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of the amount added and which is not exceeded. An cxample of
such a label statement is “___ {unit) added as preservative.”
[NoTE—"_— (unit)” would be a number followed by the unit
of measurement, e.g., 0.015 mg per mL or 0.1%.]

The most commonly uscd agents include the two mercurials,
phenylmercuric nitrate and thimerosal, the four homologous es-
ters of p-hydroxybenzoic acid, phenol, benzyl alcohol, and chlo-
robutanol. The methods for the first two named arc polaro-
graphic, while quantitative gas chromatography is employed in
the determination of the other agents.

GENERAL GAS CHROMATOGRAPHIC
METHOD

~ The general procedure set forth in the fo]lowing paragraphs is
applicable to the quantitative determination of benzyl alcohol,
chlorobutanol, phenol, and the methyl, ethyl, propyl, and butyl
csters of p- benzoic acid, the latter being treated as a
group, the individual members of which, if present, are capable
of separate determination. Prepare the Internal Standard So-
Iution and the Standard Preparation for each n.fent as directed
individually below. Unless otherwise directed below, prepare the
Test Preparation from accurately measured portions of the In-
ternal Standard Solution and the sample under test, of such size
that the concentration of the agent and the composition of the
solvent correspond closely to the concentration and composition
of the Standard Preparation. Suggested operating parameters
of the gas chromatograph a tus are given in the accompa-
nying table, the carrier gas being helium or nitrogen, and the
detector being the flame-ionization type.

Benzyl Alcohol

Internal Standard Solution—Dissolve about 380 mg of phenal
in 10 mi of methanol contained in u 20G-mi volumetric flask.
Add water to volume, and mix.

Standard Preparation—Dissolve about 180 mg of benzyl al-
cohol, acourately weighed, in 20.0 mL of methanol contained in
a 100-mL volumetric flask. Add Imternal Standard Solution to
volume, and mix.

Pracedure—Using S-uL. portions of the Standard Preparation
and the Test Preparation, record their gas chromatograms with
the apparatus adjusted to the parameters set forth in the accom-
pan:]fg!g table. Measure the areas under the peaks fer benzyl
aleohol and phenol of the chromatogram for the Standard Pre,
aration, designating them P; and P,, respectively. Similarly,
termine the corresponding values p, p; for the Test Prepa-
ration. Calculate the content, in mﬁ,per mL, of benzyl alcohol
(C7H350) in the specimen taken by the formula:

100(C/ V)1 /p2X P2/ Py),

in which C is the concentration, in mg per mL, of benzyl alcohol
in the Standard Preparation, and V is the volume, in mL, of the
specimen under test used in preparing each 100 mL of the Tes!
Preparation.

Chlorobutanol

Internal Standard Solution—Dissolve about 130 mg of benz-
aldehyde in 5§ mL of methanol contained in a 100-mL volumetric
flask. Add water to volume, and mix. :

Standard Preparation—Dissolve about 500 mg of anhydrous
chlorobutanol, accurately weighed, in 5 mL of methanol con-
tained in a 100-mL volumetric tlask. Add water to voiume, and
wi. Pipet 2 mL of (his solution and 2 mL of the Internal Stan-
dard Solution into a 50-mL volumetric flask, add dilute methanol
(1 in 20) to volume, and mix.

Procedure—Using 5-uL portions of the Standard Preparation
and the Test Preparation, record their gas chromatograms with
the apparatus atg}.lstcd to the parameters set forth in the accom-
panying table. Measure the areas under the peaks for chloro-
hnmui and benzaldehyde of the chromatogram for the Standard
Preparation, designating them P, and P,, respectively. Similarly,
determine the correspo: values p, and p, for the Test Prep-
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Suggested Operating Parameters of Gas

Chromatograph Apparatus
Column Flow
- Packing Rate, Column
_Column Size  phases and mL per Temper-
Agent  Length  ID Support min. ature
Benzyl 1.8m 3 mm 5 percent 50 140°
Alcohal G16/81
Chlorobu- 1.2m 3 mm 5 percent 40 110°
tanol G16/S1
Phenol 1.2m 3 mm S percent 50 145°
G16/S1
Parabens 1.8 m 2mm 5 percent 20 150°
G2/si

aration, Calculate the content, in mg per mL, of chlorobutanol
{C4H;CI150) in the specimen taken by the formula:

100(C/ V)21 /p2)(P/ Py),

in which C'is the concentration, in mg per mL, of chlorebutanol

in the Standard Preparation, and V ig the volume, in mL, of the

ﬁecimcn under test used in preparing each 100 mL of the Test
eparalion.

Phenol

Internal Standard Solution—Pipet 1 mL of benzyl alcohol into
a 500-mL volumetric flask, add methanol to volume, and mix,

Standard Preparation—Dissclve about 75 mg of phenol, ac-
curately weighed, in 7.5 mL of methanol contained in 2 100-mL
volumetric flask. Add 20.0 mL of fniernal Standard Solution,
then add water to volume, and mix.

Procedure—Using 3-uL. portions of the Standard Preparation
and the Test Preparation, record their gas chromatograms with
the apparatus adjusted to the parameters set forth in the avcun-
panying table. Mecasure the areas under the peaks for phenol
and benzyl alcohol of the chromatogram for the Standard Pre,
araﬁan,zguignating them P, and P,, respectively. Similarly,
termine the corresponding values p; and p, for the Test Prepa-
ration. Calculate the content, in mg per mL, of phenol (CsHs0)
in cach mL of the specimen taken by the formula:

100(C/ ¥)p1/p2) P2/ P1),

in which C is the concentration, in mg per mL, of phenol in the
Standard Preparation, and V is the volume, in mL, of the .?_co-
imen under test used in preparing each 100 mL of the Test
Preparation.

Methylparaben and Propylparaben

Internal Standard Solutiom—Place about 200 mg of benzo-
phenone in a 250-mL volumetric flask, add ether to volume, and
mix.

Standard Preparation—Place 100 mg of meilg‘lpnmben and
10 mg of propyll}?arabcn. each accurately wei , in a 200-mL
volumetric flask, add Internal Standard Solution 10 volume, and
mix. Place 10 mL of this solution in a 25-mL conical flask, and
proceed as directed under Test Preparation, beginning with “Add
3 mL of pyridine.”

Test Preparation—Pipet 10 mL of the specimen under test and
10 mL of the Internal Standard Solution into a small separator.
Shake vigorously, allow the layers to separate, draw off the aqueous
layer into 2 second separator, and transfer the cther layer into a
small flask through 2 funnel containing anhydrous sodium sulfate.
Extract the aqueous layer with iwo 10-mL dportimm uf ether, ulso
filtering the extzacts through the anhydrous sodium sulfate.
Evaporate the combined extracts under a stream of dry air until
the volume is reduced (o about 10 mL, then transfer the residue
to a 25-mL conical flask. Add 3 mL of pyridine, complete the
evaporation of the ether, and boil on a hot plate wntil the volume
is reduced to about 1 mL. Cool, and add 1.0 mL of a suitable
silylation agent, such as hexamethyldisilazane to which has been
added trimethylchlorosilane, bis(trimethylsilyl)acetamide, or
bis(trimethylsilyDtrifluoroacetamide. Mix, and allow to stand for
not less than 15 minutes.
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Procedure—Using a 2-uL portion of the silanized solution from
the Standard Preparation, record the gas chromatogram with the
apparatus adjusted to the parameters sct forth in the accompa-
nying table. Measure the areas under the for methylpar-
aben, propylparaben, and benzophenone, designating them Py,
P,, and Py, respectively. Similarly, measure the correspondin,
areas for the siﬁm’zcd solution from the Test Preparation, des-
ignating them p;, ps, and ps, respectively. Calculate the content,
in gg per mL, of methylparaben (CyHgO3) in the sample under
test by the formula:

10(Car/ )1/ 23X P3/ ),

in which Cyyis the concentration, in ug per mL, of methylparaben

in the Standard Preparation, and V is the volume, in mL, of the

s;[accimen taken, Similarly, calculate the content, in pg per mL,

? prolpaylpamben (C10H,20;) in the specimen under test by the
ormula:

10(Cp/ V){(p2/ p3)(P3/Py),

in which Cp is the concentration, in ug per mL, of propylparaben
in the Standard Preparation.

Ethylparaben and Butylparaben may be determined in a sim-
ilar manner.

POLAROGRAPHIC METHOD

Phenylmercuric Nitrate

Standard Preparation—Dissolve about 100 mg of phenylmer-
curic nitrate, accurately weighed, in sodium hydroxide solution
(1 in 250) contained in & 1000-mL volumetric flask, warming if
necessary to effect solvtion, add the sodium hydroxide solution
to volume, and mix. Pipet 10 mL of this solution into a 25-mL
volumetric flask, and proceed as directed under Test Preparation,
il)%gﬁ’l‘ﬁng with “add 2 mL of potassium nitrate solution (1 in

Test Preparation—Pipet 10 mL of the specimen under test into
a 25-mL volumetric flask, add 2 mL of potassium nitrate solution
{1 in 100) and 10 mL of pH 9.2 alkaline borate buffer {see under
Buffer Solutions in the section, Reagents, Indicators, and So-
lutions), and adjust to 2 pH of 9.2, if necessary, by the addition
of 2 N nitric acid. Add 1.5 mL of freshl: rrcpamd gelatin so-
lution (1 in 1000), then add the pH 9.2 ine borate buffer to
volume, and mix.

Procedure—Pipet a portion of the Test Preparation into the
polarographic cell, and deaerate by bubbling nitrogen through
the solution for 15 minutes. Insert the dropping mercury elec-
trode of a suitable polarograph (sec Po!arog?:;ghy (801?), and
record the polarogram frem —0.6 to —1.5 volts versus the sat-
urated calomel electrode. Determine the diffusion current of the
Test Preparation, (i)y, as the difference between the residual
current and the limiting current. Similarly and concomitantly
determine the diffusion current, (fy)s, of the Standard Prepa-
ration. Calculate the quaatity, in g, of phenylmercuric nitrate
(CgH;HgNO,) in each mL of the specimen taken by the formula:

2.5C[Gdo/ (s,

in which C is the cencentration, in gg per mL, of phenylmercuric
nitrate in the Standard Preparation.

Thimerosal

. Standard ion—On the day of use, place about 25 mg
of thimerosal, accurately weighed, in a 250-mL voiumetric flask,
add water to volume, and mix. Protect from light. Pipet 15 mL
of this solutior into a2 25-mL volumetric flask, add 1.5 mL of
gelatin solution (1 in 1000), then add potassium nitrate solution
(1 in 100) to volume, and mix.

Test Preparation—Pipet 15 mL of the test specimen into a 25-
mL volumetric flask, add 1.5 mL of gelatin sorution (1 in 1000),
add potassium nitrate solution (1 in 100) to volume, and mix.

Procedure—Transfer a portion of the Test Preparation to a
polarographic cell, and deaerate by bubbling nitregen through
the solution for 15 minutes. Inser( the dropping mercary elec-
trode of a suitable polarograph (scc Polarography (801}), and
record the polarogram from —0.2 to —1.4 valts versus the sat-
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urated calomel electrode. Determine the diffusion current, ()78
as the difference between the residual current and the limiting
current. Similarig and concomitantly determine the diffusion
current, (fg)s, of the Standard Preparation. Calculate the quan-
tity, in ug, of thimerosal (CgHoHgNaO,8) in each mL of the test
specimen taken by the formula:

L667CIGau/ (sl

in which C is the concentration, in pg per ml, of thimercsal in
the Standard Preparation.

(351) ASSAY FOR STEROIDS

The following procedure is applicable for determination of those
Pharmacopeial sterpids that possess reducing functional groups
such as a-ketols.

Standard Preparation—Dissolve in alcohol a suitable quantity
of the USP Reference Standard specified in the individual mono-
aph, afrcviously dried under the conditions specified in the in-
ividual monograph and accurately weighed, and diluté quanti-
tatively and stepwise with alcohol to obtain a solution having a
concentration of about 10 gg per mL. Pipet 20 mL of this salution
inte a glass-stoppered, 50-mL conical flask.

Assay Preparation—Prepare as directed in the individual
monograph. o _ :

Procedure—To each of the two flasks containing the Assay
Preparation and the Standard Preparation, respectively, 2nd to
a similar flask containing 20.0 mL of alcohol toserve as tge blank,
add 2.0 mL of a solution prepared by dissolving 50 mg of blue
tetrazolium in 10 mL of methanol, and mix. Then to each flask
add 2.0 mL of a mixture of alcohol and tetramethylammonium
hydroxide TS (9:1), mix, and allow to stand in the dark for 90
minutes. Without delay, concomitantly determine the absorb-
ances of the solutions from the Assgy Preparation.znd the Stan-
dard Preparation at about 525 nm, with a suitable ts!?ectmpho-
tometer, against the blank, Caleulate the result by the formuia
given in the individual monograph, in which C is the concentra-
tion, in pug per mE, of the Reference Standard in the Stendard
Preparation, and Ay and Ag are the absorbances of the solutions
from the Asray Freparation and the Standard Preparation, re-
spectively.

(361) BARBITURATE ASSAY

Internal Standard, Internal Standard Solution, Standard
Preparation, and Assay Preparation—Prepare as dirccted in the
individual monograph. -

Chromatographic System—Under typical conditions, the gas
chromatograph is equipped with a flame-ionization detector and
contains a 0.9-m X 4-mm glass column packed with 3 percent
liquid phase G10 con support 80- to 100-mesh S1A. The column
is maintained at a temperature of 200 + 10°, and the injection
port and detector are maintained at about 225°, the column tem-
perature being varied within the designated tolerance, as neces-
sary, to meet System Suitability specifications and provide suit-
able retention times. Use & suitable carrier gas, such as dry
nitrogen, at an appropriate flow rate, such as 60 to 80 mL per
minute. Use on-column injection. [NOTE—IF the instrument is
not equipped for on-column injection, use an injection port lined
with glass that has been washed successively with chromic acid
cleansing solution, water, methanol, chloroform, a 1 in 10 soletion
of trimethylchlorosilane in chloroform, and chloroform.]

System Suitability (see Chromatography (621))}—Chromato-
graph five replicate injections of the Siandard Preparation, and
record peak s as directed under Procedure. The relative
standard deviation for the ratio Ry is not more than 1.5%. Ina
suitable chromatogram, the resolution, R, between the barbituric
acid and the Internal Standard is not less than the value given
in the individual monograph, and the tailing factor, 7T, for each
of ihe two peaks is not more than 2.0 g

Procedure—Inject a suitable portion (about 5 gL} of the Stan-
dard Preparation into a suiiable gas chromatograph, and record
the chromatogram. Similarly inject a suitable portion of the As-
say Preparation, and record the chromatogram, Calculate the
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content of the barbiturate or barbituric acid in the assay spccimen
by the formula given in the individual iph, in which

is the ratio of the peak response of the barbituric acid to that
the Internal Standard obtained for the Assay Preparation, Os is
the ratio of the weight of the barbituric acid to that of the internal
Standard in the Standard Preparation, C; is the concentration,
in mg per mL, of Internal Standard in the Internal Standard
Solution, and Ry is the ratio of the peak response of the barbituric
acid to that of the Internal Standard in the Standard Prepa-
ration.

(371) COBALAMIN
RADIOTRACER ASSAY

All radioactive determinations required by this method should
be made with a suitable counting assembly over a period of time
optimal for the particuler counting assembly used. All proce-
dures should be performed in replicate to obtain the greatest
accuracy.

Reference Standard—USP Cyanocobalamin Reference Stan-
dard—Dry over silica gel for 4 hours before using.

Cyanocobalamin Tracer Reagent—Dilute an accuratcly mea-
sured volume of a sclution of radioactive cyanocobalamin* with
water to yield a solution having a radioactivity between 500 and
5000 counts per minute per mL.. Add 1 drop of cresol per liter
of solution prepared, and store in a refrigerator.

Standardization—Prepare a solution of a weighed quantity of
USP Cyanocobalamin RS in water to contain 20 to 50 ug per
mL. Perform the entire assay on a 10.0-mL portion of this so-
lution, proceeding as directed under Assay Preparation, begin-
ning with “Add water to make a measured volume.”

Cresol-Carbon Tetrachloride Solution—Mix equal volumes of
carbon tetrachloride and freshly distilled cresol.

Phosphate-Cynnide Salution—Dissolve 100 mg of potassium
cyanide in 1000 mL of a saiurated solution of dibasic sodium
phosphate, and mix. .

Butanol-Benzalkonium Chloride Solution—Dilute benzalko-
nium chloride solution (17 in 100) with water (3:1), and mix with
36 volumes of butyl alcohol.
 Alumina-Resin Column—Place a pledget of glass wool in the
bottom of a constricted glass tube such as a 50-mL buret. With
the tube held in an upright position, add a volume of a shurry of
ion-exchange resin (see in the section, Reagents, Indicators, and
Solutions), in water, sufficient to give a column of settled resin
7 cm in height. When the solid has settled somewhat, allow the
water to drain so that there is only 1 cm of liquid above the resin
column, and tamp the resin lightly, Then add a volume of a
slurry of anhydrous alumina (not acid-wasbed) in water sufficient
to increase the height of the settled column to 10 cm, and allow
the water to drain to about 1 cm from the top of the alumina
Add a pledget of glass wool, and wash the column, using a total
of 50 mL of water, and again drain to within 1 cm of the top of
the column. Prepare a fresh column for each determination.

Assay Preparation—Transfer to a beaker a weighed quantity
or measured volume of the preparation to be assayed, equivalent
in vitamin B;; activity to that of 200 to 500 ug of cyanocobalamin.
Add water to make a measured volume of not less than 25 mL,
then add 5.0 mL of Cyanocobalamin Tracer Reagent, Add, while
working under a hood, 5 mg of sodium nitrite and 2 mg of po-
tassium cyanide for each mL of the resulting solution. Adjust
the solution with diluted hydrochloric acid to a pH of approxi-
mately 4, and heat on a stcam bath for 15 minutes. , and
adjust the solution with 1 N sodium hydroxide to a pH between
7.6 and 8.0. Centrifuge or filter to remove any undissolved solids.

Proceduré—Transfer the Assay Preparation to a 250-mL cen-
trifuge bottle, add 10 mL of Cresol-Carbon Tetrachloride So-
Iution, suitably close the bottle with a glass, polyethylene, ar foil-
wrapped rubber stopper, shake vigorously for 2 to 5 minutes, and
centrifuge. Remove and save the lower, solvent layer. Repeat
the extraction using a S-mL portion of Cresol-Carbon Tetra-
chioride Solution, and combinc the lower, solvent-layer extracts

* A solution of cyanocobalamin made radioactive by the in-
corporation of %Co is available from Merck and Co., Inc., Rah-
way, NJ 07065.
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in a centrifuge bottle or separator of 50- to 100-mL capacity.

‘Wash the combined extracts with successive 10-mL portions
of 5 N sulfuric acid until the last washing is practically colorless
(two washings usually suffice). During each washing, shake for
2 to 5 minutes, allow the layers to rate, centrifuge, if nec-
essary, and discard the acid layer. Wash further with two suc-
cessive 10-mL portions of Phosphate-Cyanide Solution. Finally,
wash with 10 mL of water. Discard all of the washings.

To the washed extract add 30 mL of 2 mixture of Bufanoc/-
Benzalkonium Chloride Solution and carbon tetrachloride (2:
1). Extract with two 5-mL portions of water, each time shaking
vigorously for | minute, centrifuging, and removing and saving
the upper, aqueous layer.

Pass the combined aqueous extracts through the A/umina-Resin
Column at a rate of about 1 mL per minute, maintaining a 1-
cm layer of liquid on the head of the column by adding water as
needed. Discard as much of the forerun as is colorless (usually
about 5 mL), and collect the colored eluate {usually about 10
mL) in a 50-mL centrifuge tube or separator containing 500 pL
of diluted acetic acid, Extract the eluate by shaking for 2 to 5
minutes with 5 mL of Cresol-Carbon Tetrachloride Solution,
and discard the ugger, aqueous layer. To the extract add 5.0 mL
of water, 5 mL of carbon tetrachloride, and 10 mL of butyl
alcohol. Shake, allow to separate until the upper layer is clear,
and remove the upper, aquecus layer.

Determine the absorbances of the aqueous exfract, in a 1-cm
cell, at 361 am and 550 nm, with a suitable spectrophotometer,
using a light source. Make the 361-nm reading usi
a filter capable of reducing stray light. Calculate the ratio Asg
Assg: the purity of the aqueous extract is acceptable if the ratio
is l;'e]fhulu;n 3.10 and 3.40. [ll;;. ratio uu_lsi:lhe this cis ol:?crmd,
purify the aqueous extract by repeating the extraction cycle, pro-
ce&diyng as directed in the foregoing paragraph.

If an acceptable absorbance ratio is observed in the aqueous
extract, determine the radioactivity, in counts per minute, using
a suitable counter over a period optimal for the particular count-
ing assembly nused. Average the results, and correct the average
for the observed backgronmd radioactivity determined over two
or more 30-minute periods.

Calculation—Calculate the cobalamin content, expressed in ug
of cyanocobalamin, of the portion taken for assay by the formula:

- R(Cs/CyX Au/4s),

in which R is the quantity, in xg, of cyanocobalamin in the portion
of the standard solution taken, Cg and Cy; are the corrected ay-
erage radioactivity values, ssed in counts per minute per
mL, of the standard and assay solutions, respectively, and A,
and Ag are the absorbances determined at 361 nm of the assay
and standard solutions, respectively.

~ {(381) ELASTOMERIC
CLOSURES FOR INJECTIONS

An elastomeric clesure may be of synthetic or natural origin.
It is generally a complex mixture of many ingredients
include the basic polymer, fillers, accelerators, vulcanizing agents,
and pigments. The propertics of the elastomeric closure are de-
pendent not only upon these ingredients, but also on the pro-
cessing procedure, such as mixing, milling, dusting agents used,
meolding, and curing. i )

Factors such as cleansing procedures, contacting media, and
conditions of storage may also affect the suitability of an clas-
tomeric closure for a speeific use. Evaluation of such factors
should be made by appropriate additional specific tests to de-
termine the suitability of an elastomeric closure for its intended
use. Cnteria for the selection of an elastomeric closure should
also include a careful review of al! the oi{:ﬁredi:nts to assure thar.
no known or suspected carcinogens, or other toxic substancés are

Definition—An elastomeric closure is a packaging component
that is, or may be, in direct contact with the drug. .

Biological Test Procedures

Two stages of testing arc indicated. The first stage is the per-
formance of in-vitro tests according to the procedures set forth
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in chapter (87), Biclogical Reactivity Tests, In-vitro. Materials
that meet the requirements of the in-vitro tests are not required
to underge lurther testing. Materials that do not meet the re-
quirements of the ir-vitro tests are subjected to the second stage
of testing which is the performance of in-vivo tests, i.e., the Sys-
termic Injection Test and Intracutaneous Test, according to the
procedures set forth in chapter {88), Biological Reactivity Tests,
In-vivo. '

Physicochemical Test Procedures

The following tests are designed to determine pertinent physi-
cochemical extraction characteristics of elastomeric closures.
Since the tests are based on the extraction of the elastomer, it is
essential that the designated amount of surface area of sample
be available. In cach case, the specified surface area is available
for extraction at the designated temperature. The test methods
are devised to detect the majority ol expected variations.

Extraction Solvenis—

A:  Purified water.

B: Drug product vehicle (where applicable).

C: Isopropyl alcohol. i

Apparatus—

Autoclave—Use an autoclave capable of maintaining 2 tem-
perature of 121 + 2° equipped with a thermometer, a pressure
pauge, and & rack adequate to accommodate the test containers
above the water level.

Oven—Use an oven, preferably a forced-draft model, that will
maintain an operating temperature of 105° + 2°.

Reflux Apparatus—Use a suitable reflux apparatus having a
capacity of about 500 mL. i

Procedure—

Preparation of Sampie—Place in a suitable extraction con-
tainer a sufficient number of élastomeric closures to provide 100
cm? of cxposed surface area. Add 300 mL of purified water to
each contammer, cover with a suifable inverted beaker, and au-
toclave at 121 + 0.5° for 30 minutes. [NOTE—Adjust so.that
the temperature rises rapidly, preferably within 2 to 5 minutes.]
Decant, using 2 stainless steel screen to hold the closures in the
containers. Rirse with 100 mL of purified water, gently swirl,
and discard the rinsings. Repeat with a second 100-mL portion
of purified water. Treat all blank containers in a simitar manner.

Exitracis (with use of Extraction Solvent A}—Place a properly
prepared sample, having an exposed surface area of 100 cm?, in
a suitable container, and add 200 mL of purified water. Cover
with a suitable inverted beaker, and éxtract by heating in an
autoclave at 121° for 2 hours, allowing adequate time for the
liguid within the container to reach the exiraction temperature.
Allow the autoclave to cool rapidly, and cool to room temperatuze.
Treat the blank container in a similar manner.

Extracts (with use of Extraction Solvent B or C)——Place a

rly preparcd sample, having an exposed surface area of 100
cm?, in a suitable jofux Apparaius containing 200 mL of Ex-
traction Solvent, and reflux for 30 minutes, Treat the blank in
a similar manner.

Turbidity—[NOTE—Use Extracty preparcd with Extraction
Solvent A, B, or C] Agitate the container, and transfer a suf-
ficient quantity of Extracs, diluted with Extraction Solvent, if
necessary, to a cell. Measuré the turbidity in a suitable nephe-
lometer (see Spectrophoiometry and Light-scattering (851)),
against fixed reproducible standards.* The turbidity 1s the dif-
ference between the values obiained for the blank and the sample
expressed in Nephelos units, an arbitrary linear numerical scale
expressing a_haze range from absolute clarity to the zone of
turbidity.

Reducing [NoTe—Use Extracts prepared with Ex-
traction Solvent A.] Agitate the container, transfer 50. mL of
sample extract to a suitable container, and titrate with 0.01 ¥
iodine VS, using 3 mL of starch TS as the indicator. Treat the
hiank extract in a similar manner. The difference between the
%;mk and the sample titration is expressed in ml of 0.01 &
iodine.

Heavy Metals {231)—[NOTE—Use Extracts prepared with
Extraction Solvent A or B.] Transfer 20 mL of the blank and

* A suitable Nephelos Standard is available from Coleman
Instruments, Inc., Maywood, IL 601353,
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the sample exiracts to separate color-comparison tubes. Transfer
2, 6, and 10 mL of Standard Lead Solution into separate calor-
comparison tubes, add 2 mL of 1 NV acetic acid to each tube, and
adjust the volume to 25 mL with parified water, Add 10 mL of
freshly prepared hydrogen sulfide TS to each tube, mix, allow to
stand for 5 minuotes, and view downward over a white surface.
Determine the amount of heavy metals in the dlank and in the
sample. The heavy metals content is the difference between the
blank and the sample,

pH Change—[NOTE—Use Extracts prepared with Extraction
Solvent A or B, adding to extracts obtained with Solven? A suf-
ficient potassium chloride to provide a concentration of 0.1%.]
Determine the pH of sample extracts 4 and B potentiometrically,
performing biank determinations with blank extracts 4 and B,
and making any necessary corrections. The pH change is the
difference between the blank and the sample.
- Total Extractables—[INOTE—Use Extracts prepared with Ex-
traction Solvent A, B, or C.] Agitate the containers, and transfer
100-mL aliquots of the blank and the sample to separate, tared
evaporating dishes. Evaporate on a steam bath to gﬁyncss (Ex-
tracts prepared with Extraction Solvent C) or in an oven at 100°,
dry at 105° for 1 hour, cool in a desiccator, and weigh. Calculate
the total extractables, in mg, by the formula:

2'( WU - Ws}v

in which W, is the weight, in mg, of residue found in the sample
extract aliquot, and Wp is the weight, in mg, of residue found in
the blank solution aliquot, i

(391) EPINEPHRINE ASSAY

Reference Standard—USP Epinephrine Bilartrate Reference
Standard —Keep container tight!y closed and protected from light.
Dry in vacuum over silica gel for 18 hours before using.

Ferro-citrate Solution —On the day needed, dissolve 1.5 g of
ferrous sulfate in 200 mL of water to which have been added 1.0
mL of dilute hydrochloric acid (1 in 12) and 1.0 g of sodium
bisulfite. Dissolve 500 mg of sodium citrate in 10 mL of this
solution, and mix.

Buffer Solution—In a 50-mL volumetric flask mix 4.2 g of
sodium bicarbonate, 5.0 g of potassium bicarbonate, and 18 mL
of water (not all of the solids will dissolve at this stage). To
another 18 mL of water add 3.75 g of aminoacetic acid and 1.7
mL of 6 N ammonium hvdroxide, mix to dissolve, and transfer
this solution to the 50-mL volumetric flask containing the other
mixture. Dilute with water to volume, and mix until solution is
complete.

Standard tion—Transfer about 18 mg of USP Epi-
nephrine Bitartrate RS, accurately weighed, to a 100-mL volu-
metric flask with the aid of 20 mL of sodium bisulfite solution
(1 in 50), dilute with water to volume, and mix, Transfer 5,0 mL
of this solution to a 50-mL volumetric flask, dilute with sodium
bisulfite salution (1 in 500) to volume, and mix. [NOTE—Make
the final dilution when the assay is carried out.] The concentra-
tion of USP Epinephrine Bitartrate RS in the Standard Frepa-
ration is about 18 ug per mL.

Assay Preparation—Transfer to a 50-mL volumetric flask an
accurately measured volume of the ltg;leclion under assay, equiv-
alent to a{oul 500 pg of epinephrine, dilute with sodium bisulfite
solution (1 in 500) to volume, if necessary, and mix. [NOTE—
The final concentration of sedium bisulfite is in the range of 1
to 3 mg per mL, any bisulfite present in the Injection under assay
being taken into consideration.]

Procedure—Into three 50-mL glass-stoppered conical flasks
transfer, separately, 20.0-mL aliquots of the Standard Prepa-
ration, the Ass ararion, and sodium bisulfite solution (i
in 500) to provide the blank.- To each flask add 200 uL. of Ferro-
citrate Solution and 2.0 mL of Bujfer Solution, mix, and allow
the solutiors to stand for 30 minutes, Determine the absorbances
of the solutions in 5-cm cells at the wavclength of maximum
absorbance at about 530 nm, with a suitable spectrophotometer,
using the blank to set the instrument. Calculate the quantity, in
mg, of epinephrine (CyH;;NO5) in each mL of the Injection taken
by the formula: ‘

(183.21/333.29)0.05C/ V) Ay/ As),
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in which 183.21 and 333.29 are the molecular weights of epi-
nephrine and cpinephrine bitartrate, respectively, C is the con-
centration, in ug per mL, of USP Epinephrine Bitartrate RS in
the Standard Preparation, and V is the volume, in mL, of In-
jection taken.

(401) FATS AND FIXED OILS

The following definitions and general procedures apply to fats,
fized oils, waxes, resins, balsams, and similar substances.

Preparation of Specimen

If a specimen of oil shows turhidity owing to separated stearin,
warm the container in a water bath at 50° until the oil is clear,
or if the oil does not become clear ob warming, filter it through
dry filter paper in a funnecl contained in a hot-water jacket. Thot-
oughly mix, and weigh at one time as many portions as are needed
for the various determinations, using preferably a bottle having
a pipet dropper, or a weighing buret. the specimen melted,
if solid at room temperature, until the desired portions of spec-
imen are withdrawn.

Specific Gravity
Determine the specific gravity of 2 fat or oil as directed under
Specific Gravity (841).

Melting Temperature
Determine the melting temperature as directed for substances
of Class II (see Melting Range or Temperature (741)).

Solidification Temperature of Fatty Acids

tion of the Fatty Acids—Heat 75 mL of glycerin—po-
tassinm hydroxide solution (made by dissolving 25 g of potassium
hydroxide in 100 mL of glycerin) in a 300-mL beaker to 150°,
and add 50 mL of the clarified fat, melted if necessary. Heat
the mixture for 15 minutes with frequent stirring, but do not
allow the temperature to rise above 150°, Saponification is ¢com-
plete when the mixture is homogeneous, with no particles clinging
to the beaker at the meniscus. Pour the contents of the beaker
into 500 mL of nearly boiling water in an 800-mL beaker or
casserole, add slowly 50 mL of dilute sulfuric acid (made 'iz
adding water and sulfuric acid (3:1)), and heat the solution, wi
frequent stirring, until the fatty acids separate cleanly as a trans-
parent layer. Wash the acids with boiling water uatil free from
sulfuric acid, collect them in a small beaker, place on a steam
bath until the water has settled and the fatty acids are clear,
filter into a dry beaker while hot, and dry at 105° for 20 minutes.
Place the warm fatty acids in 2 suitable container, and cool in
an ice bath until they congeal.

Test for Complete nification—Place 3 mL of the dry acids
in a test tube, and add 15 mL of alcohol. Heat the solution to
boiling, and add an equal volume of 6 N ammonium hydroxide.
A clear soletion results.

Procedure—Using an apparatus similar to the “Congealing
Temperature Apparatus” specified therein, proceed as directed
for Procedure under Congealing Temperarure (651}, reading
“solidification temperature”™ for “con%caljng point™ (the terms
are synonymous). The average of not less than four consecutive
readings of the highest point to which the temperature rises is
the solidification temperature of the fatty acids.

Acid Value (Free Fatty Acids)

The acidity of fats and fixed oils in this Pharmacopeia may be
expressed as the number of mL of 0.1 N alkali required to neu-
tralize the free acids in 10.0 g of substance. Acidily is frequently
expressed as the Acid Value, which is the number of mg of po-
tassium hydroxide required to neutralize the free acids in 1.0 g
of the substance.

Procedure—TTnless otherwise directed, dissolve about 10.0 %
of the substance, zccurately weighed, in 50 mL of a mixture o
¢qual volumes of alcoho! and ether (which has been neutralized
to phenolphthalein with 0.1 N sodium hydroxide) contained in a
flask. If the test specimen does not dissolve in the cold solvent,
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connect the flask with 2 suitable condenser and warm slowly,
with frequent shaking, until the specimen dissolves. Add 1 mL
of phenolphthalein TS, and titrate with 0.1 N sodium hydroxide
VS until the solution remains faintly pink after shaking for 30
seconds. Calculate either the Acid Value or the volume of 0.1
N alkali required to neutralize 10.0 g of specimen (free fatty
acids), whichever is appropriate.

If the volume of 0.1 N sodium hydroxide VS required for the
titration is less than 2 mL, a more dilute titrant may be used, or
the sample size may be adjusted accordingly. The results may
be expressed in terms of the volume of titrant used or in terms
of the cquivalent volume of 0.1 NV sodium hydroxide.

If the oil has been saturated with carbon dioxide for the purpose
of preservation, gently rcflux the aleohol-cther solution for 10
minutes before titration. The oil may be freed from carbon diox-
ide also by exposing it in a shallow dish in a vacuum desiccator
for 24 hours before weighing the test specimens.

Ester Value

- The Ester Vzlue is the number of mg of potassium hydroxide
required to saponify the esters in 1.0 g of the substance. If the
Saponification Value and the Acid Value have been determined,
the difference between these two represents the Ester Value,

Procedure—Place 1.5 g to 2 g of the substance in a tared, 250-
mL flask, weigh accurately, add 20 mL to 30 mL of neutralized
alcohol, and shake. Add 1 mL of phenolphthalein TS, and titrate
with 0.5 ¥ alcobolic potassium hydroxide VS until the free acid
is neutralized. Add 25.0 mL of 0.5 N alcoholic potassium hy-
droxide VS, and proceed as directed ander Sapmijg*:zrian Value,
beginning with “Heat the flask” and omitting the further addition
of phenolphthalein TS. The difference between the volumes, in
mL, of 0.5 N hydrochloric acid consumed in the actual test and
in the blank test, multiplied by 28.05 and divided by the weight
in g of the specimen taken, is the Ester Value.

Hydroxyl Value

The Hydroxyl Value is the number of mg of potassium hy-
droxide equivalent to the hydroxyl content of 1.0 g of the su
stance.

Pyridire-Acetic Amhydride Reageni—Just before use, mix 3
volumes of freshly distilled pyﬁdzg::twith 1 volume of freshly
distilled acetic anhydride.

Procedare—Transfer a quantity of the substance, determined
by reference to the accompanying table and accurately weighed,
to a glass-stoppered, 250-mL conical flask, and add 5.0 mL of

ridine-Acetic Anhydride Reagent. Transfer 5.0 mL of Ppri-

ine—Acetic Anhydride Reagent to a second glass-stoppered, 250-
mL conical flask to provide the reagent blank. Fit both flasks
with suitable glass-jointed reflux condensers, heat on a steam bath
for 1 hour, add 10 mL of water through each condenser, and heat
on the steam bath for 10 minutes more. Cool, and to each add
25 mL of butyl alcahol, previously neutralized to phenolphtbalein
TS with 0.5 IV alcoholic potassium hydroxide, by pouring 15 mL
through each condenser and, after removing the condensers,
washing the sides of both flasks with the rcmaini% 10-mL por-
tions. To each flask add 1 mL of phenolphthalein TS, and titrate
with 0.5 & alcoholic potassium hydroxide V8, recording the vol-
ume, in mL, consumed by the residual acid in the test solution
as T and that consumed by the blank as B. In a 125-mL conigal
flask, mix about 10 g of the substance, accurately weighed, with
10 mL of freshly distilled pyridine, previously neutralized to phe-
nolphthalein TS, add 1 mL of phenolphthalein TS, and titrate
with 0.5 N alcoholic potassium hydroxide VIS, recording the vol-
ume, in mL, consumed by the free acid in the test specimen as

Weight of Test

Hydroxyl
Value Range Specimen, g
0 to 20 10

20 to 50 5

50 to 100 3
100 to 150 2
150 to 260 1.5
200 to 250 1.25
250 to 300 1.0
300 to 350 0.75
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A, cr use the Acid Value to obtain 4. Calculate the Hydroxyl
Value by the formula:

(S6.1LN/W)[B + (WA4/C) — T1,

in which ¥ and C are the weights, in g, of the substances taken
for the acetylation and for the free acid determination, respec-
tively, &V is the exact normality of the alcoholic potassium hy-
glé-ox:de, and 56,11 is the molecular weight of potassium hydrox-
1ae.

Iodine Value

The Iodine Value represents the number of g of iodine ab-
sorbed, under the prescribed conditions, by 100 g of the sub-
stance. Unless otherwise specified in the indjviduaﬁ monograph,
determine the Iodine Value by Method I.

METHOD 1 (HANUS METHOD)

Procedure—Introduce about 800 mg of a solid fat or about
200 mg of an oil, accurately weighed, into a 250-mL iedine flask,
dissolve it in 10 mL of chloroform, add 25.0 mL of iodobromide
TS, insert the stopper in the vessel securely, and allow it to stand
for 30 minutes protected from light, with occasional i
Then add, in the order named, 30 mL of potassium iodide
and 100 mL of water, and titrate the liberated iodine with 0.1
N sodium thiosulfate VS, shaking thoroughly after cach addition
of thiosulfate. When the iodine color becomes quite pale, add 3
mL of starch TS, and continue the titration with 0.1 N sodium
thiosulfate VS until the blue color is discharged. Perform a blank
test at the same time with the same quantities of the same re-
%ients and in the same maunner (see Residual Titrations (541)).

c difference between the volumes, in mL, of 0.1 & sodium
thiosulfate VS consumed by the blank test and the actual test,
multiplied by 1.269 and divided by the weight in g of the sub-
stance taken for test, is the Iodine Value,

NOTE—If more than half of the iodobromide TS is ahsorbed
by the portion of the substance taken, repeat the determination,
using & smaller portion of the substance under examination.

METHOD 11 (W1JS METHOD)

Te a 500-mL iodine flask transfer an accurately weighed quan-
tity, in g, of the substance to be tested, about equal to that
calculated by the formula 25/, in which 7 is the iodine value,
except that, For substances having iodine values not greater than
2.5, take about 10 g, accurately weighed, for the test.

Procedure—Dissolve it in 20 mL of carbon tetrachloride, add
25.0 mL of iodochloride TS, insert the st r securely in the
vessel, and allow it to stand at 25 + 5° for ggpl‘:ainuws.‘ protected
from light, with occasional shaking. Then add, in the order named,
20 mL of potassium iodide TS and 100 mL of recently boiled
and cooled water, and titrate the liberated iodine with 0.1 ¥
sodium thiosulfate VS, shaking thoroughly after each addition of
thiosulfate. When the iodine color becomes quite pale, add 3 mL
of starch TS, and continue the titration with 0.1 N sodium thio-
sulfate VS until the blue color is discharged. Perform a blank
test at the same time with the same quaitities of the same re-

gents and in the same manner (see Residual Titrations {541)).
difference between the volumes, in mL, of 0.1 N sodium
thiosulfate consumed by the blank test and the actual test, mul-
tiplied by 1.269 and divided by the weight in g of the sample
taken, is the lodine Value. '

Saponification Value

The Saponification Value is the number of mg of potassium
hydroxide required to nentralize the free arids and saponify the
esters contained in 1.0 g of the substance,

Procedure—Place 1.5 g to 2 g of the substanee in a tared, 250-
mL flask, weigh accurately, and add to it 25.0 mL of 0.5 ¥
alcoholic potassinm hydroxide VS. Heat the flask on a stcam
bath, under a suitable condenser to maintain reflux for 30 min-
uteg, frequently rotating the contents. Then add 1 mL of phe-
nolphthalein TS, and titrate the excess potassium hydroxide with
0.5 N hydrochloric acid VS. Perform a blank determination at
the same time, using the same amount of 0.5 N alcobolic potas-
sium hydroxide VS (see Residual Titrations (541)). The dif-
ference between the volumes, in mL, of 0.5 N hydrochloric acid
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consumed in the actual test and in the blank test, multiplied by
28.05 and divided by the weight in g of specimen taken, is the
Saponification Value. B

the oil has been saturated with carbon dioxide for the purpose
of preservation, expese it in a shallow dish in a vacuum desiceator
for 24 hours before weighing the test specimens.

Unsaponifiable Matter

The term, Unsaponifiable Matter, in oils or fats, refers to those
substances that are not saponifiable by alkali hydroxides but are
soluble in the ordinary fat solvents, and to products of saponifi-
cation that are soluble in such solvents.

Procedure—Weigh 5.0 g of the oil or fat into a 250-mL conical
flask, add a solution of 2 g of potassium hydroxide in 40 mL of
alcohol, and heat the flask on a steam bath under a suitable
condenser to maintain reflux for 2 hours. Evaporate the alcohol
o a steam bath, dissolve the residue in 50 mL of het water, and
transfer the solution to a separator having a polytetrafiuaroeth-
ylene stopcock, rinsing the flask with two 25-mi portions of hot
water that are added to the separator (do not use grease on stop-
cock). Cool to room temperature, add a few drops of aleohol to
facilitate the separation of the two liquids, and extract with two
50-mL portions of ether, combining the ether extracts in another
separator. Wash the combined extracts first with 20 mL of 0.1
N sodium hydroxide, then with 20 mL of 0.2 ¥ sodium hydroxide,
and Iinal{r with 15-ml, erti(ms of water until the last washin
18 not reddened by the addition of 2 drops of phenolphthalein TS.
Transfer the ether extract to a tared beaker, and rinse the sep-
arator with 10 mL of ether, add.inﬁ the rinsings to the beaker.
Evaporate the ether on a steam bath just to dryness, and dry the
residue at 100° for 30 minutes. Cool the beaker in a desiccator
far 30 minutes, and weigh the residue of Unsaponifiable Matter.

Water and Sediment in Fixed Qils

-Apparatus—Thc preferred centrifuge has a diameter of swing
(d = distance from tip to tip of whirling tubes) of 38 to 43 cm
and is operated at a speed of about 1500 rpm. If a centrifuge
of different dimensions is used, calculate the desired rate of rev-
olution by the formula:

rpm = 1500 +/40.6/d.

The centrifuge tubes are pear-shaped, and are shaped to accept
closures. The total capacity of each tube is about 125 mL. Tge
graduations are clear and distinct, reading upwzard from the bot-
tml:i of the tube according to the scale shown in the accompanying
table.

Yalume Scale Division
mL (mL)
0to 3 0.1
3to5 0.5
5to 10 1.0
10 to 25 50
2510 50 '25.0
50 to 100 50.0

Procedure—Place 50.0 mL of benzene in each of two éentri-
fuge tubes, and to each tube add 50.0 mL of the oil, warmed if
necessary to re-incorporate separated stearin, and thoroughly
mixed at 25°. Tightly stopper the tubes, and shake them vig-
orously until the contents are thoroughly mixed, then immerse
the tubes in a water bath at 50° for 10 minutes. Centrifuge for
[0 minutes. Read the combined velume of water and sediment
at the bottom of each tube. Centrifuge repeatedly for 10-minute
periods until the combinced volume of water and sediment remains
eongtant for 3 consecutive readings. The sum of the volumes of
combined water and sediment in the two tubes represents the
percentage, by volume, of water and sediment in the oil.

(411} FOLIC ACID ASSAY

The following procedyre is provided for the estimation of folic
acid as an ingredient of Pharmacopeial preparations containing
other active constituents.
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Reference Standard—USP Folic Acid Reference Standard—
Do not dry; determine the water content at the time of use.

Mobile Phase—Place 2.0 g of monobasic potassium phosphate
in a 1-liter volumetric flask, and dissolve in about 650 mL of
water. Add 12.0 mL of a 1 in 4 solution of tetrabutylammeonium
hydroxide in methanol, 7.0 mL of 3 & phosphori¢ acid, and 240
mL of methanol. Cool to room temperature, adjust with either
3 N phosphoric acid or 6 N ammonium hydroxide to a pH of
7.0, dilute with water to volume, and mix. Filter through a 0.45-
um filter, and recheck the pH before use. [NOTE—The meth-
anol-towater ratio may be varied by up to 3 percent and the pH
may be increased up to 7.15 to achicve better separation.]

Diluting Solvent—Prepare as directed under Mobile Phase.
Adjust to a pH of 7.0, and bubble nitrogen through the solution
for 30 minutes before use. i )

Internal Standard Solutiom—Dissolve about 25 mg of meth-
ylparaben in 2.0 mL of methanal, dilute with Diluting Solvent
to 50 mL, and mix.

Standard Folic Acid Selution—Transfer abont 12 mg of USP
Folic Acid RS, accurately weighed, to a low-actinic, 50-mL vol-
umetric flask, dissolve in 2 mL of ammonium hydroxide, dilute
with Diluting Solvent to volume, and mix.

Standard Preparation—Transfer 2.0 mL of Standard Folic Acid
Solution to a low-actinic, 25-mL volumetric flask, add 2.0 mL
of élmqma! Standard Solution, add Diluting Solvent to volume,
and mix.

Assay Preparation—Transfer an aocurst:ig weighed or mea-
sured portion of the pre{)mation to be assayed, containing about
1 mg of felic acid, to a low-actinic, 50-mL volumetric flask, add
4.0 mL of Internal Standard Sclution, add Diluting Selvent to
volume, and mix.

Chromatographic System (see Chromatography (621))—The
liquid chromatograph is equipped with a 230-nm detector-and a
15-cm X 3.9-mm column that contains packing LI. The flow
rate is about 1.0 mL per minute. Chromatograph the Standard
Freparalion, and record the peak response as directed-under Pro-
cggre: there is baseline separation of folic acid and methylpar-
aben.

Procedure—Separately inject equal volumes {(about 10 uL) of
Standard Preparation and Assay Preparation into the chro-
matogra?h, record the chromatograms, and measure the re-
8 or the major peaks. The relative retention times are
about 0.8 for folic acid and 1.0 for methylparaben. Calculate
the quantity, in pg, of CygH,;sN;Qs in the portion of the prepa-
ration taken by the formula:

50C(Ry/ Rs),

in which C is the concentration, in zg per mL, of USP Folic Acid
RS in the Standard Preparation, and Ry and Ry are the ratios
of the response of the folic acid peak to that of the methylparaben
peak obtained from the Assay Preparation and the Standard
Prepararion, respectively.

(421 HYDROXYPROPOXY
DETERMINATION

Reference Standard—USP Methylcellulose Reference Stan-
dard—Dry at 105° for 2 hours before using, Keep container
tightly closed.

