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ON THE CHEMICAL NATURE OF VITAMIN D 

Etsuo T AKAMIY A 

IIULDSCl-lIKSKY (l919) coufirmcd that ultra-violet rays exert a 

curative action on rickets when the rickety rats are dircctl}l irradiated. 
:\ICCOLLUM and co-workers (1922) repurted that cod liver oil contains 

in abundance some calcium-depositing substance which is present in 

butter £It in but very sligbt amounts and which exerts a directive in­

iluence on bone development. This sub<.:tance! is app:lrently distinct 

fi-om fat-soluble vitamin A. Sn£EKDocK and BLACK (1924) demonstrated 

that rickets-producing diets after irracliation with Cl mercury vapour 
quartz laml? exert a curative action on rickets, being activated <lnti­

rachitically. STEES"BOCK and co-workers (1925) rep(ll-ted that puritied 

proteins, carbohydrates, fits, salts, water, ether, hydrochinoI1, phluro­

glucin, or paraffin hydrocarbon,,; could not be activated, but chole~terol 

purified by crystallization, thcn as benzoate, and finally as acetate, as 

wcll as phytosterols, could be photochemicall}' activated after irradiatioll 

with a mercury vapour quartz lamp. l\Tany investigators, thereafter, 

studied in detail on the activated chulesterol after irradiation, and fi)r 

some time until the appearance of RosENnEI~l and \'VEI3STER'S paper, it 

was generally held that cholesterol is the precllrsor of vitamin D. 
\VrXllAU::; and HESS (t92G) confirmed the fact that if cholesterol \V(lS 

!JuriGed by the formation of derivatives (c. g., cliLromide), it could no 

long'er be activated by ultra-violet rays, and then concluded that the 

mother substance of vitalllin D is an impurity and not cholesterol, and 

suggested that ergo.c;teroi is probably the mother sub::.tance of vitamin 

n, since it cannot oe separated from cholesterol by physical methods, 

and yet it is active in preventing rickets in mere traces after irradiatioll. 

ROSEt-iHEl::\I and \VEBSTER ( 1927) purified cho\e,sterol as LtI' as possible 

This i~ no\v C'::llkd yitall1in V. 
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uy t'epeateo crystallization, then converted it into the dibromide and 

regenerated the cholesterol by reduction . ThL.:; purified cholesterol could 

not be :lctivalecl after irradiation , which showed that it i.-- not cholesterol, 
which i.., the precursor of v itamin D, but some impurity whicb is de:';-

tr(Jycd by bromination. They aJl llounced t hat ergosterol is the parellt 

substa nce uf vitalllin D. .R osu';:I!I-:J:\1 and \ VEDSTEJ{ ( l92 .s) presen ted 
evide nce that in ergosterol not unly Cl typical rillg s tructure bul al ~; () 

l lie specific pus ition of the thrct' unsaturated bu nus is es'-:e ntia l (;w 

plhJto<.:i lt:l llil;a l cOIl \'c rsi .. ,n ill w vita min U. 
Studie::. 1)11 \'i talllin I) , tlie refiwe, h:\\'c beell adva nced from the 

rela tiulI " pro-vit:tmjn + u lt ra-vitlkt rays_vit ;,ulIin 1> " to lhe rela ti un (If 

;. t' rg()sterol + ultra-v iolet rays _ vi ta min D" . Nt!\'eltheless, the sig il i­

fiC:lIlce o f the action of ultr;J, -\'iolet rJ)'s un the photoc hemical co() vc:.-rs ion 

of t: rgo"t r.: rnl into vitalllin D sti ll rCllla ins uilexplained_ If this problem 
could be solved. the chemical nat\lrC of vi t:Ullill l? would be elucidated. 
I pn':5ent evidence in this p .1 pcr fro Tll my expe rimental results that the 

action of ultra-violet rays in all respec ts , especially concerning prublems 
OIl the ,~) mlJ.tif)ll of vitamin n is closely analogolls to that of OZOl1e, 

and tllcn ::uggest that vitamin 1) is imperfectly ozonized ergosteroL 
l\ly best thanks is uue tc) Prof. Dr. Y. Okuda and Prof. Dr. 1\-1. 

Yukawa for their kiJld guidance. 

I . ENZYMIC HYDKOLYSIS -V.r-:LOClTY OF VEGET A BUc 
O IL BEFORE AN D AfoTER lRIU\DI ATION WITll 

UT :mA-V IOLET ]{A YS 

Six vegetabJe oi ls, differing in iodine value - COCOllut oil, olive o il, 

almond oil, cottonsced o il, soy· bean oil. iinseeu oi l- were employed. 

The casto r -bean lipase preparation applied for this experiment \vas 

obtained as fine white powuer, fm Ill casto r·beans after removing their 
hll .", ks by hand. extracting the kernels with petroleum-ether. 

''['he mclhod of estimating for hydrolysis-velocity of oil by the lipase: 

wos simil ar to that of R. WILT.~T;i "l"TEK (1924) except that a cylindrical 

iHl\ll e wilh a glass-stopper, a defillite diameter and a nat bottom was 

used. fi.'lr the reason stated in my }Japer (1926). The lipase preparation 
(0.2 g) was weighed into the cstim.lt ing botllc (diameter 3,6 cm.), then 

2.8 c.c.:<t of each vegetable o il added a s slIbst rate, anu shaken for OIlC 

~ T ilt: :sallle '·-', ]U1l1e o f e:H:h subsl rate mu st he used in t he mulual c<l lllp:nisol! f\.lr 

cl\,pnie hytlroiy!' is .... -d"ci ly for Ihe re:l!'on $lalCd ill my paper ( 1926). 
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minutc, then 2 C.C. of accti.c-a c..:elale uufTer so lut ion (PH = 4.7) (lddcd 

a nd sh; .. kc l1 we ll fo r 3 minutes , then pJaced stand ing in 3. cOI1 :mtllt 

water-h il th (30°C) fix 3 Ih)tlrs. The le;l c t io l1 mixture was washed 

c:lutiou:-i ly illtu a flask with 30 c,c. of 95 per cent ethyl-alcohol and 

15 C.c . of ether, and titr:!icd with 0 _1 N putasiulll hyd n)xiJe solution, 

Il :-:. ing phefwlpht ha ldn as ind icato r. T he enz)'mic hydrolysis percentage 
of each o il WJ, S e<llcubtcd li 'om the q uantity of libc ri-lt~d fatty ac ids to 

each ester \·;:t1ue. 

l\ . 10 c.e_ () f c~lch veg-etahh: oil takell in a crystallization dish 

(diamete r 9.) cm.) were directly irradiated fill' 3 hours at a dist:lIlce of 

about 10 cm . !i'()lll a mercu ry vapour quartz lamp in a water-j ac l,;eled 

box, tile temperdlllrc dUl ing irr:uliation rising lip to auu ut GoGe. The..: 

c ll 7.ymic hyd roJy")is-\'e l()c ity uf each original \'cgctablc oil and or its 

irradia ted 1()!'I ll was as follows; 

~lIIJ s lr::lh; 

--. -~~ 

"''''''111 1 lIi l 

{l\h~ ojl 

Alnl',nd oil 

l:ull' lllseed nil 

S"y_hea ll oil 

Lin~ced oil 

- - --

Table 

J lydrn]p is-vclocily (9-C: ) 

o rig inal (a) irrad ialctl 

5~· · 36.6 

44 ·:; 2 7.0 

4[ ·" 23·7 

4 0·7 2 0.0 

41.5 19·5 

35·4 16 .1 

-----_. 

(h:: I 
! 

nent ':'!~i llg ralio 
(h/a X 100) 

B. Cotton 'Seed oil t 10 c .c) taken in a c rysta llization dish (diameter 

9.5 ' cm.) was di.-ec t!}' ir l'J.diated fo r a definite time a t a distan ce.! or 
J.bout I S cm. from the lamp ill a water-jacketed box, the tcmpcr,ltu re 

during irra.d iation rising IIp to about 45°C. The en%y mic hydro !y sis­

velocity of the origina l oil and of iti irradiated f~ )rtll fo r a defini te tirlle 

was as shu\\'n in table 2. 

From these expe rimental rc.sults, it becall le evident that ;lftc r 

irr,ldia t iu n with ultra-vio le t rays , t he irrad i;tted vegetable oil ",as less 

readily hyd rc)Jy!;cd by the enzyme than was the o ri ginal, and the great er 

the inclin e va lue thL greater is the inf1ucncc of irradiatioll, and that tile 
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dec rease in enzymic hydrolysis -velocity of oil [s directly proportional t o 
the length of time of irradiation. 

