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4 Criticel Study of the Factors Effecting

the Physical Chemicel Determinstion of Vitemins D in Oils.

The result= of & study mede upon methods for removing substences
vhich interfere in the physical chemicel determinetion of vitemins D
in oils are given. Two methods epplicable to high-potency irrsadiated
ergosterols in oil ere described. 4 third method which cen be applied
to oil solutions of irradisted ergosterols, and possibly to multiple
vitamin oil solutions, having potencies as low us 2,000 to 3,000 D2
units per grem is clso given.

Verious physicel chemicel methods for determining vitemins D have
been proposed in the litereturc. & great mejority of these, however,
ere limited in avplication because they cen be used only for certain
types of solutions or for limited concemtration ranges. Others were
grvlied to only a few oils. A criticel evelustion of some of these
methods, therefore, seems desiruble.

Several investigetors have ettempted to determine vitamins D
querbitetively by using the sbsorption maxime of the untreated solution
at 265 mu (22, 27, 33, 44). This method has been used successfully
only in ceses where the solutions anaslyzed vere those conteining vitea-
mins D in the pure state or as the irredisted provitamin. The presence
of by-products of irradiationidecreasps the accuracy of these measure-
ment s considerably. TFurthermore, if the vitamins ere dissolved in a

vegetable or fish liver oil, as they ususlly are, some means for cor-

recting for the absorption of the solvent itself must be provided.




Colorimetric methods have alsp been proposed in which intensity
meesurements of & color, produced by direct addition of e resgemt to
the vitemin solution, serve as & quantitutive estimetion of the amount
of vitemin D presemt (17, 18, 35, 37, 39, 40, 41, 42). Mamny of these
resgent s, hoviever, ere not svecific for vitamins D and give color re-
sctions with provitemins, other irrzdietion products, or compounds
presernt in the oil in vhich the vitemin is éissolved (7, 8, 20, %0, 56).

The reagent proposed by Brockmenn end Chen (4) has been studied quite

ext ensively and seversl modificetions have been suggested in order to
increese its sensitivity and stability (26, 32, 58). Nield, Russell,

end Zimmerli (P26, 48) found that when acetyl chloride is added to the

entimony trichloride reagent of Brjckmann end Chen, incressed sensi-
tivity resulted and that sterols gsve & negligible reaction. Sterols
with double bonds in the side chain showed no reaction vhile those with

double bonds in the ring structures geve the following ebsorption

coefficients:
1 double bond E (1%, lem.) 2.2 @ 500 mu
2 double bonds E (1%, lcnm.) 7 @ 515 mu
Dy and Dz E (1%, lcn.) 1800 @ 500 mu

Vitemin A also hss been shovn to react with the Brockmenn end Chen
reagernt and must, therefore, first |be removed (11).

Severel metheds have been proposed in which imterfering substances
such &5 vitemin A and sterols have been removed from fish liver oils by
chemicel means or freezing before estimating the emourt of vitemins D
present {rom the absorption mexime &t 265 mu or colerimetricelly.

Sterols have frequently been removed by precipitation vith éigitonin
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(22, 46) or by freezing (15). Meleic arhydride has also been suggested
for the removel of vitemin £ (15, 23).

Chrometographic procedures have been by far the most successful
means of seperating vitemin A and cerotenoids from vitemins D. Several
edsorbents such &s alumina (3, 25, 34, 45), chsrcoel (22), Montans
earth (46), tri-celcium phosphate (24) &nd a mixture of magnesia with
diatomaceous esrth (9) hsve been suggested.

With few exceptions, 2ll of the proposed methods sbove were applied
to only a small number of oils gnd in most cases could not be used for
solutions of irradisted ergosterols.

In these lsboratories, Ewing and Tompkins (13) separ&ted vitamin
A from the noneaponifiable frachon of sixteen (16) fish liver oils by
chromatographic adsorption on Superfiltrol from hexane-ether-alcohol

solution. After the removal of |sterols with digitonin, the modified

>

reagert of Nield, Russell, and Zimmerli was used to determine the vite-
mins D presemt. Ewing, Kingsley, Brovn, ond Emmett (12) modified this
procedure by replecing the sterol precipitetion step with another chro-
matographic step in which the sterols were separated from vitamins D

from a benzene-Skellysolve solution using Superfiltrol as the adsorbent.

Fifty-one fish liver oils with potencies renging from 250 to 325,000
unit s/gram were tested by this method and forty-four of these had an

Hage (16) further simplif

everage varietion of 5.8% from the bioassay value.
.ed this method eliminating the second

chrometogrephic step by swirling the benzene-Skellysolve solution of vita-

mins D and sterols with the adsorbent instesd of using a packed column.




Several investigetors heve tried with little success to apply the
method of Ewing et al. to solutions of irradisted ergosterols (2, 16, 47).
Baker (2) however, observed that the material eluted from the column in
the first step of this procedure had sn absorption curve similar to that
of vitamin Dy when the original sample was an irradieted ergosterol. A
considereble amount of extraneous gbsorption below 265 mu was observed,
and sttempts to correct for it were unsuccessful.

Powell (31) found that by using a longer column of the sdsorbent,
vhich was prewashed with the solvent, the vitamin D2 could be separated
quantitatively from crude irradieted ergosterols in voletile solvents
and the chromatographed materiel gave en absorption curve similer to
thot of a standard calciferol. This method was epplied to seven irradi-
sted ergosterols produced in the laboratory, as well as eight commercial
solutions. Potencies, calculeted from the absorption curves of the
chromat ographed solutions, compared very well with the bioassay values
vhich were aveileble for five differemt solutions.

Bullerd (5) applied this same separation to mixtures of ergosterol
end vitemin Do, end & similar study wes made by Pinkerton (29) in which
a modification of the solvent, as well as the length of the column, was
proposed. Correcticn for extraneous ebsorption due to resicues con-
teined in the adsorbent wes made either by making & blenk run or mathe-
matically from the extinction velues for the chrometogrephed solution
measured et 230 and 265 mu.

The problem of determining vitemins D in the presence of other
products of irradistion is a relatively simple metter, vhen they are

dissolved in voletile solvents. The separation becomes much more com-




plex, however, when solutipn is made in vegetable or fish liver oils.

The nonsaponifiable fraction of both vegetable and fish liver oile

have been fourd to contain squalene type compounds which have been iso-

lated as the hydrochloride by several investigstors (14, 19). In &d-

dition to this, large amounts of sterols, pigments, snd possibly other

fat soluble vitamins may be presemt. A pertial separetion of these

compounds from the nonsaponifiable fraction of vegetable oils such as

corn, olive, and wheat germ oil, has been obtained using chromatographic

technigues (10, 14, 43).

From this review it

becomes evident that any successful spectro-~

photometric method for determining vitemins D must include one or more

of the following: -- (a) A_method for sepasruting the vitamins D from

interfering substences, such as:

(1) Substences present in the oil or solvert in which the vitamin

(2)

(3)

is dissolved (e.,g., sterols, carotenoids, pigments, other fat

soluble vitamins, squalene type compounds, end saponifisble

mat erial).

Imterfering substances imtroduced by the method itself (e.g.,

solvent residues, residues eluted from adsorbemt of chromato-

greph column).
Other products

produced (e.g.,

of irradiation process by which vitamin D was

lumisterol, toxisterol, suprasterol, and un-

converted ergosterol).

(b) A reagemt which is very nearly specific for vitamins D in the

presence of other substances which were not previously removed.




With this in mind, a study wes made to determine vhet method or
methods were most efficient in separating vitemins D from interfering
substences with an eye toward developing a method which could be
equally adapted to both high- and low-potency fish liver oils, multi-

vitamin solutions, and irradisted ergosterols in vegetable oils.
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EQUIPMENT AND REAGENTS

Superfiltrel Columns. -~ (a) Lorge Size -~ A column of Superfiltrol
18 mm. in diameter (unless otherwise specified) and 9 cm. in length
igs used. For the fish liver oils, the length is 11 em. It is pre-~
pared by the method of Ewing et zl. (12). The packed column must be
thoroughly washed with the chromatographic developing solution (ap-
proximately 60 ml.) before the ssmple is.added.

(b) Small Size - Enough Superfiltrol, packed merely by tapping
and applying 10 cm. differential in pressure, is used to prepare a
column 8 mm. in dismeter and 4 cm. in length. This column is prewashed
with 8 ml. c¢f the chromatographic developing solution before the sample

is added.

Alumina Columng. -- Four gm. of slumina are pecked similar to the smell
Superfiltrol columns above. This column must be prewashe¢ with 19 ml.

ether before addition of the sample.

Spectrophotomet ers. — Either a Beckman spectrophotometer (Model IU)

ecuipped with a hydrogen discharge tube end 1 cm. quartz cells or an
optical system consisting of a Bausch & Lomb sector photometer and a
medium quertz spectrograph is used for ebsorption measurememts in the
ultraviolet.

For measurements in the visible range, a Bausch snd Lomb visual
spect rophot.omet er equipped with & Martin's polerizing unit and 1 cm.

glass cells is employed.
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EQUIPMENT AND REAGENTS

Fthyl flcohol. -~ Ethyl ileohol (95%) is purified by tresting with e
silver oxide precipitabe, decanting, snd distilling. Twemty gm. of
potassium hydroxide end 10 gm. of silver nitrete per 2 liters of alcohol

agre added to form the silver oxide.

Alcoholic Potsssium Hydroxide. —— Fourteen gm. of high grude potassium

hydroxide are dissolved in 500 ml. of purified 95% ethyl zlcohol.

