. They are the purine antagonist antimetabolites. Ultimately, the synthesis of RNA and DNA is inhibited. Absorption of mercaptopurine from the GI tract is variable and incomplete, but about 50 % of a dose is usually absorbed. It is rapidly and extensively oxidized in the liver by the enzyme xanthine oxidase. Mercaptopurine is used mainly for the treatment of acute leukemia. Adverse hematopoietic effects include leukopenia, anemia, and thrombocytopenia. Adverse GI effects include nausea, vomiting, diarrhea, anorexia, abdominal pain, and ulceration of the intestinal epithelium. Also it is hepatotoxic.

Azathioprine is well absorbed from the gastrointestinal tract and is metabolized primarily to Mercaptopurine. Although Azathioprine action is presumably mediated by mercaptopurine as the active form, it has been more widely used than mercaptopurine for immunosuppression in humans. Immunosuppression with azathioprine therapy seems to result from interference with nucleic acid metabolism at steps that are required for the lymphoid cell proliferation. Azathioprine to be of definite benefits in maintaining renal allografts and may be of value also in transplantation of other tissues. It has proved useful as well in cases of autoimmune diseases (rheumatoid arthritis, acute glomerulonephritis, and Crohn's disease).

Methotrexate is a folic acid antagonist. Methotrexate inhibits dihydrofolate reductase, the enzyme that reduces folic acid to tetrahydrofolic acid. Inhibition of tetrahydrofolate formation limits the synthesis of purines, DNA and cell reproduction. Methotrexate also has immunosuppressive activity, in part possibly as a result of inhibition of lymphocyte multiplication. It is completely absorbed from the GI tract. Methotrexate is retained for several weeks in the kidneys and liver. It is used orally, intravenously, and intramuscularly. Methotrexate has the similar uses and adverse effects with Mercaptopurine.

Ftoruracil (Fluorouracil) is a fluorinated pyrimidine antagonist. It acts as an antimetabolite that inhibits DNA and RNA synthesis. Ftoruracil is used for the palliative treatment of carcinoma of the colon, rectum, breast, stomach, and pancreas that is not amenable to surgery or irradiation. The major toxic effects of Ftoruracil are on the normal, rapidly proliferating tissues particularly of the bone marrow and lining of the GI tract. Anorexia, nausea, leukopenia, thrombocytopenia, and anemia occur commonly with Ftoruracil therapy. 

Screening of microbial products has led to the discovery of a number of growth inhibitors that have proved to be clinically useful in cancer chemotherapy. Many of these antibiotics bind to DNA through intercalation between specific bases and block the synthesis of new RNA or DNA (or both), cause DNA strand scission, and interfere with cell replication. These agents possess also immunosuppressive properties. Anticancer antibiotics include Dactinomycin, Rubomycin (Daunorubicin), Doxorubicin, Bruneomycin and others. In clinical use, all mentioned above drugs are administered by the intravenous route.

Doxorubicin is one of the most important anticancer drugs, with major clinical application in carcinomas of the breast, endometrium, ovary, testicle, thyroid, and lung. The major use of Rubomycin is in acute leukemia. Dactinomycin is used in the complex treatment of Wilms' tumor, chorioepithelioma, etc. Bruneomycin is indicated for lymphogranulomatosis, chronic lympholeukosis, Wilm’s tumor, etc.

In common with many other cytotoxic drugs, anticancer antibiotics cause bone marrow depression. All blood elements are affected, but platelets and leukocytes are affected most profoundly, and severe leuko- and thrombocytopenia sometimes occurs. Nausea and vomiting, diarrhea, and oral ulcers may also be noted. Alopecia and various skin abnormalities occur occasionally.

Vinblastine and Vincristine are the alkaloids derived from Vinca rosea, the periwinkle plant. Their mechanism of action involves depolymerization of microtubules, which are an important part of the cytoskeleton and the mitotic spindle. This results in mitotic arrest at metaphase. Vinblastine has value in the treatment of systemic Hodgkin's disease and other lymphomas. Vincristine has been used with considerable success for acute leukemia. These drugs produce nausea and vomiting and marrow depression as well as alopecia. In addition, Vincristine causes a significant incidence of neurotoxicity, which limits its use to short courses. 