Table 2 

Tillle for irmdiatiol1 (hI.) I Iytln ,ly~ i s , \'c:locilY (%) 

0.0 40 .7 

0·5 32.:; 

:21 .0 0 .0 

II. A(T[ON OF ULTRA-VIOLET lU \ VS UPON VEGETABLE 
OIL SEEN FROM THE VIEWl'ODIT OF ENZYMOLOGY 

T he action ()f ultra-violet r.::tys upon vegetable oi l ivas investigated. 
the change in em:yrnic hydrolysis-velocity of oi l caused by irradiation 
being tile criterion. 

It, ;\crn VALCE , SAPO~' F I CATI O~ VAl.lJ E AN!) ESTER VALCE OF 

VEGETA BLE OIL AND OF ITS I RRAD IATED FORM 

The irradi ;tted vegetable oil was p repa ."ed similarly to that of 

c xperill'lcnl I. A . 

Table 3 

Acid \'a l ue'* S:l I>Olliuc:llion value ":stcr ,-aim: 
Salllp l<: 

T I Tl 
r tJ tJ 

--- ---
Cue,lnllt o il '. 0 2.6 ::! ·P·9 24]·7 240·9 24·(,1 

{)jjv l..: o il 4·5 5·5 193·5 (94.8 IS9·C rXsn 

Alinonrl oil .. .> 2.8 19·\·7 195·6 193-4 19 2 . ti 

Cut\ oIl5(:C'd oil 0.2 :: .0 195·9 ' 99. 1 195· 7 (!J7· 1 

~fJ)' bean o il 0.8 2 ,2 19 ~·o 194-4 19 2 .2 H/2.2 

L i n~ee{ 1 (, il 2·5 4$ 194.2 197 -4 191·7 192.6 

I: Original oils H . Irra diated oils 

the 

* Thi~ ;\( id \·a lltc W<15 esl iUl3tt'd rl ftcr Ih e o il ill f.! )('Jul 5 l ime.!! disti ll ed wale r W:l~ cauli(ll ls ly 

warmed on :l wa le r hat h for 3 hours. 
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After irradiation with ultra-violet rays, acid value and saponification 
value of each oil increased mockrately, but its ester value remained 

unchanged. The increase in sCllxmification value, therefore, is evidently 

clue to the increase in acid value. 

B. IODINE VALUE OF VEGETABLE OIL AND 

ITS ENZYMIC H\'DROLYSIS-VELQCITY 

Table 4 

Subslrate Iodine yulue 1 I ydrol ysis-yc locity 
(Wijs'mcthoil) (%) 

COCOllllt nil 7·3 5~·' 

Oli\,c -oil [:4·3 44·3 

;\ln1(II](1 nil 96.] 4 f .(J 

Colt,)l]~l:cd oil 10<)-4 40 .7 

Soy.bean oil 133·(; 41.5 

Linseed (lil ,83·4 35-4 

These experimental results indicate that there exists a certain cor­

relation between the iodine value of oil and its elv:ymlc hydroly:-,i.,,­
vdocity; namely, tht: greater the iodine value tbe less if-; the velucity. 
From this fact, the nutritive value of fat ano oil \vhich \Vas already 
lllade evident to be directly propc)rtional to its cnzymic bydrolysis velo­
cityi' by Y. I\L\Tsl;YAliL\ and !l.T. YOSHlDA (1927). can be assllmed to ue 
inver:::ely proportional to its iodine value. This assumption will also be 
confirmed by' the results of feeding experiments which ','ere carried out 
by other investigators such as J. OZAK[ (1927) and S. GErm ([927). 

C. IO[)l~E VALUE OF IImA[)[ATI';D orT. .,,[) 

ITS E\"ZYl\IlC llYIJIWLYSIS-VELOClTY 

The irradiated vegetable oil was prepared similarly t() that in the 

experiment 1. A. 
From the experimental results given in table 5, it became evident 

that after irraclhtion with ultra-violet rays, the vegetable oil is less 

readil.y hydrolysed by tbe enzyme than is the original, and the greater 
the iodine value the greater is the influence of irradiation, and that the 
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iod ine value oC irrad iated t,i l became le:::s tha n th;tt of the origill<li . and 

the g rcdtel' the iodin e value the greater is the innuence of irr .. d iat ion. 

T hese re lat ions arc readily seen in t,lb le 6 , in which the figlll"cs given 

in table 4 and 5 an.: combined, and the dccrea:; ing rat ius are compared. 

Table 5 

~---~-

Sul,st rate 
(inall iated oil) 

Jodinc va !1l ~--~-I -- r r YdrolY:;-i~-vel0~:-itY 
(Wijs' l1Jet hod) I (9-0) 

I-~ ~ 3~~--
- -- ~--.-~---~--

Cf)C(' llut oi I 7·') 

Olive oi l 2j.O 

A lmund oil 

99·5 20.0 

Soy I )C;Ul oil 121 .8 19·5 

l .i ll "ccd "il I b:;.S 

Table 6 

----
1-Tl)·~~r;; ly,j>- - - ~ I 

l A:t.:n' a ~ in~ ]Oli inc value l )cc!e.'\~i ! l~ 
S\'1 1 , ~ trn\c _.~~, :.::j. 1Y~ ?:-o) ral il , mtio 

I ~_ (a;, I-.!..l, ~.l~ (l l/:t X 100) I (a) 11 ~ h ) I~l>/a ;-< ( IX}) 
,- - --

! 
I! 

C , I(:(.'IHII IJiI 5-::·\ 36.6 jO.-: I' 7 . ..; i'·O YS·9 
I: 

(ll i\·c u i! 44· .) =7·0 6o.!J 
" 

8. ' ·3 &>·s 4)5·5 
i 

.A lmulld oil .p .o =3, 7 57, :'; I '.16·3 r)'1· 7 !)+~ 
I 

Cott(lf1 sct;d o il 40·7 ::0.0 4S1 ·1 1 IfJo) A <)9·5 9°·~ , 
Soy 1.0('<1 11 o il 41.5 1<)·5 46·9 I ,U·}; I :: , .S <) 1.0 

1.i nseed "i! .i5·4 1(,. 1 ·15 ,5 ,:-i ,q ,6J-(: S9 ·J 

T hese experimental result:; indicate that the decrease in iod ine value 

of irr.ld iatcd oil is in r.l 11 intimate rela tion to that in c lI l.yrn ic hyd roJysb­

vcJoci tly. Hut 0 11 the other hand, it was already llI;H!C evide ll t in the 

experiment ~I. 13 that the c nzYlllic llydrolysis-vclocity of non-irradiated 

oil is inversely proportionnl to the iod ine value , alld the greater the 

iodine value the less is the velocity. Therefore , ill (It her mode~ except 
the simple saturatklJl , the iodine value must be decreased . \ \fhat b 
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here meant by "other Inodes" \vas aften.v.1rds confirmed on investiga­

tion (see the experiment 11. E and II. F) to be the formation of ozonide. 
And it is also evident from table 6 that the decreasing ratio in 

cnzymic hydrolysis-velocity of oil is £1.1' greater than that in iodine 

value. \Ve must conclude, therefore, that the decrease in enzymic 
hydrolysis-velocity of oH after irradiation is more probably due to the 
fact that the presence of oil altered by irradiation retards in some \LIY 

the enzymic activity, rather than to the fact that such altered oils arc 
no longer hyJrolysed by the enzyme. (Of course, \vhat is here meant 

by altered oil corresponds to the ozonized oil as seen from the brief 
note above.) 

D. VI~COSlTY OF IRRADIATED OIL AXIJ ITS ENZ\'M!C 

JI YJ)f{OLVS(S-VELOClTY 

Vegetable oil became strongly viscous after irradiation \vitlI ultra­

viulct fays for a long- period. This made it essential to study the 
correlation between the viscosity of oit and its enzymic hydrolysis-velocity. 
For this purpose, OSTWALD's vi,'icositollletcr \vas employed, the tempera­
ture being 30oe. sample oil measuring 5 c.c., and time (seconds) spent 

ill dropping off of oil llIeasured, and the viscosity of oil was calculated 
according to the follo\ving formula. 

1 = dt 

~;lInJ_>k 

Olive oil 

i\ llwH]d uil 

Cottonseed oil 

Soy-bean oil 

Lillseed. oil 

1j: viscosity cl: sp. gr. t: time (.c;ccond) 

----------,--

-I 
Table 7 

I . 

