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LECTURE №3

«Packaging, labeling and transportation of finished medicines. Packing materials. Closures for finished pharmaceutical products and parapharmaceutical products »

Finished Product is means a Licensed Product in a finished pharmaceutical dosage form that is suitable for commercial sale following Regulatory Approval thereof. It is the medicinal product that has undergone all stages of production, including packaging in its final container. The specifications for release of the finished product must comply with the regulations. The specifications of the finished product at manufacture may be different from those of the medicinal product at expiry.

Bulk product is any product that has completed all the processing stages up to, but not including, final packaging.
Pharmaceutical packaging (or drug packaging) is the packages and the packaging processes for pharmaceutical preparations. It involves all of the operations from production through drug distribution channels to the end consumer.

Primary packaging is the packaging in direct contact with the product itself and is sometimes referred to as consumer or retail packaging. The main purpose of primary packaging is to protect and/or preserve, contain and inform the consumer. Typical containers are ampoules, vials, bottles, etc.[image: image3.png]Bkl




Secondary packaging component means a packaging component that is not and will not be in direct contact with the dosage form (boxes…..).
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Tertiary packaging facilitates the protection, handling and transportation of a series of sales units or secondary packaging in order to group everything into unit loads during transit. This type of packaging is rarely seen by the consumer.                                                                             [image: image5.jpg]



Functions of packaging

1. Containment

The containment of the product is the most fundamental function of packaging for medicinal products. The design of high-quality packaging must take into account both the needs of the product and of the manufacturing and distribution system. This requires the packaging:

— not to leak, nor allow diffusion and permeation of the product;

— to be strong enough to hold the contents when subjected to normal handling;

— not to be altered by the ingredients of the formulation in its final dosage form.

2.  Protection

The packaging must protect the product against all adverse external influences that may affect its quality or potency, such as:

— light

— moisture

— oxygen

— biological contamination

— mechanical damage.

The compatibility of the packaging with the active pharmaceutical ingredients is very important in maintaining the integrity of the product.

Stability. Information on stability is given in the guidelines for stability testing of pharmaceutical products containing well-established drug substances in conventional dosage forms.

For primary packaging, it is necessary to know the possible interactions between the container and the contents. Normally, product/ component stability and compatibility are confirmed during the primary research and development stage.

While excluding the effect of external factors on the product, the packaging itself should not interact with it so as to introduce unacceptable changes. There are numerous possibilities of interactions between (primary) packaging materials and pharmaceutical products, such as:

— the release of chemicals from components of the packaging materials;

— the release of visible and/or subvisible particles;

— the absorption or adsorption of pharmaceutical components by the packaging materials;

— chemical reactions between the pharmaceutical product and the packaging materials;

— the degradation of packaging components in contact with the pharmaceutical products;

— the influence of the manufacturing process (e.g. sterilization) on the container.

The active pharmaceutical ingredients should remain within their specification limits over the shelf-life of the pharmaceutical product.

The question of whether a packaging will provide the required protection for the pharmaceutical product and the required stability over a certain time period can only be answered by means of real-time stability studies. Such studies must evaluate the changes in the quality of the product, in contact with its packaging, during a period equivalent to its intended shelf-life.

In addition, packaging must meet the following requirements:

— it must preserve the physical properties of all dosage forms and protect them against damage or breakage;

— it must not alter the identity of the product;

— it must preserve the characteristic properties of the product, so that the latter complies with its specifications;

— it must protect the product against undesirable or adulterating chemical, biological or physical entities.

Storage. Packaging materials should be stored in accordance with GMP for storage areas. The characteristics of the active pharmaceutical ingredients will determine whether different packaging will be needed. For example, the packaging requirements of medicinal products kept at temperatures between 2 and 8°C may differ from those of products intended for tropical countries or light-sensitive products. If the contents are sterile, sterility must be maintained, including that of any unused remaining product. The shelf-life and utilization period are always determined in relation to storage conditions and the stability of the active pharmaceutical ingredient.