Apparatus—The apparatus for hydraxypropoxy group deter-
minations is shown diagrammatically in Figure 1. The boiling or
reaction flask, D, consisting of a 25-mL conical-bottom micro
boiling flask modified to provide a side-arm outlet, is fitted with
an aluminum foil-jacketed Vigreaux column, E, 95 mm Jong and
with an adapter bleeder tube, C, having a 0.25- to 1.25-mm ca
illary tip through the neck and to the bottom of the flask for the
introduction of steam and nitrogen. A steam generator, B, con-
sisting of a 25- X 150-mm test tubc and a gas inlet tube with a
0.25- to 1.25-mm capillary tip is attached to the bleeder tube, C,
while a microcondenser with a 100-mm ‘{:cket, F, is attached to
the Vigreaux column, E. The reaction flask and the steam gen-
erator are immersed in an oil bath, A, equipped with an electric
heater capable of hcating the bath at the desired rate and main-
taining the temperature at 155°. The distillate is collected in a
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Fig. 1. Apparatus for Hydroxypropoxy Determination,

125-mL graduatcd conical flask, G, fitted with a glass stopper.

Procedure—Transfer about 100 mg of Hydrexypropyl Meth-
ylcellulose, previously dried at 105° for 2 hours and accurately
weighed, into flask D, and add 10 mL of chromivm trioxide
solution (60 g in 140 mL). Fill the steam generator, B, with water
to the bottom of the standard-taper joint, then assemble the ap-
paratus as shown in the diagram. Immerse the steam gencrator
and sample flask in the oil bath to the level of the chromium
trioxide solution. Staét the condenser cooling water, and pass
nitrogen gas through the flask at a rate of 1 bubble per second.
Raise the temperature of the cil bath to 155° during a 30-minute
period, and maintain it at this temperature throughout the de-
termination. [NoTE—Too rapid an initial rise in temperature
results 1n Igh blanks.] Distii untii 30 mL of the distiliate has
been collected. Detach the condenser, F, from the Vigreaux col-
umn, E, and wash with water, collecting the washings in the

raduated conical flask containing the distillate. Titrate the so-
ﬁ.ltion with 0.02 ¥ sodium hydroxide VS toa pH of 7.0 £ 0.1,
using an expanded-scale pH meter equipped with glass and cal-
omel electrodes. Record the volume, ¥, of the 0.02 N sodium
hydroxide used, then add 500 mg of sodium bicarbonate and 10
mL of 2 N sulfuric acid. After evolution of carbon dioxide has
ceased, add 1 g of potassium iodide, insert the stopper in the
flask, shake the mixture, and allow the solution to stand in the
dark for 5 minutes. Titraic the hiberated iodine with 0.02 N
sodinm thiosulfate VS to the shal;p dmap'g_earam of the yellow
iodine color, adding a few drops of starch TS to confirm the end-
point, and record the volume, ¥, required. This titration, ¥ mL,
multiplied by the empirical factor, K, appropriate to the partic-
ular a tus and reagents in use, gives the acid equivalent not
ca y acetic acid. The acetic acid equivalent is (V7 —
mL of 0,02 & sodium hydroxide.

Empirical Factor, K—Obtain the empirical factor, X, for each
apparatus by performing a blank determination in which the cel-
lu.lg: ether is omitted. The acidity of the blank for a given
apparatus and Eiven reagents is in a fixed ratio to the oxidizing
equivalent of the distillate in terms of sodium thiosulfate:

K factor = (¥ X Np)/(¥; X Ny), in which

¥, = mL of 0.02 N sodium hydrozide required in blank ron,

N, = normality of the 0.02 N sodium h de,

Y; = mL of 0.02 N sodium thiosulfate required in blank run,
and ‘

Ny = normality of the 0.02 N sudiuin thiosulfate.

Methylcellulose blank—Conduct several determinations using
USP Methyleellulose Reference Standard as directed above in
the Procedure. Calculate the percentage of uncorrected hy-

droxypropoxy group as follows:
OCH,CHOHCH; percent (shcorracted) =
([(VaN1 — KY,N;) X 0.075]/W) X 100, in which

¥, = mL of 0.02 N sodium hydroxide required for titration of
the sample,
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Ny = normality of the 0.02 ¥ sodium hydroxide,

K = empirical factor,

¥, = mL of 0.02 N scdium thicsulfate required for titration of
the sample,

Ny = ity of the 0.02 N sodium thiosulfate, and

W = g of sample used.

Calculate the corrected percentage of hydroxypropoxy group
by subtracting the pcrccntﬁge of OCH,CHOHCH), obtained in
thye Methyleellulose blank determination from the percentage of
the uncorrected hydroxypropoxy group calculated above.

The results obtained as percentage of hydroxypropoxy content
may be converted to terms of average molecular suﬁtltutitm of
glucose units by means of the accompanying graph (Figure 2).

sof

| /

MS, GROUPS PER GLUCDSE UNIT

20 15 %6 8500
% SUBSTITUENT, -OCH,CHOHCH;, BY WEIGHT
Fig. 2. Graph for Converting Percentage of Substitution, by
Weight, of Hydmxypropm& Groups to Molecular Substitution
per Glucose Unit.

(425) IODOMETRIC ASSAY—
ANTIBIOTICS

The following method is provided for the assay of most of the
Pharmacopeial penicillin antibiotic drugs and their dosage forms,
for which iodometric titration is particulaly suitable.

Standard Preparation—Dissolve in the solvent specified in the
table of Solvents and Final Concentrations a suitable quantity
of the USP Reference Standard specified in the individual mono-
graph, ai:raviously dried under the conditions specified in the in-
dividual monograph and accurately weighed, and dilute quanti-
tatively and stepwise with the same solvent to obtain a solution
having a known concentration of about that specified in the table.
Pipet 2.0 mL of this solution into each of two 125-mL glass-
stoppered conical flasks.

Solvents and Final Concentrations

Final

Antibiotic Solvent* concentration
Amoxicillin Water 1.0 mg per mL
Ampicillin Water 1.25 mg per m
Ampicillin Sodium Buffer No. 1 1.25 mg per
Cloxacillin Sodium Water 1.25 mg per mL
Cyeclacillin - Water 1.0 mg per mL
Dicloxacillin Sodium Buffer No. 1 1.25 mg per mL
Methicillin Sedium Buffer Nu. I 1.25 mg per il
Nafcillin Sodivm Bufer No. I 1.25 mg per mL
Oxacillin Sodium Bu -éer No.1 1.25 mg per mL
Penicillin G Potassium Buffer No. I 2,000 units per mL
Penicillin G Sodium Buffer No. I 2,000 units per mL
Penicillin V Potassium Buffer No. 1 2,000 units per mL
Phenethicillin Potassium  Buffer No. I 2,000 units per mL

* Unless otherwise noted, the Buffers are the potassium phos-
phate buffers defined in the section Media and Diluents under
Antibiotics—Microbial Assays (81}, except that sterilization is
not required before use.

(425) Todometric Assay— Antibiotics / Chemical Tests
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Assay Preparation—Unless otherwise specified in the individ-
ual monograph, dissolve in the solvent specified in the tabie of
Solvents and Final Concentrations a suitable quantity, accurately
weighed, of the specimen under test, and dilute quantitatively
with the same solvent to obtain a solution having a known final
concentration of about that specified in the table. Pipet 2 mL
gf tEis solution into each of two 125-mL glass-stoppered conical

asks,

Procedure—

Inactivation and titration—To 2.0 mL of the Standard Pre
aration and of the Assay Preparation, in respective flasks, add
2.0 mL of 1.0 N sodium hydroxide, mix by swirling, and allow
to stand for 15 minutes. To each flask add 2.0 mL of 1.2 v
hydrochloric acid, add 10.0 mL of 0.01 & iodine VS, immediately
insert the stopper, and allow to stand for 15 minutes, Titrate
with 0.01 N sodium thiosulfate VS. As the end-point is ap-
proached, add 1 drop of starch iodide paste TS, and continue the
titration to the discharge of the blue color.

Blank determination—To a flask containing 2.0 mL of the
Standard Preparation add 10,0 mL of 0.01 N iodine VS. If the
Standard Preparation contains amoxiciilin or ampicillin, imme-
diately add 0.1 mL of 1.2 & hvdrochloric acid. Immediately
titrate with 0.01 N sodium thiosulfate VS. As the end-point is
approached, add 1 drop of starch iodide paste TS, and continuc

e titration to the discharge of the blue color. Similarly treat
a flask containing 2.0 mL of the Assay Preparation.

Calculations—Calculate the microgram (or unit) equivalent
(F) of each mL of 0.01 N sodium thiosulfate consumed by the
Standard Preparation by the formula:

CP)/(8 - D),

in which C is the concentration, in mg per mL, of Reference
Standard in the Standard Preparation, P is the cy, il ug
{or units) per mg, of the Reference Standard, B is the volume,
in .mL, of 0.01 N sodium thicsulfate consumed in the Blank
determination, azd ¥ is the volume, in mL; of 0.01 N sodium
thiosulfate consumed in the fractivation and titration. Calculate
the potency of the specimen under test by the formula given in
the individual monograph.

(431) METHOXY
DETERMINATION

Apparatus—The apgaratus for methoxy determination is shown
diagrammatically in the acéompanying figure. The boiling flask,
A, is fitted with a capillary side-arm for the introduction of carbon
dioxide or nitrogen and is connected to a column, B, which serves
to separate aqueous hydricdic acid from the more volatile methyl
iodic{;. The mﬁzﬁl 1odide passes through water in a scrubber
trap, C, and is finally absorbed in the bromine-acetic acid solution
in absorption tube D. The carbon dioxide or nitrogen is intro-
duced through a pressure-regulating device and connected to the
apparatus by a small capillary containing a small cotton pledget.
{RIPOTFFAmid the use of organic solvents in cleaning this ap-
paratus, since traces remaining may. interfere with the determi-
nation, This test is used also for cthoxy determination with an
Sg-cminute reaction time and a titrant equivalent of 0.75]1 mg of
1H5 .

¢ For gge?atcr convenience in use and cleaning, a ground-glass
ball joint connects the two upright columns of the apparatus.
The top of the scrubber C consists of a 35/20 ball joint, the upper
half of which is connected to the side-arm leading into tube D.
This permits taking the apparatus apart and facilitates addin
the water to the trap. Also, it allows access to the losse inverte
(10-mm) test tube that serves as the trap over the inmer tube of
the scrubber C.

Reagents—

BROMINE-ACETIC ACID SOLUTION—Dissolve 100 g of potas-
sium acetate in 1000 mL of a solution consisting of 900 mL of
glacial acetic acid and 100 mL of acetic anhydride. On the day
of use, to 145 mL of this solution add 5 mL of bromine.

. HYDRIODIC ACID—A colorless, or nearly colorless, constant-
boiling reagent solution, prepared for this purpose, is available
commercially. If not obtained commercially, it may be prepared
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Apparatus for Mcthoxy Determination

by distilling hydriodic acid over red phosphorus, passing carbon
dioxide or nitrogen through the apparatus during the distillation.
Use the constant-boiling tixture (between 55% and 58% of HI}
distilling between 126° and 127°, which is colorless or nearly
colotless. (Caution—Exercise safety precautions when distilli
hydriodic actd)) Place the acid in small, amber, g]ﬂs&-stoppcr:g
bottles previously flushed with carbon dioxide, or nitrogen, scal
with paraffin, and store in a cool, dark place.

Procedure—Prepare the apparatus by disconnecting the ball
joint and pouring water into trap C uatil it is half-full. Connect
the two parts, using a minimal amount of a suitable silicone grease
toseal the ball joint. Add 7 mL of Bromine—Acetic Acid Solution
to absarption tube D. Weigh the sample in a tared gelatin cap-
sile, and add it to the boiling flask along with a few boiling chips
or é}iccm of porous plate. Finally add 6 mL of Hydriodic Acid
and attach the flask to the column, using a minimal amount of
a suitable silicone grease to seal the junction. Bubble the carbon
dioxide or nitrogen through the apparatus at the rate of 2 bubbles
per second, place the boiling flask in an oil bath or heating mantle
heated to 150°, and continue the reaction for 40 minutes for
methoxy determination, or 80 minutes for ethoxy determination.
Drain the contents of the absorption tube into a 500-mL conical
flask containing 10 mL of sodium acetate solution (1 in 4). Rinse
the tube with water, adding the rinsings to the flask, and finally
dilute with water to about 125 mi. Add formic acid, dropwise,
with swirling, unti! the reddish brown color of the bromine is
discharged, then add 3 additional drops. A total of 12 to 15 drops
usually is required. Allow to stand for 3 minutes, and add 15
mL of diluted sulfuric acid and 3 g of Kg:;lotzmsiam iodide, and
titrate immediately with 0.1 N sodium thiosulfate VS, using 3
mL of starch TS s the indicator. Perform a blank determinztion,
including also a gelatin capsule, and make any necessary correc-
tion. Bach mL of 0.1 N sodium thiosulfate is equivalent to 0.517
mg of (OCH;).

(441) NIACIN OR
NIACINAMIDE ASSAY

Reference Standards—USP Niacin Reference Standard—Dry
at 105° for 1 hour before using. USP Niacinamide Reference
Standard—Dry over silica gel for 4 hours before using. [NOTE—
The previously dried Reference Standards may be stored in a
desiccator over silica gel, protected from light.

Chemical Method

NOTE—Determine from the labeling if the vitamin in the assay
specimen is niacin or niacinamide, and use the corresponding
standard preparation (either Standard Niacin Preparation ot
Srandard Niacinamide Preparation) as directed in the Proce-
dure.

Cyanogen Bromide Solution—Drissolve 5 g of cyanogen bro-
mide in water to make 50 mL. (Caution—Prepare this solution
under a hood, as cyanogen bromide volatilizes at room temper-
ature, and the vapor is highly irritating and poisonous.)

Sulfavilic Acid Solution—To 2.5 g of sulfanilic acid add 15
mL nf water and 3 mL of § N ammonivm hydroride. Mis, add,
with stirring, more 6 N ammonium hydroxide, if necessary, until
the acid dissolves, adjust the solution with 3 ¥ hydrochloric acid
to a pH of about 4.5, using bromocresol green TS as an external
indicator, and dilute with water to 25 mL.

Standard Niacin Stock Solution—Transfer 25.0 mg of USP
Niacin RS to & 500-mL volumetric flask, dissolve in alcohol so-
lution (1 in 4), dilute with alcohol solution (1 in 4) to volume,
and mix. Store in a refrigerator. Each mL of this solution con-
tains 50 pg of USP Miacin RS.

Standard Niacin Preparation—Transfer 10.0 mL of Standard
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Reaction Mixtures for Niacin or Niacinamide Assay—Chemical Method
Constituent Tube 1, mL Tube 2, mL Tube 3, mlL Tube 4, mL

Standard Preparation 1.0 1.0 — —
Assay Preparation - 1.0 1.0
Ammonia Dilution (ammonium

hydroxide, diluted to 1 in 50) 0.5 0.5 Q.5 0.5
Water 6.5 L5 6.5 1.5
Cyanogen Bromide Selution . 5.0 — 5.0
Sulfanilic Acid Solution 2.0 2.0 2.0 20

d 1 drop

Hydrochloric Acid 1 drop

Niacin Stock Sofution to 4 100-mL volumetric flask, dilute with
water to volume, and mix. Each mL of this solution contzins 5
ug of USP Niacin RS.

Standard Niacimamide Stock Solution—Transfer 50.0 mg of
USP Niacinamide RS to a 500-mL volumetric flask, dissolve in
alcohol solution (1 in 4), dilute with alcohol solution (1 in 4) to
volume, and mix. Store in a refrigerator. Each mL of this so-
lution contains 100 pg of USP Niacinamide RS.

Standard Niacinamide Pregantinn—'l‘ransfer 10.0 mL of
Standard Niacinamide Stock Selution to a 100-mL volumetric
flask, dilute with water to volume, and mix. Each mL of this
solution containg 10 ug of USP Niacinamide RS.

Assay Preparation—Prepare as directed in the individual
monograph.

Procedure—Pipet into four marked tubes the quantitics of the
appropriate Standard Preparation, the Assay Preparation, the
ammonia dilution, and water indicated in the accompanying ta-
ble. Then add the other constituents, respectively, as listed in
the table, ing to the directions given herein.

To Tube 1 add the Sulfanilic Acid Solution, shake well, add
the hydrochloric acid, mix, place in a suitable %pnctmphmometer,
and adjust to zero absorbance at 450 nm. To Tube 2 add the
Cyanogen Bromide Solution, mix, and 30 seconds, accurately
timed, afier completion of the addition of the cyanogen bromide
add the Sulfamlic Acid Solution, with swirling. Close the tube,
place it in the spectrophotometer, and after 2 minutes measure
tts absorbance at 450 nm against Tube 1 as a blank, designating
the absorbance as Az Repeat the procedure with Tubes 3 (as
blank) and 4, designating tﬁe absorbance of Tube 4 as 4y Cal-
culate the qmﬁzﬂof nigcin or niscinamide in the sample as
directed in the individual monograph.

Microbiological Method

Test Solution of Material to be Assayed—Place the prescribed
amount of the material to be assayed in a flask of suitable size,
and proceed by one of the methods given below. The concentra-
tions of the sulfuric acid and sodium hydroxide solutions nsed
are not stated in each instance because these concentrations may
be varied depending upon the amount of material taken for assay,
volume of test solution, and buffering effect of material.

(@) For Dry or Semidry Materials that Contain No Appre-
clable Amount of Basic Substances—Add a volume of ditute
sulfuric acid {1 in 35) equal, in mL; to not less than 10 times the
dry weight of the material, in g, but the resulting solution shall
contain not more than 5.0 mg of niacin in each mL. If the ma-
terial is not readily soluble, comminuie it so that it may be evenly
dispersed in the liquid, then agitate vi ly, and wash down
the sides of the flask with dilute sulfuric acid (1 in 35).

Heat the mixtore in an autoclave at 121° to 123° for 30 min-
utes, and cool. If lumping occurs, agitate the mixture until the
garﬁc]es are evenly dispersed. Adjust the mixture with sodium

ydroxide solution to a pH of 6.8, dilute with water to make a
final measured volume that has a concentration of niacin equiv-
alent to that of Standard Niacin Solution, and filter.

(&) For Dry or Semidry Materials that Contain Appreciable
Antounts of Basic Substances—Add sufficient sulfuric acid so-
lution to bring the pH of the mixture to between 5.0 and 6.9,
Add such an amount of water that the total volume of liquid
shall be equal in mL to not less than ten times the dry weight of
the assay specimen, in g, but the resulting solution shall contain
ot more than 5.0 m&ﬁ niacin in each mL. Then add the eguiv-
alent of 10 mL of dilute sulfuric acid (2 in 7) for each 100 mL
of liquid, and proceed as directed under (a), beginning with the
second paragraph.

(¢) For Liguid Materials—Adjust the material with either
sulfuric acid solution or sodium h?imxidc solution to a pH of
5.0 to 6.0. Add such an amount of water that the total volume
of liquid shall be equal, in mL, fo not less thar 1Q timcs the
volume of the specimen, in mlL, but the resulting solution shall
contain not more than 5.0 mg of niacin in each mL. Then add
the equivalent of 10 mL of dilute sulfuric acid (2 in 7) for each
mL of liquid, and proceed as directed under (a), beginning with
the second paragraph.

Standard Niacin Stock Solution [—Transfer 50.0 mg of USP
Niacin RS to a 300-mL volumetric flask, dissolve in alcohol,
dilute with alcohol to volume, and mix. Store in a refrigerator.
Each mL of this solution contains 100 g of USP Niacin RS.

Standard Niacin Stock Solution II—To 100.0 mL of Niacin
Stock Solution I add water to make 1000.0 mL. Store under
toluene in a refrigerator. Each mL of this solution contains 10
ug of USP Niacin RS,

Standard Niacim Selution—Dilute a suitable volume of Niacin
Stock Solution IT with water 1o such a measured volume so that
after incubation as described in the 4ssay Procedure the trans-
mittance of the 5.0-mL level of Stardard Niacin Solution is
equivalent to that of a dried cell weight of not less than 1.25 mg,
when the inoculated blank is set at 100 percent transmittance.
This concentration is wsually between 10 g and 40 ng of niacin
per mL. Prepare a fresh Standard Niacin Solution for each
agsay.

Basal Medium Stock Solution—
Acid-hydrolyzed Casein Solution..................... 25 mL
Cystine-Tryptophan Selution. . .............. ... 25 mL
Dextrose AThYdrons......oovvvvveirvorinerinneniiens 10g
Sodium Acetate Anhydrous. .. ...............co Sg
Adenine-Guanine-Uracil Solution ...........ccoviiut, 5 mL
Riboflavin-Thiamine Hydrochleride—Biotin

BOBON: s s S mL

Aminobenzoic Acid—Calcium Pantothenate—Pyridoxine

~ Hydrochloride Solution mL
Salt Solution A 5mL
Salt Solution B 5 mL

Dissolve the anhydrous dextrose and sodium acetate in the
solutions previously mixed, and adjust with 1 ¥V sodium hydroxide
to a pH of 6.8. Finally, add water to make 250 mL.

Acid-Hydrolyzed Casein Solution—Mix 100 g of vitamin-free
casein with 500 mL of constant-boiling hydrochleric acid [ap-

imately 20 percent %wj w) HCl], and reflux the mixture for
mours. Remove the hydrachloric acid from the mixture by
distillation under reduced pressure until a thick paste remains.
Redissolve the resulting paste in water, adjust the solution with
1 W sodium hydroxide to a pH of 3.5 (£0.1), and add water to
make 1000 mL. Add 20 g of activated charcoal, stir for 1 hour,
and filter. Repeat the treatment with activated charcoal if the
filtrate does not appear straw-colored to colorless. Store under
toluene in a refrigerator. Filter the solution if a precipitate forms
upon storage.

Cystine-Tryptophan Solution—Suspend 4.0 g of [-cystine and
1.0 g of i-tryptophan {or 2.0 g of di-tryptophan) m 700 1o 800
mL of water, heat to 70° to 80°, and add the 20 percent (w,/w)
hydrochloric acid, dropwise, with stirring, until the solids are
dissolved. Cool, and add water to make 1000 mL. Siore under
tolueoe in a refrigerator at a temperature not below 10°.

Adenine-Guanine-Uracil Solution—Dissolve 100 mg each of
ddenine sulfate, guanine hydrochloride, and uracil, with the aid
of heat, in 5.0 mL of the 20 percent (w/w) hydrochloric acid,
cool, and add water to make 100 mL. Store under toluene in a
refrigerator.
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Riboflavin-Thiamine Hydrochloride-Biotin Solution—Prepare
a solution containing, in each mL, 20 ug of riboflavin, 10 ug of
thiaming hydrochloride, and 0.04 ug of biotin by dissolving crys-
talline riboflavin, erystalline thiamine hydrochloride, and crys-
talline biotin (free acid) in dilute glacial acetic acid (1 in 850).
Store, protected from light, under toluene in a refrigerator.

Aminobenzoic Acid-Calcium Pantothenate-Pyridoxine Hydro-
chloride Solution—Prepare a solution of neutral 25 percent al-
cohol having a concentration of 10 ug of aminobenzoic acid, 20
pg of calcium pantothenate, and 40 gg of pyridoxine hydrochlo-
ride per mL. Store in a refrigerator.

Salt Solution A—Dissolve 25 g of monobasic potassium phos-
ghate and 25 g.of dibasic potassium phosphate in water to make

00 mL. Add 5 drops of hydrochloric acid, and store under
toluene. g

Salt Solution B—Dissolve 10 g of magnesinm sulfate, 500 mg
of sodium chloride, 500 mg of ferrous sulfate, and 500 mg of
manganese sulfate in water tc make 500 mE. Add 5 drops of
hydrochloric acid, and store under toluene.

Stock Culture of Lactobacillus plantarum—Dissolve 2.0 g of
water-soluble yeast extract in 100 mL of water, add 500 mg of
anhydrous dextrose, 500 mg of anhydrous sodium acetate, and
1.5 g of agar, and heat the mixture with stirring, on a steam bath,
until the agar dissolves. Add approximately 10-mL portions of
the hot solution to test tubes, plug the tubes with cotton, sterilize
for 15 minutes in an autoclave at 121° to 123°, and allow the
tubes to cool in an upright position. Pre stab cultures in
three or more of the tubes, using a pure culture of Lactobacilius
plantarum,* incubating for 16 to 24 hours at any selected tem-
perature between 30° and 37°, but held constant to within +0.5°,
and finally store in a refrigerator. Prepare a fresh stab of the
stock culture cvery week, and do not use for inoculum if the
culture is more than 1 weck old.

Culture Mediwum—To each of a series of test tubes containing
5.0 mL of the Basal Medium Stock Solution add 5.0 mL of
water containing 1.0 eg of niacin. Plug the tubes with cotton,
sterilize for 15 minutes in an autoclave at 121° to 123°, and cool.

Inoculurn—Make a iransfer of cells from the stock culture of
Lactobacillus plantarum to a sterile tube containing 10 mL of
culture medium. Incubate this culture for 16 to 24 hours at any
sclected temyerature between 30° and 37°, but held constant to
within +0.5°. The cell suspension so obtained is the inoculum.

Calibration of Spectrophotometer—Add aseptically 1 mL of
Inoculum to a|?muimate1y 300 mL of Culture Medium con-
taining 1 mL of Standard Niacin Solution. Incubate the inoc-
ulated medium for the same period and at the same temperature
to be employed in the Assay Procedure.

Following the incubation period, centrifuge and wash the cells
three times with approximately 50-mL portions of saline TS, and
then resuspend the cells in about 25 mL of the saline solution:

Dry to constant weight a 10-mL portion, accurately measured,
using a steam bath and completing the drying in vacuum at 100°,
and calculate the dry weight of the cells, in mg per mL, corrected
for the amount of sodinm chloride present.

Dilute a second portion, accurately measured, of the saline cell
suspension with the saline solution so that each ml coniains a
known quaniity of cells equivalent to 500 pg on a dried basis.
To test tubes add, in triplicate, 0.5 mL, 1.0 mL, 1.5 mL, 2.0 mL,
25 mL, 3.0 mL, 4.0 mL, and 5.0 mL, respectively, of this diluted
cell suspension and 5.0 mL of Basal Medium Stock Solution,
and make the volume in each tube to 10,0 mL with saline solution.
Using as the blanks three similar tubes containing no cell sus-
pension, measure the light transmittance of each tube under the
same conditions to be employed in the assay. Plot the observa-
tions as the ordinate on cross-section paper against the cell con-
tent, expressed as mg of dri( weight, as the abscissa.

Repeat this procedure at ieasi twice for the apectm%l:otometer
to be used iu the assay. Draw the composite curve best repre-
senting the three or more individual curves relating transmittance
to cell density for the spectrophotometer under the conditions of
the assay.

Assay Procedure—Prepare standard niacin tubes as follows:
To test tubes add, in duphicate, 0.0 mL, 0.5 mL, 1.0 mL, 1.5 mL,

* Pure cultures of Lactobaciflus plantarum may be obtained,
as number 8014, from the the American Type Culture Collection,
12301 Parklawn Drive, Rockville, MD 20852.

Chemical Tests / Nitrite Titration {451) 1541

20mL, 2.5 mL, 3.0 mL, 3.5 mL, 4.0 mL, 4.5 mL, and 5.0 mL,
respectively, of Standard Niacin Solution. To each tube add 5.0
mL of Basal Medium Stock Solution and water to make 10.0
mL.

Prepare tubes containing the material to be assayed as follows:
To test tubes add, in duplicate, 1.0 mL, 2.0 mL, 3.0 mL, and
4.0 mL, respectively, of the test solution of the material to be
assayed. To each fube add 5.0 mL of Basal Medium Siock
Solution and water to make 10.0 mL. After mixing, plug the
tubcs with cotton or cover with caps, and sterilize in an autoclave
at 121° to 123°. (Overheating the assay tubes may produce
unsatisfactory results.) Cool, aseptically inoculate cach tube with
1 drop of fnoculum, and incubate for 16 to 24 hours at any
selected temperature between 30° and 37°, but held constant to
within £0.5°. Contamination of the assay tubes with any foreign
organism invalidates the assay. '

rmine the transmittance of the tubes in the following man-
ner. Mix the contents of each tube, to which 1 drop of a suitable
antifoam agent solution may be added, and transfer to an optical
comtainer. After agitating i1s contents, place the container in a
spectrophotometer that has been set at a specific wavelength
between 540 nm and 660 nm, and read the transmittance when
a steady state is reached. This steady state is observed a few
seconds after agitation when the reading remains constant for 30
seconds or more. Allow agproxi.mately the same time interval
for the reading on each tube.

With the transmittance set at 1.00 for the uninoculated blank,

read the trapsmittance of the inoculated blank. If this trans-
mittance reading corresponds to a dried cell weight greater than
600 pg per tube, or if there is evidence of contamination with a
foreign microorganism, disregard the results of the assay.
. Then with the transmittance set at 1.00 for the incculated
blank, read the transmittance for each of the remaining tubes.
Disregard the results of the assay if the difference between the
transmittance observed at the highest level of the standard and
that of the inoculated blank is less than the difference corre-
sponding to a dried cell weight of 1.25 mg per tube.

Caicuiation—Prepare u siandard curve of the niacin standard
transmittances for each level of Standard Niacin Solution plotted
against ug of niacin contained in the respective tubes. From this
standard curve, determine bgcimerlpolatmn the niacin content of
the test solution in each tube. Disregard transmittance values
cquivalent to less than 0.5 mL or more than 4.5 mL of Standard

iacin Solution. The niacin content of the test material is cal-
culated from the average values obtained from not less than six
tubes that do not vary by more than + 10 percent from the av-
erage. If the transmittance values of less than six tubes contain-
ing the test sclution are within the range of the 0.5- to 4.5-mL
levels of the niacin standard tubes, the data are insufficient to
permit calculation of the concentration of niacin in the test ma-
terial. Transmittance values of inoculated blank exceeding read-
ing:;mrrenponding to dried cell weights of more than 600 pg per
tube indicate the presence of an excessive amount of niacin in
the Basal Medium Stock Solution and invalidate the assay.

Multiply the values obtained by 0.992 if the results arc to be
expressed as niacinamide. -

(451) NITRITE TITRATION

The following general method is provided for the determination
of most of the Pharmacopeial sulfonamide drugs and their dosage
forms, as well as of other Pharmacopeial drugs for which nitrite
titration is particularly suitable.

Reference Standard—USP Sulfanilamide Reference Stan-
dard—Dry at 105° for 3 hours before using. Keep container
tightly closed and protected from light.

Proceduwre—Weigh accurately about 500 mg in the case of a
sulfonamide, or otherwise the quantity specified in the individual
monograph, and transfer to a suitable open vessel. Add 20 mL
of h hloric acid and 50 mL of water, stir until dissolved, cool
to about 15°, and slowly titrate with 0.1 M sodium nitritc VS
that previously has been standardized against USP Sulfanilamide

Determine the end-paint electrometrically, using suitable elec-
trodes (platinum-calomel or platinum-platinum). Place the buret
tip below the surface of the solution to climinate air oxidation of
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the sodium nitrite, and stir the solution gently, using a magnetic
stirrer, without puliing a vortex of air under the surface, main-
taining the temperature at about 13°. The lilration may be car-
ried out mammally, or by means of an automatic titrator. In per-
forming it manually, add the titrant until the titration is within
1 mL of the end-point, and then add it in 0.1-mL portions, al-
lowing not less than 1 minute between additions. (The instrument
needle deflects and then returns to approximately its original
position until the end-point is reaehcd.}?

The weight, in mg, of the substance to which each mL of 0.1
M sodium nitrite VS is equivalent is as stated in the individual
monograph. .

For the assay of Tablets of the sulfonamides or other drugs,
reduce not less than 20 tablets to a fine powder, weigh accurately
a portion of the powder, equivalent to about 500 mg if a sulfon-
amide, or the quantity of drug specified in the individual mono-
graph, and proceed as directed in the foregoing, beginning with
“transfer to a suitable open vessel.”

For the assay of Injections and other liquid forms where the
nitrite titration is specified, pipet a portion, equivalent to about
500 mg if a sulfonamide, or the quantity of drug slpeciﬂed in the
individual moncl%r:zph, into a suitable open vessel, and proceed
as directed in the foregoing, beginning with “Add 20 mL of
hydrochleric acid.”

(461) NITROGEN
DETERMINATION

Some alkaloids and other nitrogen-containing organic com-
?ounds fail to yield all of their nitrogen upon digestion with sui-
uric acid; therefore these methods cannot be used for the de-
termination of nitrogen in all organic compounds.

Method I

Nitrates and Nitrites Absent—Place about 1 g of the substunce,
accurately weighed, in a 500-mL Kjeldahl flask of hard borosil-
icate glass. The material ta be tested, if solid or semisolid, may
be wrapped in 2 sheet of nitrogen-free filter paper for convenience
in transferring it to the flask. Add 10 g ofP;wdered potagsinm
sulfate or anhydrous sodium sulfate, 500 mg of powdered cupric
sulfate, and 20 mL of sulfuric.acid. Incline the flask at an angle
of about 45°, and gently. heat the mixture, keeping the temper-
ature below the boiling point until frothing has ceased. Increase
the heat until the acid boils briskly, and continue the heating
until the solution has been clear green in color or almost colorless
for 30 minutes. Allow to cool, add 150 mL of water, mix the
contents of the flask, and again cool. Add cautiously 100 mL of
sodium hydroxide solution (2 in 5), in such manner as 1o cause
the solption to flow down the inner side of the flask to form a
tayer under the acid solution, Immediately add a few picces of
granulated zinc, and without delay connect the flask to a Kjeldahl
connecting bulb (trap), previously attached to a condenscr, the
delivery tube from which dips beneath the surface of 100 mL of
boric acid solution (1 in 25) contained in a conical flask or a
wide-mouth bottle of aboat 500-mL capacity. Mix the conients
of the Kjeldahl flask by gentle rotation, and distil until about
four-fifihs of the contents of the flask has distilled over. Add not
less than 3 drops of methyl red—methylene blue TS to the contents
of the receiving vessel, and determine the ammonia by titration
with 0.5 N sulfuric acid VS. Perform a blank determination, and
make any necessary correction. Each mL of 0.5 NV sulfuric acid
VS is equivalent to 7.003 mg of nitrogen. .

When the nitrogen content of the substance is known to be
low, the 0.5 /¥ sulfuric acid VS may be replaced by 0.1 &V sulfuric
acid VS, Bach mL of 0.1 N sulfuric acid VS i3 equivalent tc
1401 mg of nitrogen.

Nitrates and Nitrites Present—Flacc a quantity of the sub-
stance, accurately weighed, corresponding to about 150 of
nitrogen, in a 500-mE Kjeldahl flask of hard borosilicate glass,
and add 25 mL of sulfuric acid in which 1 g of salicylic acid
previously has been disselved. Mix the contents of the flask, and
allow the mixture to stand for 30 minutes with frequent shaking.
To the mixture add 5 g of powdered sodium thiosulfate, again
mix, then add 500 mg of powdered cupric sulfate, and proceed
as directed under Nitrates and Nitrites Absent, beginning with
“Incline the flask at an angle of about 45°.”

(461) Nitrogen Determination / Chemical Tests
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When the nitrogen content of the substance is known to exceed
10%, 500 mg to 1 g of benzoic acid ma%; be added, prior to
digestion, to facilitate the decomposition of the substance.

Method II

Apparatus—Select a unit of the general type known as a semi-
micro Kjeldahl apparatus, by which the nitrogen is first liberated
by acid digestion and then transferred quantitatively to the ti-
tration vessel by steam distillation.

Procedure—Place an acourately weighed or measured quantity
of the material, equivalent to 2 to 3 mg of nitrogen, in the diges-
tion flask of the apparatus. Add 1 g of a powdered mixture of
potassium sulfate and cupric sulfate (10:1), and wash down any
adhering material from the neck of the flask with 2 fine jet of
water. Add 7 mL of sulfuric acid, allowing it to rinse down the
wall of the flask, then, while swirling the flask, add 1 mL of 30

ent hydrogen peroxide cautiously down the side of the flask.
fgl:not add hydrogen peroxide during the digestion.)

Heat the flask over a free flame or an electric heater until the
solution has a clear blue color and the sides of the flask are free
from carbonacecus material. Cautiously add to the digestion mix-
ture 20 mL of water, cool the solation, and arrange for steam
distillation. Add through a funnel 30 mL of sodium hydroxide
solution (2 in 5), rinse the funnel with 10 mL of water, tightly
cloge the apparatus, and begin the distillation with steam im-
mediately. Receive the distillate in 15 mL of boric acid solution
(1 in 25), to which has been added 3 drops of methyl red-meth-
ylene blue TS and sufficient water to cover the end of the con-
densing tube. Continue the distillation until the distillate mea-
surc:% to 100 mL. Reinove the absorption flask, rinse the end
of the condensing tube with a small quantity of water, and titrate
the distillate with 0.01 N sulfuric acid ¥S. Perform 2 blank
determination, and make any necessary correction. Each mL of
0.01 N acid VS is equivalent to 140.1 gg of nitrogen.

When a quantity of material containing more than 2 to 3 mg
of mitrogen 1s taken, 0.02 W or 0.1 [V sulfuric acid may be em-
ployed, provided that at least 15 mL is required for the titration.
If the total dry weight of material taken is greater ihan 100 mg,
increase tﬂrﬂponionately the quantitics of sulfuric acid and so-
dium hydroxide.

(466) ORDINARY IMPURITIES

This test, where called for in the individual monograph, is
provided to evaluate the impurity profile of an article. See Chro-
matography (621) for a general discussion of the thin-layer chro-
matographic technique. Unless otherwise s&mdﬁzd in the indi-
vidual monograph, use the following method.

Test Solution—Prepare, in the solvent specified in the mono-

raph, a soltition af the substance under test having an accurately
fmwn final concentration of about 10 mg per mL. [NOTE—
Heat or sonication may be used to dissolve the drug substance
where use of such does not adversely affect the compound.]

Standard Solutions—Prepare, in the solvent specified in the
menograph, solutions of the USP Reference Standard or desig-
nated substance having aceurately known concentrations of 0.01
miper mL, 0.05 mg per mL, 0.1 mg per mL, and 0.2 mg per
ml. [NOoTE—Heat or sonication may be used to dissolve the
drug substance where use of such does not adversely affect the
compound.}

Procedure—Use a thin-layer chromatographic plate coated with
a 0.25-mm layer of chromatographic silica gol mixture, and the
Eluant specified in the monograph. Apply equal volumes (20
xL) of ihe Tesi Solution and Sta Solutions to the plate,
uging 2 stream of nitrogen to dry the spots.

iﬁaw the chromatorgram to develop in a pre-equilibrated cham-
ber until the solvent front has moved about three-fourths of the
length of the plate. Remove the platc from the chamber, and
air-dry. Vicw the plate using the visualization technique(s) spec-
ified. Locaie any spots other thau the principal spot, in the chro-
matogram of the Test Solution, and determine their relative in-
tensities by comparison with the chromatograms of the appropriate
Standard Solutions. The total of any ordinary impuritics ob-
served does not exceed 2.0%, unless otherwise specafied in the
individual monograph.
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KEY FOR VISUALIZATION TECHNIQUES

1; Use ultraviolet light at 254 nm and 366 nm.
2) Use lodoplatinate TS.
3) Solution A—Mix 850 mg of bismuth subnitrate with 40

mdi. of water and 10 mL of glacial acetic acid.

Solution B—Dissolve 8 g of potassium iodide in 20 mL of
water. Mix A and B together to obtain a Stock Solution which
can be stored for several months in a dark bottle. Mix 10 mL
of the Stack Solution with 20 mL of glacial acetic acid, and
dilute with water to make 100 mL, to prepare the spray reagent.

(4) Ninhydrin Spray—Dissolve 200 mg of ninhydrin in 100
mL of alcohol. Heat the plate after spraying.

(5) Acid Spray—In an ice bath, add slowly and cautiously,
with stirring, 10 mL of sulfuric acid to 90 mL of alcohol. Spray
the plate, and heat until charred.

(fS Acid-Dichromate Spray—Add sufficient potassium di-
chromate to 100 mL of sulfuric acid to make a saturated solution.
Spray the plate, and heat until charred.

(g} Vanillin—Dissolve 1 g of vanillin in 100 mL of sulfuric
acia,

(B) Chloramine T-Trichloroacetic Acid—Mix 10 mL of a
3% aqueous solution of chloramine T with 40 mL of a 25% al-
?ohollc solution of trichlorcacetic acid. Prepare immediately be-

ore use.

Qﬁl) Folin-C—Add 10 g of sodium tungstaie and 2.5 g of
sodium molybdate to 70 mL of water, add 5 mL of 85% phos-
phoric acid and 10 mL of 36% hydrochloric acid, and reflux this
solution for 10 hours.

(10) KMnO—Dissolve 100 mg of Potassium Permanganate
in 100 mL of water,

(11) DAB—Mix ] g of p-dimethylaminobenzaldehyde in 100
mhtzﬁ; O'Erfchydﬁﬁ‘ﬂlgﬁi i atgfd}dimem Jami aldehyde

— mg minocinnam
in 100 mL of 1 N hydrochleric acid. ¥

(13) Ferricyanide—Mix equal volumes of a 1% ferric chlo-
ride solution and a 1% potassium ferricyanide solution. Use im-
mediately.

14) Fast Blue B—Reagent A—Dissolve 500 mg of Fast Blue

B Salt in 100 mL of water. !

Reagent B—0.1 N sodium hydroxide.

Spray first with A, then with B.

(15) Alkaline Ferric Cyanide—Dilute 1,5 mL of a 1% po-
tassium ferricyanide solution with water to 20 mL, and add 10
mL of 15% sodium hydroxide solution.

t{lﬁ) Iodine Spray—Prepare a 0.5% solution of iodine in chlo-
roform.

(17) Expose the plate for 10 minutes to iodine vapors in a
pre-cquilibrated closed chamber, on the bottom of which there
are iodine crystals.

(18) Solution A—Dissolve 0.5 g of potassium jodide in 50
mL of water.

Solution B—Prepare a solution of 0.5 g of soluble starch in
50 mL of hot water.

S Jugzpﬁortom.mixequnlvo!ummofSolmiunAandSo-

ution B.

(19) PTSS—Dissolve 20 g of p-toluenesuifonic acid in 100
mL of alcohol, spray the plate, dry for 15 minutes at 110°, and
view under ultraviolet light at 366 nm.

(20) o-Tolidine Spray—Dissolve 160 mg of o-tolidine in 30
mL of glacial acetic acid, dilute with water to make 500 mL,
add 1 g of potassinm iodide, and mix until the potassium iodide
has dissolved. ‘

(21) Mix 3 mL of chloroplatinic acid solution (1 in 10) with
97 mL of water, followed by the addition of 100 mL of potassium
iodide solution (6 in 100) to prepare the spray reagent.

{22) [Iodine-Methano! Spray—Prepare a mixture of iodine
TS and methanol (1:1).

(468) OXYGEN
DETERMINATION

For the measurement of oxygen concentrations in air or mix-
tures of oxygen with air or inert gas diluents, employ an instru-
ment wtilizing the variations of electric current produced by the
interaction of oxygen with an electrochemical cell 1o display the
oxygen strength of a confined sample or an in-line flow of the

Chemical Tests / Oxygen Flask Combustion (471)

1543

gas. This current gencrates a signal proportional to the oxygen
concentration which is displayed on a meter.

The instrument is basically maintenance-free but is to be pe-
riodically calibrated. When the monitor can no longer be cali-
brated with the sensor adjustment, replace or regencrate the cell.

(471)  OXYGEN FLASK
COMBUSTION

The oxygen flask combustion procedure is provided as the pre-
paratory step in the determination of bromine, chlorine, iodine,
seleninm, and sulfur in some Pharmacopeial articles. Combustion
of the material under test (usually organic) yields water-soluble
inorganic products, which arc analyzed for specific clements as
directed in the individual monograph or gencral chapler.

The caution statement given under Procedure covers minimum
safety precautions only, and serves to emphasize the need for
exceptional care throughout.

Apparatus—The apparatus’ consists of a heavy-walled conical,
deeply lipped or cupped 500-mL flask (unless a larger flask is
specified), fitted with a ground-glass stopper to which is fused a
test specimen carrier consisting of heavy-gauge platinum wirc
and a picce of welded platinum gauze measuring about 1.5 X 2
cm.

Procedure—[CAUTION—The analyst should wear salety glasses
and use a suitable safety shield between himself and the appa-
ratus, Exercise care to ensure that the flask is Scrwulousl clean
and free from even traces of organic solvents.] Weigh the sub-
stance, if a solid, on a piece of halide-free filter paper measuri
about 4 cm square, and fold the paper to enclose it. Ligui
substapces are weighed in tared capsules, cellulose acetate
capsules® being for liquids in volumes not exceeding 200
kL, and gelatin capsules being satisfactory for use for larger
volumes. [NOTE—Gelatin capsules may contain significant
amounts of combined halide or sulfur. If such capsules are used,
perform a blank determination, and make any necessary correc-
tion.] Place the specimen, together with a filter paper fuse-sirip,
in the platinum ganze specimen holder. Place the absorbing lig-
uid m:iiﬁcd in the individual monograph or general chapter in
the , moisten the joint of the stopper with water, and flush
the air from the flask with a strcam of rapidly flowing oxygen,
awirling the liquid to favor its taking up oxygen. [NOTE—Sat-
uration of the liquid with oxygen is essential for the successful
performance of the combustion procedure.] Ignite the fusc-strip
by suitable means. If the strip is ignited outside the flask, im-
mediately plunge the specimen holder into the flask, invert the
flask so that the absorption solution makes a seal around the
stopper, and hold the stopper firmly in place. If the ignition is
carried out in a closed system, the inversion of the flask may be
omitted. After combustion is complete, shake the flask vigor-

o

\

Apparatus for Oxygen Flask Combustion

' A suitable a tus [Catalog Nos. 6513-C20 (500-mL ca-
pacity) and 6513-C30 (1000-mL capacity)] and suitable capsules
[Catalog Nos. 6513-C80 (100 capsules) and 6513-C82 (1000 cap-
sules)] are obtainable from ur H. Thomas Co., P. O. Box
779, Philadelphia, PA  19105. B

2 A suitable a tug [Catalog Nos. 6513-C20 (500-mL ca-

ity) and 6513-C30 (1000-mL capaciljﬁ(]l and suiiable capsules
Féfta]og Nos, 6513-C80 (100 capsules) and 6513-CB82 gﬂﬂ cap-
sules)] are obtainable from ur H. Thomas Co., P. O. Box
779, Philadelphia, PA  19105.
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ously, and allow to stand for not less than 10 minutes with in-
termittent shaking. Then proceed as directed in the individual
monograph or general chapter.

(475) PENICILLIN G
DETERMINATION

The following procedure is used te determine the content of
penicillin G moiety in an antibiotic drug substance when such a
requirement is specified in the individual monograph.

0.05 M Phosphate Buffer, pH 6—Dissolve 6.8 g of monobasic

tassium phosphate in 900 mL of water, adjust with 1 N sodium
goxdroxidc to 2 pH of 6.00, dilute with water to 1000 mL, and

mix.

Mobile Phase—Prepare a mixture of 0.05 M Phosphaie Buffer,
pH 6 and acetonitrile (4: 1), filter through a membrane filter of
5-um or finer parosity, and degas.

Standard ion—Transfer about 80 mg of USP Peni-
cillin & Potassium RS, accurately weighed, to a 100-mL volu-~
metric flask, add about 50 mL of Mobile Phase, swirl to dissolve,
dilute with Mebile Phase to volume, and mix.

Test Preparation—Unless otherwise directed in the individual
monograph, proceed with the specimen under tesi as directed
under Standard Preparation. :

- System Suitability Preparation—Prepare a solution of penicil-
lin V potassium in Mobile Phase containing about 1 mg per mL.
Mix equal volumes of this solution and the Standard Preparation.

