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THE ULTRAVIOLET ABSORPTION OF VITAMIN Ki AND THE EFFECT OF
LIGHT ON THE VITAMIN

The relationship between chemical struoture and
ultraviolet absorption spectra 1s nowhere illustrated bet-
ter than in the study of vitamin K and related compounds.
One generalization which we presented in a previous pub-
licaticn(l), namely that the vitamin K absorption curve
presents a summation of the benzenoid and the quinoid
components of the disubstituted naphthoquinone molecule,
recently has been extended by Morton and Earlan(Z)to the
anthraquinone series., Because of thé importance of this
‘aspect we have reinvestigated the structure of the ab-
sorption curve of fhe vitamin and have studied in detail
the influence of light and other factors such as ths
presence of acetic acild which.sometimes is added as a
stabilizer. It was hoped also that the results of this
detailed study might clear up the controversy between
Karrer(z)(4)and Doisy(a)(s)regarding the absorption
coefficients of the pure vitamin. Another object of our
work was to check the ident ity of the natural with the

synthetic¢ vitamin,
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Apparatus and Materials

The samples of vitamin xi, both natural and
synthetic, used in this investigation were prepared by
Doisy and his associates at the Saint Louis University
School of Medicine. They were examined with a Bausc@
and Lomb medium quartz spectrograph and ultraviolet
sector photometer, with a Hilger No. H-698 hydrogen
discharge tube as the source of continuous ultraviolet -
light,

The hexane used as the solvent in this study
was the Eastman "Practical®™ grade, which was purified
and redistilled, The purification process consisted of
five to ten shakings with 10% fuming sulphuric acid, two
washings with 10% Nazco5 solution, proclonged shaking
with 5% KMnO,-10#Ne,COz solution, fifteen to twenty
washings with distilled water, drying for twenty-four
hours over calcium oxide, and distillation twice over
freshly fused calcium chloride. The purified hexane
boiled at 64.5-65.006. and its absorption speetrum between

A200 and A800 mu did not show the presence of impurities.

The source of irradiation for the study of the
effect of ultraviolet 1ight on the vitamin consisted of
a Genersl Electric no. H-4 mercury arc lamp, a condensing
lens, a Cenco ultraviolet transmitting filter, and a
Cenco infra-red absorbing filter. This combination

transmitted only the A365.5 and 366.3 mp lines of mercury.
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Bausch and Lomb 10mm. absorption cells with
detachable quartz ends and monel metal fittings were
selected for this investigation. The spectra were re-
corded on Eastman No. 40 plates, processed five minutes

in Eastman Developer Formula No., D-19.

Experimental Part

Specimens of the vitamin weighing between one

- and two milligrams were dissolved in sufficient hexane to
glve a 0.0025% eoncentration on the weight-volume basis.
Since in earlier work a trace of glacial acetic se¢id had
been added to all spécimens of the vitamin for preserving
purposes and a question had arisen as to whether or not
the acetic acid was affecting the absorption and should
be removed, measurements were made both in the presence
and absence of acetic acid to disclose this effect if
present. It was found that the presence of acetic acid
in amount equgl to the weight of the vitamin had no
noticeable influence on the absorption curve.

In studying the effect of ultraviolet 1light on
the vitamin, the hexane solution was placed directly in
the absorption cell and the spectrum of the unirradiated
sample determined. The cell containing the solution was
then exposed to the ultraviolet light generated as des-
cribed above, at a distance of 30 cm., for a definite

length of time, after which the cell was removed to the

spectrograph and the absorption spectrum again determined.
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Proceeding in this manner, a single sample served for a
complete run, and errors 1nv61ved in transferring volatile
hexane solutions from one container to asnother were
eliminated.

_ After samples of each solution were measured
they were placed in tightly stoppered flasks, weighed, and
stored in the dark. ‘'rhese samples were re-run from time
to time to determine whether or not the vitamin decomposed
upon standing in the dark.