Steroid hormones (glucocorticoids, androgens, estrogens and their antagonists) bind to receptor proteins in cancer cells, and high levels of receptor proteins are predictive for responsiveness of endocrine therapy. As in normal cells, steroid hormones form a steroid-receptor complex that ultimately binds directly to nuclear nonhistone protein of DNA to activate transcription of associated clusters of genes.

Glucocorticoids have immunosuppressive and anti-inflammatory properties. Administration of a glucocorticoid (e.g., Prednisolone, Dexamethasone) reduces the size and lymphoid content of the lymph nodes and spleen, though it has essentially no toxic effect on proliferating myeloid or erythroid stem cells in the bone marrow. Their immunology effects are probably due to their ability to modify cellular functions rather than direct cytotoxicity (see lecture “Drugs affecting the endocrine system”).
Indications for glucocorticoids include autoimmune disorders such as autoimmune hemolytic anemia, idiopathic thrombocytopenic purpura, inflammatory bowel disease, and lupus erythematosus. Corticosteroids are also used liberally in organ transplant recipients. The glucocorticoid analogs have been useful in the treatment of acute leukemia, lymphomas, myeloma, and other hematologic cancers. 

The estrogen inhibitor tamoxifen has proved to be extremely useful for the treatment of breast cancer and endometrial cancer. An antiandrogen, flutamide, has been approved for use in the treatment of prostate cancer. Finasteride, a nonsteroidal inhibitor of 5-testosterone reductase, the enzyme that converts testosterone to dihydrotestosterone, is approved only for the therapy of benign prostatic hyperplasia.

Leuprolide is a synthetic peptide analog of naturally occurring gonadotropin-releasing hormone. It inhibits the releasing of follicle-stimulating hormone and luteinizing hormone. This results in reduced testicular androgen synthesis. The latter effect underlies the efficacy of this agent in the treatment of carcinoma of the prostate.

Aminoglutethimide is an inhibitor of adrenal steroid synthesis. It also inhibits the extra-adrenal synthesis of estradiol. Aminoglutethimide is effective in the treatment of metastatic breast cancer in women whose tumors contain significant levels of estrogen or progesterone receptors. Aminoglutethimide is normally administered with adrenal replacement doses of hydrocortisone to avoid symptoms of adrenal insufficiency. 

Androgens, estrogens, and adrenocortical hormones all can produce fluid retention through their sodium-retaining effect. Prolonged use of androgens and estrogens will cause masculinization and feminization, respectively. Extended use of the adrenocortical steroids may result in hypertension, diabetes, increased susceptibility to infection, and cushingoid appearance.

Asparaginase catalyzes the conversion of the amino acid asparagine to aspartic acid and ammonia. Some leukemic cells are unable to synthesize asparagine, which is required for the synthesis of DNA and essential proteins. Because normal cells are able to synthesize asparagine, they are less affected by asparaginase-induced depletion of the amino acid. Resistance to the cytotoxic effects of asparaginase develops rapidly. Agent is used for the treatment of acute lymphocytic leukemia.

AGENTS FOR THE TREATMENT OF HYPERSENSITIVITY

Whereas the normally functioning immune response can successfully neutralize toxins and eliminate pathogens, clinical instances occur in which an inappropriate response leads to extensive tissue damage (hypersensitivity). Hypersensitivity can be classified, as immediate or delayed depending on the time required for clinical symptoms to become manifest following exposure of the host to the sensitizing antigen. 

Three categories of immediate hypersensitivity are recognized. Type I hypersensitivity (anaphylaxis) results from cross-linking of membrane-bound IgE on blood basophils or tissue mast cells by antigen. This interaction causes cells to degranulate, releasing substances (histamine, leukotrienes, etc) that induce bronchospasm, collapse, or hay fever. Type II hypersensitivity (cytotoxic reaction) results from the formation of antigen-antibody complexes between foreign antigen and immunoglobulins. It results in lysis of cells that keep antigen. This type of hypersensitivity occurs during blood transfusion reactions and in hemolytic disease of the newborn. In both cases, antibodies are formed against foreign red blood cell membrane antigens to which they bind. It can also be drug-induced and occurs during the administration of levomycetin to allergic patients. In these patients, levomycetin binds to red blood cells or other host tissue to form a neoantigen that evokes production of antibodies capable of inducing complement-mediated cell lysis. 