Chromatographic System (sec Chromatography (621))—The
liguid chromatograoimh is equipped with a 225-nm detector and a
4mm X 30-cm column that contains 10-um packing L1. The
flow rate is about 2 mL per minute. Chromatograph the Stan-
dard Preparation and the System Syitabilily Preparation, and
record the peak responses as directed under Procedure: the col-
umn efficiency determined from the analyte poak is not Ioss than
600 theoretical plaics, the resolution, R, between the penicillin
G and l‘ge:uis:illiu V peaks is not less than 2.0, and the relative
standard deviation for replicate injections of the Standard Prep-
aration is not more than 1.0%. i :

Procedure—Separately inject equal volumes (about 10 gL) of
the Standard Preparation, the Test Preparation, and the Sysiem
Suitability Preparation into the chromatograph, record the chro-
matograms, and measure the responses for the major peaks. The
relative retention times are about 0.7 for penicillin G and 1.0 for

enicillin V. Calculate the percentage of penicillin G
FCIﬁHlsNzO‘S} in the specimen under test by the formula:

(GsWs/WyMry/rsh

in which Gy is the designated penicillin G content, in percentage,
of USP Penicillin G Potassium RS, Wy and Wy, are the amounts,
in mg, of USP Penicillin G Potassium RS and test specimen
taken, respectively, and 7y and rg are the responses of the Tess
Preparation and the Standard Preparation peaks, respectively.

(481) RIBOFLAVIN ASSAY

The following procedure is suitable for preparations in which
riboflavin is a constituent of a mixture of several ingredients. In
employing it, keep the pH of solutions below 7.0, and protect the
sotutions from direct sunlight at all stages.

Reference Standard—U/SP Riboflavin Reference Standard—
Dry at 105° for 2 hours before using.

Standard Riboflavin Stock Solution—To 50.0 mg of USP Ri-
boflavin RS, previously dried and stored protected from light in
‘s desiceator uver dphus horus pentoxide, add about 300 mL of
0.02 N acetic acid, and heat the mixture on a steam bath, with
frequent agitation, until the riboflavin has dissolved. Then cool,
add 0.02 N acetic acid to make 500 mL, and mix. Store under
tolucne in a refrigerator.

Dilute an accurately measured pertion of this solution, usirtlg
0.02 N acetic acid, to0 a concentration of 10.0 pg of the dri
USP Riboflavin RS per mL, to obtain the Standard Riboflavin
Stock Solution. Store under toluenc in a refrigerator.

Standard Preparation—Dilute 10.0 mL of Standard Ribofli-

USP XX1I

vin Stock Soluiion with water in a 100-mL volumetric flask to
volume, and mix. Each mL represents 1.0 pg of USP Riboflavin
RS. Preparc fresh Standard Preparation for each assay.

Assay Preparation—Place an amount of the material to be
assayed in a flask of suitable size, and add a volume of 0.1 NV
hydrochloric acid equal in mL to not less than 10 times the dry
weight of the material in g, but the resulting solution shall contain
not more than 100 ug of riboflavin per mL. If the material is
not readily soluble, comminute it so that it may be evenly dis-
persed in the liquid. Then agitate vigorously, and wash down the
sides of the flask with 0.1 N hydrochloric acid.” - )

Heat the mixiure in an autoclave at 121° to 123° for 30 min-
utes, and cool. If clumping occurs, agitate the mixture until the
particles are evenly dispersed. Adjust the mixture, with vigorons
agitation, to a pH of 6.0 to 6.5 with sodium hydroxide solution,*
then add hydrochloric acid solution* immediately until no further
precipitation occurs (usually at a pH of approximately 4.5, the
jsoelectric point of many of the proteins present). Dilute the
mixture with water to make a measuted volume that contains
about 0.11 ag of riboflavin in each mL, and filter through paper
known not to adsorb riboflavin. To an aliquot of the filtrate add,
with vigorous agitation, sodinm hydroxide solution* to produce
a pH of 6.6 1o 6.8, dilute the solution with water to make a final
measured volume that contains approximately 0.1 ug of riboflavin
in each mL, and if cloudiness occurs, filter again.

Procedure—To cach of four or more tubes (or reaction vessels)
add 10.0 mL of the Assay Preparation. To each of two or more
of these tubes add 1.0 mL of the Standard Preparation, and mix,
and to each of two or more of the remaining tubes add 1.0 mL
of water, and mix. To each tube add 1.0 mL of glacial acetic
acid, mix, then add, with mixing, 0.50 mL of potassium per-

anate solution (1 in 25), and allow to stand for 2 minutes,
To each tube add, with mixing, 0.50 mL of hydrogen peroxide
solution, whereupon the permanganate color is destroyed within
10 seconds. Shake the tubes vigorously until excess oxygen is
expelled. Remove any gas bubbles remaining on the sides of the
tubes afier foaming has ceased, by tipping the tubes 3o that the
solution flows slowly from end to end. .

In a suitable fluorophotometer, having an input filter of narrow
transmittance range with a maximum at about 440 nm and an
output filter of narrow transmittance range with a maximum at
about 530 nm, measure the fluorescence of all tubes, designating
the average reading from the tubes containing only the Assay
Preparatior as Iy and the avamlsge from the tubes containing both
the Assay Preparation and the Standard Preparation as I's. Then
to each of one or more tubes of each kind add, with mixing, 20
mg of sodium hydrosulfite, and within 5 seconds again measure
the fluorescence, designating the average reading as [

Calculation—Calculate the quantity, in mg, of C;HyxN4Og in
each mL of the Assap Preparation taken by the fcmmﬂa:

0.0001(F, — Is)/(ls — In)

Cilculata the quantity, in mg, of Ci7HN40s in each capsule or
tablet.

(501) SALTS OF ORGANIC
. NITROGENOUS BASES

Standard Preparation—Unless othcrwise directed, re 4
solution in dilute sulfuric acid {1 in 70) containing, in mL,
about 500 ug of the specified USP Reference Standard, caicu-
lated on the anhydrous basis, and accurately weighed. :

Assay Preparation—If the dosage form is a tablet, weigh and
finely powder not less than 20 tablets, weigh accurately a portion
of the powder, equivalent to about 25 mg of the active ingredient,
and transfer to a 125-mL rator: or, if the dosage form is &
liguid, transfer a volume of it, equivalent to about 25 mg of the
active ingredient and accurately measured, to a 125-mL sepa-
rator. Then to the separator add 20 mL of dilute sulfuric acid
(1 in 350), and shake vigorously for 5 minutes. Add 20 mL of

* The concentrations of the hydrochloric acid and sodium hy-
droxide solutions used are not dtated in each instance because
these concentrations may be varied depending upon the amount
of material taken for assay, volums of test solution, and buffering
effect of material.
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ether, shake carefully, and filter the acid phase into a second
125-mL separator. Shake the ether phase with two L0-mL por-
tions of dilute sulfuric acid (1 in 350), filter each portion of acid
into the sccond separator, and discard the ether. To the acid
extract add 10 mL of sodium hydroxide TS and 50 mL of ether,
shake carefully, and transfer the aqueous phasc to a third 125-
mL separator containing 50 mL of ether. Shake the third sep-
arator carefully, and discard the agueous phase. Wash the two
ether solutiens, in succession, with a single 20-mL portion of
water, and discard the water. Extract each of the two ether
solutions with 20-, 20-, and 5-mL portions of dilute sulfuric acid
(1 in 70}, in the order listed, but cach time extract first the ether
solution in the third separator and then that in the second sep-
arator. Combine the acid extracts in a2 50-mL volumetric ﬂasi,
dilute with the acid to volume, and mix. | : .

NOTE—Hexane or heptane may be substituted for ether if the
distribution ratio of the nitrogenous base bstween water and hex-
ane, or between water and heptane, favors complels cxiraction
by the organic phase. -

Procedure—Unicss otherwise directed, dilute 5.0 mL each of
the Standard Preparation and the Assay Preparation with dilute
sulfuric acid (1 in 70) to 100.0 mL, and détermine the absorbance
of each selution at the specified wavelength, using dilute sulfuric
acid (1 in 70) as the blank. Designate the absorbance of the
solution from the Standard Preparation as Ag and that from the
Assay Prepdration as Ay, and calculate the result of the assay
as di in the individual monegraph.

(511) SINGLE-STEROID ASSAY

In the following [}mccdm, the steroid to be assayed is sepa-
rated from related forcign steroids and excipicnts by thin-layer
chromatography and determined following recovery from the
chromatogram.

Preparation of the Plate—Prepare a sluery from 30 g of chro-
ms!ngrgp]lic silica pel with 2 switable fluorescing substance by
the gradual addition, with mixing, of about 65 mL of a mixture
of water and alcchol (5:2). Transfer the slurry to a clean, 20-
X 20-cm plate, spread to mzke a uniform layer 250 gm thick,
and allow to dry at roem temperature for 15 minotes. Heat the
plate at 105° for 1 hour, and store in a desiccator,

Solvent A—Mix methylene chloride with methanol (180:16).

Solvent B—Mix chloroform with acetone (4:1).

Standard Preparation—Dissolve in a mixture of equal volumes
of chloroform and alcohol a suitable quantity of the USP Ref-
erence Standard specified in the individual mon
ously dried as directed in the individual monograph, and accu-
rately weighed, to obtain a solution having a known concentration
of about 2 mg per mL.

Assay Preparation—Prepare as directed in the individual
monograph.

Procedure—Divide the area of the chromatographic plate into
three equal sections, the left and right sections to be used far the
Assay Preparation and the Standard Preparation, respectively,
and the center section for the blank. Apply 200 xL cach of the
Assay Preparation and the Standard Preparation as streaks 2.5
cm from the bottom of the appropriate section of the plate. Dry
the solution as it is being applied, with the aid of a stream of air,
Using the Solvent specified in the individual menograph, develop
the chmmutgfram in a suitable chamber, previously equilibrated
and lined with absorbent paper, until the solvent front has moved
15 em above the initial streaks.

Remove the plate, evaporate the solvent, and locate the prin-
cipal band occupied by the Standard Preparation by viewing
under ultraviclet light. Mark this band, as well as corresponding
bands in the Assay Preparaiion and blank sections of the piate.
Remove the silica ge! from each band separately, either by scrap-
ing onto glazed weighing papers or by using a suitable vacuum

ecting device, and transfer it toa g%a.ss-stop;lzered, 50-mL cen-
trifuge tube. To each tube add 25.0 mL of aleohol, and shake
for not less than 2 minutes. Centrifuge the tubes for 5 minutes,
pipet 20 mL of the supernatant liguid from each tube into a glass-
stoppered, 50-mL conical flask, add 2.0 mL of 2 solution prepared
by dissolving 50 mg of blue tetrazolium in 10 mL of methanol,
and mix. Proceed as directed for Procedure under Assay for
Steroids {351), beginning with “Then to each flask.”

raph, previ-

Chemical Tests / Sulfonamides (521) 1545

(521) SULFONAMIDES

Identification of Individual Sulfonamides in
Mixed Sulfonamides

NoTE—The following instructions for preparations and
cedure are agplicab]s to all sulfonamides except sulfadiazine.
When testing for sulfadiazine proceed in the same manmer, except
to use sulfadiazine preparations having one-half the designated
coneentration, and apply twice the designated volumes of sulfa-
diazine preparations to the chromatographic plates.

Standard Preparation—Transfer a quantity of the pertinent
USP Reference Standard to a suitable glass-stoppered, conical
flask, dissolve in methanol to obtain a so%ution having a concen-
tration of about 2 mg per mL, and mix. A separate Standard
Preparation is required for each sulfonamide present in mixed
sulfonamides.

Test Preparafion—Transfer a portion of the thoroughly mixed
suspension or {inely powdered tablets, equivalent to about 100
mg of each sulfonamide, to a 50-mL volumetric flask containing
10 mL of ammonia TS, and swirl. Add methanol to volume, mix,
filter, and use the filtrate in the Procedure:

Preparation of Chromatographic Plates—Prepare three iden-
tical cliromatographic plates according to the following direc-
tions. On a suitable thin-layer chromatographic plate (sce Chro-
matography (621)), coated with a 0.25-mm layer of chromato-
graphic silica gel mixture, apply separately, and 2 cm apart along
a spotting line 1.5 cm from the bottom of the plate and Hel
to it, 2 ul. of each Standard Preparation and 2 gL of Test
Preparation. On another spot, 2 cm along the spotting line from
the application of the Test Preparation, apply, successively, 2 xL
of each Standard Preparation 1o obtain a mixed sttmdarg. Dry
the spots immediately with the aid of a stream of nitrogen.

Procedure—Prepare a chromatographic chamber lined with
filter paper and containing a solvent system capsisting of ethyl
aceiate, methanol, and 2 1 in 4 aqueous solution of ammonium
hydroxide (17:6:5), and allow to equilibrate for 1 hour. Similarly
prepare a sccond chamber to contain a solvent syslem consisting
of solvent hexane, chloroform, and butyl alcohol (1:1;1), and a
third chamber to contain a solvent system consisting of chloro-
form and methanol (95:5), Place one prepared tographic
plate in each equilibrated chamber, and develop the chromato-
grams until the solvent front has moved about three-fourths of
the length of each plate. Remaove cach plate from its developing
chamber, mark the solvent front, and allow the solvent to evap-
orate. Locate the spots on the plates by viewing under short-
wavelength uliraviolet light. Spray the plates with a 1 in 100
solution of p-dimethylaminobenzaldchyde in dilute hydrachloric
acid (1 in 20), and heat at 110° for 5 minutes or until bright
yellow spots become visible. The Ry vaiues of the yellow spots
obtained from cach Test Preparation correspond fo those ob-
tained from the mixed Standard Preparations on the respective
plates. The individual sulfonamides may be identified by com-
parison of the R, values of the areilow spots obtained from the
Test Preparations and individual Stendard Preporations on the
respoctive plates.

Determination of Individual Sulfonamides in
Mixed Sulfonamides

Standard Preparation—A separate Standard Preparation is
required for each sulfonamide being determined. Transfer about
50 mg, accurately weighed, of the pertinent USP Reference Stan-
dard to a 50-mL volumetric flask containing 1.5 mL of ammo-
nium hydroxide, add methanol, dissolve in methanol, dilute with
methanol te volume, and mix. Transfer 1.0 mL of this solution
to a 100-mL volumetric flask, add dilute hydrochloric acid (1 in
100} to volume, and mix. [NOTE—Retain the methanol solutions
for the Mixed Standard Preparafion. The methanol solutions
are stable for at least 1 week, and the acid solutions for at least
1 month.]

Mixed Standard aration—Transfer 1.0 mL of sach meth-
anol solution, prepared as required for each Standard Prepara-
tion, to a small glass-stoppered flask, and mix. [NOTE—This
Standard is used to identify the components of the Assay Prep-
aration on the chromatogram.]
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Assay Preparation—Prepare as directed in the individual
monograph.

Procedure— Prepare the necessary number of chromatographic
sheets (Whatman No. 1 filter paper, or equivalent), about 20 X
20 ¢m in size, by drawing a pencil line parallel to and 2.5 cm
from one edge of the paper. g/lark the line at points 2.5 and 5
em from each edge of the paper. Impregnate the paper by dip-
ping it in the immabilc solvent (prcparcf?‘rmh by dissolving 30
mL of redistilled formamide in 70 mL of acetone) for 30 seconds.
Remove the paper, drain for 10 seconds, and blot between filter

aper. Place the impregnated paper on dry filter paper, and air-
for 3 to 5 minutes. With a micropipet, and with repeated
applications, streak 100 pL of the Assay Preparation along the
starting line, applying the volume in five streaks of about 20 L
cach and ¢vaporating the solvent with a gentle stream of nitrogen
between applications. [NOTE—Make the streak as narrow as
ossible along the starting line, and keep within the 5-cm border. ]
inse the tip of the pipet with a drop of methanol-armmonia TS
mixture (9:1), and then streak the rinse along the starting line
between the 5- and 2.5-cm points at the right edge. Repeat the
rinsing with two additional drops, and then blow out the pipet.

Apply 10 uL of the Mixed Standard Preparation at the mark
2.5 em from the left edge.
 Place 50 mL of methylene chloride {mobile solvent) in a tray
ina 23- X 23- X 7.5-cm chromatographic chamber arranged for
ascending chromatography (see Chromatography (621)), and al-
low the chamber to cquilibrate for about 15 minutes. Remove
the cover, place from 7 to 10 mL of water in a second tray, and
without delay, suspend the prepared chromatographic paper sheet
so that it dips into the mobile solvent. Cover an seaﬁl}:e cham-
ber, and allow the chromatogram to develop for I hour. Remove
the paper from the chamber, and allow to air-dry for 5§ minutes.
Place the chromatogram on a dry sheet of filter paper, and view
it under short-wavelength ultraviolet light. [NoTE—Conduct the
following identification and marking without delay to avoid cx-
cessive cxposurce of the sulfonamide spots to ultraviolet irradia-
tion.] Identify and mark the respective spots by mnc‘ni:g R
values with those of the spots produced by the Mixed St t{
Preparation. [NOTE—Sulladiazine and sulfamerazine are chro-
matographed with increasing Rj; respectively.]

Cut the marked zones from L{;c paper, cut cach zone into five
or six pieces, and place the pieces from each spot in separate,
glass-stoppered, 50-mL flasks. Add 20.0 mL of dilute hydro-
chloric acid (1 in 100) to each flask, and allow to stand for about
30 minutes, swirling each flask at léast five times during this
period. Filter the solutions through dry glass wool into separate
test tubes, discarding the first 5 mL of filtrate. Transfer 5.0 mL
of the subscquent filtrate from cach solution into scparate 10-
mL volumetric flasks. Transfer 3.0 mL of each required Stan-
dard Preparation into ate, 10-mL velumetric flasks. To
cach flask, and o a blank flask containing 5 mL of dilute hy-
drochloric acid (1 in 100), add 1.0 mL of sodium nitrite selution
}1 in 1000) and 0.10 mL of hydrochloric acid, and allow Lo stand
or 5 minutes with frequent swirling. To each flask add 1.0 mL
of ammonium sulfamate solution (I in 200), and allow to stand
for 5 minutes, swirling frequently. Finally, to each flask add 1.0
mlL of freshly prepared N-(1-naphthyl}ethylenediamine dihydro-
chloride sofution (1 in 1000), mix, dilute with water to volume,
and mix. Allow each solution tosiand between 15 and 60 minutes,
and then concomitantly determine the absorbances of the solu-
tions, in 1-cm cells, recording the spectra from 440 to 700 nm,
with a suitable spectrophotometer, using the blank to set the
instrument. Draw z bascline, and determine the corrected ab-
sorbance for each solution at the wavelength of maximum ab-
sorbance at about 545 nin.

Calculate the concentration, in per mL, of each sulfon-
amide in the Assey Preparation by the formula:

0.12C( Ay As),

in which C is the concentration, in ug per mL, of the pertinent
USP Reference Standard in the Standard Preparation, Ay is the
corrected absorbance of the Assay Preparation, and Ag is the
corrected absorbance of the pertinent Standard Preparation.
From the concentration of the Assay Pre, tion thus deter-
mined, and applying appropriate dilution factors, calculate the
percentage of sulfonamide in the specimen taken.

USP XX1i

{531) THIAMINE ASSAY

Reference standard—U/SP Thiamine Hydrochloride Reference
Standard—Do nol dry; determine the water content titrimetri-
cally at the time of usc.

“he following procedure is provided for the determination of
thiamine as an ingredient of Pharmacopeial preparations con-
taining other active constituents.

Special Solutions and Solvents—

POTASSIUM FERRICYANIDE SOLUTION—Dissolve 1.0 g of po-
tasstum ferricyanide in water to make 100 mL. Prepare fresh on
the day of use.

OXIDIZING REAGENT—Mix 4.0 mL of Porassium Ferricya-
nide Solution with sufficient 3.5 N sodium hydroxide to make
100 mL. Use this solution within 4 hours.

QUININE SULFATE STOCK SOLUTION—Dissolve 10 mg of qui-
nine sutfate in 0.1 N sulfuric acid to make 1000 mLmlgmscm
this solution, protected from light, in a refrigerator.

QUININE SULFATE STANDARD SOLUTION—Dilute 0.1 & sul-
furic acid with Quinine Sulfate Stock Solution (39:1). This
solution fluoresces to approximately the same de; as the
thiochrome obtained from 1 gg of thiamine hydrochloride and is
used to correct the fluorometer at frequent intervals for variation
in sensitivity from reading to reading within an assay. Prepare
this selution fresh on the day of use.

Standard Thizmine Hydrochloride Stock Solution—Transfer
about 25 mg of USP Thiamine Hydrachloride RS, accurately
weighed, to a 1000-mL volumetric flask. Dissolve the weighed
Standard in about 300 mL of dilute alcohol solution (1 in 5)
adjusted with 3 V hydrochloric acid to 2 pH of 4.0, and add the
acidified, dilute alcohol to volume. Store in a light-resistant con-
tainethlz. in a refrigerator. Prepare this stock solution fresh each
montn.

Standard Preparation—Dilute a portion of Standard Thiamine
Hydrochloride Stock Solution quantitatively and stepwise with
0.2 N hydrochloric acid to obtain the Standerd Preparation, each
mL of which represents 0.2 pg of USP Thiamine Hydrochloride

Assay Preparation—Place in a suitable volumetric flask suf-
ficient of the material to be assayed, accurately weighed or mea-
sured by volume as directed, such that when diluted to volume
with 0.2 N hydrochleric acid, the resulting solution will contain
about 100 pg of thiamine hydrochioride (or mononitrate) per mL.
If the sample is difficuitly soluble, the solution may be heated
on a steam bath, and then cocled and diluted with the acid to
volume, Dilute 5 mL of this solution, quantitatively and stepwise,
uging 0.2 N hydrochloric acid, to an estimated ¢oncentration of
0.2 ug of thiamine hydrochloride {or mononitrate) per mL.

Procedure—Into each of three or more tubes §or other sunitable
vessels), of about 40-mL capacity, pipet 5 mL of Standard Prep-
aration. To each of two of these tubes add rapidly (within t to
2 seconds), with mixing, 3.0 mL of Oxidizing Reagent, and within
30 seconds add 20.0 mL of isobueyl alcohol, then mix vigorously
for 90 seconds by shaking the capped tubes manually, or ll:{
bubbling a stream of air through tﬁz mixture. Prepare a bla
in the remaining tube of the standard by substituting for the
Oxidizing Reagent an equal volume of 3! N sodium hydroxide
and proceeding in the same manner.

Into each of three or more similar tubes pipet 5 mL of the
Assay Preparation. Treat these tubes in the same manner as
dirccted for the tubes containing the Standard Preparation.

Into each of the six tubes pipet 2 mL of dehydrated alcohol,
swirl for a few seconds, allow the phases to separate, and decant
or draw off about 10 mL of the clear, supernatant isobutyl alcohel
solution into standardized cells, then measure the fluorescence
in a suitable fluorometer, having an input filter of narrow trans-
mittance range with a maximum at about 365 um and an output
ftl'sltsﬂ of narrow transmittance range with a maximum at about

nm.

Calculation—The number of pg of Cy;H,,CIN,0S.HCl in each
5 mL of the Assay Preparation is given ‘éy the formula;

(4 — B/S ~ o),

in which 4 and § are the average fluorometer readings of the
portions of the Assay Preparation and the Standard Preparation
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treated with Oxidizing Reagent, respectively, and b and d are
the readings for the blanks of the Assay Preparation and the
Standard Preparation, respectively.

Calculate the gquantity, in mg, of thiamine hydrochloride
(Cy2H |;CINJOS. HCI) in the assay material on the basis of the
aliguots taken. Where indicated, the quantity, in mg, of thiamine
mononitrate (Cy3H,7Ns0,S) may be calculated b; multiplying
the quantity of CyoH,,CIN,0S. HCI found by 0.9706.

(541) TITRIMETRY

Direct Titratioms—Direct titration is the treatment of a soluble
substance, contained in solution in a suitable vessel (the titrate),
with an appropriate standardized solution (the titrant), the end-
peint being determined instrumentally or visually with the aid of
a suitable indicator.

The titrant is added from a suitable buret and is so chosen,
with respect to its strength (normality), that the volume added
is between 30% and 100% of the rated capacity of the buret.
[NOTE—Where less than 10 mL of titrant is required, a suitable
microburet is to be used.] The e¢nd-point is approached directly
but cautiously, and ﬂmllpr the titrant is added dropwise [rom the
buret in order that the final drop added will not over run the
end-point. The quantity of the substance being titrated may be
calculated from the volume and the normality or molarity factor
of the titrant and the equivalence factor for the substance given
in the individual monograph.

Residual Titrations—Some Pharmacopeial assays require the
addition of a measured volume of a volumetric solution, in excess
of the amount actually nceded to react with the substance being
assayed, the excess of this solution then being titrated with a
second volumetric solution. This constitutes a residual titration
and is known also as a “back titration.” The quantity of the
substance bci.n% titrated may be calculated from the differcnce
between the volume of the volumetric solutior originally added
and that consumed by the fitrant in the back titration, doe ai-
lowance being made for the respective normality or molarity fac-
1ors of the two solutions, and the equivalence factor for the sub-
stance given in the individual monograph,

Chelometric Titratiens—Simple, direct titrations of some
polyvalent cations are ible by the use of reagents with which
the cations form complexes. The titration of the calcium ion by
this means is particularly advantageous, in comparison to the
oxalate precipitation method previously used for Pharmacopeial
purposes. The success of complexometry depends in large mea-
sure upon the indicator chosen. Often the color change of an
indicator can be improved by the addition of a screcning agent.

Titrations in Nonaqueous Solvents—Acids and bases have long
been defined as substances that furnish, when dissotved in water,
hydrogen, and hydroxyl ions, respectively, This definition, intro-
duced by Arrhenius, fails to recognize the fact that properties
characteristic of acids or bases may be developed also in other
solvents. A more generalized definition is that of Bronsted, who
defined an acid as a substance that furnishes protons, and a base
as a substance that combines with protons. Hven broader is the
definition of Lewis, who defined an acid as any material that will
accept an electron pair, a base as any material that will donate
an electron pair, and neutralization as the formation of a coor-
dination bond between an acid and a base.

The apparent strength of an acid or a base is determined b
the extent of its reaction with a solvent. In water solution all
strong acids appear equally strong because they react with the
solvent to alinost complete conversion to oxonium ion
and the acid anion (leveling cffect). [n a weakly protophilic sal-
vent such as acetic acid the extent of formation of the acctate
acidium ion shows that the order of decreasing strength for zcids
is perchlorie, hydrobromic, sulfurie, hydrochlorie, and nitrie {dif-
ferentiating effect).

Acetic acid reacts incompletely with water to form oxonium
ion and is, therefore, 2 weak acid. In contrast, it dissolves in a
base such as ethylenediamine, and reacts so completely with the
soivent that it behaves as a strong acid. The same holds for
perchloric acid.

This leveling effect is observed also for bases. Tn sulfuric acid
almost all bases appear to be of the same strength, As the acid
properties of the solvent decrease in the series sulfuric acid, acetic
acid, phenol, water, pyridine, and butylamine, the bases become

Chemical Tests [ Titrimetry (541) 1547

ively weaker until all but the strongest have lost their
basic properties. In order of decreasing strength, the strong bases
are scdium 2-aminoethoxide, potassium methoxide, sodium meth-
oxide, and lithium methoxide.

Many water-insoluble compounds acquire enhanced acidic or
basic properties when dissolved in organic solvents, Thus the
choice of the appropriate solvent permits the determination of a
varicty of such materials by nonaqueous titration. Furthermore,
depending upon which part of a compound is the physiologically
active moiety, it is ofien possible to titrate that part by proper
selection of solvent and titrant. Pure compounds can be titrated
directly, but it is often necessary to isolate the active ingredient
in pharmaceutical preparations from interfering excipients and
Carrers.

The 1)3:“ of compounds that may be titrated as acids include
acid halides, acid anhydrides, carboxylic acids, amino acids, enols
such as barbiturates and xanthines, imides, phenols, pyrroles, and
sulfonamides. The types of compounds that may be titrated as
bases include amines, nitrogen-containing heterocyclic com-
pounds, oxazolines, quaternary ammonium compounds, alkali salts
of organic acids, alkali salts of weak inorganic acids, and some
salte of amines. Many salts of halogen acids may be titrated in
acetic acid or acetic anhydride after the addition of mercuric
acetate, which removes halide ion as the un-ionized mercuric
halide complex and introduces the acelate ion.

For the titration of a basic compound, a volumetric solution of
perchloric acid in glacial acetic acid is preferred, although per-
chloric acid in dioxane is used in special cases. The calomel-
glass electrode system is useful in this case., In acetic acid solvent
this electrode system functions as predicted by theory.

For the titration of an acidic compound, twe classes of titrant
arc available: the alkali metal alkoxides and the tetraalkylam-
monium hydroxides. A volumetric solution of sodium methexide
in a mixture of methanol and toluene is used frequently, although
lithium methoxide in methanol-benzene solvent is used for those
compounds yielding 2 gelatinous precipitate on titration with so-
dium methoxide.

The alkali error limits the use of the glass electrode as an
indicating electrode in conjunction with alkali metal alkoxide
titrants, particularly in basic solvents. Thus, the antimony-indi-
cating electrode, though somewhat erratic, is used in such titra-
tions. The use of quaternary ammonium hydroxide compoun
e.g., tetra-n-butylammonium hydroxide and trimethylhexadecyl-
ammonium hydroxide (in benzene-methanol or isopropyl alcohol),
has two advantages over the other titrants in that (a) the tetraal-
kylammonium salt of the titrated acid is soluble in the titration
medium, and (b) the convenient and well-behaved calomel-glass
electrode may be used to conduct potentiometric titrations.

Because of interference by carbon dioxide, selvents for acidic
compounds need to be protected from excessive exposure to the
atmosphere by a suitable cover or by an inert atmosphere duri
the titration, Absorption of carbon dioxide may be determin
by performing a blank titration. The blank should not exceed
0.01 mL of 0.1 NV sodium methoxide VS Yer mL of solvent.

The end-point may be determined visually by color change, or
potentiometrically, as indicated in the individeal monograph. If
the calomel reference electrode is used, it is advantageous to
replace the aquecus potassium chloride salt bridge with 0.1 N
ll.tE:um perc:?orate in glacial acetic acid for titrations in acidic
solvents or potassium chioride in methanol for titrations in basic
solvents.

Where thesc or other mixtures are specified in individuzl mono-
graphs, the calomel reference electrode is modificd by first re-
moving the aqueous potassium chloride solution and residual po-
tassium chloride, if any, by rinsing with water, then eliminating
residual water by rinsing with the required nonaqueous solvent,
and finally filling the electrode with the designated nonaquecus
mixture.

The more useful systems for titration in nonaqueous solvents
arc listed in Table 1.

[ndicator and Potentiometric End-point Defection—The sim-
plest and most convenient method by which the equivalence point,
Le., the point at which the stoichiometric analytical reaction is
complete, may be determined is with the use of indicators. These
chemical substances, usually colored, respond to changes in so-
lution conditions before and after the equivalence point by ex-
hibiting color changes that may be taken visually as the end-
point, a reliable estimate of the equivalence point.
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Table 1. Systems for Nonaqueouns Titrations.
Acidic (for titration Relatively Neutral Relatively Neutral
Tyf;e of of bases and their (for differential Basic (for titration of (for differential
Solvent salts) titration of bases) acids) fitration of acids)
Solvent! Glacial Acetic Acid Acetonitrile Dimethylformamide Acetone
Acetic Anhydride Alcohols n-Butylaming Acelonitrile
Formic Acid Chloroform Pyridine Methyl Ethyl Ketone
ionic Acid Benzene Ethylenediamine Methy! Isobutyl
S 1 Chloride Toluene Morpholine Ketone
Chlorobenzene tert-Butyl Alcohol
Ethyl Acetate
Dioxane
Indicator Crystal Violet Methyl Red Thymol Blue Azo Violet
Quinaldine Red Methyl Orange Thymolphthalein Bromothymol Blue
p-Naphtholbenzein p-Naphtholbenzein Azo Violet Hydmﬁvuznbcnzenc
Alphazurine 2-G o-Nitroaniline ymol Blue
Malachite green p-Hydroxyazobenzene
Electrodes Glass-calomel Glass-calomel Antimony-calomel Antimony-calomel
Glass-silver—silver Calomel-silver—silver Antimony-glass Glass-calomel
chloride chloride Antimony-antimony* Glass-platinum?
Mercury-mercuric Platinum-calomel
acetate Glass-calomel

! Relatively neutral solvents of low diclectric constant such as benzene, toluene, chloroform or dioxane may be used in conjunction
with any acidic or basic solvent in order to increase the sensitivity of the titration end-points.

2In titrant.

A useful method of end-point determination results from the
use of electrochemical measurements, If an indicator electrode,
sensitive to the concentration of the species undergoing titrimetric
reaction, and a reference electrode, whose potential is insensitive

to any species, are immersed in the titrate to form a
lvanic cell, the g[otenﬁal difference between the electrodes may
sensed by & pH meter and used to follow the course of the
reaction. such a series of measurements is plotted cor-

rectly (ie., for an acid-base titration, pH versus mL of titrant
added; for a precipitimetric, complexometric, or oxidation-re-
duction titration, mV versus mL of titrant added), a sigmoid curve
results with a rapidly changing portion (the “break”) in the vi-
cinity of the equivalence point. The mid-point of this linear ver-
tical portion or the inflection point may be taken as the end-point.
However, it should be noted that in asymmetrical reactions, which
are reactions in which the number of anions reacting is not the
same as the number of cations reacting, the end-point as defincd
bﬁ/ the inflection of the titration curve does not occur exactly at
the stoichiometric equivalence point. Thus, potentiometric end-
point detection by this method is not suitable in the case of asym-
metric reactions, examples of which are the precipitation reaction,

2Agt + CrO4™2

and the oxidation-reduction reaction,
5Fet? + MnOy .

All acid-base reactions, however, are symmetrical. Thus, poten-
tiometric end-point detection may be emploved in acid-base ti-
trations and in other titrations involving symmetrical reversible
reactions where an indicator is sﬁecificd, unless otherwise di-
rected in tho individual monograph.

Two types of automatic electrometric titrators are available,
The first is one that carries out titrant addition automatically
and records the electrode potential differences during the course
of titration as the e:‘:ecled sigmoid curve. In the second type,
titrant addition is performed automaticnll{unﬁl a preset potential
or pH, n ting the end-point, is reached, at which point the
titrant addition ceases.

Several acceptable electrode systems for potentiometric titra-
tions arg summarized in Table 2.

Blank Correctioms—As previously noted, the end-point deter-
mined in a titrimetric assay is an estimate of the reaction equiv-
alence point. The validity of this estimate depends upen, among
other factors, the nature of the titrate constituents and the con-
centration of the titrant. An appropriate blank correction is em-

Table 2. Poientiometric Titration Elecirode Systems.

Indicating Reference
‘Titration Electrode Equation’ Electrode Applicability?
Acid-base Glass E = k + 0.0591 pH Calomeldgr sitver-silver ~ Titration of acids and bases
chlori
Precipitimetric  Silver E = E° + 0.0591 log {Ag*] Calomel (with Titration with or of silver
(silver) potassium nitrate involving halides or
salt bridge) thiccyanate
Chelometric Mercury-mer- E = E® + 0.0296(log k" — pM)  Calomel Titration of various metals
curygl) § (M} e.g., Mg*? Ca*?,
I*3, Bi**, with EDTA
Oxidation- Platinum - . 00591  fox] Calowel or silver—silver  Titrations with arsemite,
reduction e BT W chloride bromine, cerate,
dichromate,
hexacyanoferrate(III),
iodate, nitrite,
permanganate,
thiosulfate

! Appropriate form of Nernst cquation describing the indicating clectrode system: k — glass electrode constant; k* = constant
derived from Hg-Hg(IT)-EDTA equilibrium; M = any metal undergoing EDTA titration; [ox] and [red] from the equation, ox +

ne = red.
2 Listing is tative but not exhaustive.
represen
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ployed in titrimetric assays to enhance the relfability of the end-
int determination. Such a blank correction is usually obtained
E; means of a residual blank titration, wherein the required
rocedure is ted in every detail except that the substance
eing assayed is omitted. In such instances, the actual volume
of titrant equivalent to the substance being assayed is the dif-
ference between the volume consumed in residual blank ti-
tration and that consumed in the titration with the substance
present. The corrected volume so obtained is used in calculating
the quantity of the substance being titrated, in the same manner
as Jarescribcd under Residual Titrations. Where tiometric
end-point detection is employed, the blank correction is usually

neghgible.

(551) ALPHA TOCOPHEROL
ASSAY

The following procedure is provided for the determination of
tocopherol as an ingredient of Decavitamin Capsules and De-
cavitamin Tablets,

Hydrogenator—A suitable device for low-pressure hydro-
genation may be assembled as fi Arrange in & rack or in
clamps two 50-mL conical centrifuge tubes, connected in series
b{ means of glass and inert plastic tubing and suitable stoppers
of glass, pol , or cork (avoiding all use of rubber). Usc one
tube for tg; glank and the other for the assay specimen. Arrange
a gas-dispersion tube so that the hydrogen issues as bubbles at
the bottom of each tube. Pass the hrmgen first through the
blank tube and then through the specimen tube.

Procedure—Pipet into a suitable vessel 25 mL of the final
washed ether solution of the unsaponifiable fraction obtained as
directed for When Tocopherol Is Present under Procedure in the
Vitamin A Assay (571), and evaporate to about 5 mL. Without
applying heat, remove the rel ing ether in a stream of inert
ges or by vacunm  Dissolve the residue in sufficient alcohol to
give an expected concentration of about 0.15 mg of alpha to-
copherol per mL. Pipet 15 mL into a 50-mL centrifuge tube,
add about 200 mg of palladium catalyst, stir with a glass rod,
and hydrogenate for 10 minutes in the Hydrogenator, using hy-
drﬁen that has been passed lhmughlh aloohol in a blank tube.
Add about 300 mg of chromatographic siliceous earth, stir with
a glass rod, and immediately centrifuge until the solution is clear.

Test a 1-mL aliquot of the solution by removing the solvent
by evaporation, dissolving the residue in I mL of chloroform, and
ad;:ling 10 mL ?Jf‘; n.ntimolrlty t;Jilchlori?e TS: no detectabtlch bllau
color appears. [NOTE—If a blue color appears, repeat the hy-
drogenation for a longer time period, or with a new lot of catalyst.]

Pipet 2 mL of the supernatant solution into a glass-stoppere
opaque flask, add 1.0 mL of a 1 in 500 solution of ferric chloride
in dehydrated alcohol,* and begin timing the reaction, preferably
with a stop waich. Add immediately 1.0 mL of a I in 200 solution
of 2,2-bipyridine in dehydrated alcohol, mix with swirling, add
21.0 mL of dehydrated alcohol, close the tube, and shake vig-
orously to ensure com; mixing. When about 9% minutes have
elapsed from the beginning of the reaction, cr part of the
mixture to one of a pair of matched 1-cm spectrophotometer cells.
After 10 minutes, accurately timed, following the addition of the
ferric chloride—dehydrated aleohol solution, determine the ab-
sorbance at 520 nm, with a suitable spectrophotometer, using
dehydrated alcohol as the blank. Perform a blank determination
with the same quantities of the same reagents and in the same
manner, but using 2 mL of dehydrated alcohol in place of the 2
mL of the hydrogenated solution. Subtract the absorbance de-
termined for the blank from that determined for the assay spec-
imen, and designate the difference as Ap

Calculate the alpha tocopherol content, in mg, in the assay
specimen taken by the formula:

30.2 ApKLCp),

* Note—The absorbance of the blank may be reduced, and
the precision of the determination thereby improved, by purifi-
cation of the dchydrated alcohol that is used throughout the assay,
Purification may be accomplished by the addition of a few crys-

tals (about 0.02%) of potassium permanganate and of a few pellets
lr_}éj)_otgmn_xm hydroxide to the dchydrated alcohol, and subsequent
istillation,

Chemical Tests [ Vegetable Drugs—Sampling and Methods of Analysis (561)

1549

in which A is the corrected absorbance, L is the length, in cm,
of the absorption cell, and Cp is the content of the assay specimen
in the alcohol solution employed for the measurement of absorb-
ance, cxpressed as g, capsules, or tablets per 100 mL.

(561) VEGETABLE DRUGS—
SAMPLING AND METHODS
OF ANALYSIS

Sampling
In order to reduce the effect of sampling bias in qualitative
and quantitative results, il is necessary to ensure that the com-

ition of the sample used be representative of the batch of drugs
gﬁng examined. following samplinﬁ procedures are the min-
imum considered applicable to vegetable drugs. Some articles,
or some tests, may require more rigorous procedures involving
more containers being sampled and/or more samples per con-
tainer.

Gross Sample —Where external examination of containers,
markings, and labels indicates that the batch can be considered
to be bomogeneous, take individual samples from the number of

selected containers indicated below. Where the batch
cannot be considered to be homogeneous, divide it into sub-batches
that are as homogenecous as possible, then sample each one as a
homogeneous batch.

No. of Containers No. of Containers

in Batch (N) to be Sampled (r)
1to10 all
1110 19 11

>19 n =10 + (N/10)

{(Round calculated “a” to next highest whole sumber.}

Samples shall be taken from the upper, middle, and lower
sections of each container. If the crude material consists of com-
ponent parts which are 1 cm or less in any dimeasion, and in the
case of all ered or ground materials, withdraw the sample
by means of a sampling device that removes a core from the top
to the bottom of the container, not less than two cores being taken
in opposite directions. For materials with component parts aver
1 cm in any dimension, withdraw h:nﬁﬁplns by hand. In the case
of large bales or packs, samples s! be n from a depth of
10 ¢m because the moisture content of the surface layer may be
different from that of the inner layers.

Prepare the gross sample by combining and mixing the indi-
vidual samples taken from each opened container, taking care
not to increase the degree of fragmentation or significantly affect
the moisture content.

Laboratory Sample—Prepare the laboratory sample by re-
peated quartering of the gross sample. (NOTE—Quartering con-
sists of placing the sample, adeguately mixcd, as an cven and
square-shaped heap and dividing it diagonally into four equal

ris. The two oppusite parts are then taken and carefully mixed.

process is repeated as necessary until the required quantity
is obtained.) .

The laboratory sample should be of a size suilicient for per-
forming il the neccssary tests,

Test Sample—Unless otherwise directed in the individual
;gﬁnugraph or test procedure below, prepare the test sample as

OWS.

Decrease the size of the laboratory sample by quartering, tak-
ing care that each withdrawn portion remains ntative, In
the case of unground or untﬁowdered drugs, gﬁgg: withdrawn
sample so that it will pass through a No. 20 standard-mesh sieve,
and mix the resulting powder well [If the material cannot be
ground, reduce it to as fine a state as possible, mix by rolling it
ontrpero: cloth, spread it out in a thin layer and
withdraw the portion for analysis.

Foreign Organic Matter

Test Sample—Unless atherwise specified in the individual
monograph, weigh the following quantities of the laboratory sam-
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le, taking care that the withdrawn portion is representative
quartering if necessary):

Roots, rhizomes, bark, and herbs 500 g
Leaves, flowers, seeds, and fruit 250¢
Cut vegetable drugs (average weight

of the pieces is less than 0.5 g) 50g

Spread the sample out in a thin layer, and separate the foreign
organic matter by hand as completely as possible. Weigh it, and
determine the percentage of foreign organic matter in the weight

of drug taken.
Total Ash

Accurately weigh aa?uantity of the test sample, representing
2 to 4 g of the air-dried material, in a tared crucible, and incin-
erate, gently at first, and gradually increase the temperature 1o
675 + 25°, until free from carbon, and determine the weight of
the ash. If a carbon-free ash cannot be obtained in this way,
extract the charred mass with hot water, collect the insoluble
residue on an ashless filter paper, incinerate the residue and filter
paper until the ash is white or nearly so, then add the filtrate,
evaporate it to dryness, and heat the whole to a temperature of
675 + 25°. If a carbon-free ash cannot be obtained in this way,
cool the crucible, add 15 mL of alcohol, break up the ash with
a glass rod, burn off the alcohol, and again heat the whole to a
temperature of 675 + 25°. Cool in a desiccator, weigh the ash,
and calculate the percentage of total ash from the weight of the

drug taken.
Acid-insoluble Ash

Boil the ash obtained as directed under Total Ash, above, with
25 mL of 3 N hydrochloric acid for 5 minutes, collect the insol-
uble matter on a tared filtering crucible or ashless filter, wash
with hot water, ignite, and weigh. Determine the percentage of
acid-insoluble ash calculated from the weight of drug taken,

Crude Kiber

Exhaust a weighed quantity of the test sample, representing
about 2 g of the E' with ether. Add 200 mL of b%
sulfuric acid {1 in 78) to the ether-exhausted marc, in a
flagk, and conmnect the flask to a reflux condenser. Reflux the
mixture for 30 minutes, accurately timed, then filter ha
tinen or hardened-paper filter, and wash the residue on the filter
with boiling water until the effluent washing is no longer acid.
Rinse the residue back into the flask with 200 mL of boiling
sodium hydroxide solution, adjusted to 1.25 nt by titration
and free from sodium carbonate. Again reflux the mixture for
30 minutes, accurately timed, then rapidly filter through a tared
filter, wash the residuc with beiling water until the last washing
is neatral, and dry it at 110° to constant weight. Incinerate the
dried residue, ignite to constant weight, cool in a desiccator, and
weigh the ash: the difference between the weight obtained by
drying at 110° .and that of the ash represents thc weight of the
crude fiber.

NOTE—The boiling with acid and alkali should continue for
30 minutes, accurately timed, from the time that the liquid {which
is cooled below the boiling point by being added to the cold flask)
again boils. After the solution has been brought to beiling, the
heat should be turned low encugh just to maintain boiling, During
the boiling, the flask should be gently rotated from time to time
to wash down any particles that may adhere to the walls of the
flask. A slow current of air introduced into the flask during the
boeiling operation aids in preventing excessive frothing.

Volatile Oil Determination

’ Se§ up & round-bottom, shortnecIk. I-iter ﬂukhir;l):d heating
mantle set over a magnetic stirrer. Insert an egg-sha si.irnzg'
bar magnet in the flask, and attach a cold—ﬁngsg' condenser a
an appropriate volatile oil trap of the type illustrated.
Coarsely comminute a sufficient quantity of the drug to yield
from 1 to 3 mL of volatile oil. Small seeds, fruits, or broken
feaves of herbs ordinarily do not need comminution. Very fine
powders are to be avoided. If this is not possible, it may be
necessary to mix them with purified sawdust or purified sand.
Place a suitable quantity of the drug, accurately weighed, in the
flask, and fill it one-half with water. Attach the condenser and
the proper separator. Boil the contents of the flask, using a suit-

USP XXII

For oifs heavier

For ails lighter
than water

than water

Traps for Volatile Oil Apparatus

able amount of heat to maintain Fentle boiling for 2 hours, or
until the volatile oil has been completely separated from the drog
and no longer collects in the graduated IuE: of the scparator.

Ifa quantity of the volatile oil has been obtained in the
graduated tube of the separator, it can be read to tenths of I
mL, and the volume of volatile oil from each 100 g of drug can
be calculated from the weight of the drug taken. The graduations
on the separator “for oils heavier than water” are so placed that
oil remains below the aqueous condensate that automatically flows
back into the flask.

Water

aboraiey S by oRERG STeR o dhraing. s that
'aboratory sample by cutting, pranulating, or s ing, so that
the parts are about 3 mm in tﬁickncu. Seeds or fruits smaller
than 3 mm should be cracked. Avoid the usc of high-speed mills
in preparing the sample, and exercise care that no appreciable
amount of moisture is lost during the preparation and that the
portion taken is representative of the iﬂbarara? sample. Deter-
mine the water content as directed under Procedure for Vegeiable
Drugs in the test for Water Determination—Gravimetric Method

{921).

(571) VITAMIN A ASSAY

The following procedure is provided for the determination of
vitamin A as an ingredient of Pharmacopeial preparations. It
conforms to that which was adopted in 1956 for international use
by the International Union of Pure and Applied Chemistry.

Compiete the assay promptly, and exercise care throughout the
procedure to to a minimum the exposure to actinic light
and to atmespheric oxygen and other oxidizing agents, preferably,
by the use of ron-actinic glassware and an atmosphere of an inert

gas.

Special Reagents—

ETHER—Use ethyl ether, and use it within 24 hours after open-
ing the container. ;

ISOPROPYL ALCOHOL—Use spectrophotometric-grade isopro-

1 alcohoi (see fsopropyl Aicohol under Reagent Specifications
m the section, Reagents, Indicators, and Solutions).

