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Irradiation of Solutions of Rrgosterol

in an Improved Type Quartz Cell.

The conversion of ergosterol to caleiferol (vitamin Dj)
when activated either in the solid form or in solution with
‘ultraviolot light has been a sudbject of research for several
years. It has been quite generally accepted that during the
course of this reaction several products are formed and that
there is no equilibrium between these products. By actual
isolation of the pure intermediate compounds and determining
all the products obtained after irradiation of each isolated
compound, the sctual number of intermediates and their

sequence of formation has been shown in general to be as follows:

Brgosterol » Lumistorolz——v Pro-te,chysterelz

(Maxima 260, (Maxima

270, 282, & 265 & 280 mu)

293.5 mu]

Suprasterol l1<«—— Toxisterol «— Caleiferol<«— Tachyuterolz
& (Maxima (Meximum (Maxims,

Suprasterol Il 248 mu) 265 mu) 268, 280, &

(Absorption in 294 mu)

far ultraviolet)

The greater part of this work was done by Windaus and his
co=workers.

The course of this reaction has been followed by many investi-
gators using ultraviolet absorption curves of the irradiated solu-

tion.



Morton, Heilbron and Kamm (4 ) irradiated alcohol
solutions of ergosterol using & quartz mercury vapor lamp
and obtained absorntion curves of the irradiated material
at fifteen-minute intervals. They found that the bands
exhibited by ergosterol practically disappeared after 90
to 150 minutes irradiation and a new ateorption band at
247 mu appeared quite strongly.

Van Stolk, Dureuil snd Hendebert ( 6) observed that
when ergosterol was irradiated with a hydrogen lamp the
first three absorption vands disappeared wnile ths fourth
(2608 A°) increased in intensity. Two new bands also ap=-
peared at 2503 A® and 2405 A°. These three bands did not
disappear with further irradiation.

Bourdillon, Fischman, Jenkins, and Webster (2 ) con-
cluded from their study of the absorption curves of irradi-
ated ergosterols, as eompared to the activity‘of the solu-
tions, that three substances were produced in succession.
One substance was thought to exhibit an aoescrption band at
280 mu twiee as intense as that of ergosterol. A second
substance having ne antirachitic astivity snowed an aoserption

maxims at 240 mu while a third substance showed neither anti-

rachitic activity nor marked absorption.
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Kisch and Reiter (3 ) observed that wnen ergosterol
wvas irradiated with the unfiltered 1light of a mercury are
lemp shefd perieds of irradiation produced a materiai
showing absorption maximas at 275 and 245 mu. Further ir-
radiation 1ed_to new absorption bands at 270 and 290 mu.

The effect of using different solvents when irra-
diating solutions of ergosterol has also been studied. Bills,
Honeywell and Cox (1 ) found that curves of the same general
shape were obtaiped when irradiating ergosterol with a
mercury arc in ether, cyclohexane, and alcohol. The rates of
activation, however, were found to be considerably different.
Alcohol solutions reached their maximum activity in 22.5
minutes while cyclohexans and ether reached their peskx in 27
minutes and 252 minutes, respectively. The ether solutions
showed a maximum cod liver oil coefficient of 710,000 while
cyclohexane and alcohol solutions only exhibited coeafficients
of 330,000 end 250,000 respectively. They concluded that
spectrographic cnanges of the solutions were no measure of
antirachitic potency.

The temperature or the selution being irradiated has
very little effect upon the activity of the resulting product.
Webster and Bourdillon ( 7 ) irradiated solutions of ergosterol
at temperatures ot 77.8°, 30.6°, 1°, -18°, and approximately

-183° and -195°C. They found that with the exception of the



last two temperatures, very little changs in asctivity resulted
in the product obtained.

The work of numerous other investigators has indicated
that certain wave lengths of radiation are more efficient and
desirable than othgrs. However, since no attempt was made to
filter out any part of the light used to activate the solutions
in this investigation, work of this nature has been omitted
from this review.

The main purpose of this investigation is to study by
meansg of absorption curves the product opbtained when irradi-
ating ether solutions of ergosterol with unfiltered light from
a mercury vapor lamp in an improved type quartz cell of
industrial size., Some attempt will be made to correlate the
curves obtained with activities of the solutions as determined
by bio-assay as well as by the colorimetric method proposed by

Nield, Russell snd Zimmerli (5 ).
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Experimental

Apparatus and Materials.

l. Brgosterol.-- A very pure grade of commercial
ergosterol was used for these experiments. The absorption
curves of these ergosterols in slcohol is snown in Figs. III
and IV,

2. Bthyl Bther.-- A c¢.p. grade of anhydrous ethyl ether
was used and was tested before eacn run to insure that it
was free of peroxides.

