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I . 

I l'TRODUCTION 



Substances which prevent polymerization or oxidative 

reactions from occuring are well known . Such substances 

have been termed "antioxidants" or 11 1nhibitors" . 

A considerable amount of research has been devoted 

to the study of these "inhibitors" of reactions or "nega

tive catalysts" during the past 30 years. It is pointed . 

out that certain substances susceptible to polymerization 

or oxida.tion must be protected . Leather oils, rubber, fats, 

unsaturated hydrocarbons, aldehydes and so~e vitamins and 

their precursors are substances which are either easily 

oxidized or are subject to polymerization . Consequently, 

if their usefulness to man is to be retained they must be 

protected from oxidative deterioration or polymerization 

into unwanted substances . 

Some aromatic amines are known to protect rubber and 

oils from agin:3 . The polymerization of acrolein may be 

diminished by the addition of small quantitie □ of res

orcinol or other phenolic substances. Tetraethyl lead 

prevents the oxidation of benzaldehyde in motor fuels, and 

vitamin Eis a well known antioxygenic substance for fats . 

Much of the research done on antioxidants has been 

in the test tube with homogeneous systems . However, in 

biological systems one is not dealing with homogeneous 

conditions , thus the study of biological antioxidants 

beco~es complicated . In addition, most metabolic processes 

cannot be controlled in livin~ organisms as one may re3u 

late the temperature of a test tube reaction , or control 

the concentration of the reactin_, substances therein . 
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It has been demonstrated in the test tube that anti

oxidants can function by breaking chain reactions involving 

free radicals and by being reversibly oxidized and reduced 

very easily . Some evidence seems to point to these phe 

nomena taking place with biological antioxidants . The 

question of how biological antioxidants function in living 

orsan isms remains unanswered . 

Vitamin A and its precursors are very i~portant sub

stances to the normal nutritional state of animals and are 

very susceptible to oxidative destruction . Consequently, 

the value of 11biological antioxidants 11 to protect these sub

stancen beco~es apparent . 

This study reports on the effects of Octyl Hydroquinone 

as a biological antioxidant on the utilization of carotene 

by the rat . It was insti"-'ated with the hope of shedrlin 

2 

some light on the mode of action of small amounts of vitamin 

E(a biological antioxidant) in sparing carotene and the mode 

of action of laree amounts of vit~min E in becoming antago

nistic to carotene utilization in the rat . From interpreted 

data , it is hoped to 3ain insi ht into the possible mechanism 

of the conversion of carotene to vitamin 

The followin3 formulas are the important oTies to be 

considered in this thesis : 

c~, ell, c~, ... c ~, 
'c/ u ti eH, cN., H 1' / c\ 

/ \ .. II C. "' C , I - ' ' - I 11 

1£2-cl lcl -C= C-lTf f J"rf ff c- rn-c-- c-c-11 f 11,,a 
1-1 C - C C A 

Ha·C c-cl-4, ' 'c,,, 
'c./ ~- CARO TEl'IE ~ 

112 
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HI STORICAL 
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The first carotsnoid discovered was carotene by 

Wackenroder(l) in 1831, as ruby-red crystals from the root 

of the cultivated carrot and was given the name 11 Carotin" . 

Due to the standard methods of nomenclature for organic 
" 

compounds devised later, the name "Carotin11 was changed to 

"~arotene" . Since this discovery by Wackenroder the number 

of carotenoids identified and whose structure is known has 

increased to 30(2) and possibly more . 

The association of vitamin A actiyity with the carote

noids was first observed by Steenbock(3) in 1919 . von Euler, 

et al(4) and Moore(5) later confirmed Steenbock ' s obsarva

tions . Of all the carotenoids having vitamin A activity, 

(3 -carotene is the most potent ( 6). Consequently, {:? 
carotene has received the greatest attention as a provitamin 

A substance . 

After the discovery of vitamin A by M:cCollum and Davis(?) 

in 1915, it has been shown that vitamin A is a veru impor

tant substance to the normal nutritional state of animals . 

The need for this vitamin by animals, as well as for other 

vitamins, is reco~nized by its absence rather than by its 

presence . Cessation of growth, xerophth~lmia, nyctalopia 

and lowered resistance to infection are manifestations of 

vitamin A deficiency . In addition, vitamin A plays an im

portant role in the visual cycle . Wald(8) hds been one of 

the outstanding workers on the visual cycle. The utili

zation of vitamin A by animals is therefore of great impor

tance . 
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The oxidative destruction of carotene and vitamin A in 

solution and in the crystalline state is a well known phe 

nomenon . Light, air and heat are capable of accelerating 

this destruction . Loss in color in the visible region of 

the spectrum may be considered as good evidence of destruc 

tion and decreasin~ provitamin A activity of carotene(9) . 

In addition, isomerization of carotene and other carotenoids 

will cause a shift of absorption maximum from the visible 

region of the spectrum, while an increase is generally 

noticed in the ultraviolet region(lO) . This isomerization 

usually brings about a sharp reduction in provitamin A 

activity . Many workers have studied the isomerization of 

carotenoids and have reported their spectral characteristics 

and provitamin A activity(l0 , 11 , 12 , 13) . Gillam(14) in 1935 , 

however, was the first to discover the isomerization phe 

nomena in the field of c
40

- carotenoids . 

An antioxidant preventing the rampant destruction of 

carotene or vitamin A, while stored, or in the animal body 

prior to its utilization would be of economic and nutri

tional si3nificance . 

The best criterion for determining the extent of caro 

tene utilization by animals is growth increase of young 

animals and storage of vitamin A in the livers . Osborne (15 ) 

in 1918 stated that the liver is the chief site of storage 

of vitamin A. Sherman(16) and Moore(17) have shown that 

90- 95% of the vitamin A found in the r at ' s body was in the 

liver. 
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Vitamin E was first observed by Moore{18) in 1940 as 

having a synergistic effect on the utilization of vitamin A. 

Later, several workers furthered Moore's work, extending it 

to carotene{19) . Hickman, et al{20) reported in 1944 that 

natural vitamin E{mixed tocopherols) enchanced the growth 

promoting power of vitamin A alcohol, vitamin A acetate and 

the U. S . P. reference oil . Harris, et al(21) in 1944 tested 

the sparing action of natural tocopherol concentrates on 

carotene and found that approximately 0 . 5mg . of natural 

mixed tocopherols was the optimum daily dose to demonstrate 

the sparing action of vitamin Eon carotene, while larger 

quantities were neutral or anta onistic . Hickman, et al(22) 

reported again in 1944 on the sparing action of the 

tocopherols, testing the growth response of vitamin A and 

carotene when administered with the tocopherols, hydro

quinone, lauryl hydroquinone and other substances . These 

workers concluded that the increased growth response to 

these substances was due to their repression of oxidation 

in and near the gastrointestinal tract . Hove and Hove(23), 

Lemeley, et al(24) and Kemmerer, et al(25) are some of the 

other investigators who have studied carotene destruction 

in vitro, vitamin A utilization and carotene utilization, 

respectively . The report by Davies and Moore(26) in 1941 

in their description of vitamin A-E synergy put forth the 

suggestion that the increased storage of vitamin A in the 

livers of rats was due to repression of oxidation by the 
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tocopherol which behaved as an antioxidant and was undoubted-

ly the spark which started much work along this line . 

