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tPHE EFFECT OF LYCOPEHE 01 THE UTILIZATION OF 
BETA-CAR0TE1E AS MEASURED BY THE STORAGE OF 

VITAMIN A IB THE LIVERS OF RATS

:,v'v. : . INTRODUCTION ‘ . .

'Lyeopene 9 the principal r®d pigment in tomatoes p . is 
closely related to betearotene in eheaieal .stmct'are.o 
Unlike, beta-carotenej, lycopene has no vitamin A activityo 
It- has often .been .demonstrated that, substances which do■ - 
not have biological activity but•have'structures similar 
to that of-the active substance wl 11 materially lower'the 
activity‘of the latter 'sub.stan.eeo For instance Kemteerer 
et alo found that .'crude xanthophylls lower the biological 
■ aetiy ity of beta-carotene for: rats '(1^1 and chicks' C lli-a) o 
However8 High and Day (8) reported that lycopene increased 
the amount of vitamin A stored in the liver of the rat 
when; the'.lycopene was fed with either; beta-earotene or 
vitamin Ao , This 'is not in agreemeht 'with, the previous 
findings on xanthophylls o - ..Eithe.r the lycopene used by . 
High and- Bay contained traces of' beta-earotenes or the 
lycopene did not perform like the xanthophylls; in the '. 
.-experimehts of Kemmerer and associateso This thesis '/;
’reports an experiment on the.: utilisation of beta-carotene 
for the storage of vitamin.A in the livers of rats0 .
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. ■ A REVIEW OF ’THE LITERATURE OH CAR0TEM01D8 - '

'Desegiptlon,-a#d Ppopertle's,:of; OWotemeias::: ' 'v/
. v, 1 O-apbteii© $, ;ljcoperA©s and , 3can.fchQphyll s 'are .ear 4 ten ©id;./;, 

.pigmeafcs g: j© XXow. td red in - oolbr̂ ... aad" .are..Widely, 'distributed: 
'in.. :̂ e:\aniMl, aad: .vegetable kingdoms 0 '; .Carotenoids have the :-;

t h e .

d i s t i n g d i s h i a g / f e a  ■ T h e y  a r e

o f  t h e  m o l e c u l e  h a s . tw/methyl 
-'ail other

yS positions

com=
L a o  t h a t . ;  

i n  r e s p e c t  
- c h a i n

on the
. earo tenoids.. is ■ of the 
and ; thein'.'ehromophoric. systems eonfeaitf Leonjugated, carbon*3 ; 
carbon doubie bonds. til);o ’-All. carotenolds are soluble in . ■■ 
fats ‘.and . fat 'solventso Only th@: ter̂ .s oluble carotenoids “
have acidic':'groups' such as. earboxyl- drLenoi whieh; ©an : f orm :::, 
,#ater-sdlublê  .alkali .saltsi-'' or .Save-: iyophili'e. properties f rom 
.es'terif leaf ion with.'sugar', residues d ' - ’ I. ' ' ’ ' ■■
• :. ' ; At the' present "time be.tween ''T'O and; i

© onStitutions ofbeen f ouhd .in nature 9: .and the 
<about' .35/'ife kh-bwiid'. They 
in ’fact they can all be ' derived' from'
■ by;'simple: 'chemical:' changes 'much 
migratiohy: partial vhydrogehatiohs.■introduction of.



keto- s, op methos^l-groupss or introduction, of an oxygeg, . 
bridge^ and» soi forth (ll).o

■Garotenoids in Plants and Animals
Although much investigation has been carried out and 

many hypotheses have been put forth/ no definite'cbnelusiens 
have been reached as: to the mod.© of formation and the funo= 
tion of carotenoids in plants^Hi;)'/ " More is known ©n the 
functions ©f'carotenoids in the animal organism9 but many 
important questions are yet to be answered^ A nomber of 
carotenoids are converted into vitamin A in animals and . 
therefore play the part. ,bf pro-vitamins* . :

- Steenboek and his collaborators (23) wbre the first to 
suggest a connection between the yellow plant pigments caro­
tene and vitamin A0 : Karrer .(11). in 1937 obse.rved the struc­
tural relation between beta= oar©t©he .and vitamin A . and ,pos-'". 
tula ted that in the conversion ofbeta=carot©ne to vitamin A: 
in the animal bodys. two molecules ■of V.itamin A .were produced 
from one molecule of ■beta-caroten&e In 19^8 Koebn (.13) d©« 
termined the. .relative-biologic potencies ..of .pure vitamin A 
alcohol9 Its acetate9 .'and: beta-carotene*. His results showed' 
that beta=-earotene and vitamin . A had equal aefivlty on the 

weight basis o. , This suppof ted . the. Original ..theory of Karrer ' 
that conversion of beta-oarof ene Into. vitamin A is by .fission 
of the moleeule to yield two "molecules of vitamih.A aldehydee