Procedure—Accurately weigh, count, or measure a portion of
the test speci expected to contain the equivalent of not less
than 0.15 mg of retinol but containing not more than 1 g of fat.
If in the form of capsules, tablets, or other solid, so that it cannof
be saponified efficiently by the ensuing instructions, reflux the
portion tzken in 10 mL of water on a steam bath for about 10
minotes, crush the remaining solid with 2 blunt glass red, and
warm for about 5 minutes longer.

Transfer to a suitable borosilicate glass flask, and add 30 mL
of aleohol, followed by 3 mL of potassium hydroxide solution (9
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in 10). Reflux in an all-borosilicate glass apparatus for 30 min-
utes. Cool the solution, add 30 mL of water, and transfer to a
conical separator. Add 4 g of finely powdered sodium sulfate
decahydrate. Extract by shaking with one 150-mL portion of
cther for 2 minutes, and then, if an emulsion forms, with three
25-mL portions of ether. Combine the ether extracts, if neces-
sary, and wash by swir]ingi gently with 50 mL of water. Repeat
the washing more vigorously with three additional 50-mL portions
of water. Transfer the washed ether extract to 2 250-mL volu-
metric flask, add ether to volume, and mix. .

Evaporate a 25.0-mL portion of the ether extract to about 5
mL. Without applying heat and with the aid of a stream of
inert gas or vacuum, continue the evaporation to about 3 mL.
Dissolve the residuc in sufficient isopropyl alcohol to give an
expected concentration of the equivalent to 3 ug to 5 g of vitamin
A per mL or such that it will give an absorbance in the range
0.5 to 0.8 at 325 nm. Determine the absorbances of the resulti
solution at the wavelengths 310 nm, 325 nm, and 334 nm, wit
a suitable spectrophotometer fitted with matched guartz cells,
using isapropyl alcohol as the blank.

WHEN TOCOPHEROL IS PRESENT—Transfer to a suitable bo-
rosilicate glass flask a test specimen, accumtcl&mcusumd. or not
less than iously crushed Decavitamin Capsules or Deca-
vitamin Teblets. Reflux in an all-borosilicate glass apparatus with
30 mL of alcohol and 3 mL of potassium hydroxide solution (9
in 10) for 30 minutes. Add through the condenser 2.0 g of citric
acid monohydrate, washing the walls of the condenser with 10
mL of water, Cool, and transfer the solution to a conical separator
with the aid of 20 mL of water. Add 4 g of ﬁncl{uEwdemd
sodium sulfatc decahydrate. Extract with onc 150-mL. portion
of ether and then, if an emulsion forms, with three 25-mL portions
of ether. Combine the ether extracts, if necessary, and wash by
swirling gcml{| with 50 mL of water. Repeat the washing more
vigorously with threc additional 50-mL portions of water. Trans-
fer the washed ether extract to a 250-mL volumetric flask, and
add ether to volume. Transfera 100.0-mL aliql‘uot of the resulting
eéther solution ¢ & conical separator, and wash once with 50 mL
of potassium hydroxide solution (1 in 33), using alcehol, if nec-
essary, to break any emulsion that forms. Wash by swirling gently
with 50 mL of water. Repeat the washing more vigorously with
three additional 50-mL ions of water. Transfer the washed
cther extract to a 100-mL volumetric flask, add cther to volume,

and mix.

Evaporate 2 50.0-mL aliquot of the ether solution of the un-
saponi.ggblc extract 1o about 5 mL. Without applying heat and
with the aid of a stream of inert gas or vacuum, remove the
f:,ﬁ“’l ether. Dissolve the residue in 50.0 mL of isopropyl al-

Hydrogenated portion—Pipet 15.0 mL of the isopropyl alcohal
solution into a 50-mL centrifuge tube, add approximatcly 200
mg of palladium catalyst, stir with a glass rod, and hydrogenate
for 10 minutes in a Hydrogenator such as is described in the
Alpha Tocopherol Assay (551}, using isopropyl alcohol in the
blank tube. Add about 300 mg of chromatographic siliceous
earth, stir with a glass rod, and immediately centrifuge until the
solution is clear.

Test a 1-mL aliquot of the solution by removing the solvent
by evaporation, dissolving the residue in 1 mL of ch 'orm, und
adding 10 mL of phosphomolybdic acid TS: no detectable blue-
green color appears. [NOTE—If a blue-green color appears, re-

t the hydrogenation for a longer time period, or with a new
ot of calalyst.]g

Into two scparate flasks pipet equal volumes of the Hydro-
genated portion and the untreated isopropyl alcohol solution, re-
spectively, and add sufficient isopropyl alcohol to give an ex-
pected concentration of vitamin A ﬁu.wa]enl 10 3 ug 10 5 pg per
ml. Determine the absorbances of the untreated solution against
the solution from the Hydrogenated portion as a blank, at the
waveiengths 310 nm, 325 nm, and 334 e, with a suitable spec-
trophotometer fitted with matched quartz cells.

Calculation—Caiculate the vitamin A content as follows:
Content (in mg) = 0.549A45,5/LC,

in which Ajs is the observed absorbance at 325 nm, L is the
length, in cm, of the absorption cell, and € is the amount of test
specimen expresscd as g, capsule, or tablet in each 100 mL of
the final isopropyl alcobol solution, provided that 4,5 has a value
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not less than [4325] /1.030 and not more than [4335]/0.970, where
[4325] is the corrected absorbance at 325 nm and’ 18 given by the

equation:
[A3s] = 6815455 — 2.555439 — 4.260A33,

in which A designates the absorbance at the wavelength indicated
by the subscript.
Where [A;,5] has a value less than 4;55/1.030, apply the fol-
lowing equation:
Content (in mg) = 0.549[A31s] /LC,

in which the values are as defined herein. Each mg of vitamin
A (alcobol) represents 3333 USP Units of vitamin A.
Confidence Interval—The range of the limits of error, indicat-
ing the extent of discrepancy to be expected in the results of
different laborateries at P = 0.05, is approximately +8%.

(581) VITAMIN D ASSAY

Chromatographic Method

The following pressurized liquid chroma phic procedure is
provided for the determination of vitamin D, as cholecalciferol
or as crgocalciferol, as an ingredient of Pharmacopeial multiple-
vitamin preparations.

Throughout this assay, protect solutions containing, and de-
rived from, the test specimen and the Reference Standard from
the atmosphere and light, rn:ferah]y by the use of a blanket of
inert gas and low-actinic glassware.

Reference Standard—|NOTE—Use USP Ergocalciferol RS, or
USP Cholecalcifercl RS, for assaying pharmaceutical dosage
forms that are labeled to contain vitamin D as a?ocalcifetol, or
as cholecalciferol, respectively.] USP Ergocalciferol Reference
Standard—Store in a cold place, protected from light. - Allow it
to attain room temperature before opening ampul. Usc the ma-
terial promptly, and discard the unused portion.

USP Cholecalciferol Reference Standard—Store in a cold glaoe.
protected from light. Allow it to attain room temperature before
opening ampul. Use the material promptly, and discard the un-
used portion.

USP Vitamin D Ass'aﬁ System Suitability Reference Stan-
dard—Store in a cool place, protected from light. Allow it to
attain room temperature before opening ampul. Do not dry.
Transfer unused contents of ampul to a tightly closed container,
and store under nitrogen, in the dark, in a cool place.

USP A4,6-Cholestadienol Reference Standard—Store in a cool

lace, protected from light. Allow it to attain room temperature
Eeforc opening ampul. Do not dry. Transfer unused contents of
ampul to a tightly ¢losed container, and store under nitrogen, in
the dark, in a cool place.

Special Reagents and Solutions—

ETHER—Use ethyl ether, Use within 24 hours after opening
container. )

DRHYDRATED HEXANE—Prepare a chromatographic column
bytﬂacldnga chromatographic tube, 60 cm X 8 ¢m in diamcter,
with 500 g of 50- to 250-141!1 chromatographic siliceous earth,
activated by drying at 150° for 4 hours (sec Column adsorption
chromatography under Chromatography (621)). Pass 500 mL

hexanes through the column, and collect the eluate in 2 glass-
stoppered flask.

BUTYLATED HYDROXYTOLUENE SOLUTION—Dissolve a
quantity of butylated hydroxytoluene in chromatographic hexane
to obtain a solution containing 10 mg per mL.

AQUEOUS POTASSIUM HYDROXIDE SOLUTION—Dissolve 500
g of potassium hydroxide in 500 mL of freshly boiled water, mix,
and cool. Prepare this solution fresh daily.

ALCOHOLIC ﬁnssauu ns&t')nﬂnﬂa s:ixfu—noN—Dissolvii g
g of potassium hydroxide in of freshly boiled water, a
10 mL of alcohol, dilute with freshly boﬂedy water to 100 mL,
and mix. Prepare this solution fresh daily.

SODIUM ASCORBATE SOLUTION—Dissolve 3.5 g of ascorbic
acid in 20 mL of 1 N sodium hydroxide. Prepare this solution
fresh daily.
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SODIUM SULFIDE SOLUTION—Dissolve 12 g of sodium sulfide
in 20 mL of water, dilute with glycerin to 100 mL, and mix.

Mobhile Phase A— re a mixture of acetonitrile, methanol,
and water (25:25:1). The amount of water and the flow rate
may be varied to meet system suitability requirements.

Mobile Phase B—Prepare & 3 in 1000 mixture of #-amyl al-
cohol in Dehydrated hexane. The ratio of components and the
flow rate may be varicd to meet system suitability requirements.

Internal Standard Solution—Transfer 15 mg of USP A4,6-Cho-
lestadienol RS, accurately weighed, toa 200-mL volumetric flask,
a.dg a | in 10 mixture of toluene and Mobile Phase B to volume,
and mix.

Standard Preparation—Transfer about 25 mg of USP Ergo-
caleiferol RS or Cholecalciferol RS, accurately weighed, toa §0-
mL volumetric flask, dissolve without heat in toluene, add toluene
to volume, and mix. Pipet 10 mL of this stock solution into a
100-mL volumetric flask, ditute with toluene to volume, and mix.
Prepare stock solution fresh daily.

Assay Preparation—

For aily solutions—Accurately weigh a portion of the speci-
men to be assayed, preferably more than 0.5 g and equivalent to
about 125 ug of cholecalciferol or ergocaleiferol (SOOO%ISPUnits).
Add 1 mL of Sodium Ascorbate Solution, 25 mL of alcohol, and
2 mL of Agueous Potassium Hydroxide Solution, and mix.

For capsules or tablets—Reflux not less than 10 capsules or
tablets with a mixture of 10 mL of Sodium Ascorbate Solution
and 2 drops of Sodium Sulfide Solution on a steam bath for 10
minutes, crush any remaining solids with a blunt glass rod, and
continue heating for 5 minutes. Cool, add 25 mL of alcohol and
3 mL of Aqueous Potassium Hydroxide Solution, and mix.

For dry preparations and aqueous dispersions—Accurately
weigh a portion of the specimen to be assayed, prefcrab'}y more
than 0.5 g and e&uiva.lent to about 125 pg of cholecalciferol or
ergocaleiferol (5000 USP Units). Add, in small quantities and
with gentle swirling, 25 mL of alcohol, 5 mL of Sedium Ascorbate
Solution, and 2 mL of Aqueous Potassium Hydraxide Solution.

SAPONIFICATION AND EXTRACTION—Reflux the mixture
greparcd from the specimen to be assayed on a steam bath for

0 minutes. Cool rapidly under rumning water, and transfer the
‘saponified mixture to a conical separator, rinsing the ifi-
cation flask with two 15-mL portions of water, 10 mL of alcohal,
and two 50-mL portions of ether. Shake the combined saponified
mixture and rinsings vigorously for 30 seconds, and allow to stand
until both layers are clear. Transfer the aqueous phase toa second
comical rator, add a mixture of 10 mL of aleohol and 50 mL
of solvent hexanc, and shake vigorously. Allow to separate, trans-
fer the aquegus phase to a third conical separator, and transfer
the hexane phase to the first separator, rinsing the second sep-
arator with two 10-mL portions of solvent hexane, adding the
rinsings to the first separator. Shake the aqueous phase in the
third separator with 50 mL of solvent hexane, and add the hexane
phase to the first separator. Wash the combined ether-hexane
extracts by shaking v:gomusl; with three 50-mL portions of Al-
coholic Potassium Hydroxide Solution, and wash with 50-mL
portions of water vigorously until the last washing is neutral to
phenolphthalein. Drain any remaining drops of water from the
combined ether-hexane extracts, add 2 sheets of 9-cm filter paper,
in strips, to the separator, and shake. Transfer the washed ether-
hexane extracts to a round-bottom flask, rinsing the separator
and paper with solvent hexane. Combine the hexane rinsings with
the ether-hexane extracts, add 5.0 mL of Internal Standard So-
fution and 100 gL of Butylated Hydroxytoluene Solution, and
mix. Evaporate to dryness in vacuum by swirling in a water bath
maintained at a temperature not higher than 40°. Cool under
running water, and introduce nitrogen sufficient 1o restore at-
mospheric pressure. Without delay, dissolve the residue in 5.0
mL of a mixture of equal volumes of acetonitrile and methanol,
or in 4 measured portion-of the ucetonitrile-methanol mixture
until the concentration of vitamin D is about 25 ug per mL, to
obtain the Assay Preparation.

Chromatographic System—Use 2 chromatograph, operated at
room temperature, fitted with an ultraviolet detector that mon-
itors absorption at 254 nm, a 30-cm X 4.6-mm stainless steel
cleanup column packed with column pam and using Mo-
bile Phase A, and a 25cm X 4.6-mm stai steel analytical
zolumn packed with column packing L3 and using Mobile Phase
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CLEANUP COLUMN SYSTEM SUITABILITY TEST—Pipet 5 mL
of the Standard Preparation into a round-bottom flask fitted with
a reflux condenser, and add 2 or 3 crystals of butylated hy-
droxytoluene. Displace the air with nitrogen, and heat in a water
bath maintained at a temperature of 90° in subdued.light under
an atmosphere of nitrogen for 45 minutes, to obtain a solution
camauung' vitamin D and pre-vitamin D. Cool, add 10.0 mL of
Internal Standard Solution, mix, and evaporate in vacuum to
dryness by swirling in a water bath maintained at a temperature
not higher than 40°. Cool under running water, and introduce
nimﬁm sufficient 1o restare atmospheric pressure. Without de-
lay, dissolve the residuc in 10.0 mL of a mixture of equal volumes

acetonitrile and methanol, and mix. Inject 500 ul. of this
solution into the cleanup column, and record the chromatogram
as directed under Procedure. The chromatogram exhibits a peak
exhibiting a retention time between 5 and 9 minutes, correspond-
ing to the separation under a single peak of the mixture of vitamin
D, pre-vitamin D, and A4,6-cholestadienol from other substances.
Adjust the water content or other operating parameters, if neg-
essary (sec Mobile Phase A4).

ANALYTICAL COLUMN SYSTEM SUITABILITY TEST—Trans-
fer about 100 mg of USP Vitamin D Assay System Suitability
RS to a 100-mL volumetric flask, add a 1 in 20 mixture of toluenc
and Mobile Phase B to volume, and mix. Heat a portion of this
solution, under reflux, at 90° for 45 minutes, and cool. Chro-
matograph five injections of the resulting solution, and measure
the responses as dirccted under Procedure. The relative
stan deviation for the chalecalciferol peak response does not
exceed 2.0%, and the resolution between trans-cholecalciferol and
pre-cholecalciferol is not less than 1.0. [NOTE—Chromatograms
obtained as directed for this test exhibit relative retention times
of approximately 0.4 for pre-cholecalciferol, 0.5 for trans-cho-
lecalciferol, and 1.0 for cholecalciferol.]

Calibration—

VITAMIN D RESPONSE FACTOR—Transfer 4.0 mL of the Szan-
dard Preparation and 10.0 mL of Internal Standard Solution to
4 100-mL volumetric flask, dilute with Mobile Phase B 1o volume,
and mix to obtain the Working Standard Preparation. Store this
Working Standard Preparation at a iemperature not above 0°,
retaining the unused portion for the Procedure. Inject 200 uL
of the Working Standard Preparation into the analytical column,
and measure the peak responses for vitamin D and for A4,6-
cholestadienol, The relative retention time of A4,6-cholestadienol
is about 1.3, Calculate the respunse factor, Fp, by the formiula:

CARC,),

in which C; and C, are the concentrations, in ug mL, of
vitamin D and Ad,6-cholestadiencl, respectively, in Working
Standard Preparation, and R, is the ratio of the peak response
of vitamin D to that of Ad,6-cholestadienol.

PRE-VITAMIN D RESPONSE FACTOR—Pipet 4 mL of the Stan-
dard Preparation into a round-bottom flask fitted with a reflux
condenser, and add 2 or 3 crystals of butylated hydroxytoluene.
Displace the air with nitrogen, and heat in 'a water bath main-
tained at a temperature of 90° in subdued light under a nitrogen,
atmos]glere for 45 minutes, to obtain a solution containing vi-
tamin D and pre-vitamin D. Cool, transfer with the aid of several
portions of Mobile Phese B to a 100-mL volumetric flask con-
-Lq.ining 10.0 mL of Imernal Standard Solution, dilute with Mo~
bile Phase B to volume, and mix to obtain the Working Mixture.
Inject 200 pL of this Working Mixture into the analytical col-
umn, and measure the peak responses for vitamin D, pre-vitamin
D, and A4,6-cholestadicnol. Calculate the concentration, €7, in
phg ;}er mull., of vitamin D in the (heated) Working Mixture by
the formula:

F, Bcr"\dn

mn which C; 35 the concentration, in pg per mL, of 44,6-choles-

tadiencl, and R’ is the ratio of the peak response for vitamin D
to that for Ad,6-Cholestadienol. Calculate the concentration, C e

ifn g per mL, of pre-vitamin D, in the Working Mixture by the
ormula:

Coe = G, — C..

Calculate the response factor, F,,, for pre-vitamin D by the for-
mula:
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(FpR Cpre) /(R preC's)s

in which R’,,, is the ratio of the peak response of pre-vitamin D
to that of Ad,6cholestadienol, [Nom—‘)ﬁue of F,,determined
in duplicate, on different days, can be used during the whaole
procedure. ]

Procedure—Inject 500 pL of the Assay Preparation into the
cleanup eolumn, and collect the fraction representing 0.7 to 1.3
relative to the retention time of the mixed vitamin D peak (see
Cleanup column system suitability test} in a round-bottom flask,
Add 50 gL of Butylated Hydroxytoluene Solution, mix, and
evaporate in vacuum to dryness by swirling in a water bath main-
tained at a temperature not higher than 40°, Cool under running
water, and introduce nitrogen sufficient to restore atmospheric
pressure. Without delay, dissolve the residue in 5.0 mL of a I
in 20 mixture of toluene and Mobile Phase B, and mix. Inject
200 L of this solution into the analytical column, and measure
the peak responses for vitamin D, pre-vitamin D, and A4,6-cho-
lestadienol. Calculate the concentration, in IELIE Ber mL, of cho-
lecaleiferol (Cy7H40) or ergocalciferol (Cy;sHysO) in the Assay
Preparation by the formula: )

(R"pFp + R preFp)

in which R"p is the ratio of the peak response of vitamin D to
that of Ad,6-cholestadienol, R, is the ratio of the peak response
of pre-vitamin D to that of A4,6-cholestadienol, and C”; is the
concentration, in pg per mL, of A4,6-cholestadienol in the Assay
Preparation.

Chemical Method

The following procedure is provided for the determination of
vitamin D as an ingredient of Pharmacopeial preparations.

Complete the assay promptly, and exercise care throughout the
procedure to keep to a minimum the cxposure to air and to actinic
light, preferably by the use of a blanket of inert gas and low-
actinic glassware.

Reference Sunslani»igNom—Usc USP Ergocalciferol RS, or
USP Cholecalciferol RS, for assaying pharmaceutical dosage
forms that are labeled to contain vitamin D as ergocalciferol, or
‘as cholecalciferol, respectively.] USP Ergocalciferol Reference
Standard—Store in a cold place, protected from light. Allow it
to attain room temperature before opening ampul. Use the ma-
ten;‘lﬂprompﬂy, and discard the unused portion. USP Cholecal-
ciferol Reference Standard—Store in 2 cold place, protected from
light. Allow it to attain room temperature before opening ampul.
Use the material promptly, and discard the unused portion. -

Special Reagents and Solutions—

CHROMATOGRAPHIC FULLER'S EARTH—Us¢ chromato-
graphic fuller’s earth having a water content corresponding to
between 8.5% and 9.0% of loss on drying.

SOLVENT HEXANE—Use solvent hexanc (soc under Reagents),
redistilling if necessary so that it meets the following additional
specification:

Spectral purity—Measure in a 1-cm cell at 300 om, with a
suitable spectrophotometer, against air as the blank: the absorb-
ance is not more than 0.070.

ETHYLENE DICHLORIDE—Purify by passagc through a col-
umn of granular (20 to 200 mesh) silica gel.

POTASSIUM HYDROXIDE SOLUTION—Dissolve 500 g of po-
tassium hydroxide in water to make 1000 mL.

BUTYLATED HYDROX YTOLUENE SOLUTION—Dissolve 10 mg
of butylated hydroxytoluenc in 100 mL of aleshol. Prepare this
solution fresh daily.

ETHER—~Use freshly distilled ether, discarding the first and
last L0% portions of the distillate.

COLOR REAGENT—Prepare two stock solutions az follows.

Solution A—Empty, without weighing, the entire contents of
a previously unopened 113-g bottle of dry, crystalline antimony
trichloride into a flask containing about 400 mL of Ethylene
Dichlaride. Add about 2 g of anhydrous alumina, mix, and filter
through filter paper into a clear-glass, glass-stoppered container
calibrated at 500 mL. Add Erhylene Dichloride to make 500
mlL, and mix; the absorbance of the solution, measured in a 20-
mm cell at 500 nm, with a suitable spectrophotometer, against
Eihylene Dichioride, does not exceed 0.070. ;
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Solution B—Mix, under a hood, 100 mL of acetyl chloride
and 400 mL of Ethylene Dichloride.

Mix 45 mL of Solution A and 5 mL of Solution B to obtain
the Color Reagent. Store in a tight container, and usc within 7
days, but discard any reagent in which a color develops.

Chromatographic Tubes— )

FIRST COLUMN—Arrange for descending column chromatog-
raphy a tube of 2.5-cm (inside) diameter, about 25 cm long, and
constricted to 8-mm diameter for a distance of 5 cm at the lower
end, by inscrting at the point of constriction a coarse-porosity,
sintered-glass disk or a small plug of glass wool. The constricted
portion may be fitted with an inert, plastic stopcock.

SECOND COLUMN—Select a tube that is made up of three
sections: (1) a fiared top section, 18 mm in (inside) diameter and
approximately 14 cm long, (2) a middle section, 6 mm in (inside)
diameter and approximately 25 cm long, and (3) a tapered, con-
stricted lower exit tube approximately 5 ¢m long. Insert a smalt
plug of glass wool in the upper 1-cm portion of the constricted
section.

Chromatographic Columns—

FIRST COLUMN—To about 125 mL of iscoctane contained in
a screw-capped, wide-mouth bottle add 25 g of chromatographic
siliceous earth, and shake until a slurry is formed. Add, dropwisc
and with vigorous mixing, 10 mL of polyethylene glycol 600.

tace the bottle cover, and shake vigorously for 2 minutes.
Pour about half of the resulting slurry into the chromatographic
tube, and zllow it to settle by gravity. Then apply gentle suction,
and add the remainder of the slurry in small portions, packing
cach portion with a 20-mm disk plunger. When a solid surface
has formed, remove the vacuum, and add about 2 mL of iscoc-
tane, )

SECOND COLUMN—DPack the midsection of the tube with 3 g
of moderately coarse Chromatographic Fuller's Earth with the
aid of gentle suction (about 125 mm of mercury). .

Standard Preparation—Digsolve gbout 25 mg of Referen
Standard, accurately weighed, in isopctane to give a known con-
centration of about 250 uzg per mL. Store in a refrigerator.

On the day of maﬁ. pipet 1 mL of the standard solution into
a 50-mL volumetric flask, remove the solvent with a stream, of
nitrogen, and dissolve the residue in, and dilute to volume with,
Ethylene Dickloride, and mix.

Sample Preparation—Accurately weigh or measure a portion
of the sami;lc to be assayed, equivalent to not less than 125 pg
but preferably about 250 ug of ergocalciferol (10,000 USP Units).
If little or no vitamin A is present in the sample, add about 1.5
mg (the equivalent of 3000 USP Units) of vitamin A acetate to
pimn'de the needed pilot bands in the subsequent chromatogra-

Y. .
B For capsules or tablets, reflux not less than 10 of them in 10
mlL of water on a stecam bath for about 10 minutes, crush the
remaining solid with a blunt glass rod, and warm for 5 minutes

L ; L .
}f' dd a volume of Potassium Hydroxide Solution representing
2.5 mL for each g of the total weight of the sample, but not less
thana total of 3.0 mL. Add 10 mL of Butylated Hydroxytoluene
Solution and 20 mL of alcohol. Reflux vigorously om a steam
bath for 30 minutes. Cool, and transfer the saponified mixture
to a conical separator, rinsing the saponification flask with three
10-mL portions of water and three 50-mL portions of Etker, add-
ing each rinse to the separator. Add about 4 g of sodium sulfate
decahydrate to the set:‘pmmr, and extract by shaking for 2 min-
utes. If an emulsion forms, extract with three 25-mL portions of
Ether. Combine the ether extracts, if necessary, and wash by
swirling gently with 50 mL of water Repeat the washing more
vigox-m:.slﬁfe with additional 50-mL portions of water until the last
rtion shows no pink coior on the addition of phenolphthalein
. Transfer the washed cther extract to ¢ 250-mL volumetric
flask, add Ether to volume, and mix. Transfer the entire sample
or an accurately measured aliquot containing about 250 ug to a
tall-form, 400-mL beaker contaiing about 5 g of anhydrous so-
dium sulfate. Stir for 2 minutes, then decant the solution into a
second 400-mL beaker. Rinse the sodium sulfate with three 25-
mL portions of Ether, adding cach rinsc to the main portion.
Reduce the total volume to about 30 mL by evaporation on a
steam bath, and transfer the concentrate to a small, round-bottom
evaporation flask. Rinse the beaker with three 10-mL portions
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of Ether, adding the rinsings to the {lask. With the aid of vacuum
in a water bath at a temperature not exceeding 40°, or with a
stream of nitrogen at room temperature, remove the remainin

solvent completely. Dissolve the residue in a small amount o

Solvent Hexane, transfer toa 10-mL volumetric flask, dilute with
Solvent Hexane to volume, and mix, to obtain the Sample Prep-
aration.

Procedure—

FIRST COLUMN CHROMATOGRAPHY—Just as the 2 mL of
isooctanc disappears into the surface of the prepared First Col-
umn, pipet 2 mL of the Sample Preparation onto the column.
As the meniscus of the Sample Preparation reaches the column
surface, add the first of three 2-mL portions of Solvent Hexane,
adding each sncceeding portion as the preceding portion disap-
pears into the column. Continue adding Solvent Hexane in por-
tions of 5 to 10 mL until 100 mL has been added. If necessary,
adjust the flow rate to between 3 and 6 mL minute, by
application of geatle pressure at the top of the chromatographic
tube

Discard the first 20 mL of effluent, and collect the remainder.
Examine the column under ultraviolet light at intervals during
the chromatography, and stop the flow when the front of the
fluorescent band representing vitamin A is about 5 mm from the
bottom of the column. (The ultraviolct lamp should provide weak
radiation in the 300-nm region. It is froquen;lf necessary to use
a narrow aperture or screen with commercial lamps to reduce
the amount of radiation to the minimum required to visualize the
vitamin A on the column.)

Transfer the eluate to a suitable evaporation flask, and remove
the solvent hexane completely under vacuum at a temperature
not above 40° or with a stream of nitrogen at room temperature.
Dissolve the residue in about 10 mL of Solvent Hexane.

SECOND COLUMN CHROMATOGRAPHY—AJd the solvent
hexane solution obtained as directed under First Column Chro-
ma.!ogmﬁhy onto the Second Column. Rinse the evaporation
flask with a total of 10 mL of Sofvenr Hexane in small ions,
addiug each portion to the Second Column and allowing it to
flow through the column, and discard the effluent. When about
1 mL of the hexane remains above the surface of the column,
add 75 mL of benzene, and elute with the aid of gentle suction
(about 125 mm of mercury), collecting the eluate. Evalzorate the
benzene under vacuum at a temperature not above 40°, or with
a stream of nitrogen at room temperature.

ASSAY PREPARATION—Dissolve the residue obtained as di-
rected under Second Column Chromatography in a small amount
of Ethylene Dichloride, transfer to a 10- volumetric flask,
dilute with Ethylene Dichloride to volume, and mix, to obtain
the Assay Preparation.

COLOR DEVELOPMENT-—Into each of three suitable, matched
colorimeter tubes of about 20-mm (inside) diameter, and desig-
nated I, 2, and 3, respectively, pipet 1 mL of the Assay Prep-
aration. Into tube I pipet 1| mL of ihe Standard Preparation,
into tube 2, | mL of Ethylene Dichloride, and into tube 3, 1 mL
of a mixture of equal volumes of acetic anhydride and Ethylene
Dichloride. To each tube add quickly, preferably from an
automatic pipet, 5.0 mL of Color Reagent, and mix, After 45
seconds, accurately timed, following the addition of the culor
reagent, determine the absor of the three solutions at 500
nm, with a suitable npectrnsphntometer. using Ethylene Dichloride
as the blank. Similarly, 45 seconds after making the first reading
on each solution, determine the absorbances of the solutions in
tubes 2 and 3 at 550 am, in a similar manner. Designate the
absorbances a5 .4 sp0, 42500, A3sp0, A?s50, and 43550, respectively,
in which the superscript indicates the number osf?’ the tube and
the subscript the wavelength.

Calculation—Calculate the quantity, in g, of vitamin D in the
portion of the sample taken by the formula:

(Cs/ON Ay As),

in which Cj is the concentration of vitamin D, in ug per mL, of
the Standard Pngamu‘ml, C is the concentration of the sample
(as g, capsules, tablets, etc.) in each mL of the final solution, Ay
has the value of (A% — A’spg) — 0.67(A%s5g — A’sgp) deter-
mined from the absorbances obscrved on the solution from the
Assay Preparation, and Ag has the value of Alsp — A%sgq de-
termined on the solutions g-om the Standard Preparation.

USP XXII

Biological Method

The biological assay of vitamin D comprises the recording and
interpretation of observations on groups of rats maintained on
specified dietary regimens throughout specified periods of their
lives whereby the biological response to the preparation under
assay is compared with the response to USP Vitamin D Capsules
RS.

Reference Standard—U/SP Cha!ecalc;'ferof Reference Stan-
dard—Store in a cold place, protected from light. Allow it to
attain room lcmmtm before opening ampul. Use the material
promptly, and rd the unused portion.

Preliminary Period—Throughout the preliminary period in the
life of & rat, which is not longer than 3gr3a am:fv extends from
birth to the first day of the depletion period, maintain litters of
rats under the immediate supervision of, or according to the di-
rections of, the individeal responsible for the assay, During the
preliminary period, use a dictary regimen that provides for normal
development but is limited in its content of vitamin D, so that
when placed upon the Rachitogenic Diet in the depletion period
the rats develop rickets. At the end of the preliminary period,
reject any rat that weighs less than 44 g or more than 60 g, or
that shows evidence of injury, disease, or anatomical abnormality.

Depletion Period—Through the depletion period, which ex-
tends from the end of the preliminary period to the first day of
the assay period, provide each rat ad libitum with the Rachito-
genic Diet and water, and allow access to no other food or dictary
supplement.

Rachitogenic Diet—The Rachitogenic Diet consists of a uni-
form mixture of the following ingredients in the proportions shown
in the accompanying table.

Rachitogenic Diet
Parts by
o Ingredient weight
Whole yellow corn, ground 76
Wheat gluten, ground 20
Caleium carbonate 3
Sodium chloride 1

When a chemical analysis of the cntire ration shows a Ca:P
ratio of less than 4:1 or more than 5: 1, the proportion of calcium
carbonate may be varied to bring the adjusted ratio to a uniform
level within this range.

Assigning Rats to Groups for Assay Period—Consider a litter
suitzble for the assay period when individual rats in the litter
show evidence of rickets such as enlarged Jfoint_s and a distinctive
wobbly, rachitic gait, provided that the depletion period is not
less than 19 or more than 25 days. The presence of rickets may
be established also from the width of the rachitic metaph
upun X-ray examination or by apilying the Line Test {described
below) 1o a leg bone of one member of each litter.

Record the weight of each rat, and assign it to a group, in
which cach rat will be fed a specified dose of the Refercnce
Standard or of an assay sample that is under examination for its
vitamin D potency. For each assay sample provide one or more
assay groups and not less than two standard groups. The tiwo
standard groups may be osed for the concurrent assay of more
than one assay sample. Within an interval not exceeding 30 days,
complete the assignment of rats to groups according to a design
that divides litters among the groups, to achieve a complete bal-
ance.

For complete balance, whereby each litter is represented equally
in every group, use 7 or more litters containing at least as many
depleted rats as there are groups, From a given litter, assign one
ral, selected at random, to each gmulfl;n the same day. If a
litter contains twice as many rats as € are groups, 4ssign a
second series of rats similarly, The last one or two litters to be
assigned may be allotted to groups so that at the start of the
assay period the average body weight of any completed groups
will not differ by more than & g from that of any other group. .

Assay Doses—Select two dosage levels of the USP Cholecal-
ciferol RS, spaced so that the ratio of the Iargr to the smaller
dose is not less than 1.5 or more than 2.5. Select one or two
dosage levels based upon a single assurned potency for each sam-
ple. The dosage levels of the sample are equivalent to those of
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the standard or to a mid-level cqual to the square root of the
product of the two dosage levels of the standard.

Select dosage levels such that, when fed to rachitic rats, they
are expecied to produce degrees of calcification within the range
specified under the test of data acceptability. Before feeding,
the Reference Standard and/or sample may be diluted with cot-
tonseed oil, provided that not morc than 0.2 mL is fed on any
one day. Store the il solutions in well-closed bottles, protected
grom likght, at a temperature not exceeding 10°, and use within

weeks. :

Assign one group of rats to each dosage level of the standard
and of the one or more samples.

Assay Period—During the assay period, which extends from
the end of the depletion period for a fixed interval of 7 to 10
days, caﬁc cach rat individually and provide it ad libitum with
the Rachitogenic Diet and water. Supply a Rachitogenic Diet

pared from the same lots of ingredients to all rats, On the
F;t and on the third (or fourth) J-of the assay period, feed
each rat one-half of its total assigned dose.

Throughout the assay %eriod, maintain as uniform environ-
menta] conditions as possible for all rats, and exclude exposure
to antirachitic radiations. At the end of a fixed period of 7 to
10 days, weigh and kill each rat. From those rats that do not
weigh less at the end than at the start of the assay period and
that have consumed each assigned dose within 24 hours of the
time it was fed, dissect out one or more leg bones for examination
by the Line Test. :

Line Test—Remove the proximal end of a tibia or the distal
end of a radius, and clean adhering tissue from it, in any one
assay using the same bone from all animals. With a clean, sharp
blade cut a median, longitudinal section through the juncture of
the epiphysis and diaphysis at the same place on each bone. Rinse
both sections in purified water, immerse immediately in silver
nitrate solution (1 in 50) for 1 minute, and rinse again in purified
water. Expose the cut surface of bone, in water, to daylight or
another source of actinic light until the calcified areas develop
a clearly defined stain without marked discoloration of the un-
calcified areas, The staining procedure may be modified to dif-
ferentiate more clearly between calcified and uncalcified areas.

Score the degree of calcification of the rachitic metaphysis in
each rat, according to a scale that allows the average response
to be plotted as a straight line against the logarithm of the dose.

Acreptability—Observations are acceptable for use in calcu-
lation of the potency only from those groups in which two-thirds
or more but not less than 7 rats show calcification at least as
great as the lowest level and not greater than the highest level
illustrated in the figure. If the average score of the standard
group on the high dosage level is not greater than the average
score of the standard group on the low dosage level, discard the
results; and repeat the assay. If an assay sample is represented
solely b{)assay groups that are nol acceptable for measuring
vitamin D potency and in cach of which the average scorc is less
than the average score of the standard group on the low doszge
level or more than the average score of the standard group on
the high dosage level, its assayed content of vitamin D is re-
:L)cctively less than that represented by the low dose or more than

at represented by the high dose of the Reference Standard.

. Calculation—Tabulate the scores (y), listing each litter in a
separate row with treatment groups in columns, Omit any groups
that do not meet the test for Acceptability. Bqualize the pumber
of observations in the acceptable groups by disregarding the re-
sults on all litters not equally represented in the groups or by
other suitable means (sce Design and Analysis of Biological As-
says (111}). Total the fscores for each of the treatment groups,
where £ is the number of litters, and designate each total ag T
with subscripts 1 and 2 for the low and high dosage levels, re-
spectively. pute the slope & from the sums of T}, ic., 2T,
and of 73, i.e., ET,, for the standard and sample, provided the
latter ia represented at both dosage levels, from the equation:

b = (ET, — ZT)/if¥,
in which i is the logarithm of the ratio of the high dose to the

low dose and is the same for each preparation, and %' is the
number of preparations represented by two dosage levels and
included in the calcolation of the value of b.

Compute the logarithm of the relative potency of each speci-
men under assay (rom the equation:

Chemical Tests { Zinc Determination (591)
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log (relative potency) — M'
oy — ¥sh/o
N T 22Ty,

in which each mean score, yy for the assay sample and yg for
the Reference Standard, is the average of the individual scores
for an irtermediate dosage level or of the two means for the high
and the low dosage levels and where T, = ZT, — ZT and T,
isasdefined (see Design and Analysis of Biological Assays (111)).
Convert each observed M’ to its antilogarithm to obtain the rel-
ative potency of the sample. Multiply the relative potency by
the assumed potency of the assay oil in Units per g, adopted at
the start of the assay, to obtain its assayed content of vitamin D

in USP Units per g.

(591) ZINC DETERMINATION

The need for a quantitative determination of zinc in the Phar-
macopeial insulin preparations reflects the fact that the element
is an essential component of zinc-insulin crystals. In common

(A

with lead, zinc may be cither by the dithizone method
or by atomic absorption.
Dithizone Method

Select all reagents for this test to have as low a content of
heavy metals as practicable. If necessary, distil water and other
solvents into hard or borosilicate glass apparatus. Rinse thor-
oughly all glagsware with warm dilute nitric acid (1 in 2) followed
by water. Avoid using on the separator any lubricants that dis-
solve in chloroform.

Special Solutions and Solvents—

ALKALINE AMMONIUM CITRATE SOLUTION—Dissolve SO
of dibasic ammonium citrate in water to make 100 mL. Add 10
mL of ammonium hydroxide. Remove any heavy metals that
may be present by cxtracting the solution with 20-mL portions
of Dithizone Extraction Solution (see Lead (251)) until the di-
thizone solution retaing a clear green calor, then exteact any di-
thizone remaining in the citrate solution by shaking with chlo-
roform.

CHLOROFORM—Distil chloroform in hard or borosilicate glass
apparatus, receiving the distillate in sufficient dehydrated alcohol
to make the final concentration 1 mL of alcohol for each 100
mL of distillate.

DITHIZONE SOLUTION—Use Standard Dithizone Solution (see
Lead (251)), prepared with the distilled Chloraform.

STANDARD ZINC SOLUTION—Dissolve 625 mg of zinc oxide,
accurately weighed, and previously gently ignited to constant
weight, in 10 mL of nitric acid, and add water to make 500.0
mL, This solution contains 1.0 mg of zinc per mL.

DILUTED STANDARD ZINC SOLUTION—Dilute 1 mL of Stan-
dard Zinc Solution, accurately measured, with 2 dm}ius of nitric
acid and sufficicnt water to make 100.0 mL. This solution con-
tains 10 pg of zinc per mL. Use this solution within 2 weeks.

TRICHLORQACETIC ACID SOLUTION—Dissolve 100 g of tri-
chlorcacetic acid in water to make 1000 mL.

Procedure—Transfer I to 5 mL of the preparation to be Lested,
accurately measured, to a centrifuge tube graduated at 40 mL.
If necessary, add 0.25 ¥ hydrochloric acid, dropwise, to obtain
a clear solution, Add 5 mL of Trichloroacetic Acid Solution and
sufficient water to make 40.0 mL. Mix, and centrifuge.

Transfer to a hard-glass separator an accurately measured vol-
ume of the supernatant liquid believed to contain from 5 to 20

of zinc, and add water to make about 20 mL. Add 1.5 mL
of Alkaline Ammonium Citrate Selution and 35 mL of Dithizone
Solution. Shake vigorously 100 times. Allow the chloroform
phase to separate, Inserta cotton plug in the stem of the separator
to remove any water emulsified with the chioroform. Collect the
chloroform extract (discarding the first portion that comes
through) in a test tube, and determine the absorbance at 530 nm,
with a suitable spectrophotometer.

Calculate the amount of zinc present by reference to a standard
absorbance-concentration curve obtained t;g using 0.5 mL, 1.0
mL, 1.5 mL, and, if the zinc content of the sample extracted
exceeds 15 Hg, 2.0 mL of the Difuted Standard Zinc Solution,
corrected as indicated by a blank determination run concomi-
tantly, using all of the reagents but no added zinc.
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(601) AEROSOLS

Delivery Rate—Select not less than four derosol containers,
shake, if the label includes this directive, remove the caps and
covers, and actuate each valve for 2 to 3 seconds. Weigh each
container accurately, and immerse in a constant-temperature hath
until the internal pressure is equilibrated at a temperature of 25
+ 1° as determined by constancy of internal pressure &s directed
under Pressure Tesiing. Remove the containers from the bath,
remove the excess moisture by blotling with a paper towel, shake,
if the label includes this directive, actuate each valve for 5.0
seconds (accuratel{ctlimcd by use of a stopwatch), and weigh each
container again. urn the containers to the constant-temper-
ature bath, and repeat the foregoing procedure three times for
cach container. culate the avcrage delivery ratc, in g per
second, for each container. :

Leak Testing—Select 12 acrosol containers, and record the
date and time to the nearest half-hour. Weigh each container to
the nearest mg, and record the weight, in mg, of each as W),
Allow the containers to stand in an upright position at room
temperature for not less than 3 days, and again weigh each con-
tainer, recording the weight, in mg, of each as W), and recording
the date and time to the nearest half-hour. Determine the time,
T, in hours, during which the containers were under test. Cal-
Fulat:l;he leakage rate, in mg per year, of each container by the
ormula:

(365)24/ THW; — W),

Where plastic-coated giass aerosol containers are tested, dry
the containers in a desiccator for 12 to 18 hours, and allow them
to stand in a constant-humidity environment for 24 hours prior
to determining the initial weight as indicated above. Conduct
the test under the same humidity conditions. :

Empty the contents of each container tested by employing any
safe technique; e.g., chill to reduce the internal pressure, remove
the valve, and pour. Remove any residual contents by rinsiuf
with suitable solvents, then rinse with a few portions of methanol.
Retain as a unit the container, the valve, auﬁl -associated parts,
and heat them at 100° for 5 minutes. Cool, weigh, record the
weight as W3, and determine the net fill weight (B, — W3) for
each container tested. : :

The réquirements are met if the average leaknfge rate of the
12 containers is not more than 3.5% of the net fill weight per
¥aar, and none of the containers leaks more than 5.0% of the net

ill weight per year. If 1 container leaks more than 5.0% per
year, and if none of the containers leaks more than 7.0% per year,
determine the leakage rate of an additional 24 containers as di-
rected herein. Not more than 2'of the 36 containers leak more
than 5.0% of the net fill weight per year, and nonc of the 36
containers leaks more than 7.0% of the net fill weight per year.

Where the net fill weight i less than 15 g and the label bears
an expiration date, the requirements arc met if the average leak-
age rate of the 12 containers is not more than 525 mg per year,
and none of the containers leaks more thah 750 mg per vear. If
1 container leaks more than 750 mg per year, but not more than
1.1 g pér year, determine the leakage rate of an additional 24
containers as directed herein. Not more than 2 of the 36 con-
tainers leak more than 750 mg per year, and none of the 36
containers leaks more than 1.1 g per year, i

This test is in addition to the customary in-line leak testing of
each container.

Pressure Testing—Sclect not less than four acrosol containers,
remove the catﬁs and covers, and immerse in a constant-temper-
ature bath until the internal pressure is constant at a temperature
of 25 + 1° Remove the containers from the bath, shake well,
and remove the actuator and water, if any, from the valve stem.
Place each container in an upright position, and determine the
pressure in cach container by placing a pre-pressurized gauge on
the valve stem, holding firmly, and actuating the valve so that it
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is fully open. The gauge is of a calibration approximating the
expected pressure and is fitted with an adapter appropriate for
the particular valve stem dimensions. Read the pressure direct
from the gauge.

Unit Spray Sampling A tus—The apparatus described
herein is employed, where indicated in the individual monograph,
to obtain a test specimen from metered-dose acrosols through the
inhalation actuators provided.

The apparatus consists of an intake system comprising the in-
halation actuator (A), intake adapter (B), and intake tube (C,
approximately 5 em X 15 cm, drawn t0 8 mm at one end), a
deﬁvcry tube to which is attached a coarse-porasity, sintered-glass
dispersion bubbler (£2); a collection chamber (E, gas-washing bot-
t!efcthal containg an absorbing solution; and a vacuum system
comprising a vacuum source, a flow-regulator, and a flowmeter.
The intake adapter is constructed to growde the necessary cou-
pling 1o the inhalation actuator provided with the aerosol under
test. To avoid loss of the drug into the atmosphere when the
aerosol is discharged, air is drawn continuously at the rate of 12
+ 1 liters per minute through the intake system into the collection
chamber and absorbing solution by means of a suitable vacuum
system. Alternatively, an apparatus embodying the principle of
the assembly described and illustrated may he used.

Apparatus for Metered-dose Aerosols

Propellants—

Caution—Hydrocarbon propellants are highly flammable and
explosive. Observe precautions and perform mmfﬁng and an-
alytical operations in a well-ventilated fume hood.

General Sampling Procedure—This procedure is used to ob-
tain test specimens for those pi lants that occur as gases at
about 25% and that are stored in pressurized cylinders. Use a
stainless steel specimen cylinder, equipped with a stainless steel
valve, having a capacity of not less than 200 mL and a pressure
rating cfgﬁ% Ii:(i) or more. Dry the cylinder with the vaive oEe:n
at 110° for 2 hours, and evacuate the hot cylinder to less than
1 mm of mercury. Close the valve, cool, and weigh. Connect
one end of a charging line tightly to the propellant container and
the other end loosely to the specimen cylinder. Carefully open
the propellant container, and allow the propellant to flush out
the charging line through the loose econnection. Avoid excessive
flushing that causes moisture to freeze in the charging line and
connections. Tighten the fitting on the specimen cylinder, and
open the specimen cylinder vatve, allowing the propellant to flow
into the evacuated cylinder. Continue sampling until the desired
amount of specimen is obtained, then close the propellant con-
tainer valve, and finally close the specimen cylinder valve. [Cau-
Hon—Lo not overioad the specimen cyiinder.] Again weigh the
charged specimen cylinder, and calculate the specimen weight.

Approximate Boiling Temperature—Transfer a2 100-mL spec-
imen to a tared, pear-shaped, 100-mL cenirifuge tube containing
a few boiling stones, and weigh. Suspend a suitable thermometer
in the liquid, and place the tube in a medium maintained at a
temperature 32 + 1° above the expected boiling temperature.
When the thermometer reading becomes constant, record as the
boiling temperature the thermometer reading after 5% of the
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specimen has distilled. Retain the remainder of the specimen for
the determination of High-boiling Residues.

" High-boiling Residues, Method I—Allow 85 mL of the spec-
imen to distil as dirccted in the test for Approximate Boiling
Temperature, and transfer the centrifuge tube containing the
remaining 15 mL of specimen to a medium mamtained at a tem-
perature 10 £ 1° above the boiling temperature. After 30 min-
utes, remove the tube from the water bath, blot dry, and weigh.
Calculate the weight of the residue.

