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ON THE CHEMICAL NATURE OF VITAMIN D

Etsuo Takamiva

ITvrpscninsky (£919) coufirmed that  ultra-viclet rays exert a
curative action on rickets when the rickety rats are directly irradiated.
McCorLruM and co-workers (1922) reported that cod liver cil contains
in abundance some calcium-depositing substance which is present in
butter fat in but very slight amounts and which exerts a directive in-
fluence on bone development. This substance® is apparently distinct
from fat-scluble vitamin A. Srernpock and Brack (1924) demonstrated
that rickets-producing dicts after irradiation with a wmercury wvapour
guartz lamp exert a curative action on rickets, being activated anti-
rachitically.  STEENBOCK and co workers (1925) reported that purined
proteins, carbohydrates, fats, salts, water, ether, hydrochinon, phloro-
glucin, or paraflin hydrocarbens could not be activated, but cholestercl
purified by crystallization, then as benzoate, and finally as acetate, as
well as plytosterols, could be photochemically activated after irradiation
with a mercary vapour quartz lamp.,  DMany investigators, thereafter,
studied in detail on the activated cholesterol after irradiation, and for
some time until the appesrance of RosENnEmM and WEBSTER's paper, it
was generally held that cholesterol is the precursor of vitamin 1D,
Wixvaus and Iiss (1920) confirmed the fact that if cholesteral was
purified Dby the formation of derivatives (e. g., dibromide), it could no
longer he activated by ultra-viclet rays, and then concluded that the
mother substance of vilamin 1) is an impurity and not cholesterol, and
suggested that ergostercl is probably the mother substance of vitamin
), since it cannot be separated from cholesterol by physical methods,
and yet it is active in preventing rickets in mere traces after irvadiation.

Rosevamu and Wesstir (1927) purificd cholesterol as fur as possible

1 This is now called vitamin L.
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by tepeated crystallization, then converted it into the dibromide and
regenerated the cholesterol by reduction.  This purified cholesterol could
not be activaled after irradiation, which showed that it is not cholesterol,
which is the precursor of vitamin 1), but some impurity which is des-
troyed by bromination.  They announced that ergosterol is the parent
substance of vitamin 13, Rosexnem and WEBSIER (1928) presented
evidence that in ervosterol not only a typical ring structure but also
the specific position of the three unsaturated bonds is essential for
photochemical conversion into vitamin 1.

Studies on vitamin 1), therefore, have been advanced from the
relation “ pro-vitamin 4 ultra-violet rays — vitamin 1" to the relation of
“ergosteral 4 ultra-violet rays — vitamin D V. Nevertheless, the signi-
ficance of the action of ultra-viclet rays on the photochemical conversion
of ergosterol into vitamin D still remains unexplained. I this problem
could be solved, the chemical nature of vitamin D would be elucidated.
I present evidence in this paper from my experimental results that the
action of ultra-violet rays in all respects, especially concerning problems
on the formation of vitamin 1) is closely analogous to that of ozone,
and then suggest that vitamin 1} is imperfectly ozonized ergosterol.

My Dbest thanks is due to Prof. Dr. Y, Okuda and Prof. Dr. M.
Yulkawa for their kind guidance.

I. ENZYMIC HYDROLYSIS-VELOCITY OF VEGETABLE
OIL BEFORE AND AFTER IRRADIATION WITII
UITRA-VIOLET RAYS

Six vegetable oils, differing in fodine value - coconut oil, olive oil,
almond oil, cottonseed oil, soy-bean oil, linseed oil - were employed.

The castor-bean lipase preparation applied for this experiment was
obtained as fine white powder, from castor-beans after removing their
husks by hand, extracting the kernels with petroleum-ether.

The method of estimating for hydrolysis-velocity of oil by the lipase
was similar to that of R. WiLtsrArter (1924) except that a cylindrical
bottle with a glass-stopper, a definite diameter and a flat bottom was
used, for the reason stated in my paper (1926). The lipase preparation
(0.2 g) was weighed into the estimating bottle (diameter 3.6 cm.), then
2.8 c.c.® of each vegetable oil added as substrate, and shaken for one

2 The same wolume of each substrate must be used in the mutaal emnparison for
crizymic hydrolysis-veloeity for the reason slated in oy paper (1926).
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minute, then 2 cc. of acetic-acelate bLuffer solution (PIT = 4.7} added
and shaken well for 3 minutes, then placed standing in a constant
water-hath (30°C) for 3 hours, The seaction mixture was washed
cauticusly into a flask with 30 cc. of g5 per cent ethyl—a]co]uzﬂ and
t5 c.c. of ether, and titrated with 1 N potasium hydroxide solution,
using phenolphthalein as indicator.  The enzymic hydrolysis percentage
of each oil was calculated from the quantity of liberated fatty acids to
cach ester value.

A, 1oce of ewch vegetable oil taken in a crystallization dish
(diameter 9.5 cm.) were dirvectly irradiated for 3 hours at a distance of
about 1gcm. from a mercury vapour quartz lamp in a water-jacketed
box, the temperature dwing irradiation rising up to about 60°C.  The
enzymic hydrolysis-velocity  of each original vegcetable oil and of its

irradiated lorm was as follows :

Table 1

Hydrolysis-velocity (%} Decreasing ratio

Sulsrae " original (a} \ irradiated (1) 1 L Ly
Cocormt il i 5T 36.6 i pises
Olive il 44.3 27.0 l 0.9
Almond oil A0 23.7 57.8
Cotlonseed nil 40.7 20.0 : 40.1
Soy-hean vil 415 10.5 ; 46.9
[insced oil 35.4 16.1 | 45.5

3. Cottonseed oil (10 c.c) taken in a crystallization dish (diameter
g.5 cm.) was directly irradiated for a definite time at a distance of
about 18 cm. from the lamp in a water-jacketed hox, the temperaturce
during irradiation rising up to about 45°C.  The enzymic hydrolysis-
velocity of the original oil and of {ts irradiated form for a definite time
was as shown in table z.

From these experimental results, it became evident that after
irradiation with ultra-violet rays, the irradiated vegetable oil was less
readily hydrolysed by the enzyme than was the original, and the greater
the iodine value the greater is the influence of irradiation, and that the
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decrease in enzymic hydrolysis-velocity of oil is directly proportional to
the length of time of irradiation.

