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Pyrogen test:
Rabbit test (sham test)
• Render the syringes, needles, and glassware free from 

pyrogens by heating at 250°C for not less than 30 minutes 
or by other suitable method.

• Warm the product to be tested to 37°C ± 2°C.
• Inject into an ear vein of each of three rabbits 10 mL of 

the product per kilogram of body weight, completing each 
injection within 10 minutes of the start of administration. 

• Record the temperature at 30-minute intervals 1 to 3 
hours subsequent to the injection.
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Pyrogen test:
Rabbit test (sham test)
• If no rabbit shows an individual rise in temperature of 

0.5°C or more, the product meets the requirements for the 
absence of pyrogens.

• If any rabbit shows an individual temperature rise of 
0.5°C or more, continue the test using five other rabbits.

• If not more than three of the eight rabbits show individual 
rises in temperature of 0.5°C or more and if the sum of 
the eight individual maximum temperature rises does not 
exceed 3.3°C, the material under examination meets the 
requirements for the absence of pyrogens.
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Pyrogen test:
LAL test (Bacterial endotoxin test)
• An extract from the blood cells of the horseshoe crab

(Limulus polyphemus) contains an enzyme and protein 
system that coagulates in the presence of low levels of 
lipopolysaccharides. 

• This discovery led to the development of the Limulus 
amebocyte lysate (LAL) test for the presence of bacterial 
endotoxins. 

• The Bacterial Endotoxins Test, USP, uses LAL, and is 
considered generally more sensitive to endotoxin than the 
rabbit test. 

• The FDA has endorsed it as a replacement for the rabbit 
test, and it is used for a number of parenteral products. 
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THE INDUSTRIAL PREPARATION
OF PARENTERAL:  Solutions
• The solutions are usually filtered through a membrane 

until sparkling clear. 
• After filtration, the solution is transferred as rapidly as 

possible and with the least possible exposure into the final 
containers.

• The product is then sterilized, preferably by autoclaving, 
and samples of the finished product are tested for sterility 
and pyrogens.

• If sterilization by autoclaving is impractical because of the 
nature of the ingredients, the individual components of the 
preparation that are heat or moisture labile may be 
sterilized by other appropriate means and added 
aseptically to the sterilized solvent or solution of 
components that can be autoclaved.
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THE INDUSTRIAL PREPARATION
OF PARENTERAL:  Suspensions

• Suspensions of drugs for parenteral use may be prepared by 
reducing the drug to a very fine powder with a ball mill, micronizer, 
colloid mill, or other appropriate equipment and then suspending 
the material in a liquid in which it is insoluble.

• It is frequently necessary to sterilize separately the individual 
components of a suspension before combining them, as frequently 
the integrity of a suspension is destroyed by autoclaving. 

• Autoclaving of a parenteral suspension may alter the viscosity of 
the product, affecting the suspending ability of the vehicle, or 
change the particle size of the suspended particles, altering both 
pharmaceutical and therapeutic characteristics.

• If a suspension remains unaltered by autoclaving, this method is 
generally employed to sterilize the final product
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THE INDUSTRIAL PREPARATION
OF PARENTERAL:  Emulsions
•Because parenteral emulsions, which
are dispersions or suspensions of a
liquid throughout another liquid, are
generally destroyed by autoclaving, an
alternative method of sterilization must
be employed for this type of injectable
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THE INDUSTRIAL PREPARATION
OF PARENTERAL:  Dry powders
• Some injections are packaged as dry solids rather than in 

conjunction with a solvent or vehicle because the 
therapeutic agent is unstable in the presence of the liquid 
component. 

• These dry powders are packaged in the final container to 
be reconstituted, generally to a solution or less frequently 
a suspension. 

• The method of sterilization of the powder may be dry heat 
or another appropriate method. 

• Sometimes a liquid is packaged along with the dry powder 
for use at the time of reconstitution. 
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THE INDUSTRIAL PREPARATION
OF PARENTERAL:  Dry powders
• More frequently, the solvent or vehicle is not provided, but 

the label generally lists suitable solvents.
• Sodium chloride injection and sterile water for injection 

are perhaps most frequently employed to reconstitute dry-
packaged injections.

• The dry powders are packaged in containers large 
enough to permit proper shaking with the liquid. 

• To facilitate dissolution, the dry powder is prevented from 
caking upon standing by the appropriate means, including 
lyophilization. 