3. Alcohol Mixture.-- For precipitating unchanged
ergosterol from the irradiated solutions an aicohol mixture
was used made up by volume of 902 parts absolute ethyl al-
cohol, 47 parts absolute metnanol, and 45 parts water.

4, Irradiation Unit.«« An improved type quartz cell was
used for irradiating the solutions of ergosterol. Two types
of set ups were used with a few variations. The two general
types are shown in Figs. I and II, The setting on the
variable transformer which furnished the power for lighting
the mercury vapor lamp was maintained constant throughout these
runs.

5. Spectrophotometer,-- All ultraviolet absorption curve

measurements were made upon a Beckman quartz spectrophotometer.



Procedure.

Irradiation of Solutions.

A. Batch Operation.-- The ether solution of
ergosterol (conc. 2.5 g. per liter) was placed in
the cell and constantly agitated and forced back and
forth through the cell by alternately raising and
lowering the leveling tulbs shown in Fig. I. The rate
at which the solution flows is controlled by means of
the orifice shown,

The solution was irradiated for the desired length

of time and then removed from the cell.

B. Continuous Type Operation.,~-- The solution to be
irradiated was placed in the reservoir shown in Fig. II
and the cell was filled by gravity feed. The length of
time in the cell, and thus the irradiation time, was
controlled by varying the rates of tako-off either by use
of an orifice in the line just entering the irradiation
chamber or by plecing a capillary tube in the take-off
line. )

The first 300 ml. taken off, as Well as the solution
remaining in the irrsdistion chember at the end of the run,

was not added to the product taken oft during the run.
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Treatment of Irradisted Solutions.

After tekirg a small sample (1-3 ml.) of the irradi-
ated solution for atsorption curve measurements, the ether
was distilled off in an atmosphere of nitrogen or carbvon
dioxide and the residue taken up in the alcohol mixture
used to precipitate out any unreacted ergosterol. 10 ml.
of the alcohol mixture per 1 g. ergosterol present in the
original msolution represented by the residue is added. The
solution is cooled over night in an icebox and the precipi-
tated ergosterol is filtered off and washed with small
portions of the cooled aleohel mixture. It ie then allowed
to dry ir air and weighed. The filtrate is combined with
the washings and made up to sny deeired volume by adding

sdéditional sieohol,

Colorimetric Method for Determining the Potency.

The potency of these irradiated solutions after un-
reacted ergosterol has been precipitated out is determined
colorimetrieally ueing the moditied antimony trichloride
reagent of Kield, Ruseell and Zimmerii (5 ). The preparation
of the reagent and procedure used by this method is discussed

in Part 1I of this pape~.
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Results

Pertinent data pertaining to esch run made has been
tabulated and is shown in Table I.

Batch Runs.-- Run 3 was made taking small samples of
the irradiated solution every five minutes up to fifty
minutes topal irradiation time. ‘The absorption curve of
each sample in sleohol is shown in Fig. III. _

Runs 17, 18, 19, and 20 were solutions irradiated for
10, 15, 20, and 25 minutes, respectively. Absorption ourves
of the solutions as taken from the irfadiation chamber and
also after precipitating out any unchanged ergosterol were

made and are shown in Figs. IV and V.

Continuous Runs.-- The solutions of Runs 6-14 were ir-
radiated for various lengths of time ranging from 9.5 to
28.8 minutes. Irradiation time for these runs was calcu-
lated from the rate the solution was taken off and the
volume of the irradiation chamber (300 ml.) assuming that
no mixing occurred while passing through the chamber.
Avsorption curves of the solutions, both as taken from
the chamber and also after removing any unreacted ergosterol,
are shown in Figs. VI, VIII, end in Figs. VII and IX,

respectively.
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Physical-chemical potency values listed in Table I
were run by the colorimetric method of Nield, Russell,
and Zimmerli (5) and were taken from the second part of
this paper. Per cent conversion to D, was calculated
from these values relative to the amount of ergosterol
present in the solution after the unreacted ergosterol

was removed.

Discussion

The family of curves shown in Fig. III shows very
clearly the change in the gbeorption curve of a solution
of ergosterol at suecessive intervals of time throughout
the pericd of irradiation. The absorption bands at 270,
282, and 293.5 mu exhibited by ergosterol gradually
deorgaae with increasing irradiation time until they finally
disappear. Then the solution shows only an absorptien maxi-
ma in the neighborhood of 250 mu sorresponding to that of
toxisterol.