Table 2
Time for irradiation (hr.) TEydrolysis veloeily (95)
0.0 40.7
0.5 ‘ 32.3
1.0 : 24.3
2.5 i 22.3
21.0 { 0.0

II. ACTION OF ULTRA-VIOLET RAYS UJPON VEGLETABLE
OIL SEEN FROM THE VIEWPQINT OF ENZYMOLOGY
The action of ultra-violet rays upon vegetable oil was investigated,
the change in enzymic hydrolysis-velocity of oil caused by irradiation
being the criterion.
A, ACID VALUE, SAPONIFICATION VALUE AND ESTER VALUL OF
VEGETABLE OIL AND OF ITS IRRADIATED FORM

The irradiated vegetable oil was prepared similarly to that of the
experiment L A.

Table 3
Acid valuc* Saponification value Ester value
Sample — .
T 11 I 1 I I IT
Coconnt oil 2.0 2.0 242.9 243.7 2409 ¢ 241.1
Olive oil 4.3 3.5 193.5 194.8 180.c ° 189.3
Almond oil 1.3 2.8 194.7 1956 ! 16354 192.5
I
Cottonseed oil 0.2 2.0 195.9 199.1 © 1957  197.1
Soy bean oil 0.8 o 193.0 194.4 192.2 @ 1922
Linseed oil 2.5 4.5 194.2 197.4 1017 | 192.6
{ i
I: Original oils II. Irradiated oils

# Tlis acid value was estimated after the oil in about 5 times distilled water was cautiously
warmed on a water bath for 3 hours.
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After irvadiation with ultra~violet rays, acid value and saponification
value of each oil increased nioderately, but its ester value remained
unchanged. The increase in saponification value, therefore, is evidently
due to the increase in acid value.

B. 10DINE VALUE QF VEGETABLE OIL AND
I'T5 ENZYMIC HYDROLYSIS-VELOCITY

Table 4

, Iodine value Hydrolysis-velocity

Substrate {Wijs' method}) (%)
Coconut il ‘ 7.3 521
Olive_oil 04.3 44.3
Almond ol ‘ 0h.3 41.0
Coltonsced oil 10G.4 49.7
Soy-bean otl 1338 41.5
Linseed o1l 183.4 35.4

These experimental results indicate that there exists a certain cor-
relation between the jodine wvalue of oil and its enzymic hydrolysis-
velocity ; namely, the greater the iodine value the less is the velocity.
From this fact, the nutritive value of fat and oil which was already
made evident to be divectly proportional to its enzymic hydrolysis velo-
city by Y. Marsuvama and M. Yosuipa (1927), can be assumed to be
inversely proportional to its {odine value. This assumption will also be
confirmed by the resulls of fecding experiments which were carried out
by other investigators such as J. Ozart (1927) and S. Urno (1927).

C. IODINE VALUE OF IRRADIATED O1L AXD
ITS EXZVMIC HYDROLVSIS-VELOCITY

The frradiated vegetable ofl was prepared similarly to that in the
experiment I, A.

IFrom the cxperimental results given in table 3, it became evident
that after irradiation with ultra-violect rays, the vegctable oil is less
readily hydrolysed by the cnzyme than is the original, and the greater
the indinc value the greater is the influence of irradiation, and that the
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iodine value of trradiated oil became less than that of the original, and
the greater the iodine value the greater is the influence of irradiation.
These relations are readily seen in table 6, in which the figures given
in table 4 and § are combined, and the decreasing ratios are compated.

Table 5
Substrate lodine value ITydrolysis-velocity
(irradiated oil) {(Wijs" method) (%)
Coconut oil 70 366
Olive oil 8.3 27.0
Almund il ' Q0.7 237
Collonseed oil 99.3 00
Soy bean oil 121.8 10.5
Linsced o1l 1603.8 16,1
Table 6
§ Hydrolysis- [ . R R
e Deercasing 1 lodine value Decreasing
Sulstrale yelucily ¢95) ratio S s ratio
T {a} 11 () | (Waxaeo) | T (a) IT by | (hfax100)
Cuoconnt oil 521 | 366 70.2 = 7:3 7.0 05.9
i
¢live uil 44.3 27.0 60.9 | 843 So.5 03.5
Abhmond oil 410 239 57,0 ub.y an.'7 04.2
Cottonzeed oil 40.5 20.0 44.1 109.4 i 005 GO
Soy bean ol 41.5 19.5 46.9 1;3.8 I ETE gLOo
Linseed ni) 354 16,1 455 1534 163.6 89.3

These experimental results indicate that the decrease in iodine value
of irradiated oil is in an intimate relation to that in cnzymic hydrolysis-
velocitly.  DBut on the other hand, it was already made evident in the
experiment IL B that the cnzymic hydrolysis-velocity of non-irradiated
oil is inversely proportional to the iodine value, and the greater the
iadine value the less is the velocity. Therefore, in other modes except
the simple saturation, the jodine value must be decreased. What is
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here meant by ¢ other modes ” was afterwards confirmed on investiga-
ticn (see the cxperiment IL E and IL F) to be the formation of ozonide.

And it 15 also evident from table 6 that the decreasing ratio in
enzymic hydreolysis-velocity of oil is far greater than that in iodine
value.  We must conclude, therefore, that the decrease in enzymic
hydrolysis-velocity of oil after irradiaion is more probably due to the
fact that the presence of oil altered by irradiation retards in some way
the enzymic activity, rather than te the fact that such altered oils arc
no longer hydrolysed by the enzyme. (Of course, what is here mcant
by altered oil corresponds to the ozonized oil as scen from the brief
note above,)

D, vISCOSITY OF IRRADIATED OIL AND IS ENZVMIC

HYDROLYSIS-VELOCITY

Vegetable oil became strongly viscous afler irradiation with ultra-
viclet rays for a long period. This made it essential to study the
correlation hetween the viscosity of oil and its enzymic hydrolysis-velacity.
For this purpose, OstwaLD's viscositometer was employed, the tempera-
ture being 30°C, sample oil measuring § c.c., and time {(seconds) spent
in dropping off of oil measured, and the viscosity of oil was caleulated |
according to the following formula.

y=dt )
%@ viscosity d: sp. gr. t: lime {second)
Table 7

T A

sample Viscosily (7) | Hydrolysis-velocity (%)
Olive oil 360.8 | 443
Alimnnd oil 3328 | 40
Cottonseed oil 3o00.7 ; 40.7
Soy-hean oil . 266.7 ‘ 415
Linseed vil 228.4 ‘ 354

It became evident from the experimental results that the viscosity
of oil runs parallel with #ts enzymic hydrolysis-velocity ; namecly, the
greater the viscosity the greater is the velocity.
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Table 3§
Time for irradiation (min) Viscosity (v}
o 300.7
30 315.6
60 425
180 490.4

Cottonseed oil was used and irradiated similarly to that in the
experiment L A.