(11)* Skis problem Is still not solved as many -workers have ■; 
foiand that beta-carotene .has only one=half the activity of •ri™. 
tamin A0 It has been ass.umed that this . eowersion process 
depends on a: ferment5 earotenase,„( 11 ):0: ) In animals deflelent 
in vitamin A> . the, cmversion of. pro^Tltamins into vitamin A 
takes plaee rapidly and fairly completely, (tip to 70 or Qo$)'&
If the organism Is saturated, with vitamin As howevers or if ' ' - 
high doses of pro?vitamins are given$ only a small propoftion 
is converted, into. the. vitamiii»( 1 1 j. '■ I >, i .- .
. The site in the animal body of this conversion is still
under questione. Moor©.. (17) ih 1931 found’1 that.' rat livers 
were high in vitamin A <z> ntent after the rats had been fed 
carotene* and ■ that. , the alimentary . tract, was high in carotene 
■ but low in Vitamin A®. He 'interpreted, this to mean that the 
site of conversion of carotene to vitamin A took place in the 
.livero • Mattson* Mehl*. and Deuel (19) in 194? concluded . that . 
trattsf oimation of .carotene fo: vitamin A took place: in the small 
intestine of rats! By different experimental techniques Krause 
and, Bierce ( 20) ro nf irmed Mattson.ffs f indings e. . . They partially 
ligated the portal vein* the portal artery and tM© common bile' 
duct of rats Q • Caro ten© was fed and careful tests' made0 Their 
results indicated that 'hepatic circulation Was. not- necessary ' 
for the conversion . of .carotene to vitamin Al In vitro .con­
version of carotene to - vitamin A in the small intestine of - - 
the rat has recently been reported by Rosenberg and Sobel«(:2;l|V



1 . Carob ene ;was- introduced by tube Into the stomachs of vitazain A :
; . • 'd̂ fioibnt rats | the r/ats- were killed immediately and contenfs :: :: ;

. - of'thestomaeh squeezed into the small intestS-ne^hiehwas tied , -
, withsurgio.al thr e a da ndine ub ate d for 2 hours "1m Ringers. solti=-: V'
, - t.ion at 0* • The. intestinal c ontents were then flushed out ' ;
.,' ‘ ; and the gut tissue examined for vitamin'. A<r ^
. ,'ndt rule but the liver as an auxiliary site for the conversion 
v i'of vearbtehb :to:'vitamin A@ v,;: ' V / v i ' : ; ■■■■:

■ ; :• As w ill he hr ought out later in ; this paper9' many mater= '1
. . : 'fais ;have: substantial ■effects on the ut 111 zation of carotene ,-'

and.; vitamin A s to rage 0 Faotors 'within the animal body iffeef .
, ■ ' vitamin A storageo . ' Johnson and ’Bauman (9) in' 194.8 showed ''that .'v't
, " ■hypo- and hyperthyroidism; exerted .an effeets and. Va.vioh and ‘ : ' '

,EbW.e.rer. ('26) that the. size of the rat exerted an effe,et0. ,ln v. ■
•; ; the latter work small,rats'. to:; hO go ). stored more vitamin
. • . " A thanv largd; nats (99 to 103 go ) when fed' a ’given amount of: ',■ -

. . .' %.e Isolatlbh of Oarotenolds. ‘y
. ''"The; general^method . of Garter (2) for isolation; of. caro®: v.t '

: tehoids consists usually of fhe fplloidng.s teps;f\ ; . , •. ' ■
Id Extraction of e arotenoidsb The vegetable or animal • ' •

;; source is dehydrated, ., then extracted'.with one ,of a number of'. •
suitable solvents0 Hiose commonly' used are benzene9 petroleum 

, -'.: :. :e ther © t̂ i.: eiaier ,f r ee; '-ff om peroxide p. • carbon' dlsulphid© 9 .f :;



ehlorofora free. £rom laydroehlopio, acid? ethanol? methanol 
and acetone, Ihe extracts are concentrated in vaemm. and 
protected'from-air0 - ■ v . . .

2o Separatldn IntoH^ophase; and eplphasie carotenoids @ 
Carotenolds with two or more .nydroxyl group's are obtained as 
hypophasie pigments. Mono-hydroxy compounds occupy an inter­
mediate position and are found in the epiphase as well as in 
the hypophase, V ' . / . ' ' . : ; '

. 3,a Separation of the, carotenolds W1 thin :the;- hypo? and. 
epiphaseso The method usually used is Tswett!s (25) chro­
matographic adsorption analysiso . . This analysis Ms carried 
out by percolating the solution of.the earotenoids through a 
long. column of suitable adsorbente: pie amount of adsorbent
used depends on the amount of . pigments, to be separated* : The 
individual pigment zones are “developed51 by washing the column 
with suitable solvents* ' ‘
Gons11tut1on of. Carotenolds and Their Absorption Spectrum

Garotenoids range in color, from yellow1 to violete Attempts 
have been made in the past•to elucidate the relationships be- • 
tween the color and the. constitution of earotenoids and to 
employ absorption spectra for the characterization and identi­
fication* ' Today it is-possible to draw definite conclusions 
regarding the- constitution,of a earotenoid.from its absorption 
spectrum.(ll)y ): 'Also- certain changes in the spectrum can be 
predicted from a given change in structure*