ViSCOSil)._. _(_,J ___ 1llYdW1Y,',",donty (%) 

360-)·8 4-l3 

J3~·.s 

300.7 

:::66·7 

228.4 354 
I 

----------" " ----

It became evident from the experimental results that the viscosity 
of oil rLlns parallel with its enz:ymic hydrolysis-velocity; namely, the 
greater the viscosity the greater is the velocity. 
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Table S 

Time fur inadi ;tlinll (m ill) Viscos it y ( r 'l 

o 300.7 

30 

60 

Cottoll seed oil v,ras used and irradiated ~ imilarly to that in the 
expe riment L A . 

From the experimenta l results obtained above, it became evident 

that the greater the viscosity the greater is the velocity, and that the 
visco:-ity of oil increas<..:s g rad ua lly according to the elongat ion of time 
of irradi;=! tioll. If seen from the point of view o f viscosity , it W0U!J 

appe ar the enzymic hydrolysis-velocity of oil ~ hould be increased 
through irradiation with ultra-violet r;Jys~ hut. in point of fact, t he 

cnzyOl ic hydro lysis-velocity o f oil \Vas st roll b"iy decreased after irradiation 
(see the experiment I . A and I . ll). T he rdore, the increase in viscosity 
of irradiated oil is ~een to be independent of the decrease in its enl.ymic 

h yu roly,is- I'e locity. 

E. ACTION OF OZONE UPON 01 L 

The S I Efl l E\"5' ozone-ge nerato r ,,,,ith ten-tubes was em pl oyed as. an 

OZ()lJc-gellcr,l tor and ozone W.1-" generated by passing nxyg-cll {jas in at 
4 1; 11 velocity, voltage be ing raised fi rst fro!l) 11 0 vol ts to 8,000 volts 
a nd after 5 m inutes 10,000 volts. Under this condition, 20 C.c. of 

cottul1sced oil were ozonii:cd for 30 minutes . 

T able 9 

Jryo roly;:; is- .. ..1 I I 1<A,me \ .:1 lie \ ' I ~ C(J;; il y ('1',) 
veloc it y (%) 
--- - j - ---- - - -

Coltoll !;ccd o il 

Orig inal oil 40. 5 ! Il O. r 300. 7 

' 4-7 
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As these cxperimenta l resu lts indicate, whe n cornpared with the 
o rig ill,d oi l, the ozonized for 111 decreased strong ly in it"!-' cnzymic hyd ro­
IY!:i is -velucity, dec reased in its iud ine v;duc and increased in its viscosity. 

This phen O!llena caused by t he action o f ozone are readily ,<;een t·o be 
quite in line with those cau ~cd by i rra dj<tt i ~n with ult ra-violet rays. 

Thus , the ~l ction of ultra-violet rays upon vegetable oil is readily 
seen to be me rely t he act inn of ozone which is generated during 
irradiation . From this the facts now becarlle evident that the acid va lue 
of oil inerea~es after irr:ldiation, and a lso (as described in the experiment 
II. C.) tha t. the presence of o7.onized oil reta rds the cnzyrnic activity in 
some way. 

F. HE.\ L ACTI OK O F ULTRA -V IOLET HAYS 'L"l'O:"J OIL 

T hc act ion of ult ra-violet rays upon vegetable oil c~ n be rega rded 
as cl pli va lent to the action of ozonc. (::;ce the expel'imcnt IT. E .) \Vhe the l' 

ultra-violet ray:; in thcmselves exert the action upon oil which has been 
gc:ne rally considered as the ac tion of u lt ra-violet rays or ultra-violet 
rays in themselves produce no sueh rc:sult but play a role fi) r the 
~eneration pf ozone the results of which were generally supposed to be 
the action o f ultra-vio let rays formed a further p roblem whic h was 
il1vest igated by means of the fi!llowing experimental met hod. 

Two crystallization dishes of the same diameter (38 cm) and con­
tent (I [.4 e .e.) were filled to tbe bl:im with coitonsced oiL On one 
of these a qU;l rt z plate was cautiously sl id in such a way as not to 
fi)rm h llbbles, and the othe r dish was covered o\'er a t a d istance of 
:2 CIn. with a l11il lboard \vhic h had been inlaid with the same q llartl 

p late. Thc.'-ie two portions of cottonsceu oil in the two dishe!; were 
i rradiatcd Uflt.k:r t he same conditions in a w,tter-jacketcd box at a 
d i-'itancc of about 18 cm. from a mcrcury vapour quartz lamp, the te m­
perature d urin g irr~(l i ;]. tiQn ris ing up to about 50°C. ' In the fi)rmer case, 
the oil was irradiated with ultra-violet rays but without the actio n of 
O7.o ne produced during irr.::l.d iation (desig nated as " a !I in table 10) <t ncJ 
in the latte r casc, the oil was affected by both the irl'adi ,ltlon of ultra­
viole t rays and t he action of ozone produced d uring irradia lion (desibnated 
as .. b " in tab le 10). 

T he experimental resu lts indicateu that in the fo rmer ca~e (Il), 
there was I ll) cJu nge in its enzymic hydrolysis-velocity \vithin the 
experimental e rror b ll t in the latte r case (b) , it appare ntly decreased . 
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Therefore, it bCCflIl1C evident that u1tra~vi(Jlct ra}'::; in themselves have 
no such aercets as "\vere hitherto attributed to the action of ultra-violet 

rays but plays a f()ic of generating an ozone, which action ",vas in 

practice recognized as the action of ultra-violet rays. 

Table ro 

C:ottol1seld oil TitHe for irradialion Ou.) Iiyrlrolysis-ve]cocity (%) 

(lriginal oil 0.0 41.0 

a oil 1.5 40.S 

a oil 

" od I.S 39'3 

h (oil 5.0 ]6.6 

It may be sUHlmarized fi'oll1 experilIlcnt H. that tit!' actioll I!! uitytl­

,!julet ra)/s lIpon (I{gdable oil Sl't'1l ji'om tlte " icu'poillt (1 cnzymo!ogy 

L~ ;wtltillg but lilt, actioll of OZOJle, and tlte ltfba-'uioid raj's correspond to 

all o::;OJlC-,_{[CIlt'nltor 

Ill. COMPARISON BETWlCI<:N TIlE ACTION OF OZONE 
AND THAT OF ULTRA-VIOLET KAYS UPON 

CIIOLESTElWL ;\ND OTT 

The fact wa~ rlllldc evident from the experiment 11. that the action 
of ultr;l-violct rays seen from the viewpnint of cnzynlOlogy upon 

vegetable oil b no more than the action of ozone, and the ultra-violet 

rays correspond to an ozone-generator. Consequently the effects of 

ozone Clnd ultra-violet rays upon cholesterol and oil were compared in 

this experiment by means of the criteria of photoactivity, colour reactions, 

etc. 

A. PHO m.\CTI V IT)' 

K. TAIC\lIASJU and S. lLnL\No fir:;t discovered the [let that 'vita­

min A preparation is phutoactivc, and S.H\\[,\;\IO (1925) reportc{l that 

cholesterol and oil became photo active after irradiation \vith ultra-violet 
rays. This problem was, thereafter, deeply investigated by- 11. VOLU.JER 
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And it became 
evident tint photortctivity is not due to any .secondary radiation given 

out by the photo active substance but seems to he due to the emanation 

of some substance from the photo active substance. Above all, photo­

activity is being observed with interest in relation to vitamins. 

Photoactivity was determined as follows. A crystallization dish 
posscc:;sing a diameter (3 cm.) and a height (I.6 CI11.) which was served 
\vith I gr. of sample was taken to a dark room and a photographic 

plate (Lion Eclip.se Ortho was used throughout these experiments) ,,,'as 

laid scntitivc sidc downwards on the sample. The ,,,,hole 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 developmcnt of the plate 

was carried out as carefully as possible to be uniform throughuut thc 

experiment. 
First, by repeating- the experiment I confirmed the [lct that after 

irradiation with ultra-violet rays, cholesterol and oil become pho{o­

active and their photoactivity become more intcnse, and uleic acicl 
became strongly photO;lctiv-c, but palmitic and stearic acid did not, 

From tbis fact, it becamc clear to be due to the unsaturated fatty 
acids of ,vhich the oil cOllsisb, that the oil became photo active after 

irradiation with ultra-violet rays, 
Next, the photoactivity of cholesterol and oil after the action of 

ozone was investigated. The SIE,\IE~S' ozone-generator with ten-tubes 

was employed as all ozone-generator, and o/.one was generated by 

passing oxygen gas in at 4 1/11 velocity, voltage being first raised from 

110 volts to 8,000 volts and after 5 Illiuutcs to 10,000 \/01t5. Under 

this condition, 4 c.c. uf olive oil were ozonized £(:11· I hour, 1.5 gr. uf 

cbolesterol £(Jr 40 minutes (this calleel <I ozonized cholesterol I "), and 

white crystalline powder :-:,;cpara.tcd Ollt by uZ()Ilizing cholc:-:;tcrol (2 gr.) 

dissolved in [60 C.L. of hcxtlne ,vas dried in vaCUUlll over calcium 
chlurick and [Jararfin (this ealled "uz()nizccl cholesterol II ")1, The photo­

activity of these ozonized substances was as follows. OZ()}1ized olive 
pi! (see Fi~. 1, B) was phot()~letivc as weJl a~i irradhtcd ulive oil and 

ozonized cholesterol I (sce Fig, 2, C.) was strongly phutoactivc and 

a!;io uzonized cholesterol 11 (scc Fig. :1. 1)) violently. It became 

eddent that cholesterol and oil become photoactive as ',yell by the action 

uf ozone as by that of ultra-violet rays. 