Normal storage conditions are defined as “storage in dry, well-ventilated premises at temperatures of 15–25°C or, depending on climatic conditions, up to 30°C. Extraneous odours, other indications of contamination, and intense light have to be excluded” 

Containers

A container for pharmaceutical use is an article which holds or is intended to contain and protect a drug and is or may be in direct contact with it. The closure is a part of the container. The container and its closure must not interact physically or chemically with the substance within in any way that would alter its quality. The following terms include general requirements for the permeability of containers:

• Well-closed containers must protect the contents from extraneous matter or from loss of the substance under normal conditions of handling, shipment or storage.

• Tightly closed containers must protect the contents from extraneous matter, from loss of the substance, and from efflorescence, deliquescence or evaporation under normal conditions of handling, shipment or storage. If the container is intended to be opened on several occasions, it must be designed to be airtight after reclosure.

• Hermetically closed containers must protect the contents from extraneous matter and from loss of the substance, and be impervious to air or any other gas under normal conditions of handling, shipment or storage.

Substances and dosage forms requiring protection from light should be maintained in a light-resistant container that — either by reason of the inherent properties of the material of which it is composed, or because a special coating has been applied to it — shields the contents from the effects of light. Alternatively, the container may be placed inside a suitable light-resistant (opaque) covering and/or stored in a dark place.

Containers for pharmaceuticals

Ampoule. A container sealed by fusion and to be opened exclusively by breaking. The contents are intended for use on one occasion only.
Bag. A container consisting of surfaces, whether or not with a flat bottom, made of flexible material, closed at the bottom and at the sides by sealing; the top may be closed by fusion of the material, depending on the intended use.
Blister. A multi-dose container consisting of two layers, of which one is shaped to contain the individual doses. Strips are excluded.
Bottle. A container with a more or less pronounced neck and usually a flat bottom.
Cartridge. A container, usually cylindrical, suitable for liquid or solid pharmaceutical dosage forms; generally for use in a specially designed apparatus (e.g. a prefilled syringe).
Gas cylinder. A container, usually cylindrical, suitable for compressed, liquefied or dissolved gas, fitted with a device to regulate the spontaneous outflow of gas at atmospheric pressure and room temperature.
Injection needle. A hollow needle with a locking device intended for the administration of liquid pharmaceutical dosage forms.
Injection syringe. A cylindrical device with a cannula-like nozzle, with or without a fixed needle and a movable piston, used for the administration, usually parenteral, of an accurately measured quantity of a liquid pharmaceutical form. The syringe may be prefilled, and can be for single-dose or multi-dose use.
Pressurized container. A container suitable for compressed, liquefied or dissolved gas fitted with a device that, after its actuation, produces a controlled spontaneous release of the contents at atmospheric pressure and room temperature.
Single-dose container. A container for single doses of solid, semi-solid or liquid preparations.
Strip. A multi-dose container consisting of two layers, usually provided with perforations, suitable for containing single doses of solid or semi-solid preparations. Blisters are excluded.
Tube. A container for multi-dose semi-solid pharmaceutical forms consisting of collapsible material; the contents are released via a nozzle by squeezing the package.
Vial. A small container for parenteral medicinal products, with a stopper and overseal; the contents are removed after piercing the stopper. Both single-dose and multi-dose types exist.
Labels

All finished drug products should be identified by labelling, as required by the national legislation, bearing at least the following information:

-  the name of the drug product;

-  a list of the active ingredients (if applicable, with the International Nonproprietary Names (INNs)), showing the amount of each present, and a statement of the net contents, e.g. number of dosage units, mass or volume;

-  the batch number assigned by the manufacturer;

-  the expiry date in an uncoded form;

-  any special storage conditions or handling precautions that may be necessary;

-  the directions for use, and any warnings and precautions that may be necessary;

· the name and address of the manufacturer or the company or person responsible for placing the product on the market.

Presentation and information

Packaging is also an essential source of information on medicinal products. Such information is provided by labels and package inserts for patients.

The information provided to the patient may include the following:

— the name of the patient;

— the identification number for dispensing records;

— the name, strength, quantity and physical description or identification of the medicinal product;

— directions for use and cautionary statements, if applicable;

— the storage instructions;

— the date of dispensing and period of use (related to the expiry date);

— the name and address of the dispenser.

Labels

Throughout manufacturing, a succession of specific outer labels are applied to the container of the medicinal product. The level of processing is indicated by the following words:

— quarantine

— storage

— distribution.

Specifications for labels for finished drug products are defined in the WHO guidelines on GMP for pharmaceutical products.