The absorption band of ergosterol at 260 mu behaves
somewhat differently. The intensity of‘this band remains
about the same'for the first five minutes of irradiatioen
but then reaches itg maximum intensity atlten minutes. It
then gradually decreases and at twenty-five minutes t;me

increases again to a value not quite as high as that ex-
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h;bi?od'artog ten minutes irradiation. TFurther irradiation
decreases the intensity until the band disappears.

Although the absorption ocurves of the irradiated solu-
tions chango eonsiderably for different periods of irradi-
ation, the per cent conversion to D2 in botﬁ batch and
continuous runs remain quite constant.

The conversion to Dy ranges from 26.4% to 37.4% and
averages 31.3% for the ten continuous runs made. Variation
from the average is very small in most gases.

For the four bateh runs the per cent conversion ranges
from 26.1 to 28.9.

The varied results obtained for the eontinuous runs
indieate that it would be difficult to obtain a solution
having a desired type of absorption curve. This is probably
due to the solution already irradiated mixing with the feed
thus contriduting toward non-uniformity of selutions irradi-
ated for the same period of time.

Since the continuous runs gave such varied results with
respset to types of absorption curves obtained for a certain
period of irradiation, no econclusions can be drawn as to
which irradiation time is most desirable.

RBetter control of irradiation is obtasined by the batch

type method.
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The atsorption curves of each batch run as taken from
the irradiation chamber (Fig. 1V) agree éuite well with
those of corresponding irradiation periods in the family of
cufves shown in Fig. III. Of the four batch runs made, the
20 minute run appears to be the most efficient. However,
not enough runs of this type were made to draw any definite
conclusions. The results from the continuous runs indicate
that solutions having absorption curves corresponding to
those of longer periods of irradiation than this contain
larger amounts of D,. A more extensive study would be neces-
sary to draw more definite conclusions.

It is interesting to note the‘difference be tween the
absg:ppion'cugves’fog tbe irradiated‘solutions before and
after any unreacted ergosterol has been removgd. The_presence
of tachysterol in Run #17 (?ig. V) is irdicated by the
increased absorption bands exhibited at 280 and 290 mu. Upon
further irradiation the intensity of these bands decrease and
siift slightly toward the lower end of the spectrum as shown
by Runs 18 and 19. This would be expected to occur as the
tachysterol is converted to calciferol. The curve begins to
level off and a wide absorption band from 250 to 290 mu exists
indieating the formation of toxisterol along with caleciferol.

Thie is shown by the absorption curve of Run 20 (Fig. V).



The products of all these irradiation runs were dark
Yellow in color and an attempt to decolorize them was made.
An alcohol solution of Run #17 was shaken with activated
charcoal and allowed to sit overnight. The solution was
completely decolorized.

The material adsorbed on the charcoal was desorbed
by swirling with hexane. After filtering off the chareoal,
a colorless solution was obtained having about the same ab-
sorption curve as the originel solution. Thus, it appears
that the coloring matter still remains adsorbed on the
charcoal even after the hexane treatmant.

Absorption curves of the original solution, the de-
colorized solution, and the material desorbed from the

charcoal are shown in Fig. X.
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Summary

1. Wther solutions of ergosterol (Conc.= 2.5g/1liter)
were irradiated with unfiltered light from a mercury vapor
lamp, both as batch and as continuous runs, in an improved
type quartz cell.

2. The per cent conversion of ergosterol to D, is

2
practically eonstant and for moderate periods of irradiation
is almost independent of the irradiation time.

3. For the batch type runs the progress of the reaction
can be followed by use of atsorption curves of the irradieted
solutions.

4, For the continuous type runs, it is almost impossible
to obtain reproducible results, with respect to the type of

avsorption curve obtained, for solutions irradiated the same

length of time under the same conditions.
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Fig. I11.-- Absorption Curve of a Solution of ®rgosterol
at Succesesive Intervals of Time throughout the Irradiation
Procedure (Run #3).
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Mrgosterol was Removed (Bateh Runs).
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Fig. IX.-- Abserption Curves of Irradiated Solutions After
Argeasterol was Removed (Continuous Runs).
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A CHRUMATOGRAPHIC SHPARATION OF CALCIFEROL
FROM IRRADIATET FERGOST®RROLS IN HIGHLY
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A Chromatographic Separation of
Calociferol from Irradiated ®rgosterols in

Highly Volatile Solvents.

The problem of separating provitamins D from various
sterols and vitamins D from natural oils or irradiated
solutions of the previtamins is one which has been studied
extensively and which lends itself readily to the prinei-
ples of chromatographiec adsorption.

The provitamin, ergosterol, has besn separated suc-
sessfully from cholesterol by several investigators using
aluminum oxide as an adsorbent.

