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OUTLINE

History of Pharmaceutical Packaging in the Delaware Valley

Capacity Challenges, A Huge New Demand

Challenges of Stability, Safety and Efficacy, Container Closure 
Integrity at Deep Cold Temperatures

Distribution Challenges

Meeting the Challenges of the Future
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In 1739 that the first successful glass factory was
established by Caspar Wistar in Alloway, New
Jersey. The Wistar factory operated until about
1882. Wistar defied English policy forbidding all
manufacturing in the Colonies. Wistar was
contemporary of America’s founding fathers and a
friend of Benjamin Franklin. Supplying glass
articles for Franklin’s experiments.
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EARLY PHARMACEUTICAL GLASSMAKING
CIRCA 1890
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1. The adoption of the title “Philadelphia Drug Exchange.”

2. The membership to consist of none but wholesale and jobbing druggists, importers of drugs, manufacturing chemists, drug 
brokers and manufacturers of articles connected with said trade. 

3. The election of seven directors, a secretary and a treasurer to serve for one year; they to elect a president and vice president.

4. That the elected officers and directors rent a suitable room as headquarters for the Exchange.

5. That all eligible persons or firms who shall subscribe to these resolutions within ten days shall become charter members 
without initiation fee.

6. That the officers and directors proceed to draft a Constitution and Bylaws for the organization.

7. That all charter members pay into the treasury the sum of five dollars to defray the expenses of the coming year.

8. That the annual dues, payable in advance, shall be ten dollars.
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ELASTOMERIC CLOSURES

Since 1923 The West 
Company, now West 
Pharmaceutical Services

Datwyler Sealing Solutions, 
formerly Gillian Rubber, 
Kimble Rubber and Helvoet
Pharma
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THE ROLLOUT OF A COVID-19 VACCINE IS UNDER THREAT: LEADING 
EXPERTS TELL US THEY’RE WORRIED ABOUT A SHORTAGE OF GLASS VIALS,

CARGO PLANES, AND COLD-STORAGE UNITS
SEPTEMBER 18, 2020 REUTERS

CAPACITY CHALLENGES
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“MILLVILLE,” BY CARL SANDURG
(1904)

“Down in southern New Jersey, they make glass. By day and by night, 
the fires burn on in Millville and bid the sand let in the light. Millville 
by night would have delighted Whistler, who loved gloom and mist and 
wild shadows. Great rafts of  wood and big, brick hulks, dotted with a 
myriad of  lights, glowing and twinkling every shade of  red. Big, black 
flumes shooting out smoke and sparks; bottles, bottles, bottles, of  every 
tint and hue, from a brilliant crimson to the dull green that marks the 
death of  sand and the birth of  glass.”

8



11/20/20

5

LEGACY LIVES ON

Nipro, formerly Wheaton Glass Company

Gerresheimer, formerly Kimble Glass Company and COMAR Glass, Inc.

Schott, formerly Corning

Corning Glass Tubing, formerly Gerresheimer, Kimble

West Pharmaceutical Services

Datwyler Sealing Solutions

SiO2 Materials Science
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PACKAGING EQUIPMENT
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COMPONENTS OF A VIAL SEAL
Stopper Flange

Crimp

Vial

Stopper
Aluminum 
Ferrule

Stopper Plug

Land Seal

Valve (Plug) Seal

Ring Seal

Vial Crown

Container–closure integrity is the ability of a package to prevent product loss, to block micro-
organism ingress, and to limit entry of detrimental gases or other substances, thus ensuring that the 
product meets all necessary safety and quality standards. Synonymous with Package integrity. (USP 
<1207>)
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CHALLENGES OF STABILITY, SAFETY AND EFFICACY, 
CONTAINER CLOSURE INTEGRITY AT DEEP COLD 
TEMPERATURES

In the past 5-6 years work has been done to answer the following questions:

• What happens to vial CCI during deep cold storage?

• How does vial seal tightness (RSF) correlate to maintaining CCI?
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Formulations potentially needing deep cold storage:
• Viral vaccines, gene therapy (vials stored at -65 to -85 ˚C )
• Cell Therapy (cryo tubes, bags at -120 to -150 ˚C )
• Of recent note are several of the Covid19 Vaccines in Development
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• At low temperature, maintaining CCI of a pharmaceutical vial depends 
critically on:
ü Vial / stopper / cap design and fit dimensions
ü Stopper compression (capping and crimping process <RSF>)
ü Temperature

o< glass transition temperature, Tg (rubber loses elasticity)
oDiffering material coefficients of expansion (interface gaps appear)

ü Sealing failures are temporary (reseal outside of cold storage)
REF: Container/Closure Integrity Testing and the Identification of a Suitable Vial/Stopper Combination for Low-Temperature Storage at -80 C
Brigitte Zuleger, Uwe Werner, Alexander Kort, Rene Glowienka, Engelbert Wehnes, Derek Duncan; PDA J Pharm Sci and Tech 2012, 66 453-465

Container Closure Integrity during deep cold storage-
What we know:
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CCI during deep cold storage:  What we know

• At very low temperatures the rubber 
stopper becomes brittle (glass transition).

• The rubber stopper also shrinks which can 
clearly be seen in x-ray tomography 
images.

• Image shows 8.5% shrinkage by volume at 
cryo conditions (blue line is form at RT). 
Glass shrinkage at these conditions is an 
order of magnitude less.

Ref. Photo courtesy of Cedric Gysel, Janssen
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REF [2]: Presentation ‘State of Packaging and Testing Technology:  Parenteral Cryo Solutions’
Chris Folta, Janssen, PDA Parenteral Packaging Conference, Rome, 28th of Feb. 2018

Physical effects of extreme low temperature
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• Air filled vial at 1 atm at room 
temperature

• On dry ice (-78 ˚C ), initial headspace 
condenses and creates under-pressure

• Stopper loses its elasticity under Tg and 
closure can be lost

• Cold dense CO2 from environment fills 
headspace

Initial 
headspace

1 atm

CO2
CO2

CO2
CO2

N2/O2

Leakage during cold storage: headspace gas exchange

Courtesy Lighthouse Instruments

16



11/20/20

9

• Warming to RT, stopper regains elasticity above Tg and 
reseals closure

CO2

CO2

• Cold dense CO2 gas is trapped inside, expands as 
temperature goes up, creating overpressure.

• Measurement of CO2 in headspace verifies leakage during 
storage on dry ice.

• Maintenance of CO2 overpressure verifies that the leak 
was temporary.

Vial is sealed outside of cold storage – traditional 
CCI tests will not detect these failures in CCI!

Leakage during cold storage: headspace gas exchange

Courtesy Lighthouse Instruments
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DISTRIBUTION 
CHALLENGES:
STORAGE AND 
TRANSPORT
NanoCool, now part of 
Pelican BioThermal

Temperature-
controlled packaging
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CHALLENGES GOING FORWARD

Lyophilization Technology

Developing formulations that will be freeze-dried.

Eliminates need for deep cold storage
Longer stability/shelf life

West Pharmaceutical Services

Prefilled Syringe and Transfer Device Technologies
SiO2 Materials Science

Innovations in primary packaging mater
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