Type III hypersensitivity (immune complex reactions) is due to the presence of elevated levels of antigen-antibody complexes. The formation of these complexes activates complement to produce components that increase vascular permeability and recruit neutrophils to the site of complex deposition. It can cause skin rashes, glomerulonephritis, serum sickness, and arthritis. Delayed-type hypersensitivity is cell-mediated. Delayed-type hypersensitivity is characterized by the influx of the activated macrophages and neutrophils. The activated macrophages display increased phagocytic and antigen-presenting functions; and release copious amounts of enzymes that contribute to the extensive tissue damage and local inflammation (parasitic granuloma, nodular leprosy).

Histamine is a physiologically active, endogenous substance that binds to and activates histamine H1- and H2-receptors at various sites in the body causing characteristic allergic signs and symptoms. The principal pharmacologic effects of histamine involve the stimulation of gastric and bronchial secretions; microvascular dilation, hypotension (involving H1-, H2-receptors) and increased vascular permeability (H1-receptors); stimulation of the bronchial and gastrointestinal tract muscles. The term antihistamine has historically been used to describe drugs that act as H1-receptor antagonists. Drugs that antagonize H2-receptors (e.g., cimetidine, famotidine) are used for the lowering of gastric acid secretion. Antihistamines competitively antagonize most of the smooth muscle stimulating actions of histamine on the H1-receptors of the GI tract, uterus, large blood vessels, and bronchial muscle. Antihistamines appear to act by blocking H1-receptor sites, thereby preventing the action of histamine on the cell.
Classification of agents used for the treatment of hypersensitivity:

· Agents used for the treatment of immediate type hypersensitivity:

v. agents that decrease the releasing of histamine and other active substances -Cromolyn, Ketotifen, Glucocorticoids;

w. antihistamines – Diphenhydramine (Dimedrolum), Promethazine (Diprazin), Diazolin (Mebhydroline + Zinc sulfate), Quifenadine (Phencarol), Loratadine;

x. agents that bind with histamine – Histaglobulin;

y. agents that inhibit efferent limb of the allergic response – Adrenomimetics, Aminophylline (Euphyllin).

z. agents that decrease the tissue damage – steroid and non-steroid anti-inflammation drugs.

· Agents used for the treatment of delayed type hypersensitivity: 

aa.  immunodepressive agents – Cyclosporine, Azathioprine; 

ab.  agents that decrease the tissue damage – steroid and non-steroid anti-inflammation drugs.

Antihistamines include following drugs: Diphenhydramine, Diprazin (Promethazine), Diazolin, Phencarol, Loratadine, etc. Diprazin, Dimedrolum are possess m-cholinolytic, ganglionblocking and sedative effects. The antiemetic, antimotion-sickness, and antiparkinson actions of these antihistamines appear to result, at least in part, from their central anticholinergic and CNS depressant properties. Diprazin probably is the most potent antihistamines. Also it has α-adrenolytic activity (hypotensive action). Diazolin, Phencarol, and Loratadine are poorly distributed into the CNS at usual dosages. That’s why they do not cause sedative effect.

Antihistamines generally are well absorbed following oral or parenteral administration. The duration of action is variable but allergic symptoms usually are relieved for 3-6 hours after oral administration of most antihistamines. Some antihistamines (e.g., Loratadine) exhibit prolonged duration of effect that lasts in excess of 24 hours. 

Indications. Antihistamines are used for the treatment of nasal allergies, allergic dermatosis, and allergic conjunctivitis. Antihistamines are useful in the ancillary treatment of pruritus, urticaria, angioedema, and bronchospasm associated with anaphylactic reactions. Some antihistamines (e.g., Dimedrole, Diprazin) are useful for the prevention and treatment of nausea, vomiting, and/or vertigo associated with motion sickness. They are used for their sedative effects as nighttime sleep aids.

