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limitations throughout processing for the primary purpose of preventing the increase of endo-
toxin (and microbial) contamination that subsequently cannot be destroyed or removed.

Pyrogens can be destroyed by heating at high temperatures. A typical procedure for
depyrogenation of glassware and equipment is maintaining a dry-heat temperature of 250◦C
for 45 minutes. Exposure for 650◦C for one minute or 180◦C for four hours likewise will destroy
pyrogens. The usual autoclaving cycle will not do so. Heating with strong alkali or oxidizing
solutions will destroy pyrogens. It has been claimed that thorough washing with detergent will
render glassware pyrogen free if subsequently rinsed thoroughly with pyrogen-free water. Rub-
ber stoppers cannot withstand pyrogen-destructive temperatures, so reliance must be placed on
an effective sequence of washing, thorough rinsing with WFI, prompt sterilization, and protec-
tive storage to ensure adequate pyrogen control. Similarly, plastic containers and devices must
be protected from pyrogenic contamination during manufacture and storage, since known ways
of destroying pyrogens affect the plastic adversely. It has been reported that anion-exchange
resins and positively charged membrane filters will remove pyrogens from water. Also, although
reverse osmosis membranes will eliminate them, the most reliable method for their elimination
from water is distillation.

A method that has been used for the removal of pyrogens from solutions is adsorp-
tion on adsorptive agents. However, since the adsorption phenomenon also may cause selec-
tive removal of chemical substances from the solution, this method has limited application.
Other in-process methods for their destruction or elimination include selective extraction pro-
cedures and careful heating with dilute alkali, dilute acid, or mild oxidizing agents. In each
instance, the method must be studied thoroughly to be sure it will not have an adverse
effect on the constituents of the product. Although ultrafiltration now makes possible pyrogen
separation on a molecular-weight basis and the process of tangential flow is making large-
scale processing more practical, use of this technology is limited, except in biotechnological
processing.

Sources
By understanding the means through which pyrogens may contaminate parenteral products,
their control becomes more achievable. Therefore, it is important to know that water is prob-
ably the greatest potential source of pyrogenic contamination, since water is essential for the
growth of microorganisms and frequently contaminated with gram-negative organisms. When
microorganisms metabolize, pyrogens will be produced. Therefore, raw water can be expected
to be pyrogenic and only when it is appropriately treated to render it free from pyrogens, such
as WFI, should it be used for compounding the product or rinsing product contact surfaces
such as tubing, mixing vessels, and rubber closures. Even when such rinsed equipment and
supplies are left wet and improperly exposed to the environment, there is a high risk that they
will become pyrogenic. Although proper distillation will provide pyrogen-free water, storage
conditions must be such that microorganisms are not introduced and subsequent growth is
prevented.

Other potential sources of contamination are containers and equipment. Pyrogenic materi-
als adhere strongly to glass and other surfaces, especially rubber closures. Residues of solutions
in used equipment often become bacterial cultures, with subsequent pyrogenic contamina-
tion. Since drying does not destroy pyrogens, they may remain in equipment for long periods.
Adequate washing will reduce contamination and subsequent dry-heat treatment can render
contaminated equipment suitable for use. However, all such processes must be validated to
ensure their effectiveness. Aseptic processing guidelines require validation of the depyrogena-
tion process by demonstrating at least 3-log reduction in an applied endotoxin challenge.

Solutes may be a source of pyrogens. For example, the manufacturing of bulk chemicals
may involve the use of pyrogenic water for process steps such as crystallization, precipitation,
or washing. Bulk drug substances derived from cell culture fermentation will almost certainly
be heavily pyrogenic. Therefore, all lots of solutes used to prepare parenteral products should
be tested to ensure that they will not contribute unacceptable quantities of endotoxin to the
finished product. It is standard practice today to establish valid endotoxin limits on active
pharmaceutical ingredients and most solute additives.