From the experimental results obtained above, it became evident
that the greater the viscosity the greater is the velocity, and that the
viscosity of oil increasces gradually according to the elongation of time
of irradiation.  If seen from the point of view of viscosity, it would
appear the enzymic hydrolysis-velocity of il should be increased
through irradiation with ultra-violet rays, but, in point of fact, the
enzymic hydrolysis-velocity of oil was strongly decreased after irradiation
(see the experiment L. A and L B). Thercfore, the increase in viscosity
of irradiated oil is seen to be independent of the decrease in its enzymic

hydrolysis-velocity.
E. ACTION OF OZONE UFON OLL

The SimENs' ozone-generator with ten-tubes was employed as an
ozone-generator and ozone was generated by passing oxygen gas in at
4 I/ velocity, voltage being raised first from 110 volts to 8,000 volts
and after 5 minutes 10,000 volts. Under this condition, 20cc. of

cottonsced oil were ozonized for 30 minutes.

Table o

"IT\'-Jm rsis- I ) R et
vel'ocily}(f?a) * lodine value Viscosity (v)

Original oil 40.5 | Lio.f 300.7

Cottonseed oil

Ozomized oil 24.7 \ g8.0 4081
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As these cxperimental results indicate, when compared with the
original oil, the ozonized form decreased strongly in its enzymic hydro-
lysis-velucity, decreased in its fodine value and increased in its viscosity.
This phenomena caused by the action of ozonc are readily seen to be
quite in line with those caused by irradiation with ultra-violct rays.

Thus, the action of ultra-violet rays upon vegctable oil is readily
seen to be merely the action of ozone which is generated during
irradiation.  From this the facts now became evident that the acid value
of oil increases after irradiation, and also (as described in the experiment
II. C.) that the presence of ozonized oil retards the enzymic activity in

some way.

F. REAL ACIION OF ULTRA-VIOLET RAYS UPON OIL

The action of ultra-violet rays upon vegetable oil can be regarded
as equivalent to the action of ozone. (sce the experiment IL E.))  Whether
ultra-violet rays in themselves exert the action upon oil which has been
generally considered as the action of ultra-viclet rays or ultra-violet
rays in themselves produce no such result but play a réle for the
generation of azone the results of which were gencrally supposed to be
the action of ultra-violet rays formed a further problem which was
investigated by means of the following experimental method.

Two erystallization dishes of the same diameter (38 cm ) and con-
tent (i1.4 c.c.) were filled to the brim with cottonseed cil. On one
of these a quartz plate was cautiously slid in such a way as not to
form bubbles, and the other dish was covered over at a distance of
2 cm. with a millboard which had heen inlaid with the same quartz
plate.  These two portions of cottonsced oil in the two dishes were
irradiated under the same conditions in a water-jacketed box at a
distance of about 18 ecm. from a mercury vapour quartz lamp, the tem-
perature during irradiation rising up to about 50°C. ‘In the former casc,
the oil was irradiated with ultra-violet rays but without the action of
ozone produced Jduring irradiation (designated as “a’ in table 10) and
in the latter casc, the oil was affected by both the irradiation of ultra-
violet rays and the action of ozone produced during irradiation (designated
as “b’ in table 10).

The experimental results indicated that in the former case (a),
there was no change in its enzymic hydrolysis-velocity within the
experimental error but in the latter case (b), it apparently decrcascd.
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Therefere, it became cvident that ultra-viole! rays in themselves have
no such affects as werc hitherto attributed to the action of ultra-violet
rays but plays a role of generating an ozone, which action was in
practice recognized as the action of ultra-violet rays.

Table 10
Cottonseed oil Time for wradiation (hr.) Iydrolysis.velocity (¢7)
Original ol ’ o0 i 41,0
a ail 1.5 i 40.8
a il 5.0 40.4
b anl L5 39.3
h oil 5.0 ; 36.6

It may be swmmarized from expeviment IL that tie action of wltva-
violed rays wpon vegclable oil seen from e viewpoinl of cusymology
is porfing but e action of ozone, and fhe wifra-violel vays corvespond to

AN GIORE-FERCV ALY

111, COMPARISON BETWILLEN THE ACTION OIF OZONE
AND THAT OF ULTRA-VIOLET RAYS UPON
CIHOLESTEROI. AND OITI,

The fact was made evident from the experiment IL that the action
of ultra-violet rays scen from the viewpoint of enzymology upon
vegetable oil 15 no more than the action of ozone, and the ultra-violet
rays correspond to an ozone-generator.  Consequently the cffects of
ozone and ultra-viclet rays upon cholesterol and oil were compared in
this experiment by means of the criteria of photeactivity, colour reactions,

etc.

A, PHOTOACTIVITY

K. Taxanssie and S, Hlasano first discovered the [act that vita-
min A preparation is photoactive, and 5. Hwiano (1923) reported that
chalestervi and oil became photoactive after irradiation with ultra-violet
rays. This problem was, thereafter, deeply investigated by I VoLLMer
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(1925), J. Srwresky (1927) and N. S, Lucas {1926).  And it became
evident that plotoactivity is not due to any secondary radiation given
out by the photoactive substance but seems to be due to the emanation
of some substance from the photoactive substance.  Above all, photo-
aclivity is being observed wilh interest in relation to vitamins.

Photoactivity was determined as follows. A crystallization dish
posscssing a diameter (3 em.) and a height (1.6 cin.) which was scrved
with 1 gr. of sample was taken to a dark room and a photographic
plate (Lion Fclipse Ortho was used throughout these experiments) was
laid sentitive side downwards on the sample.  The whole was then
placed in a light-tight box, wrapped in a photographer’s black cloth,
and kept in a dark room for 24 hours. The development of the plate
was carried out as carefully as possible to be uniform throughout the
experiment.

First, by repeating the experiment I confinned the fact that after
irradtation with ultra-violet rays, cholesterol and oil become photo-
active and their photoactivity becotne more intense, and oleic acid
became strongly photoactive, but palmitic and stearic acid did not.
From this fact, it became clear to be due to the unsaturated fatty
acids of which the oil consists, that the oil became photoactive after
irradiation with ultra-viclct rays.