At the present time some few substances classed as anti

oxidants are lmown which enhance growth of animals fed 

vitamin A or carotene, as : o( , (3 , and Y -tocopherols , 

lauryl hydroquinone and catechol . And a host of substances 

have been found to be effective antioxidants in vitro, in

cluding; the tocopherols, hydroquinone , nordihydroguaiaretic 

acid , pyrogallol, flavonoids and possibly any ortho and 

para diphenolic substance . It appears that fat-soluble 

antioxidants are the most important ones to be considered 
-in vivo . However, it has been observed by Halpern and 

Biely(27) in their report on the utilization of vitamin A 

in various carriers that vitamin A oils had a greater bio

logical value in water emulsions than in vegetable oils, 

usin depleted chicks as experimental animals . Water 

soluble antioxidants might therefore, be effective in pro

tecting carotene and vitamin A in vivo in emulsions of 

water . I t is very interesting to note that growth response 

has been the main criteria for evaluating antioxidants 

administered with carotene or vitamin and not tissue 

deposition of vitamin A. 

I n addi t ion to the previously mentioned importance of 

antioxidants in protecting carotene and vitamin , anti 

oxidants have been studied with the attempt to discover 

their mode of action . This mi~ht in turn uncover the 
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mechanism of carotene conversion to vitamin A in the animal 

body . 

Due to the fact that vitamin A and carotene are fat

soluble these substances are usually found in oils, or are 

administered in some type of oily-media. It is a well known 

fact that fats and oils easily become rancidified and that 

the autoxidation of unsaturated fatty acids contained in 

both fatR and oils may play the important role in this 

rancidification . The precursors in this autoxidation seem 

to be hydroperoxides which are formed at the double bonds 

of molecules(28 ). This period of peroxide formation may be 

considered the induction period , after which rapid oxidation 

takes place, though no conclusive evidence has been presented 

which indicates whether or not peroxides are formed during 

the oxidation of fats other than the formation of unsatu

rated hydroperoxides(29) . Other mechanisms for fat oxi

dation, however, have been proposed . 

Our lack of knowledge of fat metabolism has surely been 

an i~pediment to the advancement of knowledge on carotene 

and vitamin A metabolism and antioxidants related to carotene 

and vitamin A metabolism . The better understanding of any 

of these questions will undoubtedly serve as a valuable tool 

to clear-up confusion on any of the others. 

It was previously mentioned that Harris, et al(21) 

sug ested that larger quantities of mixed tocopherols(above 

the optimum level) when administered alon~ with carotene , 

f 



may behave neutral or anta onistic to the provitamin from 

growth response data . Johnson and Baumann(30) employin 0 

tissue deposition a9 criterion for carotene utilization in 

the rat demonstrated that excess o( - tocopherol decreased 

9 

the utilization of carotene but it was neutral toward vita

min utilization . Hi3h and Day(31) confirmed these findin3s, 

employing ti.. -tocopheryl acetate, and reported further that 

the antagonistic effect of large amounts of ~ - tocopherol 

toward the utilization of carotene is not due to the hydro

quinone or the phytyl moiet of the vitamin E molecule as 

such . However, hydroquinone is fat insoluble and this pro

perty alone is possibl responsible for its ineffectiveness 

in vivo . The in vivo antioxidant property of lauryl hydro

quinone(22), a fat soluble hydroquinone, supports this 

hypothesis . As to whether the reversal effects of both small 

and large amounts of vitamin Eon the utilization of carotene 

are due only to the antioxidant property of the substance 

is apparently unknown; however , this investigation was 

designed to increase our understanding on this subject . 



III . 

METHODS 



A. Source and Preparation of Reagents 

Chloroform- Both U. S . P . and recovered chloroform 

were dried over anhydrous reagent grade potassium carbon

ate and distilled from the same reagent . Chloroform thus 

prepared was kept in glass stoppered bottles containing a 

little anhydrous potassium carbonate . 

Diethyl Ether(peroxide-free) - Commercial diethyl 

ether was mixed throughly with acidified ferrous sulfate 

solution, separated and the ether dried over anhydrous 

potassium carbonate then distilled from the same rea3ent . 

The peroxide-free ether thus prepared was kept in brown 

bottles in the dark . 

10 

Ethyl Alcohol- Undistilled 95% ethyl alcohol was used 

in preparing the alcoholic potassium hydroxide solution . 

Activated Glycerol Dichlorohydrin- Glycerol dichloro 

hydrin, obtained from the Shell Chemical Corporation , Houston, 

Texas, was treated with antimony trichloride and distilled 

according to the method of Sobel and Werbin (32) . 

Hexane - C.P. n-hexane and recovered n- hexane(B . P . 60-

710 C) were used as the solvent in all spectrophotometric 

work . 

U. s . P . Vitamin A Reference Standard- U. S .P . Vitamin 

A Reference Standard was obtained from Pharmacopeia of the 

United States, Philadelphia , Pennsylvania (former address) , 

46 Park Avenue , New York 16 , New Yorlc(present address) . 

This Reference .tandard waR used in preparation of vita-
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min A ca libration curve, with g lycerol d ichlorohydrin as 

t he chromosenic agent. 

Vitamin E (Txpe I V- 40 ~oncentrate of mixed tocopherols )-

This substance was obtained from Distillation Products , Inc., 

Rochester , New York, being kin1ly supplied by Dr . 1orris Embree . 

A predetermined a~ount of the mixed tocopherols was dissolved 

in olive oil to give the desired concentration . This solution 

was kept in ordin9.ry Erlenmyer flasks in t he refrigerator at 

Wesson Oil - Wesson Oil distributed by Wesson Oil and 

nowdrift Sales Company , i:Tew Orleans, Louisiana , was obtained 

from a local grocery store . 

Olive Oil- Olive oil was obtained from General Chemical 

Company, rew York , New York . 

B . Dietary Substances 

Vita~in A Deficient Diet (Diet 301) 

Co'.Ilposi tion 

Casein (Vitamin A- free ) 

Cane 3ugar 

Salts :rixture (12a ) 

Brewer ' s Yeast 

Crisco 

Part 

18 

58 

4 

8 

10 

Source 

Sheffield Farms 
::!ompany , Inc . , 
Norwich , N. Y. 

Anheuser- Busch , 
I nc . , St . Louis , 
Mo. 

Procte r & Gamble , 
Cincinnati , Ohio 
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Vitamin A Deficient Diet(Diet 301) Cont'd 

Composition Parts Source 

Irradiated Yeast 
(Fleish~ann's ~y-Dee) 

2 Standard Brands, 
Inc . , N. Y . '.J • 

* 

Salts iixt ure ( 12a ) 

~onstituents( 11 '.J . P . ) 

Sodiu:n chloride (..ra~l) 

Potasqium dihydro3en phosphate(KH2Po4 ) 

Magnesium sulfate (:MgSO 4• 7H20) 

Calciu~ carbonate(CaJ03 ) 

Ferric citrate(Fe('.J6H
5
o

7
) ) 

Potassium 1od1da(KI) 

Manganous chloride( :-1nc12 . 4H20)* 

Zinc chlor1da(ZnC12 ) 

Copper sulfate(Cuso4 . 5H20) 

Parts 

14 . 7 

40 . 9 

8 .7 

40 . 0 

3 . 5 

1 . 0 

o . 47 

1 . 2 

0. 5 

(Znso4 . 7H20) may be substituted for Ma.ganous chloride and 

Zinc chloride, respe ctively . 