Figure 1 presents the detailed structure of the
absorption curve of the natural vitamin, and Figure 2 that
of the synthetic product. It will be noticed that the
curves are essentielly identical. They differ from the
eurves previously published(l)in that they show a new
maximum et A239 mp and & minimum at A240 my. In both
cases the highest maximum is found at A249 mu and has
an extinction coefficient of 438. The extinction co-
efficients of the many samples of vitamin Kl’ both na-
tural and.synthetic, which we have evaiﬁated during the
course of these investigations indicate that the E%gm of
the pure vitemin is 435%5. This value is in good agree-
ment with that of 425, which we previocusly reported for
the synthetiec product (Reference [IZ page 356). We feel
that this value more accurately represents the extinction
coefficient than that of 540 which we reported in the
same publication (Reference ZI?, pagé 350, Fig. 6).
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| It is known that vitamin xi is affeeted by
light with loss of physiological estivity and modifice-
tion of the absorption spectrum. XNo systematic study
of the effect of 1light has been reported snd little or
nothing is known concerning the ehémical change that
occeurs in the structure of the vitamin when exposed to
light. Accordingly, we have made a study of the pro=-
gressive changes that occur when hexane solutions of
the vitamin in a quartz container are exposed to ultra-
violet 1light over definite time intervals.

Figure 3 shows nine absorption curves for a
sample of natural vitamin Ky in hexane solution in the
absence of acetic acid which was exposed to A365.5 and
366.3 mp 1ines of mercury radiation, readings being
taken at 0, 15, 30, 45, 60, 90, 135, 195, and 255
minutes, respecstively. It will be noted that the ex-~
posure produces a gradual lowering of the maxima at
A\239, 243, 249, 260, end 269 mp, and a less pronounced
decrease in the maximum at A325 mp, indicating a
gradual decomposition of the vitamin.

Figure 4 shows a simllar set of curves for a
sample of synthetic vitamin xi containing a smell amount
of acetic acid, determined under identical conditions as
those illustrated in Figure 3. The curves are essential-
ly the same except for a slight stabilizing effect of the
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acetic acid during the first few exposures.

In both of the above cases, the initial effect
is most prononﬁoed on the maxima at A260 and 2269 mp
which we previocusly have shown to be associsted with the
quinone strueture (Reference /I/, page 350). It follows,
therefore that the point of attack is through the quinone
grouping. 1n conneétion with these figures it is interest-
ing to note that the nilne ceurves intersect at approximately
A277 mp, and that less definite iso-extinetion coefficient
points ocecur at A230 mp and AZ05 mp.

No attempt was made to correct for the effect
of exposure of the sample to ultraviolet light from the
hydrogen discharge tube during the exposure of the plate,
because a series of runs made for the purpose showed that
‘the effect of this light was negligible.

MacCorquodale, Binkley, et al.(V)report that
vitamin Kz i3 unstable when exposed to light, and ourves
were presented in our previous article shoﬁing the de-
terioration of the absorption curves of samples of
vitamins Kl and K, when exposed to diffuse daylight. 1Imn
order to determine, if possible, the wave lengths or
wave length of light causing this decomposition, samples
of viteamin Ky were exposed to various wave length regions

from infra-red to ultra-violet. The results are shown

in the following teble.



Source of

Rediation [ 1ilters Used Time Effect
Nernst Glower None 3 hrs. Slight decom-
position
" n Zeiss R-30 n o®n No effeect
Tungsten Filament Wratten 45 min. n0om
Lamp nAn
" n " Wratten n n n "
upw .
" n " Wratten » n n "
ncu
Hg Arc Cenco ultra- 15 min. Decomposition

violet transmit-
ting plus Cenco
infrae=-red absorb-

ing
Diffuse daylight None 2 hrs, Decomposition

These data show that light radiations between
)00 and 800 mp have no apprecisble effect on the vitamin.
The slight decomposition shown in the case of the Nernst
glower with no filter wasfprobably due to the ultraviolet
light present in the radiation from the incandescent
filament of'the glower, Thus, the decomposition report-
ed earlier as being due to the effect of visible light
probably was due to the small amount of ultraviolet pres-
ent in diffuse daylight.