AXfeho'Ugti - ea>©tenoi’da: possess a relatively '@omple% ; ' ; ;
, struoture9. tbe.absotl.om apeetra of. .these, pigments are / :■
'domparatively eimple- in .•eharaeter-b- :In; the.ylslbl:e.: region. . , ’
' ■ t hs:' s p e etr tim. usu&lly ' eons 'let a ■ of:: t hr ee: or" f otir absorption, - ■ , 
mazlma. and the ppsl'tion of the maxima depends upon the eon" ■ 
•stitufiqn of the pigments0. , . ; . . .
' Distribution' :,of. Darotenblds.,.in Eature - , i " . ' '"' T ’ •.v;
'■ -v ':411 - gfden. -ahd:' y parts : of :̂piants; contain ’earotenoidSs
maihiy-bethrearotenes'-'Xanthoptiylls s ' xahthophyiy epoxides and'
' smhil_:hmdunts; of yalpharoaroteneo; ''vTheioarofenoids: are found:, 
together,,with: chlorophyll in:the: chromatopbores: ahd: vare. pro- , 
: sent :in 'el then' an amorp ho us:;: or: try stall, ine state 0 ' ; Garo teno.ids' 
especially xanthophy 11 s.i are present in' etiolated leaves'p 'but '

' it is doubtful that they .are responsible^ for the. yellow color';
11) o ■ ' In: .yellow, :autiam'.:lea.yes it has "been possible- to recogy.- 

nise different stages in earotenoid; metabolism© The ea^ofe=
' noids and' also the ant’hoeyanlns remain in' the leaves after'the, 
- degradation; of' the- chlorophyll - in the autumn and produce, the 
-well-known s triking: eoloratIons: t I X 0 ; Gradually, the: polyene '
: pigments are:degradedith;barotene" being decomposed more- : 
'papldly..then' xanth©phyils^' --: *'ihvthe ':last: 'phases; of rphe ne-erô
' biosis.s' the brown pl^ents' are pfoducedo : " ' ' . - '

.Qafotenoids.■ afeuwideby distrlbuted' In blossoms (11)i ' ' '
About:'3p,different.:earotenoidsa...about..haif:of. all the -known 
''poiyehe ' pi^ent:ss : haye‘ been'■'Isdla.t'ed:frdmbldssbtas ;up to the '



present time. Ho thing is kndwns howevery cbneernlng the rnnc" 
/. tion of. the carotenoids In . the blossoms o Many earotenoids are 
.f.ounS in. the fruits and ̂ seeds 'of plants. ;■ . '

Although present information on earotenoids;. ©f, ;erypto«..
. - gasps • is. seanty we know they are distributed in- this- group as . 
well, as : in : the phanerogams®.. In, fact'.recent obsefrations .show ' 
that bacteria produce earotenoids-not found.in'the higher ' ' 
plants»(1X)1- / Shis' presents an Interesting field for. further

-Oarofenoids are present in a variety of invertebrates 
'though it is not known with eertainty whethor the pigments 
. are synthesized by the animal .or, contained in the. food. In 
contrast to the invertebrates a great deal at Information is 
• known, of earotenoids in the vertebrates 0 Carotenoids have ' ; 
been found in nearly every part <f the mammalian organism^ It 
Is almost certain that these are- derived frora vegetables 411)©l 
Carotene . , , - - ' . ■ ' .

¥akenroder discovered carotene in the roots of carrots 
in 1831 o For 100 years after that the substance 'he discovered 
was regarded as a homogenous compounds It wasn°t until the 
chromatographic method were available that the complex nature ' 
of carotene was established4ll)V In 1866 Arnaud established : 
that carotene Was a hydrocarbon0 In 1907 Mills tatter and v 
Eieg proved the identity of carotene- from leaves 'and carrots 
establishing the moleculpf formula as e In 1928 -
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Zechraeister established the presence c£ 11 double bonds and 
2 ring systems in carotene. In 1929-31 Karrer elucidated the 
constitution of beta-carotene, and in 1935 the formula was 
proved by Kuhn and Brockmann.

Beta-carotene
When a pigment is designated by its current name (beta- 

carotene, lycopene, etc. ) it is usually considered the all- 
trans form in which each double bond possesses trans-config­
uration. The neo isomer contains cis configuration about some 
of the double bonds. Methyl groups along a chain introduce 
steric hindrance which limits the number of likely centers of 
rearrangement. Beta-carotene has 20 isomers. These include 
the natural all-trans-beta-carotene, 3 mono-cis- 6 di-cis-,
3 tetra-cis-, and 1 all-cis-beta-carotene. Sterioisomers of 
carotene showing biological activity are all-trans-beta-car­
otene, neo-beta-carotene U, neo-beta-carotene B, all-trans­
alpha- carotene , neo-alpha-carotene U, neo-alpha-carotene B, 
all-trans-gamma-carotene, pro-gamma-carotene, neo-gamma- 

carotene, and cryptoxanthin. Their relative potencies re­
spectively are: 100, 38, 53, 53, 13, 16, 28, lf4, 19, and 57.

Beta-carotene crystallized from benzene-methanol exists



1 0 .

as dark violet hexagonal prisms and as red rhombic plates from 
petroleum ether. Its melting point is from 181 to 187.5°
It is soluble in carbon disulfide, benzene and chloroform, 
and slightly less soluble in ether and petroleum ether. It has 
has absorption maxima of lj.57 m/*, and is optically inactive.
Beta-carotene is fairly strongly adsorbed on calcium hydrox­
ide from petroleum ether solution. It is found below gamma- 
carotene and above alpha-carotene on the chromatographic col­
umn, and it can be separated from other carotenoid hydro­
carbons by this method and then identified by its absorption 
maxima. On standing, beta-carotene absorbs oxygen from the 
air.( 11). Beta-carotene has high vitamin A potency and the 
change in formula takes place as follows:

yC x h w H rt R M
+  z 1 5 U ,
 y 2

U>.
Vitamin A

Lycopene
Hartsen isolated a dark red crystalline pigment in 1873# 

which was later identified as lycopene. In 1903, Schunck 
showed that the pigment from tomatoes, which he termed lycopene, 

had an absorption spectrum different from that of carotene. 
Willstatter and Echer in 1910 made a detailed investigation of