Next, the photoactivity of cholesterol and oil after the action of
ozone was investigated.  The SteMuNs' ozone-generator with len-lubes
was cmployed as an ozone-generator, and ozone was generated by

oas in at 4 Ih velecity, voltace being frst raised from
1 at 4 1 ity o o aised

passing oxygen g
110 volts to 8,000 volts and after 5 minutes to 10,000 volts. Under
this condition. 4 c.c. of olive ofl were ozonized for 1 hour, 1.5 gr. of
cholesterol for 40 minutes {this called “ ozonized cholesterol 1), and
white crystalline powder separated out by ozonizing cholesterol (2 gr.)
dissolved in (6o c. of hexane was dried in vacuum over calcium
chloride and paraffin (this calied * ozonized cholesterol 117, The photo-
activity of these ozonized substances was as follows.  Ozonized olive
oil (see Fig. 1. B} was photoactive as well as irradiated olive oil and
ozonized cholesterol 1 (see Fig, 2. C.) was strongly photoactive and
also ozonized cholesterol 11 (see Lig. 2. 12) violently. It became
evident that cholesterol and oil become photeactive as well by the action
of ozone as by that of ultra-viclet rays.

3 See . D Harries; Untersuchungen iiber das Quzone wnd seine Finwirknng aufl or-

a
manische Verbindung, & 374
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B. coLoUR REACTIONS

The fact has been generally admitted that cholesterol after irradia-
tion gives different and specific colour reactions from that of the original
one. In this experiment, some comparison of colour reaction between
irradiated cholesterel and the ozonized one was carried out by means
of the colour reactions of frradiated cholesterol proposed by many in-
vestigators,

SHEAR's colour reaction for vitamin D (1926).

The SHEAR's rcagenl was prepared by adding 1 part of conc. HICI
to about 15 parts of aniline which should be redistilled before using.
Boiling a small quantity of purified cholesterol with the reagent in a
test tube for about half a minute gives a clear pale yellow solution,
but when irradiated cholesterol is used, it gives a red colour which
becomes intense on standing.  ITe announced that this colour reaction
is characteristic for vitamin I).  Against this announcement RoseNHEIM
and WensTtER (1926) published an antagonistic opinion that the SHEar's
colour reaction is not specific for vitamin T3 and appears to be due to
the formation of organic peroxides. In reply to this antagonistic opinion
of RosENHEIM and WenstER, Sumar and Kramzr (1926) answered and
declaring that the question as to how close a connection exists between
the chromogenic substance (or substances) and the antirachitic factor
remains to be solved and the object was to obtain an antirachitically
active fraction from irradiated cholesterol with aid of this colour re-
action; and they sepairated actually “U. V. oil of cholesterol” as an
atirachitically active fraction. Moore and Wirtmortr (1g927) reported
from their experimental data that the SnEawr's colour reaction is not
specific for vitamin D.  Sexrov (1928) studied the effects of the SHEAR's
reagent upon a number of sterol derivatives and concluded that the
SHEAR’s colour reaction is by no means specific for vitamin 1) but on
the other hand the positive reaction given by irradiated ergosterol and
ketones is in harmony with the view expresscd by ITriLeroy, Mowrrown
and Sexrox (1928) that the antirachitic vitamin is possibly ketonic in
character. Above all, it is evident fact that afier irradiation with ultra-
violet rays, chiolesterol, cte. for the first time give the Samar’s colour
reaction.

In my experiment ozonized cholesterol T and ozenized cholesterol
II together positively gave the Snrear’s colour reaction

StEIGMANN's colour reaction for vitamin 1D (1928).
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When 3§ c.c. of fuchsin solution (1:10,000) decolorized with hydro-
sulfit (Na,5.0,) are added to an alcoholic solution of sample, ordinary
fuchsin colour appears again, and it is diluted with some amounts of
distilled water, and then again decolorized by adding of a little excess
of hydrosulfit.  After standing for -2 hours, a specific biue-vielet
colouration appears when sample containing vitamin D are used.
STEIGMANY announced that this fuchsin aldelhyde colour reaction is
specific for vitamin 1D and concluded from his colour reaction experiment
that vitamin D will prebably be aldebyde or unsaturated ketone and
that vitamin D will have a atomic group »>C:C: 0 —in its molecule.

I investigated the question as to whether cholesterol gives the
Strigmans’s colour reaction after the action of ozone or not.  Choles-
terols ozonized for 3, 10 and 40 minutes, and ozonized cholesterol 1
respectively positively gave the STEIGMANN's colour reaclion and among
them, that for 40 minutes was the strongest. When cholesterol (2 gr.)
dissolved in 5o c.c. of carbon tetrachloride was ozonized for 2z hours
and petroleum-ether added to it, white crystalline powder was precipitated
which was dried in vacuum over calcium chloride and paraffin.  This
white crystalline powder also gave the STEIGMANNs colour reaction
strongly.

Furer, Myrpack and Karpssox (1926).

reported that irradiated cholesterol gave different colour reactions
from that of the original when compared by means of the four chole-
sterol colour reactions {e.g., A-reaction (Whithy's method), B-reaction
{Whithy's method), C-reaction (Whitby's method), D-reaction (llarden’s
method) ; namely, at least among the four colour reactions, first C- and
A- reaction, and next B-reaction were eliminated.

I confirmed experimentally the fact that ozonized cholesterol I1
gave no A- and C- reactions at all and coloured a pale yellowish-pink
colour emitting a green fluorescence in case of B-reaction, and gave no
colowration on the addition of furfurol and conc. sulphuric acid, and
coloured a yellowish-brown colour on the addition of anhydrous acetic
acid ; namely, ozonized cholesterol II did not give the A-, B-, C-, and
D- cholesterol coleur reaction.

C. OTHIER PROPERTIES

It has been generally rccognized that the melting point of choles-
terol depresses after irradiatfon with ultra-viclet rays.  For example,
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uLer, Myreick and Karisson (1926) reported that when exposed to
a mercury vapour quartz lamp at a distance of 4 cm., the temperature
during irradiation rising up to 150°C, the cholesterel melted and be-
came a porous, yellowisli-brown coloured glassy substance afler cooling
and the melting point of these substances fivst depressed and again rose
accurding to the elongatien of time of irradiation.

I confirmed the fact experimentally that the melting point of choles-
terol depressed after the action of ozene ; namely, the melting point of
original cholesterol was 140°C, that of ozonized cholesterol 1 138°C
and that of ozonized cholesterol 1T 113-121°C.

It has Dbeen also generally recognized that cholesterol becomes
incapable of precipitation with digitonin after irradiation with ultra-violet
rays. I further confirmed  experimentally the fact that cholesterol he-
camie fncapable of precipitation with digitonin after the action of ozouc.

It may be summarized from experiment IIT that #re aclion of ozone
upon cholesterol and ol as rogards phoractivity, colour reactions, ete., is
closely analogous te that of wltra-vielet vays.