The above salts mixture(l2a) was prepared by first 

grind.in each constituent to a fine powder in a mortar 

before bein3 mixed throu ~hly . 

C. Preparation of Supnlement l-1aterials 

Both the methods of preparing vitamin A-deficient 

animals and the met'hod of supplementing were substantially 
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the same as that previously described by H1gh(33). 

{3 - carotene - The f1 -carotene used was obta ined from 

Genera l Biochemica l, Inc . , 0ha~rin Falls, Ohio , being 90% 

~ and 10%o{ -carotene . The desired a ffiounts of carotene 

commercial preparation were dissolved as previously de 

scribed(33) , in peroxide - free ether ~nd then thoroughly mixed 

with a determined a :mou:r: t of Uesson Oil or olive oil ti 3ive 

the desired concentration . The ether was re moved under reduced 

pres sure on a warm water bath to facilitate evaporation . The 

thus prepared carotene - Wesson Oil or carotene-olive oil solu

tion was stored in low- actinic flask s and kept in a refrig

erator at 9°c . These stock solutions of carotene ,,,,rere used 

as source of other solutions of carotene. The concentration 

of the stock solutions of carotene were 60rr,,,./0.2 ml . of Wesson 

Oil or olive oil . 

Octyl Hydroguinone - The Octrl hydroquinone smployed was 

obtained from the Tennessee Eastman ~orporation , Kingsport, 

Tennessee , bein3 k indly supplied by Dr . J . ~ •. :K.ni ~ht . The de 

sired amounts of octyl hydroquinone were di.,.solved in peroxide 

free ether a nd then thoroughly mixed with a determined amount 

of :fosson Oil or olive oil to .::;ive the de ired concentration . 

The ether was re moved as described above in the pre _aration of 

the ~ -carotene solutio:r:s . Solutions thus prepared were stor ed 

in low- actinic flask s in the refrigerator a t 9°c . The stoc., 

solutions of octyl hydroquinone were 10 rng ./0. 2 ml . of 'lesson 
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Oil or olive oil . 

D. Care of Animals 

1. Method of Preparin3 Vitamin A Deficient Animals 

All rats used in t he experiments were albinos, either 

of Texas A. and I~ . Gollege Strain or of Wistar Strain . To 

prepare vitamin A deficient ani~als for experimental pur

poses , weanling rats approximately three to four weeks old, 

were placed on vitamin A- deficient die t( d iet 301), a fter 

be in~ su i te,bly mG,r1rnd for ident if i ce.t i on, end separr,t<::d as 

to sex . The animals were placed in groups and kept in sal 

vanized iron cases , 22 inches long , 20 i nches wide and 15 

inches hi..:.h, as shown in Fi 6 • 1, until vitamin A deficiency 

was shown by plateauing of wei ht or xerophthalmia . All rats 

were allowed to drink and eat 11 ad libitum" during this period. 

Approximately four weeks were required for t he animals to 

~eve:o, vitamin A deficiency . As soon as vitamin A eficiency 

was established , the animals ·were divided into groups according 

to sex and growth reco~d . Each r a t was transferrel for sup

plementation to an individual cage of galvanize d iron , 9 3/4 

inches lon3, 7 inches ',v ide ,?.nd 7 i nch.es hi3h . The individual 

ca,;es were arranged i n sKyscraper fashion, as shown in Fi3 . 2 . 

The room te:nperat re varied omewhat where t he animals were 

kept due to lack of controlled he2,tin:5 conditions , but the 

avera3e te~perature of the room was approxi~~t ely 25°C . 
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f/6- / FIG f)., 

2 . :1ethod of Suuple--nentin-i; 

In all cases the period of supplementation lasted 20 

d Several methods of admini terin suppl'2ments were 

trie but it w~ found that the employ~ent of calibrated 

droppers to administer the supplements was the best ethod . 

The supplemGnts , either diqsolved in ·1esson 011 or olive 

oil, were a ministered by placin~ the cal brated number of 

drops of the desired subst nee on the botto~ of a supule~ent 

cup . This aterial in each case was covere d with aver· 

th n la er of vitamin deficient diet . It was o~ erved 

that the vitam n deficient ani~als usually had 1st their 

appet te , 1h1,h could be restored by pl~cin5 one or two 

drops of the c~rotene solution 3UP. lement dir2 tly int eir 
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mouths; the rest of the supplement bein placed on the 

bottom of cup as previously descri~ed . Consequently, for 

the first day or two animals were supplemented in this 

manner . All other supplements were administered by placing 

supplement on the bottom of cup and coverin it with a very 

thin layer of the vitamin A deficient diet . The vitamin A 

deficient diet was removed from the ca ~es in the mornin s 

and the 9Upplements were giv;n at noon . Followin the con

sumption of all the nupplement, the supplement cups were 

remov~d and repla~ed by t1e re ular food cu s containin 

the vitamin A deficient diet . The period of consumption of 

supplements varied from a few minutes to about thirty minut s . 

The animal were allowed to drink and eat "a libitum" on 

vitamin d;ficient diet until the next roornin when the 

s me procedure wa repeated until the end of supplereentation 

period. The wet ht of each rat was recorde at the be-

innin0 of the supplementation period and every two days 

until the termination of the experiment. 

pproximately 16 hours after the admini trs.tion o t e 

lat sup. le ent each rat was sacrificed by employin ether, 

and liver an kidneys were pro ptly removed, wei hed, and 

vitamin content determined . 

E . In Vitro ~terials an puaratu 

The caroten and octyl hydroquinone solution previ

ou 1 ma e up for suppl mentation ere employed in the in 

Vitro expert ents . Sar ent con tant temperature bath 
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apparatus with pipette leads for oxygen was used to study 

the rate of destruction of carotene, as shown in Fig . 3 . 

The temperature of the water was thermostatically con

trolled to 60° 0 and 37 . 5° C throu3hout the experiments . 

Soft glass test tubes 19 X 150 mm . were used to hold the 

test solutions in the water bath in one set of experiments, 

while colorimeter tubes 15 X 125 mm . were employed in 

another set of experiments . The rate of destruction of 

carotene was speeded up by bubbli~g oxygen from a tank into 

the solutions while in the water bath . Although the total 

flow of oxy en in any 3iven period of time was not measured, 

the amount passin into the tubes in a given experiment was 

maintained constant . All solutions used in each experiment 

were removed from the refri3erator and allowed to come to 

room temperature , then various amounts were extracted and 

pipetted into the tubes to 3~va tna desired concentration . 

The olutions contained in the colori~eter tubes were di 

luted solutions of both carotene and the antioxidant . Thi9 

was done in order to obtain readings directly on the Klett 

Sum~erson Colorimeter without making any further dilution9 . 