We reported previously that vitamin Ki was un-
stasble in hexane solution in the dark. However, using

specially purified hexane, we can now report that vitemin Ky
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in dilute hexane solution is stable for periods up to

five months when stored in the dark at room temperature.

Discussion

Since karrer and Doisy first begen publication
on vitamin xi there has been a discrepancy between the
two laboratories concerning the correct value for)E%%m at

(8

A249 mu. In their first publication Dam et al. gave

(5)
a value of 280 end McKee et al. a value of 386. In

subsequent publications Karrer(a)(4)has claimed that
his vitamin preparation was pure and that 280 was the
correct value for the extinetion coefficient. In an
effort to discern the cause of the discrepancy, we have
made numerous measurements on both natural and synthetiec
viﬁamih”Ki”sAﬁﬁléé“whidﬁ”Wéie'brépéred“éﬁd’éﬁﬁpiiéd“to )
' us by Doisy. We find that the E%%m at A249 mu is 435%5
(Log By = 4.29). This value is in good agreement with
values reported by D. M. Bowen(g)(log B, - 4.24-4,27)
(in alcoholic solution) and T. J. Webb(g)(log E, = 4.26)
(alcoholic solution). We believe that this is the
correct value for either pure naturasl or synthetic vit-
amin Ki in hexsne solution.

0f particular interest in connection with
the controversy between the two laboratories is the
fact that(gg%g)groups agree on the values for E%émtbr

vitamin Kp and for the diascetate of dihydrovitamin



1) (4
q(mg%;43m(u).

In view of our close agreement with other
leboratories it is Karrer's responsibility to explain
his low values for ‘%m for vitamin K;. From a
structural point of view the chief difference between
vitamin Ky and vitemin Kp is the size of the side-chain
in the 3-position. Since the side-chain in each case is
aliphatic and contains no conjugated double bonds, the
absorption spectra for the two compounds would be ex-
pected to be quite similar. If the absorption is due to
the naphthoquinone portion of the molecule and is not
influenced by the size of the aliphatic side-chain in
the 3-position, the Ei%, values for the two vitamins
should be inversely proportioned to their molecular
welghts end thewlog<3m~values-sﬁeuld.beméqual.mSThe_},;
same ressoning holds true for the discetates of vitamins
Ky and Kse. Actually this is the case. The log Ey values
for vitemins K; and Kp are 4.27 and 4.29 respectively,
and the values for the corresponding diacetates are 4.93
end 4,93, 1t 1is significant that the molar extinction
coefficients obtained for vitamins Kj and Kp agree well
with values obtained by Tishler et al.(g)for three
erystalline 2,3-dialkyl-l,4-naphthoguinones, These
quantitetive relationships are good evidence in support
of the correctness of our values,

A compar%f?n of the ebsorption curves previous-

ly published by us , as well as those now presented,
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with that illustreted in the article by Dam, et al,

suggests that there might be a proportionate dis-
crepancy between the helghts of the respestive extinction
sosfficients at 249 mu and A325 mu. As a matter of
fact, the discrepancy is not serious., Xarrer's curve

was plotted as log E%ém versus wave-length, which tends
to enhance the 325 m maximum, and was compared in

this form with our curve which was plotted as E%%m versus
wave-length. This latter method shows better the fine
structure in the region A239 mu to A270 mp, but gives

8 less pronounced meximum at A325 mp.

An examination of the absorption curves show-
ing the effect of ultraviolet 1light on solutions of
vitamin K gives a certain amount of information as to
the actual chemical change involved. We have stated
in the experimental part of this paper that the point of
attack probably is through the quinone grouping, and |
may add that the A325 mp maximum which we previously
associated with the ring structure changes more slowly
then the rest of the ecurve,

| 2~Methyl-l,4-naphthoqulnone upon exposure to
light for long periocds of time is decolorized and
forms a polymer of known structure(lO). It is possible

that a similar reasction occurs when vitamin Ky is ex-

posed to light.
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Summarz

l. A more careful examinastion of the absorp-
tion curve of vitamin Kl shows the presence of a new
meximum at A239 mp.