Adverse effects include sedation, ranging from mild drowsiness to deep sleep, anticholinergic effects (e.g., dryness of mouth, urinary retention, and visual disturbances), and gastrointestinal disorders (e.g., anorexia, nausea, and vomiting). Also they potentiate the depression of the CNS that caused by alcohol, neuroleptics, narcosis agents.

Cromolyn is an antiallergic drug. Cromolyn inhibits mast cell release of histamine, leukotrienes, and other substances that cause hypersensitivity reactions. It does not possess any intrinsic antihistamine, anti-inflammatory, glucocorticoid, or vasoconstrictive activity. Cromolyn administered orally is indicated in the treatment of ulcerative colitis. Its inhalation is indicated as first-line medication for the prevention of acute bronchospasm. Cromolyn inhalation is not indicated for the relief of acute asthma attacks, especially in status asthmaticus, because it has no immediate bronchodilating activity.

Ketotifen has antihistamine and antiallergic activities. It is postulated, that Ketotifen inhibits mast cell release of histamine, leukotrienes, and other substances that cause hypersensitivity. On the other hand, Ketotifen blocks H1-receptors. Agent is well absorbed from gastrointestinal tract. The serum half-life is about 20 hours. Ketotifen is used for the prevention of acute bronchospasm, for the treatment of allergic bronchitis, hay fever, and allergic dermatitis. Adverse effects include drowsiness and thrombocytopenia.

Histaglobulin is a preparation of the human gamma globulin, containing the antibodies of normal adults, and histamine. It is obtained from pooled liquid human plasma from a number of donors. Histaglobulin increases the production of antihistamine antibodies those results in higher ability of serum to inactivate the histamine. It is used subcutaneously for the treatment of different allergic diseases including bronchial asthma, dermatitis, etc.

Drugs that modify allergic responses act at several links in this chain of events. Glucocorticoids (Prednisolone) that are often used in severe allergic reactions including anaphylactic reaction, and probably blocks proliferation of the IgE-producing clones. In addition, glucocorticoids increase the sensitiveness of adrenoreceptors to noradrenaline, thus they potentiate the action of adrenomimetics. In the efferent limb of the allergic response adrenomimetics (e.g., Adrenaline, Isoprenaline, Salbutamol) and direct spasmolytic Euphyllin produce bronchodilation (see lecture “Adrenergic agonists”).

For the treatment of delayed-type hypersensitivity immunosuppressive agent’s glucocorticoids are used also. They have anti-inflammation activity (see lecture “Drugs affecting the endocrine system”). Glucocorticoids reduce the concentration of T-lymphocytes, monocytes, and eosinophils. They also decrease binding of immunoglobulin to cell surface receptors and inhibit the synthesis, and release of interleukins, thereby decreasing T-lymphocyte blastogenesis and reducing expansion of the primary immune response. Glucocorticoids may also decrease concentrations of complement components and immunoglobulins.
Cyclosporine is an antibiotic that appears to act at an early stage in the antigen receptor-induced differentiation of T-cells and blocks their activation. Recent in vitro studies have indicated that cyclosporine inhibits the gene transcription of interleukins and other factors produced by antigen-stimulated T-cells. Cyclosporine is an immunosuppressive agent in human organ transplantation, after bone marrow transplantation, and in the treatment of selected autoimmune disorders. Agent is given orally and intravenously. Toxicities include nephrotoxicity and transient liver dysfunction.

Available forms:

Thymalinum – in ampoules 0,01 % solution 1 ml each

Myelopid – in bottles 0,003 each (to dilute in 1 ml of physiologic solution before using)

Prodigiosan® – in ampoules 0,005 % solution 1 ml each

Levamisole – in tablets 0,05 or 0,15 each

Azathioprine – in tablets 0,05 each

Fluorouracil (Ftoruracil) – in ampoules 5 % solution 5 ml each

Dimedrolum – powder; in tablets 0,02; 0,03 or 0,05 each; in ampoules 1 % solution 1 ml each

Loratadine – in tablets 0,01 each

Ketotifen – in tablets or capsules 0,001 each 

Cyclosporine – in capsules 0,05 or 0,1 each

Examination questions
106. Which of the following statements describe why warfarin is not used to prevent blood coagulation in blood collection devices used at blood donating centers?