Iv., BEHAVIOUR OF OZONE FOR THE TFORMATION OI°
VITAMIN 1D AND TFOR THE TIHEALING OF RICKETS

It was shown in the preceding experiments that when sceen from
the viewpoint of enzymology, the action of ultra-violet rays upon vege-
table oil is no more than the action of ozone and the ultra-violet rays
correspond to an ozone-generator, and also that the action of ozone is
closely amalogous to that of ultra-violet ravs as regards photoactivity,
colour reactions, etc.

If these several phenomena caused by the irradiation with ultra-
violet rays in photoactivity, colour reactions, ete. could be shown to stand
in some relation to the photochemical conversion of pro-vitamin into
vitamin I, it would be rcadily secn that crgosterol could be converted
inte vitamin D after the action of orone, without irradiation with ultra-
violet rays.  And if ergosterol would not become an antirachiticaily
active substance after the action of ozone, it would be seen that the
phenomena obtained above would stand in no relation to the photo-
chemical conversion of ergosterol into vitamin ), and it would be a
pseudo-phenomena caused by the accessory action of uitra-viclet rays.

Above all, it will be suggested in the extent of my experiments
that o correlation such as exists between vitamin 1) and ultra-violet
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rays will also exist between vitamin D and ozone. In this experiment,
consequently, I attempted the feeding experiments to ascertain whether
ergosterol becomes an antirachitically active substance after the action
of ozone or not, and whether ozone exerts a curative action on rickets

when the rickety rats fed in an ozonized atmosphere or not.

A, RELATION DETWELEN TUE PHOTOCHEMICAL FORMATION OF
VITAMIN B} AND ONITDATION PROCHSSLS

Many investigators have hitherto attempted to ascertain whether
oxidation does ar does not play a rile in the activating process of
irradiation with ulira-violet rays.  This problem was lere discussed in
detail in the literature.

Scuvnty, Zinglrr and Mowsk (1927) suggested that it scems prob-
able that the ultra-viclet rays might cause a reaction to take place at
the double bond, possibly an oxidation, and if irradiation does cause
an oxidation of cholesteral, one would not expect a very deep seated
change, and the milder the oxidizing agent, the simipler is the resulting
product and the more likely that such a compound could be obtained
by the irradiation of cholesterol with vltra-violet rays. DBut «- and -
cholesteryl-oxide, hydrocholesterol, and «-cholestantriol were shown to
be the antirachitically inactive suhstances.

Hess and Winpaus (1926) investigated the antirachitic potency on
a number of cholesterol derivatives both when irradiated and when not,
and announced that cholesterol ozonide is antirachitically inactive in
either case.  But they did not describe how they prepared the choles-
terol ozonide,

FEss and Wringrock (1925) irradiated a linseed oil in an at-
mosphere of nitrogen, in order to ascertain whether oxidation plays a
role in the activating process or not.  To this end a very small amount
of linseed oil was placed in a quartz tube and the air removed from
the oil by means of suction. Nitrogen was then run into the tube,
after it had been passed through pyrogallol and over soda-lime.  The
quartz tube containing the oil was evacuated and flushed with nitrogen
several times.  The ofl was then Irradiated for 1/2 hour at a distance
of 6 inches.  And they anncunced that the lack of oxygen did not
prevented the activation and that as far as could be judged this ofl
prevented rickets as well as that which was irradiated in air.
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RosESHEIM and WEDSTER (1020) cvacuated the {lask containing
cholesterol which had been left evenly distributed as a thin film adher-
ing firmly to the sides, and afterwards filled it with pure nitrogen and
repeated this process several times, and then carried out the irradiation
of the flask. And their experimental data showed apparently no dif-
ference for the photochemnical formation of an antirachitic substance from
the cholesterol whether irradiated in nitrogen or in air.

On the contrary, YopER (1926) reported that there was no notice-
able dilference in the response to the test for peroxidation whether
cholesterol in a quartz flask was irradiated in air or in nitrogen purified
according to the precautions observed by HEess and Wemsstock (1923),
and that examinations on 2 number of vegetable oils, cod liver oil and
cholesteral for peroxidation showed (1) correlation between apparent
antirachitic potency and peroxidation in untreated samples, (2) correla-
tion between apparent potency and peroxidation in irradiated samples
and (3) no correlation between apparent potency and peroxidation in
excessively irradiated samples.

VorrLser and SEresrijskl (1926) suggested from their experimental
data on photoactivity that the antirachitic activation of inactive sub-
stances through ultra-violet radiation is regarded as oxidation, peroxida-
tion or ozonization of easily oxidable organic compounds.

As readily seen from the above-described literature, the question
whether oxidation plays a role in the activating process or not, has not
yet been decisively settled.

On the other hand, from the guantity of radiant energy necessary
to form an amount of vitamin 1D sufficicnt to cause a demonstrable
deposition of calcium in the bones of a rachitic rat, the weight of
vitamin 1D synthesized is calculated to be 2 ¥ 107% gr. on cholesterol
by Fosmnper, Daviers and Stesxpsock (1928) (it should be noted
that this is the whaole dose during the 1o days’ test period, not a daily
dose.) From the feeding experiments, Rosenurim and Weesrer (1927)
confirmed the fact that frradiated ergosterol in daily dose of 1 X 1077 gr.
cures and prevents rickets in rat on a rachitogenic dict and Cowarp
(1928) showed that the daily dose of ivradiated crgostercl necessary to
give a positive result is 2 x 107° gr.

From this literature, it is now cvident that vitamin D in very
small quantity is capable of curing and preventing rickets in rats. If
something was assumed to be involved into the chemical change which
might be caused in the photochemical formation of vitamin D by
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irradiation, that substance, conscquently, would Le readily scen to be
sufficient in surprisingly small quantitics.  For example, if calculated
from my theory that A\, monv-ozenide " ergosterol is vitamin 13, the
antount of ozone necessary to form the whole dose of vitamin 1D pro-
posed by Kox, Daxigrs and Steenpock {1928) is sufficient in such a
surprisingly small quantity as § % 1077 gr.

Above all, the question as to whether oxidation plays a 1ole in the
activating process by frradiation with ultra-violet rays or not will re-
main unsolved in the future until the experimental demonstration in an
ideal abzence of oxygen shall have been achieved.

B, CURATIVE ACTION OF OZONE ON RICKEIS WHEN THE RICKETY
RATE ARE FED IN AN OZONIZED ALMOSPHERE

In the present case 1 altempted a feeding expcrimeut-tn ascertain
whether ozone exerts a curative action on rickets when the rickety rats
are fed in an ozonized atmosphere or not, in the same way as ultra-
violet rays exert a curative activn on rickets when the rickety rats are
directly irradiated.