:> Sce c. D. Harri(;~; UlltcrslH.:!Jllngcll iiLer das Ciz(ll1e uuo seine Finwirkur,g- allf "r· 

g-al1ischc Vcrhilldllng, S 374. 
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B. COJ.Ol:]{ RE,\CTION:-

The fact hrts been genera lly ;!ri rllitlcd that cholc:sterol after irradia­

t ion g ives different ;lIld specific colour reactions from tlnt of the orig ina l 

one. In this experiment, some compa rison of colour reaction between 
irradi at ed cholesterol and t he ozonized onc was carried out by means 

of the colour reactions of irra.d iated choleste rol proposed by many in­
vestigators. 

SHEAR'S colour reaction for vitamin D ( 1926). 
The SHEAR'S reagent was prep.l red by adding I part of conc. llCI 

to about 15 parts of a nil ine \vhich should be redistilled before using. 

Uoiling a s llla ll quantity of p~lrjfied c holesterol with the reagent in ;t 

test tube for about half a minute gives a clear pale yellow solut io ll, 

bil t whe11 irrad iated cholesterol is u.:it:d, it g ives ;i, red colour which 
becomes in tense on standing. 
is c harac teristic for vitamin D. 
and W;:nsTER (1926) published 

IJe i ll \1l 0U Il Ced that this colour reaction 
Aga in :-it t his annOUllcement Ros EJ\ HEnI 

an antagol1isti c opinion that the SHEAR'S 

colour reaction is not specific 6) r vita min J) and appears to bc due to 
th8 form ation of org.{nic peroxidcs . In reply t o this antagonistic opinion 
of ROSE:\,HEI\l and \VEBST E R, S IIK\[{ and K RAl\IER ( 1916) answered and 
declarin g that the question as to ho w close a connection exists betwcen 
the chror1logenic substance (or substances) a nd the an tirach itic f l(:t.(!l' 

remains to be solved and the objL:ct was to obtain an antirachitically 
ac t ive £i·actio n from irrad iated cholesterol with aid of th is colo ur re­
ac t ion ; a nd they sep trated <Ic tu;tlly , I U . V. oil o f cholesterol " as an 
atir~l ch jl ic a lly act ive fraction. !\lOOlU": a nd YV II.LDlor r (1 9 27) repor ted 
fmlll thei r experimental data that the S IIE .. \l{·S 01101..1 1" reaction is not 
specific for vi tamin D . S EXTO).! ( 192R) studied the effects of the S II EA R'S 

rC:lgcnt upon a number of ~tcfo l ~~e r iv:lt i vf~S :l ll l l concl uder! that t he 
S HEAR's colour react ion is by no Il leanS spccihc for vitamin]) b ut un 

t he other hand the po ..;it ivc react ion give n by irradiated ergosterol ami 
ketones is ill harmony with the vie w expressed by TIEILBROX, ~\Io l{TON 

and S EXTOX (1928) that the antir,"'\chitic vita min is possibly ketonic in 
characte r. Abuve all, it is evidenL fact that afte r irradiation ·with ultra­
viole t rays, cl lOle.<,tcroi, etc . for the first t ime gi\rc the SHE.\l\.'S colour 

reaction . 
In my experiment ozonized c holesterol 1 a nu ozonized ch()l e~tcrul 

11 togelhe r posiLively gave the SllE:\ I ~' S colo ll r reaction 

STElG.\JAXN'S co lo ur reaction fo r vi tanlin D ( 1928). 



On the Chemical ~'ature nf Vitamin D 13 

'A/hen 5 c.c. of fuchsin solution (I: 10,000) decolorized with hydro­
sulfit (Na2 S2 0 4) arc added to an alcoholic solution of sanlple, ordinar.Y 

fuchsin colour appears again, and it is diluted with some amounts of 
distilled water, and then again clecolorized by adding of a little excess 

of hydrosulfit. After standing for I -2 hours, a specific blue-violet 
colouration appears when sample contammg vitamin D are used. 
STEIGl\IA:\X announced that this fuchsin aldehyde colour reaction is 
specific for vitamin D and concluded from his colour reaction experiment 

that vitamin D \"ill probably be aldehJ/de ur 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 
STEIG:\1AX:,\'S colour reaction after the action of ozone or not. Choles­
terols Q:'wnized for 5, 10 and 40 minutes, and ozonized cholesterol I 
respectivelY" positively gave the STETGi\L\KX's colour reaction and among 
them, that for 4() minutes \vas the strongest. \-Vhen cholesterol (2 gr.) 

dissolved in 50 c.c. of carbon tetrachloride was ozonized f(Jr 2 hours 
anti petroleum-ether added to it, white crystalline po\vdcr was precipitaterl 

which was dried in vacuum over calcium chloride and paraffin. This 

\vhite crystalline powder also gave the STEJG.\JA::-;~'S colour reaction 

strongl.Y· 

EULEK, I\'li'RB.A.CK and KARLSSO:\ (1926). 
reported that irradiated cholesterol gave different colour reactions 

from that of the original ,,,hen compared by means of the fOLlr chole­
sterol colonr reactions (e.g., A-reaction (\'Vhitby's method), B-re;-lCtion 

(\Vhitby's method), C-reaction (\Vhitoy's method), lJ-reaction (Harden's 
method); nanleiy, at least among the four colour reactions, first C- and 
A- reaction, and next B-reactioll \vere eliminated. 

I confirmed experimentally the f;lct that ozonized cholesterol II 
ga\'e nu A- and C- reactions at all and coloured a pale ye!IO\vish-pink 
colour emitting a green fluorescence in case of R-reaction, and gave no 
cull)uratioll 011 the addition of furfllrol and conc. sulphuric acid. and 

coloured a yclknvish-brown colour on the addition of anhydrous acetic 
acid; namely. ozonizeu cholesterol II did not give the A-, U-. C-, and 

D- cholesterul colour reaction, 

C. OTHER PHOl'ERTIES 

It has been generall.r rccog-nized that the melting point of choles-
terol depresses after irradiation with '.!ltra-violet rays. 1 ... '01' example, 
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EULEI{, i\·InwXcK and K .. uu_<c;s01\ (1920) reported that when exposed to 

a mcrcury vapour quartz laIllp at a distance of 4 cm., the temperature 

during irradiatiun rising lip to ISOcJC, the cholesterol mclted and be­

came a p(lrou.'i, ycllo\\'i'Sh -brnwll coloured glas'Sy substance after cuoling 

and the melting point o[ these substanccs first depressed and again rose 

3ccunling to tl1e elungatkm of time uf irradiation. 

I confirmed the fact experimcntally that the melting point of choles­
terol dcpres.'icd after the action (If ozone; natllely, the melting point of 

original clvllestcrol was f40°C, that of oZ(Jllil,ccl c1wlc.-;ternl I 138°C 
and that of ozunized cholesterol II I I 3- 12 1°C. 

It has been aIsu ~:encrally rccogni7.ed that cholesterol becomcs 

incapable of precipitaticln with digitonin after irradiation with ultra-violet 

Lly'S. I further confirmed experimentally the tlct that cholcsterol bc-

came incapable of prccipitatillll with digitonin after the action (If (J/>JiiC. 

It 11Iay be sU!ll1l1ari;-;c<..I from experimcnt In that tIll' adiall of (}.?;OJU' 

UPOIl d/{}/estero/ and oil as rc/.;ards pllOtadi1!1"t)', ("%ur readioJls, eft'., is 

dosdy analogous 10 Illtlt CI/ lfltra-1 liolct raj's. 

