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8. Packaging Materials Science 

Rohit E. Katkar, Mangesh M. Galbale 

8.1 Introduction: 

Packaging materials play a crucial role in the pharmaceutical industry, ensuring the safety, 

efficacy, and stability of medicinal products. Primary and secondary packaging serve 

distinct functions in preserving the quality of pharmaceutical preparations. 

8.1.1 Definition: 

Primary packaging materials in pharmaceuticals are those in direct contact with the 

medication, like bottles, blister packs, vials, ampules, etc. They protect the drug and ensure 

its integrity. Secondary packaging materials, such as cartons, provide additional protection, 
information, and branding, enclosing the primary packaging. Both are crucial in preserving 

the medication's quality and ensuring safety. 

8.2 Types of Containers: 

A. Light resistant containers: These shield the contents from light, using materials that 

prevent light exposure or employing opaque enclosures. They're labeled to indicate the 
need for an opaque covering until the contents are used. 

B. Well-closed containers: They protect contents from foreign particles and prevent drug 

loss during regular handling, storage, and distribution. 
C. Tight containers: Designed to safeguard contents from contamination by external 

substances, such as liquids or solids. They prevent drug loss due to effervescence, 

evaporation, and other ordinary conditions. They're also resealable. 

D. Hermetic containers: Completely airtight under typical handling, storage, and 
distribution conditions. 

E. Single dose containers: These packages cannot be opened without visibly damaging 

closures. They're meant for immediate use after opening, typically for parenteral 
(injection) purposes. 

F. Multiple dose containers: A multiple dose container is designed to allow the extraction 

of several portions of its contents without altering the potency, characteristics, or purity 
of the remaining substance. It's specifically intended for parenteral use, ensuring 

consistency across multiple withdrawals. 

8.3 Types of containers and container closures must have following 

characteristics: 

a. Preserve the preparation against environmental factors. 
b. Maintain non-reactivity with the product. 

c. Avoid imparting any taste or odor to the product. 

d. Ensure non-toxicity. 
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e. Obtain approval from the drug department. 
f. Be compatible with widely used high-speed packaging equipment. 

g. Contribute to promotional and marketing strategies. 

8.3.1 Packaging Material Selection: 

Most of the containers are composed of the following materials singly or sometimes in 

combination. 

A. Plastic 
B. Metal  

C. Glass  

D. Paper 

A. Plastic: 

• Plastic packaging's success stems from its: 

• Ease of shaping and forming. 

• Versatility in design and high-quality moldability. 

• Resilience against breakage, ensuring consumer safety and minimizing loss during 

distribution. 

The Plastic Material Packaging is Subdivided into According to Their Stability. 

a. Thermosetting Materials: Thermosetting materials like phenol formaldehyde and 

urea formaldehyde resins undergo irreversible changes when heated and compressed in a 

mold.  

Once set, these plastics cannot be melted again without breaking down. They're commonly 

employed in the packaging industry, particularly for creating bottles and closures. 

b. Thermoplastic Materials: Thermoplastic materials offer versatility in shaping 

through processes like extrusion, injection molding, and more, allowing for diverse forms. 

They possess the unique ability to be remelted without breaking down. In this category: 

• Low density polythene finds use in bottles, films, and closures. Yet, its drawback lies 

in its permeability to essential oils and chloroform, potentially leading to loss of 
preservatives and flavors. 

• High density polythene, utilized in bottles and films, is susceptible to stress cracking 

influenced by storage conditions and solution composition. 

• Polypropylene, though less common in India, serves in jars, bottles, and closures. Its 

suitability for printed containers, like those for tablets, is notable. However, its 
effectiveness might decrease with larger diameters. 

• Polystyrene, used in jars and tubes, isn't ideal for moisture-sensitive products but is 

favored for printed containers. 
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c. Advantages: 

• Affordable. 

• Easy to carry. 

• Lasts a long time. 

• Feels nice to touch. 

• Makes it easy to get the product out. 

• Doesn't smell or react to most chemicals. 

• Can't be easily broken. 

• Doesn't leak. 

• Stays in good shape even after using it. 

• Stops product from spilling out with a special feature. 