Ethyl Fther. —— Anhydrous ether (c.p.) is purified by distilling over

crystelline ferrous sulfste. It should be free of peroxides.

Skellysolve. -- Skellysolve B is fractionsted &nd that portion from 65°-
68°C is saved and further purified by paseing it through a two-foot
column of silica gel which has been activated by heeting @ 250°C for two
hours. Fractions which trensmit. to 220 mu sre collected end used. A
commercisl grade ofvhexane may be substituted for the Skellysolve B if
of sufficiemt purity.

Trensmission curves of all the purified solvents'(Fig. 1) were

used &5 & criterion for their purity.

Develooing Solutions for Superfiltrol Columns. -- (&) Large Columns -

This solution is mede up from the purified reagents descriﬁed ab;ve by
taking 50 parts of hexene or Skellysolve, 10 parts of anhydrous ethyl
ether, end 1 part of absolute ethyl alcohol.

(b) Small Columns - The solvert mixture, 50 parts hexane or
Skellysolve, end 10 parts anhydrous ethyl ether, which was proposed by

Pinkerton (29) is used for this size column of adsorbemnt.




EQUIPMENT AND REAGENTS

Develovning Solutions for Alumina Columns.

This developing solution is composed of 1 part of hexane or

Skellysolve, end 1 pert anhydrous ethyl ether.

Alumine., -- High grade alumine (less than 80 mesh) of chromstographic

auality is employed.

Digitonin Solution. —— A one per cemt solution of commercial Digitonin

in 95% ethyl alcohol is used as & precipiteting agent.

HCl. — 4 cylinder of commercially prepared anhydrous HCl is equipped

vwith & trap end e small jet for bubbling this gas into solutions.

Chloroform. -- Small amounts of alcohol are removed from c.p. chloro-
form by washing seven times with an eguel volume of distilled water.
It is then dried over anhydrous sodium sulfate, decanted, end distilled;

the {irst and last 10% of the distillete are discarded.

fntimony Trichloride Reasgemt. — This reegemt is prepered fresh for

each dey's run. Eighteen gm. of c.p. anmtimony trichloride are dissolved
in 100 ml. of purified chloroform. After this solution is filtered, two

ml. of redistilled acetyl chloride are added.
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PROCEDURES_ST ANDARDIZED FOR THIS STUDY

Saponificstion and Extraction. — Oil samples esre weighed imto small
glass capsules and then placed in 125 ml. Erlemmeyer f{lasks containing
10 ml. of alcoholic potassium hydroxide for each gram of sample.
4 short-stemmed fumel is then pleced in the neck of the flask and
the sample is saponified in a weter bath &t 70°C. from 1/2 to one hour
or until seponification is complete. Then 20 ml. of weter are added to
the saponified solubtion and the nonsaponifisble fraction is extracted
in a separatory funnel, using one 40-ml. followed by three R0-ml.
portions of ether. The combined ether extracts ere washed with &t least
four 50-ml. portions of water or umtil the ether-water interface is clear
and the water leyer is not alkaline to phenolphthalein. The first two
veshings are made without sheking to prevent the formetion of en emulsion.
The washed ether extract is then filtered through an anhydrous
sodium sulfete filter pad into & 125 ml. Erlemmeyer flask. After the
‘separaetory fumel is rinsed and the filter pad washed with 10 ml. of
ether; the combined ether portions sre evaporeted to dryness, using

gentle suction end a wster bath at about 50°C.

Digitonin Trestment. —— The nonsaponifiable fraction is teken up in 10
ml. of 95% ethyl slcohol. Twelve ml. of 1% digitonin solution ere added
and the mixture is heated for two hours at 70°C. The precipitated
sterols are then filtered off end the filtrate collected slong with two
2-ml, washes of cold ethyl alcohol. An alternstive procedure is used,
if a chrometographic step follows, in which no filtration is made but

the alcohol is evaporated off and the developing solution added directly
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PROCEDURES ST ANDARDIZED FOR THIS STUDY

Digitonin Treetment. —- (combimied) - to the residue. In this procedure

~the column of adsorbemt serves as the filter. .

HCl Treatment. — The residue from the preceding step is taken up in

10 ml. hexane or purified Skellysolve B. Anhydrous HCl is bubbled slow-
ly through this solution for one hour. £Any squalene hydrochloride
crystals which form are then removed by a procedure similer to that of

the digitonin precipitate above.

Chromat ographic Procedure for Large Superfiltrol Columns. - The resi-
due is teken up in 10 ml. of the chromatographic developing solution.
This is allowed to pass through the prepared 9- or ll-cm. é.olumn of
Superfiltrol which has been previously washed with 40 to 60 ml. of the
developer and has not been ellowed to become dry. A 10-cm. differemtial
in pressure is maintained throughout the whole procedure.

The flask is rinsed with three to five ml. of the developing solu-
tion, which is added at once to the column. By means of a short-stemmed
separatory funnel which is fitted to the tube, the developing solution
is added to the column drop by drop until the vitamin Dy hes passed
through the adsorbent column. In the suthor's experience this separse-
tion is complete when the lowest visible band reaches the bottom of the
column.

The filtrate from the column is thgn evaporated to dryness using
suction and & hot water bath (about 50°C.). The residue is teken up in
absolute alcohol and the extinction et 265 mu is measured on the Beckman
quart z spectrophotometer.
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PROCEDURES STANDARDIZED FOR THIS STUDY

Chromatographic Procedures for Small Superfiltrol Columns. -~ The resi-

due is teken up in three ml. of the chromatogrephic developing solution.
This is added to the prewashed Superfiltrol column which has not been
permitted to become dry.

The flask is rinsed with three ml. of the developing solution
which is edded to the column. After this hes passed through the column,
an edditional five ml. of the developing solution is added to develop
the chrometogram.

The filtrate from the column is then evaporated to dryness, using

suction &ncé a hot water bath (about 50°C.).

Aluming Chrometogruphic Sten. -~ The residue from the first chromato-

graph is tsken up in three ml. of the developing solution.' This is
allowed to filter through the prewashed alumins column which has not
teen permitted to become dry. A l-cm. pressure differential is mein-
talned throughout the procedure.

A three ml. rinse is then added to the column. The procedure
varies then, depending upon the type of sample. -- (a) Irradiated

Ergosterols or Do in Corn Oil. - An edditional five ml. of the develop-

ing solution is passed through the column end @1l the filtrate up to
this point is discarded. The Dp 1s eluted from the column with 15 hl.
ether and its extinction in the developing solution at 265 mu is
deterinined by meuns of the spectrophotometer.

(b) Hultivitamin Preparations or Fish Liver Qils. -- kn edditional
five ml. of the developing solution is passed through the column and all

the filtrate up to this point is discarded. The D is eluted from the

-

g
£
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PROCEDURES ST ANDARDIZED FOR THIS STUDY

column with an additional 12 ml. of the developing solution and its
extinction at 265 mu is determined directly by means of the spectro-

pholtomet er.
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EXPERTMENT AL STUDIES

Studies Made on Untreated 0il Solutions of Irrsdiated Erpgosterols, --

From the absorption curve of a typical corn oil dissolved in purified
alcohol (Fig. 2), it is obvious that due to the excessively high ratio
of oil to vitamin present in & sample (even those having a potency of
1,000,000 units per gram or more) it is impractical to attempt to esti-~
mete the vitamin D potency difectly from the absorption curve of the
sample dissolved in alcohol or similar solvemts. For this reason, no
study of this type was mede.

An attempt, however, was made to correct for the extinction due to
the corn oil present in & given sample. This was done by dissolving an
equal amount of corn oil in the same volume of the solvent as that of the
oil being tested. The extraneocus absorption exhibited by the original
vitamin solution then, vhen run with the corn oil solution in the solvent
cell, shonld be autometically corrected for.

Procedure. —- .100 to .120 gm. of the irradisted ergosterol in oil
is dissolved in 50 ml. of purified alcohol and placed in the solution cell.
An equael weight of corn oil is dissolved in 50 ml. of alcohol and placed
in the solvert cell. The extinction &t 265 mu is then measured by the
spect rophotomet er.

The potency of the originel oil in vitemin Do units per gram is
determined by calculeting the E(1%, 1Cm.) of the sample @ 265 mu and
multiplying by 86,960. This factor is obtalned by dividing the number of
vitanin D2 units per gram of the standard caleiferol (40,000,000) by the
E(1%, lcm.) st 265 mu, which is 460.

A typical ebsorption curve is shown in Fig. 3.
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EXPERIMENT AL STUDLES

Studies Made on Savonified 0il Solutions of Irradisted Irgosterol.

Assuming that the saponifisble material in corn oil is largely
responsible for the extraneous absorption or color reaction produced when
an irradizted ergosterol in oil is studied, the following study was mede:

Prccedure, -~ The nonsaponifisble ffacbion of the oil solution of
irradiated ergosterol is obtained by carrying a sample of the original
oil through the saponificetion and extraction procedure described above.
The residue is then treuted by one of the following methods:

(2) Absorption Cnrve of MNonsaponifiable Fraction. - The residue is

taken up in eleohol and its gbsorvtion curve is run directly. The po-
tency of the originsl oil is then calculated by multiolying the E(15, lem.)

et 785 mu by the factor 83,360. A typicsl curve is shown in Fig. 4.