2., The E%ﬁm of pure vitamin Kj at A249 mp. is
435+5, '

3., Vitemin K; in hexane solution is stable
upon standing in the dark at room temperasture for as
long as five months.

4, Vitamin Ky in hexane solution is decom-
posed rapidly by the action of ultraviolet light, while
visible and infra-red radiastion have no effect. The
point of attack probably is through the quinone group.

"5+ The presence of acetic acid has'mno
noticeable effect on the absorption curve.

6. oOn the basis of the absorption values re-
ported by Dam, Geiger, Glavind, Kerrer, Rothschild, and
Solomon, their product appears to have been 60 to 80

per cent pure.

k¢ ok ok oK o 3k 3 koK
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' THE QUANTITATIVE CHROMATOGRAPHIC DETERMINATION OF
VITAMIN D IN FISH LIVER OILS

The quantitative determination of vitamin D
by chemical means has béen the obJjest of several inves-
tigations in recent years. Brockmann and Chen(l)report-
ed that vitamins Dz and Dz when treated with a solution
of antimony trichloride in chloroform give an orange-
yellow color which soon reaches a meximum at A500 my,
and that the messurement of the absorption at this wave-
length gives a measure of the emount of vitamin present.
This procedu?g)has been reinvestigated and (3)

emplified by Marcussen . Niel%,)Russell, and Zimmerli
4

'and Milas, Heggle, and Raynolds '+ In each of these

reports it has been shown that the Brockmann and Chen
color reaction is applicable only where the vitamin is
present in the pure form or where interfering biological
materials have been reduced to very low concentrations.
The most troublesome of these interfering materials are
vitamin A, sterols, irradiation products of the sterols
other than vitemin D, and the tocopherols. Among the
methods suggested for separation of such materials were
chromatographic adsorption, freezing out of sterols, and
the treatment of the semple with maleic enhydride for
the decomposition of vitamin A.
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The metho¢~to be described here involves an
improved chromastographie treatment to remove #itamin A,
the remgval of interfering sterols by freezing and pre- .
eipitation with digitonin, and the measurement of the
absorption at A500 mpproduced when the purified sample

1s added to a solution of entimony trichloride in

chloroform containing a small amount of acetyl chloride.

‘Apparatus and Materials

| The extinction coefficient measurements weré
made on a Bausech and Lomb polarization type visual
spectrophotometer. The absorption cells were Bausch and
Lomb one centimeter cells with glass spaeers, quartz end

plates, and monel metal fittings., Adsorption tubes for

‘the chromatographic procedure were made by sealing a

10 em. length of 7 mm. pyrex tubing to the bottom of a
5/8"x 6" pyrex test tube.

The SbClECHClscH30001 reagent was prepared
according to Nield et al(a), by dissolving 22g. of C.P.
antimony trichloride in purified chloroform, diluting
to 100 ml,, and adding 2 ml. of redistilled acetyl chlor-
ide to the resulting solution. The chloroform for this
reagent mist be earefully purified and dried as follows:
Shake repeatedly with distilled water to remove the
aleohol, distill and discard the first quarter of the
distillate, reflux for two hours over P505 and filter,
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"The filtrate is shaken with activated carbon to remove
the small amount of phosgene formed during the refluxing
with Po0g5, flltered and the filtrate redistilled. The
purified chloroform should be stored in the dark, This
produet is relatively unstable and the purification
should be carried out on small lots.

The mixed solvent for the chromatographic pro=-
cedure was prepared by adding 10 parts of C.P. anhydrous
ethyl ether to 50 parts (by volume) of commercial hexane
(Bastman Practical grade).