(A)
Warfarin does not bind to plastic tubing or glass.

(B)
The anticoagulant effect of warfarin occurs only in vivo.

(C)
Warfarin is a prodrug, which must be activated in the liver into the active compound.

(D)
The gastric enzymes needed to convert R- warfarin into S-warfarin are unstable near plastic.

(E)
Warfarin is chemically unstable and is degraded unless made fresh and used immediately.

107. All of the following statements about warfarin are true EXCEPT which one?

(A)
An adverse drug reaction may occur if warfarin is displaced from plasma protein binding sites.

(B)
Warfarin crosses the placenta.

(C)
Drugs that are metabolized by the liver can alter the anticoagulant effect of warfarin.

(D)
Warfarin is eliminated from the body unchanged in the urine.

(E)
Warfarin is a vitamin K antagonist.

108. Which of the following is an adverse effect associated with pharmacotherapy using heparin?

(A)
An increase in the number of circulating platelets

(B)
Thrombocytopenia

(C)
Purple toe syndrome

(D)
Teratogenicity to the fetus

(E)
An increase in the circulating level of an- tithrombin III

109. Which of the following is a drug that blocks the ADP receptor on the antiplatelet membrane?

(A)
Aspirin

(B)
Abciximab

(C)
Dipyridamole

(D)
Clopidogrel

(E)
Eptifibatide

110. The thrombolytic drug reteplase is improved over older drugs like streptokinase in what respect?

(A)
Reteplase may be taken orally.

(B)
Reteplase is antigenic.

(C)
Reteplase binds to fibrin.

(D)
Bleeding does not occur with reteplase.

(E)
Reteplase produces less thrombocytopenia.
111. Cytotoxic agents such as azathioprine are effective immunosuppressants because they

(A)
Bind to and inactivate circulating immunocom- plexes

(B)
Specifically inhibit IL-2 gene transcription

(C)
Prevent the clonal expansion of T and B cells by inhibiting purine synthesis

(D)
Induce the synthesis of antiidiotype antibodies

(E)
Alkylate and cross-link DNA, preventing blas- togenesis

112. Interleukin-2 can be beneficial in the treatment of AIDS because it can

(A)
Attach to the HIV virus, making it more susceptible to phagocytosis

(B)
Bind to IL-2 receptors on responsive immune cells and stimulate the production of T helper and T cytotoxic cells.

(C)
Cross-link antibodies on mast cell surfaces leading to degranulation.

(D)
Activate the complement cascade by binding to the C5a fragment.

(E)
Inhibit T suppressor cell activity and thereby stimulating the immune response

113. A 4-year-old boy has significantly reduced levels of IgA, IgM, IgD and IgE in his blood. Testing demonstrates that he did not develop the appropriate antibody titer following standard childhood vaccinations. The most probable cause of these deficiencies is

(A)
Deficiency in macrophage function that is preventing the proper presentation of antigens to T cells

(B)
Lack of a specific component of the complement cascade

(C)
Alcohol abuse by the mother during pregnancy

(D)
A primary immunodeficiency disease that is blocking the maturation of B cells into plasma cells

(E)
An autoimmune disease targeted at basophil surface receptors

114. Which of the following best describes the side effects of cyclosporine therapy?

(A)
Leukopenia, hypotension, hemolytic anemia

(B)
Nephrotoxicity, neurotoxicity, hirsutism

(C)
Thrombocytopenia, hypokalemia

(D)
Hemorrhagic cystitis, hypoglycemia

(E)
Increase circulating immune complexes, cardiac arrhythmia
115. The antigen-mediated release of histamine can

(A)
Be inhibited by the binding of histamine to H3-receptors on mast cells
(B)
Be stimulated by (32-adrenoceptor agonists
(C)
Be initiated by organic bases such as morphine without prior sensitization
(D)
Occur only in the tissues, not in the blood
(E)
Produce pain and itching through an effect on sensory nerve endings
116. Effects mediated by the H1 histamine receptor include
(A)
Inhibition of gastric acid secretion
(B)
Induction of hepatic cytochrome P450 enzymes
(C)
Maintenance of a wakeful state
(D)
Bronchodilation
(E)
Vasoconstriction of arterioles