Vinterstein and Stein (15) used & column of this ad-
aorbont‘to loporate'thooo two components chromatographically
- and féund colorless zones containing ergosterel in the upper
part of the eolumn and cholesterol in the lower. Benzine
was used as the solvent.

Windaus and Stange (17) and Boer, Reerink, van Wijk and
van Niekirk (2 ) obtained this same separation using different
solvents. They used a mixture of benzene and petroleum ether
and the former added a small amount ef methyl aleohol when
eluting the column.

Karrer and Nielson ( 10) separated ergosterol from
cholesterol by means of the fluorescence produced by irradi-

ation of the solumn, but Ladendburg, Fernholz and Wallis ( 11)






found that the fluerescence produced with ultraviolet light
was weak and for more complex mixtures it was impossible to
distinguish between the zones of the ultra-chromatogram. In
order to produce visible zones to obtain a better separation
they prepared the azobenzenemonocarboxylic acid esters ot
the sterols which gave visidble adsorption zones and which
could be hydrolyzed by simple saponification. Benszene was
used as the solvent and a mixture of bonzene and petroleum
ether was used for develeping the chromatogram. After
studying various sterol mixtures they concluded that only
those differing in the number of double bonas could be
separated by this metlrod. |

The chromatographic separation ot vitamins D from
natural oils and irradiated soluticns of provitamins is some-
what difterent because a dirférent type of by-proeducts must
be eliminated. After isolating the unsaponifiable fraction
in the natural oseurring oils the chief impurities that must
be removed consists of vitamin A, sterols, carotenoids and
the tecopherols.

Broeckmann (3 ) separated vitamin D from Tunny liver eil
by chromatographic adserption on aluminum oxide using benzene
and methanol as solvents. An indicator having the same ad-
sorption charaeteristics as the vitamin was added to mark

the pesition of the adsorbed vitamin on the column.



II

A Chromatographic Separation of
Caleciferol from Irradiated ®rgosterols in

Highly Volatile Solvents.

The problem of separating provitamins D from various
sterecls and vitamins D from natural oils or irradiated
solutions of the previtamins is one which has been studied
extensively and which lends itself readily to the prineci-
ples of chromatographie adsorption.

The provitamin, ergosterol, has besn separated suc-
sessfully from cholesterol by several investigators using
aluminum oxide as an adsorbent.

Vinterstein and Stein (15) used a column of this ad-
lorbont.to oopuratevthooo two components chromatographically
- and féund colorless zones containing ergosterel in the upper
part of the eolumn and cholesterol in the lower. Benzine
was used as the solvent.

Vindaus and Stange (17) and Boer, Reerink, van Wijk and
van Niekirk (2 ) obtained this same separation using different
solvents. They used a mixture of benzene and petroleum ether
and the former added a small amount ef methyl alecohol when
eluting the column.

Karrer and Nielson ( 10) separated ergosterol from
cholesterol by means of the fluorescence produced by irradi-

ation of the eolumn, but Ladenburg, Fernnolz and Wallis ( 11)



found that the fluerescence produced with ultraviolet light
was weak and for more complex mixtures it was impossible to
distinguish between the zones of tne ultra-chromatogram. 1In
order to produce visible zones to obtain a pelter separation
they prepared the azobenzenemonocarboxylic acid esters ot
the sterols which gave visible adsorption zones and which
could be hydrolyzed by simple saponification. Benzene was
used as the solvent and a mixture of benzene and petroleum
ether was used for develeping the chromatogram. After
studying various sterol mixtures they concluded that only
those differing in the number of doubple bonds could be
separated by this metlrod. |

The chromatographic separation ot vitamins D from
natural oils and irradiated solutiocns of provitamins is some-
what difterent because a ditferent type of by-preducts must
be eliminated. After isolating the unsaponifiable fraction
in the natural oseurring oils the chief impurities that must
be removed consists of vitamin A, sterols, carotenoids and
the tecopherols.

Brooclmann (3 ) separated vitamin D from Tunny liver oil
by chromatographiec adserption on aluminum oxide using benzene
and methanol as solvents. An indiseator having the seame ad-
sorption charaeteristics as the vitamin was added to mark

the pesition of the adsorbed vitamin on the golumn.
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Wolff (19 ) separated vitamin A and carotenoids from the
vitamine D in fish liver oil by chromatographic adsorption
on Montana earth from benzene solution. Most ot the sterels
were removed by precipitation with digitenin.

Ritsert (15 removed vitamin A from fish liver oils by
adsorption on aluminum oxide. A mixture of methyl aleoehol,
benzene, and petreleum ether was used as the solvent.