IV. BEHAVIOUR OF OZONI·: FOR THE FOR\IATIO"l OF 
VITA~II" ]) AND FOR TlIE lIlcALlNG OF RICKETS 

It was shO\vn in thc preceding experiments that when seen from 

the viewpoint of enz,'l1lology, the action (If ultra~vjokt rays upon vege­
table oil is no more than the action of ozone and the ultra-violet r,tys 

currespdlld to an ozone-g-enerator, and also that the actiull of ozone is 
closely analogolls to that of ultra-violet rays as regards photo activity, 

colour reactions, etc. 

If these several phenomena caused by' the irradiation with ultra­
violet r;}ys ill photo activity, colour l-eactiollS, etc. could be shown to stand 

in some relation to the photuchemical cOl1\·er.'iicm of pro··vitamin into 
vitamin n, it would be readily ~ccn that ergosterol could be converted 

intu vitamin D after the action of ozone, without irradiation "with ultra­

vl()Jet rays. And if ergosterol would not oecollle all alliirachitically 

active suustance after the action of o;;";one, it would be seen that the 

phenomena obtained above \vould :-;tand in no relation to the photo­

chemical cOllver:sioll of ergosterol into vitarnin D, and it \1'mIld be a 

pseudo-phenomena caused by the acce.'isory action of ultra-violet rays . 

.:\b()\'C all, it will be suggested in the extent of my experiments 

that a curre1atioll such as exists between vitalllin D and ultra-violet 
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rays ,,,ill also exist between vitamin D and ozone. In this experiment, 
consequently, I attempted the feeding experiments to ascertain \vhether 

ergosterol becomes all <lntiracltitically active sui;,')tance ;tfter the action 

of ozone or not, and whether ozone exerts a curative action on rickets 

lvhen the rickety rats fed in an ()zonized atmosphere or 1101. 

A. I{ELAT100: IWnYEE:--: TIlE I'IIOTOCHL\1ICAL FOI{:\lATJOt\ OF 

VITA:\IIS n ..\1\1) 0.\11)/\'1'10:\ PRUCESSES 

Mall}' investigators 11<lVe hitllerto attc1l11)te<j to ascertain whether 

nxidatiul1 does or does l1()t pia}' a relic ill the activating process of 

irradiation with ultra-vinlet rays, This prublem was here discussed 111 

ddail in the literature. 

SCIIULTZ, ZIEGLER and l\·101{SE (I927) "~llggestcd that it seems pmb­

able that the ultra-violet rays might cause a reaction to take place at 

the double bond, possibly an oxidation, and if irradiation does cause 

an oxidation of cholestercd, one would not expect a very deep seated 

change, and the milder the oxidizing agent, the simpler is the resulting 

product and the more likely that such Cl compound could be obtained 

by the irradiation of cholesterul with ultra-violet rays. But (1- and /1-

cholesteryl-oxide, hydrocholesterol, and a-cholestantriol were ::.1lOwn to 

be the antirachitic ally inactive substances. 

I-lEss and \,VINDAUS (I926) investigated the antirachitic potency Oil 

a number of cholesterol derivatives both v/hen irradiated and when not, 
and <lnnounccu that cholesterol ozonide is antirachitically inactive in 

either case, But they did not describe how they prepared the choles­

terol ozonide. 

HESS and \Vf'~INSTOCK (I92S) irradiated a linseed oil in an at­

mosphere of nitrogen, in order to ascertain "whether oxidation play'S a 
[()Ie in the activating process or not. To this end a very small amount 

of linseed oil was placed in a quartz tube and the <lir rcmoveu from 

tbe oil by means of suction. Nitrogen was then HlI1 intu the tube, 

after it had been passed through pyrogallol and over soJa-lime. The 

(lllartz tuoe containing the oil 1vas evacuated and flushed with nitrogen 

several times. The oil was then irradiated for I/2 hour at a distance 

of 6 inches. And they announced that the lack of oxygell did not 

preventeu the activation and that as far as could be judged this oil 

prevented rickets as well as that which was irradiated in air. 
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ROSEXHEIM and \VEllSTEH (1926) evacuated the Hask conta1l11I1g 
cholesterol which had been left evenly distributed as a thin film adher­

ing firmly to the sides, and afterwards filled it \vith pure nitrogen and 
repeated this process ;.;everal times, and then c(l.rried out the irradiation 

of the flask. And their experimental data showed apparently no dif­

ference for the photochemical fi)1'mation of an antirachitic substance from 
the cholesterol whether irradiated in nitrogen or in air. 

On the contrar:y, YODEl{ (1926) reported that there was no notice­
able difference in the response to the test for peroxidation whether 
cholesterol in a quartz flask was irradiated ill air or in nitrogen purified 

according to the precautions observed by BESS and \'lEI~STOCK (1925), 

and that examinations on a number of vegetable oils, cod liver oil and 
cholesterol for peroxidation showed (I) 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 bet\veen apparent potency and peroxidation in 
excessively irradiated samples, 

VOLU.lEK and SEREIlRI]SKI (I9lU) 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 read1ly seen from the above-described literature, the question 

whether oxidation plays a f()le in the activating process or not, has not 
yet been decisively settled. 

On the other hand, from the quantity of radiant energy neccssar,y 
to fi)1Tn an amount of vitamin D sufficient to cause a demonstrable 

deposition of calcium in the bones of Cl rachitic rat, the weight of 
vitamin D synthesized is calculated to be 2 X 10"R gr. on cholesterol 

by FOSBINDER, DANIEL"; and STEENIK1CK (1928) (it should be noted 

that this is the whole dose during the fO days' test period, not a daily 
dose.) From the feeding experiments, ROSENIIEIM and \VEBSTEJ{ (I927) 

confirmed the fact that irradiated ergosterol in daily dose of I x 10- 7 gT. 

cures and prevents rickets in rat on a rachitof;enic diet and COWi\J{l) 

(I92S) showcu that the daily dose of irradiated ergusterol necessary to 

give a positive result is 2 X 10-8 gr. 
From this literature, it is now evident that vitamin D in vcry 

slllall quantity is capable uf curing and preventing rickets in rats, If 
something was as'iUll1cd to be involved into the chemical change which 
might be caused in the photochemical :fiJrmation of vitamin D by 
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irradiation, that !') uustance, consequently, would Le readily seen to be 
su ffi cit:nt in surprbillgly small qUJll ti tics. For example, if calcLllatnl 

from Ill)' theory that 61 monu-07.oniclc· ergoster o l is \ ' italllin 1), tile 
;lIllOunt or ozone necessary tu for m the whulc dose of vitamin D pr(J­

posed by Kux, DAKmL...,,) and STEEN llOCK (I92S) is sufficient in sllc h a 

sll rprisillg ly sma ll quantity as 5 >< 10- '" f:!r. 
A holve a ll , t he qllcst it) 1l a:; to whether oxidatio n p l:1ys a l ulc ill t he 

activat ing- prllccss by irradiat ion wil h ultra- vio le t ray-" or nut will re­

main 1I ll soh'e d ill the fllt u re ll ntil the experi mellta l d e lllOlhtrat io n in ;:lIt 

ideal ah "'e ll c;e of oxygell sha ll ha\'c been achieved. 

U. ClI K\'f IVE ACTIO;\; OF OZONE O!'< !{ICKETS WJlE~ TllE I':'ICKET\ ' 

JUTS A /-m FED 1:"-1 1\:\ Ol.OXIZEll Al \1 0 :; I' II E RE 

In the prese nt case ] alt elllpl cd a feeding e:\pc riment to ascerta in 
whetlle r O t:u Il C exerts a C lIr.ltiVt.' action Oil rickets when the rickety I';t ts 

are fed in a n ozoll ized atmosphere or not , ill the !':)a1lle WdY as ultra­

violet rays exert a curative act.iun on rickets when the rickety rat:; are 

direct ly irradiated. 