The solutions in the test tubes were of the same concen

trations fed to the animals . Dilutions wer3 made fro~ these 

solutions by pipetting out the desired amounts , diluting 

the~ with hexane and rea1in them on the oeckman 3pectro

photo eter( ~odel DU) . The readings taken on the Spectro

photometer were at wave len ths of 450 and 436 millimicrons, 
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using hexane as solvent . The ren.din s tal~en on colorimet9r 

necessitated the use of a 420 millimicron filter . 

FIG.3 

F. Preparat ion of ~alibration ~urves 

1 . Vitamin A Calibration ~urve 

The vitamin A c~librati~n curve was made by em-

ploying the U. S . P . Vitamin eference Standard . 



known quantity of the vitamin A standard was dissolved in 

dry chlorofor~ to give a solution of known vitamin A con

e ntration per milliliter . This was considered as the 

stock solution . From the original stock concentra.ti'.)n of 

Vitamin A in chloroform, various dilutions were made with 

chloroform . 2 ml . aliquots of original solution and of 

the various dilutions were added to 4 ml . of activated 
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lycerol dichlorohydrin reagent in colori~eter tubes . _fter 

mixin thorou3hly and allowin~ 2 to 2½ minutes to elaspe 

for maximum color development , readings were made on a 

Klett-Summerson Colorimeter usin a 540 millimicron filter . 

~alibration curve obtained from this d~ta is shown in 

2 . - Carotene Jalibration vurves 

f3 - Carotene calibration curvas we~e made usinQ the 

60JJ--'f"·Of Jarotene/0 . 2 ml . of olive oil solution . These 

calibration curves wee made e.plo: ing the Klett-Su merson 

Colorimet rand the Bee man Spectrophotometer . One ml . o~ 

the above solution was accurately p patted tr.to a 100 ~l . 

volumetric flak and diluted to the ar with he ane . Thia 

solution and various dilutions of it were rea on the 

Be man 9pectrop' oto,eter at 450 nd 436 rnillimicron • The 

calibr tion curves obtained from thi data is shown in Fi- •. 

he rotene calibration curve ; on the color met em-

lo ed the use of the 60f1""c irotene solution, al o . D lution 

wee 3. e with olive o l, rather t1an he ·tne n t' is e . 
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A 420 millimicron filter was used for the colori~eter 

readings . The calibration curve thus prepared is shown in 

Fig . 6 . 



·-> 1• 
"" 0 

V) 

l 
~ 
~ 

~ ;LO 
-~ 
~ 

It> 

21 

V iTA MiN A .. CA Li BRA TiON CURVE 

a., So 1S 100 1a.f ,f'o 11 1i.o ~ar ~1" ~1, JOO '"11' ,t• 
Col.,01(1t11ETER KEIi oiAJG s 

FiG.l/-



f-CAROTEN[ CALiB RATION CUf?V[ 
q." 
8·'4 

' ..J 7.9. t 

~ "·o '\., 

i.. L/·8 

' -~ ~·" 
l ~-'t 
CJ 

l·:t 

55 110 {(0 5" ~~o :l..75' '330 "!S5" ♦II() 'f'IS' 550 "4$' '11.o 

colofiiMeTER RElfDiNGS 
FtG. 5 

f-CAROTEN[ CAL iBRATiDN CUR VE 
.seo,-----------------..,.... 

,f,oo 

.soo 

,/00 

,5 

Colic.• ,;., ,P,..,. peR ML, 

F/G.(o 

~-'f50MJL 

.-.-'l-3/o "'"' 

21. 1 



22 

The procedure of analysi9 for vitamin A in the tissues was 

the same as previously described by Kigh(33) . 

G. Procedure of Analysis for Vitamin A in The Tissues 

Approximately 16 hours after administration of the last 

supplement, each rat was sacrificed by employing ether. The 

livers and kidneys were removed promptly, and each organ 

was added to a previously weighed 250 ml . Erlenmyer flask 

containing approximately 50 ml . of water . Following the 

weighing of each flask plus tissues to ascertain the weight 

of the tissue, each organ was homoganized in a waring blender. 

The homogenates were saponified with 25 ml . of 15% ethanolic 
0 potassium hydroxide at 50 J for approximately one-half 

hour . Following the cooling of the saponified tissues, 

they were extracted in 500 ml . separatory funnels with four 

50 ml . portions of peroxide free ether; followed by a 50 ml . 

water wash, a 50 ml. 10% potassium hydroxide wash, and 

three 50 ml . water washes or until wash water gave no color 

with phenolphthalein indicator solution . 

The ether extracts prepared above were dried over 

anhydrous potassium carbon~te, one-half to one hour, filtered 

and the potassium carbonate was washed with two 25 ml. 

portions of ether, in order to remove adhering vitamin A, 

and the wash solutions were combined with the ether extracts 

which were evaporated to dryness in a 250 ml. suction flask 

under reduced pressure . In order to facilitate evaporation, 
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each flask was heated gently on a warm water bath during 

this operation . The dried residues were d19solved in 10 to 

20 ml . of chloroform, the quantity deuended upon the con

centr tion of vitamin A, an 2 ml . aliquot~ of the3e so 

lutions were added to 4 ml . of activated 6lycerol dichloro 

hydrin in a colori~eter tube . ~fter mixing the solutions 

throu1hly and allowin them to stand for 2 to 2½ minutes 

for maximum color development , the intensity of colors 

1evelope were ascert~ined with a Klett - Summerson colori 

meter employing a 540 millimicron filter . The values 

obtained were converted into rnlcro3ra~s of vit~m n A by 

employin a calibration curve for the reagent used and the 

aliquot of solution employed . 

H. Procedure of nalysi~ of fJ - Carotene Solutions 

In the experiments employing the use of the colorimeter 

tube , dilute solution of the c~rotene stock sol~tion and 

of the octyl hydroquinone stoc 1r solution were used . How

ever , the concentrations of these solutions were proportional 

to the amount fed to the animals . Re:l.din 0 s were ta en on the 

Klett - um~er~on colorimeter at various ti~e intervals . The 

re dins were ade by taking the colorimeter tubes fron the 

water bath and readin them directl on the colorimeter 

employing a 420 millimicron filter . This was done as q, ic'ly 

as possi~le . By employin~ the (3 - carotene calibration curve, 

previously made, as shown in Fi g . 5 , the colorimeter readings 
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were converted to,t-f"•per ml . of carotene, and thus gave 

the amount of carotene destroyed up to each time interval . 

The temperature of the bath was 60° C during all such 

analysis . 

The solutions contained in the test tubes were of the 

same concentration administered to the animals, except in 

the experiment run at 37 . 5° C. At various time intervals, 

one ml . of the solutions was accurately pipetted out, di

luted with hexane in a 25 ml . volumetric flask and readin~s 

were made on the Beckman Spectrophotometer at wave lengths 

of 450 and 436 millimicrons . 

The values obtained were converted into micrograms of 

carotene present by employin3 a calibration curve (Fig . 6.) 

obtained with known quantities of carotene measured with a 

Beckman Spectrophotometer at the two wave lengths . 