The ether was purified by weshing repeatedly
with distilled water, distilling, and redistilling over
sodium.

The hexane was used as received.

| The edsorbent wes a fine grade of sctivated
Bentonite clay or "Superfiltrol”.
Semples of fish liver oils and vitamin D

concentrate were supplied by Parke-Davis and Company.

Experimental

A saﬁple of fish liver o0il or concentrate to
contain 20,000 to 80,000 vitemin D units was weighed,
10 ml. of N/2 alcoholic KOH added, and the sample heated
for one hour on the steam bath. The resulting solution
was cooled, 20 ml. of distilled water added, and the
solution extracted three times with 25 ml. portions of

ether. The combined ether extracts were washed with
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distilled water in a separatory funnel until the wash-
ings gave no resetion with phenoclphthalein, dried over
anhydrous sodium sulfate, and f1iltered.

The filtrate was evaporated to dryness under
reduced pressure, the residue taken up in 10 ml, of
absolute methanol, and & ml. of the resulting solution
pipetted into a 15 ml. centrifuge tube. The centrifuge
tube and metal holder were cooled to -15° C. in &n
acetone bath kept at this temperature by additions of
ary ice. The ¢ooled solution ias centrifuged, the super-
natant liquid poured off, the preelpltate washsed twice
with 2 mi. portions of methanol=~e00ling and centrifuging
after each addition--and the liquid and washings trans-
ferred to a second 15 ml. centrifuge tube.

. To the resulting 9 ml, of solution was added
1 ml, of distilled water and 2 ml. of 2% digitonin in
90% methanol solution and the mixture allowed to stand
at 1ea$t two hours. At the end of this time the mixture
was centrifuged and the precipiltate washed twice with
2 ml. portions of 90% methanol; the washings were added
to the bulk of the separated liquid. The solution was
then evaporated to dryness under reduced pressure and
the residue taken up in 5 ml. of the ether-hexane mixture.
The resulting solution was chromatographed as follows:

The adsorption tube was prepesred by placlng
a small cotton wad in the bottom of the tube and adding
the adsorbent to a depth of about §0mm., tapping the tube



after each small addition to pack the adsorbent. Slight
suction (4 om. Hg) was applied to the tube and 5§ ml, of
the mixed solvent added to wet the adsorbent. The 5 ml.
ssmple from the sterol separation was then sadded, follawe¢
by & ml. of the solvent used to rinse‘the flask, and
finally 20 ml. of the solvent to deveiop the ocolored bands
formed in the adsorption tube, KEach eddition of solvent
was made before the 11qu1d from the previous addition had
quite disappeared, in order that drying out of the ad-
sorbent be prevented. 1f the column becomes dry, further
addition of the solvent destroys the bands and the sample
is lost. During the washing of the column with the last
20 ml. of solvent a very narrow and sometimes rather in-
distinect yellowish-green band appears at the lower edge
~of the blue band formed by the vitamin A. This band
provides a convenient reference point for the separation
of the column leter and should be marked Just before the
last of the wash solvent dlsappears. #When the last of

the 1iquid had gone through, the column was dried by
pulling air through it for five to ten minutes and the
upper portion of the column--to the mark previocusly made--
removed with a bent spatula and disecarded. This portion
of the column contains all of the vitemin A. The remain-
1ﬁg portion of thevcolumn was removed to a small erlen-
meyer flask and the adsorption tube rinsed with 25 ml.

of snhydrous ether which was added to the same flask.

This ether-adsorbent mixture was shaken vigorously,
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allowed to stand until the edsorbent had settled, and the
supernatant liquid poured off through a coarse filter
into a second erlemnmeyer. This extraction was repeated
with three additionel 25 ml. portions of ether and the
combined filtrate added to that from the adsorption pro-
cess. This solution was evaporated to dryness under
reduced pressure, taken up in 10 ml. purified ehlorofomrm,
and 1 ml. of the resulting solution added to 10 ml. of
the antimony trichloride reagent. The log I,/I value of
the resul ting mixture at A500 mu was determined, using
the Bausch and Lomb spesetrophotometer, and the Bi%m
value calculated.