(b) Antimony Triehloride Colorvimetric Method. -- The residue from

the ether extract is tsoken up in 10 ml. of the purified chloroform. To
one ml. of this solution, 12 ml. of the antimony trichloride reagent are
added. After 30 seconds' swirling, « l-cm. cell is filled and the ex-
tinction at 500 mu is measured in exactly three minutes from the time
thé resgent wes first added, nsing the Bausch & Lomb visuael spectrépho~
tometer. | |

The potency of the originel oil in vitamin Dy units per gram is
then determined by caleulabing the E(1%, lem.) from the extinction ut

500 mu and multiplying by the factor 19,300 as determined by Ewing et &l (12).

in sttempt to correct for the nonsaponifiable pert of corn oil, =as
well as the saponifisble portion, wes made by dissolving an equel amount

of trested corn oil in the same volume of solvent zs that of the trested
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EXPERIMENT AL STUDIES

irradiated ergosterol, and placing it in the solvent cell. The
resulbing ebsorption curve should then be automatically corrected for
the extraneous sbsorption due to corn oil.

Procedure., ~- 120 gm. of the irradisted ergosterol in oil is sa=-
ponified and the nonsaponifiable fruction extrzcted. An equal smount
of corn oil is carried through a similaer procedure. The corrected ab-
sorytion curve is obtained by dissolving euch of the above in 50 ml.
alcohol, placing the treated Dy solution in the solution cell, and com-
pering it with that of the treated corn oil placed.in the solvent cell.
Potencies are then evalusted by multiplying the E(1%, lem.) @ 265 mu

by the factor 85,360. See Fig. o for a typicul curve.

Studies Mede on Removzl of Imberferine Substances by Chemicsl Means or

Chromatopgraphv. -~ Since it has been shovm thet the nonsaponifiable

fraction of vegelhable and fish liver oils contcoin sterols snd sguelene
type compounds and that they can be removed, et least in part, by treat-
ment with digitonin, anhydrous HCl, or chromctogrephy, & study wes made
to determine if these preliminery treatments, separately or combined,
would increase the accurscy of the potency evalustions.

(2) Chromatogravhic Sepasrstion fttained by Use of & Single Column

of Superfiltrol. -- The separstion of vitamin Dy from erude irradiated

ergosterols ln voletile solvents which was successfully obtained by
Powell (31), using a superfiltrol column and solvent mixture, hexane,

ether and aleohol, wes applied to oil solutions as follows:
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Procedure., -- A one-gm. sample of the vitemin solution is saponi-
fied, extracted, and chromstographed using a 9~em. column of Superfiltrol
(Large columns) according to the standardized procedures above.

The absorpbtion curve of the treated semple should have & mexima at
265 mu similar to thet exhibited by pure caleciferol (Fig. 5). The po-
tency of the sample is then determined by multiplying the E(1%, lem.) of
the sazmple at 265 mu by the fzctor 86,360. A typicel curve obtained for
low—-potency oils is shown in Fig. 7.

(b) Separation fchicved by Combined Chemicel and Chromatographine

Treztment. -- This study was confined to corn oil solutions of irradiated
ergosterol or erystellinc Dy huving a potency of approximutely 10,300
units per grem.

Procednre. -- One gm. samples of the solatlon sre treated sepurately

usiag standordired proceduresz in the order described below:

Irradiasted Frrosterol in Corn 0il (#73978)

bample No. of
No. Treatments Order of Trestments

1 1 Saponification & extraction.

2 2 Saponificstion & extrsction, chromato-
graphed through 9-em. column of Super-
filtrol.

3 2 Seponification & extraction, HCL Treatment.

4 3 Saponification & extraction, chromato-
graphed through 3-cm. colwan of Super-
filtrol, HC1 treatment,

S 3 Seponlfication & extraction, HCl treat-

ment, chromatographed through 9-cm.
column of Superfiltrol.
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Crystalline Dy in Corn 0il

Sample No, of
No. Treatments Order of Treatments
I 1 Saponification & extreetion.
II 2 Seponificuation & extrzction, digitonin
’ treastment.
IIT 3 Seponification & extraction, digitonin

treatment, chromatographed through 9-cm.
column of Super{iltrol.

The absorvtion curve of the residue obtained from the above saﬁples,\
treasted a#s described, is run. £4n inéicwtion, as to whet type of compound
is removed by ench step, 1s obtained by subtrecting the obsorption ecurves
of sumples representing two (2) procedures made in the same order but dif-
fering by one (1) cdditionsl trestment.

tbsorption curves of matericl removed by the various treatments are
shown in Figs. 8, 9, and 12.

. () Sepsretion Obtained Using Seprrste Snperfiltrol and Alumins

Colwansg. -- A pertial separution of sterols and squalene type compounds
hes been obtsined by seversl investigstors using slumina columns (10, 14,
43). A chromstogrephic procedure, therefore, wes employed in which the
vitsmins D are first separated from vitamins h, carotenoids, pigments,
and other products of irrediction, by use of the Pinkerton modification
of the Superfiltrol column described sbove (smzll columns). The vitamins
D are conteined in the eluste from this column. Any remeining sterols,
szuclene type compounds, and possibly vitemin E are then separated {rom

the vitamins D by use of an alumine column, In this step the vitamins D

are held on the column and then must be eluted to be recovered.
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FXPERIMENT AT, STUDIES

Procednre. —- One gm. semples of the vitamin solution are saponi-

fied, extracted, and chrometogruphed through e small Superfiltrol

column &s de
ndgorbed uvo
responding t
of the origi
265 mu of th
enrves ohtadi

levels are g

seribed in the standardized prqcedures; The residue is then
na Qolumn of alumine using the standerdized procedure cor-
> the type of vitamin solution being tested. The potency
nil semple is obtzined by multiplying the E(1%, lem.) &t

e eluted vitemins D by the fachoryloo,OOO. Absorption

ned for both types of vitamin solutionsyét various potency

hovn in Fige. 11 and 1%.




For each method attempted, celculated potency values are compared
to bloassey valnes ren by the U.S.P. procedure. All animel tests were
run ot two or three levels, 15 to %0% apart, und the U.S.P. reference
0il was used os the standard. As no attempt wes made to interpolste
bet ween the bloassay levels, some of the discrepuncies between the physi-
el chemiecsl end the biologicenl data mey be duc to the 15 to 20% range ot
vhich the samples were testad,.

The values obteined from the snimal tests represent the highest
biologicul potency thet econld be obtained from the levels ot whieh the
samples were tesleds TFor exnmple, the datu of a sample tested ct 1,%00,200
snd 1,000,000 unils per grum might indlcate the matericl to be slightly
less than 1,000,000 units per zram but sbove 1,300,000 units per gram. In
this case the essey would be reporbed ub 1,000,000 urili por gram, elthough
the meteriel might ecctuwrlly contein 3,100,000 or 1,180,000 units per gram.

There weuns Lo be very little correlction betveen the true potenny
veJuee tnd the ebvorrtion curve of the urbrectod gomplez. (Teble I)e Po-
Lrreler cclowdotod for 10 dLffcrad sampler wiing the ebsorption curver of
the urbrected oil, obliined vith corn oil of the same concenmtretion in the
solvert cell, showed en everage verietion of 35.2% from the bioaseay value.
Only two of these differed i'rom the bioassay value by less than 20%.

Seponiiicetion does not seem to increase the accuracy of determining
vitewins D present in an oil by use of their ebsorption curves. For sa-
vonified oils having biosssay vealues, the ehsorrtion curves obtained with
clcohel in the solvent cell invariebly gave potency values which were high

(Teble II). Eight of the 13 oils tested had bioessey values ané showed en
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Table I. POTENCIES OF IRRADIATED ERGOSTEROLS IN OIL AS DEIERMINED
BEY THEIR ABEORPIION CURVES IN ALCOHOL VHEN COMPARED
TO A SOLUTION OF CORN OIL IN THE SOLVENI CLLL,

Sample E (1%, lem.) Czlculeted : Bioussuy

No. 2 265 mu Do Units/G. U.5.P. Dp Units/G.
64164 2.4 185,075 250,000
64804 1.77 153,901 250,000
65104 5.75 326,062 | 250,000'
65464 2.22 148,129 | 200,000
67784 1.83 158,249 250,000
68564 1.%6 118,252 250,000
69934 3,10 269, 545 250,000
70514 2.66 | 230,417 200,000
72114 2,76 239,982 %00, 000
75554 2.70 234, 765 180,000
77424 1.19 103,470 500,000
80434 2,49 215,505 300, 000
87114 24.29 2,112,015 1,200,000
88875 8.19 712,120 1,200,000

91095 H.18 520, 501 400,000
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Tuble II, POIENCIES OF IRRADIATED ERGOSTHROLS IN OIL A4S DET ERMINED
FROM THE ABSORPTION CURVE OF THEIR NONSAPONIFIABLE
FRACTION IN ALCCHOL.

Semple E (1%, lcm.) Caleulut ed Bioassay
No. @ 265 mu D, Units/G. U.S.P. Dy Units/G.

Bal03 22.0 1,912,900

24.8 2,156,360
CP3 20.7 1,729,865

22,5 1,956,375
DP3 13.8 1,199,910

14,6 1,269,470
FP3 27 1,104,265
5772 4,7 408,665 200, 000

4,9 426,055

64824 4,20 765,190 250,000
65104 4,65 . 404,317 250,000
65464 5.12 445,184 200,000
M9023 7.50 652,125
511299 . s 1,721,610 525,000
65624 1.15 99,992 48,000
64184 3475 526,062 250,000
Syn 2 8.9 773,855

i~
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RESULTS

average varisgtion of 127%. The results are high, probably, due to
vresence of solvent residues obtained from the extraction procedure.