High-boiling Residue, Method 11—Prepare a cooling coil from
copper tubing (about 6 mm outside diameter X about 6.1 m
lu.n?? to fit into a svitable vacuum-jacketed flask. Immerse the
cooling coil in a mixture of dry ice and acetone in a vacuum-
jacketed flask, and connect one end of the tubing to the propellant
specimen cylinder. Carefully open the specimen cylinder valve,
flush the cooling coil with about 50 mL of the propellant, and
discard this portion of liquefied propellant. Continue delivering
liquefied propellant from the ccoling coil, and collect it in a
Freviuusly chilled 1000-mL sedimentation cone until the cone is
illed to the 1000-mL mark. Allow the propellant to evaporate,
using & warm water bath maintained at about 40° to reduce
evaporaling time. When all of the liquid has evaporated, rinse
the sedimentation cone with two 50-mL portions of pentane, and
combine the rinsings in a tared 150-mL cvaporating dish. Trans-
fer 100 mL of the pentane solvent to a second tared 150-mL
evaporating dish, place both evaporating dishes on a water bath,
evaporate to dryness, and heat the dishes in an oven at 100° for
60 minutes. Cool the dishes in a desiccator, and weigh. Repeat
the heating for 15-minute periods until successive weighings are
within 0.1 mg, and calculate the weight of the residue obtained
from the propellant as the difference between the weights of the
residues in the two evaporating dishes.

Water Cantent—Proceed as directed under Water Defermi-
nation {921}, with the following modifications: (a) Provide the
closed-system titrating vessel with an opening through which passes
4 coarse-porosily gas dispersion tube connected to a sampling
cylinder. (b) Dilutc the Reagens with anhydrons methanai o
give a water gﬁuivalenw factor of between 0.2 and 1.0 mg per
mL; age this diluted solution not less than 16 hours before stan-
dardization, (c) Obtain a 100-g specimen as directed under Gen-
eral Sampling Procedure, and introduce the specimen into the
titration vessel through the gas dispersion tube at a rate of about
100 mL of gas per minute; if necessary, heat the specimen cyl-
inder gently to maintain this flow rate. -

(611) ALCOHOL
DETERMINATION

Method I—Distillation Method

Method I is to be used for the determination of alcohol, unless
otherwise specified in the individual monograph. It is suitable
for examining most fluidexiracts and tinctures, provided the ca-
pacity of the distilling flask is sufficient (commonly two to four
times the volume of the liquid to be heated) the rate of
distillation is such that clear distillates are produced. Cloudy
distillates may be clarified by agitation with talc, or with pre-
cipitated calciom carbonate, and filtered, after which the tem-
perature of the filtrate is adjusted and the alcoho] content de-
termined from the specific gravity. During all manipulations,
take precautions to minimize the loss of alcohol by evaporation.

FROTHING—Treat liquids that froth to a troublesome cxtent
during distillation by rendering them strongly acid with phos-
phoric, sulfuric, or tannic acid, or treat with a slight excess of
calcium chioride solution, or with « small amount of paraffin or
silicone il belore starting the distillation.

BUMPING—Prevent bumpinf during distiilation by adding po-
rous chips of insoluble material such as silicon carbide, or beads.

For liquids presumed to coniain 30% of alcohol or less—By
means of a pipet, transfer to a suitable distilling apparatus not
less than 25 mL of the liguid in which the alcohol is to be de-
termined, and note the temperature at which the volume was
measured. Add an equal volume of water, distil, and collect a
volume of distillate about 2 mL less than the volume taken of
the original test liquid, adjust to the temperature at which the
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original test liguid was measured, add sufficient water to measure
exactly the original volume of the test liquid, and mix. The dis-
tillate is clear or not more than slightly cloudy, and does not
contain more than traces of volatile substances r than alcohol
and water. Determine the specific gravity of the liquid at 25°,
as directed under Specific Gravity (841), using this result to
ascertain the percentage, by volume, of C;HsOH contained in
the liquid examined by reference to the Alcoholometric Table
in the section, Reference Tables.

For liguids presumed 2o contain more than 30% of alcohol—
Proceed as directed in the foregoing paragraph, except: dilute
the specimen: with about twice its volume of water, and collect
a volume of distillate about 2 mL less than twice the volume of
the original test liquid, bri:g to the temperature at which the
original liquid was measured, add sufficient water to measure
exactly twice the original volume of the test liquid, mix, and
determine its specific gravity. The pm}:mion of C,Hs;OH, by
volume, in this distillate, as ascertained from its specific gravity,
equals one-half that in the liquid examined.

Special Treatment—

VOLATILE ACIDS AND BASES—Render preparations contain-
ing volatile bases slightly acidic with diluted sulfuric acid before
distilling. If volatile acids are t, render the preparation
slightly alkaline with sodium ide TS.

GLYCERIN—To liguids that contain glycerin add sufficient
water 50 that the residue, after distillation, contains not less than
50% of water.

10DINE—Treat all solutions containing free iodine with pow-
dered zinc before the distillation, or decolorize with just sufficient
sodium thiosulfate solution (1 in 10), foliowed by a few drops of
sodium hydroxide TS. -

OTHER VOLATILE SUBSTANCES—Spirits, elixirs, tinctures, and
similar preparations that contain apgreciable proportions of vol-
atile matenals other than alcobel and water, such as volatile oils,
lc_:IJII[oﬂ:nfm'n:l, ether, camphor, etc., require special treatment, as

ollows:

For lfefm‘ds presumed to contein 56% of alcokol or less—Mix
25 mL of the specimen under cxamination, accurately measured,
with about an equal volume of water in a tor. Saturate
this mixture with sodium chloride, then add 25 mL of solvent
hexane, and shake the mixture to extract the interfering volatile
ingredients. Draw off the scparated, lower layer into a second
separator, and repeat the extraction twice with two further 235-

portions of solvent hexane. Extract the combined solvent
hexane solutions with three 10-mL portions of a saturated solution
of sodium chloride. Combine the saline solutions, and distil in
the usual manner, collecting a volume of distillate having a simple
ratio to the volume of the original specimen.

For ff?’d: presumed to contain more than 50% of alcohol—
Adjust the specimen under examination to a concentration of
approximately 25% of alcohol by diluting it with water, then
pmcoed as directed in the ﬂlmc ng graph. beginning with
‘Saturate this mixture with sodium chloride.”

In preparing Collodion or Flexible Collodion for distillation,
use water in place of the saturated solution of sodium chloride
directed above.

If volatile oils are present in small proportions only, and a
cloudy distillate is obtained, the solvent hexane treatment not
having been empl the distillate may be clarified and ren-
dered suitable for the specific gravity determination by shaking
it with about one-fifth its volume of solvent hexane, or by filtering
it through a thin layer of talc.

Method H——Gas-liquid Chromatographic
Method

Method 11 is to be used wnere specified in the individual mono-
graph. For a discussion of the principles upon which it is bascd,
sce Gas Chromatography under Chromatography (621).

Apparatus—Under typical conditions, use a gas chromatograph

uipped with a ﬂamcty-t%nimipn detector and a 1.8-m X ﬁﬁn
Fﬁ)) glass column packed with 100- to 120-mesh chromato-
graphic column packing No. 83, using nitrogen or heliom as the
carrier. Prior to use, condition the column overnight at 235° with
a slow flow of carrier gas. Adjust the carrier flow and temper-
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ature (about 120°) so that acetonitrile, the internal standard,
elutes in 5 to 10 minutes.

Solutions—

Standard Solution—Dilute 5.0 mL of dehydrated alcohol with
water to 250 mL.

Internal Standard Solution—Dilute 5.0 mL of acctonitrile with
water 1o 250 mL.

Test Solution—Dilute the specimen under examination ste
wise with water Lo obtain a solution containing approximately 2%
{v/¥) of alcohol.

Test Preparation—Pipet 10 mL each of the Test Solution and
the Internal Standard Solution into a 100-mL volumetric flask,
and dilute with water to volume. -

Standard Preparation—Pipet 10 mL each of the Standard
Solution and the Internal Standard Solution into a 100-mL vol-
umetric flask, difute with water to volume, and mix.

Procedure—Inject about 5 L cach of Test Preparation and
Standard Preparation, in duplicate, into the gas chromatograph,
record the chromatograms, and deiermine the peak response ra-
tios. Calculate the percentage of alcohol (v/vfin the specimen
under test according to the formula:

2Ry/RsD.

in which D is the dilution factor, expressed as a fraction, used
in preparing the Test Solution, and Ry and Ry are the ;ea.k
response ratios obtzined for the Test Preparation and the Stan-
dard Preparation, respectively.

em Suitability Test—In a suitable chromatogram, the res-
olution factor, R, is not Iess. than 2, and six replicate injections
of the Standard Preparation show a relative standard deviation
of not more than 4.0% in the ratio of the peak of alcohol to the
peak of the internal standard, and the tailing factor of the alcohol
peak is not greater than 1.5.

{621) CHROMATOGRAPHY

This chapter defines the terms and procedures used in chro-
matography and provides general information. %prﬁciﬁc require-
ments for chromatographic tests and assays of drug substances
and dosage forms, including adsorbant and developing solvents,
are given in the individual monographs. .

Chromatography is defined as a procedure by which solutes
are separated by a dynamic differential migration process in a
system congisting of two or more , one of which moves
continuously in a given direction and in which the individual
substances exhibit different mobilities by reason of differences
in adserption, partition, solubility, vapor pressure, molecular size,
or ionic charge density, The individual substances thus obtained
can be identified or determined by analytical methods.

.The general chromatographic technique requires that a solute
undergo distribution between two phases, one of them fixed (sta-
tionary phase), the other movinﬂgmbi]e phase). It is the mobile
phase that transfers the solute through the medium until it even-
tually emerges separated from other sofutes that are eluted carlier
or later. Generally, the solutc is transported through the sepa-
ration medium by means of a flowing stream of a li?;id ora
gaseous solvent known as the “eluant.” The stationary phase may
act through adsorption, as in the case of adsorbants such as ac-
tivated alumina, silica gel, and ion-exchange resins, or it may act
by dissolving the solute, thus partitioning the latter between the
stationary and mobile phases. In the latter process, a liquid ceat-
ing held on an inert support serves as the stationary phase. Par-
titioning is the predominant mechanism of separation in gas-liquid
chromatography, Jaaper chromatography, and forms of column
chromatography designated as liquid-iquid chromatography. In
practice, separations frequently result from a combination of 2d-

ion and partitioning effects.

¢ types of chromatography useful in qualitative and guan-
titative analysis that are employed in the E?SP assays and tests
are Column, Gas, Paper, Thin-layer, and Pressurized Liguid
Chmmatngrsphl{r(mmmonly calied high-pressure or high-perfor-
mance liguid chromatography). Paper and thin-layer chroma-
tography are ordinarily more useful for purposes of identification,
because of their convenience and simplicity. Column chroma-
tography offers a wider choice of stationary phases and is useful

USP XXII

for the scparation of individual compounds, in guantity, from
mixtures. Both gas chromatography and pressurized liquid chro-
mato ﬁhy require more elaborate apparatus and usually pro-
vide high-resolution methods that will identify and quantitate
very small amounts of material.

Use of Reference Substances in Identity Tests—In paper and
thin-layer chromatography, the ratio of the distance (this distance
being measured to the point of maximum intensity of the spot)
traveled on the medium by a given compound to the distance
traveled by the front of tie mobile phase, from the point of
application of the test substance, is designated as the R, value
OF the compound. The ratio between the distances traveled by a
given compound and a reference substance is the R, value. R
values vary with the experimental conditions, and thus identifi-
cation is best accomplished where an authentic specimen of the
compound in question is used as a reference substance on the
sm?e 1i]'us awmmh red b |

or this purpose, chromatograms are prepa y applying on
the thin-layer adsorbant or on the paper ii:): a straight line, parallel
to the edge of the chromatographic plate or paper, solutions of
the substance to be identified, the authentic specimen, and a
mixture of nearly equal amounts of the substance to be ideatified
and the anthentic specimen. Each sample application contains
agproximatcly the same quantity by weight of material to be
chromatographed. If the substance to be identified and the au-
thentic specimen are identical, all chromatograms agree in color
and R _vallug and the mixed chromatogram yields a single spot;
ie, K is 1.0

Location of Components—The spots produced by paper or thin-
layer chromatography may be located by: (1) dgmi inspeetion
if the compounds are visible under white or either short- (254
nm) or long-wavelength (360 nm) ultraviolet light, (2) inspection
in white or ultraviolet light after treatment with reagents that
will make the spots visible (reapents are most conveniently ap-
plied with an atomizer), (3) use of a Geiger-Milller counter or
autoradiographic techniques in the case of the presence of ra-
dioactive substances, or (4) evidence resulting from stimulation
or inhibition of bacterial g.rowth by the placing of remeoved por-
tions of the adsorbant and substance on inoculated media,

In open-column chromatography, in pressurized liquid chro-
matography performed under conditions of constant flow rate,
and in gas chromatography, the retention time, {, defined as the
time elapsed between sample injection and appearance of the
peak concentration of the cluted sample zone, may be used as &
parameter of identification. Solutions of the substance to be iden-
tified or derivatives thereof, of the reference compound, and of
a mixture of equal amounts of these two are chromatographed
successively on the same column under the same chromatographic
conditions, Only one peak should be observed for the mixture.
The ratio of the retention times of the test substance, the ref-
erence compound, and a mixture of these, to the retention time
of an internal standard is called the relative retention time R,
and is also used frequently as a parameter of identification.

The deviations of R,, Ry or ¢ values measured for the test
substance from the values obtained for the reference compound
and mixture should not exceed the reliability estimates deter-
mined statistically from replicate assays of the reference com-

Chromatographic identification by these methods under given
conditions strongly indicates identity but does not constitute de-
finitive identification. Coincidence of identity parameters under
3 10 6 different sets of ckromatographic conditions (temperatures,
column packings, adsorbants, cluants, developing solvents, var-
ious chemical derivatives, etc.) increases the probability that the
test and reference substances are identical. However, many iso-
meric compounds cannot be separated. Specific and pertinent
chemical, spectroscopic, or physicochemical identification of the
eluted component combined with chromaiographic identity is the
most valid criterion of identification. For this purpose, the in-
dividual components separated by chromatography may be col-
lected for further identification.

Paper Chromatography
In paper chromatography the adsorbant is a sheet of paper of
suitable texture and thickness. Chromatographic separation may
proceed through the action of a single liquid phase in a process
analogous to adsorption chromatography in columns. Since the
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natural water content ol the paper, or selective imbibition of a
hydrophilic cemponent of the liquid phase by the paper fibers,
mey be regarded as 2 stationary &hase, a partitioning mechanism
may coniribute significantly o the separation.

gltemalivcly. a two-phase szstem may be used. The paper is
impregnated with one of the phases, which then remains station-
ary (usually the more polar phase in the case of unmodified paper).
The chromatogram is devcloped by slow passage of the other,
mobile, phase over the sheet. Development may be ascending,
in which case the solvent is carricd up the paper by capillary
forces, or descending, in which case the solvent flow is also as-
sisted by gravitational force.

Differences in the value of R, have been reported where ¢hro-
matograms developed in the diréction of the paper grain (machine
direction) are compared with others devel at right angles to
the grain. Therefore, the orientation of paper grain with respect
to solvent flow should be maintained constant in a series of
matograms. (The machine direction is usually designated by the
manufacturer on packages of chromatography paper,)

DESCENDING CHROMATOGRAPHY

In descending chromatography, the mobile phase flows down-
ward on the chromatographic sheet. .

Apparatus—The essential equipment for descending chroma-
tography consists of the following.

A vapor-tight chamber provided with inlets for addition of
solvent or for releasing internal pressure. The chamber is con-
structed preferably of glass, stainless steel, or porcelain and is so
designed as to permit observation of the progress of the chro-
matcgmp]]jc run without opening of the chamber. Tail glass
cylinders are convenicnt if they are made vapor-tight with suitable
covers and a sealing compound.

A rack of corrosion-resistani material about 5 cm shorfer than
the inside height of the chamber. The rack serves as a support
for solvent troughs and for antisiphoning rods which, in turn, hold
up the chromatographic sheets. )

One or more i;a.vs troughs capable of holding a volume of
solvent greater than that nceded for one chromatographic rus.
The troughs must also be longer than the width of the chroma-
tographic sheets.

Heavy glass anti-siphoning rods to be suﬂperted by the rack
and running outside of, parallel to, and slightly above the edge
of the glass trough.

Chromatographic sheets of special filter paper at least 2.5 cm
wide and not wider than the length of the troughs are cut to a
length approximately equal to the height of the chamber. A fine
pencil line is drawn horizontally across the filter paper at a dis-
tance from one end such that, when the sheet is suspended from
the anti-siphoning rods with the ugger end of the paper resting
in the trough and the lower portion ing frec into the chamber,
the line is located a few centimeters below the rods. Care is
necessary to avoid contaminating the filter paper by excessive
handling or by contact with dirty surfaces.

Precedure—The substance or substances to be analyzed are
dissolved in.a suitable solvent. Convenient volumes, delivered
from suitable micropipets, of the resulting solution, normally con-
taining 1 to 20 ug of the compound, are placed in 6- to 10-mm
spots along the pencil ling not less than 3 cm apart. If the total
volume to be applied would produce spots of a diameter greater
than 6 to 10 mm, it is apﬁlied in separate portions to the same
spot, each portion being allowed to rlg; before the next is added.

The spotted chromatographic sheet is suspended in the cham-
ber by use of the anti-siphoning rod, which holds the u]égr end
of the sheet in the solvent trough, The bottom of the chamber

is covered with the prescribed solvent system. Saturation of the

chamber with solvent vaper is facilitated by lining the inside walls
with paper that is wetted with the prescribed solvent system, It
is important to ensure that the portion of the sheet hanging below
the rods is freely snspended in the ehamber without touching the
rack or the chamber walls or the fluid in the chamber. The
chamber is sealed to allow equilibration (saturation) of the cham-
ber and the paper with the solvent vapor. Any excess pressure
is released as necessary. For large chambers, equilibration over-
night may be necessary,

A volume of the mobile phase in excess of the volume required
for complete devclﬂ%nem of the chromatogram is satorated with
the immobile phase by shaking. Aftcr equilibration of the cham-
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ber, the prepared mobile solvent is introduced into the trongh
through the inlet. The inlet is closed and the mobile solvent phase
is allowed to travel down the ]ﬂm the desired distance. Pre-
cautions must be taken against allowing the solvent to run down
the sheet when opening the chamber and removing the chro-
matogram. The location of the solvent front is gquickly marked,
and the sheets are dried.

The chromatcgram is observed and measured directly or after
suitable development to reveal the location of the spots of the
isolated drug or drugs. The paper section{s) predetermined to
contain the isolated drug(s) may be cut out and eluted by an
appropriate solvent, and the solutions may be made up to 2 known

ume and quantitatively analyzed by appropriate chemical or
instrumental techniques. Similar procedures should be con-
ducted with various amounts of similarly spotted reference stan-
dard on the same paper in the concentration range appropriate
1o prepare a valid calibration curve.

ASCENDING CHROMATOGRAPHY

In ascending chromatography the lower edge of the sheet {or
strip) is dipped into the mobile phase, to permit the mobile phase
to rise on the chromatographic sheet by capillary action.

Apparatus—The essential equipment for ascending chroma-
wng)hy is substantially the same as that described under De-
scending Chromatography. .

Procedure—The test materials are applied to the chromato-
g:.;nfhic sheets as directed under Descending Chromatography,
and above the level to which the paper is dipped into the devel-
oping solvent. The bottom of the developing chamber is covered
with the developing solvent system. If a two-phase system is used,
both phases are added. It is also desirable to line the walls of
the chamber with paper and to saturate this lining with the solvent
system. Empty solvent troughs are placed on the bottom of the
chamber, and the chromatographic sheets arc suspended so that
the end on which the spots have been added hangs free inside
the empty trough.

The chamber is sealed, and equilibration is atlowed to proceed
as described under Descending Chromatography. Then the de-
veloping solvent {mobile phase} is added the inlet to the
trough in excess of the solvent required for complete meistening
of the chromatographic sheet. The chamber is re-sealed. When
the sclvent front has reached the desired height, the chamber is
opened and the sheet is removed and dried. :

uantitative analyses of the spots may be conducted as de-
scribed ender Descending Chromatography.

Thin-layer Chromatography

In thin-layer chromatography, the adsorbant is a relatively thin,
uniform layer of dry, fincly powdered material applied to a glass,
plastic, or metal sheet or plate, glass plates beinﬁ most commenly
employed. The coated plate can be considered an “open chro-
matographic column™ and the separations achieved may be based
upon adsorption, partition, or a combination of both effects, de-
pending on the particular type of support, its preparation, and
its use with different solvents, Thin-layer chromatography on ion-
exchange films can be used for the fractionation of polar com-
pounds. Présumptive identification can be effected by observa-
tion of spots of dentical R, value and about ig;ml magmtude
abtained, respectively, with 'an unknown and a reference sample
chromatographed on the same plate, A visual comparison of the
size of the spots may serve for semiquantitative cstimation. Quan-
titative measurements are pussi%!c by means of densitom-
etry, fluorescence, and fluorescence quenching; or, the spots may
be careﬁ;])ljy removed from the plate, followed by elution with a
suitable solvent and spectrophotometric measurement. For two-
dimensional thin-layer cl]mmabogmphy; the chromatographed
plate is turned at a right angle and again chromatographed, nsn-
ally in another chamber equilibrated with a different solvent sys-
tem.
Apparatus—Acceptable apparatos and materials for thin-layer
chromatography consist of the following

Flat glass plates of convenient size, typically 20 cm X 20 em.!

An aligning tray or a flat surface uﬁon which to align and rest
the plates during the application of the adsorbant.

! Commercially prepared plates may be substituted for plates
prepared as directed herein.
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A storage rack to hold the prepared ];;lates during drying and
transportation. The rack holding the plates should be kept in a
desiccator or be capable of being scaled in order to protect the
plates from the environment after removal from the drying oven,

The adsorbant consists of finely divided adsorbent materials,
normally 5 pm to 40 ym in diameter, suitable for chromatogra-
phy. Tt can be applied directly to the glass plate or can be bonded
to the plate by means of plaster of Paris (hydrated calcium sul-
fate) [at a ratio of 5 to 15%] or with starch paste or other binders.
The former will not yield as hard a surface as will the starch,
but it is not affected by strongly oxidizing spray reagents. The
adsorbant may contain fluorescing material to aid in the visu-
alization of spots that absorb ultraviolet light.

A spreader, which, when moved over the ﬁss plate, will apply
a uniform layer of adsorbant of desired 1hickness over the entire
surface of the plate.

A developing chamber that can accommodate one or more
plates and can be properly closed and sealed as described under
Ascending Chromatography. The chamber is fitted with a plate-
support rack that aulppm'ts the plates, back to back, with the lid
of gg chamber in place.

A template (generally made of plastic) to aid in placing the
test ?cts at definite intervals, to mark distances as needed, and
to aid in labeling the plates. -

A graduated micropipet capable of delivering 10-¢L quantities.
Total guantities of test and standard solutions are specified in
the individual monograph, : :

A reagent sprayer that will emit a fine spray and will not itself
be atta by the reagent.

An ultraviolet light source suitable for observations with short
(254 nm) and long (360 nm) ultraviolet wavelengths.

Procedure—[NOTE—In this procedure, use purified water that
is obtained by distillation.] Clean the plates scrupulously, as
immersion in chromic acid cleansing mixture, rinsing them wi
copious quantities of water until the water runs the plates
without leaving any visible water or oily spots, then dry. It is
important that the plates be completely free from lint and dust
when the adsorbant e apg]ied. )

Arrange the plate or plates on the aligning iray, place a 5- X
20-cm plate adjacent to the front edge of the first square plate
and another 5- X 20-cm plate adjacent to the rear edge of the
last square, and secure all of the plates so that they will not slip
during the application of the adsorbant. Position the spreader on
the end plate opposite to the raised end of the aligning tray. Mix
1 part of adsorbant with 2 parts of water (or in the ratio suggested
by the ':léppller) by shaking vigorously for 30 seconds in a glass-
stoppered conical flask, and transfer the siurry to the spreader.
Usually 30 g of adsorbant and 60 mL of water are sufficient for
five 20- X plates. Complete the application of adsorbants
using plaster of Paris binder within 2 minutes of addition of the
water, since thereafter the mixture begins to harden. Draw the
spreader smoothly over the plates toward the raised end of the
aligning tray, and remove the spreader when it is on the end plate
next to the raised end of the aligning tray. (Wash away all traces
of adsorbant from the spreader immediately after use.) Allow
the plates to remain undisturbed for 5 minutes, then transfer the
square plates, layer side uﬁ” to the storage rack, and dry at 105°
for 30 minutes, Preferably place the rack at an angle in the
dxzeing oven to prevent the condensation of moisture on the back
side of plates in the rack. When the plates are dry, allow them
1o ccol to room temperature, and inspect the uniformity of the
distribution and the texture of the adsorbant layer; transmitted
light will show uniformity of distribution, and reflected light will
show uniformity of texture. Store the satisfactory plates aver
silica gel in a suitable chamber.

Place two filter-paper wicks, 18 ¢m in height and as wide as
the length of the developing chamber, into the chamber, add
about 100 ml. of the solvent (snificient to have a depth of § mm
to 10 mm at the bottom of the chamber), seal the cover to the
top of the chamber, and allow the system to equilibrate; it is
essential that the wicks become completely wet. Alternatively,
the chamber may be completely lined with filter paper. In either
case, assure that the filter paper dips into the solvent at the
hottom of the chamber. Where vapor saturation of the chamber
by these methods is undesirable, it is so indicated in the individual
monograph. '
Apply the Test solution and the Standard solution, as directed
in the individual monograph, at peints about 1.5 ¢m apart and
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about 2 cm from the lower edge of the plate (the lower edge is
the first ﬁn over which the sap“meader moved in the application
of the adsorbant layer), and allow to dry. Avoid physical dis-
turbance of the adsorbant during the ?ottinﬁ procedure (by the
pipet or other applicator) or when handling the plates. The tem-
plate will aid in determining the spot points and the 10- to 15-
cm distance through which the solvent front should pass.

Place a mark 10 cm te 15 cm above the spot point. Arrange
the plate on the supporting rack (test spots toward the bottom),
and introduce the rack into the developing chamber. Allow the
solvent in the chamber to reach the lower cdge of the adsorbant,
but de not allow the spot points to be immersed, Put the cover
in place, and maintain the sgstem until the solvent ascends to a
point 10 em to 15 cm above the initial spots, this usually requiring
about 15 minutes to | hour. Remove the piate from the devel-
aging chamber, mark the solvent front, air-dry the plates, and
observe first under short-wavelength ultraviolet light (254 nm)
and then under long-wavelength ultraviolet light (360 nm). Mea-
sure and record the distance of each spot from the point of origin,
and indicate for each spot the wavelength under which it was
observed. Determine the Ry values for the principal spots (see
Glassary of Symbols). If further directed, spray the spots with
the reagent specificd, observe, and compare the test chromato-
gram with the standard chromatogram.

Continuous Development
Thin-layer Chromatography

In contrast to conventional thin-layer chromatography, which
is carried out in a closed tank, the continuous development or
continuous flow technique allows the upper end of the plate to
project through a slot in the cover of the developing chamber.
When the developing solvent reaches the slot, continuous evap-
oration occurs, producing a steady flow of solvent over the plate.
In conventional thin-layer chromatography, spot migration ceases
when the solvent reaches the top of the plate, after which the
spots simply enlarge by diffusion. In the continuous flow process,
spot migration continucs as long as the plate remains in the tank
and the developing solvent is not exhausted.

Development may be continued for several hours after the sol-
vent reaches the top of the plate, to provide adequate migration
of the spots. Usually spots of a standard solution, a test solution,
and a mixture of equal amounts of test and standard solutions,
are initially applied at a standard distance from the base of the
plate. Identity of the standard and test substances is confirmed

their migratini:qual distances from the origin and by the
o ation that the two subsiances applied as a mixture show
no tendency to separate. )

. A major advantage of continuons development thin-layer chro-
matography stems from the greater solvent selectivity for solvents
of low solvent strength. Solvent strcn]gth refers to the property
of a devenl:cHﬁng solvent that causes solutes to migrate, and it is
strongly influenced by the polarity of the solvent. Increasing the
solvent strength by adding a more polar soivent causes the R,
value to increase. Solvent selectivity refers to the ability of 2
solvent system to produce different R values for closely related
substances. In conventional thin-Tayer chromatography, a solvent
system giving an Ry value in the of 0.3 to 0.7, but with
adequate selectivity to permit separation of the substances being
examined is usually selected. It is much easier to find solvent
systems producing adequate migration than to find those afford-
ing adequate selectivity. ’ .
mESalve:nt systems of lower strength generally exhibit higher se-
lectivity, but are difficult to employ in conventional thin-layer
chromatography because they result in very little migration be-
fore the solvent reaches the tog of the plate. Migration m:g be
increased, however, by repeate dmnf 2nd redevelopment of the
plate or, more conveniently, by providing means for evaporation
of solvent at the top of the plate, which results in continuous
development. 'I'wo techniques arc used: continuous development
and short-bed continuous develepment thin-layer chromatogra-
phy.

An R value cannot be measured in continuous development
thindayer chromatography. Substances may be compared either
by their migration distance over a fixed period of time or by
comparison with the migration of a standard substance applied
to the plate. The comparison may be expressed as a relative
retention, R, (see Glossary of Symbolis).
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Continuous development—Continuous development thin-layer
chromatography as required for antibiotics is described in the
Appendix to USP XX, Awiibiotic Regulations.

APPARATUS—Acceptable apparatus and materials for contin-
uous development thin-layer chromatography are the same as
those described under conventional Thin-iayer Chromatagraphy,
except as follows:

A developing chamber is used that consists of a rectangular
tank, approximately 23 ¢m X 23 ¢cm X 9 cm, equipped with a
glass solvent trough and a platform about 3.75 cm high to elevate
the solvent trough above the base of the tank. The chamber is
fitted with 2 caver having a 2 cm X 6 cm slot in the front edpe.

PROCEDURE—On a line about 2 cm from the base of the plate,
apply the Standard solution, the Test solution, and a mixture
of equal amounts of the Standard and Test solutions. Place the
plate in the elevated empty solvent trough with the adsorbant on
the underside of the leaning plate. The adsorbant rests against
a piece of heavy (about 1 mm thick)? filter paper measuring 20
cm X 3 cm, folded lengthwise and placed over the [ront edge of
the tank. Place the developing solvent in the trough, set the cover
in place and seal all openings except where the adsorbant contacts
the paper wick. The plate extends abiout 1 cm beyord the top
of the tank, After the solvent reaches the top of the plate, allow
development to continue for an appropriate time. Then remove
and dry the plate, and detect the spots by suitable means.

Short-bed continuous development—A major advantage of the
short-bed technique derives from the fact that solvent velocity is
inversely related to bed length. Since spot migration depends
upon the total amount of solvent passing over the plate, the short-
bed permits useful migration to be obtained in a reasonable time
with solvent having very low solvent strength. Lower diffusion
in solvents of low solvent strength produces smaller and more
.dense spots, which enhances both detectability and discernment
of small differences in migration distance.

APPARATUS—Acceptable apparatus and materials for short-
bed continuous development thin-layer chromawgra’phy are the
same as those described under conventional Thin-tayer Chro-
matography, exoe[pt as follows:

A shallow developing chamber® af)proxim_atel 22¢m X 9cm

X 3 cm, equi with a cover plate and tight-fitting [l)olytcf
wings that enable the chamber to be sealed against the plate, ts
used, The inside bottom of the chamber contains ridges that
support the plate and allow it to be inserted at different angles,
thereby varying the length of the plate contained within the tank.

PROCEDURE—On a line about 2 cm from the base of the plate,
afply the Siandard solution, the Test solution, and a mixture
of equal parts of the Standard and Test solutions. Place the
plate in the developing chamber {adsorbant side up), and add the
developing solvent to the chamber. No paper wick is cmployed.
After the solvent reaches the top of the plate, allow development
to continue for an appropriate time. Then remove and dry the
plate, and detect the spots by suitable means.

Column Chfcmatography

atns—The apparatus required for column chromato-
graphic procedures is simple, consisting only of the chromato-
graphic tube itself and a tamping rod which may be nceded to
pack a pledget of glass wool or cotton, if needed, in the base of
the tube and compress the adsorbant or slurry uniformly within
the tube. In some cases a porous glass disk is sealed at the base
of the tube in order to support the contents. The tube is cylin-
drical and is made of glass, unless another material is specified
in the individual monograph. A smaller-diameter delivery tube
is fused or otherwise attached by a leak-proof joint to the lower
end of the main tube. Column dimensions are variable; the di-
mensions of thase commeonly used in pharmaceutical analysis range
from 10 mm to 30 mm in uniform inside diameter and 150 mm
ta 400 mm in length, exclusive of the delivery tube. Lhe delivery
tube, usually 3 mm to 6 mm in inside diameter, may include a
stopeock for accurate control of the flow rate of solvents through
the column. The tamping rod, a eylindrical ram firmly attached
to a shaft, may be constructed of plastic, glass. stainless steel, or
aluminum, unless another material is specified in the individual

2 Whatman No. IMM filter paper or equivalent.
3 Sujtable equipment is available from Regis Chemical Com-
pany, Morton Grove, TL.
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monograph. The shaft of the rod is substantially smaller in di-
ameter than the column and is not less than 5 ¢m longer than
the effective length of the column. The ram has a diameter about
| mm smaller than the inside diameter of the celumn.

COLUMN ADSORPTION CHROMATOGRAPHY

The adsorbant (such as activated alumina or silica gel, caleined
diatomaceous silica, or chromatographic purified siliceous earth)
as a dry solid or as a slurry is packed into a glass or quartz
chromatographic tube. A solution of the drug in a small amount
of solvent is added to the top of the column and allowed to flow
into the adsorbant. The drug principles are quantitatively re-
meoved from the solution and are adsorbed in a narrow transverse
band at the tog of the column. As additional solvent is allowed
to flow through the cotumn, either by gravity or by application
of air pressure, each substance progresses down the column at a
characieristic rate resulting in a spatial separation to give what
is known as the chromatogram. The rate of movement fgolr a given
substance is affected by several variables, including the adsorp-
tive power of the adsorbant and its particle size and surface area;
the nature and polarity of the solvent; the hydrostatic head or
applied pressure; and the temperature of the chromatographic
system. ,

If the separated compounds are colored or if they fluoresce
under ultraviolet light, the adsorbant column may be extruded
and, by transverse cuts, the appropriate segments may then be
isolated. The desired compounds are then extracted from each
gegment with a suitable solvent. If the compounds are colorless,
they may be located by means of painting or spraying the ex-
truded column with color-forming reagents. Chromatographed
radioactive substances may be located by means of Geiger-Miiller
detectors or similar semsing and recording instruments. Clear
plastic tubing made of a material such as nylon, which is inert
to most solvents and- transparent to short-wavelength ultraviolet
light, may be packed with adsorbant and used as a chromato-
graphic column. Such a column may be sliced with  sharp knife
without romoving the pacling from the tubing. If a fluoregeent
adsorbant is used, the column may be marked under ultraviclet
light in preparation for slicing.

A “flowing” chromato, , which is extensively used, is ob-
tained by a procedure in which selvents are allowed to flow through
the column until the separated drug appears in the effluent so-
lution, known as the “cluate.” The drug may be determined in
the eluate by titration or by a spectrophotometric or colorimetric
method, or the solvent may be evaporated, leaving the drug in
more or less pure form. If a second drug pringiple is involved,
it is eluted by continuing the first solvent or by ‘ﬁssm% a solvent
of stronger eluting power through the column. The effictency of
the separation may be checked by obtaining a thin-layer ¢
matogram on the individual fractions.

A modified procedure for adding the mixture to the column is
sometimes empioyed. The drug, in a solid form, and, as in the
case of a powdered tablet, without separation from the excipients,
is mixed with seme of the adsorbant and added to the top of 2
column. The subsequent flow of solvent moves the drug down
the column in the manner deseribed,

COLUMN PARTITION CHROMATOGRAPHY

In partition chromatography the substances to be separated
are partitioned between two immiscible liquids one of which, the
immobile phase, is adsorbed on a Solid Support, thereby pre-
senting 2 very large surface area to the flowing solvent or mobile
phase. The exceedingly high number of successive liguid-liquid
contacts allows an efficiency of separation not achicved in or-
dinary liguid-liquid extraction.

The Solid Support is usually polar, and the adsorbed immobile
phase more polar than the mobile phase. The So/id Support that
18 most widely used is chromatographic siliceous earth naving a
particle size suitable to permit proper flow of eluant.* In Reverse-

hase Eﬁﬁm chromatography the adsorbed immebile phase is
fm polar than the mobilc phase and the solid adsorbant is ren-
dered nonpolar by suitable treatment with a silanizing agent, such
as dichlorodimethylsilane, to give silanized chromatographic si-
liceous earth. '

4 A suitable prade is acid-washed Celite 545, available from
Johns-Manville Corp., 22 East 40th St., New York, NY 10016.
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The sample to be chromatographed is usually introduced into
the chromatographic system in one of two ways: (a) a solution
of the sample in a small volume of the mobile phase is added to
the top of the column; or, (b} a solution of the sample in a small
volume of the immobile phase is mixed with the Solid Support
and transferred to the column as a layer ubove a bed of a mixture
of immobile phase with adsorbant.

Development and elution are accomplished with flowing sol-
vent as before. The mobile solvent usually is satyrated with the
immobile solvent before use.

In conventional liquid-liquid partition chromategraphy, the de-
gree of partition of a given compound between the two liguid
phases is expressed by its partitior or distribution coefficient. In
the case of compounds that dissociate, distribution can be con-
trolled by modifying the pH, dielectric constant, ionic strength,
and other properties of the two phases. Sclective elution of the
compenents of a mixture can be achicved by successively chang-
ing the mobile phase to one that provides a more favorable par-
tition coelficiont, or by changing the pH of the immobile phase
in situ with a mobile phase consisting of a solution of an appro-
priate acid or base in an organic solvent,

Unless otherwise specified in the individual monograph, assays
and tests that emplay column partition chromatography are per-
formed according to the following general method.

Solid Support—Use purified siliccous earth. Use silanized
chromatographic siliceous earth for reverse-phase partition chro-
matography.

" Stationary Phase—Use the solvent or solution specified in the
individual monograph. If a mixture of liquids is to be used as
the Staiionary Phase, mix them prior to the introduction of the
chf Support.

Mobile Phase—Use the solvent or solution specified in the
individual menograph. Equilibrate it with water if the Stationary
Phase is an aquecus solution; if the Stationary Phase is a polar
organic fluid, equilibrate with that fluid.

Preparation of Chromatographic Colmna—Unless otherwise
specified in the individual monograph, the chromatographic tube
is about 22 mm in inside diameter and 200 mm to 300 mm in
length, without perous glass disk, to which is attached a delivery
tube, without stopcock, about 4 mm in inside diameter and about
50 mm in length. Pack a pledget of fine glass wool in the base
of the tube. Place the specified volume of Stationary Phase in
a 100- to 250-mL beaker, add the specified amount of Solid
Support, and mix to produce a homogeneous, fluffy mixture,
Transfer this mixture to the chromatographic tube, and tamp,
using gentle pressure, to obtain a uniform mass. If the specified
amount of Solid Suppors is more than 3 g, transfer the mixture
to the column in portions of approximately 2 g, and tamp each
portion. I the assay or test requires a multi-scgment columa,
with a different Stationary Phase specified for each segment,
tamp after the addition of each segment, and add each succecding
segment directly to the previous one.

If a solution of the analyte is incorporated in the Stationary
Phase, complete the quantitative transfer to the chromatographic
tube by scrubbing the beaker used for the preparation of the test
mixture with a mixture of about 1 g of Selid Support and several
drops of the solvent used to prepare the test solution.

ck a pledget of finc plass wool above the completed column
packing. The Mobile Phase flows through a properly packed
column as a ate stream or, if reverse-phase chromatography
is applied, as a slow trickle.

Procedure —Transler the Mobile Phase to the column space
above the column packing, and allow it to flow thro the col-
umn under the influence of gravity. Rinse the tip of the chro-
matographic column with abont 1'mL of Mobile Phase before
cach change in compesitinn of Mobile Phase and after completion
of the elution. If the analyte is introduced into the column as a
solution in the Mobile Phase, allow it to pass completely into the
column packing, then add Mobile Phase in several smal portions,
allowing each to drain completely, before adding the bulk of the
Mobile Phase. Where the assay or test requires the use of mul-
tiple chromatographic columns mounted in series and the addition

Mobile Phase in divided portions is specified, allow each por-
tion to drain _comgletel through each column, and rinsc the tip
of each with Mobile Phase prior to the addition of each suc-
ceeding portion.
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Pressurized Liquid Chromatography

Advances in column technology, high-pressure pumping sys-
tems, and sensitive detectors have trans?otmcd liquid gglumn
chromatography into a high-speed, high-efficiency method of sep-
aration. This method is sometimes referred to as HPLC, which
is alternatively expressed as either high-performance liquid chro-
matography or high-pressure liquid chromatography. “The ccl-
umn technelogy is based upon the use of small-bore (2- to 5-mm
ID} eolumns and small-particle (3- to 50-um) packings that allow
fast equilibrium between mobile and stationary phases. This small-
particle column technology requires high-pressure pumping sys-
tems capable of delivering the mobile phase at high pressure, s
much as 300 atmospheres, to achieve flow rates of several mL
per minute, Since it is often necessary to use small amounts of
analyte (usually less than 20 ug) with the column packings, sen-
sitive detn;ctors are ngegdhed. wdith this technology, ]tl’ uid chro-
matography can give high-speed separations comparable in man
cases o those acEievecI by gas chmm&tog:raphy,]:ﬁth the advan!:
tage that nonvolatile or thermally unstable materials can be chro-
mato&ra hed without decomposition or the necessity for making
volatile derivatives, )

One type of stationary phase support used in these packings
consists of micro-particles 30 um to 50 pm in diameter, having
a salid center and a thin porous crust. Some of these pellicular
support materials can be pre-activated to give them adsorptive
properties, while others can be covered with a thin film of sta-
tionary phase for partition ar jon-exchange separations. The sta-
tionary phase can be cither a liquid or a polymer, either coated
or chemically bonded to the surface of the support in a thin film
that reduces mass transfer resistances so that fast equilibrium
between mebile and stationary phases can be attained. A ﬁg;:id
stationary phase must be largely immiscible in the mobile phase
solvent; it 15 usually nccessary 1o pre-saturate the mobile phaae
solvent with the stationary phasc liquid to prevent stripping of
the stationary phase from the column. Polymer stationary phases
coated on the support are more durable. Stationary phases that
have been chemically bonded to the support provide greater con-
venicnce for use with 4 variety of solvents and at elevated tem-
peratures.

Other, smaller-diameter packing materials of 3- to 10-um di-
ameter are almost completely porous and give much more effi-
cient separations than the 30- to 50-um particle packings. The
particles can also be made adsorptive or covered with a stationary
phase. It is essential that these packings be slurry-packed in order
to obtain high-efficiency columns, in contrast to the 30- to 50-
g np]:niclm which can be dry-packed.

three forms of high-performance liquid chromaiography
most often used are ion-exchange, partition, and adsorption. Ion-
exchange chromatography is used mainly for separation of water-
soluble ionic or ionizable materials of molecular weight less than
1500, The stationary phases of ion-exchange chromtography are
usually synthetic organic resing having different active groups
present. Cation-exchange resins contain negatively charged ac-
tive sites and are used to separate basic substances such as amines,
while anion-exchange resins have positively charged active sites,
which will attract substances such as those carrying phosphate,
sulfonate, or carboxylate gmu[ps which are negatively charged.
Water-soluble ionic or ionizable compounds are attracted to the
resing, and differences in affinity bring about the chromato-
graphic separation. The pH of the mobile phase, temperature,
lon type, joni¢c concentration, and organic modifiers affect the
attraction of the solute, and these variables can be adjusted to
obtain the desired degree of separation.

In partition chromatography, mobile and stationary phases of
different polarity are used. If the mobile phase is polar and the
stationary phasc nonpolar, referred to as reverse-phase chroma-
tography, then nonpolar, hydrocarbon-soluble compounds of mo-
lecular weight less than 1000, such as fat-soluble vitamins aud
anthraguinones, can be separated by their affinity for the sta-
tionary phase. Modification of the polar mobile phase solvent
with a less polar solvent causes a decrease in B.ffll:]'lit and the
retention of the compounds on the column. If the mobile phase
is nonpolar and the stationary phase polar, then polar material
such s alcohols and amines can b chromatographed. The non-
polar mobile phase can then be modified with a more polar solvent
to decrease retention and change the separation.

A wide range of nonionic compounds can be chromatographed
by adsorption chromatography with the choice of the proper sta-
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tionary and mobile phases, (For further details of both the par-
tition and absorption techniques, sce the ing sections.

Apparatus—The liquid chromatograph consists basically of a
pumping system, analyte injection device, chromatographic col-
umn, detector, amplifier, and recorder. The high-pressure
ing system delivers the mobile phase solvent from the solvent
reservoir 1o the column through high-pressure tubing and fittings.
Two means for analyie introduction onto the column are injection
into a flowing stream and a “stop-flow™ injection. These tech-
niques can be used with either a syringe or an injection valve,
For the syringe injection technique, a septum may be used where
the column head pressures are less than 70 atmospheres (about
1000 psi). At higher pressures, an injection valve may be used
to introduce the test specimen. Some valve systems incorporate
a calibrated loop that is loaded with a test specimen and then
transferred by the valve system to the flowing stream of mobile
phase. Other valve systems permit introduction of the znalyte
Into a cavity using a syringe. The loaded cavity is then switched
into the high-pressure stream by the valve system. In the “stop-
flow” technique, column flow is stopped, and after the injection

rt pressure drops to zero, the port is opened and the analyte
injected with a syringe. The injection port is then closed and
rumping is resumed. High pressure is rapidly re-established and

ittle zone-spreading js incurred in the process. The “stop-flow”

technique allows better injection reproducibility at higher pres-
sures than does the use of a septum, and the problem of septum
deterioration with many solvents is averted.

The columns normally used for analytical separations have small
(2-to 4-mm) internal diameters; larger-diameter columns are used
for preparative steps. Columns may be heated to give morc ef-
ficient wgamtions, but only rarely are they used at temperatures
above 60° because of potential difficulties resulting from sta-
tionary phase degradation or mobile phase volatility at elevated
temperatures. Unless otherwise specified in the individual mono-
graph, the column is maintaincd at ambient temperature.

The detectors commonly used include the ultraviolet photom-
eter, the differential refractometer, and the fluorometer. The
low-pressure mercury ultraviolet photometer is a common and
stable detector, but its use is limited to the detection of materials
that absorb radiation at a wavelength of 254 nm, Its limit of
sensitivity to compounds that absorb ultraviolet light strongly
may be about 1 ng. Compounds that do not absorb light at 254
nm apg);:rcidbly may often be converted 1o suitable derivatives
that absorb at this wavelength, thereby increasing the range of
applicability of the single-wavelength detector. The introduction
of s iotomzlm equipped with micro cells and dotectors
capable of operating at additional wavelengths has extended the

of ultraviolet detection.

¢ differential refractometer detects differences between the
refractive indexes of the pure solvent and of a solution of the
chromatographed test substance in the solvent. While mare gen-
erally applicable, it is a less sepsitive detector having a lower
limit of a 1 pg and is responsive to small changes in solvent
composition, flow rate, and temperature, so that a reference col-
umn and flow of mobile phase may be required to give a satis-
factory baseline.

The fluorometer is a sensitive detector for unds that are
inherently fluorescent or that can he converted to fluorescent
derivatives either rgr chemical transformation of the compound
or by coupling with fluorescent reagents at specific functional
groups.

With some reagents, derivatization is carried out prior to chro-
matographic separation of the derivatives. In another approach,
the reagent is introduced into the eluent stream and reacts with
the analyte in siftu, and the derivative is then exposed to the
detector.

An clectrochemical detector employing carbon-paste elec-
trodes mounted in a thin-film cell of very small volume may
advantageously be employed to measure very small amounts (1
n.gi)wt]:f easily oxidized compounds, particuiarly phienois and cat-
€Cchols.

