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CGui deline for the Determn nation
of Residual Misture in Dried

Bi ol ogi cal Products

I . Introduction

This guideline is issued under 21 CFR 10.90, and as such, it states principles
and practices of general applicability that are not |egal requirenents but are
acceptable to the Food and Drug Adnministration (FDA). A person may rely upon
this qguideline with the assurance of its acceptability to FDA, or may foll ow
di fferent procedures. When different procedures are chosen, a person nmay, but
is not required to, discuss the matter in advance with FDA to prevent the
expenditure of noney and effort on activity that may |ater be determined to be
unaccept abl e.

The guideline is issued concurrently with a final rule that anends the test for
residual noisture in dried biological products found in 21 CFR 610.13 of the

bi ol ogi cs regul ati ons. The guideline nay be revised and updated after the
agency reviews and eval uates coments submitted by interested persons.

Freeze-drying (lyophilization) has been used successfully for the preservation
and storage of many vaccines, mcrobial cultures and other |abile biologica
products. Certain biological preparations are |yophilized in order to maintain
integrity, potency and other properties of the product, when for that particular
product other nmethods of preservation, such as freezing alone or addition of a
preservative, have not been found to provide sufficient stability. Residua

noi sture has been the termused to describe the |low | evel of surface water
usually fromless than 1%to 5% remaining in a freeze-dried vaccine or other

bi ol ogi cal product after the bul k of the aqueous solvent has been renoved during
the freeze-drying (vacuum sublimation) process. Levels of residual noisture
shoul d be sufficiently | ow so that, where applicable, the viability, immunol ogic
potency and integrity of the product are not conprom sed over tine. However,

| evel s of residual noisture for certain products should not be so low that the
properties of the product, i.e., viability, are conprom sed by overdrying
(Geiff and Rightsel, Applied Mcrobiology, 16, 835-840, 1968). Overdryi ng may
cause living cells to lose viability, cause the tertiary nolecular structure of
conplex proteins to be altered with subsequent |oss of activity, or renove

nmonol ayers of water from active sites on nol ecul es which then can react with
traces of oxygen and thus degrade. Each product needs to be evaluated on a case
by case basis to determ ne the optimumresidual npoisture |evel.

Exanpl es of freeze-dried biological products include Antihenophilic Factor
(Human), Measles Virus Vaccine Live, Streptokinase, Alfa Interferon, Typhoid
Vacci ne, Meni ngococcal Pol ysacchari de Vaccine Groups A and C Conbi ned, and Wasp
Venom Al | ergeni ¢ Extract.

In practice, the freeze-dried product contains not only the freeze-dried
bi ol ogic material, for exanple, attenuated neasles virus in Measles Virus



Vacci ne Live, but other residuals of the manufacture of the product such as
medi a, buffer and any vehicle such as |actose, sucrose or sorbitol that has
been added to the product to facilitate the freeze-drying process and cake
formation, and to preserve the product's activity. Freeze-dried biologica
products may be heterogeneous m xtures that contain a m xture of proteins,

pol ysaccharides, inorganic salts, water and other material. The water
retention properties and types of water present nmay be different for each
product. The different types of water have been referred to as bound, surface
and trapped water with many other variations defined and alternate terns used.
The term "noisture content"” of the sanple may represent water in different
states because of its different physical and chem cal interactions with the

mat eri al and al so because of the geonetric configuration of the space it may
occupy. Because of the different types of water that nay exist in a freeze-
dri ed biological product, different noisture results nay be found when different
nmet hods are used for the determ nation of the npisture content of the sanple.

Freeze-dried preparations are usually packaged in flane seal ed gl ass anpoul es or
gl ass containers with rubber closures. These preparations are usually seal ed
under vacuum or nitrogen

Il. Testing Procedures; Results; Standards for Determ ning Residual Misture

A. Testing Procedures

As specified in 21 CFR 610. 13 of the biologics regulations, each |lot of dried
product shall be tested for residual noisture and shall neet and not exceed
established limts as specified by an approved nethod on file in the product
license application. As also specified in 21 CFR 610.13 the test for residua
noi sture may be exenpted by the Director, Center for Biologics Evaluation and
Research, when deened not necessary for the continued safety, purity and potency
of the product.