Marcussen ( 120 removed vitamin A, carotenoids, inacti-
vated sterols and other substances from fish liver oils by
use of a Tewett column filled with asctivated earbon (hydraffin
K,) as adsorbent and heptane as the solvent.

®wing and Tomkins ( C ) separated vitamin A from the non-
saponifiadble fraction of fish liver oils by chromatographie
adsorption on superfiltrel from hexane-ether-alcohol solutien.
They removed sterels by using digitonin.

Bwing, Kingsley, Brown and ®mmett ( 7 ) modified the pro-
cedure used by ®Bwing and Tomkins (8 ) by use of a two-step
chromatographic treatment. In the first step vitamin A,
caroteneids, and pigments were removed from the combined vita-
mins D and sterols by adsorption upon superfiltrol using a
skellysolve-ether-alcohol solution as the solvent. The
sterels were separated from vitamins D in the second step by
use of a column of the same adsorbent but a benzene-skelly-

solve mixture for the solvent.



Key
l.-- Run #17 (Untreateg)
2.-- ¥aterial Desorbved 1
from Charcoal wit
.90 Hexane.
3.-- Dagolorized
Solution.
2
>
>
e
0
[+ ]
A
o
[« ]
rd
ey
[+ ]
g
-4
ey
a
F .30
3
.20
.10
0
230 240 250 260 270 280 290 300

Wave length in mu
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PART 11

A CHROMATOGRAPHIC SHPARATION OF CALCIFEROL
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II

A Chromatographic Separation of
Caloiferol from Irradiated ®rgosterols in

Highly Volatile Solvents.

The problem of separating provitamins D from various
sterols and vitamins D from natural oils or irradiated
solutions of the previtamins is one which has been studied
extensively and which lends itself readily to the prinei-
ples of ohromatographie adsorption.

The provitamin, ergostercl, has been separated suc-
sessfully from cholesterol by several investigators using
aluminum oxide as an adsorbent.

Vinterstein and Stein (158) used a column of this ad-
aorbont'tc -optrate'theoo two components chromatographically
- and féund colorless zones containing ergosterecl in the upper
part of the eolumn and cholesterol in the lower. Benzine
was used as the solvent.

Windaus and Stange (17) and Boer, Reerink, van Wijk and
van Niekirk (2 ) obtained this same separation using different
solvents. They used a mixture of benzene and petroleum ether
and the former added a small anount ef methyl aleohol when
eluting the column.

Karrer and Nielson ( 10) separated ergosterol from
cholesterol by means of the fluoresscence produced by irradi-

ation of the esolumn, but Ladenburg, Fernholz and Wallis ( 11)



found that the fluerescence produced with ultraviolet light
was weak and for more complex mixtures it was impossible to
distinguish between the zones of the ultra-chromatogram. 1In
order to produce visible zones to obtain a better separation
they prepared the azobenzenemonocarboxylic acid esters of
the sterols which gave visidle adsorption zones and which
could be hydrolyzed by simple saponification. Benszene was
used as the solvent and a mixture of bonzone and petroleum
ether was used for develeping the chromatogram. After
studying various sterol mixtures they concluded that only
those differing in the numbdber of double bonds could be
separated by tnis methrod. |

The chromatographie¢ separation of vitamins D from
natural oils and irradiated solutions of provitamins is some-
what difterent because a ditferent type of by-products must
be eliminated. After isolating the unsaponifiable fraction
in the natural oseurring oils the chief impurities that must
be removed consists of vitamin A, sterols, carotenoids and
the tecopherols.

Broockmann (3 ) separated vitamin D from Tunny liver oil
by chromatogrephiec adsorption on aluminum oxide using benzene
and methanol as solvents. An indicator having the same ad-
sorption charaeteristics as the vitamin was added to mark

the pesition of the adsorbed vitamin on the column.
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Wolff (19 ) separated vitamin A and carotenoids from the
vitamins D in fish liver oil by chromatographic adsorption
on Montana earth from benzene solution. Most of the sterels
were removed by precipitation with digitonin.

Ritsert (15 removed vitamin A from fish liver oils by
adsorption on aluminum oxide. A.mixtﬁre of methyl aleohol,
benzene, and petroleum ether was used as the solvent.

Marcussen ( 12 removed vitamin A, carotenoids, inaesti-
vated sterols and other substances from fish liver oils by
use of a Tewett column filled with activated earbon (hydraffin
K,) as adsorbent and heptane as the solvent.

®wing and Tomkins (C ) separated vitamin A from the non-
oaponifisble fraction of fish liver oils by chromatographie
adsorptien on superfiltrel from hexane-ether-alcohol solutien.
They removed sterels by using digitonin.