Use of Plastics in Primary and Secondary Packaging: 

Primary Packaging: 

❖ Protection and Containment: Plastics are extensively used in primary packaging to 

safeguard pharmaceutical products from external elements, such as moisture, light, and 

contaminants, ensuring the product's integrity and longevity. 
❖ Versatility: Plastics offer a wide range of options, including polyethylene, 

polypropylene, PET, and PVC, allowing for customization based on the specific 

requirements of different medications. 

❖ Ease of Use: Plastic materials are lightweight, making them easy to handle during 
manufacturing, distribution, and by end-users. They often come in various forms like 

bottles, vials, blister packs, and ampoules, offering versatility in packaging design. 

❖ Preservation of Potency: Plastics can be formulated to be inert, preventing reactions 
between the packaging material and the pharmaceutical content, thereby preserving the 

drug's efficacy. 

Secondary Packaging: 

❖ Bulk Handling and Transportation: Plastics are used in secondary packaging, such as 

cartons, bags, and wraps, for bulk handling and transportation of multiple primary 
packaged pharmaceutical products. 

❖ Branding and Information: Secondary plastic packaging often includes labels, inserts, 

or stickers for branding, dosage information, instructions, and regulatory compliance, 

enhancing the product's presentation and providing essential details to consumers. 
❖ Safety and Security: Plastic films or seals used in secondary packaging ensure tamper-

evidence, protecting the primary packaging and ensuring the product's safety until it 

reaches the end-user. 
❖ Sustainability Concerns: Increasingly, efforts are being made to use recyclable or 

biodegradable plastics in secondary packaging to address environmental concerns and 

reduce the ecological impact of pharmaceutical packaging waste. 
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B. Metal: 

Tin or aluminum rigid containers are commonly used for following purpose -  

• For packing tablets or capsules -Polythene closures, in the form of plugs, are chosen 
over screw caps due to their superior protection, which varies depending on the specific 

product being packed. 

• There are two types: 1) plain 2) Lacquered.  shaker can for dusting powder collapsible 

tubes - Collapsible tubes, commonly employed for ointment creams and pastes, offer 
controlled dispensing, easy reclosure, and reliable product protection. They are 

lightweight, unbreakable, and conducive to rapid, automated filling processes. Among 

the metals utilized, tin, being the most ductile, is the costliest, while lead, the least 

expensive, offers lesser ductility. Aluminum stands between them, comprising 50% of 

the commonly used metals. 

Following are materials used for collapsible tubes: 

• Tin 

• Aluminium 

• Lead  

• Linings 

C. Glass:  

Glass is commonly used in pharmaceutical packaging because it's inert, meaning it doesn't 
react chemically with most drugs, ensuring the medication's stability and safety. It's also 

transparent, allowing for easy inspection of the contents, and it's relatively impermeable, 

protecting the drugs from moisture and gases that could degrade them. Additionally, glass 

is recyclable, which aligns with environmental concerns in the pharmaceutical industry. 

Following are Types of Glass: 

• Type 1 Borosilicate glass - This glass type boasts exceptional durability and greater 

chemical stability compared to soda lime glass due to the substitution of alkali earth 

cations with Boron and/or Aluminum and Zinc. 

• Type 2 Treated soda line glass - These bottles are crafted from commercially available 

sodalime glass that undergoes a de-alkalization process, known as sulfur treatment, to 
eliminate surface alkali. This treatment significantly reduces the likelihood of 

weathering in empty bottles, making them resistant to external elements for a certain 

duration. 

• Type 3 - Regular sodalime glass: These untreated commercial sodalime glass containers 
possess above-average chemical resistance, making them suitable for solid anhydrous 

parenteral applications. 

• Type NP (Non parenteral) : soda-lime glass is a type of glass commonly used for things 

you put in or on your body, like medicine bottles or containers for creams and liquids. 
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Advantages: 

Primary Packaging: 

❖ Chemical Inertness: Glass doesn't react with medicines, keeping them safe. 

❖ Visibility: You can see the medicine inside, ensuring it's right and safe. 

❖ Barrier Properties: It shields against moisture and gases, preserving the medicine. 

❖ Recyclability: It's easily recyclable, reducing environmental impact. 