• Powders form a honeycomb lattice structure that is rapidly 
penetrated by the liquid, and solution is rapid because of 
the large surface area of powder exposed.
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Lyophilization
• Lyophilization or freeze 
drying: Freeze-drying 
works by freezing the 
material and then 
reducing the 
surrounding pressure
to allow the frozen 
water in the material to 
sublimate directly from 
the solid phase to the 
gas phase
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Lyophilization
• The advantages of lyophilization include:
- Ease of processing a liquid, which simplifies aseptic 

handling
- Enhanced stability of a dry powder
- Removal of water without excessive heating of the 

product
- Enhanced product stability in a dry state 
- Rapid and easy dissolution of reconstituted product
• Disadvantages of lyophilization include:
- Increased handling and processing time
- Need for sterile diluent upon reconstitution
- Cost and complexity of equipment
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Lyophilization
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PACKAGING, LABELING,
AND STORAGE OF INJECTIONS
• Containers for injections, including the closures,
• must not interact physically or chemically with the 

preparation so as to alter its strength or efficacy 
• If the container is made of glass, it must be clear and 

colorless or light amber to permit inspection of its 
contents. 

• The type of glass suitable for each parenteral preparation 
is usually stated in the individual monograph.
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Single-dose container
• Single-dose container: A hermetic 

container holding a quantity of sterile 
drug intended for parenteral 
administration as a single dose; when 
opened, it cannot be resealed with 
assurance that sterility has been 
maintained.
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Single-dose container
• ampules or single-dose vials. 
• Ampules are sealed by fusion of the glass container under 

aseptic conditions.
• The glass container is made so as to have a neck that may 

be easily separated from the body of the container without 
breaking the glass.

• After opening, the contents of the ampule should be 
withdrawn into a syringe with a 5-μm filter needle or straw 
apparatus. The filter needle is replaced with a regular needle. 

• If a filter needle is not available, withdrawal of glass can be 
minimized by holding the ampule upright, tilted slightly, when 
inserting the needle, and avoiding the outer surface of the 
neck of the ampule. The needle should not be lowered to the 
bottom of the ampule but held slightly above to avoid drawing 
glass into the syringe.
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Single-dose container

• Once opened, the 
ampule cannot be 
resealed and no unused 
portion may be retained 
and used later, as the 
contents would have lost 
sterility.

• Some injectable 
products are packaged 
in prefilled syringes, with 
or without special 
administration devices
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Single-dose container

• In addition, preparations 
intended for intraspinal, 
intracisternal, or peridural

• administration must be 
packaged only in single-
dose containers as a 
precaution against 
contamination.
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• The type of glass to be used for a particular injection is 
indicated in the individual monograph for that preparation.
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• Multiple-dose container: A hermetic container that permits 
withdrawal of successive portions of the contents without 
changing the strength, quality, or purity of the remaining 
portion.
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• One of the prime requisites of parenteral solutions is 
clarity. They should be sparkling clear and free of all 
particulate matter

• Such contaminants include dust, cloth fibers, glass 
fragments, material leached from the glass or plastic 
container or seal, and any other material that may find its 
way into the product during manufacture or administration 
or that develop during storage.
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• After the containers are filled and hermetically sealed, 
they are visually or automatically inspected for particulate 
matter. Usually, an inspector passes the filled container 
past a light source with a black background to observe for 
mobile particles. Particles of approximately 50 μm may be 
detected in this manner. 

• Having passed the inspection, the product may be 
labeled. However, the pharmacist should inspect each 
parenteral solution for evidence of particulate matter.
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Semi-automatic vs automatic particle matter 
inspection
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Multiple-dose container
• Multiple-dose containers are affixed with rubber closures 

to permit penetration of a hypodermic needle without 
removal or destruction of the closure. 

• Upon withdrawing the needle from the container, the 
closure reseals and protects the contents from airborne 
contamination.

• Non-latex closures are being developed and 
manufacturers will provide a list of their latex-free 
products.
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Multiple-dose container
• Unless otherwise indicated in the monograph, multiple-

dose injectables are required to contain antibacterial 
preservatives.

• Also, unless otherwise specified, multiple-dose containers 
are not permitted to allow withdrawal of more than 30 mL 
to limit the number of penetrations into the closure and 
thus protect against loss of sterility. 