The procedure may be interrupted after the

saponification and extraction, or after the extraction

of the lower portion of the adsorption column, when the

vitamin D sctive materiesls are in ether solution. Such
& solution caen stand overnight without measursble loss

in potency.

Data and Results

Table I shows the values obtained on a series
of seventeen fish liver oil and vitamin D concentrate
semples by the procedure descoribed above. The calculated
potency values are on the basis of sample #44090 taken
as a standard. In each case the E%ﬁm value given in the
table is the average value obtained from a set of twé'

duplicate samplese.



Bio. potency Cale, poteney

- Semple Type 2% '0o/5m. DU/ am.
44090 Vit, D Distillate 1.30 22,000 éé,ooo.——-
44080 Vit, D Distillate 1.74 31,000 29,500
47761 High vit. D 011 1.01 15,000 17,100
41860 High vit. D 01l .807 16,000 13,600
56021 High vit. D 0il .670 13,000 11,300
55691 High vit. D 01l 709 12,000 12,000
40090 High vit. D 041  .912 20,000 15,400
18119 Bonita liver oil 1.09 36,000 18,400
56031 Vit. D Distillate .859 18,500 14,600
44470 Tune liver conc. 14,2 240,000 240,000
56961 Vit. D Distillate 1.05 20,000 17,800
57481 High vit. D 0il .495 15,000 8,400

57951 Blue fin tuna oil 1.43 28,000 24,200
57971 Albacore liver oil 2.80 65,000 47,400
57991 Yellow fin tuna oil .946 3,000 16,000
58011 Bonita liver oil 3.20 65,000 54,000
57381 Tuna liver conc. 15.1 260,000 255,000

Table I

Sample #18119 was in very poor physical condition

-=iscolored and full of sediment and suspended particles--

which may account for the very low result obtained in this

case.

There is no obvious explanation for the low value

obtained for sample #57481 or the high value for #57991;

assuming that the biological value is correct as &given.
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The values obtained by the éhromatographic
procedure show good agreement with the bioclogical values
--with the exception of the instances cited above~-and
represent an apprecilable saving in time and expense over

the biological assay method.

Discussion

Vitamin D containing biological materials such
as milk, butter, yeast, fish liver oils, ete., are ex-
ceedingly complex mixtures in which the vitamin D, although
it may be very active biologlcally, represents but a
minute fraetion of the total amount of material present.
At the same time the vitamin "D" in the glven materisl
may be any one of many vitemin D active substances, or a
" combination of two or more such substances.

Fish liver oil, for example, 1is a mixture of
fatty acids, sterols, carotenoids, vitemin A, vitemin "D",
and in some instances tocopherols; in which, aslit has
been shown by Brockmenn and Busse(s), the characteristie
antirachitic principle is vitamin Dy, the vitamin Dz
being accompanied by varying quentities of vitemin D,.

The probiem of chemically determining the antirachitie
potency of such a sample then, offers two possibilities.
Either we must separate the vitamin D esctive principle
from the bulk of the meterisl sufficiently well that the
interferences from these materials will be small, or we

must £ind a reaction specific to the vitamin D active
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substance which wil; work in the presence of other bio-
logical materisls and be sensitive to the small amount
of vitamin D present. Sincece the first alternative seemed
to offer the most possibilities, it was along this iine
that the work was directed.

The ahttmony trichloride color reactioné‘of
vitamins D2 and D5 are ldentical, as first stated by

. (1) (3)
Brockmann and Chen and confirmed by Nield et al

’
and the improved reagent desceribed by the latter in the
same paper gives a greatly increased sensitivity to the
test. The diffieulty 1n the use of this reagent lies in
the faet that vitamin A, certain sterols, and fatty acilds,
carotenoids, and tocopherols; all give color rgaetions
which interfere with the vitamin D color. The vitamin A
eolor is particulaerly intense and troublesome.