Written labels on the packaging:

• Permit the identification of each active ingredient by means of its INN, and also give the dosage form and the trade name/trademark. All information concerning the medicinal product, as required by national legislation, must be stated on the packaging.

• Preserve the stability of the medicinal product by giving advice on its storage:

After the stability of the product has been evaluated, one of the following recommendations as to storage conditions can be prominently indicated on the label:

— store under normal storage conditions;

— store between 2 and 8 °C (under refrigeration, no freezing);

— store below 8 °C (under refrigeration);

— store between -5 and -20 °C (in a freezer);

— store below -18 °C (in a deep freezer).

• Permit the follow-up of a specific medicinal product by means of the batch number on the labels. It must be possible to follow the route of distribution of a product from the manufacturing process to its administration to the patient with the aim of locating and identifying products that are of potential risk (e.g. blood products, blood-derived products).

• Mask the real identity of the medicinal product in clinical studies. This is extremely important in clinical trials in determining the real efficacy of a medicinal product in blinded studies. If the identity is masked by a code, it must be possible to disclose it at any time in a medical emergency.

National legislation must be followed with regard to the information provided to the patient, as well as the record-keeping and packaging instructions.

Repacking, relabelling and dispensing

In some countries, it is common practice not to dispense drugs in the original packaging, but rather in a personalized manner to each patient. This applies  specially to solid oral dosage forms, and involves the “repacking” and “relabelling” of drugs in small quantities. Different drugs may even be included in “customized” medication packages, also referred to as “patient med packs”. The quantities of drugs supplied in this way are usually enough only for a short period of time, i.e. to provide drugs for immediate use. It should be remembered, however, that data obtained in stability studies undertaken by the manufacturer are no longer valid for drugs removed from the original package.

Where repacking and relabelling are necessary, the WHO guidelines on GMP for pharmaceutical products should be followed to avoid any mix-up or contamination of the product, which could place the patients’ safety at risk.

Package inserts for patients (patient information leaflets)

Product information must help patients and other users to understand the medication. The patient package insert, together with the label, provides the patient  with key information concerning the proper use of the product, potential adverse drug reactions and interactions, storage conditions and the expiry date. In OTC medicinal products, the package insert, together with the label, may constitute the only pharmaceutical advice that the patient receives.

Compliance. Packaging and labelling may help to reinforce the instructions given by the physician or the pharmacist, and improve compliance with drug therapy. In this respect, packaging becomes a compliance aid.
The design of pharmaceutical packaging should be such that the product can easily be administered in a safe manner to the patient. If the patient feels at ease with the packaging and route of administration, the design of the packaging may become a key factor in increasing compliance. This is also an important factor in clinical trials.

Protection of patients. Packaging must not only increase compliance through its design, but must also protect the patient and indicate the integrity of the product.
Packaging equipped with a tamper-evident device protects against incidental and accidental poisoning. To protect children, several child-resistant closures have been developed.

Detection of counterfeiting. The Forty-first World Health Assembly, after reviewing the report of the Executive Board on the implementation of WHO’s revised drug strategy, requested: “. . . governments and pharmaceutical manufacturers to cooperate in the detection and prevention of the increasing incidence of the export or smuggling of falsely labelled, spurious, counterfeited or substandard pharmaceutical preparations”.
Several documents show that counterfeit pharmaceutical products are in wide circulation. In November 1985, during the WHO Conference of Experts on the Rational Use of Drugs in Nairobi, Kenya, concern was expressed regarding the extent to which counterfeit pharmaceutical products were in circulation in developing countries (10). In view of the importance of this issue, a text has been drafted to provide model provisions to deal with counterfeit drugs.

The design of the packaging must therefore contribute to preventing tampering with, or the counterfeiting of, certain medicinal products. Such tamper-evident containers can allow the visual inspection of the medicinal product before use, and this may serve as a first stage in detecting counterfeit drugs.

Packaging materials and closures

In accordance with the methods of use and administration of medicinal products, packaging materials, closures and containers vary a great deal and have to meet a wide variety of different requirements.

All the routes used for systemic access have demanding requirements, which often can only be met by complex structured and formulated medicinal products. This is particularly true of the new medicinal products that are now appearing, such as those administered via transdermal delivery systems.