A  - Caro N£nc
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lycopene* They determined the corrected molecular formula 
as and recognized that lycopene was an isomer of car­
otene. Prom 1928 to 1931* Karrer (11) and co-workers elucidated 
the constitution of lycopene. In 1932, Kuhn and Grundmann 
carried out the chromic acid oxidation of lycopene and ob­
tained long-chain degradation products, the constitution of 
which confirmed the formula of lycopene(11)•

Lycopene is widely distributed in nature in large 
amounts in ripe fruit and in smaller amounts in other parts 
of plants and in animal sources.

rv — (U— C— £ ' (L- C ' - C L - X L ,  CL P ̂if I I I 1 /,
.C.-CH, eM'» ctf-»

/4z.  ̂*-

Lycopene
Lycopene crystallizes from carbon disulfide and ethanol 

in long red needles. Prom petroleum ether it crystallizes in 
felted, hair-like needles, and sometimes in long, dark, red- 
violet prisms. Itmelts from 170° to 175° C. and is soluble 
in carbon disulfide, chloroform, benzene, and slightly in hot 
ethanol. Lycopene is optically inactive. Lycopene dissolved 
in petroleum ether 3s adsorbed six times more strongly than 
carotene on alumina, calcium oxide or calcium hydroxide(11)• , 
It is best identified by chromatographic separation on calcium 
hydroxide, followed by a determination of the absorption
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maxima. Lycopene has not yet been proved to have vitamin A 
potency.
Xanthophyll

In 1837 Bersellus coined the term "xanthophyll" for the 
yellow pigment of autumn leaves. Wilstatter and Ml© g In 190? 
Isolated xanthophyll from green leaves In crystalline state. 
In 1912 Wilstatter and Escher is olated lutein from egg yolk. 
The single recognized leaf xanthophyll of 30 years ago has 
since been shown to be a mixture of 12 or more pigments In 
some plant species. The principal xanthophyll In plants Is 
lutein which Is always accompanied by zeaxanthin and cryptox- 
anthln, (5) e

Xanthophylls are very widely distributed In nature.
They are found In all green parts of plants and In red and 
yellow blossoms. Also they are found In human fat and liver, 
egg yolk. In feathers and other animal and vegetable scources,

CIV
,° -• / CXtfvr C-.-C~C.-C"C-CrC-<Lr<L=C~ CL-C~C

1 /I <« U> I j * 1 I

Lutein
Hydroxy, oxo, and hydroxy-oxo derivatives of carotene are 

xanthophylls. They crystallize from methanol in violet 
prisms which have a metallic lustre and dovetail shapeI11). 
They are soluble In chloroform, benzene, acetone, ether and



carbon disulf ideand slightly in; ethanol and methanols.
Xanthophy11s 'are strongly optically active0 They are sep­
arated from other phytpxanthins, by. adsorption on zine car­
bonate and Identification by determination of the absorption 
maxima« Lutein and most xanthophylls possess no vitamin A 
activity^ however cryptoxanthin is a precursor of vitamin
US)i ;r > : . ■ ' . . ■... ; ; / '
Present Knowledge of the Effect of Lycopene and. Xanthophylls 
on the Absorption of Carotene .and Vitamin A

By 19lj-7 it was well known that, when carotene of vege­
tables was, fed to rats less vitamin A storage oecured than 
when carotene was fed dissolved.in cottonseed olio It was 
speculated'then that the utilization of carotene iti vege*• 
tables might be affected by substances that accompany it in 
such plants o ' '

in I9I4.7 Kemmerer ett^lau^l^lhfoundothattxahthoph^llsyllE; 
and chlorophyll when fed with carotene decreased the utili­
zation of carotene for liver storage of vitamin A about 20$* 
She findings of Kemmerer et al, were confirmed and extended 
in 19%8 by Eelly and Day (12) who stated that relatively 
large amounts of xanthophyll (lutein) impair the utilization 
of vitamin A itself as -well,as of carotene =' . Johnson and 
Baumann (SO) in 194-8 also found that large amount s. of lutein 
decreased the utilization of carotene® On the other hand using 
weight gain and., mortality :as . criteria^ .Sherman. (22 ) in 1947 .



■ observed ■ that small araounts of lutein seemed to have a earo- 
temma sparing, ac tion when given to rats on a vitamin E low 
. diet0 In 1950$ Kelly and Day (13) reported further findings 
conf irming ' earlier works . which; demons trated that the adverse 
effect on carotene and vitamin A utilization, was due5, not to 
hastened depletion .of. liver and kidney stores9 "but to little 
if any absorbtion of the xanthophylls from the ' intestinal • 
tract of experimental rats*

Owing' to the struetural, similarities between lutein and 
beta-earotdne it was thought by Kelly and Day at the beginning 
of their investigation that lutein might compete with carotene 
as a substfate in the enzymatic conversion of the latter to 
vitamin As and thus impair the formation of vitamin ks but 
this was not etinfirmedp

The evidence available at that time offers.no satisfac­
tory explanation for the seemingly contradictory findings cf 
Sheman0 However9 in the investigations reported by Kelly 
and Day the diet contained ample Vitamin. and the carotene • 
to xinthophyll ratios were much larger than In Sherman rs ex­
periments o- ■ 1 : ; / ' • ' - ; , : ’ ;

: V ; In an attempt to answer their contradictory questions am 
experiment was Carried out by High and Day ( 7 ) and reported . 
in 1951° They studied the carotene to lutein ratio on the 
utilization of carotene®. AlsOj, they investigated the effect'
Of various other structur.ally related Compounds on the utili-.