MECHOD OF THE FEEDING EXPERIMENT

Albino rats weighing about 30 gr. were put on the McCorrum
rachitogenic diet No. 3143 (whole wheat 339, Maize 339 wheat
gluten 1575, gelatine 15 %, NaCl 1 23, CaCO, 39 ) and distiiled water
in a dark room after they had been fed for 25 days on the Snrrmans
basal diet I (whole dried millk 33.3 95, whole wheat 63.4 24, NaCl
1.3 %) and some vegetables 2-3 times per week.  They became rickety
on this diet after 35 days and then the curative action of ozone was
tested on them, they being fed in an ozonized atimosphere for some
days.  Kach litter of rats was used only throughout one experiment
and the grade of rickets disease was compared separately in male and
female by means of the histological examination (line test) before and
after the test period. The food intake of each rat was recorded.  And
all rats which lost in body weights during the test period or ate less
than 2 grs. of food per day were discarded.

TECHNIQUE OF LINE TEST PROCEDURE

The tibiae were dissected lrom the tissue afier the rats had been
anesthetized with chloroform and killed, and their longitudinal sections
were prepared by mmeans of a freezing microtome, the sections being
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immersed in 1 %5 silver nitrate solution. Light from a carbon arc lamp
was focused for 1.5 minutes upon these immersed surfaces and then
the histological examination of the hones was carried out.

ANIMAL FEEDING ROOM

In this experiment in place of a dark animal feeding room was used
a large lighttight box (1.4 X 0.7 X 1.0 m) with a special structure to
insulate from light but to permit a ventilation in which the usual animal
feeding boxes were placed. The animal feeding room was made dark
by drawing a photographer's black cloth curlain over the windows of
frosted glass when feeding or other work was attempted.

OZONKE-GENERATOR

Konava's ozone-generator was especially employed in this experi-
ment and placed on the shelf made above in the large animal feeding
box which covered fully inclosed the usual animal feeding boxes. Ozone
was generated for some minutes per day in the large animal feeding
box by means of the ozone-generator and thus the tested rats were
fed in an ozonized atmosphere on the rachitogenic diet.

Curative action of ozone on rickets

Table 11
- 'l‘o_w._I length . B _. N Average amoun; Body weigl;*;ﬂ(-;.-}w -
s T e U Tt | i | — 2 ™ i
ozone {min.) {gs) | before | after
1(5) I50.0 20 7.6 74 106 ik
2(3) 150.0 20 81 74 s o
3(2) T5ea 20 79 . 64 103 +
4(8) | 95.0 14 | . } 58 72 ot
(%) ! 150.0 20 78 | 64 100 4o
6(?) 87.5 3 8.2 64 86 : =+
; \

The feeding experiments in table 11 and table 12 were quite
analogous with each other in their experimental method and object but
differed respectively as to the mother rat and the experimental date.
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Table 12

Total length . Average amount! Body weight (gr)
4 i of time for the | Test-period of diet eaten ———-  — s g
Rat No-| - oeneration of {day) per rat per day test-period ey

ozone {min) - (gr.) Lefore after
1{3) 100 : 20 6.2 i 6y 90 *+
2(3) 100 20 6.0 75 92 + 4+

|

3(8) o 1 2 59 8o 94 o
4{4) 100 20 5.7 ya 36 ++

From these cxperimental data it became evident that ozone exerts
certainly somc definite curative action on rickets in rats on the rachito-
genic diet when the rickety rats are fed in an ozonized atmosphere.

C.  ANTIRACIITIC ACTIVATION OF ERGOSTEROL BY MEANS
OF TUE ACTION OF OZONE

In the present experiment I attempted a feeding experiment to as-
certain whether ergosterol becomes an antirachitically active substance
after the action of ozone or not, in the same way as ergosterol becomes
active after irradiation with ultra-violet rays.

Bires, HoxevwerL and Cox (1928) studied the rate of activation of
ergosterol during irradiation with ultra-violet rays.  In their experiment
the maximum potency was reached in z2.5 minutes, at which time the
ergosterol was 250,000 times as potent as average cod liver oil.  From
this time forther irradiation caused a falling off in potency, the product
becoming inactive in about 3 hours. It has not yet bcen explained
clearly why the initially formed activated ergosterol changes again to
an antirachitically inactive substance through over-irradiation, but the
presence of this phenomenon is being clearly recognized by many in-
vestigators.  Taking this phenomenon into consideration, I attempted
here to demonstrate experimentally my suggestion that ergosterol will
become an antirachitically active substance after the appropriate action
of ozone.  For this purpose, SHIMAZU's primitive ozone-generator with
one-tube was especially employed in this experiment from which ozone
was gencrated about the same quantity as in the case of irradiation with
an ACME mercury vapour quartz lamp.
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METIHOD OF FREPARING ERGOSTLRROL

Ergosterol was isolated from beer-yeast by means of the Hutpuscnga
and Lixoner's medification (1929) of the Wispavs and GROSSROIE's
method (1922) and was recrystallized two times from cthyl-aleohel, once
from acetone.  The melting point of the ergosterol was 154°C (un-
corrected).  The ergosterol in itsell was antirachitically inactive on a

feeding experiment.
DZONE-GENERATOR AND CONDITIONS FOR THE ACTION OF OZONE

The Smazu's ozone-generator with one-tube (see Fig. 3.) was es-
pecially emploved in this experiment for the above-mentioned reason.
Au induction coil having 3.5 cun length of spark and dry cells (43
volts) which were arranged serially with three dry cells, were attached
to the ozone-generator.  Each ozone-gencrator and small ceylindrical
bottle scrved with sample was deeply placed separately in a large
porcelain bottle.  Ozone was generated by passing in at 20-235 1/h
velocily oxygen gas which had been purified through conc. sulphuric
acid and over soda-lime.

OFONIZED ERGOSIEROLS AND METIODS OF PKEPARING THESE

Ergosterol (2o mg.) was dissolved in 10 cc. of olive oil and then
czonized for a definite time under the above-described conditions.  One
drop of this olive oil solution corresponds to 0.1 mg. of ergosterol.
The olive oil solution ozonized under the abave-described conditions
was, if necessary, diluled with olive ofl so that one drop of the olive
oil solution corresponds to 0.0§ mg'. or to 0.015 mg. of ergosteral.

