Safeguarding Medicines Through Effective Storage Practices

From the moment a medicine leaves the manufacturer to the time it reaches a patient, a complex chain of storage, packaging and transportation
safeguards its safety and effectiveness. These measures protect the integrity of the product, ensure regulatory compliance and maintain public
trust in the pharmaceutical industry. Each stage, from climate control to packaging design, plays a decisive role in preserving potency and
preventing waste.

Maintaining Controlled Environments

Temperature control is vital to keeping pharmaceuticals stable and safe. Excessive heat can trigger chemical reactions, while high humidity and
moisture may cause hydrolysis in certain medications, such as erythromycin and gabapentin. Some drugs are also light-sensitive; ultraviolet
radiation can degrade treatments like dacarbazine, reducing their therapeutic value.

International bodies such as the World Health Organization and the United States Pharmacopeia set strict standards for storage and packaging
conditions. Adherence to these standards ensures medicinal products retain their remedial benefits. Packaging varies by form and sensitivity:
creams and ointments often come in tubes or pump bottles, while liquids may require glass containers, including USP Type 1 Borosilicate Glass
vials for injectable solutions. Light-sensitive drugs can be stored in coloured glass, and air-sensitive medicines benefit from ampoules or blister
packs. Secondary packaging, such as labelling and cardboard boxes, adds another layer of protection, while bulk shipping uses pallets, shrink
wrap or reinforced boxes to maintain stability during transit.
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Cold Chain Management and Warehouse Practices

Cold chain management ensures medicines remain at precise temperatures throughout the supply chain, with some requiring refrigeration
between 2 and 8 degrees Celsius and others needing cryogenic conditions as low as —180 degrees. Vaccines, including those for influenza and
COVID-19, must be kept at correct temperatures to maintain efficacy and avoid costly wastage. Certain high-demand drugs, such as Ozempic
and similar treatments, also rely on strict temperature control during transport and storage. Distributors use insulated containers, gel packs, dry
ice or liquid nitrogen, while pharmacies employ advanced refrigeration units with monitoring systems and backup power.

Pharmaceutical warehouses are increasingly adopting technological solutions to support storage integrity. Growth in this sector is driven by
innovations in temperature-controlled environments, real-time monitoring and data analytics. Automated inventory systems, robust security and
loT-enabled cooling equipment help preserve product quality. Blockchain enhances traceability, and established inventory rotation methods
minimise the risk of expiry. Regular audits and compliance checks ensure that standards are consistently upheld across the supply chain.

Transportation, Shelf-Life and Risk Mitigation

Refrigerated trucks and aircraft maintain environmental control during transportation, with carefully planned routes reducing exposure to delays
or extreme weather. Real-time shipment tracking enables swift intervention if conditions fall outside acceptable ranges, and blockchain provides
transparent verification of product integrity. Strategic investment in transportation infrastructure, such as the $1.5 billion pharmaceutical facility
planned in Wilmington, North Carolina, is set to reduce risks from frequent stops and inadequate storage during transit.

Extending shelf-life is another critical objective. Medicines may be vulnerable to microbial contamination, moisture, oxidation or pH shifts.
Manufacturers combat these threats with antioxidants, modified atmosphere packaging or inert gas environments, as well as seals and coatings
that prevent light and moisture intrusion. These measures keep medicines viable until their expiration dates and reduce the likelihood of waste.
However, when storage and packaging are inadequate, the consequences are significant. Between 2012 and 2023, 15.7% of drug recalls were
linked to storage or packaging failures. Such incidents can disrupt supply chains, create shortages, and undermine public confidence. Financial
losses from waste can be considerable, as shown by data from Ethiopian hospitals where expired drugs led to substantial budget impacts.

Safe and effective medicines depend on rigorous storage practices from production through to patient use. Maintaining controlled environments,
investing in cold chain systems, modernising warehouse operations and improving transportation safeguards all contribute to preserving
medicinal integrity. By ensuring that packaging, handling and monitoring meet the highest standards, the industry protects patient safety, reduces
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waste and sustains trust. Consistent attention to these factors is essential for meeting both regulatory obligations and public health
responsibilities.
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