; zation of carotene, and vitamin A0 There was reason to suspect



' tinp-t some of these ecmpounds were antagonists of Vitamin A.; 
or that; they might impair the utilisation of its precurs ors0 
Vitamin A depleted weanling rats were fed different levels of 
bet a-carotene from 1^ to 60yWgo per dayQ Lutein was given in 
varying amounts from 5? to 500 yUgo with the different levels of 
befca-carotenee The addition of small amounts of lutein in-v.̂  
creased the quantity of vitamin A stored in the' liver and 
kidneys, but Increasing lutein from 2^ to 500ŷ go per day 
without changing the beta=>earoten@ resulted in a decrease of 
over 100^ in the amount of vitamin A depos ife.do Also large 
amounts of squalenes phytpl and alpha, tocopherol acetate de= 
creased the storage rf1 vitamin Ao : .Helatively small amounts . 
of alpha-idhones beta~ionone.9. and .hydrpquinone had no effects 
Sie Utilisation of vitamin A by vitamin A depleted rats , was 
not affected by large supplements of: squalene or phytol.
The rate of loss of vitamin A from the livers and kidneys of 
rats was not affected by any of the supplements given. ■

. 'in the light of these experiments^ High and Day ( 8) 
carried but an experiment reported in 19^2 on the fate c£ 
lycopene in the rat and its effects on the utilization of 
carotene and vitamin Ao Scarcely: any da.ta on the metabolic 
.effects and the fate of lycopene in the rat were availableo 
Due to the, similarity of lycopene and carotene and their 1 . 
frequent occurrence together in.nature, it was of :interest 
to investigate the effects of lycopene on carotene and vita-, 
min A utilization. The results of their experiments, showed ■



/that relatively small amounts of lye op ene fed with either ear=>
•otene or vitamin A to vitamin A depleted rats inereased the
utilization of both for tissue deposition of .vitamin. A*.: Large
amounts of lycopene Irioreased, vitamin A deposition In vitamin ;
A fed rats but had no effect; on vitamin A.deposition from car-
otehe» Lye op ene was absorbed and deposited as lycopene in the 
: ' 1 .: ; - x ; ■' ;/livers of rats In approximately 2-6> .of the total amount in” ;
: gestedo Ho lyoopene was detected in the kidneys, ' . •

The sparing effect of small amounts of lyoopene on ear= 
otene 'and vitamin A may be due to its protection of the caro­
tene; and yitamln A from oxidative decomposition In the alimen­
tary'traet o' High and Day speculated that:, the apparent failure 
of lycopene:to exert a pfoteetive, effeet on carotene when the 
amount ingested is' large may have been due to. Inhibition of 
.the;;•conversion of oarotehe to; vitamin A which;masked the spar- 
"ing effect ■ of the lycopene. The effeet; of other 'acoompanlng . 
subsfanees such as tocopherol in this respect has not been 1 
determined, - Hany lnterestlng questions remain unanswered and 
hUggesh"problems-'-.'for further..investigation© ’ v-r

OBJEGfiyE/AIg); l̂ i'IHlTIOH ■ fEOBLEM' . ;
t ■; : v;.Beeause rf1' the exlstance of the ma.ny unaswered questions, 
in; this 'field and because ■of the reported; eonf liefing. findings % 
it is of interest to’investigate further..in. an attempt to .
. confirm previous conclusions or- perhaps..'shed some new light _' 
on the .mutter. The ■particular phase of this problem which ;;'



this .paper Esports -' eSmceHKs the ihf Itteaee:. of-; lyeopene on 
the' eonveEsdon , ■beAa«o:aiaot@ne th witamin i.o'.



EXPERIKEimiL PROCEDURE

Erepar atlozi of. Eye open®  ̂ ■ V—
■ z The method for the isolation of lye.opene follows in gem- 

the method fom isolating ear-o.tenolds as described on pa^ ho® ■ 
One kilogram of. canned tomato, paate was dehydrated with lo3 
• liters of' methane!., (21 o ; j The mixture was mixed in. a . Waring 
blendor. for five minutes and then allowed to stand for one 
hour! The mixture was mixed again, in the Waring blendor and 
filtered through a Buehmep funnel fitted w-ith: filter, paper0 .
, Die yellow'xanthophyll filtrate was. discarded^