To ensure the efficacy of a product during its total shelf-life, pharmaceuticals must  be regarded as a combination of the medicinal product itself and the packaging.

Types of material

Glass
For a large number of pharmaceuticals, including medicinal products for oral and local administration, glass containers are usually the first choice (e.g. bottles for tablets, injection syringes for unit- or multidose administration). Different types of glass may be necessary, depending on the characteristics and the intended use of the medicinal products concerned.

Manufacturers should arrange with their suppliers to obtain the appropriate type of glass container for the intended use. Suppliers should provide the raw and packaging materials in conformity with industrial norms. Classifications of types of glass are given in the European and United States pharmacopoeias, whereas no such classification exists in the Japanese pharmacopoeia.

Glass can be tested for light transmission and hydrolytic resistance. In the Japanese pharmacopoeia, such tests are described only for glass containers for injection, whereas in the European and United States pharmacopoeias they are given for all types of glass containers.

Classification of Glass

Glass containers are classified into Type I glass, Type II glass, Type III glass and Type IV glass based on their degree of chemical/hydrolytic resistance to water attack. 

1) Type I glass containers (Borosilicate glass / Neutral glass)

This is a type of glass container that contains 80% silica, 10% boric oxide, small amount of sodium oxide and aluminium oxide. It is chemically inert and possess high hydrolytic resistant due to the presence of boric oxide. It has the lowest coefficient of expansion and so has high thermal shock properties.

Uses of Type I glass containers

Type I glass is suitable as packaging material for most preparations whether parenteral or non-parenteral.

They can also be used to contain strong acids and alkalis

2) Type II glass containers (soda-lime-silica glass/ treated soda-lime glass/ De alkalized soda lime glass)

This is a modified type of Type III glass container with a high hydrolytic resistance resulting from suitable treatment of the inner surface of a type III glass with sulfur. This is done to remove leachable oxides and thus prevents blooming/weathering from bottles. Type II glass has lower melting point when compared to Type I glass and so easier to mould.

Uses of Type II glass containers

They are suitable for most acidic and neutral aqueous preparations whether parenteral or non-parenteral.

3) Type III glass containers (Regular soda lime glass)

This is an untreated soda lime glass with average chemical resistance. It contains 75% silica, 15% sodium oxide, 10% calcium oxide, small amounts of aluminium oxide, magnesium oxide, and potassium oxide. 

Uses of Type III glass containers

They are used as packaging material for parenteral products or powders for parenteral use ONLY WHERE there is suitable stability test data indicating that Type III glass is satisfactory.

They used in packaging non-aqueous preparations and powders for parenteral use with the exception of freeze-dried preparations.

It is also used in packaging non-parenteral preparations.

4) Type IV glass containers (Type NP glass/ Non-parenteral glass or General purpose soda-lime glass)

This type of glass container has low hydrolytic resistance. This type of glass containers are not used for products that need to be autoclaved as it will increase erosion reaction rate of the glass container.

Uses of type IV glass containers

It is used to store topical products and oral dosage forms

Plastics
Some containers are now being made of plastics; the main use is for bags for parenteral solutions. Plastic containers have several advantages compared with glass containers:

— they are unbreakable

— they are collapsible

— they are light.

The European, Japanese and United States pharmacopoeias all describe materials of the same type, but there are considerable differences in the classification and presentation.

As far as tests are concerned, the three pharmacopoeias are extremely difficult to compare. The European pharmacopoeia is the most detailed and requires tests in relation to the use and routes of administration of the medicinal product. Moreover, the same concept is extended to bulk containers for active ingredients.

Metal
Metal containers are used solely for medicinal products for nonparenteral administration. They include tubes, packs made from foil or blisters, cans, and aerosol and gas cylinders. Aluminium and stainless steel are the metals of choice for both primary and secondary packaging for medicinal products. They have certain advantages and provide excellent tamper-evident containers.

Since metal is strong, impermeable to gases and shatterproof, it is the ideal packaging material for pressurized containers. Descriptions and tests can be found in the norms and standards of the ISO; these have been established in collaboration with manufacturers. Requirements are not given in pharmacopoeias; the suitability of a particular material for a container is normally established by conducting stability studies in which the material is in contact with the drug in question.