The contents of the freeze-dried final container of the biological product
shoul d be tested for residual mpisture. The test nethods that have been used
and approved are the follow ng:

1. Gravinetric Method (Loss on Drying)

The gravinmetric or loss on drying test for residual noisture (Code of Federa
Regul ations, 21 CFR 610.13 (a), p. 52. U.S. Government Printing Ofice:

Washi ngton, D.C. , 1988; May, Wheeler and Gim Cryobi ol ogy, 26,277-284,
1989) in freeze-dried biological products neasures the maxi mum | oss in weight of
a wei ghed sanple equilibrated to constant wei ght over anhydrous phosphorus

pent oxi de at a pressure of not nore than 1 nm of nercury and a tenperature of 20
°Cto 30 °C for as long as it has been established is sufficient to result in a
constant weight. The optinum sanple size is 200 nmilligrans and is obtained
fromthe contents of one or a pool of several final containers, dependi ng upon
t he amount of sanple per original sanple. Sanples are prepared for analysis in a
low humidity glove box. The test is performed in a tenmperature and hum dity
controlled environnment to prevent anmbient humidity frominterfering in the test
procedure.



Experi mental evidence indicates that this gravinetric method nmeasures surface
nmoi sture and | oosely bound water of hydration (May, et.al., Journal of

Bi ol ogi cal Standardi zation, 10, 249-259, 1982). Surface npoisture is the

cl assical definition of residual noisture.

Alternate nmethods to the gravinmetric method have been approved for the
det erm nati on of residual noisture.

2. Karl Fischer Methodol ogy

The Karl Fischer nmethod for mpisture determ nation is one nethod that has been
approved for the assay of sone biologics. Ilodine together with pyridine, sulfur
di oxi de and nmethanol formthe Karl Fischer reagent which reacts quantitatively
with water.

There are several traditional approaches to the use of the Karl Fischer reagent
for the determnination of noisture.

If sanple size is | arge enough (approximately 40 nmg), a sanple dissolved in

met hanol nmay be titrated to a visual endpoint with Karl Fischer reagent by using
a burette (United States Pharmacopoeia XXl I/National Formulary XVII, 22th
rev., p. 1619, Mack Publishing Co.: Easton, Pennsylvania, 1989).

Various el ectrochem cal nethods have been devised that conmbine titration with a
burette with electronmetric endpoint detection. An anperonetric instrunment

i ntroduced by Werni nont and Hopki nson (I nd. Eng. Chem, Analytical Ed., 15, 272-
274, 1943 ) autotitrates the sanple until an excess of iodine is sensed by the
pol ari zed el ectrodes and a "dead-stop” endpoint detection concludes the
titration. Wth residual noisture values in biological products ranging from

|l ess than 1% to 5% approximately 40 milligrans of a freeze-dried sanple is
required for titration using this type of instrunentation

I nstrunents using coulonetry elimnate the burette. lodine is generated
coulonetrically to react with the water in the added sanple in the presence of
pyridi ne, sulfur dioxide and nmethanol in the reaction vessel (Meyer and Boyd,
Anal ytical Chem, 31, 215-219, 1959). The ability of the coul onetric Karl

Fi scher method to nmeasure residual mpisture in about 10 milligranms of a freeze-
dried biological sample nmakes it the nost practical Karl Fischer method for the
determ nati on of residual noisture in freeze-dried biological products in single
dose final containers (May, et al., Journal of Biological Standardization, 10,
249-259, 1982). Manufacturers of Karl Fischer instrunents are also providing a
heating unit accessory in which the sanple is heated and the npisture given-ff
is carried by a gas fromthe sanple and into the Karl Fischer vessel solution
for titration. Care nust be taken that the sanple is not heated excessively as
the deconposition of the sanple also yields water and this would give a falsely
hi gh value for noisture content.

Speci al sanpl e handling procedures should be enployed. Sanples seal ed under
vacuum shoul d be opened to atnospheric pressure in a dry box before being
wei ghed. Failure to release the vacuum woul d cause a fal se wei ght due to
buoyancy when the vial or anpoul e contains vacuuminstead of air. Errors as
large as 46 milligrams have been encountered in determining the weight of the
final container plus sanple when the vacuum was not released in a 50 nL via
bef ore wei ghi ng.