The dark red cake, in - the funnel was returned to the 
Waring blendor and mixed, with 650 ml^ -methanol and 650 ml«, . 
earbon tetrachloride0 This. mlxture was again filtered through 
a Buehner - funnelo The residue was re-extracted with more 
methanol and ©arbon tetrachloride as before and the suspension 
filte'redo The filtrate consisted of a very dark red» carbon 
tetrachloride phase and an orange aqueous methanollc layer» ,
All of the filtrate was ptxt into a- separatory, funnel and one 
volume of water added*,; A white emulsion developed in the 
upper phase® A glass tube was:introduced into the lower phase9 ■ 
and a small stream of distilled water was allowed to flow ai 
through the carbon tetrachloride layer for ten minutes" iqffree, 
it from any methanol or other impurities 0 The carbon tetra- . 
chloride solution was drained into an Erlenmeyer .flask and dried 
over anhydrous sodium sulfate® The .extract was then poured



through a; fluted filter into a two liter round 'bottomed flask ' 
equipped ' with a S'tan;dard.:; taper jdinto ' The s olrent - was evap­
orated to about 100 mio in a vaeuma distillation appardtus over 
a water.bath;.af 60° CQ The solution was t hen transferred 
quantitatively' with a little oarboh tetrachloride;to a 200 ml* 
flasks and, the solvent was, removed completely in vacuum© . -
-■ " 03:ie dark oily res idue was diluted *lth a few milliliters ;
, of b ensene and evaporated again In order to eliminate the 1 
earbontotrachloride, completely* The partially crystalline 
residue was transferred quantitatively with .2^ ..mlo of benzene 
into a; 125 ail* Erlenmeyer flaslc0 Hie flask was w.armed in hot • 
water vto' obtain.a.Clear solution© : Fifteen mlo of boiling 
methanolw as' added slowly$, stirring c onstantlyQ 5 Crystals 
began to appear' immediately©, •.Srystalligation was completed 
by placing the flask .in the refrigerator over night* The cry­
stals were. then e.ollected In a small fritted-glass funnel of 
medium.porosityo. •In 'brder to eliniinafe impurities^ the sue- 
tibn ."was s toppedp. 10, mlo of boiling methanol poured, on the 
crystals^ and^,after stirring with a-glass, rodj the.suction 
was renewed before, the; methanol cebledo . This was repeated©
' ■ : Eyeopene. crystals were - transferred to a 50 mlo eentri- .
fuge tube by dissolving from the funhel w ith boiling benzene© ,
. Benzene- ws.s; added to. the. tube to make a volume of 25 ml© The 
lyoopehew as crystallized out with 20 ml© bbilihg methahbl 
:using, the - same method as before -and allowing to stand in the



refrigerator for two hourse The crystals were separated by
2$00 RoPoM* for ,10 minutess Ihe liquid was 1 

decanted anddisearded0 The crystals were treated with 25 ml® 
bpiling methanol^ stirred^ and the, methanol removed.by centri- 
fugingi. was 'decanted, and the washing was repeated
twice more® The lycopene was dried in a vacuum desiccator»

A sample of the lycopene was: dissolved in'a 'li-l mixture; of 
shelly solv and ethyl ether and poured into a, lime-packed 
chromatographic colmmi2lir:|o/:,) The column was developed with a 

; lO s 1 mixture of .-the skelly-ether' solution and acetone® Only rut 
one color zone developed which.showed the crystals to be pure 
lycopeneo Howevery to be absolutely sure the pigment was eluted 
from the limeg' the solveht' $#%.eyap@r^t#dd Sli. thgmpAiment re-̂  
dissolved in skelly solve The solution was then examined on : ■
: th@' Bbekman 'spectrophptpmeter to d-eteraine the absorption 
maxima of the pigment® A graph of; the light absorption was 
compared with" that of pure lycopene® The two corresponded 

■ identically^phfiigg5©fee0t2%f 5e5t Sahdciĵ fsa.© ‘ Mil imi6r©nliliia©e.eh: • 
etffppPFOfi-hg the extracted lycopene to be of satisfactory purity0 
Preparation of. SUppiement for Feeding to Ratsmni-cn.iT,llii.ninn?.niff<irji jj; I'.-.r̂ CTMJaii i— unn - «-»■ 111 ' ..... assszessaxa inwn' " rrt.— ojuhik.j j 1 r-rj-̂.n ihiwiiiii -■ ■ 1,1,

.Samples of beta-carotene and lycopene were weighed and • 
dissolved in very small amounts of. chloroform® Cottonseed 
oil was ' added tp■ the -'sample . and' each was heated and s tirred .•, ' 
until clear sblutions were obtained. The two; solutions were 
read on'.the: Evelyn col-orimeter to determine the- concentration®
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Aliquots of the two solutions were oomhlneds with the addition 
of more cottonseed .oils in appropriate weighed portions so that 
• 0o2 go of each of the eight supplements gave the desired 
.amounts of both beta= earotene and lycopene0 An eye dropper' 
was calibrated to deliver 0o2 go Eight.drops delivered from 
the dropper averaged 00 2 go of oil varying only (XOOk gs 

more or lessor .  ̂ '-ivf' \C-
Procedure of Peedlig Rats •

/;'Hinetye=eight weanling albino rats were placed on a vit«= ■ 
amin. A-free diet with water ad .libitumo ; The vitamin A free 
diet .consisted of 18$ vitamin A' free casein^ \.\.% salt mixtures 
6$ brewers .yeasty 2% irradiated yeasts 65^ corn-stareh.$ and. '■ 