Placing an ecual amount of the nonseponifiable frection of corn
oil in the solvenmt cell, o8 thet of the vitamin solution in the solution
cell, tends to correct for residues obtained from the extraction proce-
dure, but the calculeted potencies still vary considerably from the bio-
assay-valﬁes. The results from five differemt samples listed in Teble
IIT show ezn sverage varisticn of 24.5% and aysixth semple which was not
sversged vwith the group veried 234% from the bioacsey.

Teble IV gives the potencies of various irradisted ergosterols in
corn oil es determined by the entimony trichloride colorimebric method
opplied to the nonsaponificble frection 6f the sample. The first pert
of Teble IV is mede up of values obtained for high-potency irradisted
crgosterols in corn oil, and the second part consists of values for low-
potency samples in cérn oil comteining around 10,000 units per gram.

These were obteined on the open market.

" Out of the 51 high-potency oils esseyed by the entimony trichloride

colorimetric method, 10 oils showed a difference from the biosssay of
more than 25%. The meximum difference shovm by this method was 57.0%,
vhile the averzge veristion of £ll the oilc tested wes 15.8%. The maxi-
mum veristion shovm when testing six low-potency oils of sbout 10,000
vitemin To units per gram by this method wes ?l.4%. The aversge dif-
Tercnce wes 16.47.

The seperction obtained when & single column of Superfiltrol is

enployed is readily shovm by Tables V, VI, and VII. Comperison of the

R e
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Table III. POTERCIES OF IRRADIATED ERGOSTTROLS AS DEI'ERMINED FROM THE
ABSORPTION CURVE OF THEIR NONSAPONIYIABLE FRACTION VHEN
COMPARFD TO AN ALCOHOL SOLUTION OF THE NONSAPONIFIAELE
FRACTION OF CORN OIL.

Semple E (1%, lcm.) Calculsat ed Bioassay
No. @ 265 mu Do Units/G. U.8.P. Do Units/G.
65104 2.879 250, 529 250, 000
syn 2 - 1,553 135,055
65464 5,171 275,718 200,000
67784 5.458 500,673 250,000
69934 4,058 352,843 250,000

70514 7.715 670,645 200,000
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Teble IV, POIFNCIES OF IRRADIATED ERGOSTIROLS AS DETERMINED BY
ANI' IMONY TRICHLORIDE COLORIMETRIC METHOD.

Semple E (1%, lem.) Colculeted Bloassay
No. @ 500 mu D, Units/G. U.S.P. Dp Units/G.

High-Potency Szmples in Corn 0Oil

87114 72.16 1,592,688 1,200,000
70,40 1,358, 720
Lv. 7L.28 Av. 1,375,704
88875 57.20 1,10Z,960 1,200,000
58,96 1,157,928
iv. 5B8.08 iv. 1,120,944
57195 70.40 1,358, 720 1,200,000
70,40 1,358, 750
Av. 70.40 Av. 1,358,720
1015 56,76 1,095,468 1,000,000
1755 52.80 1,019,040 1,000,000
7505 48.84 942,612 1,200,000
52.14 1,008,502
hv. 50.49 Av. 974,407
82025 15.84 505, 712 600,000
17.16 51,168
17.16 551,188
Av. 16.72 Av. 322,696
3476 458,568 | 600,000 “
25,52 492,536 525,000
£5.96 501,028
25.08 484,022
25,08 484,022
Ave 25.41 Av. 490,402
6105 P4.42 471,508 500,000
21.78 420, 354
£3,10 446,000
tv. 23,10 Av. 445,887
4985 22,20 428,846 600,000
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Table IV (Contimmed).

Sample E (1%, lcm.) Caleulsted Bioessey
No. @ 500 mu Dy Units/G. U.S.P. Dy Units/G.
7705 20446 594,878 600,000

20.68 399,104
Av. £0.57 Av. 397,001
19656 22,60 436,000 525,000
92345 18.58 377,894 525,000
18.48 . 356,664
Lve 18.53 kv, 7,279
05476 25.08 484,044 515,000
24.64 475,552
AV. 24.86 AV. 479, 798
05456 25.52 492,536 500,000
£5.30 488,290
24,42 471,506
25.96 501,028
25,96 501,028
£6.1.8 505, 274
76,40 509,520
2574 496,798
25 .96 501,028
£6.40 509,520
Ave 25.77 Av. 497,652
2108 23,75 459,000 £5,000
. wlere  RS.T6 458,568 " 525,000 |
o i S g S o R i i
Av. 23.10 hv. 445,830

21966 £6.10 504,000 525,000

23196 25.10 484,000 25,000

91095 23.76 458,568 400,000

7., 76 458,568
hve 03,76 Av. 458,568
25496 21.34 412,000 450,000

8645 15.40 297,500 325,000




Teble IV, (Continued).

Sample E (1%, lcm.) Calculeted Bioessay
Noe @ 500 mu ‘ Ds Units/G. U.S.P. Dy Units/G.

78174 14.C8 RTL, 744 320,000
14.C8 271,744
14,30 275,990
14,.C8 271,744
144,562 280,236
14.08 271,744
JR 14,11 Lv, 74,867

84614 11.22 216,546 330,C00
‘ 11,22 216,548
Ave. 11.22 Ave. 216,546

77424 9.46 182,578 300,000
D.48 182,578
AV. 954:6 .(\‘. [ 182,5 78

80434 12.98 250,514 300,000
12,98 250,514
!iV. 12098 - ILVO 250, 514

72404 14.C8 271,744 R75,000
13.86 267,498
L. 15.97 . Av. 269,621

83024 13.42 259,006 - R75,000
15,42 259,006
Ave 13.42 Av. 59,006

64184 15.86 267,498 250,000

e S I v.,,,.//'"_‘vuu/.w_,’.,,,,:-////,,,,,/.—«"___.,’,ll5 . 64: G R /,,26 5 ’:252 N S Y W et R R St

13.64 263,252
AV. 15. 71 AVO 264, 667

64824 10.12 195,316 _ 250,000
10.12 195,516
Ave. | 10.12 Lv. 195,316

65104 12.10 233,530 ' 250,000
12.54 242,022
Av. 12.32 Ave 237,776

67784 9.46 182,578 250,000
9.46 182,578

Av. 9.46 tv. 182,578
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Teble IV. (Continued).

Sample E (1%, lem.) Caleulsted Bioassay
No. @ 500 mu D, Units/G. U.S.P. D, Units/G.
68564 9.68 186,824 250,000
9.68 186,824
Ave 9.68 Lv. 186,824
69934 9.90 191,070 250,000
10,12 195,316
Lv. 10.01 Ave 193,197
84944 11.00 212,300 250,000
11.00 212,300
Ave 11.00 Av. 212,300
5305 10.23 . 197,439 250,000
803804 9.35 180,453 , 204,500
84174 10.34 199,562 204,500
65464 10.23 197,439 200,000
10.1.2 199,562
Av. 10.18 Av. 188,500
70514 10.56 203,808 200,000
10.56 ?05,808
10,56 203,808
fve 10,56 Av. 203,808
74294 10.85 209,500 200,000
10.85 208,500
736534 10.56 203,808 180,000
10.56 205,808
10,56 203,808
Av. 10.56 Av. 203,808
42943 6.16 118,888 160,000
6.38 123,134
5.83 112,512
5.94 114,642
8.05 116,765
G.l18 118,888

Ave 6.09 Av. 117,473
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Table IV. (Continued).

Sample E (1%, lecm.) Celculated Bioessay
No. @ 500 mu Do Units/G. U.S.P. Do Units/G.

58133 5.39 104,027 125,000

4,84 93,412

5.06 97,658

5.06 97,658

5.39 104,027

5.39 104,027

Ave 5.19 Av. 100,135
75584 8.14 157,102 100,000

8.14 157,102

Ave 8,14 Av. 157,102
18546 22.70 438,000 400,000
19196 20.45 395,000 450,000
20826 8.05 154,800 250,000
24646 23.10 446,000 450,000
24876 22.45 433,000 450,000

Lovw-Pot ency Semples in Corn Qi)

0855 0.594 11,464 14,000
oSS oS0 ae0 14000
R 6:6657“wwvfVWHWwwié;gééwwnW,WwWMmwwwwwmwwmg;iagngwwﬂM%wWW%,
0905 0.418 8,000 10,000
74334 0.450 8, 775 . 10,000
89545 0.594 11,500 10,000

89535 0.489 9,500 10,000
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Table V. EXTINCIION RATIOS OF CRYSTALLINE CALCIFEROL AND
CHROMAT OGRAPHED SAMPLE IN EI'HANOL.

Wave Length, Extinction Ratios (265 mu)
Mu Test Material Calciferol
240 0.76 0.67
250 0.89 0.85
260 0.98 0.98
270 0,95 0.98
280 0.75 0.73
290 0.47 0.43

300 0.20 0.23
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Teble VI. POTEKCIES OF IRRADIATED ERGOSTFROLS AS DEIERMINED BY
CHROMATOGRAPHIC ULTRAVIOLFT ABSORPTION CURVE AT 265 MU.