IV, t 

EXPERIMENTAL 
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A. Results and Discussion on In Vivo Data 

1 . Carotene and Octyl Hydroquinone Data 

Several series of experiments were conducted during 

the summer of 1950, but due to adverse experimental con

ditions , poor results were obtained , consequently, no 

report will be made of this data . 

The animals in series I received 30 micrograms of 

carotene as the control group, and 30 micrograms of caro 

tene plus 10 m . of octyl hydroquinone as the experi

mental group . In this series Wesson Oil was used as the 

solvent for both the carotene and octyl hydroquinone 

solutions . The period of supplementation lasted 20 days . 

The avera e weight gain by the control group .was 37 rams , 

as compared to 40 grams aver:, ge we i 0 ht gain by the roup 

receivin carotene plus the 10 mg . level of octyl hydro 

quinone . No significant difference in weight 3ain was 

observed between each group . The averaGe amounts of 

vitamin A found in the livers and kidneys of the control 

group were 30 . 0 and 17 . 0 micrograms , respectively ; while 

the avera0 e amounts of vitamin A found in the livers and 

kidneys of the 3roup receivln~ carotene plus 10 m~ . of 

octyl hydroquinone were 16 . 0 and 6.7 micrograms, respec 

tively . Statistical analysis revealed a significant 

difference between these roups . The data presented in 

Table I, Series I , surnmstrize s t.1c r esults of thi s exp ri 

ment . Due to the fact that Wesson Oil contains about 
7 e I. R. Banks Library 
Pzoairie View A.&. ll. Coll•c• 
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0 . 04% tocophero1 (20) , it was decided to repeat this 

experiment, using olive oil as the solvent for carotene 

and octyl hydroquinone . Olive oil does not contain any 

tocopherol as demonstrated by Lemley, et a1(34) . I n 

this repeat experiment the carotene and octyl hydro

quinone were administered at the same levels as that 

administered in Series I . The period of supplemen

tation was 20 days . The results of this experiment 

are summarized in Table II , Series II . The average 

weight gain of the control group in this series was 

slightly higher than the experimental group , in 

contrast to that shown in Series I, however, again no 

significant difference was found . However, from 

tissue deposition of vitamin A from carotene fed , the 

same trend was observed as in Series I . The control 

rats in this series deposited an average of 45 . 6 and 

6 .3 micrograms of vitamin in their livers and kidneys , 

respectively . The group receiving the 10 mg . level of 

octyl hydroquinone deposited an average of 33 .6 and 

4 . 9 micrograms of vitamin in their livers and kidneys, 

respectively . Statistical analysis revealed a signifi

cant difference between the control group and the ex

perimental group . 
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Table I (Series I) * 
Nu:nber of 

Mi cro~rams of Vitamin Group Rats and Weight 
Sex Gain Kidneys Livers Total 

(GKA"'I~) 

I 
rl' 1 54 17 . 0 45 . 0 62 . 0 

(Control) 
t!J 

1 -t 52 15 . 0 22 . 0 37 . 0 

1 'I 37 22 . 0 34 . o 56 . 0 

1 f 34 15 . 0 17 . 0 32 . 0 
--

verage 37 17 . 0 30 . 0 47 . 0 -!. 7 . 3 

- -- --- - - - - - - - - - - - - - - - - - - - - - --

II 
1 <I' 53 5 . 0 17 . 0 22 . 0 

(Expt ' l ) 
1 f 45 8 . 5 16 . 0 24 . 5 

1 'l 37 8 . 0 15 . 0 23 . 0 

1 f/. 37 0 . o 15 . 0 15 . 0 

1 f 26 12 . 0 17 . 0 29 . 0 
-

Average 40 6 . 7 16 . 0 22 . T! 2 . 4 

• e ~~ey to T3.bles I t hru III i s found on pae;e 31. 
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Table II (Series II)~ 
Number of Micrograms of Vitamin A 

Group Rats and ,Tei ht 
Sex Gain Kidneys Livers Total 

I stta ... .., \ . 
I 

1 ¥ 41 10 . 5 47 . 5 58 . o 
(Control) 

1 -1 37 8 . 5 50 . 0 58 . 5 

1 f 31 3 . 5 49 . 5 53 . 0 

1 f 26 2 . 5 34 . 5 37 . 0 
-

Avera e 34 6 . 3 45 . 6 51 . 6± 5 .1 

- - - - - .,. _____ 
i,.. - - - - - - - - -~ - - - - - - - - -

II 
i i 56 1.0 40 . 0 47.0 

(Expt' 1) 
1 .f 35 2.5 35 . 0 37 . 5 

1 1 21 2. 5 22 . 0 24 . 5 

1 f 11 7. 5 37 . 5 45 . 0 --
Average 31 4. 9 33 .6 38 . 5 !. 5.1 
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Although the growth shown by the control groups in 

Series I and II, in comparison with the groups receiving 

10 mg . of octyl hydroquinone in these same series cannot 

be considered as showing a significant difference , a 

definite trend can be seen from tissue deposition of 

vitamin A. In each series the control groups deposited 

a significantly higher amount of vitamin A in their 

livers and kidneys than did the groups receiving 10 mg . 

of octyl hyd.roquinone . This seems to indicate that 

octyl hydroquinone acts antagonistic to vitamin A dep

osition when administered at the 10 mv . level . 

Table III , Series III, shows the results of admin

istering octyl hydroquinone at the 0 . 5 mg . level . Since 

the 10 mg . level acted antagonistic to vitamin A dep

osition, the 0 . 5 mg . level wa tested to see if a sparing 

action would exist at this level, resultin3 in an in

creased deposition of vitamin A. Carotene was admin

istered at the same levels in this series as in Series I 

and II . Olive oil was used as the solvent for the caro

tene and the octyl hydroquinone. The period of supple

mentation was 20 days . It should be pointed out that at 

the 0 . 5 mg . level a sparin~ or synergistic effect on 

carotene utilization seems to exist . Statistical anal 

ysis revealed that no significant difference existed 

between the control and experimental groups of this 

series . However, the trend seemed to be in favor of 
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0 . 5 mg . level of octyl hydroquinone increasin~ the 

tissue deposition of vitamin A. Therefore, the control 

rats of Series II and III were combined . In the later 

instance, a definite significant difference was ob

served, showing that the 0 . 5 mg . level of octyl hydro 

quinone increased the tissue deposition of vitamin A. 