• The usual multiple-dose container contains about 10 
usual doses of the injection, but the quantity may vary 
greatly with the individual preparation and manufacturer.
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• Because it is impossible 
in practice to transfer the 
entire volume of a single-
dose container or the last 
dose in a multiple-dose 
container into a 
hypodermic syringe, a 
slight excess in volume of 
the contents of ampules 
and vials over the labeled 
size or volume of the 
package is permitted.
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OTHER INJECTABLE PRODUCTS:
PELLETS OR IMPLANTS
• pellets or implants are sterile, small, usually cylindrical 

solid objects about 3.2 mm in diameter and 8 mm long, 
prepared by compression and intended to be implanted 
subcutaneously to provide continuous release of 
medication over time.

• The pellets, which are implanted under the skin (usually 
of the thigh or abdomen) with a special injector or by 
surgical incision, are used for potent hormones.

• Implantation provides the patient with an economical 
means of obtaining long-lasting effects (up to many 
months after a single implantation) and obviates frequent 
parenteral or oral hormone therapy.
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OTHER INJECTABLE PRODUCTS:
PELLETS OR IMPLANTS
• The implanted pellet, which may contain 100 times the 

amount of drug (e.g., desoxycorticosterone, estradiol, 
testosterone) given by other routes of administration, 
release the drug slowly into the general circulation.

• Pellets were formulated with no binders, diluents, or 
excipients, to permit total dissolution and absorption of the 
pellet from the site of implantation.

• Recently, a levonorgestrel implant contraceptive system 
was developed. Rather than dissolve entirely, the 
surgically implanted capsules are intended to be removed 
by surgery after an appropriate amount of time (up to 5 
years).
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PARENTERALS-II
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Containers and Closures
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Containers and Closures
• Ampoules, vials, syringes, cartridges, bottles, bags
• Ampoules are all glass
• Bags are all plastic
• The other containers can be composed of glass or plastic 

and must include rubber materials such as rubber 
stoppers for vials and bottles, and rubber plungers and 
seals for syringes and cartridges

• Irrigation solutions are packaged in glass bottles with 
aluminum screw caps 
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• Properties of container materials to be considered:
1. Leaching
2. Permeation
3. Adsorption
4. Integrity of container/closure
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Container Types
Glass
• Composed of silicone dioxide with varying amounts of 

other oxides (other oxides only loosely bound free to 
migrate)

• These migratory oxides may be leached into a solution in 
contact with the glass especially during increased 
reactivity of thermal sterilization

• The dissolved oxides may:
1. hydrolyze to raise the pH of the solution 
2. and catalyze or enter into reaction
• Some glass compounds attacked by solution and 

dislodges glass flakes into solution
• Such problems can be minimized by the selection of 

proper glass type
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Container Types
Glass
Types:
1. Types I: a borosilicate glass
2. Type II: a soda-lime treated glass
3. Type III: a soda-lime glass
4. NP: a soda lime glass not suitable for containers for 

parenterals
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http://www.americanpharmaceuticalreview.com/Featured-Articles/37187-
Parenteral-Products-Pharmacopeial-Control-of-Containers-Storage-and-
Distribution/
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• Type I glass  suitable for all products
• Type II glass  buffered solutions or has a  (pH < 7) 
• Type III glass  anhydrous liquids or dry substances
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Leachable/extractables
• If product is sensitive to ions (boron, sodium, calcium..)
• Presence of formulation components that can act as 

metal chelating agents (EDTA, citrate) 
• great care must be taken in selecting appropriate type of 

glass container
• These ions may interact with the product:
1. Reduce chemical stability
2. Induce formation of particulate
3. Alter pH of solution
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Delamination: glass particulate formation
• Caused by chemical attack on the glass matrix by the 

formulation solution 
• This results in weakening of the glass and dislodgement 

of flakes from the glass surface
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Adsorption
• Adsorption of drugs to 
contact surfaces and 
consequent loss of 
potency 

• Proteins, small drug 
products at low 
concentration

• Solution/container 
evaluation

• Stability studies

http://www.plastics.gl/packaging/viable-for-
vials/
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Cracks and scratches
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Physical characteristics
• Glass containers must be strong enough to withstand:
- The physical shocks of handling and shipping 
- the pressure differentials that develop, particularly during 

the autoclave sterilization cycle. 
- the thermal shock resulting from large temperature 

changes during processing, for example, when the hot 
bottle and contents are exposed to room air at the end of 
the sterilization cycle. 
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Physical characteristics
• Preparations that are light-
sensitive must be 
protected, by placing them 
in amber glass containers 

• amber color of the glass is 
imparted by the 
incorporation of potentially 
leachable heavy metals, 
mostly iron and 
manganese, which may 
act as catalysts for 
oxidative degradation 
reactions.