Sample E (1%, lem.) Calculeted Bioassay,
No. 265 mu D, Units/G. U.S.P. Do Units/G.
High-Yotency Semples in Corn 0il
97195 16.77 1,458,000 1,200,000
87114 17.89 1,555,000 1,200,000
3155 15.18 1,318,000 1,200,000
7305 15.39 1,164,000 1,200,000
101¢& 14.07 1,221,000 1,000,000
1735 " 11.89 1,033,000 1,000,000
4985 5.43 472,000 600,000
25446 5.51 ' 479,000 525,000
2915 4,68 407,000 525,000
3265 4,95 430,000 525,000
0145 5.04 437,500 525,000
89025 4,27 371,000 525,000
21285 4,26 370,000 525,000
a345 4,11 357,000 525,000
94435 5.16 448,000 525,000
97025 6.09 529,000 525,000
98655 5,70 495,000 525,000
21226 5.52 479,000 525,000
21976 4.47 389,000 525,000
21986 5.86 509,000 525,000
24646 5.04 438,000 525,000
23196 4,64 404,000 575,000
6105 5.44 473,500 500,000
7705 5.13 446,500 600,000
0555 4,68 407,000 475,000
18546 5.05 439,000 400,000
97775 5.11 444,000 450,000
%005 5.91 513,000 400,000
19196 4.58 598,000 450,000
24875 4,54 395,000 450,900
19196 5426 456,000 450,000
78174 3.22 280,000 330,000
84163 3.09 268,500 330,000
80434 2.75 239,000 500,000
79404 3.35 ) 281,000 275,000
83024 2.96 257,000 275,000
64184 2.69 234,000 250,000
64824 ~ 2460 226,000 250,000
65104 2.74 238,000 250,000
687784 2.28 198,000 250,000
68564 2.25 195,500 250,000

69934 2.60 226,000 250,000




Teble VI. (Continued).

Sample E (1%, lcm.) Calculated Bioassay,
No. 265 mu Dy Units/G. U.S.P. D, Units/G.

High-Potency Semples in Corn 0il

5%05 2.4% 211,000 250,000
20826 1.81 157,500 250,000
80904 2,52 219,000 204,500
84174 2,60 226,000 204,500
65464 2.48 216,000 200,000
70514 | 2.46 214,000 200,000

High-Pot ency Irradisted Ergosterols in Fish Liver 0Oil

74754 2,57 225,000 250,000
66844 2.42 210, 500 200,000
71064 2.52 202,000 200,000
20208 2.97 258,300 300,000
25646 2.02 175,890 200,000

A e,
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Teble VII. POIEKCIES OF IRRADIATED ERGOSTEROLS AS DEIERVINED BY
CHROMAT OGRAPHIC ULTRAVIOLEI' ABSORPIION CURVE AT 265 MU

Sample E (1%, lcm.) Gelculated Bioassey,
No. 265 mu D, Units/G. U.S.P. D, Unit 5/G.
Low~Pot ency Irradiazted Ergosberols in 0il
0855 0.296 25,800 14,000
0855 0.236 20,520 14,000
0905 0.196 17,070 10,000
2985 0.262 22, 800 14,000
59597 0.234 0,370 10,000
89535 0.153 13,300 10,000
Vhite Lab.
Dy in Corn 0il 0.511 44,400 40,000
ADMA D,
in Corn 0il 0.365 26,650 15,000

Viosterol in
Sesame 0il 0,272 23,600 10,000

R T R
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RESULT S

ebsorgtion curves of ethanol solutions of crystalline Do and of the
chromctegrephed semple ig well shovm in Table V. The extinction retios
for given viavelengths ere tubulated according to the method of Oser,
llelnick, end Pader (28).

0f 49 irrezdisted ergosterols in corn oil asssyed by the chromato-
grzphic ultraviolet ebsorption curve method, only 8 differed from the’
bioassay values by more than £5%. (Table VI). The maximum % difference
from the bioassey figures was 36.9, end the aversge varistion of &£ll the
oils run by this method was 14.5%.

The results obtained vhen using the chromatographic method for five
high-potency irradieted ergostercls, in fish liver oil conteining vita-
min A, ore tabulated in the second pert of Table VI. The close agreemert
oi these results with the bioassay velues indiceted that the chromatographic
nethod might also be epplicable to figh liver oils fortified with irradiated
ergosterol. However, not encugh oils of this type were tested to recommend
uﬂlng thlb method for them.

" ¥hen the chromctogrephic ultreviolet sbeorstion curve mehod is ap-
vlied to lov-potency oils, inveriebly the potencies calculated will be high.
This is shown in Table VII. The uverage devietion from the bioassay velue
of nine éifferent oils tested wes 65.5%. This method, therefore, can be
epplied only to high-potency oils.

The most successful method for determining the potencies of low
valued oils was the twc chromzstogrephic step ultraviolet ebsorption curve
method. Potencies evaluzted for both irradisted ergosterols end multiple

vitamin solutions are given in Table VIII. Out of six irredisted ergosterols

-
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Table VIII. POTENCIES OF IRRAPIATED ERGOSTEROLS AND MULTIPLE VITAMIN
SOLUI'IONS AS DETERMINED BY TWO CHROMATOGRAPHIC STEP UILTRA-
VIOLET ABSORPTION CURVE LIETHOD.

Biogcsgpoy
Semple E (1%, lem.) Celculated Dy U.S.P. Dy U.S.P. Vit. A
No. Tyve 265 _mu Units/G. Units/G. Units/G.
0339 Irradicted 8.81 881,000 1,000,000 cecans
Ergosterol
in Corn 0il
97559  Irradiated 8.46 846,000 1,000,000 cecras
Ergost erol
in Corn 0il
98449 Irradiated 4.14 414,000 464,000 evaees
Ergost erol
in Corn 0il
3299 Irradiated 4,44 444,000 404,000 sesnee
Ergosterol ‘
in Corn 0il
96399 Irradiated 1.40 140,000 151,000 eessen
Ergosterol
in Corn 0Oil
2319 Irradieted 0.0807 8,070 11,250 eoeons
Ergosterol 0.0797 7,970
in Corn 0il Lkv. 8,020
. '”Syn”III ”Ci{y Sﬁ a llihe”’ i 0;1025”' L e i, IO;?‘ SNO'M” /”"/9/;//6 8,0*,,/ ,,,:.,; /;,..Wf’,//,,,,
Do in Corn 0.0900 9,000 \
oii Av. 9,615
0899 Irradiated 1.75 175,900 250,000 33,800
Ergosterol
in fish liver
oil
57786  Netole 0.115 11,500 11,000 55,000

# Theoretical potency calculated on basis of weignt of crystalline D2 present
in sample. '
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Teble VIII. (Conmtimed).

Bioassay
Sample E (1%, lcn.) Celeulated Do U.S.P. Do U.S.P. Vit. A
No. Type 265 mu Units/G. Units/G. Units/G.
0399  High D 0il 0.102 10,220 10,630 12,200
- (Mostly D,) 0.098 9,800
N Ave 10,010
57756  Haliver Oil 0.170 17,009 10,000 60,000
4969 Natola 0.222 22,200 11,000 59,800
6299  0il Mix for 0.0492 4,920 4,000 19,860
Natola (75% 0.0588 5,880
De, 25% DS) 0.0582 5,820
" Ave 5,540
ABDEC  ilultiple Vita- 0.0246 2,460 1,590 7,950
min Solution 0.0278 2,780 (Label claim)
in Polyethylene  0.0294 2,940

glycol. v, 2,720
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EFSULTS

cnd one crystalline Lp solution in corn oil, only one showed a variation
from the bioassay value eabove 25% acnd that was 28.7%. The average devia-
tion from the bioassay of all seven samples was 17.11%. These oils
ranged from potencies of 1,000,000 down to 9,680 units per grem and, as
shovm in Table IX, the method is relieble for oils having o potency as
low &s 7,000 - 5,000 units/gram. The ebsorption curves obtained in all
caces resemble that of pure csleiflerol and have very little extraneous
eheorption in the low ultreviolet regions.

This method wus also applied to various types of multivitemin solu-
tions. Results for thesc veried somewﬁat, but the grestest differences
seemed to be exhibited by those samples comteining high amounts of vita-
min A. The #bsorption curves in most ceses, however, weré very similar
to thet exhibitgd by pure calecifercl: Of the seven different multivita-
min solutions tested, renging from 250,000 to approximetely 1,590 vita-
min Do or Dy units per gram, sn average deviation of 4l.74 was obtaincd.
In most cascee the celeulated velues were higher than the bioassay value.

“reproducibility of both the

single chromotogreshic step ultraviolet cbsorption curve method and the
entimony trichloride colorimetric method. These results are shown in
Teble X. Five separete samples of oil 765464 were run by the chromato-
grevhic ultraviolet cbsorption curve method and the meximum devietion
from the aversge value was 8.7%. Ten differemt determinstions for oil
725456 by the antimony trichloride colorimetric method showed a maximum

devistion from the average of 1l.6%.
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Table IX. DILUTION SERIES OF OIL #6105 SHOVING LIMIT OF ACCURACY OF
TWO CHROMATOGRAPHIC STEP ULTRAVIOLJFT ABSORPTION CURVE HETHOD.

Celculoted
. of Theoretical Potency E (1%, lem.) Potency
Samples, Grams U.5.P. Dy Unit s/Gram 265 mu Dy Units/Gram
1.0027 13,400 0.1272 12,720
1.0087 13,400 0.1207 12,070
1.0100 13,400 0.0945 9,450
1.0175 6,660 0.0606 6,060
1.0099 5,380 0.0354 5,540

1.9170 1,652 0.0252 2,320
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Table X. REPRODUCIBILITY FOR IRRADIATED ERGOSTEROLS IN CORN OIL.