Now under the above-described conditions, crgosterol (2o mg.) in
alive oil (10 cc.) ozonized for 0.5 minutes was designated as Oz
Erg. 17 and those for 3, 6 minutes respectively as “Oz. Erg. 11" and
Oz Tg 1TILY Oz Lirg. I was diluted with olive il so that onc
drop of the olive oil solution corresponds 1o 0.05 mg. or to 0015 mg.
of ergosterol.  The former was designated as Oz, Frg, IV and the
latter as " Oz Erg. V.”

MITFITODS TOR FLEEDING ENPERIMENT

The methods of this feeding experiment were nearly similar to those
of the preceding feeding experiment.  The samples to be tested were
not incorporated in the diet, but one drep of the olive cil solutions
was administered daily per rat by means of a glass-spatula.
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Antirachitic potency of ozonized ergosterol

Table 13
- Days of tl;;e f;:edit.l_g -____._I_%od;i’ weight \gr) ! .
Rt No. | SSpei0d | and puriog | 2ud peried "o betomnd | Tine tes
producing diut) | {on test diet] hefore after | ‘
R 21 3 14 64 92 O Vg, T - -
28} 21 14 42 57 Oz Erg. I~ —
3(4) 21 14 51 fo Oz B 1T g
{83} 21 14 43 54 O Brg. 11 44t
5(%) 21 ! 1 40 5.4 Oz. g, 11 I 44+
6(¢) 21 14 45 b1 Oz, Erg. 11 : s
73]} 27 14 57 82 Oz. Erg. T1I +
8(8) 21 14 58 57 Oz. Erg. 11T -
9(5} 23 ' 1§ 41 57 Oz, Fra. 11 + 4+
Io (3] 2 : 18 46 b6 Oz, Erg. 11 feuls
11(&) 25 ! 18 42 49 Oz Lrg. TV 4+
iz (3} 25 105 32 40 Oz TErg. 1V 4+
13{4) 25 ‘ 8 38 45 Oz Yrg. V +

In line test, 4, + 4 and + 4 + signs express respectively maode-
rate healing, advanced healing and complete healing, & sign prevention
and — sign expresses as deterioration.

From ihe results of the feeding cxperiments as recorded above it
becomes cxperinientally certain that ergosterol becomes an antivachitically
active substance after the action of ovzone. And it became evident
also that the rate of activation of ergosterol increased after the action
of ozone and then reached a maximum potency and from this time
further action caused a falling off in potency, the product becoming
completely inactive {one can readily see the presence of such a pheno-
menon also in the case of the activation of ergosterol through the
irradiation with ultra-violet rays). And it further became clear that
under my experimental conditions, a daily dose 0.1 mg. and 0.05 mg.
of the ergosterc] ozonized for 3 minutes was sufficient to heal rickets
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completely and a daily dose 0.015 mg. was somewhat efficaious, while
ergosterol ozonized for 0.5 minutes was no cfficacious and ergosteral
ozonized for 6 minutes prevented even in a daily dese 0.1 mg. in
both cases. "

It may be summarized from experiment IV that (1) esone ecxerted
certainly some definite curative action on rickels in vats on the vachito-
gewic diet when the rickely rals werve jfed in an osenized atinospliere
(2) ergosterol was activated antivackitically by the approgriate action of
vzoie.

DISCUSSION

One cannot have now any accurate knowledge on the chemical
nature of vitamin 1> except the fact that the antirachically inactive
ergosterol is photochemically converted into vitamin 1D after irradiation
with a mercury vapour quartz lamp. Many investigators almost attempt
to make clear the chemical nature of vitarmin 12 by means of the
isolation of a pure active fraction from irradiated ergostercl, but they
do not succeed in it. On the other hand I attempt here to elucidate
the chemical nature of vitamin I) by making cvident the significance
of the action of ultra-violet rays on the photochemical conversivn of
ergosterol into vitamin D.

From my experimental results, it has now become evident that
vitamin 1) is formed from crgosterol after the appropriate action of ozone.
Then it should be considered what chemical changes take place to form
vitamin D from ergosterel by the action of czone.

Those which are formed by the chemical actisn of ozone are in
general the ozonide and in special case the ozonide-peroxide and the
polymer.  Let us now herc examine closely by means of the criteria of my
experimental results which of these products of evgosterol produced by
the activn of ozone is in connection with vitamin D. The ozonide-
peroxide will be readily scen to be in no connection with vitamin D
from the fact that this product is produced when strongly ozonized,
The polymer may be produced by such a weak aclion of czone as was
employed in my ecxperiment, but it is also being generally admitted
that the polymer is produced in additition to the ozonide when mode-
rate strongly ozonized. Therefore, the polymer will also be readily
seen to have no connection with vitamin D from the fact that vitamin
D is formed from ergosterol by the appropriate action of ozone but the



On the Chemical Nature of Vitamin P 23

initially formed active substance becomes again an inactive product by
the excessive action of ozone.  Consequently the ozonide of ergosterol
must be vitamin D.

But on the other hand, it was scen in 1y experiment as in SuML's
paper (1930) that ergosterol ozonide obtained by passing ozone com-
pletely or strongly upon ergosterol was antitachitically inactive, and in
my experiment it also became clear that ergesterc] became antirachiti-
cally active after the appropriate action of ozone.  Thercfore, it cannot
be immediately decided that ergosterol ozonide is vitamin D.

Hereupon such =z hypothesis was assumed as follows; namely,
cvery three double bonds in ergosterol differs, respectively in the power
to combine with ozone according to its position in the structure of
ergostercl.  Irom this hypothesis, the most common ozonide forma-
tiv_e double bond among them was expressed with 2, in order Ay
and gy, Krgosterol having one ozenide only at /vy and none at
Aar, Mg is now designated as A meno-ozonide ergostetol ' and
ergosterol having two ozonides at Ay, Sy and not at Agp is desig-
nated as 2y,  di-ozonide ergosterol” and ergosterol having three
ozonides at Ay, Ay and Agg is designated as
ergosterol.”

We must next examine closely whicli of these threc ozenides of

¢ A[, s IIT tri-ozeonide

ergosterol corresponds to vitamin 1D, What one means in general by
ergosterol ozenide is Mg, p, m tri-ozonide ergosterol and it has been
made clear above that this substance is antirachitically inactive. There-
fore, vitamin T must be A monc-ozonide ergosterol or oy, o di-
ozonide ergosterol.