In general, the signal from the detector is amplificd before
being fed to a suitable automatic recording device, usually a strip-
chart potentiometric recorder, where the signal is plotted versus
time. The signal may go also to an electronic digital integrator

for the automatic measurement of chromatogram I‘iueak areas.
The mobile phase composition si%niﬁcam influences chro-
matographic performance and should be cont carcfully. The
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composition can have a far greater ¢ffect on capacity factors (k
or ratio of amount of time spent in stationary phase lo lime spent
in the mobile phase; see under Gas Chromatography) than the
temperature.

In partition and adsorption chromatography, the mobile phase
may be modified with another solvent, while in icn-éxchange chro-
matography, both pH and ionic strength as well as modification
of the solvent can change capacity factors. The technique of
continuously changing the solvent composition during the chro-
matographic run is called gradient elution, or solvent program-
ming, and is sometimes used to chromatograph complex samples
having components of greatly differing capacity factors. Detec-
tors that ar¢ sensitive to change in solvent composition, such as
the differential refractometer, are more difficult to use with the
gradient ¢lution technique,

Procedure—The procedurcs for compound identification and
the techniques of calibration and data reduction used in grcn-
surized liquid chromatography are essentially the same as those
for gas chromatography (sec Procedure under Gas Chromatog-
raphy). For accurate quantitative work, it is necessary that the
detector have a large linear dynamic range and that the com-
ponents to be measured be resolved from any interfering sub-
stances. The linear dynamic range is defined as the sample size
range from the minimum detectable to maximum sample size
over which the detector signal response, i.e., the peak responses
on the recorder chart, is tinearly proportional to the concentration
of tesi substance. For maximum ﬂcxibih';}r in quantitative work,
this range should be about three orders of magnitude.

Both peak height and arca can be related to sample concen-
tration. The term “peak response,” designated ry for sample
respense and rg for standard response, has been adopted for use
in specifying measurements in chromatography. This encompas-
ses peak areas, peak heights, and other electronic measurcments.
Peak heights are easy to measure but are greatly influenced by
changes in retention time caused by variations in temperature
and solvent composition. For these reasons, peak areas are con-
sidered to be a more accurate parameter for quantitation. The
detector response may bc calibrated by relating neak responses
to a known concentration of reference standard using cither an
external or an internal standardization procedure.

One drawback to the method of external calibration, i.¢., direct
comparison of the peak responses obtained on chromatographing
the test specimen and a known concentration of the corresponding
Reference Standard, is that the accuracy and precision are de-
pendent upon the reproducibility of analyte injection. Since the

roducibility of injection at high pressure may vary consider-
ably, the better quantitative results usually are obtained when
the method for internal calibration is used. An internal standard
at known concentration is added both to the test solution and to
a solution of the Reference Standard of known concentration, and
the ratios of peak responses of drug and internal standard are
compared. Because of normal variations in equipment, suﬂsliw.
and techniques, a system suitability test{see System Swuitability)
may be useful to ensure that a given operating system may
generally applicable.

Gas Chromatography

In gas chromatography, the moving phase is a gas. The sta-
tionary phase is u.suu.lfy a liquid but may be a solid or a com-
binntionlof a::llid and quuid.tl - i

In gas-liquid chromatography (GL.C), the stationary liquid phase
is im%il?zed as a thin film gn a finely divided, inert solid sup-
port, such as chromatographic siliceous earth, crushed firebric|
glass beads, or cven the inner wall of a small-diameter tube, 1f
the tube is filled with liquid-covered, finely divided solid, it is
called a packed column. If the inner wall of a small-diameter
tobe is coated with the liguid, it is called an open tubular or
capillary column. If the inner wail of the open tubular column
is treated so as to depasit ¢ porous or irregular support on its
surface before coating with the liquid phase, it is called a support
coated open tubular (SCOT) column. In gas-solid chromatog-
raphy (GSC), the identical situation holds except that the liquid
phase s absent and the solid is an active adsorbant, such as
alumina, silica gel, or carbon. In either case, the mobile phase
continuously moves over the stationary phase.

When a vaporized substance is introduced into the gas stream
at the head of the column, it is swept into the column and under-
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goes distribution between the gas and liquid or solid phases. The
distribution process reaches a dynamic equilibration, that is ad-
e};uatc!y described by an extension of the mathematical treatment
of the stepwise process of countercurrent distribution. The be-
havior of a solute in such a partition process is conveniently de-
fined by a dimensionless partition ratio, k', called the capacity
factor, which may be defined alternatively in terms of the relative
amounts, or relative residence times, of the substance in the re-
spective phases. The gas phase simply serves to move the sub-
stance down the column between excursions into the stationary
phase, and all substances spend the same time in the gas phase
in any particular column. . The value of the capacity factor, and,
therefore, the time in a gas-liquid chromatographic column, de-

cnd upen the following considerations: {a) the specific solute;
Fb) the specific liquid phase; (c) the amount of liquid phase; (d)
the temperature; and Se) the gas flow rate. Therefore, a partition
ratio exists for each column, solute, and temperature, and in order
to reproduce the behavior of a particular solute, every parameter
must be carefully reproduced. -

Apparatus--The basic apparatus required for gas chromatog-
raphy is relatively simple. The carrier gas, usually available in
compressed form in a cylinder fitted with & suitable pressure-
reducing valve, is conducted into a flow meter, which is used to
reproduce the particular flow found to be satisfactory for the
resolution of a particular mixture. Helium, nitrogen, and other
inert gases are suitable carriers. The actual carrier gas used is
often determined by the characteristics of the detector being
used. Since solutes to be chromatographed must be in the vapor
phase, the injection port is heated to a temperature high enough
to ensure rapid vaporization but not high enough to cavse thermal
degradation. Most test specimens are injected by a]yringe through
a silicone rubber septum in the injection port. Preferably the test
specimen is injected directly into the column packing. Alter-
natively, the test specimen vapor is mixed with the flowing carrier
gas and then swept into the column. In gyt;rol is gas chroma-
togral?;g, nonvolatile solids are decoinposed by heating to several
hundred degrees Celsius, and the volatile products produced are
passed directiy onto the celumn. it is in the column that the
different components of the vaporized test specimen are separated
by virtue of their different interactions with the stationary column
packing. The tubing that contains the packing usually is made
of glass or metal, and is located in a controlled-temperature oven
maintained at a selected temperature, which determines the re-
tention time and, to a degree, the resolution and efficiency ob-
tained. Temperature-programmable components allow efficient
elution of compounds over a wide range of vapor pressure. As
the components emerge individually from the column, they pass

a differential-type detector, which indicates the amount
of cach component leaving the column. The detector temperature
is controlled to prevent condensation. The choice of detector is
specified in the individual monograph.

Signals from the detector are passed to an ampflifier or elec-
trometer, which is coupled to an automatic recording device. The
resulting record is a signal-time slot. the chromatogram, which
is to be used to determine the identitics and concentrations of
the components. The usual detectors emit a signal propartional
to the concentration of the solute in the carrier as 1t leaves the
column, so that the chromatogram for each drug appears as a
bell-shaped peak on a time axis. The resulting curves accurately
represent the distribution process as it has occurred during the
residence time of the solutes in column. Malfunctions in any of
these components can degrade the accuracy and precision of mea-
surgments.

Detectors—Detectors commonly used for gas chromatography
include those that depend upon thermal conductivity, flame-ion-
ization, alkali flame-lonization, electron-capture, and conductiv-
ity. For accurate quantitative work, the detector should have a
large linear dynamic range. Helium, because of its high thermal
conductivity. is the carrier gas of choice for use with a thermal
conductivity detector. The thermal conductivity detector is ap~

icable to all organic compounds but has a lower sensitivity and

ower dynamic range than some other detectors. Unless otherwise
gpecified in the individual monograph, the use of a flame-ioni-
zation detector with either helium or nitrogen carrier gas is as-
sumed. This detector is sensitive to all carbon compounds and
has a wide dynamic range. Nitrogen, by virtue of its higher
viscosity, reduces zone spreading in the gas phase and may yield
higher efficiencies than helium, but the lower viscosity of helium
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leads to higher carrier gas flow rates at optimum efficiencies and,
therefore, 1o shorter elution times and faster enalyses. The alkali
flame-ionization detector contains an alkali-metal salt or a glass
element containing rubidium or other metal that results in the
squgession of the response to carbon, thereby increasing the
relative res})onsc to nitrogen, sulfur, and phosphorus several fold.
It is, therefare, a selective detector which shows little response
to hydrocarbons. The electron-capture detector is also selective,
showing little response to hydrocarbons and extremely high re-
sponse to some compounds, such as those containing halogens or
some ketones. Depending on the mode of operation, nitrogen or
argon containing a small percentage of methane is used as the
carrier gas for electron-capture detection. The electron-capture
detector is the most sensitive detector available for those com-

unds to which it responds. The conductivity detection system
includes a heated reaction chamber in which compounds are re-
acted with a reagent gas such as oxygen or hydrogen that converts
some compounds to electrically conductive species such as hy-
drochloric acid or ammonia while simultaneously removing car-
bon. The conductive species is then trapped in an electrolyte,
and the observed change in electrical conductivity is continuously
monitored. The conductivity detector can be made selectively
responsive to halogens, suffur, nitrogen, or phospherus, and pro-
vides very high sensitivity.

. Combustion of chlorinated solvents, such as chloroform, in the
flame-ionization detector produces hydrochloric acid, which in
time may damage detector components. Combustion of silicone
derivatives produces a deposit of silica within the detector. Fre-
quent inspection and maintenance of the detector is required to
obtain optimum performance,

- The specified carrier gas flow rate is the flow rate of the gas
exiting the column and is usually expressed in mL per minute at
atmospheric pressure and room tcmperature. Tt is commeonly
measured, with the column at operating temperature, by the use
of a soap-bubble flow-meter attached to the exit of the column.
The gas quickly cools and is essentially at room temperature
within the flow-meter. It is usually necessary to disconnect the
column from the detector to make this measurement. For a given
flow rate, the linear flow rate through the column is related to
the square of the column diameter. Thus a flow rate of 60 mL
per minute for a 4-mm column and a flaw rate of 15 mL per
minute for a 2-mm column produce comparable lincar flow rates
in the ive columns and thus give comparable retention
times. Unless otherwise specified in the individual monograph,
a 30- to 60-mL flow rate is to be used.

Colunmns—Pharmaceutical analyses usually employ packed
columns and, ideally, only the packing influences the relative
movement of solutes through the system. Columns should be of
glass unless otherwise specified. Columns of various dimensions
are used, but normally they are 0.6 m to 1.8 m in length and 2
mum to 4 mm in internal dizmeter. Low-capacity columnns, having
about 5% {w/w) or less of liquid phase on the solid support, arc

referred for analytical use. H:'fh-capacity columns, sucg as those
Kaving 20% {(w/w) liquid leadings, may be used for large test
specimens and for the determination of low molecular weight
compounds such as water. The desired capacity influences the

choice of solid supsuorts.
Snggf}rt materials arc available in various mesh-size ranges,
with 80- to 100- and 100- to 120-mesh being the most commonly

used with 2- to 4-mm diameter columns. The support material
should be as inert as possible, particuiarly for polar drugs being
chromatopraphed on low-capacity, low:f)olarity liquid phase col-
umns. Reactive supports can result in decomposition, rearrange-
ment, or peak tailing of the solute. “Acid-washed, flux-calcined
diatomaceous carth is ofter used for drug analimis. Reactivity
of the support is reduced by treatment with a silanizing reagent
ptior to ceating with liquid phase. Supports receiving an addi-
tional, alkaline wash should be used with care, since residual
alkali decomposes some ]i:]uid phases. Polvaromatic porous res-
ins are sometimes specified. They do not require coating with a
liquid phase.

qLiquid phases are drawn from a wide ral:llgc of chemical classes,
such as polyethylene glycols, high melecufar weight esters and
amnides, Ey rocarbens, and silicone gums and fluids (Pol iloxanes
substituted normally by methyl, phenyl, nitrile, vinyl, or fluo-
roalkyl groups or mixtures of these). In all cases, batches must
be carefully selected for use in gas chromatography. At operating
temperatures, even these materials have sufficient vepor pressure
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TIME

Fig. 1. Chromatographic Separation of Two Substances.

to result in gradual loss of liquid phase by bleeding. Some phases
are characterized by quite low bleed rales at operating temper-
atures and, in such cases, columns may be rejuvenated by re-
packing the first 10 cm to 15 cm to remove injection residues.
Silanized glass wool inserts may be used in the injection ports of
s0me chromatographs to trap nonvolatile residues. These
should be as small as practicable, to avoid analyte decomposition
resulting from the highly active surface.

igure 1 represents a typical elution chromatographic sepa-
ration of two substances where #; and #, are the retention times
.of substances 1 and 2, & and h/2 are the height and half-height
of peak 1, Wy, is the width-at-half-height for peak 1, and W,
and W, are the base-widths of peaks 1 and 2, respectively, The
air is characteristic of gas chromatograms obtained with
the thermal conductivity detector and may just :Em“de or even
coincide with the front of the solvent peak.” A deflection corre-
sponding to the air peak is usually not seen with other gas chro-
ma mghjc or liquid chromatographic detectors. The interval
1o 18 the dead time or holdup time and corresponds 1o the retention
time of a nonretarded substance,

Procedure—Since gas chromatography is primarily a separa-
tion method, it cannot be used to identify compounds without
comparison to a Reference Standard. For qualitative analysis,
the retention time for a peak in the chromatogram cbtained for
a test ;ixecimen is “the same as,” or “corresponding to,” that
obtained for a standard preparation under the conditions specified
in the individual monograph, The differences in retention times
from chromatogram to chromatogram are small, usually less than
ong-tenth of a minute, as compared with differences between
neighboring peaks in the same c¢hromato, . When a peak
appears at the same time or volume under the same experimental
conditions, the probability of correct identification is quite high.
Alternatively, the individual components may be collected in a
cold trap as they emerge from the column for independent anal-
ysis by other instrumental or chemical methods, such as mass
spectrometry or infrared absorption spectrometry. The retention
time or volume for air is an important quantity, since it is used
to obtain absolute and relative retention values for characteriza-
tion of compounds. Drugs may be identificd by means of their
relative retention, @, determined by the equation

a=2"tc )
‘l_'fn

in which #; is the retention time measured from the point of
injection of the desired drug and 1, is the same for a reference
standard material determined with the same column and tem-
perature, and £, is the retention time for an inert component, such
2g air, which is not retarded in its passage through the column.

In this and the following expressions written m tarms of re.
tention times, the corresponding retention volumes or distances
on the chromatogram, both of which are directly proportional ta
retention time, may be substituted in the equations. X

With the flame-ionization detector, which responds to neither
air nor water, the retention of a nonretarded compound such as
methane, for which natural gas is a convenient source, may be
used to estimate 4, Where £, is small, & may be estimated from
the retentions from the point of injection alome (£,/1;).

The capacity factor is related to retention by the equation

t
ﬁ‘."2=;z—1. @)

A measure of the efﬁcientiy of a particular column is provided
by calculating the number of theoretical plates, », in the column

with the equat ion
n=16 ) : 3
W » ( )

in which ¢ is the retention time of the substance and W is the
width of the base of the J]l:veak obtained by extrapolating the rel-
atively straight sides of the peak to the baseline. The value of #
is dependent upen the substance being chromatographed as well
as the ﬁPnaﬁnfhconditiom such as flow rate and temperature,
the guality of the packing, and the uniformity of the packing
within the column.

As u measure of efficiency of the separation of two components
in a mixture, the resolution, R, is determined by the equation

R _2An—n) @

W, + w’

in which f, and ¢, are the retention times of the two components
and W, and W) are the corresponding widths of the bases of the
peaks, obtained by extrapolating the relatively straight sides of
the peaks to the baseline.
ntitative data can be obtained from the arcas under the
, determined graphically or by means of an automatic elec-
tronic integrator or planimeter, Peak areas are less accurate for
small peaks and those having short retention times. The product
?f p I:widm at half height amtiu peak heigrht may be substituted
or peak areas to minimize graphical error for symmetrical peaks.
The chart should be run faster than usual or a comparator should
be used to measure the width-at-half-height, so as to minimize
error in this measurement. For accurate quantitative work, the
components to be measured should be separated from any inter-
fering components. Peak measurements on solvent tails are to
be avoided.

Area percentages, % A, of species within a chromatogram are
used in purity analﬁ::s and are equal to 100 times the ratio of
the peak areas of the species, A, to the sum, £4,, of all of the
area of the peaks in the chromatogram. [NOTE—Where used in
the individual monograph, the expression “percentage (?{a)” rep-
resents 100 times the ratio (4;/Z4;).] Where the individual com-
ponents and response factors are known, measure the area of each

cak and convert this to mass of that component by multiplying
the peak area by the response factor. Where the identi uF other
components iv known, calibration curves may be based on area
percentage alone, such as in water content tests for solvents, pro-
vided the detector type is specified.

Assays require quantitative comparison of one chromatogram
with another, and lack of control of the specimen size injected
is a major source of error. Addiiivn of an internal standard to
the test specimen minimizes this error. The ratio of peak response
of the species of interest to the internal standard is compared
from one chromatogram to another. Where the internal standard
is chemically similzr to the substance being determined, minor

FRESENIUS EXHIBIT 1068
Page 100 of 158



n

1566 (621) Chromatography / Physical Tests

variations in column and detector parameters are controlled also.
In some cases, the internal standard may be carried through the
assay procedure prior to gas chromatography to control other
quantitative aspects of the procedure.

A quantity of solute may be adsorbed within the system, and
this would be reflected in the failure of the calibration curve to
pass through zero, terminating instead along the abscigsa. This
effect may contribute error, particularly for the measurcment of
small spccimens and the use of a single reference point. At high
test-specimen concentrations, the solute may overload the liquid
phase, leading to relative loss of peak height or symmetry. Before
any column is accepted for assay purposes, a calibration curve
should be constructed to control these errors prior to the use of
the single sample size used in most assays.

Special-grade solvents are available for use especially where
cxtensive cvaporative concentration of test specimen is necessary
prior to chromatography., Such chromatographic-grade reagents
may be specified in the individual monograph. Since most drugs
are polar molecules having reactive groups, successful chroma-
tography may require the conversion of the drug to a more volatile
or less polar derivative by treatment of reactive groups with ap-
propriate reagents.

Columns should be conditioned by being operated until stable
at a temperature higher than that specified for use in the indi-
vidual monograph. %n the case of thermally stable methyl- and
phenyl-substituted polysiloxanes, a special sequence increases in-
ertness and efficiency: maintain the column at a temperature of
250° for 1 hour with helium flowing to remove oxygen and sol-
vents, stop the flow of helium, heat at about 340° for 4 hours,

then reduce the heating so as to attain a temperature of 250°,
and condition with helium flowing until stable. A suitable test
for support inertness, which is necessary with low-polarity liquid
phases, is the appearance of a single, symmetric peak for injected
cholestero]l with no evidence of decomposition. A column may
oocasionally be conditioned by repeated injections of the coms-
pound or mixture to be chromatographed.

Fig. 2. Asymmetrical Chromatographic Peak.

System Suitability

It is generally desirable to ascertain the suitability and effec-
tiveness of the operating system when employing chromato-
graphic methods such as urized liquid chromatography or
gas chromatography. It should be noted that the specification
of definitive parameters in a monograph does not preclude the
use of other suitable operating conditions (se¢ Procedures in the
General Notices). Adjustment ol operating conditions to obtain
acceptable operation and chromatograms may be required.

To ascertain the effectiveness of the final operating system, it
should be subjected to a suitability test prior to use. The essence
of such a test is the concent that the electronics, the equipment,
the specimens, and the analytical operations constitute a single
analytical system, which is amenable to an ovezall test of system
function, Specific datz are collected from replicate injections of
the assay preparation or standard preparation. These are match
to specified maximum and minimum values, such as efficiency,
interna precision, tailing factor, resofution, retention time, nature
of the calibration curve, response, and recovery, as specified in
the individual monograph. . ’

A useful parameter is the reproducibility of replicate injections
of the analytical solution. The reproducibility of replicate injec-

USP XXxiI1

tions is best expressed as the relative standard deviation. The
calculation is expressed by the equation

N —
100 -ECX‘ — P g
Se@® =5 (“y=7 | n

in which Sy is the relative standard deviation in percentage, X
is the mean of the set of ¥ measurements, and X; ig an individuval
measurement. The term X; refers to the measurement of the
peak response ratio, Ry (where an internal standard is employed),

F
x,-=Rs=-f. )
i

in which rg is the tﬁeak response carresponding to the reference
standard, and r; is the peak response corresponding to the internal
standard, or to the peak respense, »g, for an external standard
method.

Replicate injections of the Standard preparations are usually
spcc:iﬂed in the individual monograph, and the resulting mea-
surements are compared to ascertain whether requirements for
precision are met. Unless otherwise specified in the individual
monograph, data from five replicate chromatograms arc used for
calculation if the stated limit for relative standard deviation is
2.0% or less, and data from six replicate chromatograms are used
for calculation if the stated relative standard deviation limit is
more than 2.0%. :

It is useful also to specify a tailing factor to limit the maximum
permissible asymmetry of the peak. For Pharmacopeial purposes,
the tailing factor, T, is defined as the ratio of the distance from
the leading edge to the trailing edge of the peak, Wy s, divided
by twice the distance, f, from the peak maximum to the leadin
edge of the peak, the distances being measured at a point 5% o
the peak height from the bascline. For a symmetrical peak, the
tailing facter, T, is unity, and the value of T increases as failing
becomes more pronounced.

Resolution, R, is specified to ensure separation of closely elut-
ing components, to establish the general separatory efficiency of
the system, or where an iniernal standard is used,

GLOSSARY OF SYMBOLS i

To promote uniformity of interpretation, the following symbols
and definitions are employed where applicable in syng for-
mulas in the individual monographs. [NoTE-—Where the terms
W and ¢ both appear in the same equation they must be expressed
in the same units.]

o relative retention,
p="t
i
o Bl concentrations of Reference Standard, internal
standard, and ana]}!te in a particular solution.
Cj concentration ratio of analyte and internal
standard in test solution or Assay
preparation,
o=
4 4i
Cs concentration ratio of Reference Standard and
internal standard in Standard solution,
. L
Cs =
& capacity factor,

, _ amount of substance in stationary phase
amount of substance in mobile phase

__ time spent by substance in stationary phase _ ¢ 1
time spent by substance in mobile phase i ’
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n number of theoretical plates in a
chromatographic column,
1 2
n= lﬁ(W) .
Gr G Gy total quantities (weights) of Reference

Standard, internal standard, and analyte in a
particular solution,

04 quantity ratio of analyte and internal standard
in test solution or Assay preparation,

_ 4u
04 5
Os quantity ratio of Reference Standard and
internal standard in Standard solution,
_ &
O a

peak response of the Reference Standard

s
obtained from a chromatogram.
ry peak response of the analyte obtained from a
chromatogram.
R resolution between two chromatographic peaks,
= 2!!3 — I]!
W+
R chromatographic retardation factor equal to the
ratio of the distance from the origin to the
center of a zone divided by the distance from
. the origin to the solvent front.
R, relative retention
s distance traveled by test substance
distance traveled by standard
Rg peak response ratio for Standard preparation
containing Reference Standard internal
standard,
s
Rg o
Ry peak response ratio for Assay preparation
containing the analyte a:? internal standard,
= tu
Ry et
Sg (%) relative standard deviation in percentage,
o -
Zx — X»
Sp (%) = L1 i
£ X| N-1 ’
where X, is an individual measurement in a set
of IV measurements and X is the arithmetic
mean of the set.
T tailing factor,
_. Paos
T af
? retention time measured from time of injection
to time of elution of peak maximum.
Ty retention time of nonretarded component, air
with thermal conductivity detection.
W width of peak measured by extrapolating the
relatively straight sides to the baseline.
Wip width of peak at half height.
W05 width of peak at 5% height.
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CHROMATOGRAPHIC REAGENTS

The following list of packings (L), phases (G), and supports
(S) is intended to be a convenient reference for the chramatog-
rapher. These materials are listed also under Reagent Specx]%—
cations in the section, Reagents, Indicators, and §aluis‘om, as
Packings for High-pressure Liquid Chromatography (L); Phases

Jor Gay Chromatography (G); and Supports for Gas Chroma-

tography (8). [NOTE—Particle sizes given in this listing are
those generally provided. Where other, usually finer, sizes are
rgqu]mtd, the individual moncgraph specifics the desired particle
S1ZC.

Packings

L1—Octadecyl silane chemically bonded to porous silica or
ceramic micro-particles, 5 to 10 pm in diameter.

L2 Octadecyl silane chemically bonded te silica gel of a con-
trolled surface porosity that has been bonded to a solid spherical
core, 30 to 50 pm in diameter.

L3—Porous silica particles, 5 to 10 um in diameter.

L4—Silica gel of controlled surface porosity bonded to a solid
spherical core, 30 to 50 pm in diameter., -

L5 —Alumina of controlled surface porosity bonded to a solid
spherical core, 30 to 50 um in diameter.

L6—Strong cation-exchange packing—sultfonated fluorocarbon
polymer coated on a solid spherical core, 30 to 50 pm in diameter.

L7—Octylsilane chemically bonded to totally parous silica par-
ticles, 5 to 10 pm in diameter.

L&—An essentially monomolecular layer of aminopropylsilane
chemically bonded to totally porous silica gel support, 10 pm in
diameter.

1.9—10-gm irreguiar, totally porous silica gel having a chem-
ically bonded, strongly acidic cation-exchange coating.

L10—Nitrile groups chemically bonded to porous silica par-
ticles, 5 to 10 pm in diameter.

L11-—-Phenyl groups chemically bonded to porous silica par-
tictes, 5 to 10 pm in diameter.

1.12—A strong anion-exchange packing made hy chemically
bonding a quaternary amine o a solid silica spherical core, 30
to 50 um in diameter,

L13—Trimethylsilane chemically bonded to porous silica par-
ticles, 5 to 10 gm in diameter.

Li4—Silica gel 10 gm in diameter having a chemically bonded,
strongly basic quaternary ammonium anion-exchange coating.

L15—Hexylsilane chemically bonded to totally porous silica
particles, 3 to 10 pm in diameter.

L16—Dimethylsilane chemically bonded to porous silica par-
ticles, 5 to 10 gm in diameter. )

L17—Strong cation-exchange resin consisting of sulfenated
cross-linked styrene-divinylbenzene copolymer in the hydrogen
form, 7 to 11 pm in diameter.

L18—Amino and ¢yano groups chemically bonded to porous
silica particles, 5 to 10 pm in diameter.

L19—Strong cation-exchange resin consisting of sulfonated
cross-linked styrene-divinylbenzene copolymer in the calcium form,
about 9 pm in diameter. '

L20—Dihydroxypropane groups chemically bonded to perous
silica pariicles, 5 gm to 10 um in diameter.

L21—A riﬂd. spherical styrene-divinylbenzene copolymer, 5
to 10 pm in diameter.

L22—A cation exchange resin made of porous polystyrene gel
with sulfonic acid groups, about 10 um in size. .

L23—An anion exchange resin made of porous polymethac-
r{i:ute or palyacrylate gel with quaternary ammonium groups,
about 10 um in size, . e .

L24—A semi-rigid hydrophilic gel consisting of vinyl polymers
with numerous lyﬁroxyl groups on the matrix surface, 32 to 63
pm in diameter.

Phases

G1—Dimethylpolysiloxane oil.

G2—Dimethylpolysiloxane gum.

G3—50% Phenyl-50% methylpolysiloxane.

Gd—Diethylene glycol succinate polyester.

(G5—3-Cyanopropylpolysiloxane.

S Available as Fractogel TSK-HW-40F and distributed by
Merck and Co.
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G6—Trifluoropropylmethylpelysiloxane.

G7—350% 3-Cyanopropyl-50% phenylmethylsilicone.

GE—90% 3-Cyanopr0].;ofl—10% phenylmethylsilicone.

G9—Mel.hylvh(11ylpoiys' oxane,

Glt}—-—Polgnmi e.

G11—Bis(2-ethylhexyl) sebacatc polyester.

G12—Phenyldiethanolamine succinate palyester.

(+13-—Sorbitol.

G14—Polyethylene glycol (av. mal. wt. of 950 to 1050).

G15—Polyethylene glycol (av. mol. wt. of 3000 to 3700).

GlG-—PolKg:thylene glycol compound (av. mol. wt. about
15,000). A high molecular weight compound of polyethylene
glycol and a diepoxide.

G17—75% Phenyl-25% methylpolysiloxane.

G18—Polyalkylene 5ycol.

G19—25% Phenyl-25% cyanopropyl-50% methylsilicone.

G20—Polyethylene glycol (av. mol. wt. of 330 to 420).

G21—Neopentyl plycol succinate.

(G22—Bis(2-ethylhexyl) phthalate.

G23—Polyethylene glycol adipate.

(G24—Diisodecyl phthalate.

(G25—Polyethylene glycol compound TPA. A high molecular
weight compound of a polyethylene glycol and a diepoxide that
is esterified with terephthalic aeid, :

G26—123% 2-Cyanoethyl-75% methylpolysiloxane.

G27—35% Phenyl-95% methylpolysiloxane.

G28—25% Phenyl-75% methylpolysiloxane.

(G29—@-f"-Thiedipropionitrile.

G30—Tetraethylene glycol dimethyl ether.

GSl—Nany}lEhenux ly(ethyleneoxy)ethanol (av. ethylene-
oxy chain length is 30); Nonoxynol 30.

G32—20% Phenylmethy!-80% dimcthylpolysiloxane.

G33—20% Carbora methylsilicone,

G34—Diethylene glycol succinate polyester stabilized with

phosphoric acid.

G35-—A high molecular weight compound of a polyethylenc
glycol and a diepoxide that is esterified with nitro-terephthalic
acid.

G36—1% Vinyl-5% phenylmethylpolysiloxane.

GS?——Polyimi!c{le.

Supports

[NoTE—Unless otherwise specified, mesh sizes of 30 to 100
or, alternatively, 100 to 120 are intended.]

§1A—Siliceous earth for gas chromatography has been flux-
calcined liy mixi"ﬁ diatomite with Na,CO, flux and calcinin
above 900°. The siliceous earthis acid-washed, then wstervmheg
until neutral, but not base-washed. The siliceous earth may be
gilanized by tmninﬂlwith an agent such as dimethyldichlorosilane$
to mask surface silanol groups.

S1AB—The siliceous earth as described above is both acid-
and base-washed.® -

81C—A support ared from crushed firabrick and calcined
or burned with a ¢lay binder above 900° with subsequent acid-
wash, It may be silanized.

§1NS—The siliceous carth is untreated.

S2—Styrenc-divinylbenzene copelymer having a nominal sur-
face area of less than 50 m? per g and an average pore diameter
of 0.3 to 0.4 pm.

S3—Copolymer of ethylvil?lbcnzcnc and divinylbenzene hav-
ing a nominal surface area of 500 to 600 m? per g and an average
pore diameter of 0.0075 am. .

S4—Styrene-divinylbenzene c%m]ymcr with aromatic -0 and
~N groups, having a nominal surface area of 400 to 600 m? per
g and an average pore diameter of 0.0076 gm.

?5-—40- to 60-mesh, high-molecular weight tetrafluorethylene
polymer.

ﬁ—Styrenw—divinjvlbenaanc copolymer having a nominal sur-
face area of 250 to 350 m? por g and an average pore diameter
of 0.0091 pm.

S7—Graphitized carbon having a nominal surface area of 12

m? per g.
Ss—éopolymer of 4-vinyl-pyridine and styrene-divinylben-
zene.

$9—A purous polymer based on 2,6-diphenyl-p-phenylenc ox--

ide.

{631) Color and Achromicity / Physical Tests

6 Unless otherwise specified in the individual monograph, si-
lanized support is intended,
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S10—A highly polar cross-linked copelymer of acrylonitrite
and divinylbenzene.
S11—Graphitized carbon having a nominal surface area of 9

m? per modified with small amounts of petrolatum and
polysthylene glycol compound.”
(631) COLOR AND
ACHROMICITY

Definition—For the purposes of this chapter, color may be
defined as the perception or subjective response by an observer
to the objective stimulus of radiant energy in the visible spectrum
extending over the range 400 nm to 700 nm in wavelength. Per-
ceived color is a function of three variables: spectral properties
of the abject, both absorptive and reflective; spectral propertics
of the source of illumination; and visual characteristics of the
observer.

Two objects are said to have a color match for a particular
source of illumination when an observer cannot detect a coler
difference. Where a pair of objects exhibit a color match for one
sonrce of illumination and not another, they constitute a meta-
meric pair, Color matches of two objecis occur for all sources
of illumination if the absorption and reflectance spectra of the
two objects are identical.

Achromicity or colorlessness is one extreme of any color scale
for transmission of light. It implies the complete absence of color,
and therefore the visible spectrum of the object lacks absorb-
ances, For practical purposes, the observer in this case perceives
little if any absorption taking place in the visible spectrum.

Color Attributes—Because the sensation of color has both a
subjective and an objective part, color cannot be described solely
in spectraphotometric terms, The common attributes of color
therefore cannot be given a one-to-one correspondence with spec-
tral terminology. -

Three attributes are commonly used to identify a color: (1)
hue, or the quaiity by which vue color family is distinguished
from another, such as red, yellow, blue, green, and intermediate
terms; (2) value, or the quality that distinguishes a light color
from a dark one; and (3) chroma, or the quality that distinguishes
a strong color from a weak one, or the extent to which a color
differs from a gray of the same value.

The three attributes of color may be used to define a three-
dimensional color space in which any color is located by its co-
ordinates. The color space chosen is a visually uniform onc if the
geometric distance between two colors in the color space is di-
rectly a measure of the color distance between them. Cylindrical
coordinates are often conveniently chosen:

Points along the long axis represent value from dark to light
or black to white and have indeterminate hue and no chroma.
Focusing on a cross-section perpendicular to the value axis, hue
is determined by the angle about the long axis and chroma is
determined by the distance from the long axis. Red, yellow,
ereen, blue, purple, and intermediate hues are given by different
angles, Colors along a radius of a cross-section have the same
hue, which become more intense farther out. For example, col-
orless or achromic water has indeterminate hue, high value, and
no chroma. If a colored solute is added, the water takes on a

rticular hue. As more is added, the color becomes darker, more
intense, or deepet; i.e., the chroma generally increases and value
decreases. If, however, the solute is a neutral color, ie., ﬁmy’
the value decreases, no increase in chroma is observed, and the
hue remains indeterminate. ’

Laboratory spectroscopic measurements can be converted to
measurements of the three color attributes. Spectroscopic results
for three chosen lights or stimuli are weighted by three distri-
bution functions to yicld the tristimulus values, X, ¥, Z (see
Color—Instrumental Measurement (1061}). The distnbution
functions were determined in color maiching experiments with
human subjects. :

The tristimufus values are not coordinates in a visually uniform
color space; however, several transformations have been proposed
that are close to being uniform, one of which is given in the
chapter cited (1061). The value is often a function of only the
¥ value. Obtaining uniformity in the chroma-hue subspace has

7 Commercially available as SP1500 on Carbopack C from
Supelco, :
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been less satisfactory. In a practical sense, this means in visual
color cam;i'arison that if two objects differ sign.iﬁcan%y]' in hue,
deciding which has a higher chroma becomes difficult. This points
out the importance of matching standard to sample color as closely
as possible, especially for the attributes of hue and chroma.

Color Determination and Standards—The perception of color
and color matches is dependent on conditions of viewing and
illumination. Determinations should be made using diffuse, uni-
form illumination under conditions that reduce shadows and non-
spectral reflectance to a minimum. The surface of powders should
be smoothed with gentle pressure so that a planar surface free
from irregularities is presented. Liquids should be compared in
matched color-comparison tubes, against a white bac nd. If
results are found to vary with illumination, thosc obtained in
natural or artificial daylight are to be considered correct. Instead
of e‘:iimal determination, a suitable instrumental method may be
uscd. v
Colors of standards should be as close as possible to those of
test specimens for quantifying color differences: Standards for
opaque materials arc available as sets of color chips. that are
arranged in a visually uniform space.* Standards identified by
a letter- for matching the colors of fluids can be prepared ac-
cording to the accompanying table. To prepare the matching
fluid required, pipet the g;escribed volumes of the colorimetric
test solutions [see under Colorimerric Solutions (CS) in the sec-
tion, Reagents, Indicators, and Solutions] and water into one of
the matching containers, and mix the solution in the container.
Make the comparizon as directed in the individual monograph,
under the viewing conditions previously described. The matching
fluids, or other combinations of the colorimetric solutions, may
be used in very low concentrations to measure deviation from
achromicity.

Matching Fluids
Parts of Parts of Parts of
Cobaltous Ferric Cupric
Matching Chloride Chioride Sulfate  Parts of
Fiuid Cs8 s CS Water

A 0.1 0.4 0.1 4.4
B 0.3 0.9 0.3 8.5
C 0.1 0.6 0.1 4.2
D 0.3 0.6 0.4 3.7
E 0.4 1.2 0.3 3.1
F 0.3 1.2 0.0 is5
G 0.5 1.2 0.2 3.1
H 0.2 1.5 0.0 3.3
I 0.4 2.2 0.1 2%
J 0.4 35 0.1 1.0
K 0.5 4.5 0.0 0.0
L 0.8 38 0.1 03
M 0.1 20 0.1 2.8
N 0.0 49 0.1 0.0
O 0.1 48 0.1 0.0
P 0.2 0.4 0.1 4.3
Q 0.2 03 0.1 4.4
R 0.3 0.4 02 4.1
S 0.2 0.1 0.0 4.7
T 0.5 0.5 0.4 3.6

Physical Tests / Congealing Temperature

(641) COMPLETENESS OF
SOLUTION

Place the quantity of the substance ;peciﬁed in the individual
monograph in a meticulously cleanscd, glass-stoppered, 10-mL
glass eylinder approximately 13 mm X 125 mm in size. Usi
the solvent that is specified in the monograph or on the [abeILi%
the produet, fill the cylinder almast 1o the constriction at the
neck. Shake gently to effect solution: the solution is not less
clear than an equal volume of the same solvent contained in a
similar vessel and examined similarly.

* Collections of coalor chips, arranged according to hue, value,
and chroma in a visually uniform space and suitable for use in
color designation of specimens by visual matching are available
from Munsell Color, Macbeth Division of Kollmorgen Corp., 2441
N. Calvert St., Baltimore, MD 21218,

{651} 1569

(651) CONGEALING
TEMPERATURE

The I;cny)crature at which a substance passes from the liquid
to the solid state upon cooling is a useful mdex to purity if heat
is liberated when the solidification takes place, provided that an
impurities present dissolve in the liquid only, and not in the solid,
Pure substances have a well-defined freezing point, but mixtures
generally freeze over a range of temperatures. For many mix-
tures, the congealing temperature, as determined by strict ad-
herence to the following empirical methods, is a useful index of
purity. The method for determining congealing temperatures set
forth here is applicable to substances tfat melt between —20°
and 150°, the range of the thermometer used in the bath. The
congealing temperature is the maximum point (or lacking a max-
imum, the point of inflection) in the temperature-time eurve.

A fus—Assemble an apparatus similar to that illustrated,
in which the container for the substance is a 25- X 100-mm test
tube. This is provided with a suitable, short-range thermometer
suspended in the center, and a wire stirrer, about 30 cm long,
bent at its lower end into a horizontal loop around the thermom-
eter.

n ~

41.854
&m - 1

<—3.75em—>] ', 1-23cm e—3.75 o —>
3.75¢cm
_ —X
" Congealing Temperature Apparatus

The specimen container is supported, v means of 2 cork, in
a suitable water-tight eylinder about 50 mm in internal diameter
and 11 ¢m in length. The cylinder, in turn, is supported in a
suitable bath sufficient to E;o\mic not less than a 37-mm layer
surrounding the sides and bottom of the cylinder, The outside
bath is provided with 2 suitable therimometer.

.

Procedure—Use a thermometer having a range not exceedi
30°, graduated in 0.1° divisions, and (gllﬁmted for, but not us

at, 76-mm immersion. A suitable series of thermometers, cov-
ering a range from —20° to +150°, is available as the ASTM
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E-1 series 89C through 96C (see Thermometers (21)), Melt the
substance, il a solid, at a temperature not exceeding 20° above
its expected congealing point, and pour it into the test tube to a
height of 50 mm to 57 mm. Assemble the apparatus with the
bulb of the test tube thermometer immersed halfway between
the top and bottom of the specimen in the test tube. Fill the
bath to about 12 mm from the top of the tube with suitable fluid
at a temperature 4° to 5° below the expected congealing point.

In case the substance is a liquid at room temperature, carry
out the determination using a bath temperature about 15* below
the expected congealing point.

‘When the test spécimen has cooled to about 57 above its ex-
pected congealing point, adjust the bath to a temperature 7° to
8° below the expected mngealjng int. Stir the specimen con-
tinuously during the remainder of the test by maoving the loop up
and down between the top and botiom of the specimen, at a
regular rate of 20 complete cycles per minute.

Congelation frequently may be induced by rubbing the inner
walls of the test tube with the thermometer, or by introducing a
small fragment of the previously congealed substance. Pro-
nounced supercooling may cause deviation from the normal pat-
tern of temperature changes, If the latter occuzs, repeat the test,
introducing small particles of the material under test in solid form
at 1° intervals ag the temperature approaches the expected con-
gealing point.

Record the reading of the test tube thermometer every 30
seconds. Continue stirring only so long as the temperature is
gradually falling, sw})pinf when the temperature becomes con-
stant or starts to rise slightly. Continue recording the temperature
in the test tube every 30 seconds for at least 3 minutes after the
temperature again begins to fall after remaining constant.

The average of not less than four consecutive readings that lie
within a range of 0.2° constitutes the congealing temperature.
Thesc readings lie about a point of inflection or a2 maximum, in
the temperature-time curve, that occurs after the temperature
becomes constant or starts to risc and before it again begins to
fall. The average to the nearest 0.17 is the congealing temper-
ature.

(661) CONTAINERS

Many Pharmacopeial articles are of such nature as to require
the greatest attention to the containers in which they are stored
or maintained even for short periods of time, While the needs

widely and some of them are not fully met by the containers
available, objective standards are essential. It is the purpose of
this chapter to provide such standards as have been developed
for the materials of which pharmaceutical containers principally
are made, ie., glass and plastic.

A container intended to provide protection from light or offered
as a “light-resistant” container meets the requirements for Light
Fransmission, where such ection or resisiance is by virtuc of
the specific properties of material of which the container is
composed, including any coating applied thereto. A clear and
colorless or a translucent container that is made light-resistant
by means of an opaque enclosure (sce General Notices) is excmpt
from the requirements for Light Transmission.

Containers coitgamd of glass meet the requirements for Chem-
fcal Resistance—Glass Containers, and containers composed of
plastic and iniended for packaging products prepared for pa-
renteral use meet the requirements under Biological Tests—
Plastics and Physicochemical Tests—Plastics.

‘Where dry aral dosage forms, not meant for constitution into
solutton, are intended to be packaged in a container defined in
the section Pobvetkgliem Containers, the requirements given in
thai section are to be met, -

Guidelines and requirements under Single-unii Coniainers and
Unit-dose Containers for Nonsterile Solid and Liguid Dosage
Forms apply to official dosage forms that are repackaged into
single-unit or unit-dose containers or mnemonic packs for dis-
pensing pursoant to prescription.
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LIGHT TRANSMISSION

Apparatus'—Use a spectrophotometer of suitable semsitivity
and accuracy, adapted for measuring the amount of light trans-
mitted by either transparent or translucent glass or plastic ma-
terials used for pharmaceutical containers. For glass containers
of nominal capacity up to 5 mL, use a suitable spectrophotometer
having an aperture not larger than 2 mm X 1 cm. For containers
made of translucent materials other than glass, use a suitable
spectrophotometer cquigped with an attachment that is capable

measuring and recording light transmitted in diffused as well
as parallel rays.

Preparation of Specimen—

GLASS—Break the container or cut it with a circular saw fitted
with a wet abrasive wheel, such as a carborundum or a bonded
diamond wheel. Select sections to represent the average wall
thickness in the case of blown glass containers, and trim them as
necessary to give segments of a size convenient for mounting in
the spectrophotometer, After cutting, wash and dry each spec-
imen, taking care to avoid scratching the surfaces. I the spec-
imen is too small to cover the opening in the specimen holder,
mask the uncovered portion of the opening with opaque paper or
masking tape, provided that the length of the specimen is greater
than that of the slit in the spectrophotometer. Immediately be-
fore mounting in the specimen holder, wipe the specimen with
lens tissue, Mount the specimen with the aid of a tacky wax, or
by other convenient means, taking care to avoid leaving finger-
prints or other marks on the surfaces through which light must

235,
g PLASTIC—Cut circular sections from two or more areas of the
container, and wash and dry them, taking care to avoid scratching
the surfaces. Mount in the apparatus as described for Giass.

Procedure—Place the section in the spectrophotometer with
its cylindrical axis parallel to the plane of the slit and ap&nxi—
mately centered with respect to the slit. When properly placed,
the light beam is normal to the surface of the section and re-
flaction lossee 2rs at 2 minimom.,

Measure the transmittance of the section with reference to air
in the spectral region of interest, continnously with a recording
instrument or at intervals of about 20 nmn with a manual ingtro-
ment, in the region of 290 nm to 450 nm.

Limits—The observed light transmission does not exceed the
limits given in Table 1 for containers intended for parenteral use.

The observed light transmission for containers of Type NP glass
and for plastic containers for products intended for oral or topical
administration does not exceed 10% at any wavelength in the
range from 290 nm {o 450 nm.

Table 1. Limits for Glass Types L, IL, and III and
. Plastic Classes [-VL

Maximum Percentage of Light
Transmission at Any Wavelength
Between 290 nm and 450 nm

Nominal Size Flame-sealed Closure-sealed
(in ml.) Containers ___Containers
1 50 25
2 45 20
5 40 15
10 35 13
20 30 12
50 15 10

NOTE—Any container ‘of a size intermediate to those listed
above exhibits a transmission not greater than that of the next
larger size container listed in the table. For containers larger
than 50 mlL, the limits for 50 mL apply.

1 For further detail regarding apparatus and procedures, ref-
erence may be made to the following publications of the American
Saciety for Testing and Materials, 1916 Race St., Philadelphia,
PA 19103: “Standard Method of Test for Haze and Luminous
Transmittance of Transparent Plastics,” ASTM Designation D-
1003-61; “Tentative Method of Test for Luminous Reflectance,
Transmittance, and Color of Materials,” ASTM E 308-66.
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CHEMICAL RESISTANCE—GLASS
CONTAINERS

The following tests are designed to determine the resistance to
water attack of new (not previously used) glass containers. The
degree of attack is determined by the amount of alkali released
from the glass under the influence of the attacking medium under
the conditions specified. This quantity of alkali is extremely small
in the case of the more resistant glasses, thus calling for particular
attention to all details of the tests and the use of apparatus of
high quality and precision. The tests should be conducted in an
area relatively free from fumes and excessive dust.

Glass Types—Glass containers suitable for packaging Phar-
macopeial preparations may be classified as in Table 2 on the
basis of the tests set forth in this section. Containers of Type I
borosilicate glass are penerafly used for preparations that are
intended for parenteral administration. Containers of Iﬁlass,
or of Type II glass, iec., soda-lime glass that is suita e-al-

ized, are usually uscd for packaging acidic and neutral %lu-
cnteral preparations. Type I glass containers, or Type 1T glass
cantainers (where stability data demonstrate their suimbi]ijy), are
used for alkaline parenteral preparations. Type IIl soda-lime
glass containers usually are ot used for parenteral preparations,
except where suitable stability test data indicate thet Type III
glass is satisfactory for the fpm'cl:tt:ml preparations that are pack-
aged therein. Containers of Type NP glass are intended for pack-
aging nonparenteral articles; i.c., those intended for oral or topical
use.

Table 2. Glass Types and Test Limits.

Limits
mL of
General T, Size,b 0.020 N
Type  Description® of Test mL Acid
I Highly Powdered  All i.0
resistant, Glass
borosilicate
glass
Il Treated soda- Water 100 or less 0.7
lime glass Attack
Over 100 0.2
HI Soda-lime Powdered  All 85
glass Glass
NP General- .Pog{dered All 15.0
purpose ass
soda-lime
glass
2The description applies to containers of this type of glass
usually available.

bSize indicates the overflow capacity of the container.