Milas, ﬂeggie, and Raynolds(4)describe a
method in which the non-saponifiable fraction of a fish
1iver 0il is heated with maleic anhydride in 1,4 dioxane
in order to destroy the vitamin A, carotenoids, and
possibly 7-dehydrocholesterol; after which the treated
hon-saponifiable fraction is added to antimony trichloride
solution and the E%fm at A500 mp teken as en indication
of the amount of vitamin D present. Several samples were
ran using this method but consistent results could noﬁ
be obtained. Upon further investigation it was found

that, eontrary to the statement of the authors, maleic

anhydride in dioxasne reacts with vitemin D under the




conditions recommended end results in the destrustion of
part of the vitamin Dfas'well as the vitamin A, This
was tested by rnnniﬁé samples of irrediasted ergosterol
in corn oil, containing no vitamin A, with and without
the maleic anhydride treatment. The freated samples
gave lower Eigh values at A500 mu with antimony’tri-
chloride than did the untreated samples, as shown in the

accompanying Table II.

Sample No. Treatment E%gm
33209* As received 7.71
" Non-saponifieble fraction 8.12
n Milas procedure using fresh maleic 2.79
anhyd. and commercial dioxane
n Milas procedure with Eastman Kodak
Co. maleic anhyd. and commercial 3.76
| ~ dioxemne | | |
n Milas procedure with fresh msleic 2.0
anhyd. and purified dioxane**
n Heated 1 hr., with dioxane alone 7.52
" Heated 1 hr., with dioxane and .2g 4,92
maleic anhyd.
"(Ia) Miles procedure A 4,02
"(IIg) Milas procedure ‘ 3.50
"(Ib) Milas procedure plus 15 min.
heating after second addition 4.87
of KOH
"(IIb) Miles procedure plus 15 min.
heating after second addition 3.63
of KOH
Teble II

- * gSample #33209 is irradiated ergosterol in corn oil.

** Phe dioxane used in these tests was purified eccord-
ing to: J. Amer. Chem. Soc. 58, 2264 (1936)




These results show that in any case in which
the sample is heated with maleic anhydride, a breakdcwn'
of the vitemin Dz occurs; and that fhe breakdown 1s not
due to impurities in the dioxane. The last four samples
were heated after the second addition of alcoholic KOH
to determine whether the breakdown product éoald be eon-
verted back to the free vitamin. However, if the effect
takes place it is very small--as shown by the very slight
increase in E%%m value of the heated samples. This
indicetes that either the loss in vitamin Dy upon heat-
ing with maleic anhydride is not due to esterification
or that the vitamin Dy, esters are not easily hydrolyzed.

Attention was next directed toward chromato-
graphic adsorption as a means of separating vitamin D
from interfering materials, Marcussen 2 reported that
an effective separation of vitemin A from vitemin D
could be made by adsorbing the vitamin A from a heptene
" solution of the non-saponifisble fraction of a fish liver
oil. Hydraffin K;, an activated carbon, was used as.the
adsorbent. Since neither Hydraffin K4 nor heptane was
available, a series of tests were made using Norite A as
the adsorbent and hexsne as the solvent, following the
Marcussen précedure in other respects. It was found
that only a slight separation of the two vitamins was
possible by this method--both vitamins being very strong-
1y held by the Norite A. Slightly better separstion wes