The Karl Fischer apparatus should be enclosed in a dry box or other apparatus to
prevent contam nation of the sanple and reagents by noisture in the surrounding
air. Phosphorus pentoxide is used as a desiccant in the box. A smal |
hygroneter is used to nonitor the humdity within the dry box.

In one alternate technique to using a dry box to mnimze interference from
anmbi ent humdity, a known anmobunt of anhydrous nethanol is added with a syringe
to the freeze-dried biological product in a final container. The nethano
shoul d di ssol ve the sanple. Known anounts of sanple and net hanol are withdrawn
and added to the Karl Fischer titration vessel for noisture deternination. The
noi sture content of the anhydrous nethanol is determined as the blank. After
t he weight of sanple in the final container is determ ned, the percent noisture
in the biological product is calcul ated.

In another alternate technique "pyridine free" Karl Fischer reagent is used

i nstead of the Karl Fischer reagent that contains pyridine. In the "pyridine
free" reagent another amine is substituted for pyridine. This type of reagent is
specified when it is used as part of a Karl Fischer alternate procedure.

Freeze-dried biol ogical products cannot be analyzed by the Karl Fischer
met hodol ogy when:

a.) materials that interfere with the Karl Fischer reagents, such as substances
that bind iodine, are present in the matrix of the biological product, or

b.) the sanple does not adequately dissolve in the Karl Fischer reagent,
met hanol or other sol vent or

c.) the sanple nmoisture does not adequately extract into these solvents.

O her met hods nust be used to determ ne residual npisture in such biologica
products.

3. Thernogravi netry and Thernogravi netry/ Mass Spectronetry

Thermogravi metry (TG has al so been applied to the determ nation of residua

noi sture in freeze-dried biological products (May, et. al., Journal of

Bi ol ogi cal Standardi zation, 10, 249-259, 1982). The thernogravinetric method
measures both surface and bound noisture in freeze-dried biol ogical products.
It is applied to the determi nation of nmoisture in sanples that are small and
bel ow the sanple sizes required for the gravinmetric (200 ng) and Karl Fischer
(approximately 10 ng) nethods. The TG nethod can deternine the noisture content
in freeze-dried sanples as small as two nmilligrans. TG nmethodology is used at
the Center for Biologics Evaluation and Research as a second nethod to confirm
Karl Fischer test results for freeze-dried products that have been tested
especially when the Karl Fischer test results indicate that the sanple has a
failing noisture content.

Typically, the TG balance is enclosed in a Plexiglas™ dry box which contains
phosphorus pentoxide to maintain a low humidity. The humidity is nonitored by a
portabl e hygroneter. The sanple, balance parts and furnace are nmni pul ated
within the dry box with the use of flexible rubber gloves. For this procedure,
the el ectrobal ance nmust first be nodified to prevent charge buil dup from
interfering with bal ance operation during analysis within the low hum dity gl ove
box. The quartz tube surrounding the sanple pan and the Pyrex tube surrounding
the counter weights are painted with gold paint. Wres connect the gold |ayer



to the electrical ground of the TG bal ance. Residual noisture is cal cul ated
fromthe weight-loss profile thermogramor fromisothermal TG data

TG transitions attributed to residual noisture are verified for sanples with
conpl ex thernmogranms by thernogravi metry/ mass spectronetry (TG MS). The

conbi nation of thernogravinetry and mass spectronetry has proven to be effective
by providing precise TG heating conditions and wei ght | oss information al ong
with mass spectral identification of volatiles evolved during the weight | oss
process. Mass spectra are taken of the TG of f-gases continuously while the
wei ght loss and rate of weight loss (differential thernmogram i.e., DTG scans
are recorded. The ion intensities of mass peaks 18 and 44 are monitored to show
t he changes in the amounts of water and carbon dioxide in the TG of f-gases.