Calculated Do Bioassey
E (1%, lcm.) Units/G. Dy Units/G.

Caromatographic Ultraviolet Absorption Curve ilethod, 0il #65464.

2.28 187,000 200,000
2,09 182,000

2,12 184,500

2.02 176,000

.10 183,000

Av. 182,500

hutimony Trichloride Colorimetric Method, 0il #25456

2552 492,500 500,000
95.30 488,500

24,42 471,500

25,96 501,000

25,96 501,000

26.18 505,500

26.40 509,500

25,96 501,000

26.40 509,500

Av. 497,700
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RESULT S

Reliable determinations were obteined by the entimony trichloride
colorimetric method with oils comtaining as low as 10,000 vitamin Dy
units per gram and the indications are that oils of much lower potency
can be evaluated successfully.

In order to determine how small an amount of sample may be employed
and still en sccurate potency determinstion can be obtained by the anti-
mony trichloride colorimetric method, various smounts of an oil contain-

ing about 10,000 vitamin D, units per grem were put through the procedure.

2
The results, as shown in Table XI indicute that samples conbaining as low
ag 500 vitamin D2 units can be assayed with s fair degree of reliability.
However, when working with very small amounts of the sample, it is neces-
sary to add the reagemt directly to the ether extract residue. Ordinari-
ly, in a large sample, the residue is taken up in chloroform and a l-ml.
aliouot .of this solution is mixed with 10 ml. of reagemt. Thus, the
concemntration of the reagent in the solution cell is slightly more dilute
than that in the solvenm cell. The difference cannot be detected on the
Wv1sual spectrophotometer at 005 mu, however,/annmno appreclable error 1$www
introduced by adding the reagent directly to the dry residue.

ﬁlthough very smell amounts of vitamin Dy may be measured as indi-
cated by Table XI, the antimony trichloride colorimetric method is not
recommended for oils containing below 10,000 vitamin Do units per gram.
Corn oil slone aslso exhibits, to = slight extent, the same color reaction
with the antimony trichloride reegent as vitamin Do, thus introducing

enother error in the determinstion.
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Table XI. EFFECT OF AUOUINT OF SAMPLE UPON ACCURACY OF AN IMONY
TRICHLORIDE COLORIMEIRIC METHOD.

Celculubed Dy Calculated

. of Units in Sample E (1%, lem.) Potency
Sample, Grams (Besed on Bioassay) 500 mu Dy Unit s/Gram

1.000 14,000 0,606 11,690
0,4992 7,000 0.473 9,130
0.2514 3,520 0.542 10,480
0.12862 1,769 0.634 12,220
0.0640 897 0.676 13,080
0.0372 521 0.537 10,370

0.0144 R02 0.389 7,510




42

RESULTS

Experiments were also made to determine how low valued an oil can
be determined accurately by means of the two chromabographic step ultra-
violet zbsorption curve mebhod. Irradiated ergosterol #6105, having a
pobency of epproximstely 500,000 units per gram, was diluted with corn
oil to give sumples ranginé from 13,400 units to 1,652 units per gram.
Pobtency velues of the diluted samples were then determined by this
method and the results are shown in Table IX. The absorption curves of
the treated sumples ere shovm in Fig. 13. These results indicate that
oils containing as low as 2,000-3,000 units per gram can be run with a

fair degree of accuracy.
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Since various procedures in this stucdy have been standardized, it
seems fitting that a discussion zs to how they were developed, their ef-
fectiveness, =znd the affect of various factors upon each of them should

be mzde.

Ssnonification and Extraction.

The saponification and extraction procedure used is essenlially the
seme as that of Ewing et al (12) with the exception that a single 40 ml.
followed by three 20 ml. portions of ether were used for extraction instead
of five 20 ml. portions of ether. This change helped to prevent emulsions
an¢ facilitated fuster and cleaner separations of the ether and angueous
lsyers.

In spite of all sttempts to obtain optically pure solvents, consider-
able extraneous absoruytion is introduced Ir1om residues in the solvents
used in the saponlflcatlon nnd extractlon procbduve., ThlS was reaéily o

Wfshowndb;\;ﬁnnlng 10 ml. alcohol bmnpleb as a bl;;k through the saponifi-
cation and extraction procedure and obtaining absorvtion curves for a dif-
'erent one at successivé stéps of the procedure. The absorption curves
are all similar to that exhibited by the residue contained in 100 ml. of
anhydrous ethyl ether (Fig. 14) and accounts in part for the extraordi-
nerily high results obtained for potencies calculated on the basis of the

absorption curves of ssponified oils.
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Precipitation of Sterols,

The digitonin procedure was developed by deternining experimentally
whet volume of 1% digitonin in ethanol is reauired to precipitate
completely .015 gm. of ergosterol in the presence of 5,000 units of
crystalline D, dissolved in 5 ml. z2lcohol. These proportions were used

to approximate the ratio of sterols to D, present in .5 gm. of & 10,000

2
unit oil, assuming corn oil combains approximately 3% sterols. From
the curves shovm in Fig. 15, seven ml. of 1% digitonin solution is suf-
ficient to precipitate the sterols present or approximately 14 ml. per
gram of corn oil. In order to have a slight excess of digitonin present,
20 ml. of digitonin solution per gram of oil was finally decided upon.
Very little decrease in ext;aneous absorption is actually made by
the digitonin treatment and substances which are precipitated exhibit
only a general absorption as shown in Fig. 10. These curves were ob-

Lained using & crystalline D? solution in corn oil having a theoretical

“o pobency 009y 9B0 UNIY 8/ELAM o bbbt i s

HCl, Treatment.
The HCl treatment is essentialxy the same ss thet used by Heilbron,

Kemm, & Owen (13) with the exception that Skellysolve B is used as the
solvent. The msterial removed by this treatment, vhen testing an ir-
rediated ergosterol in corn oil, has maxime at 260, 270, and 280 mu and
eppears to be partly vitamin Dy (Fig. 8). For this reason, the procedure

was discomtimed.
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Lorge Suverfiltrol Column Cheracteristicg.

The material removed by a single Superfiltrol chromatographic step
is readily showm in Fig. 9. Absorption maxima at 250 and 280 mu strong-
ly indicate that toxisterol and lumisterol asre adsorbed upon the column
&nd the vitamin Dy passes on through into the eluate. The procedure
used in this experiment was that described by Powell (31) using a 9-cm.
column of Superfiltrol and a solvent mixture of 50 parts Skellysolve,

10 parts ether, and 1 part alcohol.

Since digitonin treatment appezred to make little difference in the
absorption curve of the treated sample and the HCl treatmernt seemed to
remove part of the vitamin D:2 as well as impurities both were discarded
and chromeatographic methods were resorted to completely.

For low-potency oils & two step chromatographic procedure was
decided upon. A Superfiltrol column was employed for removel of vitemins

h, pigments, carotenoids and products of irrediestion other than vitamin

squalene type compounds and possibly vitamin E. An extensive study was
mede to determine the effect of changing such factors as column length,
solvent s, and corn oil concentration upon the degree of separation and
potency evaluation of samples added to each of the two chromatographic
columns. All these studies were mede using solutions of crystelline Do
in alcohol or corn oil with the samples ranging in potency values from
10,000 - 20,000 units unless otherwise indicated. The adsorption columns,

in every case, were of 8-mm. inside diameter.
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flumina Column Characteristics. —- (a) With Skellysolve as the solvent.
Seperation achieved. — Vhen a hexane solution of the nonsaponifiable

frection of crystalline Dy in corn oil, having a potency of approximat ely

20,000 units per gram, is added to a six gm. column of elumina previously

wet with Skellysolve, the vitamin D, can be separated to some extent from

2
the interfering materials in corn oil. This is shown in Figs. 16 and 17.
Attention must be called, however, to the fact that the Skellysolve de-
veloper does not carry through ell the interfering substances of corn oil -
without using excessively large amoumts of solvent. This is evidenced by
the shape of the absorption curves for the first and lest fractions of the
eluete in Fig. 17.

Effect of changing length of column. -~ Very little change in the eb-

sorption curve of the eluste is obtained when the length of the alumina
column is varied. If the nonsaponifiable fraction of crystealline Dy in

corn oil is treated in the same manner as in part (1) using 30-ml. Skelly-

,~solve-as.the developer.and discerding.the..filtruate-up-to-that-point,-the: s i

elunte obtained, by passing 30 ml. ether through various lengths of alu-

mine columns, gave the following extinctions:

W. in grams Weve Length in mu

of Alumins

in Column 235 245 255 262 264 266 270 280 290 3500
1 «347 .384 ,428 .45% .456 ,453 .439 .Z44 .21R .109
2 367 ,393 437 .456 .458 .455 ,439 .347 214 .109
S ¢558 L3833 .428 .448 450 ,447 .429 .334 204 .099
4 318 4359 .411 .448 .450 .448 .431 ,338 .207 .100
6 301 L3373 .428 J44F .44 439 .483 .334 .202 .096
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Results in this table indicuate that the Do is very tightly held
by the adsorbent. The fact that Sudan III, having adsorption character-
istics similar to Dz, remains near the top of the column throughout the
development of the chromatogram also tends to confirm this. Addition of
amounts as high as 100 ml. of Skellysolve to the column failed to carry
through eny of the vitamin D2 inbto the eluate. For this reason no thresh-
olé volumes using this solvent were determined for the column.