Whether or not the 0 . 5 m . level of octyl hydroquinone 

is the optimum level to demonstrate synergism, was not 

determined, therefore other levels slightly below and 

above the 0 . 5 mg . level should be studied to find the 

optimum level . 
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Table III (Series III)** 
Number of Microerams of Vitamin Group Rats and Weight 

Sex Gain Kidneys Livers Total 
( 6'•--~\ 

I 
1 f 64 2 . 5 58 . 5 61.0 

(Control) 
1 1 53 8 . 0 64 . 5 72 . 5 

1 1 47 5 . 0 48 . 0 53 . 0 

1 t 47 3 . 0 64 . 0 67 . 0 

1 ~ 46 3 . 5 57 . 5 61 . 0 

1 .f 28 5 . 0 64 . o 69 . 4 --
Average 48 4 . 5~. 8 59 . 4±2 .6 64 . O !. 2 . 8 

- - - - - .,.._ _____ - - - - ,----- .... - - - - ------

II 

(Expt ' l) 
1 f 71 7 . 5 

1 f 59 7 . 5 

l 1 58 7 . 5 

1 f 57 7 . 5 

1i 56 3 . 0 

i f 49 8 . 0 - -
Avera e 58 6 .8~. 7 

* Texas A. & A. College Strain Rats 

* listar Strain Rats 

45 . 5 52 . 5 

48 . 0 55 . 5 

81 . 0 88 . 5 

56 . 5 64 . 0 

75 . 5 78 . 5 

82 . 0 90.0 

65 . 0! 6 .3 71 . 5± 6.7 

The Standard error of mean was calculated from the 

formula : £ (x- x1 ,2 , where S .E . M. = 
n n- 1 



standard error of mean, x = individual values , x1 = 

the group mean , n = number of individuals . 

B. Results and Discussion on In Vitro Data 

1 . Carotene and Octyl Hydroquinone Data 
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Preliminary experiments were conducted to determine 

under what conditions the carotene solutions could be 

destroyed that would be most applicable to study . One 

of the preliminary experiments conducted was the thermal 

decomposition of the carotene solution in an oven at 

68 . 8° C. Ultraviolet radiation and the employment of 

hot water baths were used in other experiments . The 

data on the later two experimental methods will not be 

reported here . The typical thermal decomposition curve 

obtained from the carotene destruction experiment em

ploying the oven is shown in Fig . 7, Series A. The 

carotene solution minus the octyl hydroquinone showed 

rapid decomposition, while the carotene plus the 10 m~ . 

level of octyl hydroquinone solution showed only negli 

gible decomposition up to 184 hours . 

From the above menti~ned preliminary experiments it 

was decided to study the rate of destruction of carotene 

at 60° C, employing a constant temperature bath with 

oxygen bubbling into the solutions, in the presence 

of diffused laboratory li3ht . The first set of experi

ments conducted under these conditions co~pared the 
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relative destruction of carotene alone with carotene 

plus 10 mg . and 0 . 5 m . of octyl hydroquinone . These 

solutions and all subsequent solutions used in the in 

vitro experiments were made employing olive oil as 

solvent . Fig . 8, Series I, shows the results of the 

first set of experiments. The carotene solution was 

completely destroyed between 33 and 40 hours, while the 

carotene plus the 10 m5 . and 0 . 5 mg. levels of octyl 

hydroquinone showed only sli3ht decomposition between 

33 and 40 hours . This data indicates th2t the octyl 

hydroquinone protected the carotene from destruction, 

however 10 mg . of octyl hydroquinone seemed to offer 

more protection then did the 0 . 5 mg . level of octyl 

hydroquinone . Analysis of the solutions in this series 

were made on the Klett-Summerson colorimeter, employin 

a 420 millimicron filter . A check was made on the 

results of Series I, emplo ing the Beckman Spectro

photometer; this was Series II. The results of Series 

II may be seen in Fig . 9, Series II . The same relative 

results were obtained in this series as was in Series I, 

however the carotene was almost completely destroyed in 

t~is instance at 16 hours, as compared to negligible 

destruction of the carotene plus the 0 . 5 mg . level and 

10 m3 . level solutions of octyl hydroquinone . Althou h 

more concentrated solutions of carotene were used in 

Series II , the larger tubes employed and the amount of 
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oxygen bubbli~ into the solutions may account for the 

more rapid destruction of carotene . 

To ascertain if the 10,m . level of octyl hydroquinone 

offered more protection than did the 0 . 5 mg . level, a 

long term experiment ,-,as conducted. to conclusively deter

mine this . Fig . 10 , Series III, shows that up to 30 

hours the 10 ~~ . level of octyl hydroquinone offered 

reater protection than did the 0 . 5 mg . level for the 

carotene solution . 

To be sure that the octyl hydroquinone was not formin~ 

colored oxidat ion products that had absorption at the 

wave lengths of the carotene analysis, viz . , 436 milli 

microns and 450 millimicrons , a series of experiments 

were conducted to determine this . The resultq of this 

experiment are shown in Fig . 11, Series IV . It was ob

served from this experiment that only a negligible in

crease in color due to oxidation of the octyl hydro 

quinone could be detected at 436 millimicrons and 450 

millimicron • These results lend wei ,ht to the hvpo 

thesis that the maintanence of color by the solutions 

containing the octyl hydroquinone was due to the anti 

oxidant effect of octyl hydroquinone and not to colored 

oxidation products of octyl hydroquinone , The possi 

bility remains , however that octyl hydroquinone may 

have reacted with the carotene in solution to give 

colored products . However, this pos8ibilit would be 



rather difficult to investigate in vitro . In vivo 

experiments could be conducted by administering the 

oxidized solutions of both carotene and carotene plus 
• 

octyl hydroquinone to vitamin A-deficient rate thus 

illustrating the relative biological potency of these 

two solutions . However, this method would be open to 

criticism . 
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Fig . 12, Series V, shows the results of observing 

the destruction of carotene at 37 . 5° a. In this series 

all experimental conditions were the same as previously 

described, except for the temperature chan3e . This ex

periment was conducted at body temperature to be sure 

that the same sparing effects of octyl hydroquinone 

demonstrated at 60° C, could be shown at 37 . 5° C. The 

results obtained at 37 .5° C show that the same sparing 

effect by octyl hysroquinone could be deomonstrated at 

this temperature . It is therefore believed that a 

correlation can be made between the in vivo results with 

that of the in vitro results . 

2 . ~arotene and Vitamin E Data 

All of the previously described in vitro experiments 

were conducted in part to substantiate the octyl hydro

quinone is capable of actin as a biolo ~ical antioxidant . 

To add more evidence to the belief that octyl hydro

quinone is a biolosical antioxidant, a well knovm bio

logical antioxidant, vitamin E, was tested under the 
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same experimental conditions, as was octyl hydro-

quinone . The results of this experiment a.re shown in 

F ~· 13, Series VI . The same protecting effect ex

hibited by oct 1 hydroquinone was demonstrated by vita

min E . 