When superinposed on the respective TG data, the mass spectral ion intensities
verify the transition caused by moisture in the freeze-dried sanple by
differentiating between the water content of the sanple and the water evol ved
fromthermal deconposition of the sanple, which coincides with the evolution of
carbon di oxi de (May, Wheeler, and Del Grosso, In : Conpositional Analysis by
Ther nogravi metry, American Society for Testing and Materials Special Technica
Publ i cation #997, pp. 48-55, C. M Earnest, Ed., Anmerican Society for Testing
and Materials: Philadel phia, 1988).

4. Other Alternate Methodol ogies

Techni ques i nvolving gas chromatography and the Moisture Evol ution Anal yzer
(Jewel |, Workman and Zel ezni ck, Devel opnents in Biological Standardization, 36,
pp. 181-189, S. Karger: Basel, 1977) as well as several variations of the
gravinetric or loss on drying nethod, for exanple, those involving different
times or tenperatures, have been approved for use as alternate nmethods for the
determination of residual noisture in freeze-dried biological products. These
nmet hods are not discussed in great detail because they are used |ess frequently
than the previous three nethods.

B. Results; Standards to be Met

For most products levels of residual noisture should be Iow, usually fromless
than 1.0 percent to 3.0 percent, so that the viability, inmunol ogic potency and
therefore the stability of the product is not conprom sed over tine. However,
for certain products it can be denonstrated that |evels of residual noisture
shoul d not be so low that viability or other characteristics are conprom sed by
overdryi ng. For certain products the residual noisture should not be so | ow
that living cells lose viability, that the tertiary structure of conplex
proteins is inpaired with subsequent |oss of activity, or nonol ayers of water
are renoved from active sites on nol ecul es which then can react with traces of
oxygen and degrade.

The gravinetric method nost accurately neasures the surface noisture of the
freeze-dried product, the original definition of residual noisture. The
gravinetric method will also neasure sone | oosely bound water of hydration

The general reconmendation for nost products is that the residual npisture
shoul d not exceed 1.0 percent by the gravinmetric nethod.

Typi cal exceptions to the 1.0 percent recomendati on by the gravinmetric nethod
are that the residual noisture content should not exceed:

1.) 1.5 percent for BCG vaccine



2.) 2.0 percent for Measles Virus Vaccine Live, Rubella Virus Vaccine Live
and Anti henophilic Factor (Human)

3.) 3.0 percent for Thronbin and Streptokinase, and

4.) 4.5 percent for Antibody to Hepatitis B Surface Antigen for the Reversed
Passi ve Hemmggl uti nati on Test.

The Karl Fischer nethod measures surface noisture and nost types of bound
wat er .

For some products this neans that the Karl Fischer nmethod will neasure nore
noi sture than the gravinetric nethod.

Typi cal exceptions to the 1.0 percent limt by the Karl Fischer nethod are that
the residual noisture content and other volatile substances

1. should not exceed 3.0 percent for one manufacturer's Measles Virus Vacci ne
Live, Alfa Interferon, Rabies Vaccine, and

2. should not exceed 4.0 percent for one manufacturer's Asparagi nase.

Limts other than 1.0 percent are set for residual noisture and other volatile
subst ances when;

1. adequate stability data for the product are subnmitted that denonstrate that
the safety, purity and potency of the product is maintai ned throughout the
product's dating period at the alternate noisture limt, or

2. data are submtted conparing residual noisture results by the gravinetric
nmet hod, already established for the product, to higher or |ower residua

noi sture results obtained by a nethod other than the gravinetric nmethod in
accordance with 21 CFR 610.9, Equival ent Methods and Processes.

One freeze-dried product, Linulus Amebocyte Lysate, which is not an injectable
bi ol ogi cal product, has been exenpted fromthe noisture regulati on when the
anount of sanple in the final container is less than 3 nmilligrans. In this
case, a potency test nust be done every four nonths throughout the dating period
and subnitted to the Director, Center for Biologics Evaluation and Research

This exenption is provided for in the regulations for Linulus Arebocyte Lysate,
21 CFR 660.103 (g)(2)(i).

During validation studies for each product and changes such as vial size

manuf acturers should test several sanples from each shelf in the |yophilizer and
several positions on each shelf to determne that the lot neets the residua

noi sture specification for the product.