,\l ETHOll or. TIlE FEE DI l'\G E.\:PE RrMF.:-..-r 

;\ Ib in\) ra ts weigh ing about 30 g r. \\'cr~ i.lIlt on the IVIcCOLr .U M 
rachito~cllic diet No. 3 143 (whole wheat ' 33 q~ , ),1 a izc 33 g{' \dle,lt 

gluten 15 '}~ , gelati ne r5 1~ , . :,\!'aC I [ q.~ , CaCO) 3 %) anu di ~t illcd wate r 
in a dark room after they hac! been fed fu r 25 days on the SIlEl{:\IAl\' t-; 

ba.sal diet n (whole dded milk 33.3 ~'a, whole \\' he;lt 654 (j~, NaC I 

1.3 7'~ ) and some vegetables 2-3 times per week. They bcc<lTll<: rickety 
nn this die t ;! ftcr 3S days a nd thc n the curati vt,; actiun of ozone was 

tested 0 11 t he m, they being fed in an ozonized at l llosphcrc I()r somc 

days. Eac h li tlcr of r:.:l.ts was useu only through.Hlt onc experiment 

;!tH.I t he g rad <: of rickets d isease w:-\ s compared sep:1ratdy in ma le ;"md 
fema le by means of the histological cX<lminatkHl (line test) befilre a nd 
after the test period. The food intake of each rat \V a~ n:cordcd. .And 
all rats which lost in body weig hts Juring the tc:: ,.., t period or ate k:ss 
tha n 2 g-rs. of food per day were discarded . 

TEC II N' IQUE O F U XE T EST PIWCEI)U I~E 

T he . tjIJ iae were disscc tc::d from the ti sslle a fter the rats hau been 
<1 i1c;.;thelizeu with chloroform a nd killeu, and their lungitudin;"ll secti(JlIS 
wcre prqun.xl , by means of a freezing microtollle, the sectiulls being 
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irnl11crsed in I ~~ sil ver .titrate solution . Light from a carbon arc lam» 
was focused for !'S minutes UpO I1 these immerseu surfitccs and then 
the hi stolugical examinatio ll of the bones was carried out. 

ANDIAL I'EEDI);'G ROOM 

In this experiment in place of a dark animal f<.:eding room waS used 
a la rge lig ht-tight box ( 1.4 X 0.7 X 1.0 m) with Cl. sp .. ciai structure to 
insulate from lig ht but to permit a ventilation in which the usual a nil1l:~ 1 

feeding hoxes were placed. The animal feeding roo l11 was made dark 
by drawing- a photographer's black cloth cu rl<Ji ll over the winduw:; of 
frosted g lass when fe ed ing or other work was att empted. 

OZONE-GENERATOR. 

KOI )f\ l\l A'S o7.one-generator was especially elllphwed in thi ~ 

Illellt and placed on the shelf made above in the large animal 
box which covered fu~ly inclosed the usual a nimal feeding boxes. 

expcri­
fced ing 
Ozone 

was generated for some l1) i n tl tc~ per day in the large animal feedin g 
box by means of the ozone-generator and thus the tested rats were 
fed in an ozonized atmosphere 011 the rachitogenic diet. 

Curative action of ozone on rickets 

--!.:..- I Tot:r:;"~c~"th i 
" Rat No. : of time ~or the: 

I( ~) 

2( ~) 

:'U» 
4 ( 0 i 

5 l 'I) 

6 (\? ) 

: general Ion of 
ozone (min. ) 

150 .0 

1 5 0 .0 

150 .0 

95. 0 

15 0 .0 

87·5 

Table 11 

"- ··-=i"'1 ,~'~"~,~a~g,=a~,,,~,,=ull ~~ Body ,."e ight (gr.) 
T est · period of diet eaten 1--'·· ·_---

(cl3y) per rat per day " tCS1· perirxl I 

(gr.) I Lefore after I 
----- - , . 

20 7.6 74 106 

' 0 R I 7. li S 

20 7-7 6. 1').1 

'4 H SS 7' 

20 78 64 100 

' 3 B.2 64 S6 

--~-.--

Lint2 t (: ~ l 

+ ~ 

++ 

++ 

+~ 

++ 

+ 

The feeding experime nts in table I I and table [ 2 were quite 
analogous with each other in thei r experimental method and object but 
differed respecti\'ely as to the mother rat and the experimental date. 
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.~ ( (, ) 

4 ( 0 ) 
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Table 1 2 

-- -- -"-------0'= - - - . --
T"tal le ngt h I ' /\vl' ;ag~ a~nount ! Dod~ wci~llt (g ~. ) 1----. 

of time for the Te),\ _pe rind "r di et eaten .-------.. .--. . . 
gellt-rat ion of (day) pe r rat per day I tcst-pcr in,"\ I.mc l e~l 
()Zfln e (min.) _ .. ,~_. __ ._. lJe fore I~~~_ I' ___ _ 

100 2;l 6 . 2 i C)oj 9') -1- -'-

w o 20 

wo 

'00 20 

6_0 

5· 9 

7S 

&) 94 

5.7 iO 86 ______ L __ _ 

+++ 
+ + 

++ 
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From these experimental uata it became evide nt that ozone exerts 

certainly ~O IlJ C definite curative ac tion o n rickets in rats on the rac hito­
genic diet when the rick ety rats a re fed in an ozoni zed atmosphere. 

C. ANTlIL\CWTrC ACT I VAT ION OF ERGOSTE1{OL In' -'WA!'\S 

OF TilE ACTION OF OZONE 

In th e present expel-imcnt 1 attempted a fceding experiment to as­

cert ain whether ergostero l hecomes an antirach itically active substance 
idier t he ac tion of ozone or not, in the same W i ty as c rgostc l-ol becomes 
active afte r ir radiation wi th ultra-v iolet ray~. 

BILLS, HO~EYWELL and COX (T928) !'iludit:d lll c rate of activatio n of 
ergostero l during irradiation with ultra-viulet rays. In their experiment 
the ma ximum potency \vas reacherl in 22.5 minutes, at \vhich time the 
erguste rol \Vas 250,OQ() times .:15 potent as average cod Jiver oil. Frt) 1l1 

this tilll e further irraJiation ca used a f:dling o ff in potency, the product 
becOlllin~ illlc tive in about 3 hours. It has not yet been expla i1led 
clearly why the initially formed activateu ergoste ro l changes again to 
an 311t irachit ically inactive substa nce:: through over-irradia tion, but the 
presence o f this phenomenon is being clearly recognized by many in­
vestiga.tu)"!;. Taking this ph ellomenon into consideration, I attempted 
here to demonstrate expcril1lent Cl lly my suggest io n that ergosterol will 
heco me an <t ntirachi tic;:dly ;:Iclive substance afte r the appropriate action 

of ozone. For this purpo!-;c . S HDf AZU'S primit ivc ozone-genc rato l- with 
one-t ube wa~ especialJy elllployed ill this experiment fronl which ozone 

was gene rateci about the same quantity as in t he case of irradiation with 

an AC;\IE. m ercury vapour quartz lamp. 
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) LET! [01) OFPREl'.-\KI ~G E HGOSTEROL 

Ergosterol was bolal<..:u fi ·om beer-yeast by l lleans u f the H I':IIJUSC IIK .\ 

and Ll ;-';- [ ) ;'\i[': I{'S Illuclificollioll ( 1929) of the \VJ ~J)AUS and GRO'-'SKOl'F 'S 

IllctllUd (1922) and was recry.'itallizcd two tim es frolll ethyl-alcohul, once 
frOlll acetone. The melting point ()f lhe ergosterol was 154°C (un­
corrected). T he ergosterol in itself was <lntirac hilicaliy inac tive on a 
reed ing e xpe r iment. 

The S I!lL\%U\ ozone-gc:nerator \vith onc-tube (~ce Fig. 3.) \!/,, ~ es·· 
pcciil lly em ployed in this experi ment for the above-mentioned r CIl SO Il. 

An induc ti u ll cn il havin g 3. 5 CIll . length of :-:park .'t11d dry cdl.'i (43 
volts) whic h \\-e re a rranged :'«~ J'i<l l! ,- with th H:O:! d ry ce lls , \\'ere attached 

to t he OZ.,)llc -generat ol". Eac h o :t.ollc -g-cner ato r a nd ~ Illa ll cyl iud rical 
bottle served with sa mple was deeply placed scpar;ltc ly ill a large 

PO\'CCJaill butt le. Ozone was g enerated by pas:-. ing- in iLt 20-25 J/h 

velocity o xyg e n gas \vh ic h had becn pu rili.cd ti1I\ ,u g h C(lnc. !-o ulphur ic 

acid 'and over soda-lime. 

OZO~ [ Z ED ERGOST El(OLS AN D :'- 1r.TllODS OF I'I>:}<: I'A I<I:\(> Tl-!l~~E 

Erg-(lSf c ~ rl. , J ( 20 Ill g-. ) W. I ~ d issu lved ill 10 C c. of o livt.: ()ii and then 
(Jz (,)IlL~c( 1 for a defi nite tiillt: un(le r the abo\'c-dc~c r i l )L"d co ndi t iuns. O nc 

d rop o f thi ~ oli ve oil solutio n corresponds h ) O. [ Illg-. of c:rgostl:rnl. 