Apparatus—

AUTOCLAVE—For these tests, use an autoclave capable of
maintaining a temperature of 121 + 2.0°, eguipped with a ther-
mometer, a pressure gauge, a veat cock, and a rack adequate to
accommodate at least 12 iest containers above the water lcvel.

MORTAR AND PESTLE—Usc a hardened-steel mortar and pes-
tle, made according to the specifications in the accompanying
illustration.

OTHER EQUIPMENT—Also required are 20.3-cm (8-inch) sieves
made of stainless steel including the No. 20, No. 40, and No. 50
sieves alonF with the pan and cover (see Openings of Standard
Sieves (811)), 250-mL conicai fiasks made of resistant glass age
as specified, 8 900-g (2-1b) hammet, & permanent magnet, a
iccator, and adequate volumetric apparatus.

Reagents—

HIGH-PURITY WATER—The water used in these tests has a
conductivity at 25°, as measured in an in-line ccll just prior to
dispensing, of not greater than 0.15 umho per cm. It meets the
retéuiremants of the test for Heavy metals under Purified Water,
and is free from copper. The water may be prepared by passing
distilled water through a deionizer cartridge pa with a mixed
bed of nuclear-grade resin, then through a cellulose ester mem-
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j+25.40r]

Dimensions
ore [n mm

Special Mortar and Pestle for Pulverizing Glass?

branc having openings not exceeding 0.45 pm.> Do not use copper
tubing. Flush the ﬁﬁchargc lines before water is dispensed into
test vessels. When the low conductivity specification can no longer
be met, replace the deionizer cartridge.

METHYL RED SOLUTION—Dissoive 24 mg of methyl red so-
diem in purified water to make 100 mL. If necessary, neutralize
the solution with 0.02 N sodium hydroxide or acidify it with 0.02
N sulfuric acid so that the titration of 100 mL of High-purity
Water, containing 5 drops of indicator, does not require more
than 0.020 mL of 0.020 & sedium hydroxide o effect the coler
change of the indicator, which should occur at a pH of 5.6.

Powdered Glass Test

Rinse thoroughly with Purified Water 6 or more containers
selected at random, and dry them with a current of clean, dry
air. Crush the containers into fragments about 25 mm in size,
divide about 100 g of the coarsely crushed fglm into three ap-
proximately equal portions, and place one of the portions in the
special mortar. With the pestle in place, crush the glass further
by striking 3 or 4 blows with the hammer. Nest the sieves, and
empty the mortar into the No. 20 sieve. Repeat the operation
on each of the two remaining portions of glass, emptying the
mortar each time into the No. 20 sieve. Shake the sieves for a
short time, then remove the glass from the No. 20 and No. 40
sieves, m:md again crush and sieve as bol;%re. Repeat again this
erushin, sievi ation. Empty the receiving pan, reas-
!cmble%he nest M and shake on a mechanical sieve shaker
for 5 minutes or by hand for an equivalent length of time. Trans-
fer the portion retained on the No. 50 sicve, which should weigh

2 A suitable mortar and pestle is available (catalog No. H-
17280) from Humboldt Manufacturing Co., 7300 West Agatite,
Norridge, Chicago, IL 60656.

3 A suitable nuclear-grade resin mixture of the strong acid cai-
ion exchanger in the hydrogen form and the strong base anion
exchanger in the bydroxide form, with a one-to-one cation to anion
ﬁxivalence ratio, 1s available from the Millipore Corp., Bedford,

01730; Barnstead Co., 225 Rivermoor St., Boston, MA
02132; Illinois Water Treatment Co., 840 Cedar St., Rockford,
55.326 105; and Vaponics, Inc., 200 Cordage Park, Plymouth, MA

A suitable in-line filter is available from the Millipore Corp.;
Gelman [nstrument Co., 600 S. Wagner Rd., Ann Arbor, MI
48106; and Schleicher and Schuell, Inc., 540 Washington St.,
Keene, NH 10003.
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in excess of 10 g, to g closed container, and store in a desiccator
until used for the test,

Spread the specimen on a piece of glazed paper, and pass a
magnet through it to remove _I;mrticles of iron that may be intro-
duced during the crushing. Transfer the specimen to a 250-mL
conical flask of resistant glass, and wash it with six 30-mL portions
of acetone, swirling each time for about 30 seconds and carefully
decanting the acetone, After washing, the IIsl{!ecin:u’.u should be
free from agglomerations of glass powder, and the surface of the
prains shoﬁﬁ be practically free from adhering fine particles.
Dry the flask and contents for 20 minutes at 140°, transfer the
grains to a weighing bottle, and cool ina desiccator. Use the test
speeimen within 48 hours after drying.

Procedure—Transfer 10.00 g of the prepared specimen, ac-
curately weighed, to a 250-mL conical flask that has been di-

ested (aged) previously with High-purity Water in a bath at
gu" for at least 24 hours or at 121° for 1 hour. Add 50.0 mL
of Higképwln: Water to this flask and to one similarly prepared
to provide a blank. Cap all flasks with borosilicate glass beakers
that previously have been treated as described for the flasks and
that are of such size that the bottoms of the beakers fit snugly
down on the top rims of the containers. Place the containers in
the autoclave, and close it securely, leaving the vent cock open.
Heat until steam issues vigorously from the vent cack, and con-
tinue heating for 10 minutes. Close the vent cock, and adjust
the temperature to 121°, taking 19 to 23 minutes to reach the
desired temperature. Hold the temperature at 121 + 2.0° for
30 minutes, connting from the time this temperature is reached.
Reduce the heat so that the autoclave cools and comes to at-
mospheric pressure in 38 to 46 minutes, being vented as necessary
to prevent the formation of a vacuum. Cool the flask at once in
running water, decant the water from the flask into a suitably
cleansed vessel, and wash the residual powdered glass with four
15-mL portions of High-purity Water, adding the decanted wash-
ings to the main portion. Add 5 drops of Methy! Red Solution,
and titrate immediately with 0.020 ¥ sulfuric acid. If the volume
of tirating solution is expecied to be less than 1§ mL, use a
microburet. Record the volume of 0.020 &V sulfuric acid used to
pentralize the extract from 10 g of the prepared specimen of
glass, corrected for a blank. The volume does not exceed that
indicated in Table 2 for the type of glass concerned.

Water Aftack at 121°

Rinse thoroughly 3 or more containers, selected at random,
twice with High-purity Water.

Procedure—Fill each container to 90% of its overflow capacity
with High-purity Water, and %r:ceed s directed for Procedure
under Powdered Glass Test, beginning with “Cap all flasks,”
cxcegt that the time of autoclaving shall be 60 minutes instead
of 30 minutes, and ending with “to prevent the formation of a
vacuum.” Empty the contents from 1 or more containers into a
100-mL graduated cylinder, combining, in the case of smaller
containers, the contents of several containers to obtain a volume
of 100 mL. Place the peoled specimen in a 250-mL conical flask
of resistant glass, add 5 drops of Metky! Red Solution, and titrate,
while warm, with 0.020 & sulfuric acid. Complete the titration
within 60 minutes after opening the autoclave. Record the vol-
ume of 0,020 N sulfuric acid used, corrected for a blank obtained
by titrating 100 ml of High-purity Water at the same tem
ature and with the same amount of indicator. The volume
not exceed that indicated in Table 2 for the type of glass con-
cerned.

Arsenic

Arsenie (211)—Use as the Test Preparation 35 mL of the
water from one Type 1 glass container or, in the case of smaller
containers, 35 mL of t]?c combined conicnis of several Type I
glass containers, prepared as directed for Procedure under Water
Attack ar 121°: the limit is 0.1 ppm.

BIOLOGICAL TESTS—PLASTICS
AND OTHER POLYMERS

Two stages of testing are indicated. The first stage is the per-
formance of in-vitro biological tests according to the procedures
set forth in chapier (87), Biological Reactivity Tesis, In-vitro.
Materials that meet the requirements of the ir-vitro tests are not
required 1o undergo further testing. No plastic class designation
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is assigned to these materials. Materials that do not meet the
requirements of the in-vitro tests are subjected to the second stage
of testing which is the performance of in-vivo tests, i.e., the Sys-
temic Injection Test, Intracutaneous Test, and Implantation Test
according to the procedures set forth in chapter (88}, Biological
Reactivity Tests, In-vivo. i

PHYSICOCHEMICAL TESTS—PLASTICS

The following tests, designed to determine physical and chem-
ical properties of plastics and their extracts, ar¢ based on the
extraction of the plastic material, and it is essential that the
designated amount of the plastic be used, Also, the specified
surface area must be available for extraction at the designated
temperature.

Extracting Medium—Unless otherwise directed in a specific
test below, use Purified Water (see monograph) as the extracting
medium, maintained at a temperature of 70° during the extrac-
tion of the prepared Sample. =~

Apparatus—Use a water bath and the Extraction Containers
as described under Chapter {88) Biological Reactivity Tests, In-
VIV,

ion of Apparatus—Procced as dirccted in the first
pe:agmfh under Preparation of Apparatus in Chapter {88) Bi-
ological Reactivity Tesis, In-vivo. [NOTE—The containers and
equipment need not be sterile.]
. - Procedure—

Preparation of Sample—From a homogencous plastic speci-
men, ﬁ::aa purl{on, fo}:' cach 20.0 mLm$ cxtra.ct?ng medium,
equivalent 1o 120 cm? total surface area (both sides combined),
and subdivide into strips approximately 3 mm in width and as
near to 5 cm in length as is practical. Transfer the subdivided
Sample to a glass-stoppered, 250-mL graduated cylinder of Type
1 glass, and add about 150 mL of Purified Water. Agitate for
about 30 seconds, drain off and discard the liquid, and repeat
with a second washing.

Travsfer the prepared Sampie 10 & suitabie extraction fiask,
and add the required amount of Extracting Medium. Extract
by heating in a water bath at the temperature specified for the
Extracting Medium for 24 hours. Cool, but not below 20°. Pi
20 mL of the extract of the preparcd Sample into a suitable
container. Use this portion in the test for Buffering Cgpacin’.
Immediately decant the remaining extract into a suitably cleansed
container, and seal

Blank—Use Purified Waier where a blank is specified in the
following tests. .

NONVOLATILE RESIDUE~Transfer, in suitable portions, 50.0
mL of the extract of the prepared Sample to a snitable, tared
crucible (preferably a fused silica crucible that has been acid-
¢ B and evaporate the volatile matier on a steam bath.
Similarly evaporate 50.0 mL of the Blank in a second crucible.
[NoTE—If an oily residue is expected, inspect the crucible re-
peatedly during the evaporation and drying period, and reduce
the amount of heat if the oil tends to creep along the walls of
the crucible.] Dry at 105° for 1 hour: the difference between
the amounts obtained from the Sample and the Blank does not
exceed 15 mg.

RESIDUE ON IGNITION {281)—Proceed with the Nonvolatile
Residue obtained from the Sample and from the Blaak, using,
if necessary, additional sulfuric acid but adding the same amount
of sulfuric acid to each crucible: the difference between the
amounts of residue on ignition cbtained from the Sample and
the Blank does not exceed 5 mg.

HEAVY METALS—Pipei 20 mL of the extract of the prepared
Sample, filtered if necessary, into one of two matched 50-mL
color-comparison tubes. Adjust with 1 N acetic acid or 6 ¥
ammoniwn hydroxide to & pH between 3.0 aud 4.0, using short-
range pH paper as external indicator, dilute with water to about
35 mL, and mix.

Into the second color-comparison tube pipet 2 mL of Standard
Lead Solution (see Heavy Metals (231)), and add 20 mL of the
Blank. Adjust with 1 V acetic acid or 6 NV ammonium hydroxide
to a pH between 3.0 and 4.0, using short-range pH paper as
external indicator, dilute with water to about 35 mL, and mix.

Add 10 mL of freshly prepared hydrogen sulfide TS to each
tube, dilute with water to 50 mL, and mix: any brown colar
produced within 10 minutes in the tube containing the exiract
of the prepared Sample does not exceed that in the tube con-
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taining the Standard Lead Solution, both tubes being viewed
downward over a white surface (1 ppm in extract).

RUFFERING CAPACITY—Titrate the previously collected 20-
mL portion of the extract of the pre Samp rog&tentiomct«
rically to a pH of 7.0, using cither 0.010 ¥ hyd ric acid or
0.010 A sodium hydroxide, as required. Treata 20.0-mL portion
of the Blank similarly: if the same titrant was required for both
Sampie and Rlank, the difference between the two volumes is
not greater than 10.0 mL; and if acid was required for either the
Sample or the Blank and alkali for the other, the total of the
two volumes required is not greater than 10.0 mL.

CONTAINERS FOR OPHTHALMICS—
PLASTICS

Plastics for ophthalmics are compased of 2 mixture of homeol-
ogous compounds, having a range of molecular weights. Such
plastics frequently contain other substances such as residues from
the polymerization process, plasticizers, stabilizers, antioxidants,
pigments, and lubricants. Factors such as plastic composition,

rocessinisand cleaning procedures, contacting media, inks, ad-

esives, absorption, adsorption and permeability of preservatives,
and conditions of storage may also affect the suitability of &
plastic for a specific use. Evaluation of such factors should be
made by appropriate additional specific tests to determine the
suitability of a plastic for use as a container for ophthalmics.

Definition—For the purposes of this chapter, a container is
that which holds the drug and is or may be in direct contact with
the drug. o

Biological Tests—Plastics and Other Polymers—Two stages of
testing are indicated. The first stage is the performance of in-
vitro biological tests according to the procedures set forth in
chapter (87}, Biological Reactivity Tests, In-vitro. Materials
that meet the requirements of these tests are tested according to
the procedures set forth for the Systemic Injection Test, Intra-
ettaneous Test, and Eye Irritation Test in chapter (88), Bio-
logical Reactivity Tests, fi-vivo. Maierials that 4o oot meet the
requirements of the in-vitro tests cannot be used for ophthalmics.

POLYETHYLENE CONTAINERS

The standards and tests provided in this section characterize
high-dengitg and low-density polyethylene containers that are in-
terchangeably suitable for packaging dry oral dosage forms not
meant for constitution into solution. . :

Where stability studies have been performed to establish the
expiration datc of a particular dry oral dosage form not meant
for constitution into solution in a container mesting the require-
ments set forth herein for either high- or low-density polyethylene
containers, then any other polyethylene container meeting the
same sections of these requirements may be similarly used to
package such dosage form, provided that the appropriate stability
programs are expanded to include the alternative container, in
order to assurc that the identity, s th, quality, and purity of
the 'douﬁe form are maintained {, out the expiration period.

Both high- and low-density polyethylene are long-chain poly-
mers synthesized under controlled conditions of heat and pres-
sure, with the aid of catalysts from not less than 85.0 percent
cthylene and not less than 95.0 percent total olefins. The other
oléﬁn ingredicnts most frequently used are butene, hexene; and
propylene. The ingredients used to manufacture the polyethyl-
ene, and those used in the fabrication of the containers, conform
to the requircments in the applicable sections of the Code of
Federal Regulations, Title 21.

High—densaigdpolyethylcnc and low-density polyethylenc both
have an infT: absorption spectrum that is distinctive for poly-
cthylenc, and each possesscs characteristic thermal properties.
High-density polyethylene has a density between 0.941 and 0.965
gpercm®. Low-density polyethyiene has a density between 0.850
and 0.940 g per cm®. The permeation properties of molded poly-
ethylene containers may be altered when re-ground polymer is
incorporated, chcnding upon the proportion of re-ground ma-
térial in the final product. Other properties that may affect the
suitability of 'polgethylene used in containers for packaging drugs
are: oxygen and moisture permeability, modulus of elasticity,
melt indyex, environmental stress crack resistance, and degree of
crystallinity after molding. The requirements in this section are
10 be met when dry oral dosage forms, not meant for constitution
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into solution, are intended 1o be packaged in a container defined
by this section. i

Moultiple Internal Reflectance—

APPARATUS—Use a double-beam infrared spectrophotemeter

uipped with a multiple internal reflectance accessory and a
KRSS 5

internal reflection platc.* A KRS-5 crystal 2 mm thick
having an angle of incidence of 45° provides a sufficient number
of reflections.

PREPARATION OF SPECIMEN—Cut 2 flat sections rcpresen-
tative of the average wall thickness of the container, and trim
them as necessary to obtain segments that are convenient for
mounting in the muitiple internal reflectance accessory. Taki
care to avoid scratching the surfaces, wipe the specimens wi
dry paper or, if necessary, clean them with a soft cloth dampened
with methanol, and permit them to dry. Securcly mount the
specimens on both sides of the KRS-5 internal reflection plate,
ensuring adequate surface contact. Prior to mounting the spec-
imens on the plate, they may be compressed to thin uniform films
by exposing them to temperatures of about 177° under high pres-
sures (15,000 psi or more).

PROCEDURE—Place the mounted specimen sections within the
multiple internal reflectance accessory, and place the assembly
in the specimen beam of the infrared spectrophotometer. Adjust
the specimen position and mirrors within the accessory to permit
maximum light transmission of the unattenuated reference beam.
Upen completing the adjustments in the accessory, atienuate the
reference beam to permit full-scale deflection during the scanning
of the specimen. Determine the infrared spectrum from 3500 to
600 cm—": the spectrum of the specimen exhibits major ab-
sorption bands only at the same wavelengths as the spectrum of
'l?g’ High-density Polyethylene RS or USP Low-density Poly-
ethylene RS, similarly determined.

Thermal Analysis—Cut a section weighing about 12 mg, and
place it in the test-specimen pan. Determine the thermogram
under nitrogen, using equipment capable of performing the de-
terminations described under Thermal Analpsis (891).

High-density Polyethylene—The thermogram of the specimen
is gimilar to the thermogram of USP High-density Polyethylene
RS, similarly determined, and the temperatures of the endo-
therms and exotherms in the thermogram of the specimen do not
differ from those of the standard by more than (EO".

Low-density Polyethylene—The thermogram of the specimen
is similar to the thermogram of USP Low-density Polyethylene
RS, similarly determined, and the temperatures of the endo-
therms and exo in the thermogram of the sd:ccimen do not
differ from those of the standard by more than 8.0°.

Light ission—Polyethylene containees intended to pro-
vide protection from light meet the requirements under Light
Transmission.

Water Vapor Permeation—Fit the containers with impervious
seals obtained by heat-sealing the bottles with an aluminum foil-
polyethylene laminate or other suitable seal.” Test the containers
as described under Containers—Permeation {671): the high-
density polyethylene containers so tested meéet the requirements
if the moisture permeability exceeds 10 mg per day per liter in
not more than 1 of the 10 test containers and exceeds 25 mg per
day per liter in none of them. The low-density palyethylene con-
tainers so tested meet the requirements if the moisture perme-
ability exceeds 20 mg per day per liter in not more than 1 of the
10 test containers and exceeds 30 mg per day per liter in naone
of them.

Heavy Metals and Nonvolatile Residue—Prepare extracts of
specimens for these tests as'directed for Preparation of Sample
in the Procedure under Physicochemical Tesis—Plastics, except

4 The multiple internal reflectance accessory and KRS-5 plate
are availabie from several sources, including Beckman Instru-
ments, Inc., 2500 Harbor Blvd., Fullerton, CA 92634, and from
Perkin Elmer Corp., Main Ave., Norwalk, CT 06856.

5 A suitable laminate for sealing has as the container contact
layer polyethylene of not lesg than 0.025 mm (0.001 inch) and a
second layer of aluminum foil of not less than 0.018 mm (0.0007
inch), with additional layers of suitable backing materials. A
suitable seal can be obtained also by using glass plates and a
sealing wax consisting of 60% of refined amorphous wax and 40%

of refined crystalline paraffin wax.
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that for each 20.0 mL of Extracting Medium the portion shall
be 60 cm?, regardless of thickness.

HEAVY METALS—Containers meet the requirements for Heavy
Metals under Physicochemical Tests—Plastics.

NONVOLATILE RESIDUE—Proceed as directed for Nonvolatile
Residue under Physicochemical Tests—Plastics, cxcept that the
blank shall be the same salvent used in each of the tests set forth
below. The difference between the amounis obtained from the
specimen and the blank does not exceed 12.0 mg when water
maintained at a temperature of 70° is used as the extracting
medium; does not exceed 75.0 mg when alcohal maintained at a
temperature of 70° is used as the extracting medium; and does
not exceed 100.0 mg for high-density polyethylene and does not
exceed 3500 mg for low-densit folyethylen_e when hexanes
maintained at a temperature of 50° are used as the cxtracﬁl}g
medium. Containers meet these requirements for Nenvolatile
Residue for all of the abave extracting media. [NOTE—Hexanes
and alcohol are flammable. When evanrating these solvents, use
a stream of air with the water bath; when drying the residue, use
an explosion-proof oven.]

SINGLE-UNIT CONTAINERS AND UNIT-
DOSE CONTAINERS FOR NON-STERILE
SOLID AND LIQUID DOSAGE FORMS

An official dosage form is required to bear on its label an
expiration date assigned for the particular formulation and pack-
age of the article. This date limits the time during which the
product may be dispensed or used. Because the expiration date
stated on the manufacturer’s or distributor’s package has been
determined for the drug in that particular pacﬂnge and may not
be applicable to the product where it has been repac! ina
different container, repackaged dmﬁdispensed pursuant to a
prescription are exempt from this label requirement. It is nec-
essary, therefore, that other precautions be taken by the dispenser
to preserve the strength, quality, and purity of drugs that are
repackaged for ultimate distribution or sale to patignts,

The following guidelines and requirements are applicable wherc
official dosage forms are repackaged into single-unit or unit-dose
containers or mnemonic packs for dispensing pursuant to pre-
scription.

Laleln; ﬁ—lt is the responsibility of the dispenser, taking into
account the nature of the drug repackaged, the characteristics
of the containers, and the storage conditions 1o which the article
may be subjected, to determine a suitable beyond-use date to be
placed on the label. Such date is not later than the expiration
date of the original package. In the absence of stability data to
the contrary, such date should not exceed (1) 25% of the re-
maining time between the date of repackaging and the expiration
date on the original mannfacturer’s bulk container, or (1) a six-
month period from the date the drug is repackaged, whichever
is earlier. Each single-unit or unit-dose container bears a separate
label, unless the device holding the unit-dose form does not allow
for the removal or separation of the intact single-unit or unit-dose
container therefrom. ‘

Storage—Store the repackaged article in 4 humidity-controlled
environment and at the temperature specified in the individual
mmograph or in the product labeling. Where no temperature or
humidity is specified in the monograph or in the labeling of the
product; controlled room temperature and a relative humidity
correspending to 75% at 23° are not to be exceeded during re-
packaging or storage.

A refrigerator or freezer shall not be considered to be a hu-
midity-controlled environment, and drugs that are to be stored
at 2 eold temperature in a refrigerator or freezer shall he placed
within an outer container that meets the monograph requirements
for the drug contained therein.

CUSTOMIZED PATIENT
MEDICATION PACKAGES

In licu of dispensing two or more prescribed drug products in
separate containers, a pharmacist may, with the consent of the

Use xxii

atient, the patient’s caregiver, or a prescriber, provide a cus-
?umizod patient medication package (paticnt madp pak).®

A patient med pak is a package pre by a pharmacist for
a specific patient comprising a series of containers and oonwiﬂigg
two or more prescribed solid oral dosage forims. The patient
pak is go designed or each container is 30 labeled 2s to indicate
the day and time, or period of time, that the contents within each
container are to be taken.

Lnbei-—: The patient med pak shall bear a label stating:
(€8] ?nﬂme oli’a the patient;

(2) a serial number for the patient med pak itself and a
separate identifying scrial number for each of the prescription
orders for each of the drug products contained therein;

(3) the name, strength, physical description or identifica-
tion, and total guantity of each drug product contained therein;

(4) the directions for use and cautionary statements, if any,
contained in the prescription arder for each drug product therein;

(5) any storage instructions or cautionary statements re-
quired by the official compendia;

(6) the name of the prescriber of each drug product;

(? the date of preparation of the patient pak and the
beyond-use date assigned to the patient med pak (such beyond-
nse date shall be not later than 60 days from the date of prep-
aratwon};

(8) - the name, address, and telephone number of the dis-
penser and the dispenser’s registration number where necessary;

(9) any other information, statements, or warnings required
for any of the drug products contained therein.

(B) If the patient med pak allows for the remoyal or sepa-
ration of the intact containers therefrom, each individual con-
tainer shall bear a label identifying each of the drug preducts
contained therein.

Labeling—The patient med pak shall be accompanied by a
patient package insert; in the event that any medication therein
18 required to be dispensed with such insert as iccompanying
labeling. Alternatively, such required information may be in-
corporated into a single, overall educational insert provided by
the pharmacist for the total patient med pak.,

Packs In the absence of more stringent packaging re-
quirements for any of the drug products contained therein, each
container of the patient med pak shall comply with the moisture
permeation requirements for a Class B single-unit or unit-dose
container (see Containers—Permeation (671)). Bach container
shall be either not reclosable or so designed as to show evidence
of having been opened.

Guidelines—1It is the responsibility of the dispenser, when pre-
paring a patient med pak, to take into account any applicable
compendial requirements or guidelines and the physical and
chemical compatibility of the dosage forms placed within each
container, as well as any therapeutic incompatibilities that may
attend the simultancous administration of the medications. In
this regard, pharmacists are encouraged to report to USP head-
quarters any observed or reported incompatibilities.

Record keeping—In addition to any individual prescription fil-
ing raﬂ;:direments, a record of each patient med pak shall be made
and filed. Each record shall contain, as a minimum:

(1) the name and address of the patient;

(2) the serial number of the prescription order for each drug
product contained therein;

(3) the name of the manufacturer or labeler and lot number
for cach drug product contained therein;

(4) information identifying or describing the design, char-
acteristics, or specifications of the patient med pak sufficient to
allow subsequent preparation of an identical patient med pak for
the patient; '

(5) the datc of preparation of the patient med pak and the
beyond-usc date that was assigned;

6) any special iabeling instructions; and

7) the name or initials of the pharmacist who prepared the
patient med pak.

6Tt should be noted that there is no special exemption for

tient med paks from the requirements of the Poison Prevention
gckﬂging Act. Thus the patient med pak, if it does not meet
child-resistant standards, shall be placed in an outer package that
does comply, or the necessary consent of the purchaser or phy-
sician, to dispense in a containcr not intended to be child-resistant,
shall be obtained.
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(671) CONTAINERS—
PERMEATION

This test is provided to determine the moisture permeability
of a container utilized for a drug when dispensed on prescription
where pa ing and storage in a tight container or a well-closed
container is specified in the indivigual monograph. It is appli-
cable to muitiple-unit containers (see Preservation, Packaging,
Storage, and Labeling under General Notices). As used herein,
the term “container” refers to the entire system comprising, usu-
ally, the container itself, the liner (if used), and the closure. Where
the manufacturer’s container, previously unopened, is utilized for
dispensing the drug, such container is exempt from the require-
ments of this test.

Desiccant—Place 2 quantity of 4-mesh, anhydrous calcium
chioride! in a shallow container, taking care to exclude any fine
powder, then dry at 110° for 1 hour, and cool in a desiccator.

Procedure—Select 12 containers of a uniform size and type,
clean the ing surfaces with a lint-free cloth, and close and
open each container 30 times. Apply the closure firmly and uni-
formly each time the container is ¢ Close screw-capped.
containers with a torque that is within the range of tightness
specified in the accompanying table. Add Desiceant to 10 of the
containers, designated rest containers, filling each to within 13
mm of the closure if the container volume is 20 mL or more, or
filling each to tweo-thirds of capacity if the container volume is
less than 20 mL.. If the interior of the container is more than 63
mm in depth, an inert filler or spacer may be placed in the bottom
to minimize the total weight of the container and Desiccant; the
layer of Desiccant in such a container shall be not less than 5
c¢m in depth. Close each immediately after adding Desiccant,
arplying the torque designated in the acoompaxgiﬁng table when
closing screw-capped containers. To cach of remaining 2
eontainers, designated controls, add a sufficient number of glass
beads to attain a weight approximately equal to that of each of
the zest containers, and close, applying the torque designated in
the accompanying table when cllc::sing screw-capped contziners.
Record the weight of the individual containers so prepared to the
nearest 0.1 mg if the container volume is less than Z&JJL; to the
nearest mg if the container volume is 20 mL or more but less
than 200 mL; or to the nearest centigram (10 mg) if the container
volume is 200 mL or mere; and store at 75 + 3% relative humidity
and a temperature of 20 + 2°. [NOTE—A saturated system of
35 g of sodivm chloride with each 100 mL of water placed in
the bottom of a desiccator maintains the specified humidity. Other
methods may be employed to maintain these conditions,] After
336 £ 1 hours (14 days), record the weight of the individual
containers in the same manner. .Cc«m&lcte,ly fill 5 empty con-
tainers of the same size and type as the containers under test
with water or a non-compressible, free-flowing solid such as well-
tamped fine glass beads, to the level indicated by the closure
surface when in place. Transfer the contents of each to a grad-
uated cylinder, and determine the average container volume, in
mL. Calculate the rate of moisture permeability, in mg per day
per liter, by the formula: i

(1000/14N(Ty — T3} — (G — O,

in which ¥ is the volume, in mL, of the container, ST; —T)is
the difference, in mg, between the final and initial weights of
cach test container, and (Cr — C;) is the average of the differ-
ences, in mg, between the fgnal and initial weights of the 2 ron-
trols. The containers so tested are right containers if not more
than one of the 10 fest containers exceeds 100 mg per day gr
Iiterliin inoistuse permeability, and none exceeds 200 g per day
per hiter,

The containers are well-closed contairers if not more than one
of the 10 test containers exceeds 2000 mg per day per liter in
f!:mislm permeability, and none exceeds 3000 mg per day per

iter.

T Suitable 4-mesh, anhydrous calcium chloride is available
commercially as Item SC11204-5006M from Sargent-Welch Sci-
entific Co., P. O. Box 1026, Skokie, IL. 560077.
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SINGLE-UNIT CONTAINERS AND UNIT-
DOSE CONTAINERS FOR CAPSULES AND
TABLETS

To permit an informed judgment m%erdi the suitability of
the packaging for a particalar type o pﬂ;:fuct, the following
procedure and classification scheme are provided for evaluating
the moisture-permeation characteristics of single-unit and unit-
dose containers. [nasmuch as equipment and operator perfor-
mance may affect the moisture permeation of a container formed
or closed, the moisture-permeation characteristics of the pack-
aging system being utilized shall be determined.

Desiccant—Dry suitable desiccant pellets? at 110° for 1 hour
prior to use. Usc pellets weighing approximately 400 mg each
and having a diameter of approximately 8 mm. g

Procedure— .

Method I—Seal not less than 10 unit-dose containers with 1
pellet in each, and seal 10 additional, empty unit-dose containers
to provide the controls, using finger cots or padded forceps to
handle the sealed containers. Number the containers, and record
the individual weights® to the nearest mg, Weigh the cantrols as
a unit, and divide the total weight by the number of controls to
obtain the average. Store all of the containers at 75 + 3% relative
humidity and at a temperature of 20 + 2°. [NOTE—A saturated
system of 35 g of sodium chloride with each 100 mL of water
placed in the bottom of a desiccator maintains the specified hu-
midity. Other methods may be employed to maintain these con-
ditions.] After a 24-hour interval, or a multiple thereof (see Re-
sults), remove the containers from the chamber, and allow them
to equilibrate for 15 to 60 minutes in the weighing area. Again
record the weight of the individual containers and the combined
controls in the same manner. [NOTE—If any indicating pellets
turn pink during this procedure, or if the pellet weight increase
exceeds [0%, terminate the test, and regard only earlier deter-
minations as vafid.] Return the containers to the humidity cham-
ber. Calculate the rate of moisture permeation, in mg per day,
of each contaiver hy the formmla:

(/M — W) — (G — O,

in which &V is the number of days expired in the test period, (W,
— W) is the difference, in mg, between the final and initix{
weights of each test container, and (Cr — ) is the average of
the difference, in mg, between the finalfand initial weights of the
controls, the data being calculated to two significant figures.
[NOTE—Wherc the permcations measured are less than 5 mg
per day, and where the controls are observed to reach a steady
state in 7 days, the individual permeations may be determined
more accurately after an initial 7 days of equilibration by using
that weight as W}, zero time, in the calculation.]

Method II—Use this pracedure for packs (e.g., gunch-ﬂut cards)
that incorporate a number of separately sealed unit-dese con-
tainers orrilisters. Seal a sufficient number of packs, such that
not less than 4 packs and a total of not less than 10 unit-dose
containers or blisters filled with 1 pellet in each unit are tested.
Seal a corresponding number of empty packs, each pack con-
taining the same number of unit-dose containers or blisters as
used in the test packs, to provide the controls. Store all of the
containers at 75 = 3% rcgtivc humidity and at a temperature
of 20 £ 2°. [See Note under Method ] After 24 hours, and
at multiples thereof (see Resulis), remove the packs from the
chamber, and allow them to equilibrate for approximately 45
minutes. Record the weights of the individual packs, and return
them to the chamber. Weigh the control packs as a unit, and
divide the total weight by the number of control packs to obtain
the average empty pack weight. [NOTE—If any indicating pel-

2 Suitable moisture-indicating desiccant pellets are available
commercially from sources such as Medical Packaging, inc., 5235
White Horse Pike, Atco, NJ 08004 [Telephone 800-257-5282;
inN.J ..2609-767-3604}, as Indicating Degiceant Pellets, item No.

-3 Accurate comparisons of Class A4 containers may require test
periods in-excess of 28 days if weighings are performed on a
Class A prescription balance (see Prescription Balances and Voi-
umetric Apparatus (1176}). The use of an analytical balance
on which weights can be recorded to 4 or 5 decimal places may
permit mare precise characterization between containers and/or
shorter test periods.
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lets turn pink during the procedure, or if the average pellet weight
increase in any pack exceeds 10%, terminate the test, and regard
only earlier determinations as valid.] Calculate the average rate
of moisture permeation, in mi per day, for each unit-dose con-
tainer or blister in each pack by the formuia:

(1/NX)[(Wy — W) — (G — G,

in which & is the number of days expired in the test period

(beginning after the initial 24 hour equilibration period), X is the

number of separately sealed 't];ar.r gack, (Wy — W) is the
tween the final an

difference, in mé,, initial weights of each
test pack, and (C; — C)) is the average of the difference, in mg,
between the final and initial weights of the control packs, the

rates being calculated to two significant figures.

Results—The individual unit-dose containers as tested in
Method I are designated Class A if not more than 1 of 10 con-
tainers tested exceeds 0.5 mg per day in moisture permeation
rate and none exceeds | mg per day; they are designated Class
B if not more than 1 of 10 containers tested exceeds 5
day and none exceeds 10 mg per day; they are designatcdmg'ﬁ
C if not more than 1 of 10 containgrs tested exceeds 20 mg per
day and none exceeds 40 mg per day; and they are designated
Class D if the containers tested meet none of the moisture per-
meation rate requirements.

The packs as tested in Method IT are designated Class A if
no pack tested exceeds 0.5 mg per day in average blister moisture
permeation rate; thz are designated Class B if no pack tested

5 mg y in average blister moisture permeation
rate; they are designated Class C if no pack tested exceeds 20
mg per day in average blister moisture permeation rate; and they
are designated Class D if the packs tested meet none of the above
average blister moisture permeation rate requirements.

With the use of the Desiccant described herein, suitable test
intervals for the final weighings, W}, are: 24 hours for Class D;
48 hours for Class C; 7 days for Class ; and not less than 28
days for Class A.

Torgque Applicable to Screw-Type Container

S Tightness Range
with ually Applied Torque?
Closure Diameter! (mm) (inch-pounds)
15 6109
18 Tto1l
20 8§to12
22 9to13
24 10to 15
28 11t 17
33 13 t0 20
38 15 to 23
43 17 to 26
48 19 to 29
53 21 to 32
58 23 to 35
63 25 to 38
70 28 t0 42
83 34 to 49
86 35 to 51
89 36 1o 53
100 40 to 60
110 45 10 65
120 48 to 72
132 531079

~ The torcilu: designated for the next larger closure diameter
is to be applied in testing containers having « closure diameter
intermediate to the diameters listed.

2 A suitable ?iparatus is available from Owens-Illinois, Toledo,
Ohio 43666. (Model 25 torque tester is nsed for testing between
0 and 25; Model 50 for testing between 0 and 50; and Model
100 for testing between 0 and 100 inch-pounds of torque.) The
torque vaiues refer to application, not removal, of the closure,
For further detail rega instructions, reference may be made
to “Standard Method of Measuring Application Removal
Torque of Threaded Closures,” ASTM Designation D 3198-73,
published by the American Society for Testing and Materials,
1916 Race St., Philudelphia, PA [9103.
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(691) COTTON

Preparatory to the determination of absorbency and of fiber
length, remove the Cotton from its wrappings, and condition it
for not less than 4 hours in a standard atmosphere of 65 + 2%
relative humidity at 21 = 1.1° (70 £ 2°F).

Absorbency Test

Procedure—Prepare a test basket, weighing not more than 3
5, from copper wire approximately 0.4 mm in diameter (No. 26

. & 8.) in the form of a cylinder approzimately 5 cm in di
and 8 cm deep, with spaces of about 2 cm between the wires.
Take portions of purified cotton weighing 1 + 0.05 g from five
different parts of the package by pulling, not cutting, the g)e&
imens, place the combined portions in the basket, and weigh.
Hold the basket on its side :ﬁrﬂximately 12 mm above the
surface of water at 25 + 1°, drop it into the water. Deter-
mine, preferably by use of a stop watch, the time in seconds
required for complete submersion.

Remove the basket from the water, allow it to drain for 10
seconds in the same horizontal position, then place it immediately
in a tared, covered vessel and weigh, deducting the weight of the
t:thgadlfctandoﬂhe purified cotton to find the weight of water
absorbed.

Fiber Length

For the detcrmination of the length and of the length distri-
bution of cotton fibers in purified cotton use the following method:

Carry out all operations associated with the determination of
fiber length of purified cotton in an atmosphere maintained at
65 + 2% relative humidity at 21 + 1.1° (70 £ 2°F).

These directions describe the mode of procedure that is well
adapted to the sorter® most extensively used in the United States
at present time.

Apparatus—The sorter (see illustration) consists of twe banks
of combs rigidly mounted side by side on 2 common base. Each
bank of combs consists of at least 12 individual combs spaced
3.2 mm apart, one behind the other, and mounted in grooves so
that as they hed during the fractionating process and

are ap
no longer needed, they may be dropped below the working plane.
Each individual comb has a single row of accurately aligned and
sharply pointed teeth, 12 mm long, consisting of needles 0.38 mm
in diameter. The teeth are spaced 62 to 25 mm over an extent
of approximately 50 mm.

Duplex Cotton Fiber Sorter

Accessory equipment consists of fibersorter forceps, fiber-de-
pressing r-depressing smooth plate, and velvet-covered
plates. sorter forceps consist of two brass picces approxi-

mately 75 mm long, hinged on one end and slightly curved to
present 4 beaked aspect at the gripping end for 'plii"ng the
protruding fibers close to the surfaces of the com sually,
one of the gripping edges has a leather or other fibrous padding.
The gripping edge is approximately 19 mm wide.

!P i consists of a series of brass rods spaced
3.2 mm apart so that they may be placed between the combs to

*NOTE—The method here described is especially adapied to
the Suter-Webb Duplex Cotton Fiber sorting apparatus, but with
more or less obvious alteration in procedure, may be carried out
with two Baer sorters in tandem arrangement, or with a Johannsen
or other similar apparatus.
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press the fibers down between the teeth. The fiber-depressing
smooth plate consists of 2 polished brass plate approximately 25
X 50 mm, with 2 knob or handle on the upper surface whereby
the platc may be smoothed over the fibers as they are laid on
the velvet surface of the array plates. The velvetcovered plates,
‘upon which the fibers may be srrag:d, are aluminum sheets ap-
proximately 100 mm X 225 mm X 2.4 mm thick, covered on
both sides with high-grade velvet, preferably black.

Selection of Cottom—After unrolling the cotton, prepare a rep-
resentative [aboratory test specimen by taking from a p c
containmgb‘l;mm 8 to 16 ounces, 32 pinches (about 75 mg each)
well distributed throughout the bulk of the lap, 16 representative
pinches being taken from each longitudinal kalf of the lap. Avoid
the cut ends of the lap, and take particular care to secure portions
throughout the thickness of the lap. To avoid biased selection of
long or short fibers, remove all fibers of the group pinched and
do not allow them to slip from between the fingers.

From packages of not more than 4 ounces in weight, take 8
pinches, and from packages weighing more than 4 ounces and
not more than 8 ounces, take 16 pinches, all well distributed.

Mix the pinches in pairs promiscuously, and combine cach pair
by gently drawing and lapfli.ng them in the fingers. Then divide
each combined pair by spliiting longitudinally into two approx-
imately equal parts and utilize one part in further mixing.
(The other part may be discarded or reserved for any further
mﬁch?m described in the precedin h with

at the process described in the p ing paragraph wi
the successive halves of the bifurcated series 1.mt§u onfy 1 pinch,
the final composite test portion, results. Gently parallel and
straighten the fibers of the final con_:llpwit: test portion by drawing
and lapping them in the fingers. Take care to retain all of the
fibers, including as far as possible those of the neps 'Sspecks of
entangled fibers) and naps (matied masses of fibers), discarding
only motes (immature seed fragments with fibers) and nonfiber
foreign material such as stem, leaf, and fragments of seedcoats.

From ll,;e final composite portion described in }h_?sprmdm’ ing

ragraph, separate longitudinally a tesl portion o + 7 mg,
ﬁcurat.gly wck:grhed. Retain the residue for any check test nec-
cssary. 3 )

Procedure—With the fiber-depressing grid carefully insert the
M:E:‘:d test portion into one bank of combs of the cotton sorter,
so that it extends across the combs at approximately right angles,

With the sorter forceps, grip by the free ends a small portion
of the fibers extending througﬁ the teeth of the comb nearest to
the operator; gently and smoothly draw them forward out of the
combs, and transfer them to the L‘l:iis of the teeth in the second
bank of combs, laying them parallel to themselves, straight, and
approximately at right angles to the faces of the combs, releasing

e gripped ends as near to the face of the frant comb as possible.
With the depressor grid carefully press the transferred fibers
down into the teeth of the combs. Continue the operation until
all of the fibers are transferred to the of comba.
During this transfer of the fibers, the combs of the first
bank in succession when and as all of the protruding fibers have
been removed.

Turn the machine through 180°, and transfer the cotton fibers
back to the firsi bank of combs in the manner described in the
preceding paragraph. . ’

Take great care in evening up the ends of the fibers during
both of the above transfers, arranging them as closely as possible
to the front surface of the proximal comb. Such evening out of
the ends of the protruding fibers may invelve drawing out strag-
glin% fibers from both the front and rear aspects of the banks of
combs, and re-depositing them into and over the main bundle in
the combs.

Turn the machine again through 180°. Drop successive combs
if nceessary to cxpose the ends of the longest fibers. It may be
necessary to re-deposit some straggling fibers. With the forceps
withdraw the few most protuberant fibers. In this way continue
to withdraw successively the remaining protuberant fibers back
to the front face of the proximal comb. Drop this comb and
repeat the series of operations in the same manner until all of
the fibers have boen drawn out. In order net to disturb seriously
the partion being tested, and thereby vitiate the length fraction-
ation into length groups, make several pulls (as many as 8 to 10)
between cach pair of combs.

Lay the pulls on the velvet-covered plates alongside each other,
as straight as possible, with the ends as clearly defined as possible,

Physical Tests / Disintegration (701) 1577

and with the distal ends arranged in a straight line, pressing them
down gently and smoothly with the fiber-depressing smooth plate
before releasing the pull from the forceps. Employ not less than
50 and not more than 100 pulls to fractionate the test portion.
Group together all of the fibers measuring 12,5 mm (about
inch) or more in length, and weigh the group to the nearest
.3 mg. In the same manner, group together all fibers 6.25 mm
about Y inch) or less in length, and weigh in the same manner.
inally, group the remaining fibers of intermediate lengihs to-
gether and weigh. The sum of the three weights does not differ
from the initial weight of the test portion by more than 3 mg.
Divide the weight of each of the first two groups by the weight
of the test portion to obtain the percentage by weight of fiber in
the two ranges of length.

(695) CRYSTALLINITY

This test is provided to determine compliance with the crys-
tallinity requirement where stated in the individual monograph
for a drug substance.

Procedure—Unless otherwisge specified in the individual mono-
graph, mount a few particles of the specimen in mineral oil on
a clean glass slide. Examine the mixture using a polarizing mi-
croscope: the particles show bircfringence (interference colors)
and extinction positions when the microscope stage is revolved.

(701) DISINTEGRATION

This test is provided to determine compliance with the Limits
on Disintegration stated in the individual monographs except
where the gbel states that the tablets or capsules are intended
for use as troches, or are to be chewed, or are designed to liberate
the drug content gradually over a period of time or to release the
drug over two or more separate periods with a distinct time in-
torval between such release periods. Determine the rype of uniis
under test from the labeling and from observation, and apply the
appropriate procedure to 6 or more dosage units.

or the purposes of thig test, disintegration does not imply
complete solution of the unit or even of its active constituent.
Complete disintegration is defined as that state in which any
residue of the unit, except fragments of insoluble coating or cap-
sule shell, remzining on the screen of the test apparatus is & soft
mass having no palpably firm core.

Apparatus

The apparatus! consists of a basket-rack assembly, a 1000-mL,
low-form beaker for the immersion fluid, a thermostatic arrange-
ment for heating the fluid between 35° and 39°, and a device
for raising and lowering the basket in the immersion fluid at a
constant frequency rate between 29 and 32 cycles per minute
through 2 distance of not less than 5.3 cm and not more than 5.7
cm. The volume of the fluid in the vessel is such that at the
highest point of the upward stroke the wire mesh remains at least
2.5 cm below the surface of the fuid and descends to not less
than 2.5 cm from the bottom of the vessel on the downward stroke.
The time required for the upward stroke is equal to the time
required for the downward stroke, and the change in stroke di-
rection is a smooth transition, rather than an abrupt reversal of
motion. The basket-rack assembly moves vertically along its axis.
There is no appreciable horizontal motion or movement of the
axis from the vertical.

Basket-rack Assembly—The basket-rack assembly consists of
six open-ended transparcnt tubes, cach 7.75 + 0.25 cm long and
having an inside diameter of approximately 21.5 mm and a wall
approximately 2 mm thick; the tubes are held in a vertical postion
by two plasuc plates, exch about % cm in diameter and § mm in
thickness, with six holes, each about 24 mm in diameter, equi-
distant from the center of the plate and equally spaced from one
another. Attached to the under surface of the lower plate is 10-
mesh No. 23 (0.025-inch) W. and M. gauge waven stainless-steel

I A suitable apparatus, meeting these specifications, is avail-
able from laboratory supply houses, from Van-Kel Industries,
Inc., 36 Meridian Rd., Edison, NJ 08820, or from Hanson Re-
search Corp., P. O. Box 35, Northridge, CA 91324,
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wire cloth havi lain square weave. The parts of the adea-
ratus are assembled and rigidly held by means of three bolts
passing through the two plastic plates. A suitable means is pro-
vided 10 suspend the basket-rack assembly from the raising and
lowering device using a point on its axis.

The design of the basket-rack assembly may be varied some-
what provided the specifications for the glass tubes and the screen
mesh size are maintained.

Disks>—Fach tube is provided with a slotted and perforated
cylindrical disk 9.5 %+ 0.13 mm thick and 20.7 + 0.15 mm in
diameter. The disk is made of a suitable, transparent plastic
material having a swciﬁc gravity of between 1.18 and 1.20. Five
2-mm holes extend between the ends of the cylinder, one of the
holes being through the cylinder axis and the others llel with
it equally spaced on a 6-mm radius from #t. Equally spaced on
the sides of the cylinder are four notches that form V-shaped
planes that are perpendicular to the ends of the cylinder. The
dimensions of each notch are such that the openings on the bottom
of the cylinder are 1.60 mm square and those on the top are 9.5
mm wide and 2.55 mm deep. All surfaces of the disk are smooth,

Procedure

Uncoated Tablets—Place I tablet in each of the six tubes of
the basket, add a disk to each tube, and operate the apparatus,
uging water maintained at 37 + 2° ag the immersion fluid unless
anou}ier fhuid is specified in the individual monograph. At the
end of the time limit specified in the monograph, lift the basket
from the fluid, and obscrve the tablets: all of the tablets have
disintegrated completely. If 1 or 2 tablets fail to disintegrate
wmg[etzly, repeat the test on 12 additional tablets: not less than
16 of the total of 18 tablets tested disintegrate completely.