Secondary Packaging: 

❖ Protection: Glass protects primary packaging during handling and transport. 

❖ Labeling: It allows clear labeling for essential information and instructions. 

❖ Customization: Various shapes/sizes cater to different packaging needs. 

❖ Sustainability: It's reusable and recyclable, minimizing waste. 

D. Paper  

Paper is commonly used in both primary and secondary packaging in the pharmaceutical 

industry. In primary packaging, paper may be utilized for blister packs, pouches, sachets, or 

even labels on medicine containers. It's chosen for its ability to protect the medicine while 

being lightweight and cost-effective. As for secondary packaging, paper is used in cartons, 
boxes, and inserts to provide additional protection, information, and branding. It's crucial in 

maintaining the integrity of the product while being environmentally friendly and easily 

customizable for branding and regulatory information. 

Advantages: 

Primary Packaging: 

❖ Biodegradability: Paper is eco-friendly and easily biodegradable, reducing 

environmental impact. 

❖ Safety: It's considered safe for direct contact with pharmaceuticals as it's non-reactive 
and does not leach harmful substances. 

❖ Cost-effective: Relatively cheaper compared to some other materials used in primary 

packaging. 

❖ Customizability: Easily printed or labeled for branding and information purposes. 

Secondary Packaging: 

❖ Protection: Provides additional protection to primary packaging, safeguarding the 

product during transportation and storage. 

❖ Information display: Ideal for displaying product information, instructions, warnings, 

etc., aiding in clear communication. 
❖ Sustainability: Recyclable and supports eco-friendly initiatives when sourced from 

sustainable forests or recycled material. 
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8.4 Challenges and Innovations: 

A. Challenges: 

➢ Safety and Security: Ensuring the safety of pharmaceutical products is crucial to 

prevent contamination, counterfeiting, and tampering. 

➢ Regulatory Compliance: Meeting stringent regulations regarding materials used, 
labeling, and environmental impact poses a challenge. 

➢ Sustainability: Developing eco-friendly materials that reduce environmental impact, 

especially single-use plastics, is a pressing concern. 
➢ Preservation: Maintaining the integrity of the drug by protecting it from moisture, 

light, and other external factors during storage and transportation is a constant 

challenge. 

B. Innovations: 

➢ Smart Packaging: Incorporating technologies like RFID, QR codes, or sensors to 
monitor temperature, humidity, or authenticity. 

➢ Biodegradable Materials: Developing packaging materials that decompose safely, 

reducing environmental pollution. 

➢ Nanotechnology: Using nanomaterials for improved drug delivery and packaging to 
enhance stability and efficacy. 

➢ Modified Atmosphere Packaging (MAP): Creating controlled atmospheres within 

packages to extend product shelf life and preserve quality. 
➢ 3D Printing: Customizing packaging to fit specific drug formulations, leading to 

reduced waste and improved efficiency. 

8.5 Regulatory Consideration:  

Regulatory considerations for primary and secondary packaging materials in 

pharmaceuticals are crucial to ensure safety, efficacy, and compliance with standards. The 
regulations often include requirements for materials used, their quality, compatibility with 

the product, stability, labeling, and manufacturing practices. These guidelines are 

established by regulatory bodies like the FDA in the U.S., the EMA in Europe, and similar 
agencies worldwide to ensure the integrity and safety of pharmaceutical products 

throughout their lifecycle. 

8.6 Conclusion:  

In conclusion, the critical role of primary and secondary packaging materials in the 

pharmaceutical industry cannot be overstated.  

The primary packaging safeguards the integrity, potency, and sterility of the medicinal 
product, ensuring it remains unaffected by external factors while being administered to 

patients. Meanwhile, secondary packaging serves as an additional layer of protection, 

offering information, convenience, and further protection during storage, transportation, 

and dispensing. 
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The selection of appropriate materials, stringent quality standards, regulatory compliance, 
and innovative advancements in packaging technology all contribute significantly to 

maintaining the efficacy and safety of pharmaceuticals. As the industry evolves, continual 

research, development, and implementation of novel packaging solutions will continue to 
enhance the overall quality and reliability of pharmaceutical products, ultimately benefiting 

patients worldwide. 
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