If the Superfiltrol chromstogrephic step, using thétlong 9-cm. column,
orecedes the glumina chromatographic procedure, very little difference is
observed in the results, except that slightly lerger absorption is exhibited
in the 250 mu region when longer alumins columns are used. This is shovm in

the following table:

W /grams Viave Length in mu

of Alumine

in Column 235 245 255 2632 264 266 270 280 2390 300
1 548  .39% 447 458 L4553 .448 .4R8 L322 .197 .105
2 L4082 483 459 473 J4ATL L4683 .441 .528 .,194 .098
4 «398 L4233 L4061 .47%  J4ATO  W462 438 .514  .179 .086

Thesé’f;sults weré éléo cénfi?@éé wﬁeﬁ éoiﬁﬁionéyof érysﬁailin; 5éwiﬁ éi;w
cohol were substituted in place of the saponified corn oil solutions.
Since complete separstion is not achieved using Skellysolve as the solvent,
verious solvent mixtures were tried.

(b) With Hexane ~ Alcohol llixtures s the Develooing Solution. -The

effect of adding small amounts of zlcohol to Skellysolve and using the
mixture as a developing solution for the alumine chrometographic step is
graphieslly showvm in Fig. 18. fpproximately 10,000 units of Dy in one ml.

Skellysolve vere added to the wet elumine column, and five ml. portions of
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the developing solution were used to develop the chromatogram, saving
the corresponding fractions of the filtrate. The approximate threshold
volunes for each solvent mixture were determined by plotting the ex-
tinction of the filtrete fraction @ 265 mu against the number of the
fraction. £Any great increase in extinction at 265 mu indicated the
presence of Do in the filtrate end in all cases if & large increase
occurred, the complete absorption curve resembled that of pure Doe

No further work wes done using Skellysolve-alcohol mixbtures as a
solvent because it was found that interfering substances of corn oil
were also carried inbto the filtrate elong with the DZ’ |

(c) With Skellysolve-FEther Mixbtures As the Developing Solution.——
The epproximete threshold volume for the alumina column, using Skelly-
solve-ether mixtures as the solvent, was determined in the same manner
as for the Skellysolve-alcohol mixtures in part (b). This is shown in

Fig. 19. The small increase in extinction in the first fraction indi-

cates that e residue is eluted from the alumina. Absorption curves of =

the residue eluted from a four gm. aluming column by successive {ive-ml.
portions of ether is shown in Fig. 20. Approximately 10 ml. of ether
is required to reduce this to & minimum. The characteristics of & pre-
washed column of zlumine were then determined.

A speciel apparstus with which fractions of the percolate could be
teken vithout disturbing the equilibrium of the column was constructed
(Fig. ?1). Approximstely 10,000 units of crystalline D, in three ml. of

1:1 Skellysolve-cvther solution wes added to a four gm. column of alumira
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vhich had been prewashed with 10 ml. of ether. The absorption curves
of the vaerious fractions taken are shown in Fig. 22.

From these curves it appears that the filtrate obtained up to the
point where eight ml. of developing solution has passed through the
column, msy be discerded withoubt loss of vitamin D,(:. The D2 can be
quantitatively recovered from the sluminc column at this poimt by
eluting with 15 ml. ether. The recovery of the Dy (10,000 units)
from the column is shown by comparison of the ebsorrtion curves in
Fig. 23 of an untreated sample and & sample cerried through the pro-
cedure using eight ml. of the 1l:1 developing solution followed by elu-
tion with 15 ml. of ether.

In order to determine if this ssme separstion and recovery could
be obtained for crystalline Dz in corn oil, a solution was prepared

to comtein 9,680 units D, per gram. The nonseponifieble portion of a

?
1.000 grem semple of this solution was chromctogruphed through Super-

filtrol end then zdded to & four gm. elumina column as sbove. Ab-

s I‘t i e fractlon - of R T TR S P o b e Ti s s i
colunn are shown in Fig. £4. Herc egain, it appears that the {iltrate
mey be discarded up to the poirt where eight ml. of developing solution
has passed through the column.
Two additionel samples were run ciscarding all the filtrate up to

this poimt, and eluting the D, from the column vith 15 ml. of ether.

2
The recovery of the D, is cuanbitetive as shown by the following table:
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Csleouleted D2 Theoreticel
Semple E (1%, lem.) Units/gm. Do Units/gm.

1 1023 10,230 9,680
2 .0900 9,000
Lv. 9,615

A similer study wes mede with e Nasbole oil end ebsorption curves
of verious fractions of the filtrete from the zluminz column are shown
in Fig. 25. From this set of curves it appears also that eight ml. of
developer may be paessed through the column &nd the {iltrate discarded
without loss of vitamins . Elution vith ether is not practical, how-
ever, since extrazneous meteriel is eluted after 9 - 12 ml. of edditionel
developer hus passed through.

To check the results from these curves, 1/2 ml. of each of these
frections wes trested vith antimony trichloride reagent and its extince-
tion st 00 mu wes measured on the spectrophotometer. Results were as

follows:

Filtrate Log I,/1

¥rection @ 500 mu Remerks
1 27 Cherry-red color producecd
e 27 Cherry-red color produced
& «25 Cherry-red color produced
4 .38 Typical I, orange color produced
5 40, Typical Dy orange color produced
6 Y Typical D2 orenge color produced
7 22 Typicel D2 orenge color produced
8 22 Typicel Do orange color produced
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Thus, btoth the ultraviolet gbsorption curves and the color reaction with
entimony trichloride reegent of these fractions indicute complete scpa-

retlon of the vitemin D5 from other interfering compourds.

Smell Superfiltrol Column Cherscteristice:

The sepsration achieved by & siz-em. Superfiltrol column for both
fish liver oils #nd irredisted ergosterols using & Skellysolve-ether-
clcohol mixture as e solvent has been discussed by various suthors (2, 1%,
1%, 1€, 47). Powell (21) found that by inercecing the length to 9-cm,
an¢ prewaching the column with the solvent mixture ¢ guaentitstive separa-
tion of vitemin Dg could be obtuined from irradizted ergosterols in vole-
tile solvents. The lorger column wus then applied to high-potency irru-
dirted ergosterols in corn oil for this study. This column, however,

reguires large amounts of solvents end adsorbent so @ study was mede to

L]

determine if o smeller diameter column (8 mm.) could be used.

Pinkerton (29) hes quanmtitctively sepersted celeiferol, from simple

socgrnthetic mixturés of the vitanin with the provitamin ergosterol, by
meeng of a short four-cm. column of Superfiltrol. A mixture of &0 parts
Skellysolve und 10 parte ether wae used es s solvemt. Since no visible
bande eppear on this column, & fixed omcunt of developing solutiorn (8 ml.)
mist. be added after the sample which ie taken up in three ml. of the
solutior ie added to the column. 4 mothemcticzl means of correcting for
residues from Superfiltrcl and solvemnts vies employed.

In order to compare the 8-mm. dicmeter, leng and short Superfliltrol

colunneg, the nonsaponifieble fraction of one gm. ¢f an irradicted



- The-factor: 86,960, which.has.been zpplied to almost sll methods in =
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ergosterol in corn oil conmteinipg approximately 500,000 unité per grom
#6105) was cerried through their specific procedures. This was fol-
loved in each case by the reguler alumine chromstographic step using 1l:1
Skellysolve-ether mixture as the solvert. The absorption curves of the
filtrute from each column are showm in Fig. &6. It is quite evident
from these curves that while the 9-em. column retsins almost 50% of
the Dy, little or no Dp is retained by the short column and & good sepa-
rction is echieved. The short four-cm. column was, therefore, edopted
for the Two Chrometographic Step Ultraviclet Absorption Curve Method.

Some discussion of the various conversion factors used in this study
scems desirable.

For the antimony trichloride colorimetric method the fector 19,3500
proposed by Ewing et al (l2) was used and s thorough discussion as to
how it was obtained is given by these suthors. This factor was also used
succecsfully by Powell (31) when epplied to irradicted ergosterols in

volatile solveits.

this study in which the E(17%, lem.) @ 265 mu is used as a measure of the
amount of vitamins D presemt, is obtained by divicing the number of vitu-
min Dp units per gram of the.standard caléiferol (40,000,C00) by the

"E(1%, lem.) @ 265 mu, which is 460. Arnold (1) hes indiceted that cal-
ciferol cortains 49,000,000 units per gram. Livingcod (Zl), in & stetisti-
cel study carried on simultaneously in these lsboratories using the single
chrometographic step ultraviolet esbsorption curve method for high-potency

oils propocsed in this investigation, found thet the conversion fuctor choulc
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be more neer 100,G00. For thig reason the 100,000 factor is used
tentustively for the Two Chrometogrsphic Step Ultruviolet fLbsorption

Curve Method.
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SUMMARY

1. Very little or no correlstion con be made between the ultraviolet
ehsorpbtion curves of an untreated or saponified corn oil solution of an

irradizted ergosterol and its vitemin D potency value.

€. Chenical trectment of the nonszponifiable fraction of an irrzdi-
ated ergostercl with digitonin or anhydrous HCl coes not increase eppre-
cicbly the accuracy of the potency evalustion of the oil from its ultra-
violet absorption curve. The anhydrous HC1l probsobly removes the vitamin

DE. elong with squalene Lype compounds.

3. Interfering substances can be successfully removed by chromato-
graphic adsorption upon & Superfiltrol column znd an alumine column.