'l·hl.,; nl ivc oi l solution ozuni zed under the above-described C(} ll d iti u! lS 

was, if th:CC.-;sary , dlluled wi t h olive oil so tl lat ( lne drup uf the o li ve 

oil s (du t iPll corresponds 10 0 .0 5 l1lg. 01' to a .O ! 5 Ill g-. of ergustenJI. 

NO\v under the above·dcsc ribed condi tio ns, t: rgu~tcrol (:2:0 lUg.) ill 
(d ive (, iJ ( Ioc e.) o zollized fo r 0 .5 minutes was desig nated as "Oz. 
Erg. f " and those fi. )J· 3, 6 minuLes respec Li vely as ., Oz. E rg. 11 " and 

"Oz . .Erg- Ill. " Oz. Erg". I I \vas diluted wilh o li ve uil so that onc 
drop or tile olive oi l ~t) llltjo n cor re~punds to 0.0 5 IIlg. or to 0 ,0 15 tllg . 
of (Tgn,'iterol. The form er was dc!'ignatcd as ., Oz. Erg-. IV " <llId the 

latter as "Oz. Erg. V." 

~ I i ~T i l OOS F O /{ FEED! :\G g:\ [ 'E tU ~LE:--;T 

The ulcthods of this feed ing e xpe rimc nt \\(,: re nearly simila r h ) thn!-=e 

of t he prcccJing feeding e xpcrilllcnt. Tkc s;u llp lt.:s to be tested were 

nut inco rporated ill the diet, hu t one drop of the ul ive oil ";oluLions 

was acitllil1i.'itcred daily per rat by means of a g-lass · spatu!a. 
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Antirachitic potency of ozonized ergosterol 

Table 13 

- -~-~-=--=---T--~~~,===o-=.=-~~ 

I 

I)a,~ of th /" f<:oedlllg Bodyweight::gr.)·. ,.. , _ i 
. I ::\0. of samples, 

Rrlt No. 1st pellod 2nd period 2nd [ll-_'rlud lo be tested I 
(on Tlc],eb 
od ~ (on te."t diet) before _after 1 ____ . I 

r .ine te"t 

6 (9) 

S (0) 

9 ( S ) 

w (:) ) 

" ( 0 ) 

iZ (:) ) 

I3 Uj) 

pr WHIg-UHt)" -' _____ 1 ____ _ 2,--1-
i 

I 
2T 

2I 

25 

25 

25 

25 

25 

---

'4 

'4 43 

40 

57 

60 

54 

54 

oz. l':rg. 

Oz. Erg. 

Oz Frg. JI 

(h. Erg. Il 

Oz. Erg. n 

45 6[ I Oz. Erg. TI 

+++ 

+++ 

+++ 

+~ 

_:_: __ ..J. __ :_:_ _ ~~_I ~: ::: :_: ;_;---_: __ _ 
IS 4' 57 Oz. Frg-. I! +++ 
,S 46 66 Ch Erg. II ++ 

,8 4' 49 Oz. I-:rg. IV +++ 
I ~; 

~ 
40 Oz. Erg-. IV +++ 

,s 35 4j (l:;.. Erg. \ - + 
- -

In line test, +, -+- + and + + + signs express respectively mode­

rate healing, ach~·anced healing and complete healing, ± sign prevention 

and - sign expresses as deterioration. 

From the results of the feeding experiments as recorded above it 

becomes experimentally' certain that ergosterol becomes an antirachitic ally 
active substance after the action of ozone. And it became cvidcnt 

also that the rate of activation of ergosterol increased after the action 
of ozone and then reacbed a maximum potency and from this time 

further action caused a falling off in potency. the product becoming 

completely inactive (one can rcadily 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 becarne clear that 

under my experimental conditions, a daily dose 0, I mg. and 0.05 mg. 

of the ergosterol o%onized for 3 minutes was sufficient to heal rickets 
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completely and a daily dose 0.015 mg. was somewhat efficaio lls , while 
ergostero l ozonized fix 0. 5 minute.s was no efficacious and er~o~te ro l 

ozoni zet..! fo r 6 minutes prevented even in a daily close 0.1 mg'. in 

both cases. 
It may be sumlnarh:ed from experiment ]V that (I) O/JOJlt' exerted 

certainty Jome definite curatizJc actioll on rickets -in rats on the rachita-­
genic diet ""/U1l tlte ricket)1 rats <-Ut'ye jed in (m osonized atmosp/tere 
(2) eJ:g-ostcro/ 7.oas activated rt.lltiradtitically by lilt appn'/wiate actiolt of 
ozone. 

DISCUSSION 

Onc cannot have now any aCC l1f3 t e knowledge on the chemical 
nature of vitamin ]) except the fact that t he antirachically inactive 
e rgosterol is photochemica lly converted in to vitamin D after ir radiation 
with a mercu ry vapour quartz la mp. Many inves tigators almost a ttem pt 
to make clear the chemical nature of vitamin D hy mean s of the 
isolation of a pure active fmction from irradiated ergosterol. bllt they 
do not suc:c:eed in it. On the other hand I attempt here to elucidate 

the c hem ica l nature of vita!ll in n by making cvilie llt the significance 
of the act ion of ultra-violet rays on the photochemical conver:";ioll. of 
ergosterol into vitamin D. 

F rom my experimental rt:~u lts, it has now become eddcnt that 
vitamin D is fonned fmm ergosterol after the appropriate ;:J.c tion of ozone. 

Then it shnulcl be considered what chemical changef; tdkc place to form 
vitamin D from ergostero l by the action of ozone. 

Those \vhich are form ed by the chemica l ac ti J ll of ozone are in 
gene ra l t he Qzonide and in special case the ozonide-perox ide ;,nd the 
polymer. Let li S now here examine closely by mea ns of the cli te lia of my 

experimental results which of these producLs of e rgu.':i tero l produced by 
the ac tiun uf OZOlle i~ in connect ion with vita min D. The olollide­

pcr()xicJ e will be readily seen to be in no connecti!)l1 with vitamin D 
fro!l1 t he fact that this product is produced when strongly ozonizcu. 
The polymer m~iy be produc ed by such a weak action of ozone as was 
employed ill my experiment. but it is also being generally admitted 
that t he polymer is pt'oduced in additition to the OI:onide ,,,hen mode~ 

rate :'>trong ly ozonized. Therefore , the polymer \V iII also be readily 

seen to have no connection with vitamin ]) from the fact that vitamin 
D is formed from ergosterol by the appropriate ac tion of ozone but the 
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initially formed active:: substance becmnes again an inactive product by 
the excessive action of O7.one. Consequently the ozonide of ergosterol 

lllust be vitamin D. 
Dut on the other hand, it was seen in my experiment as in SC~H'S 

paper (1930) that ergosterol oi.:ollide obtained by passing ozone com­

pletely or strongly upon ergosterol \vaS antitachitically inactive, alld in 
my experiment it also became clear that ergosterol becalne antirachiti-

cally active after the appropriate action of ozone. Therefore, it cannot 
be irnll1cciiately decided that ergosterol ozonide is vitamin D. 

Hereupon sllch a hypothesis was assmned as fo11O\\'s; namely, 
every three double bonds in ergosterol differs, respective]:r in the power 

to combine with O7.one according to its position in the structure of 

ergosterol. f'rom this hypothesis, the most common ozonide forma­

tive double bond among them was expressed with L~>.I' in order ..0,.rr 

and 6Ill. Ergosterol having one ozonide only at L\.r and none at 
..0,.u, 6 m is now designated as "f\] mono-ozonide ergostetol" and 

ergosterol having tv,.'O ozonides at 6 r , "'::::"1l and not at 6 nr is desig­
nated as "2,.1, 11 di-m:onic1e e'-gosterol" and ergosterol baving three 

ozonides at 6 1 , 6 II and 61,1 is designated as " 6r, ll' IIJ tri~ozonide 

ergosterol." 
\Ve must next examine clo."ely which of these three o7.clnides of 

ergosterol correspolH:1s to vitamin n. \Vha.t one means ill general by 

ergosterol ozonide is L':'c. r , Il' m: tri-ozonide ergosterol and it has been 
made clear above that this substance is ;mtirachitically inactive. There­

fin-e, vitamin n lllust be L~I Inono-o7.onide ergosterol or /\1) !l di­
ozonide ergostero1. 