117. All four types of histamine receptors
(A)
Are found on the surface of mast cells and basophils
(B)
Are G protein-coupled
(C)
Modulate adenylyl cyclase activity
(D)
Are involved in the release of multiple neurotransmitters
Answers
105. B. Warfarin does not produce an anticoagulant effect in vitro. It inhibits coagulation of blood only in vivo, because the effect depends upon warfarin's effect in the liver on the production of clotting factors. Warfarin does not require conversion into an active drug. It inhibits the post-ribosomal carboxy- lation of glutamic acid residues in the vitamin K-dependent clotting factors. Therefore, heparin rather than warfarin is used when blood is collected from donors and stored.

106. D. Warfarin is metabolized in the liver by P450 enzyme system and is appreciably metabolized before it is eliminated. Adverse drug reactions are seen in patients taking warfarin if a second drug displaces warfarin from its protein binding sites in the blood or induces or inhibits the hepatic P450 system. Warfarin can cross the placenta and exert anticoagulant and other effects in the fetus at normal doses given to the mother.

107. B. Thrombocytopenia is a frequent side effect association with heparin. This reduction in the level of circulating platelets increases bleeding. Purple toes are encountered during warfarin therapy. Heparin may be administered to pregnant mothers without risk to the fetus. Heparin requires antithrombin III for its anticoagulant action, but does not increase the level of this protein in the blood.

108. C. Aspirin inhibits platelet cyclooxygenase. Abciximab, a monoclonal antibody, binds to and inhibits the platelet glycoprotein IIb/IIIa receptor. Dipyridamole inhibits platelet cyclic AMP phospho- diesterase and raises cyclic AMP levels. Eptifibatide binds to the glycoprotein IIb/IIIa complex.

109. C. Reteplase binds to fibrin to cause a selective activation of fibrin-bound plasminogen. All fibrinolytic drugs are administered IV. Streptokinase is antigenic, whereas reteplase is not. Thrombocytopenia is not normally caused by thrombolytic drugs.
110. C. Azathioprine is a phase-specific cytotoxic agent that functions by inhibiting purine synthesis. The other answers are wrong because azathioprine is nonspecific, is not an alkylating agent, has no effect on immune complexes, and does not induce antibody synthesis.

111. B. IL-2 stimulates the immune system by binding to the IL-2 receptors on responsive immune cells, causing differentiation and proliferation of T helper and T cytotoxic cells. It has no direct effect on the HIV virus, complement. or basophils.

112. D. The boy has significantly reduced serum antibody levels and a reduced ability to mount an antibody response to childhood vaccinations. The most probably cause is a primary immunodeficiency disease affecting humoral immunity.

113. B. The primary side effect of cyclosporine therapy is nephrotoxicity, occurring in up to 75% of cases. Unwanted hair growth and neurotoxicity are also commonly noted. The other answers are wrong because cyclosporine therapy is associated with hypertension, hyperkalemia, and hyperglycemia. There are no references to cyclosporine having cardiac or immune complex effects or causing hemorrhagic cystitis.

114. E. Histamine inhibits its own release through an effect on H2-receptors on mast cells. Its release is inhibited, not stimulated, by β2-adrenoceptor agonists. Organic bases can displace histamine from its storage granules and cause non-antigen-mediated release of histamine; antigen-mediated release re​quires prior sensitization. Antigen-mediated histamine release occurs in both tissues and blood. Histamine stimulates sensory nerve endings, resulting in pain and itching.

115. C. Histamine stimulates gastric acid secretion through an effect on H2-receptors of gastric parietal cells. Although certain antihistamines are metabolized by cytochrome P450 enzymes, histamine does not induce their production. Histamine helps to maintain a wakeful state through an effect on H1-receptors. Histamine-mediated bronchoconstriction is mediated by H1-receptors, while histamine-mediated vasodilation occurs as a result of stimulation of H1 and H2-receptors.
116. B. H2-receptors are found on the surface of mast cells and basophils. All four types of histamine receptors belong to the G protein-coupled receptor superfamily. Only H2-receptors are coupled to adenylyl cyclase through the G protein Gs.
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