On consideration of a quantity of ozone necessary to the activation
of ergosterol, a concentration of ozoune to be used in the reaction and
of a shape of the activation curve of ergosterol by irradiation with
ultra-violet rays or by the action of ozone, it appears to he more reason-
able that vitamin I is A mono-ozonide ergostercl rather than A, n
di-ozonide ergosteral.  The rate of the activation of ergosterol in point
of fact increased with a rapid curve and reached to the maximum potency
and then decreased with a slow curve. I Ay,  di-ozonide crgosterol
was assumed to be vitamin 1), the rate of the activation should increase
with a slow curve and reach to the maximum potency and then
decrease with a rapid curve. If A; mono-ozonide ergosterol was
assumed to be vitamin 1), the presence of maximum point in the
activation curve, and also of the fact that initially formed active sub-
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stance becomes again inactive, would be readily understood il this
phenomenon is explained as follows ; namely, the initially formed active
A; mone-ozonide ergosteral alters gradually to the inactive Ay, g
di-ozonide  crgosterol and Ay, g, g tri-ozonide ergostevol  through
over-irradiation or excessive action of ozone. DBOURDILLON, FlsCUMANN,
Jesrins and WessTER (1929 reported recently that on stirring the
liquidd during radiation by a steam of nitrogen, the three substances
CA B, CCT were dsolated from the irradiated crgosterol among
which “ A" substance was very strongly antirachitically active and
‘B, CT substances inactive.  They suggested that “ A7 substance
would be vitamin D and cxplained the fact that the initially formed
active substance becomes gradually an antirachitically inactive substance
after over-irradiation with ultra-violet rays as follows; namcly, “A"
active substance alters gradually to the “ B,” “C" inactive substances
through over-irradiation. If “ A" substance was assumed to be A
mono-ozonide crgosterol and “ B, “C” substances respectively to be
Ay, o diozonide ergosterol and Ay, g, 1 tri-ozonide ergosterol,
their experimental results would be readily scen te be in harmany with
my theory that /A; mono-ozonide ergosterol is vitamin .

It will require a determination of the chemical structure of er-
gosterol, to demonstrate experimentally my theory on the chemical
naturc of vitamin D, but I believe from the experimental resulis ob-
tained above that A; mono-ozonide ergosterol will possibly prove to
be vitamin 1D,

But if my theory is roughly cxpressed, it is concluded such that
the imperfectly ozonized ergosterol is vitamin I.

Vitamin A was formerly supposed to be probably lipochrome pig-
ments or substances in their intiinate relation but on investigation it
was experimentally demonstrated that these pigments have none of the
propertics of vitamin A. On the other hand, it becamc recently evident
that what was regarded as vitamin A had been in recality the mixture
of vitamin A and vitamin D).  Thereafter, having examined again the
behaviours of these lipochrome pigments in the presence of vitamin D,
EuLkr, EuLkr and HELLSTROM (1928) demonstrated the fact that carotin
has the properties of vitamin A in the presence of vitamin 1 {the ir-
radiated ergosterol was used).  Thereafter, MoorRE (1929), CoOLLISOY,
Huume, SMeEDLEY-McLEAN and Syurn (1929), and Kawaxasn and Kix
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(1929) confirmed this fact experimentally.  And recently Kawskan
and Kin (1930) demonstrated that vitamin A in ced liver oil is not
carotin and proposed that there are possibly several kinds of vitamin A.
Certainly, at the present time vitamin A can be considered 1o be
a mixturce of vitamin D + carotin or x substance.

On the other hand, it was formerly made evident by Zipa {1922)
that vitamin A loses its physiological action through the action of
ozone.  And the cause of this phenomenon still remains unexplained.
But if it was scen from my theory that A, mono-ozonide ergosterol
is vitamin D), this phenomenon could be readily explained as foliows
namiely, because vitamin 1) (A mong-ozonide ergosterol} loses its
physiclogical activn by altering to the inactive Ay, y di-ozonide er-
gosterol  or - Ay, o, o tri-ozonide ergosterol  through the action of
ozone, vitamin A {vitamin 1} + carotin or x snbstance) results to he
carotin or x substance and lo lose the physiclogical action of vitamin
A as if lipochrom pigments have no physiological action of vitamin A

in the absence of vitamin 1.

SUMBMARY

1. Vegetable oils after irradiation with ultra-viclet rays were less
readily hydrolysed by the castor-bean lipase than were the oviginal and
the greater the iodine value the greater was the influence of irradiation,
and the decrease in the enzymic hydrolysis-velocity of il is directly
proportional to the lepgth of time of Ircadiation.

There existed a certain corretation between the icdine value of
vegetable ofl and its enzymic hydrolysis-velecity ; namely, the greater
the tcdine value the less was the velocily and from this fact the nutri-
tive value of fat and oil was assumed to be fuversely proportional to
its todine value.  The viscosity of vegetable ol ran parallel with its
enzymic hydrolysis-velocity ; namely, the greater the viscosity the greater
was the velocity,

2. The action of ultra-violet rays which decrease the enzyinic
hydrolysis-velocity  of vegetable wils, increase the acid value and the
viscosity, and decrease the jodine value of the eils, was nothing but
the action of ozone, and the ultra-violet rays corresponded to an vzone-
generator when seen from the viewpeint of enzymology.

3 The action of ozone upon cholesteral and oil was closely
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analogous to that of ultra-violet rays as regards photoactivity, colour
reactions, etc.

4. Qzone cxerted some definite curative action on rickets in rats
on the rachitogenic diet when the rickety rats were fed in an ozonized
atmosphere.

5. Frgosterol was activated antirachitically after the appropriate
action of ozone.

6. The rate of activation of ergosterol after the action of ozone
increased graduoally and then a maximum point of potency was reached
but thercafter the further action caused a falling off in potency, the
product becoming inactive at last.

7. Under my experimental conditions, a daily dose o.1 mg. and
0.05 myg. of ergosterol ozonized for 3 minutes was sufficient to heal
rickets completely and a daily dosc 0013 mg. was somewhat efficacious.
Frgosterol ozonized for 0.5 minutes was not efficacicus and crgosterol
ozonized for 6 minutes prevented even in a daily dosc o1 mg. in both
cases,

8. It was suggested from my cxperimental resulls that A, mono-
ozonide ergosterol will possibly be vitamin D, And also it was roughly
concluded such that the imperfectly ozonized cigosterol is vitamin ID.
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EXPLANATION OFF PLATIE 1

Fig. 1 A: Original olive oil
B : Ozonized olive oil.
Fig. 2 A: Original cholesterol.
B Irradiated cholesterol.
C: Ozonized cholesterol T,
[>: Ozonized cholesterol 11
FFig. 3 Shimazu's ozone-generator.
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