cottonseed oil* The salt mixture in the vitamin A free , .
. diet was made up of -the .following ingredients: 8ij.el}.2^ calcium : 
oarbonatOi, h«>.21% calcium citrates l«hW calcium biphosphateg . 
0ol|.9^ Wagnesium. carbonate» 0*5^  magnesium sulphate^ 1= 70^ 
potasJsitTm ,chlorides 3eQ0^ dibasic rpotassium 'phbsphatej 1006^ 
sodium chldrides 0<> 007^ euprie sulphates 1,29^ ferric, ammon­
ium eitrati s ■ Oe, 017^ manganous sulphate s.0o 008^ ’ammbniPm a ham, 
lo ?2^ potassium 'iPdidê ., 0® 0l4î  sodium flao$|d§ e Mhen- their 
gain" in weight ,ceaseds indicating a nearly complete deple­
tion 'of liver stores: cf. vitamin'Ag 8k of the rats were select­
ed 'on the basis of litter $ seXj, and. weight, and were divided ' 
into' .eight groups of ten rats each, with- four rats for con- 
trol#a . : .;■/ "■ . •; - v':i;



Admlnlstr-ation of Supplement > * : ... •
The ei^at .gromps' of: rats were given vitajain A free' diet \

•and water ad libitum plus the beta- carotene and lycopens 
• supplement. f tw e l ve  days0 Bxe supplement was administered 
with the calibrated ©ye dropper directly into-the mouth of- 
the' rat to insure minimum lo.ss0 The first group of rats was 
■fed: 27®5/i gs beta-carotene dally. The second group was given 
. gti-. beta-earotene> . ■. Groups .3̂  5® and 7 were given the
same '.aSount" of: bet a-carotene as group one with1 the addition :
of go s' iOOyMgo s and 300/̂  go of lyeopene respectively0
G-rpups . and 6 were given the same amount of bet a-carotene
as group 2 •with the addition of the 25yWg® s lOOyWg.d aind 300/Ago
of ‘ lyeopene' re spec t i v e ly , : Four oontrS. rats were continued oh r ■. .
.the vitamin A free diet and water exclusively0 The thirteenth 
day .all :w©r©; glveh' only. the vitamin A free diet, and water® , On: 
the 1 fburteenth day they were weighed and sacrificed with ehlor©^ 
€9%%. The livers were removed immediately* weighed and placed ' ■ 
in ̂ stoppered Erlenmeyer flashs containing :30 ml® .of 12^ alco­
holic potassitim hydroxidec These . were • stored at 0° F® until .- ' , , ' '
analysed®: . •■•■■■■■.,.■■■ .• • : •.•••;■;   • v

Analysis of hivers for Vitamin A
Each liver was. saponified by boiling in .13̂  alcoholic potassium 

hydroxide for 30 minutes on a hot plat.e® The liver was allowed . :
to c® ol and 25 ml; of -peroxide-free ethyl ether added® This ■; 
mixture was transferr̂ i.to- a 500 ml® separatcr y funnel® The 
' flash was washed with water and the washings. added to the , :



funnel until an equal volume of water had been a.ddedo' The 
two phases were allowed to separate and the lower , aqueous phase 
drawn offs The upper phase was collected in the. flask used 
for the iaponifi.eatidno The, aqueous phase was returned to the 
funnel .and; another 2.$ mlo of ether added.® The extraction was 
continued as before and repeated.a. third time® , The 0 fiber v .  

phase was r.@tu.rned, to. the .funnel, and. washed with an equal vol­
ume of; waterf This washing, was: carried out twice. - without 
.shaking then repeated three times with gentle shaking® The 
last washing was tested with phenophthalein to insure that 
the solution wasffree of alkalio The.extract was .transferred 
to a dry flask and dried over anhydrous sodium sulfate, for 20 

' minutes.® - The ©ther s olution was;filtered. Into a 50 mlo grad- ■ 
uat© and made to volume with- dry ether® v . ■

Five mlo of thte extract was pipetted into an Evelyn Col­
orimeter tube * ¥ithith@ aid of. a hefewater bath and suction . 
'from a. water pump the- ether solution was; evaporated to dry- 
ness 0. ' Oneml®; of dry ehlorof orm was immediately added to the . 
tofie- togetherdiSthoonecdrop oS>Metih: anhydridet®- Gonfr.dl 
■ tubes co ntained only the .oh lor of o r-m and the acetic anhydride e;,
: The .'control' tube was, placed in the tube . holder5 ' of the Evelyn 
Colorimeter and- '9 ml® Carr-Price Reagent added"with an auto- '
.matic'pipette6 Bie. galvanometer' was adjusted to read 100^
; transmission., and:.then:itaefc,:.unkhown:;‘ tube : was '.read-? Immediatelyo
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yS eaeh-'Or two ,#f' the 
^ e t h e r o f  .th@ livers were - eyapopated, to; drynea s on ; ;.
•, t la©; ̂atir.: pump in hot. water p T h e  ■■: two samples were re dissolved. 
In. skell.j 'S'olv.'vand chromatographed;.through tubes pa-eked with "V..- 
.a’lg-l Mixture, of MgO; and H^floi Super eel b” ■ 'Theffiltrates were- - 
■ brppght ĥ;:-to.-..’̂.''-volume'.' of 25 . mlp g .tra-nsferred. to: the Evelyn - - ■
Goloritteter■ tubes^ and: read-.in the.'Colorimeter ..hsing; a . . ; 
light f ilterq Transmissloh' read'l%h '.were and' 99%  - ■ , •' .
;Comparing these-readings with the beta^earotene eonveraion ' : 
:hhaf t;.it 1 was''found. to repre sent, Cb GO,-g b- b#:ta^Qarotehe qIt/ . ■ 
:was evident.that all the pigment - present, in,the;liver: solutions 
. was;'lyeopene and-that ;n;o:: beta~carotene Was,,present.o . ■ ..