Bwing, Kingsley, Brown and Fmmett ( 7 ) modified the pro-
cedure used by ®Bwing and Tomkins (8 ) by use of a two-step
chromatographic treatment. In the first step vitamin A,
caroteneids, and pigments were removed from the combined vita-
mins D‘and sterols by adsorption upon superfiltrol using a
skellysolve-sther-alcohol solution as the solvent. The
sterols were separated from vitamins D in the second step by
use of a column of the same adserbent but a benzene-skelly-

solve mixture fer the solvent.



Hage (9 ) modified the second step of this procedure by
swirling the benzene-skellysolve solution of vitamins D and
sterols with superfiltrel instead of using a chromatographic
column,

A few investigators have used, or attempted to uss, chro-
matographic methods to isolate vitamins D from irradiated
solutiens of the provitamins.

Miller (13) separated vitamins D from both natural oils
and irradiated provitamin solutions by adsorving the vitamins
from a benzene or ether solution using tri-caleium phosphate
as an adsorbent.

DeWitt and Sullivan (6 ) also separated vitamins D frem
both natural oils and irradiated ergosterols by a chromato-
graphie procedure. A eolumn made up from & l:1 mixture of
Magnesia and diatomaceous earth was used as the adsorbent
and petroleum ether as the selvent and develeper. Separation
was ashieved by eluting separatsly the fluerescent zones obd-
served on the celumn when irradiated with ultraviolet light.

Windaus, Schenck and von Werder (16) separated the anti-
raehitically active somponent of irradiated 7-dehydro
chelesterel by onploying'a. part of the purifigation presedure
& chrematographie adsorptien step using aluminum oxide as the

adsordbent.
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Young (20) used the two-step chromatographis procedure
developed by Bwing et al. (7 ) to determine if the method
was applicable te irradiated ergosterols, but found that the
results obtained varied.

The separation of pure caleiferol (vitamin D,) from
pure ergosterel has also been studied,

Baker (1 ) found that when using superfiltrol as an ad-
sorbent and a skellysolve-ethyl-aleohol mixture as a solvent,
ergosterol was retained on the gcolumn of adsorbent while cal-
ciferel was carried through and was found in the pereolate.

Bullard ( 4) studied this same separation mere extensively.

From this review it seems pessible that with the proper ad-
sorbent and solvents the quantitative separation of vitamins D
from the accompanying by-preducts existing in selutiens of ir-
radiated previtamins might be aecomplished.

A modifieation of the chromatographic methed used by Ewing
et al. ( 7) is proposed by the mihor to separate caleiferol
quantitatively from the by-products obtained when irradiating
ergosterol. The propossd metnod ﬁseo superfiltrol as the ad-
sorbent and a hexane-ether-alecohol solution as the solvent
both for dissolving the sample and for developing the chromato-
gram. The quantity and degree of purity of the caleifercl

collected in the percolate is Cetermined from its cerresponding
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ultraviolet sbsorption curve. The possibility of using
this method for determining the potency of irradiated
ergosterols in volatile solvents is shown by a comparison
of the results ocbtained by this method to those obtained
using the modified antimony tricnhloride resgent of Nield,
Russell, and Zimmerli (14).
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Experimental

Equipment and Reagents.

l. Hexane.-- A commercial grade of hexsne is redistilled
to remove any reaidueé. éhe distilled product should trans-
mit to 210 mu.

2. ®thyl Tther.-- Anhydrous ®ther (c.p.) is used as ob-
tained. It should transmit to 219.5 mu.

3. ®Bthyl Alcohol.-- A c.p. grede of absolute alcohol is
purified bty distillation after first decanting it from a
silver oxide precipitate prepared by adding 6 grams of potas-
sium hydroxide and 3 grams silver nitrate per 2 liters of
8lcohol. Further puritication is obtained by adding acti-
vated aluminum amalgam, decanting, and redistilling. The
purified solvent should transmit to 215 mu.

4. Chromatographic Developing Solution.-- This solution
is made up by volume of 50 parts hexane, 10 parts ethyl
ether (abs.) and 1 part absolute ethyl aleohol.

5. Chloreform.-- Small amounts of alcohol are removed
frem chlerotorm (ec.p.) by washing with an equal portion of
water seven times., It is then dried ty filtering it through
anhydreus sodium sulphate, decanted end distilled, dis-

carding the first and last ten per cent of the distillate.
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6. Antimony Triehloride Reagent.-- This resgent ie
prepared fresh for each day's run. WRighteen (18) grams of
antimony trichloride (c.p.) are dissolved in 100 ml. puri-
fied chloroform. After filtering this solution, two ml.
redistilled acetyl chloride are then added.