Table IV ives a complete summary of all in vitro 

experi~ents, including Series A, I, II, III, IV, V and 

VI . The curves shown in Fi • 1 s 7 thru 11 represent carotene 

destruction data obtained by using tne 450 mil~imicron 

fl-carotene calibration curv-e , since the analysis for carotene 

at 436 :nilllmicrons were eq_uivalent to those at 450 milli 

microns . 
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TABLE IV 

CA.."q0TE::E cm:c . IlY''f"fML. SERIES 
HOURS 

A (6ouc) Q 2 !!: 16 48 60 120 136 184 

C 6 . 8 6 . 8 6 .7 6 . 2 3 . 8 3 .1 1 .2 .90 -. 33 

C ./ 10 (9) 6 . 9 6 .9 6 .9 6 . 9 6 . 9 --- 6 . 8 6 . 7 6 .6 

I (6ooc) 0 2 1 §. 16 20 24 3.s 48 

C 5 .3 5 . 1 5 .1 4. 7 4 . 2 3 . 4 2 . 8 . 85 ---
C ./ . 5 (e) 5 . 4 5 . 4 5 . 4 5 .3 5 . 1 4 . 8 4 . 4 --- ---
C ./ 10 ( e) 5 .3 5.3 5 . 3 5.3 5 .3 5 .1 5.1 4.9 1 . 5 

II {60VC) 0 2 4 ti 16 

C 58 . 5 51 . 5 47 . 3 17 . 5 ---
C ./ . 5 (e) 45.6 46 . 5 41 . 5 30 .0 ---
C ./ 10 Ce) 58 . 5 58 . 5 5 . 5 57 . 5 57 . 0 

III ( 6o0 c J 0 2 1 § 16 3_g_ 48 60 bO 

C ,'- .s {e J se .e 58 . 0 58 . 0 57 . 5 57 . 0 51 . 2 51 . 2 46 . E 46 .2 

C ./ 10 (e) 59 . 7 59 . 7 59 . 6 59 .6 59 . 6 58 . 9 57 . 6 58 . 0 57 .1 

IV (6ouc) 0 16 24 -
Olive Oil . 015 . 021 . 007 

Olive Oil 
,'- lo ( t,) . Ol.4 . 027 . 024 

V C 37 . 5oc J 0 4 8 16 

C 10 9 8 7 . 4 

a .J 10 <e J 9 . 8 10 . 5 9 . 9 9 .9 
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TABLE IV (J0NT'D) 

C..- R.Ol'~}(h; JUNO . Il /'"'1--/ -1L. 
;:,ERIS$ 

:!OURS 
VI ( 60°J ) 0 ~ e c4 -

C 5ti 57 47 . :, ·r . 5 

C .f lO tE) 58 . 5 5~ .6 57 . 5 :,4 . :, 

Key: J= Carotene di solved in olive oil. 
C ~ . 5 (0) = uarotene dlsso~vaa in olive oil rluq 
. 5 II1;3 . ucty.L hyo.roc._ 1i 10ne ,. :..ssolve c'. in olive oil . 
C.;. 10 (eJ= ~arotene dissolved in olive oil plus 
10 m . 0ctyl hydroquinone dissolved in olive oil. 
C / 10 (E)= Carotene dissolved in olive oil plus 
10 II13 · vitamin E dissolved in olive oil . 



v. 
GE1',ER.:..L DISCUSSIOI ArD GON~LUSIONS 
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To fully interpret the results of the in vivo data 

and the in vitro data, a number of factors must be con

sidered. However, most of them are of a highly complexed 

nature and will only be mentioned briefly. 

The conversion of fJ -carotene to vitamin A in the 

animal body is one of the factors, undoubtedly of a com

plexed order and as yet unsolved. However, one site of 

this conversion seems conclusively proven. Although it was 

previously thought that the liver was the site of carotene 

conversion to vitamin A, Ball, et al(35) postulated that 

the gut wall was one of the sites . Later Sexton, et al(36) 

and Glover, et al(37) in 1947, definitely proved that the 

conversion of carotene to vitamin A is capable of taking 

place in the gut wall of the small intestine. This is true, 

at least, in the rat and possibly in other species. It 

would therefore seem that an antioxidant must exert its 

influence on carotene either in the gastrointestinal tract 

or in the gut wall. 

It was found in this investigation tha.t a low level 

(0.5 mg .) of the octyl hydroquinone showed synergism toward 

vitamin A deposition from carotene fed to rats, while a 

hi~h level(lO mg.) of the compound exerted an antagonism . 

On the assumption that carotene conversion to vitamin A is 

an oxidative cleavage, these findings support the hypothesis 

put forth by High(33) that any fat-soluble antioxidant at 
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a low level would enhance the deposition of vitamin A from 

carotene fed, while a high level would act anta, onistic to 

vitamin A deposition from carotene fed, by interferin. with 

the conversion of carotene to vitamin A. From the equation 

given by Taylor(38) that an inhibitor of any reaction would 

be proportional to its concentration, indicates that a high 

level or concentration of an antioxidant would have a 

greater inhibiting effect than a low level or concentration. 

This would lend further weisht to the hypothesis that caro

tene conversion to vitamin A is an oxidative fission, proba

bly at the 9:10 double bond. However, Swift(29) reported 

that large amounts of o< -tocopherol accelerates the decom

position of methyl hydroperoxide oleate at 75° C. This 

latter report would indicate that large amounts of an anti

oxidant aids oxidation, rather than inhibiting it. To 

shed some light on the controversy just mentioned, both 

octyl hydroquinone and vitamin E were tested, the former 

at both low and hia.h levels and the latter at a high level 
~ 

for their effect on the oxidation of carotene. The findings 

of these experiments indicate that an acceleration of caro

tene destruction by oxidation di not prevail at either 

the low or at the hi3h level with either octyl hydroquinone 

or vitamin E. However, Swift's experiment was carried out 

at 75° Can the experiment reported here was carried out 

at 60° c. In addition, Swift's experiment dealt with pre 

formed hydroperoxides, while the experiment reported here 

did not. Again, no conclusive evidence has been presented 
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indicating whether or not peroxides are formed during the 

oxidation of fats other than unsaturated hydroperoxides . 

Whether or not a parallel can be dravm between the oxi 

dation of unsaturated fatty acids and fat oxidation in 

relation to the formation and decomposition of hydro 

peroxides is un mown . 

The possibility that the effect of large amounts of 

vitamin E in exerting its anta~onism was due either to the 

hydroquinone or the phytyl part of the molecule was tested 

by High and Day(31) and neither of these substances seemed 

directly responsible, thus indicating that the whole to

copherol molecule wa involved, or at least not these 

fra ments . Both hydroquinone and phytol were tested by 

these workers at a concentration stoichiometrically equi

velent to their we i ht proportion in the tocopherol mole

cule . They also tested the eff2cts of these substances at 

higher concentrati 0ns . Hydroquinone bein3 fat - insoluble 

possibly would account for the fact that this substance 

exerts little if any effect on carotene in vivo . From the 

in vivo results reported here , that a high level (10 mg .) 

of octyl hydroquinone showed antagonism to vitamin A 

deposition from carotene fed to rats, while a low level 

(0 . 5 mg .) acted synergistic, would indicate that the 

former impairs the conver , ion of carotene to vitamin A, 

while the latter aids in this conversion . The in vitro 

results see~ to subst~ntiate such a hypothesis, since the 

10 mg . level of octyl h~rdroquinone showed a creater ability 
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to protect carotene from oxidative destruction, while the 

o.5 mg . level did so to a lesser extent . In an attempt to 

parallel the in vitro results obtained employing octyl 

hydroquinone with vitamin E, this latter substance was 

tested in vitro under the same conditions as was octyl 

hydroquinone . The same relative r2sults were obtained 

with vit amin E as were obtained with octyl hydroquinone, 

thus indicating that vitamin E and octyl hydroquinone 

possibly act similarly toward carotene metabolism . 