' u u  . l ' ; - : , : i B E S t J I i T S i ; - '  1  .V- u U ;: u

The data- in /tables ;,1 .and '2 .show:;that; 25; Ago ■: of -: 1 yeopene 
in ere a s e’d. .the storage bf. vitamin A. ;in' the rats '; 

oh-•:the'.2 ? b 5 M S b  ; betav-car6tene supplement o  ‘.The indrease  per- 1  

'sisted in' the ;hl'ghe'r-' $:©velsvof - ly copene but, with -no- sighlfieani 
-difference b'etweeh the various 'levels, of;lycdpene -6, Lyeopen© 
■'did not''■eignificahtly’ incheaee ;.th©.-hepatic, vitamin A storage 
of the;'rats' oh;-' the' 55t0ihgeOf bef.a-carotene- supplement -except

'O' v
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TABLE I
The effect of varying amounts of lycopene on the utilization

of beta-carotene as measured by hepatic deposition of vitamin A.

LOW CAROTENE
Dietary Supplement No. & Sex Mean Weight Gain Vitamin A

jig. / day of Rats gm. Deposited - g.
27*5 carotene 10 5 M 38.1 12.86 - 1.671
27*5 carotene -1 
25 Lycopene 9 4 M 50.5 19.65 - 2.1)9
27.5 carotene -
100 lycopene 10 5 M 47.8 21.95 - 3.05
27.5 carotene - 300 lycopene 10 5 M 48.6 22.80 - 3.19

HIGH CAROTENE
55.0 carotene 9 4 M 50.5 21.96 - 3.14-2
55.0 carotene - 
25 lycopene 10 4 M 46.5 27.81 - 1.25
55.0 carotene - 
100 lycopene 10 5 M 41.9 32.93 - 2.19
55.0 carotene -
300 lycopene 10 3 M 37.2 27.32- 2.1+7

Standard error of the mean.
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TABLE II 
Statistical treatment of data.

LOW CAROTENE
Dietary treatment Standard error t-value (for diff- Significance

yVg* / lay of mean erence between car­
otene level &

___________________________________lycopene groups______________
27.5 carotene 1.67 ---- --
27.5
25

carotene - 
lycopene 2.49 2.41 .05

27.5100
carotene - 
lycopene 3.05 2.61 •05

27.5300
carotene - 
lycopene 3.19 2.79 .05

HIGH CAROTENE
55.0 carotene 3.42 — — — — — -
55.0 carotene - 
25 lycopene 1.25 1.49
55*0 carotene - 
100 lycopene 2.19 2.71 .05
55*0 carotene - 
300 lycopene 2.47 1.22
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' . DISCTJSSIOH ' , . •

The Inoreas ed ut ilizat I on of - be take ar ot en& and' resultant : - : 
Increased hepatic storage of vitamin A. In- these:' experimental , ■ 
animals corroborates the findlngs of High andDay in 1952 (8)0 
Brass1 it is' oo nf irmed that , lycopene does not f ollow t he pattern 
of the1 related earotenoid: lutein:in rats0 Impairment proper- 
ties ofbeta-.earotene ufilizatiou manifested by lutein must . ^.
be conf ined: to ,a.6tiori In the digestive tract9 ' as it is not " •
a.bsorbedt o any appreciable _ degree in -rats o Lycopene; is ad= • 
sorbed, andstpred in the. llvero ItVhas been demonstrated that 
oonvers ion of;heta-carotene to vitamin. A takes place- in the 
small Intestineo- but the liver has not'- been ruled out -as a 
vpossible '.iauxilintysite of 'conversion  ̂... But ■ the. fact that lit^ ’ - .
tie or no beta-carotene ,1s present in -plasma and liver tissue 
of rats fails . to confirm the suggestion that vitamin A depo­
sition -is increased in the - liver because' of .lycopene activity©.

The sparing effect, of lycopene on beta-earcfc ene has been ■ 
'suggested, as being due ,to photecfioh :pf ;fhe,.provitamin from ; 
oxidative- deeosiposition in the alimentary tracti As was pre­
viously mentioned very little work:- has b een don© bn the meta­
bolic effeet of lycopene^ but in- none of the work has- lycopene - 
been shown to have' any vitamin A potency0 ' However s in a recent ; 
report. (I) 'oh new syntheses of vitamin A and related compounds ' 
itwas stated that Meunire (16) had oxidized lycopene with- MhOg 
to produce retlnene , (vitamin Ag).- with biological activity which ' .



280

was bc&fo .that ,of" vitamin Al'd ■ • ' ' ■ ' .. .
It is apparent. that :furthei’- iOTesfcigation is necessary 

to. answer the many remaining, quest ions.' on ’thie subject and 
to establish the mechanism by which lyeopene increases'beta- 
carotene utilization®. ■ ' ■ ' ' • .

• : ' SUMMARY ' .. ' '
• The result of this experiment concerning the effect of 

lyeopene on the 'utilization of beta-.oarptene as measured by 
the storage of vitamin A in the livers of vitamin A.depleted 
rats shows that lyeopene does have an increasing effect© The 
mechanism of this increase has not., been, established® •-
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