7. Adsorption Columns (Smell Scale).-- A 9 om. column
of superfiltrol is used and is prepared similar to the
method used by ®wing et al. ( 7). The packed column must
be prewashed with the chromatographic developing solution
before adding the sample.

8. Adsorptien Columns (Large Scale).-- Columns ef super-
filtrel having a dismeter ranging frem 2.8 cm. to 9.2 cm. and
variable lengths were used. These were also prewashed with
the chromatographic developing solution.

9. Spectrophotometers.-- For ultraviolet measurements a
Beckman spectrophotometer (quartz) equipped witn a special
hydrogen discharge tube is used. A Bausch and Lomdb visual
spsctrophotometer equipped with a Martin's polarizing unit
and using 1 om. glass cells is used for making measurements

in the visual range.



Procedure.
Chrematogrephic Separations.

A. Analytiocel Scale Separation.-- A large enough
volure of the solution of irradiated ergosterol to
contain at least 75,000 units of vitamin D is trans-
ferred to a 125 ml. Brlenmeyer flask. The solvent is
eveporated off using a hot water bath (about 50°C.)
and suction. The dry residue is then taken up in 10
ml., of the chromatographic developing solution.

This solution is added to a 9 cm. column of super-
filtrol which has been previously washed with enough
of the developing solution such that the final percolate
taken from the column shows very little absorpiion at
230 mu when measured egainst the original developing
solution. The column is not permitted to become dry at
any time. Any remeining residue in the flask is rinsed
with 5 ml. of the developing solution and added immedi-
etely to the column.

A short-stemmed separatory funnel fitted to tne
tube is used to add the developing solution te the column
drop by drop to develop the chromatogram. A 10 om.
pressure differential is maintained throughout the chro-
matographic procedure. T®nough developing solutien is
2dded until the lowest visible band progresses teo the

bottom of the column.
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The pereolate from the column is then evaporated
to dryness using suction and a hot water bath and the
residue (vitamin D, fraction) is taken up in sbsolute
elcohol. The extinction at 265 mu of this aleohol
solution, or a dilution of this solutien, is measured
on the Beckman quartz spsctrophotometer. The complete
absorption curve of this alcoholic solution snould have
s maxima at 265 mu and be identiocal with that shown by
pure calciferol.

If the potency of the original sample in D units

per ml. is desired, it can be determined by the follewing

relationship:
D units per Dil'n. of Log Ic./I
ml. of origi-=1/100 X originel X X 86,950
nal sample sample of diluted
semple @

265 mu

The factor 86,950 is a theoretical ene ebtained by
dividing the literature value of the number of D units
per gram of calciferol (40,000,000) by the ® (1%, 1 om.)

of caleciferel at 265 mu given as 460.
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B. Larger Scale Separations.-- The procedure used
in this part of the investigation ditfered from that
used in the smaller analytical scale eseparation only in
the amount of D units present in the original samples
and in the size of the chromatograph column iteelf.
Samples ranging from 15,000,000 units to 115,000,000
units of vitamin D present in the original sample were
run through columns varying from 2.8 cm., to 9.2 cm. in
diameter and 9 cm. to 14 cm. in length. In some
instances the percolate from the columns was collected
in fractions. A more thorough discussion of this

procedure will be found later in this paper.

Colorimetrie Methed for Determining the Amount of Cal-
ciferol Present.

A large enough sample of the irradiated ergosterol
solution to econtain approximately 20,0C0 units of vita-
min D is transferred to a 125 ml. ¥rlenmeyer flask end
the solvent is evaporated off using suction and hot
watar tath. The residue is taxen up in 10 ml,., of puri-
fied ehlorotorm and to a 1 ml. aliquot 10 ml. of the
antimony trichloride reegent ies added. The extinection

at 500 mu is measured exactly three minutes sfter the
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reegent is tirst added. The poteney of the original
solution can then be caleulated from the ® (1%, 1 om.)

of this solution at 500 mu and by use of a fagtor

determined by Twing et al. (7 ).

Poteney in = ® (1%, 1 em.)
D unite/g. @ 500 mu X 19,300
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Results

Analytical Scale Separstions.-- 3Seven of the irradi-
ation runs mede in part I of this paper, alonz with eight
commercial irradiated ergosterols, wera taken through
this procedure,

The arsorption curve of the original sample of Run #11,
along with that of Run #11 after the cursmatographic treat-
ment, is shown in Fig. I. An absorption curve of pure
calciferol is also plotted upon the sane axes in order to
nake a comparison of the purified Run #11 with that of pure
calciferol. The curves are very gimilar.