In taking cognizance of every possible occurrence in 

the in vitro experiments , the isomerizat ion of {3- carotene 

in to neo- ~ -carotene was taken into acvount . As re

ported by Beadle and Zscheille(39) that when ~ -carotene 

is heated, nee- ~ -carotene(an isomer of ~-carotene) is 

produced. This latter substance has a specific absorption 

coefficient at a wave length of 436 millimicrons of 196 

which is coincident with the coefficient for (1 -carotene 

at this wave length. Therefore, it was decided in the in 

vitro analysis to measure carotene destruction at both 436 

millimicrons and 450 millimicrons wave lengths of light, 

employing the Beckman Spectrophotometer. The results of 

the in vitro analysis revealed in several instances that 

a slight increase in absorption occurred at 436 and 450 

millimicrons , up to 4 hours, only in the carotene plus 

octyl hydroquinone solutions analyzed. The control 

solutions conta1nin
0 

only carotene showed a rapid decrease 



in absorption at both 436 and 450 millimicrons . These 

findings further lend weight to the postulate that the 

octyl hydroquinone affords protection for carotene 
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against oxidation . To have some evidence that the slight 

increased absorption and retention of color by the caro

tene plus octyl hydroquinone solutions was not due to 

colored oxidation product9, the octyl hydroquinone solution 

in olive oil and the olive oil alone as the control were 

oxidized . A slight but insi3nificant absorption increase 

occurred at 436 and 450 millimicrons in tubs containing 

octyl hydroquinone in olive oil . These slight differences 

were due to experimental error . This in turn may aceount 

for the slight increased absorption .of the carotene plus 

octyl hydroquinone solutions during the early stages of 

oxidation . However , the possibility remains that octyl 

hydroquinone may form colored oxidation products with caro

tene having absorption at 436 and 450 millimicrons . To 

investigate this latter possibility would be extremely 

difficult . 

In an at t e~pt to discover the manner in which ca ro 

tene is converted to vitamin A in the animal body, a 

number of interesting theories have been produced by many 

workers, embracing the use of various methods . In vitro 

experiments have received the greatest attention by these 

workers . Olcott and McCann(40 ) su gested in 1931 that the 

conver 0 ion of carotene to vitamin A is via the carotenase 



system . This led other workers to search for the enzyme 

capable of convertin~ carotene to vitamin A. All such 

searches have been futile, althou h carotene destruct on 
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in vitro in the presence of certain fat enzymes has been 

shown(41,42) . The vitamin A activity of ~ - carotene has 

generally been explained by sym~etrical fission of the 

carotene molecule at it~ control double bond . vendler , 

Rosenblum and Tishler(43) seem to be of the opinion that 

the central double bond mi~ht well be the most vulnerable 

position to reagent attack for reasons of its symmetrical 

and sterically least hindered disposition . It has been 

shown by theqe sa!Ile wor _-rers (43) that oxidation of (3 - caro 

tene with hydro en peroxide - osmium tetroxide yielded vitamin 

A aldehyde, ~ - ionylideneacetaldehyde and 2 , 7- dimethyl 

actatriendial . The vi t "'.:nin A aldehyde thus formed from 

~ - carotene was found to have a biolog ical potency 

appro9.ching that of vit 2min A. These find.in s by Wendler , 

Rosenblum and Tishler support the pos ibil ty t hat oxysen 

must play an important role in the conversion of carotene 

to vitam n Several other workers (44) in studyin3 the 

conver9ion of vit~min aldehyde(Retinene ) to vitamin A in 

vivo, h~ve u~gested that the transformation of ~ - carotene 

into vitamin A, in vivo, is :ore likely achieved by oxi

dation of the former to retinene, wh ch is then r apidly 

reiuced to vitamin A, rather than by hydrolytic fiss on . 

Ball, et al (35) reported earlier along this sa~e line in 
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1947, stating that quantitative experiments suggest that 

one molecule of vitamin A appears for each molecule of 

retinene absorbed, implying the existence of an efficient 

reductase. Here again the i~portance of available oxygen 

seems evident . Since the mild oxidat,1jn of unsaturated 

hydrocarbons may yield the aldehyde, it might well be that 

carotene is first oxidized to the aldehyde, which is then 

rapidly reduced to vitamin A alcohol . An available anti

oxidant in the gastrointestinal tract, such as vitamin E 

or octyl hydroquinone would cont.rot tine oxygen supply 

necessary t·or carotiene conversion or destruction . As 

pointed out by Michaelis(28) that the precursor of oxi-

d 1 II 
atlon by o2 is the format.ion o!' an ··oxygenated co:::np ex 

and that subsequent electron redistribution may lead to 

true oxidation . Such a phenomena as this is well 'mown 

in biologica~ systems . The autoxidation of unsaturated 

fatty acids is one reacti0n in which an oxygenated compound 

is the precursor or true oxidation . Michaelis(2S) postu-

lated that on exposure of the unsaturated fatty acid to 

oxygen, the well - kJ1own hydroperoxiae is f irst rormed . The 

thus formed hydroperoxide can oxidize a molecule such as 

hydroquinone or tocopherol to its semiquinone radica~, une 

nyaroperoxide itself being reduced to a compound of a lower 

level of oxiiation. By electronic rearrangement this 

re , uced hydroperoxide is converted into a co~pound which 

reduces the semiquinone back to the hydroquinone, itself 



44 

be ins oxidized to a compound which is , or will beco.ne the 

hydroDer'.)xide 2,5a.in . This :prol-.osal on t}ie ::nechanism of the 

action of an 3-ntioxidant by kichae lis seems an inviting 

possibility . Sufficient evi 1ence has not been presented as 

yet to confir n this theory of :nchaelis ' and the wor~ reported 

he e can neit~er c~nfirm or deny such a theory . 



VI. 

SUMMARY 
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A study has been made on the effects of both small and 

large amounts of octyl hydroquinone as a biolo ical anti 

oxidant on the metabolism of carotene . Vitamin A deposi 

tion in the livers and kidneys of rats fro~ carotene fed 

was used as the m~in criterion for determining its effects . 

Also in vitro experiments were conducted in order to de 

termine the antioxidant properties of both this substance 

and vitamin E for the purpose of interpretii. the in vivo 

data . 

1 . Five - tenths m~ . of octyl hydroquinone when fed 

along with carotene to vitamin - depleted rate increased 

significantly the deposition of vitamin from carotene 

fel as compared to rats receiving carotene onl . On the 

other hand, 10 mg . of the compound decreased significantly 

the deposition of vitamin A from carotene fed as compared 

to rats that received carotene only as supplement . 

2 . Both 0 . 5 mg . of octyl hydroquinone and 10 mg . of 

the substance protected carotene from oxidative decomposi -

ti f 600 • on in vitro at a temperature o 

tration of the ubstance (10 mg . ) afforded the greater pro

tection . Substantially the same results were obtained at 

a temperature of 37 .5° G. Likewise, 10 m~ . of vitamin E 

af~orded a marked protect on of carotene from oxidative de 

composition at 60° C. 

3 . The significance of these observat ons i 1 relation 

to the pos ible mode of action of both oct 1 hydroquinone 
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and vitamin E in small and large amounts on the utilization 

of carotene by the rat is discussed . Also graphic represen

tati~n of some of the data 1s presented . 
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