Closures

Closures are devices and techniques used to close or seal container such as a bottle, jug, jar, tube, can, etc. Closures can be a cap, cover, lid, plug, etc.
Purpose of closures

Many containers and packages require a means of closing. It can be a separate device or seal or sometimes an integral latch or lock. Depending on the contents and container, closures have several functions:

Keep the container closed and the contents contained for the specified shelf life until time of opening

Provide a barrier to dirt, oxygen, moisture, etc. Control of permeation is critical to many types of products: foods, chemicals, etc.

Keep the product secure from undesired premature opening

Provide a means of reclosing or reusing the container

Assist in dispensing and use of product

Allow reasonable ease to open the container by the intended user. 

Closures used for the purpose of covering drug containers after the filling process should be as inert as possible. They should not give rise to undesired interactions between the contents and the outside environment, and should provide a complete seal. Besides their protective function, closures must also allow the easy and safe administration of the drug.

Depending on the application, closures may have to be pierced with a needle for intravenous sets. Such closures are made from elastomeric materials (rubbers), while those that cannot be pierced are generally made from plastics such as polyethylene or polypropylene.

Depending on the type of container, closures may have different shapes and sizes, e.g. stoppers for infusion or injection bottles or plungers for prefilled syringes. A special design of stopper may also be required for some pharmaceutical production processes such as lyophilization.

Closures, as primary packaging components, are of critical importance and must be carefully selected. They are an essential component of the container and, as such, an integral part of the drug preparation.

A container type which does not require a removable closure at the time of administration is usually preferred since such a container/ closure system avoids, or at least minimizes, the risk of biological and other contamination as well as tampering.

For parenteral preparations, the combination of glass containers and elastomeric closures, usually secured by an aluminium cap, is widely used. Typical examples are infusion bottles, injection vials and prefilled syringes. The rubber closures used within such a system must be carefully selected in accordance with the intended purpose. Most often, improper rubber closures are the cause of incompatibility between the packaging and the drug.

Rubber closures
Rubber consists of several ingredients, one of which is elastomer.

Modern rubber compounds used in packaging pharmaceuticals contain only a limited number of ingredients, which are very difficult to extract. Closures made from such materials generally do not pose any problems, and can be used in contact with a large number of drug preparations.

Rubber closures for pharmaceutical use must meet the relevant requirements of the most important pharmacopoeias (the European, Japanese and United States pharmacopoeias). International standards have also been established (ISO 8871). It should be emphasized that the requirements of pharmacopoeias and standards must be seen as minimal requirements. The suitability of a rubber closure for a given application can only be established by means of stability studies.

Caps or overseals
Caps or overseals are used to secure the rubber closure to the container in order to maintain the integrity of the seal under normal conditions of transport, handling and storage during the intended shelf-life of the product. Such caps are usually made of aluminium and can be equipped with a plastic top to facilitate opening. Caps also provide evidence of tampering: once opened or removed they cannot be repositioned. This is especially true for caps with a plastic top.

Special types of closure
Demographic trends are causing new problems for packaging designers. Thus while child-resistant closures safeguard children against drug intoxication, opening such packaging may prove difficult for the increasing number of elderly persons in the population.

Child-resistant closures. Tragic accidents involving the drug intoxication of children has led to new legislation making it difficult for drug packaging to be  opened by young children, while allowing adults easy access. Such packaging is designated as child-resistant.0

The ISO has published an internationally agreed standard test procedure for reclosable child-resistant packaging (16). In Europe several norms have been introduced, which complement the ISO standard.

The European Committee for Standardization (CEN) has defined a child-resistant package as one “which makes it difficult for young children to gain access to the contents, but which is not too difficult for adults to use properly in accordance with the requirement of this European standard” .

The three most common reclosable child-resistant types of closure are the “press–turn”, the “squeeze–turn” and a combination lock.

To determine whether a packaging is child-resistant, it must be subjected to the ISO test procedure for reclosable child-resistant packaging .

Most designs that are child-resistant require two hands to open the closure. Such packaging can cause problems for elderly people, and can even lead to the deliberate purchase of drugs with packaging that is not child-resistant; alternatively, the child-resistant closure may not be replaced on the container. An optional “elderly adult test” has been inserted in the ISO standard to deal with this problem.
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