Potency values of each sample calculated from the sab-
sorption curves of the chromatographed sample are listad
in Table 1 along with values obtained by the antimony tri-
cnloride colorimetric method. A few »ioasssays have also

been listed for comparison.

Large Scale Geparatiocns.-- Atterpts to separate cal-
ciferol from three of tha runs made in pert I of this paper
and two commercial samples of irradiated ergosterol were
made on a large scale. The amount of sample, size of column,
calculated purity, and per cent recovery of Dp present in

the original sample has been tabulated in Table II.
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The absorption curve of sample #3415 toth tefore and
after chromatograpnic treatment is shown in Fig. II.

A limited study of the visible bands found in the
chromatograms was also mzde. Fig. IV shows the absorption
curves of thne material contained in various colored bands

of the chromatogram from Run #14 (large scale).
Discussion

Various impurities are introduced by tha chromatograevhic
metnod but with the proper preacautions can be practically
eliminated.

A smAall amrount of residue viay exist in the solvents used
and snhow absorption in the ultraviolet region. However, if
the solvents are purified as descrited above, the residue

r

presant becomes negligible. 1The residue of 60 ml. of chro-
matographic developing solution faken up in 10 ml. alcoshol
only shows an extinction of .390 & 265 mu. In almost every
case the solution whose atsorption curve is being determined
will require enougn dilution thet the error due to the resi-
due in the solvents is complately negligitle.

‘ The residue present ir superfiltrol (which was obeervad

by Carlson (5) and later sorrected for by Baker (1) and

Bullard (4) %y suttracting a correction factor from the
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extinction of the chromatographad material) cen be more
easlly removed “y simply prewashing the column o* adssrbent
with the developing solution until the wash sslutian shows
very little absorption in the ultraviolet rnrnge whan eonm-
pared to the original developer. This eliminates the use
nf a factor which is probadbly dependent upon the amount of
solvent put through the columns, degree of packing ths ad-
sorbent, and varistions due to ditrterent lots of adsorbents.

The separation achieved by the analytieal scale chro-
matographie procedure was very good. 1In every case the ab-
sorption curve of the chromatographed material was almost
identicalAﬁith that of calciferol.

In order to determine when 21l the vitamin D, had passed
through the column, the percolate from sample #98952 was col-
~1ected in fractions. The sabsorption curve of each fraction
was then determined and is shown in Fig. III. The position
of the visibla tands when each fraction was taken, and the
approximate volume of percolate ir sach fraction is found in
Fig. 1IV.

From these results it appears thet all the ealeiferol
has passed through to the percolate just before the lowest

vigible band reaches the bottem of the eolumn.
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The separetion cbtained with the larze scale chromato-
graphiea prgeedure varied. The chromatozraphed material
from the larger diameter columns had absorption curves more
nearly like that of caleiferol than the original sample,
but a smooth curve was not obtained. Best results were
ovtained when using the smaller diameter column. This is
probably due to greater uniformity er packing and development
of the caromatogram mada possible by a smaller column.

Although the chromatogranhed material has an absorption
curve identical with that of calciferol, the ealsulated
percantage of D, in the material ie only ehout 50/5. This
indicates trat snme other material which does not show e%-
sorption in the ultreviolet region is present. More work
needs to be done on this phése of the separatiorn.

A small amount of work has been done toward identifying
the materisl conteined in tha visible bands ot the chromsato-
gram. Fig. IV shows the sbsorption curves of the mraterial
sontained in the light tlue tand and the dark green band
usualiy feund in tne ehromatograms. Tre absorption mexima

at 250 mu indicste that toxistercl may be held in theee bands.
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This phase of the =eperation was only ligktly investi-
gated. Use of fluorescent zones might help loeate the
positions of various products retained on the column of

adsorbent.
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Summary

1. A quantitative chromatographie sepvaration of vitamin
T> from irradiated ergosterels in volastile solvents vwas used
employing superfiltrol as the adserbent snd a wmixture of
hexane, ethyl ether, and ethyl aleohol for the solvent and
for develeping ths ehromatogranm.

2. The vltraviolet absorption curve ot the chromato-
graphed material is almost identical with that exhibited
Ly pure calciferol.

3. The poterey of these soluticre, as calculated from
the ultraviolet absorptiorn curves of th§ ehromatographed
material, agree quite well, in general, with those values
obtained by the antimony triehloride eolorimetriec metheod.

4. Larger seale epplieation of this separation yields
a produet having an absorption ocurve similar to that of

ealeiferol but ef approximately 50% purity.
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Fig. 1.-- Absorption Curves of Run #11 Before and After
Chromatographic Treatment ( Analytieal Seale).
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