(2) Vitemin A4, carotenoids, pigments, and possibly toxisterol
and lumisterol are removed by means of a .prewashed Superfiltrol
colwnn using either & mixture of Skellysolve B and ether or &
Skellysolve-ether-alcohol mixture es the solvent. The vitamins D
arc collected in the filtrate.

(b) Solven‘b and Superfilt*‘ol reszcues s end squalene type com-
pounds cen be removed by use of an a‘um:ma oolumn end & l 1 Skelly-—w”
solve—ether_mixture as the solvert. The vitemins D are reteined
oﬁ the column and must be eluted vith ether or additional developr-~
ing solution.

4. Two physical chemical methods for determining the vitamin D.z‘

content of high potency samples of irradistec¢ ergosterol in corn oil

have been developed.
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One method, using the ultrsviolet ubsorption curve of the nonszponi-
fiuble fraction of the oil sample vhich heé been chromctogrephed with
Superfiltrol to seperczte the impurities, guve en esversge varistion from
the bioasszy value of 14.5% when 49 differert oils vere tested. This
method ic recommended for oils conteining 50,000 or more vitanin D2 units
per grem, when one-gram szmples are used.

A colorimetric method? using the color reection of vitamin Dé obtuined
by adding an entimony trichloricde resgent to the nonscporifieble frection
of the oil sample, gave en everage varistion of 15.8% from the bioassey
velues of 51 high-potency oils and an avercge difference of 16.4% from

the biozssey vulues of six low-potency oilg., This method is recommernded
for oil solutiong of irrcvdicted ergosterol, having « potency of 10,000
vitomin Dz unit s or more per grunm.

S. £ two chromstogrephic step method for determining the vitamin D
cortent of both high or low potency irrediated ergosterols in corn oil

ené poseibly multivitemin oil solutions has heen developed.

.The nonsaponificble fre

rt

ction of t

ik

using e four-cm. Superf{iltrol column. The vibtumine D collected in the
Tiltrete cre then adeorbed upon en clumina column for further purification.
The ultreviolet sbsorption curve of the eluted vitrming D is then used to
evelucte the potency of the original oil.

The avercge devigtion from the bioessey vulue for six irredisted

ergosterols end one crystclline Dy solution in corn oil was 17.11Z. These

L N




56

SUMMARY

renged from 1,000,000 to 9,680 units/grem. The method wes shown to be
securshte for oils heving potencies es low as 2,000 - 3,000 units/grem
by diluting & higher vzlued oil to this renge.

Seven multiple vitumin solutions tected by this method ranging

from £59,000 to 1,590 units/grem showed an aversge veriaction of 41.7%.
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Absorption Curve Method. (Superfiltrol Column).
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Figure 8. - Celculeted absorption curve of material removed from corn oil
solution of irredisted ergosterol §73378 by HCl treatment: 1,
0il 773976 after saponificstion; 2, 0il #73978 after seponifi-
cstion and HCl treatment; %, curve 1 minus curve & (material
removed by HCl treetment).




68

1.00
.90
.80
70
.60

4
~
HO
o450
Q
=1
)
(v}
0w
2 .40
£
A
%
1
<30
20"
.10
0
250 240 250 260 270 280 290 300

Wave Length in Mu.

Figure 9. - Calculated absorpticn curve of materisl removed from corn oil
solution of irradisted ergosterol #7%376 by a column of Super-
filtrol: 1, 0il #72978 after saponificetion; 2, 0il #7978
after saponification and chromatogrephing with a column of
Superfiltrol; 3, curve 1 minus curve &. (materiel removed by
Superfiltrol).
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. - Absorption curve of material removed from corn oil solution of
crystalline vitemin D2 by digitonin treatment: 1, Dy solution
after saponificaticn; &, Do solution efter saponification and
digitonin trestment; &, curve 1 aminus curve 2. (materisl

removed by digitonin).
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Figure 1l. - Absorption curves of irradieted ergosterols in oil after treat-

ment by the Two Chrometographic Step Ultraviolet Absorption
Curve method: 1, 0il #0339, 1,000,000 u/gm.; 2, Oil #96339,
151,000 u/gm.; 3, Oil #98449, 464,000 u/gm.; 4, Oil #2319,
11,250 u/gm.
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Figure 12. - Absorption curves of various multiple vitamin solutions after

treatment by the Two Chrometographic Step Ultraviolet Ab sorp-
tion Curve method: 1, ABDEC, multiple vitumin solution in
ethylene glycol; 2, Haliver 0il #37756; 3, Natole #37786; 4,
High D oil (mostly Dz) #0396; 5, Oil mix for Natola (75% Do,
25% DS) #6299,
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Fizure 13. - Absorption curves of various dilutions of irradisted ergosterol
#6105 witn corn oil which vere treated by the Two Chrometographic
Step Ultraviolet Absorption Curve actnod. Dilutions rzn were:
(1) 13,490 D, u/gm.; (2) 6,660 D, u/gm.; (3) 3,380 Dy u/gm.; {4)
1,652 D, u/em.
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Firure 1%. - Absorption curves of various dilutions of irradisted ergosterol
#6105 witn corn oil which were trested by the Two Chrometograpnhic
Step Ultraviolet Absormtion Curve method. Dilutions rgn wered
(1) 18,400 D, u/gm.; (2) 6,560 Dy u/gm.; (3) 3,380 Dy u/gm.; (4)
1,652 D, u/em.
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Figure 14. - Zbsorption curve of blank sample (10 ml. ethenol) at the end of various steps in the saponi-

fication procedure:: (1) after saponification end extraction; {2) after saponification,
extraction, and weshing; (3) after ssponification, extraction, washing, and drying through
NagS04; (4) residue from 130 ml. ethyl ether (enhyéd.).
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3

- ibsorption curves of &n ergosterol-calciferol mixture after
tresting with various amcunts of 1% digitonin. Amounts are:
(1) untrested solution; (2) & ml.; (3) 3 ml.; (4) 4 ml.; (5)
6 ml.; (6) calculated curve of celciferol present.
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®igure 16. - Absorption curves of various fractions of the nonsaponifiable

portion of crystelline D, in corn oil tuken as filtrate from 6
gram alumina column using Sxkellysolve as the solvent. Volumes
for each froction are listed in order taken: (1) 4 ml.; {(2)

4 ml.; (3) 4 mi.; (4) 5 ml.; (5) 5 ml.
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Figure 17. - Absorption curves of various fractions of the nonsaponifiable

portion of erystalline D, in corn cil teken as eluate from ©
grams alunina column using Skellysolve as the solvent. Volumes
for each fraction are listed in order taken: (1) 5 al.; (2) )
5ml.; (3) 5ml.; (4) 5 ml.; (5) 5 ml.; (8) 5 ml.
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Figure 18. - Approximate threshéld volune of 4 gram alumina column for vitamin D2 using various Skelly-
solve-alcohol mixt@res as the solvent. Skellysolve~zlconol rstios used were: (1) 100:1;

1 2 3

. Percclete Frzction Number (5 mi. each)

(2) 59:1; (3) 50:3; (4) 50:5; (5) 50:8.
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Figure 19. - Approximate threshéld volume of 4 gram aluninz coluan for vitemin D2 using various Skellysolve-
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0. - Absorption curve of resicdue eluted from 4 grem slumina column
by successive 5 ml. portions of ether: 1, first porticn; 2,
second portion; 3%, third portion.
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A - Small Vials Used As Receivers.
B - Carriage For Viuls. (Slots
For Vials Centered on Circle
of Radius R.)
C - Chromatograph Tube - 8 mm.
diegmeter.
D - Cotton Plug.
E - Large Rubber Stopper.
F - Base of Brown Bottle.
c __\\\\\
D ——>» To hspirsator
; G

Figure £1. Special Apparstus Designed For Collecting Fractions From
Chromatograph Column Without Disturbing Equilibrium.
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Figure 2. - Absorption curves of various fractions of 17,000 units crystalline T

order teken:
(8) 2 ml.; (7) € ml.; (8) 2 mle; (9) £ ml.; (12) 2 ml.; (11) 2 ml.

teken from alumina column.

Volumes f{or each fruction &re listed in

(L) 3 mle; (2) 5 mle; (3) 5 mlo; (4) 2 ml.; (5) 2 ml.;
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Figure 23. - Recovery of crystelline Dy from elumina column: 1, untreated D2
solution in 1l:1 Skellysolve-ether; &, same D2 solution cerried

through slumina chromatographic procedure.
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Figure 24. - Absorption curves of various fractions of the ncnsaponifisable
portion of crystslline D2 in corn oil (9,880 u/gm.) teken from
the alumine column. (Superfiltrol step preceding). Volumes
for esch fraction are listed in order taken: (1) ¢ ml.; (%)
€ ml.; (3) 2ml.; (4) 2ml.; (5) 3 mle; (6) 3 ml.; (7) 3 ml.;
(8) 2 ml. :
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Figiare 25. — Absorption curves of vurious fractions cof the nonsaponifisble
portion of Natola oil taken from tne salumina column. (Super-
filtrol step preceding). Volumes for esch frection are listed
in order tuken: (1) £ ml.; (2) 2 ml.; (3) 3 ml.; (4) 2 ml.;
(5) 2 ml.; (6) 2 ml.; (7) 3 ml.; (8) 3 al.
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Figure $8. - Compsrison of Tiltrate from 4 cin. and 9 cm. Superfiltrol

Columns using the nonsaponifisble fraction of 1 gram of
Irrcdiated ergosterol #6105 us the solute: 1, riltrate from
9 cm. column; ¢, filtrate from 4 cm. column.
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