obtained when a small amount of ether was added to the
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hexane, but there was still too slight a difference in
the adsorptive power of the Nérite A, with respect to
the two vitamins, to make the separation complete.
Several other adsorbent-mixed solvent com-
binatims were investigated before the activafed benton-
ite-ether-hexane combination was found. These ineluded
activated aluminum oxide, calcium hydroxide, dicalcium
phosphate, zine carbonate, and bentonite; c¢hloroform,
benzene, carbon tetrachloride, and hexane., Of the ad-
sorbents, zinc carbonate, bentonite oclay, and aetlvated
bentonite were the only ones which gave positive results.
The actlion of the zinc carbonate was particularly
interesting because of the large number of sharply de-
fined bands which were visible in ultraviolet 1light after
_the non-saponifiable fraction of a fish liver oil had
been run through a column of this material. No sharp
separation of vitamins A and D was obtained with this
adsorbent, but a moré complete investigation of the bands
produced would make an interesting problem. In each of
the above trials the adsorption column was cut into
sections, each section extracted with ether, the result-
ing solution evaporated to dryness and the residue
taken up in ehloroform, and antimony trichloride solution
added. A quelitative examin=tion of the absorption
spectrum of the resulting solution, particularly in the
regions A620 and 500 mu, gave an indication of the degree

of separation of vitamins A and D.
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The first positive separation was obtained
using bentonite as the adsorbent and a hexane solution
of the saponified sample. With this combination a blue
band was formed at the top of the adsorption column
which when extracted and tested with antimony trichloride
solution, showed very strong absorption at 620 mp.

This was due to the presence of a large concentration of
vitamin A. The lower portion of the ecolumn and the
filtrete, when tested in the same way, showed strong
ebsorption at A500 mp.and very slight absorption at

A620 mu. A better separation was obteined when a smell
amount of ether was added to the hexane used as the sol-
vent. This was to be expected since the esdsorption pro-

cess had already shown the vitumin D to be less tenacious-

1y held by the bentonite, 2nd consequently the desorbing .. .

action of the ether would be more effective toward this
vitamin, The final modification of the adsorption
procedure was the substitution of activated bentonite
for bentonite as the adsorbent. This is a finely divided
product which results in more uniform adsorption columns.
Figure 2 shows the absorption spectrum of
irradiated ergosterol (vitemin Dz), Figure 3 that of
sommercial cholesteroi, and Filgure 4 that of the adsor-
bate from the ohromstograph column--all after treatment
with antimony trichloride solution. ;t will be noted
that Figure 4 is the type of curve which would be expect-

ed to result from a mixture of the pure vitamin Dg and



qholesterol} This is consistent with the statemeﬁt by
earlier workers that sterols are among the interfering
substences present in fish oils., Figure 56 and Figure 6
show the similerity between the ultraviolet absorption
curves of the adsorbate from a chromatograph column and
a solution of irradiated ergosterol in corn oil, in hex-
ane.

Assuming thet free sterols canstitute the
greater part of the interfering meterials left in such
an adsorbate, the next step was to find a means of re-
moving these sterols--either before or after the
chromatographic adsorption. TFreezing out of the sterols
from a methyl eleochol solution by cooling to -15° ¢. was
tried, dbut it was found that the removsel by this means

wes not complete. The method finally asdopted combined . . . .

the freezing process with a preciplitation of the remain-
ing sterols with digitonin--before the adsorption.
Figure 7 1s the absorption curve obtained from a sample
of the same o0il as was used for Figure 4, after the
sterols had been removed by the above treatment. It
shows a marked decrease in absorption in the region below
450 m , and more nearly matches the curve for the pure
vitemin. It was this treatment that was ineorporated

into the finsl procedure.




L 60

L20

)
41/

YL

40

\kﬂ
\
450 350 650 70

\Vave-Lenytk,nyu

FIG. 7 ABSORPTION CURVE OF ADSORBATE

FROM CHROMATOGRAPH COLUMN IN CHLOROFORM

TREATED WITH SbCl, REAGENT. SAMPLE
TREATED WITH DIGITONIN



Summa ry

| l. A method for the quentitative determination

of vitamin D in fish liver oils has been presented; in
which the oil is saponified, cooled and treated with
digitonin to remove sterols, chromatographed to separate
the vitamin A and D, and the vitamin D determined by
measuring the absorption at )500 mi produced when the
sample is added to a solution of antimony trichloride
in chloroform.

2. A table is presented showing the results
obtained on a series of seventeen semples, using the

prbcedure outlined above.
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