• Silicone coatings are 
sometimes applied to 
containers 
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Rubber closures
• vial is sealed with a rubber closure held in place by an 

aluminum cap
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Rubber closures
• The physical properties considered in the selection of closures 

include:
1. Elasticity: The elasticity is critical in establishing a seal with 

the lip and neck of a vial or other opening and in resealing 
after withdrawal of a hypodermic needle from a vial closure

2. Hardness: The hardness should provide firmness, but not 
excessive resistance to the insertion of a needle through the 
closure, 

3. tendency to fragment, and minimal fragmentation of pieces 
of rubber should occur as the hollow shaft of the needle is 
pushed through the closure

4. and permeability to vapor transfer: Although vapor transfer 
occurs to some degree with all rubber formulations, 
appropriate selection of ingredients makes it possible to 
control the degree of permeability
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Needles
• Needles are hollow devices composed of stainless steel or 

plastic. 
• Needles are available in a wide variety of lengths, sizes, and 

shapes. 
• Needle lengths range from 1/4 inch to 6 inches. 
• Needle size is referred to as its gauge (G), or the outside 

diameter (OD) of the needle shaft. 
• Gauge ranges are 11 to 32 G, 
• 16 G needles have an OD of 0.065 inches (1.65 mm), whereas 

32 G have an OD of 0.009 inches (0.20 mm). 
• Needle shape includes regular, short bevel, intradermal, and 

winged. 
• Needle shape is defined by one end of a needle enlarged to 

form a hub with a delivery device, such as a syringe, or other 
administration device. 

• The other end of the needle is beveled, meaning it forms a 
sharp tip to maximize ease of insertion.
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• Intravenous injections use 1–2 inch 15–25 G needles. 
Intramuscular injections use 1–2 inch 19–22 G needles. 

• Subcutaneous injections use 1/4–5/8 inch 24–25 G 
needles. 

• Needle gauge for children rarely is larger than 22 G, 
usually 25–27G. 

• Winged needles are used for intermittent heparin therapy. 
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• Needles are purchased either alone (e.g., Luer-Lok) to be 
attached to syringes, cartridges, and other delivery 
systems, 

• or, for syringes, can be part of the syringe set (stake 
needle).
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Filling
• Most frequently, the compounded product is in the form of 

a liquid. However, products are also compounded as 
dispersed systems (e.g., suspensions and emulsions) and 
as powders
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Filling
• Sterile solids, such as antibiotics, are more difficult to 

subdivide evenly into containers than are liquids:
1. The rate of flow of solid material is slow and often 

irregular.
2. Even though a container with a larger-diameter opening 

is used to facilitate filling, it is difficult to introduce the 
solid particles, and the risk of spillage is ever-present

3. The accuracy of the quantity delivered cannot be 
controlled, as well as with liquids. 

• Due to these factors, the tolerances permitted for the 
content of such containers must be relatively large.
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Filling
1. quantity filled into the container is weighed on a 

balance
2. measurement and delivery of a volume of the granular 

material that has been calibrated in terms of the weight 
desired.
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• aluminum caps:
1. Rubber closures are held in place by means of it
2. The caps cover the closure, crimped under the lip of the 

vial or bottle to hold them in place.
3. The closure cannot be removed without destroying the 

aluminum cap; it is tamperproof an intact aluminum 
cap is proof that the closure has not been removed 
intentionally or unintentionally. 
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Container-closure integrity test
• Container-closure integrity testing:  measures the ability of 

the seal between the glass or plastic container opening 
and the rubber closure to remain tight and fit and to resist 
any ingress of microbial contamination during product 
shelf life.

• Container-closure integrity test requirements are covered 
in USP <1207>
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Container-closure integrity test
• Ampoules that have been sealed by fusion must be 

subjected to a test to determine whether or not a 
passageway remains to the outside; if so, all or a part of 
the contents may leak to the outside and spoil the 
package, or micro-organisms or other contaminants may 
enter.
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Container-closure integrity test
• This test is usually 

performed by producing a 
negative pressure within 
completely sealed ampoule, 
while the ampoule is 
submerged entirely in a 
deeply colored dye solution. 

• Most often, approximately 
1% methylene blue solution 
is employed. 

• After carefully rinsing the 
dye solution from the 
outside, color from the dye 
will be visible within a leaker. 
Leakers, of course, are 
discarded
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