Plain Coated Tablets—Place 1 tablet in each of the six tubes
of the basket and, if the tablet has a soluble external coating,
immerse the basket in water at room temperature for 5 minutes.
Then add a disk 10 each tube, and operate the apparatus, using
simulated gastric fluid TS maintained at 37 + 2° as the im-
mersion fluid. After 30 minutes of operation in simulated gastric
fluid TS, lift the basket from the fluid, and observe the tablets.
TF the tablets have not disintegrated completely, substitute sim-
ulated intestinal fluid TS maintzined at 37 = 2° as the immersion
fluid, and contimue the test for a total period of time, including
previous exposture to water and simulated gasiric Mluid TS, equal
to the time limit specified in the individual monograph ples 30
minutes, lift the basket from the flnid, arid obscrve the tablets:
ali of the tablets have disintegrated camlﬁlctaly. If 1 or 2 tablets
fail to disintegrate completely, repeat the test on 12 additional
tablets: not less than 16 of the total of 18 tablets tested disin-
tegrate completely.

. Enteric-coated Tablets—Place 1 tablet in each of the six tubes
of the basket and, if the tablet has a soluble external coating,
immerse the basket in water at room temperature for 5 minutes.
Then operate the apparatus, without adding the disks, using sim-
ulated gastric fluid TS maintained at 37 = 2° as the immersion
fluid. After 1 bour of operation in simulated gastric fluid TS,
lift the basket from the fluid, and observe the tablefs: the tablets
show no evidence of disintegration, cracking, or softeni.ug. Then
add a disk to each tube, and operate the apparatus, using sim-
ulated intestinal fluid TS maintained at 37 + 2° as the immersion
fluid, for a period of time equal to 2 hours plus the time limit
specified in the individual monograph, or, where only an enteric-
coated tablet is recognized, for only the time limit specified in
the monograph. Lift the basket from the fluid; and observe the
tablets: all of the tablets disintegrate completely. If 1 or 2 tablets
fail to disintegraic completely, repeat the test on 12 additional
tablets: not less than 16 of the total of 18 tablets tested disin-
tegrate completely.

Buccal Tablets—Apply the test for Uncoated Tablets, but omit
the use of the disks. After 4 hours, lift the basket from the fluid,
and observe the tablets: all of the tablets have disintegrated. If
1 or 2 tablets fail to disintegrate completely, repeat the test on
12 additional tablets: not less than 16 of the total of 18 tablets
tested disintegrate completely.

Sublingual Tablets—Apply the test for Incoated Tablets, but
omit the usc of the disks. Observe the tablets within the time

2 Disks meeting these specifications are abtainable from Van-
Kel Industries, Inc.

Use Xxir

limit specified in the individual monograph: all of the tablets
have cgsintcgratcd. If 1 or 2 tablets fail to disintegrate com-
pletely, repeat the test on 12 additional tablets: not less than 16
of the total of 18 tablets tested disintegrate completely.

Hard Gelatin Capsules—Apply the test for Uncoated Tablets,
but omit the use of disks, In place of disks attach a removable
10-mesh wire cloth,’® as described under Basket-rack Assembiy,
to the surface of the upper plate of the basket-rack assembly.
Observe the capsules within the time limit specified in the in-
dividual monograph: all of the capsules have disintegrated except
for fragments from the capsule shell. If | or 2 capsules fail to
disintegrate completely, repeat the test on 12 additional capsules:
not less than 16 of the total of 18 capsules tested disintegrate
completely.

Soft Gelatin Capsules—Proceed as directed under Hard Gel-
atin Capsules.

3 A suitable wire cloth cover is available as Yan-Kel Industries
Part TT-1030.

(711) DISSOLUTION

This test is provided to determine compliance with the disso-
lution requirements where stated in the individual monograph for
a tablet or capsule dosage form, except where the label states
that the tablets are to be chewed. Requirements for Dissofution
do not apply to soft gelatin capsules unless specified in the in-
dividual monograph. Where the label states that an article is
entericcoated, and a dissolution or disintegration test that does
not specifically state that it applied to enteric-coated articles is
included in the individual monogmgh, the test for Defayed-re-
lease Articles under Drug Release (724) is applied unless other-

- wise_specified in the individual monograph. Of the types of ap-

paratus described herein, use the one specified in the individual
maonogranh i

%ppl.rnlmi 1—The assembly consists of the following: a cov-
ered vessel made of glass or other inert, transparent materiall; a
motor; a metallic drive shaft; and a cylindrical bagket, The vessel
is partially immersed in a suitable water bath of any convenient
size that permits holding the temperature inside the vessel at 37
+ (.5° during the test and keeping the bath fluid in constant,
smooth motion. No part of the assembly, including the environ-
ment in which the assembly is placed, contributes significant
motion, agitation, or vibration beyond that due to the smoothly
rotating stirring element. Apparates that permits observation of
the specimen and stirring element during the test is preferable.
The vessel is cylindrical, with a hemispherical bottom. It is 160
mm to 175 mm high, its inside diameter is 98 mm to 106 mm,
and its nominal capacity is 1000 mL. Its sides are flanged at the
top. A fitted cover may be used to retard evaporation? The
shaft is positioned so that its axis is not more than 2 mm at any
point from the vertical axis of the vessel and rotates smoothly
and without significant wobble. A speed-regulating device is used
that allows the shaft rotation speed to be selected and maintained
at the rate specified in the individual monograph, within +4%.

Shaft and basket components of the stirring element are fab-
ricated of stainless steel, type 316 or equivalent, to the specifi-
cations shown in Figure 1. Unless otherwise specified in the in-
dividual monograph, use 40-mesh cloth. A basket having a gold
coating 0.0001 inch (2.5 pm) thick may be used. The doaﬁe
unit is placed in a dry basket at the beginning of cach test. The
distance between the instde bottom of the vessel and the basket
is maintained at 25 + 2 mm during the test. '

Apparatus 2—Use the assembly from Apparatus I, except that
a paddle formed from a blade and a shaft is used as the stirring
element. The shaft is positioned so that its axis is not more than
2 mm af auy oint from tiie vertical axis of the vessel, and rotaies
smoothly without significant wobble. The bladc passes through
the diameter of the shaft so that the bottom of the blade is flush
with the bottom of the shaft. The paddle conforms to the spec-
ifications shown in Figure 2. The distance of 25 + 2 mm between
the blade and the inside bottom of the vessel is maintained during

! The materials should mot sorb, react, or interfere with the

specimen being tested. .
2If a cover is used, it provides sufficignt openings ta allow
ready insertion of the thermometer and withdrawal of specimens.

FRESENIUS EXHIBIT 1068
Page 113 of 158

T st v



USP XXII

s e WP

—ad - 63 10 6.5 or
. 3.4 (o 0.1 mm
vent holg, 2.0 mm diamsier
retention spricg with
.3 tangs on 1207 centers B1+05mm

HH :
clear gpening “—m:"' ! L
202L0.] mm 1 l

']-—sr:rm ac,

F

22.2 £ 1L.Omm
368 screen, with welded seam:
+30mm 40 & 40 mesh, O.Z54 mm

dia. (0.0F lnch with Q.005-
inch openings); whare 20~
mesh screen Is specified,
use 20 x 20 mesh (0006
inch with 0.034-inch
apenings}

NOTE— Maximum afiowabls
runout af "A" fe £1.0 mm when
the part is rotated on § axis
with baske! mounted.

20.2 £ 1.0 mm

be— 9.4 ta 10.1 mm diameter
before coaling

i
NOTES— !
{1} Shaft and blade materiai: |
‘303 for pquivalent)
stalnfess steef. !
£2) A and 8 dimensians are ‘c‘?
nat 1o vary more than »
0.5 mm when part Is |
rotated on ¢ axs, ;
(3] Tolerances are 1.0 mm, i
unitess otfierwise stated, ;
|

41.5 mm radivs

e }
L* 74.0 mmte 75.0mm q

Fig. 2. Paddle Stirring Element.

Physical Tests | Distilling Range (721} 1579

the test. The metallic blade and shaft comprise a single entity
that may be coated. with a suitable inert coating. The dosage
unit is allowed to sink to the bottom of the vessel before rotation
of the blade is started. A small, loose piece of nonreactive ma-
terial such as not more than a few turns of wire helix may be
attached to dosage units that would otherwise float.

Apparatus Suitability Test—Individually test 1 tablet of the
USP Dissolution Calibrator, Disintegrating Type* and 1 tablet
of USP Dissolution Calibrator, Nondisintegrating Type,? ac-
cording to the operating conditions specified. The ap%aratus is
suitable if the results ltllitaincd are within the acceptable range
stated in the certificate for that calibrator in the apparatus tested.

Dissolution Medium—Use the solvent specified in the individ-
ual monograph. If the Dissolution Medium is a buffered solution,
adjust the salution so that its pH is within 0.05 unit of the pH
specified in the individual monograph. [NoTE—Dissolved gases
can cause bubbles to form which may change the results of the
test. In such cases, dissolved gases should be removed prior to
testing. ]

Time—Where a single time specification is given, the test may
be concluded in a shorter period if the requirement for minimum
amount dissolved is met. If two or more times are specified,
specimens are to be withdrawn only at the stated times, within
a tolerance of +2%.

Procedure for Capsules, Uncoated Tablets, and Plain Coated
Tablets—Place the stated volume of the Dissolution Medium in
the vessel of the apparatus specified in the individual monograph,
assemble the apparatus, equilibrate the Dissolution Medium 1o
37 + 0.5°, and remove the thermometer. Place 1 tablet or 1
capsule in the apparatus, taking care to exclude air bubbles from
the surface of the dosage-form unit, and immediately operate the
apparatus at the ratc specified in the individual monograph.
\%,thin the time interval specified, or at each of the times stated,
withdraw a specimen from a zone midway between the surface
of the Dissolution Medium and the top of the rotating basket or
blade, not iess than 1 cm from the vessel wall. Perform the
analysis as directed in the individval monograph. Repeat the test
with additional dosage form units. )

Where capsule shells interfere with the analysis, remove the
contents of not less than 6 eapsules as completely as possible,
and dissolve the empty capsule shells in the specified volume of
Dissolution Medium. Perform the analysis-as directed in the
individual monograph. Make any necessary correction. Corree-
tion factors greater than 25% of the labeled content are unac-
cepiable, )

" Interpretation—Unless otherwise specificd in the individual
monograph, the requircments are met if the quantities of active
ingredient dissolzzﬂ from the units tested conform to the accom-
panying acceptance table. Continue testing through the three
stages unless the results conform at either S, or S,. The quantity,
0, is the amount of dissolved active ingredient specified in the
individual manogmgh, expressed as a percentage of the labeled
content; both the 5% and 15% values in the acccptance table are
percentages of the labeled content so that these values and Q are
in the same terms.

Acceptance Table
Number N
Stage Tested Acceptance Criteria
5 6 Each unit is not less than 0 + 5%.

S, [ Average of 12 units (8, + S,) is equal
: to or greater than ¢, and no unit is less

than @ — 15%. )
S; 12 Avetage of 24 units (§; + S; + Sy) is
cquai to or greater f}mn @, not more

than 2 units are less than @ — 15%,
and no unit ig less than @ — 25%.

(721) DISTILLING RANGE

To determine the range of temperatures within which an of-
ficial liquid distils, or the percentage of the material that distils
between two specified temperatures, use Method 1 or Method 1T

3 Available fram USP-NF Reference Standards, 12601 Twin-
brook Parkway, Rockville, MD 20852, i
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as directed in the individual monograph. The lower fimit of the
range is the temperature indicated by the thermometer when the
first drop of condensate leaves the tip of the condenser, and the
upper limit is the Dry Point, Le., the temperature at which the
last drop of liquid evaporates from the lowest point in the dis-
tillation flask, without regard to any liquid remaining on the side
of the fiask, or the temperature observed when the proportion
specified in the individual monograph has been collected.
[[!N(‘.!'I‘E--—Cool all liquids that distil betow 80° to between 10°
and 15° before measuring the sample to be distilled.]-

Method I

Appmtils—Usc apparatus similar to that specified for Method
11, cxcept that the distilling flask is of 50- to 60-mL capacity,
and the neck of the flask is 10 to 12 cm long and 14 to 16 mm
in internal diameter. The perforation in the upper asbestos board,
if one is used, should be such that when the flask is set info it,
the pertion of the flask below the upper surface of the asbestos
has a capacity of 3 to 4 mL. _ _

Procedure—Proceed as directed for Method IF, but place in
the flask only 25 mL of the liquid to be tested,

Method IT

Apparates-—Use an apparatus consistingof the following parts:

Distilling Flask—A round-bottom distilling fask, of heat-re-
sistant glass, of 200-mL capacity, and hav__ingﬂa total length of
17 to 19 ¢m and an inside neck diameter of 20 to 22 mm. At-
tached about midway on the neck, approximately 12 cm from
the bottom of the flask, is a side-arm 10 to 12 cm long and 5
mm in internal diameter, which forms-an angle of 70° to 75°
with the lower portion of the neck, "~ -

Condenser—A straight glass condenser 55 to 60 om in length
with a water jacket about 40 ¢m in length, or a condenser of
other design having equivalent condensing capacity. ' The lower
end of the condenser may be bent to providé a delivery tube, or
it may be connected to a bent adapter that serves as a delivery
tube. )

Asbestos Boards—Two pieces of asbestos board, 5 to 7 mm
thick and 14 to 16 cm square, suitable for confining the heat to
the lower part of the flask, Each board has a hole in its center,
and the two boards differ only with respect to the diameter of
the hole, i.c., the diameters are 4 and 10 cm, respectively. In
use, the boards are Elaoed one upon the other, and resting on 2
tripod or other suitable support, with the board having the larger
hole on top. . .

Receiver—A 100-mL cylinder graduated in 1-mL subdivisions.

. Thermometer—In order to avoid the necessity for an emergent
stem correction; an accurately standardized, tial-immersion
thermometer having the smallest practical subdivisions {not greater
than 0.2°) is recommended. Suitable thermometers are available
as the ASTM E-1 series 37C th 41C, and 102C throegh
107C (see Thermomeiers (21)). en placed ta position, the
stem is located in the center of the neck and the top of the
contraction chamber {or bulb, if 37C or 38C is used) is level with
the bottom of the outlet to the side-arm. - :

Hear Source—A small Bunsen burner or an electric heater or

mantle capable of adjustment comparable to that pessible with
a Bunsén burner. : -
. Procedure—Assemble the apparatus, and place in the flask
100 mL of the liquid to be tested, taking care not to allow any
of the liquid to enter the side-arm. Insert the thermometer, shield
the entire burner and flask assembly from external air currents,
and apply heat, regulating it so that between 5 and 10 minutes
elapsr!?efore the first drop of disiillate falls from the condenscr,
Continue the distillation at a rate of 4 1o 5 mL of distillate per
minute, collecting the distillate in the recciver. Note the tem-
perature when the first drop of distillate falls from the condenser,
and again when the last drop of liquid evaporates from the bottom
of the fask or when the specified percentage has distilled over.
Correct the observed temperature readings for any variation in
the barometric pressure from the normal (760 mm), adding if
the pressurc is lower or subtracting if the pressure is higher than
760 mm, and apply the emergent stem correction where neces-
sary. Unless otherwise specified in the individual monograph,
allow 0.1° for each 2.7 mm (0.037° per mm) of variation.

USP XXIT
(724) DRUG RELEASE

This test is provided to determiné compliance with drug-release
requirements where specified in individual monographs. Use the
apparatus specified in the individual monograph.

Apparatus 1, Apparatus 2, Apparatus Suitability Test, Disso-
Iution Medium, and Procedure——Proceed as directed under Dis-
solution {711). [NoTE—Replace the aliquots withdrawn for
analysis with equal volumes of fresh Dissolution Medium at 37°
or, where it can be shown that replacement of the medium is not
necessary, correct for the volume change in the calculation. Keep
the vessel covered for the duration of the test, and verify the
temperature of the mixture under test at suitable times.]

Extended-release Articles—General Drug
Release Standard -

Time—The test-time points, generally three, are expressed in
terms of the labeled dosing interval, D, expressed in hours. Spec-
imens are to be withdrawn within a tolerance of +2% of the
stated time.

Interpretatiom—Unless otherwise specified in the individual
monograph, the requirements are met if the quantities of active
ingredient dissolved from the units tested conform to Acceptance
Table 1. Continue testing through the three levels unless the
results conform at either L; or L,. Limits on the amounts of
active ingredient dissolved are expressed in terms of the per-
centage of labeled content. The limits embrace each value of gj,
the amount dissolved at each specified fractional dosing interval.

Accepiance Table 1

Number
Level Tested

1 6

Criteria

No individual value lies outside each
of the stated ranges and no individ-
ual value is less than the stated
amount at the final test time.

The average value of the 12 units (Z,
+ L) lies within each of the stated
ranges and is not less than the
stated amount at the final test time;
nong is more than 10% of labeled
content outside each of the stated
ranges; and none is more than 10%
of labeled content below the stated
amount at the final test time.

The average value of the 24 units (L,
+ L; + Ly) lies within each of the
stated ranges, and is not less than
the stated amount at the final test
time; not more than 2 of the 24
units are more than 10% of labeled
content oniside each of the stated
ranges; not more than 2 of the 24
units are more than 10% of labeled
content below the stated amount at
the final test time; and none of the
units is more thad 20% of labeled
content outside each of the stated

or more than 20% of labeled
content below the stated amount at
the final test time.

b

Delayed-release (Enteric-coated) Articles—
General Drug Release Standard

Use Method A or Method B and the apparatus specificd m
the individual monograph. Conduct the Apparatus Suitability
Test as directed under Dissolution (711). All test times stated
are to be observed within a tolerance of +2%, unless otherwise
specified.

Method A: Z ;

Procedure (unless otherwise directed in the individual mono-
graph)— T

Acid stage—Place 750 mL of 0.1 N hydrochloric acid in the
vessel, and assemble the apparatus. Allow the medinm to equil-

9 6

P 12
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ibrate to a temperature of 37 £ 0.5°. Place | tablet or | capsule
in the apparatus, caver the vessel, and operate the apparatus for
2 hours at the rate specified in the monograph.

Alfter 2 hours of operation in 0.1 & hydrochloric acid, withdraw
an aliquot of the fluid, and proceed immediately as directed under
Buffer stage. ‘

Perform an analysis of the aliquot using the Procedure spec-
ified in the test for Drug release in the individual monograph.

Unless otherwise specified in the individual monograph, the
requirements of this portion of the test are met if the quantities,
based on the percentage of the labeled content, of active ingre-
dient dissolved from the units tested conform to Acceptance Table
2. Centinue testing through all levels unless the resufts of both
acid and buffer stages conform at an earlier level,

Acceptance Table 2

Number
Level Tested Criteria

Ay 6 No individual value exceeds 10% dis-
solved.

A, 6 Average of the 12 units (A, + A,) is
not more than 10% dissolved, and
no individual unit is greater than
25% dissolved.

As 12 Average of the 24 units (A; + A.

+
Ay) is not more than 10‘% dissoivccl,
and no individual unit is greater
than 25% dissolved. .

Buffer stage— [NoTE—Complete the operations of adding the
buffer, and adjusting the pH within 5 minutes.] With the ap-
paratus operating at the rate specified in the monograph, add to
the fluid in the vessel 250 mL of 0.20 M tribasic so£um phas-
phate that has been equilibrated to 37. + 0.5°, Adjust, if nec-
essary, with 2 N hydrochlorie acid or 2 ¥V sodium hvdraxide o
a pH of 6.8 & 0.05. Continue to operate the apparsatus for 45
munutes, or for the time specified in the individual monograph.
At the end of the time period, withdraw an aliquot of the fluid,
and perform the analysis using the Procedure specificd in the
test for Drug refease in the individoal ph. The test may
be cancluded in a shorter time period than ﬁt specified for the
Buffer stage if the requirement for minimum zmount dissolved
is met at an earlier time, '

Interpretation—Unless otherwise specified in the individual
monograph, the requirements are met if the quantitiss of active
i ient dissolved from the units tested conform to Acceptance
Table 3. Continué testing through the threc levels unless the
resuits of both stages conform at an earlier level. The value of
{?.iﬂ Acceptance Table 3 is 75% dissolved unless otherwise spec-
ified in the individual moncgraph. The quantity, {, specified in
the individual monograph, is the total amount of active ingredient
dissolved in both the acid and buffer stages, expressed as a per-
centage of the labeled content. The 5% and 15% values in Ac-
ceptance Table 3 are percentages of the labeled content so that
these values and @ are in the same terms. ’

Acceptance Table 3

Number
Level Tested Criteria

B, 6 Each unit is not less than @ + 5%.

B, 6 Average of 12 units (B, + By) is
equaltoort%wterthan , and no
unit is less than @ — 15%.

By 12 Average of 24 units (B; + B; + Bj)
is equal to or greater than t%;mm
‘mofe than 2 units are less g
— 15%, and no unit is less than Q
— 25%.

Method B!

Procedure (unless otherwise directed in the individual mono-
graph)— :

Acid stage —Place 1000 mL of 0.1 & hydrochloric acid in the
vessel, and assemble the apparatus. Allow the medium to equil-

Physical Tests / Drug Release {(724) 1581

ibrate to a temperature of 37 £ 0.5°. Place 1 tablet or 1 capsule
in the apparatus, cover the vessel, and operate the apparatus for
2 hours at the rate specified in the monotﬁmph. After 2 hours of
eration in 0.1 N hydrochloric acid, withdraw an aliquot of the
nid, and proceed immediately as directed under Buffer stage.

Perform an analysis of the aliquot using the Procedure spec-
ified in the test for Drug release in the individual monograph.

Unless ctherwisc specified in the individual monograph, the
requirements of this portion of the test are met if the quantities,
based on the gercentage of the labeled content, of active ingre-
dient dissolved from the units tested conform te Acceptance Table
2 under Method A. Continue festing through all levels unless
the lr‘mults of both acid and buffer stages conform at an earlier
leve.

Bujlfer stage—[NoTE—For this stage of the procedure, use
buffer that previously has been cquilibrated to a temperature of
37 + 0.5".} Drain the acid from the vessel, and add to the vessel
1000 mL of pH 6.8 phosphate buifer, preparcd by mixing 0.1 N
hydrochloric acid with 0.20 M tribasic sodium phesphate (3:1)
and adjusting, if necessary, with 2 ¥ hydrochloric acid or 2 N
sodium hydroxide to a pH of 6.8 + 0.05. [NOTE—This may be
accomplished also by removing from the apparatus the vessel
containing the acid and replacing it with another vessel containing
the buffer and transferring the dosage unit to the vessel containing
the buffer.]| Continue to operate the apparatus for 45 minutes,
or for the time specified in the individual monograph. At the
end of the time period, withdraw an aliquot of the fluid, and
perform the analysis using the Procedure specified in the test for
Drug release in t{sc individual monograph, The test may be con-
cluded in a shorter time period than that specified for the Bujfer
stage if the requirement for minimum amount dissolved is et
at an earlier time.

Interpretation—Proceed as directed for Interpretation under

Method A. 3

Transdermal Delivery SystemS—Gerie;al
Drug Release Standards

- Time—The test-time points, generally three, are expressed in
terms of the labeled dosing interval, D, cxpressed in hours. Spec-
imens are to be withdrawn within a tolerance of + 15 minutes or
+2%of the stated time, the tolerance that results in the narrowest
time interval being selected.

Apparatus 3—

PADDLE OVER DISK— .

APPARATUS—Use the paddle and vessel assembly from .4p-
paratus 2 as described under Dissolution (711}, with the addition
of a stainless steel disk assembly! designed for holding the trans-
dermal system at the bottom of the vessel. The temperature is
maintained at 32 + 0.5°, A distance of 25 + 2 mm between
the paddle blade and the surface of the disk assembly ig main-
tained during the test. The vessel may be covered during the
test to minimize evaporation. The disk assembly for holding the
transdermal system s designed to minimize any “dead” volume
between the disk assembly and the bottom: of the vessel. The
diskc assembly holds the system flat and is positioned such that
the release surface is parallel with the bottom of the paddie blade
(se¢ Fig. 1), - -

A‘l’pparatls Suitability Test and Dissolution Medium—Proceed
as directed for Apparatus 2 under Dissolution (711).

Procedure—Flace the. stated volume of the Dissolution Me-
dium in the vessel, assemble the apparatus withogt the disk 2s-
sembly, and equilibrate the medium to 32 + 0.5°. Apply the
transdermal system to the disk assembly, assuring that the release
surface of the system is as flat as possible. The system may be
attached to the disk by _appiyu%r;:ultable adhesive? to the disk
assembly. Dry for 1 minute, the system, releasc surface
side up, onto the adhesive-coated side of the disk assembly. If

! Diisk assembly (stainless support disk) maby be abtained from
Millipore Corp., Ashley Rd., Bedford, MA 1730,
- Other appropriate devices may be used, provided they do not
sorb, react with, or interfere with the specimen being tested.

2 Use Dow Corning, 355 Medical Adhesive 18.5% in Freon
113, or the equivalent.
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Fig. 1. Paddie Over Disk,

a membrane? is used to support the system, it is applied so that
no air bubbles occur between the membrane and the release sur-
face. Place the disk assembly flat at the bottom of the vesscl
with the release surface fau:iz:tﬁI up and parallel to the edge of the
paddle blade and surface of the Dissolution Mediwm. The bot-
tom edge of the paddle i3 25 * 2 mm from the surface of the
disk assembly. Immediately operate the apparatus at the rate
specified in the monograph. At each sampling time interval,
withdraw a specimen from a zone midway between the surface
of the Dissolution Medium and the top of the blade, not less
than ! c¢m from the vessel wall. Perform the analysis on each
sampled aliquot as directed in the individual monograph, cor-
recting for any volume losses, as necessary. Repeat the test with
additional transdermal systems.

Interpretation—Unless otherwise specified in the individual
monograph, the reqfuiremems are met if the quantities of active
i ient released from the system conform to Aeceptance Table
4 for transdermal drug delivery systems. Continue testing
the three levels unless the results conform at either Ly or L.

Acceptance Table 4
Number
Level Tested Criteria
Ly 6 No individual values lies outside the
stated range.
L, 6 The average value of the 12 units (L,
+ L,) lies within the stated range.
No individual value is outside the
“stated range by more than 10% of
the average of the stated range.
Ls 12 The average value of the 24 umits (L
+ L; + L) lies within the stat

range. Not mere than 2 of the 24
units are entside the stated range hy
more than 10% of the average of the
stated range; and none of the units
ig outside the stated range by more
than 20% of the average of the stated

range.

- 3 Use Cuprophan, Type 150 pm, 11 %+ 0.5-um thick, an inert,
Tomus cellulosic material, which is available from ENKA AG,
601 Castle Cove Circle, Corona DelMar, CA 92625, or LifeMed
Corp., 2107 Delano Blvd., Compton, CA 90220.

USP Xx1

Apparatus 4—Cyli :

APPARATUS—Use the vessel assembly from Apparatus | as
described under Dissofution (711), except to replace the basket
and shaft with a stainless steel cylinder stirring clement and to
maintain the temperature at 32 & (.5° during the test. The shaft
and cylinder components of the stirring element are fabricated
of stainless steel to the specifications shown in Fig. 2. The dosage
unit is placed on the cylinder at the beginning of each test. The
distance between the inside bottom of the vessel and the cylinder
is maintained at 25 + 2 mm during the test.

Four holes at LM dia.
equaily spaced on 2.540
dig b ai 26.6 £ 0.5°

- 2.222

angle to surface. !
0.9525 dia.+ | |+
- 757 I
%
26.610.5° i
2 1.079 4064
Maximum . 3
radius 0.3 i : 4.00
Y
TOLERANCES:
- (00762 [REH
This adapter
FIMISH: i
! section fa be
All surfaces 32 3670 ueed for .
microinch rms. iarge systems,
Degreasa befora le 2045 # '
final assembly of
rod and eylinder. i b
= H . 9.383
MATERIAL: _ gi
304 stainless steel —E—'-"‘T/_‘E’ 5712

O iOns fare in i 5.

L'Z.ZZE“J
Fig. 2. Cylinder Stirring Element 4

Dissolution Medium—Use the medium specified in the indi-
vidual monograph (see Dissofution {711}).

Procedure—Place the stated volume of the Dissofution Me-
dium in the vessel of the apparatus specified in the individual
monograph, assemble the geparalus. and equilibrate the disso-
lutior medium to 32 = 0.5°. Unless otherwise directed in the
individual monograph, prepare the test system prior to test as
follows: Remove the protective liner from the system, and place
the adhesive side on a piece of Cuprophan? that is not less than
1 cm larger on all sides than the system. Place the system, Cu-
prophan covered side down, on a clean surface, and apply a suit-
able adhesive® to the exposed Cug;uphﬂn borders. If necessary,
apply additional adhesive to the back of the system. Dry for 1
minute. Carefully apply the adhesive-coated side of the system
to the exterior of the cylinder such that the long axis of the system
fits around the circumference of the cylinder. Press the Cupro-
phan covering to remove irapped air bubbles. Place the cylinder
in the apparatus, and immediately rotate at the rate specified in
the individual monograph. Within tke time interval specified, or
at each of the times stated, withdraw a quantity of Dissolution
Medium for analysis from a zone midway between the surface
of the Dissolution Medium and the top of the rotating cylinder,
not less than 1 em from the vessel wall. Perform the analvsis 28
directed in the individual monograph, correcting for any volume
losses as necessary. Repeat the test with additional transdermal
drug delivery systems.

Interpretation—Unless otherwise specified in the individual
monograph, the requirements arc met if the quantities of active
ingwi‘r:nt reloased from the system conform to Acceptance Table

4 The cylinder stirring clement is available from Accurate Tool,
Inc., ZS%iaz St., Stamford, CT 06807, or from Van-Kel In-
dustries, Inc., 36 Meridian Rd., Edison, NJ 08820.
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A 0.098. Aot I—o.sr?s Diametsr — Press fit to haad
# E— = = 1 i — = = = e .
c—| f‘— (Typical drawing — Design or shaps may vary }
# -_8
I 0 g
Din lene are In timeters.
HEAD ROD O-RING
Syslem® A (Diameter) & & Material® o Material ¢ fnot shownl)
1.6 em? 1.428 0.9525 0.4750 SS/VT  30.48 SS/P  Parker 2-113 -V884-75
2,5cm? 1.778 0.9525 0.4750 SS/VT 30.48 S5/P Parker 2-016-V884-75
Scm? 2.6924 0.7620 0.3810  SS/VT 8,890  SS/P  Parker 2-022-V884-75
Tem? 3.1750 0.7620 0.3810 SS/VT  30.48  SS/P  Parker 2-124-V884-75
10 cm® 5.0292 0.6350 0.3505 SS/VT  S51.01 SS/P  Parker 2-225-VBB4-75

® Typicdl system sizes.
® 88/VT = Either stainless stesl or virgin Teflon,
 85/P = EHher stainless steel or Plexiglas.

Fig. 3. Reciprocating Disk Sample Holder.¢

4 for transdermal drug delivery systems. Continue testing through
the three levels unless the results conform at either Ly or L,.

Apparatus 5—Reciprocating Disk—

APPARATUS—The assembly consists of 4 set of volumeirically
calibrated or tared solution containers made of glass or other
suitable inert material,® a motor and drive assembly to reciprocéte
the system vertically and to index the system hori r o a
different row of vessels automatically if desired, and a set of disk-
shaped sample holders (sec Fig. 3). The solution containers are
partially immersed in a suitable water bath of any convenient
size that permits maintaining the temperature inside the con-
tainers at 32 + 0.5° during the test. No part of the assembly,
including the environment in which the assembly is placed, con-
tributes significant motion, agitation, or vibration e{ami that
due 1o the smooth, vertically reci ting sample holder. Ap-
paratus that permits observation of the system and holder during
the test is preferable. Use the size container and sample holder
as specified in the individual monograph.

Dissolution Medium—Use the dissolution medium specified in
the individual monograph (see Dissolution (711)).

Procedure—Remove the transdermal system from its backing.
Press the system onto a dry, unused picce of Cuprophan? or equiv-
alent with the adhesive side against the Cuprophan, taking care
to eliminate air bubbles between the Cuprophan and the release
surface. Attach the system to a suitable size sample holder with
a suitable O-ring such that the back of the s is adjacent to
and centered on the bottom of the sample holder. Trim the excess
Cuprophan with a sharp blade. Suspend each sample holder from
a vertically reciprocating shaker such that each system is con-
tinuously immersed in an accurately measured volume of Dis-
solution Medium within a calibrated container pre-equilibrated
t032 x 0.5°. Reciprocate at a frequency of about 30 cycles per
minute with an amplitude of about 1.9 cm for the specified time
in the medium specified for each time point. Perform the analysis
as directed in the individual monograph. Repeat the test with
additiona] transdermal drug delivery systems.

Interpretation—Unlcss otherwise specified in the individual
monograph, the requirements are met if the quantities of active

5 The materials should not sorb, react with, or interfere with
the specimen being tested.

& The reciprocating disk sample holder mey be purchased from
ALZA Corp., 950 Page Mill Rd., Palo Alto, CA 94304 or Van-
Kel Industries, Inc.

ingredient released from the system conform to Aecepiance Table
4 for t drug delivery systems. Continuc testing
the threc levels unless the results conform at either L; or L,

(726) ELECTROPHORESIS

Electrophoresis refers to the migration of electrically charged
proteins, colloids, molecules, or other particles when dissolved or
suspended in an electrolyte through which an clectric current is

passed.
Based upon the type of apparatus used, electrophoretic meth-
ods may be divided into two categories, one called free solution

or moving boundary electrophoresis and the other called zone
electrophoresis.

[n’g‘e Jfree solution method, a buffered solution of proteins in
a U-shaped cell is subjected to an electric current which causcs
the proteins to form a series of layers in order of decreasing
mobility, which are separated by boundaries, Only a part of the
fastest moving protein is physically separated from the other pro-
teins, but examination moving boundaries using a schlieren
optical system provides data for calculation of mobilities and
information on the qualitative and quantitative composition of
the protein mixture.

In zone electrophoresis, the sample is introduced as a narrow
zone or spot in a column, slab, or film of buffer. Migration of
the components as narrow zones permits their complete separa-
tion. Remixing of the separated zones by thermal convection is
prevented by stabilizing the electrolyte in 2 porous matrix such
as a powdered solid, or a fibrous material such as paper, or 2 gel
such as starch, agar, or polyacrylamide.

Various methods of zone electrophoresis are widely employed.
Gel electrophoresis, particularly the variant called disk electro-

horesis, is especially useful fer protein separation because of its
gigh resolving power. ;
( resis, which is employed by the compendium, is
discussed in more detail following the presentation of some the-
aretical principles and methedological practices, which are shared
in varying degrees by all electrophoretic methods.

The clectrophoretic migration observed for particles of a par-
ticular substance depends on characteristics of the particle, pri-
marily its electrical charge, its size or molecular weight, its
shape, as well as characteristics and operating parameters of the
system. These latter include the pH, ionic strength, viscosity and
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temperature of the electroé?rze, density or cross-linking of an
stabilizing matrix such as gel, and the voltage gradient emp'luyed‘f

Effect of charge, particle size, electrolyte viscosity, and volt-
age gradient—Electrically charged particles migrate toward the

ectrode of opposite charge, and molecules with both positive
and negative char%cs move in a direction dependent on the net
charge. The rate of milﬁmtion is directly related to the matfnimde
of the net charge on the particle and is inversely related to the
size of the particle, which in turn is directly related to its mo-
lecular weight. '

Very large spherical particles, for which Stokes” law is valid,
exhibit an electrophoretic mobility, g, which is inversely related
to the first power of the radius as depicted in the equaticn

v_ @
= _ = -
E  6mry
where » is the velocity of the particle, E is the voltage ient
imposed on the electrolyte, 2 is the charge on the parn%:,dr is
the particle radius, and » is the viscosity of the electrolyte. This
idealized expression is strictly valid only at infinite ditution and
in the absence of a stabilizing matrix-such as paper or a gel.

ITons, and peptides up to molecular weights of at least 5000,

garticularly in the presence of stabilizing media, do not obey
tokes’ law, 2nd their electrophoretic behavior is best described
by an equation of the type

Q2

- Amrrly

where A is a shape factor generally in the range of 4 to 6, which
shows an inverse dependence of the mobility on the square of the
radius. In terms of molecular weight, this implies an inverse
dependence of mobility on the % power of the molecular weight.
Effect of pH—Thedirection and rate of migration of molecules
containing a variety of ionizable functional groups, such as amino
arids and proteins, depends upon the pH of the eleciroiyie. For
instance, the mobility of a simple amino acid such as glycine
varies with pH approximately as shown in Figure 1. e pK,
values of 2.2 and 9.9 coincide with the inflection points of the
sigmoid portions of the plot. Since the respeetive functional groups
are 50% ionized at the pH values where pH = pK,, the electro-
Fhoretic meobilities at these points are of the value observed
or the fully ionized cation and anion obtained at very low and
very high pH, respectively. The zwitterion that exists at the
igl&lermediaze pH range is electrically neutral and has zero mo-
it : ; :
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Fig. 1.

Effect of ionic strength and temperature—Electrophoretic mo-
bility decreases with increasing ionic strength of the supporting
electrolyte, Ionic strength, y, is defined as

x = 052C7%

where C; is the corcentration of an ion in moles per liter and Z,
is its valence, and the sum is calculated for afl ions in the solution.
For buffers in which both the anion and cation 2re univalent,
ionic strength is identical with molarity.

USP xXx1I

lonic strengths of electrolytes employed in electrophoresis com-
monly range from about 0.01 to 0.10. A suitable strength is
somewhat dependent on the sample composition, since the buffer
capacity must be great enough to maintain a constant pH over
the area of the component zones. Zones become sharper or more
compact as ionic strength is increased.

Temperature affects mobility indirectly, since the viscosity, 1,
of the supporting electrolyte is temperature-dependent. The vis-
cosity of water decreases at a rate of about 3% per °C in the
range of 0° to 5° and at & slightly lower rate in the vicinity of
room temperature. Mobility, therefore, increases with increasing
electrolyte temperature.

Considerable heat is evolved as a result of current passing
through the supporting clectrolyte. This heat increases with the
applied voltage and with increasing ionic strength. Particularly
in larger apparatus, despite the circulation of a coolant, this beat
produces a temperature gradient across the bed which may lead
to distortion of the separated zones. Therefore, practical consid-
erations and the design of the particuiar apparatus dictate the
choice of ionic strength and operating voltage.

Effect af a stabilizing medium, electroosmosis—When an
electrical current is passed through an clectrolyte contained in a

58 tube or contained between plates of glass or plastic, a bulk

w of the electrolyte toward one of the electrodes is observed.
This flow is called electroosmosis. Ii results from the surface
charge on the walls of the apparatus, which arises either from
ionizable functional groups inherent in the structural material or
from ions adsorbed on the cell walls from the electrolyte con-
tacting them. The effect is usnally increased when the cell is
filled with a bed of porous substance, such as a ge]. used to
stabilize the supporting electrolyte and prevent remixing of sep-
arated zones by thermal convection or diffusion. The solution
immediately adjacent to the surface builds up an electrical charge,
equal but opposite to the surface charge, and the electrical fizld
traversing the cell produces a movement of solution toward the
clectrode of opposite charge. . o -

The substances comrnonly used as stabilizing mediu in zone

-electrophoresis develop a negative surface charge, and therefore

electroosmotic flow of the electrolyte is toward the cathode. As
a result, all zones, including neutral substances, are carried to-
ward the cathode during the electrophoretic run. !

The degree of electroosmosis observed varies with the stabiliz-
ing substance. Itisappreciable with agar gel, while it is negligibly
small with polyacrylamide gel.

Molecular sieving—In the absence of 2 stabilizing medium or
in cases where the medium is very porous, electrophoretic scp-
aration of molecules results from gi’f&rms in the ratio of their
clectrical charge to their size, In the presence of a stabilizing
medium, differences in adsorptive or other affinity of molecules
for the medium introduces a chromatographic el%cct that may
enhance the separation. ) .

" If the stabilizing medium is 2 highly cross-linked gel such that
the size of the resultant pores is of the order of the dimensions
of the molecules being separated, a molecular sieving effect is
obtained. This effect is analogous to that obtained in separations
based or;lgel permeation or malecular exclusion chromatography,
but in gel electrophoresis the effect is superimposed on the elec-

‘trophoretic separation. Molecular sieving may be visualized to

result from a steric barrier to the passege of larger molecules.
Small moleculcs pass through pores of a wide size range, and
therefore their efectrophoretic passage through the gel will not
be impeded. As size increases, fewer pores will permit passage
of the molecules, causing a retardation of the migratjon of su

‘stances of large molecular weight.

Gel Electrophoresis

Processes employing a gel such as agar, starch, or pelyacryl-
amide as a stabilizing medium aie broadly termed gel elcctro-
phoresis, The method is particularly advantageous for protcin
separations. The separation obtained depends upon the electrical
charge to size ratio coupled with a molecular sieving effect de-
pemﬁ;t primarily on the molecular weight.

Polyacrylamide gel has several advantages that accaunt for its
cxtensive use. It has minimal adsarptive properties and produces
a negligible clectroosmotic effect. Gels of a wide range of pore
size can be reproducibly prepared by var}(ing the total gel con-
centration (based on monomer plus cross-linking agent) and the
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percentage of cross-linking agent used to form the gel. These
quantities are convenienily expressed as

T(%)=-=a:;b100,
C{%)=_b"100
- atbd *

where T is the total gel concentration in %, C is the percentage
aof cross-linking agent used to prepare the gel, ¥ is the volume,
in mL, of buffer used in preparing the gel, and 4 and b are the
weights, in g, of monomer (acrylamide) and cross-linking agent
usnally N,N"—methyienebisacryr{urude) used to prepare tiie gel.

atisfactory gels ranging in concentration (T) from about 3% to
30% have been prepared. The amount of cross-linking agent is
usually about one-tenth to one-twentieth of the quantity of mono-
mez (€ = 10% to 5%), a smaller perceatage being used for higher
values of T.

In the preparation of the gel, the bed of the electrophoresis
appdratus is [illed with an aqueous solution of monomer and cross-
linking agent, usually buffered to the pH desired in the later run,
and polymerized in place by a free radical process. Polymeri-
zation may be initiated by a chemical process, frequently using
ammonium persulfatc plus N,N,N' N -tetramethylenediamine or
photochemically using a mixture of riboflavin and N,N,N',N*-
tetramethylenediamine. Polymerization is inthibited by molecular
ozygen and by acidic conditions. The gel composition and
polymerization conditions chosen must be adhered te rigorously
to ensure reproducible qualities of the gel.

_Apparatus for Gel Electrophoresis—In general, the bed or me-
dium in which electrophoresis is carried out may be supported
horizontally or vertically, depending upon the design of the ap-
paratus. A seri¢s .of separations to be comp may also be
carried out in several individual tubes or by placing different
samples in adjacent wells, cast or cut into a singlerﬁah of pel.
A verticai siab assembly suci s ihai depicied schematically in
Figure 2 is convenient for direct comparison of several samples.
A particular advantage derives from the comparison of the sam-
ples in a single bed of gel which is likely to be more uniform in
composition than gels cast in a series of chambers.

—— upper buffer
reservoir and

Iq
% Z elactrode
LILILIEY
L/ ,ﬁ sample wells
}‘7 f? clamp
; ﬁ gel slab hald
Z z batween two glass
7 || plates separated
’ 2 by spacers :
o bl
;’; %, "/'Mwar buffer
4 22 reservoir and
slectrode

SIDE VIEW

END VIEW
Fig. 2. Vertical Slab Gel Electrophoresis Apparatus.

~ A feature of manf; t{pes of apparatus, not illustrated in the
schematic view, seals the lower buffer chamber to the base of
the bed and allows the level of the buffer in the lower chamber
to be made equal to that in the upper chamber, thereby elimu-

natius hydrostatic pressure on the gel. Tn addition, some. units
pr(lwi 3 or the circulation of coolant on one or both sides of the
ge %

In the preparation of the gel, the base of the gel chamber is
closed with a suitable device and the unit is filled with the solution
of monomer, cross-linking agent, and catalyst. A comb, having
teeth of an appropriate size, is inserted in the top, and polymer-
ization is allowed to proceed to cempletion, Removal of the comb
leaves a series of sample wells in the polymerized gel.

In simple gel electrophoresis, an identical buffer is used to fill
the upper and lower buffer chambers as well as in the solution
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used to prepare the gel. After filling the chambers, the samples,
dissolved in sucrose or other dense and somewhat viscous solution
to prevent diffusion, are introduced with a syringe or micropipet
into the bottoms of the sample wells, and the electrophoresis is
begun immediately thereafter.

DISK ELECTROPHORESIS

An important variant of polyacrylamide gel electrophoresis,
which employs a discontinuous series of buffers and ofien also a
discontinuous series of gel layers, is czlled disk electrophoresis.
The name is derived from the discoid shape of the very narrow
zones that result from the technique. As a result of the narrow
zones produced, this technique exhibits an extrcmcly high re-
solving power and is to be recommended for the characterization
of protein mixtures and for the detection of contaminants that
ma}ghhave mobilities close to that of the major component.

e basis of disk electrophoresis is outlined in the following
paragraphs with reference to an anionic system suitable for sep-
a.raun% proteins bearing & net negative charge. To understand
disk electrophoresis, it is essential to have a knowledge of the
gcqf’ia:il aspects of electrophoresis and the apparatus already de-
§CIrl : .

Basis of Disk Electrophoresis—The high resolution obtained
in disk electrophoresis depends on the use of a buffer system that
is discontinuous with respect to both pH and composition. This
is usually combined with a discontinuous series of twa or three
gels that differ in density.

A typical system is illustrated schematically in Figure 3.

Section Density  pH
& Folit
(3%?1 ifi;cg; qe) upper buffer resarvoir - 8.3
i sample gel low 6.7
Sl e
"~ spacer o _atar..l:ing ge! tow 5.7
Chigride

fon s——saparating ar running gsl high 8.9
Ij Glycinate ~—Tower buffer reservoir - 83

{39, neg. charge)

Fig. 3. Terminology, Buffer pH, and Buffer Composition for
Acrylamide Gel lglsl; Electrophoresis.

A high density (T = 10% to 30%) separating gel several con-
timeters high is polymerized in a tris-chloride buffer in the bed
of the apparatus.” During polymerization the buffer 13 overlayered
with a fﬁ'} layer of water to prevent fixation of a meniscus in
the top of the gel. The overlager of water ig then removed and
a thin layer, 3 mm to 10 mm thick, of low density (T = 3%) gel,
catled the spacer or stacking gel, is polymerized in a tris-chloride
buffer on top of the separating gel. Anoverlayer of water is again
used to ensure a flat surface. The sample is mixed withi a small
amount of the spacer gel monomer solution which is applied on
top of the spacer gel and allowed to polymerize. The pH of the
separating gel is typically 8.9, while that of the spacer and sample
gelsis 6.7. All three gels are prepared using chloride as the anion,

The upper and lower buffer reservoirs are filled with a pH 8.3
buffer prepared from tris and glycine. At this pH about 3% of
the glycine molecules bear a net negative charge.

When 2 voltage is applied across the system, the glycinate-
chioride interface moves downward toward the anode. It was
initially positioned at the junction of the buffer in the upper
reservoit and the top of the sample gel layer, The chloride anion,
by virtue of its small size, migrates fasicr than any of the proteins
present in the sample. The pH of ihe sample and spacer layers
was chosen to be about 3 units below the higher pK, of glycine.
Thercfore, in traversing these layers, only about 0.1% of the gly-
cine molecules bear 1 net negative charge. Consequently, glycine
migrates more slowly than chloride. The tendency for the faster-
moving chioride to move away from glycinate lowers the con-
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