On consideration of a quantity of o;wne necessary to the activation 
of ergosterol, a concentrcltiun of ozone to be used in the reaction and 

of a shape of the activation curve of ergosterol by irradiation ·with 

ultra-\'iolet rays or by the action of 01011e, it appears to he more reason­

able that vitamin D is 61 rllollo-o7.onide ergosterol rather than 6:) IT 

di-OI':onide ergosterol. 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. If L:,.r, H eli-ozonide ergosterol 
was assumed to be vitamin D, the rate of the activation should increase 

with a slow curve and reach to the maximum potency and then 
decrease \\'ith a rapid curve. If L:,. r mono-ozonide ergosterol was 

assumed to be vitamin D, the presence of maximum point in the 
activation curve, and also of the fact that initially formed active sub· 



stance becomes again inacti\'e, wo uld be readily understoud if this 
phenOlJlerlOll is explained a:-; foll ows ; IlClmely, the initially formed actii.-'e 
D.r mUllo-ozoni de ergosterol alters gradually to the inactive 6.1 , II 

d j· ozonide ergosterol and 6 r , If, III tri-ozonide ergosterol through 
ov:...: r· jrrad iatiun or excessi \-e act ion of ozone. DOURnlLLO;';, Fl::;ClIIlL\. K:\, 

j E\"T';: IKS and \VEH:;;;TEK ( [929j reported recently that 011 stirring- the 
liquid during radiat ioll by a steam of nitrogen, the three sub:;tances 
If A / ' "B," "C" were isolated from the irradia ted ergosterol among 
which HA" substance was vcry st rong ly anlirachitica lly act ive a nd 
H ll /' " C" Sllbsta nces inact ive. _They suggc~tcd t ha t .. A" substance 

would be vitamin D and c:'\plai ncd the fact lhat the initially fo rmed 
acti ve .substance Leco mes grad ually an antirachitically inactive s lIosta nce 
afte r over-irradia tion with u ltra-violet ray~ as fo llows; namely, .. A ., 
acti ve sub stance a lte rs g-radually to t he" B," {. C " inac tive substance.;; 

thrvugh over· irradiation. If " A" substance was assumed to be Ql 

m ono-ozonid e ergosterol and" 13," (I C " ~lIb s tances respectively to b~ 

L:~:q , l[ dj-ozonide ergosterol and D.l , 11, I![ tri-o%onic1e ergostcml, 
their experimental results would be readily !:iccn to be in harmony wit·}, 

my theory that 6 r 1l1ono-ozuni c1t: ergosterol is vitamin D. 

It will require a determination of the c hemical structure of er­

gos te ro l, to demonstrate experime nta lly my tbeory on the chemica l 
nature o f vitami n D but I believe from the experimental results ob­

tained ~il.lOve tha t L.r mono-ozonide crgosterol ~"ill possibly p rove to 
ut: vitamin D, 

n ut ir my thear)! is ro ughly c xpressed , it is concluded such that 
the imperfectly ownized ergosterol is vitamin D. 

V itamin A was fi) l"lll eriy supp:)Std to be probably lipochrome pig­
ments or substances in their intimate relation but on investigation it 

was experimentally demonstrated t lli'!.t t hese pigments have none of the 
properties of vitamin A. On the ot her hand, it became recently evident 

that \ .... hat was regarded as \'itamin A had been in reality the mixt ll rt.": 

of vita rnin .A. and vitamin D. Tllcl'eafte r, having examined again tilt: 

ue IJaviours of these lipochrome pig ments in the presence of vitamin D, 
E ULE I{ , E ULl<: 1{ and HELL.';;TRdAj (19 28) demonstrated the fact that carotin 

has the properties of vitam in A ill the presence of vitamin D (the ir­
radiated e rgosterol was used). Thereafter , IVloorm (1929), COLLISOX, 

H u:'lu: , S~II--:ULE\"-McLEA1\ and 5 1111'11 ( 1929), and K AWAKA:\Il and K T:\" 
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(1929) confirmed this fact experimentally. And recently KA\V\iC"" 

and KIN (1930) detlHJl1:-)trated that vitamin A in cod liver oil i:-) not 

carotin and proposed that there arc possibly several kincl:-) of vitamin J\. 
Certainly, at the present time vitamin A can be considered to be 

a mixture of viLullin D + c~rotin or x substance. 

On the other hand, it was formerly made evident by ZILBA (1922) 
that vitamin A loses its physiological action through the action of 

OZOlle. And tile cause of this phenomenon still remains Ul1eXpLlined. 

But jf it was seen frolll my theory that 0l mono-ozonide ergosterol 

is vitamin D, this phenomenon could be readily explained as filllows; 

namely, because vitamin D (L.:.l mono-ozonide ergosterol) loses its 

phy~iological action by altering to the inactive 61, 11 di-ozonide cr­

g()~tcrol ur DI, II, jjJ tri-oz\)1lidc ergostcrol thruugh the i:lctiotl (Jf 
ozone, vitall1in J\ (vitamin]) + carotin (lr x sllb~tance) results to be 

carotill or x substance and to lose the phY.'iiulogical actioll of vitamin 

/\ as if lipochrom pigments have no physiological action ef vitamin A 

in the absence of vitamin D. 

SU:lIMA RV 

I. Vegetable (lils ~lfter irra.diation with ultra-violet rays were lc."s 

readily h}'drolyscd by the castur-bean lipa:;e than \vere the origin;!l and 

the gre,ltcr the iudine vahlC the greater \\.;t:-) tbe influence of irradiatioll, 

a11d the decrease in the cnzYlllic hydroly . ..:js-velocity of oil is directly 

propu\·tiol1al to the length of time (If irradiation. 

Tbere existed Cl certain correlatiun bdwecn the icdine value of 

vcgetable ()il and its cnzYlllic h.rdrolysi~;-vclccity; nalllcly, the grccltcr 

the icdine vallle the le.ss W;tS the velocity and {"rolll this fact the nutri­

tive value of Clt and oil wa.s assumed tu be im'crscly proportion:tl to 

it." j'.Jdine vaitlc. The visco:-;ity (If vegetable (lil l"all parallel with it.'i 

cnl.Ylllic hydrulysis-vclncity; namely) tbe gTeJ.tcr the viscosity tbe g-reatcr 

was the vc1 l )city, 

2. The actiun uf ultra-violet rays which ckcrc;lsc the cl1i:ylllic 

hydr()lysis-velocity or vegetable oils, increase tIle acid vdluc and 1h~ 

viscosity, and decreasc the iodine va!t\c of tbe oils, was notbing but 

the action of ozone, and the ultra-violcL rays corrc.<iponded tu an llzone­

generator when seen from the viewpoint of enzYlllology. 
3 The action of ozone upon chulesterol and oil was closely 
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analogolls to that nf ultra-violet rays as regards photoactivity. colou r 
reactions, etc. 

4· Ozone exerted some defi nite c urative ac tion on rickets ill rat s 
on the racltito!,:;cnic diet when t he rickety rats were fed in an ozonil~cd 

atmosphere . 

5. Ergosterol was activated ant irachitically after the appropriate 
action of ozone. 

6. The rate (If act ivat ioll of e rg-ostcrol after the action of ozone 
increased g- radllally a nd then a m;tXi ll l\l lll point of potency was reac hed 
but the reafter the furth er action caused a fall ing off in potency. the 
prod uct becoming inactive at last. 

7 · Under m y experiment al condit ion=-- , a daily dose 0.' mg. a nd 
0.03 IlIg. o f cl'g-ostcro l ozonized for J m inutes was s ufficient to heal 

d cket s completely and a dai ly d o!-)c 0 0 15 Olg. was somew hat efficacious. 
Ergostc l'o l ozonized fOl- 0.5 ll1illLlt e~ \\'as not efficacious and ergosterol 
o7.ollizecl fi)!· 6 Ininutes prcvcnteti even in ;! daily dose 0 I Illg-. in both 
cases. 

S. It was suggested fro l11 my c;.;perim entaI results that 61 tl1 0 110-

ozonide ergosterol \vill possibly be vitamin D. And also it was roughly 
conc luded such that the imperfectly ozoni zed cq.;osterol is vitamin D. 
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EX I'J.ANA TIO:\ OF P r.J\TE I 

Fig, 1 /\ : Original olive oil 
B : Ozoni zed olive oil. 

rig. 2 A : Origill lt J cholesterol. 
B: Irradiated chole,tcrol. 
C : Ozolli;~ed choJestcr(Ji I. 
1): 07.0ni zeu cholesterol II. 

Fig. 3 Shimazu's U7.:ol1c-gener:ltoL 
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