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THE EFFECT OF LYCOPENE ON THE UTILIZATION OF .
BETA-CAROTENE AS MEASURED BY THE STORAGE OF
VITAMIN A IN THE LIVERS OF RATS

INTRODUCTION

} 'Lyéopéneg thgfpﬁincipal éédipigment in tomatéesg is
aloéely rélated ©o betém@arotene in éhewiéai structure,
.Unlike betamcaroteneg 1ycopene has no v1tam¢n A activityo'
It has often been demomstfated that sub%tanees whlch do.
not have alological acbivity but have structures similar
to that of the act%ve substanoe will materlally Lower the
activity ‘of the 1atter substamceo For instence Kemmerep
et alo found that cruqe xanthophyll@ 1ower the biol@gi@&l
'jactivity of betamearotene for Pats (lh) and chicks {1lia)o
) However9 High end Day (8) peport@d‘that 1ycopene increaSed
the amount of vitamin A‘stored in. %hé“iivef of the raﬁ
when the lycopene was fed wﬁth either betaaeapetene or_‘
vitemin A@ This is nat in egreemen% with the p?evioug ;r
'fiﬁdingsfon.xanﬁhophyllgo-1;ithep.ths lycopene used by :‘

‘High-and Dpy comtalined traces of'betamcarotenegAéP the

'   ljeopene did not perform iﬁke the xanﬁhophylls‘in the

-’sexperimehus of Kemmerer and associateso Thls thesis

'”PSPOPMS an experlment on the utilizatlon of betau@afotene

for the storage of vitamin A in the 1ivers of rats
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o A REV‘EEW ;gz_g _»éﬁfm*z‘;ifsm@ﬁﬁﬁ: “9;1_51; _CAROTENGIDS |

“‘[D@sefiption and P?@E@fties of Ca?@t@n@idsf

Capotemeg lyeopeneg‘and Xanthophles are @&r@tenoid o
;;.pigmentsg yeliow to ?ed 1n 0016@9 and are. wldely di tﬁibuted l;f
1n the animal and veﬁetable kingdomso Carctenolds have the - ”
‘follow1ng dl tlnguishlag f@atuPeS° They are generally eemeff 
1 posed @f ls@ppene residu@sg usually oighto apranged s@ that

’  th@ middle of Lhe molecule has two methyl ﬁroups 1n Fespect

to @ach @ther in 1 s6 p@sition and 811 other sidewchain m@thy1, ;;[-

’ 2Vgr®ups are 1n 1@5 ?O%lti@ﬁ%oi The geaeral stpu ture @n “the

@arotenoids is of th@ allphati@ or aliphanlccalieyclie typeg"
-‘and thelr @hromophoric system @ontaln @ongugateé cafbonc“"

'earbon double bonds (11)0. All caﬂo @n@ﬂds are soluble in

' fatg and fat solveatSOi Only the wate@osoluble capotenowdg'@ 5;;*:

;lhave a@idic gmoups such as @a?baxyl @P enol whleh @an form

Wate?msoluble &1&&11 Saltgg or have 1yophilic ppoperties fromff

w”:@@t@rificaﬁﬁon Wluh sugap Pesiduesc

At the present tlme between TO and 8@ eapotenoids hav&

been found in matureg and the chemi@al @@nstituﬁions of

! ‘   fahout 35 are knowno Th@y are all closely relat@d ohemi©a11y9fi'

in fa@t they cen ell be d@?lV@d from one @dratenoidg 1ycqpenesk'x‘5

:by simple @hemi@al @hanges such as cyclia&ui@ng double b@n&

H”ff*"mﬁgrationg partial hydpeqena%iang 1nfroduction of . hydroxyla :,}
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keto=, or methoxyl-groups, or'introduction.of an OXygeym

‘bridge, and.so fopth (11),

Caroten01ds in Plants and Animals

Althnvgh mueh investlgatlon has been @arried out and
7 many hypotheses have been put feruhg no definite’ conclusi@ns
have been reached as to the mode of formation and the funce
 tion of @aﬂoten01as in plants(zjjc © More is khowﬁ on the
fUﬂctiOﬁs 0¢ earotenoi&s in the animal orgenism, but many
xmpeﬁtanu questions are yet to be answered. A number of
carotenoids are converted into vitamin A in animals and :
therefore play the part of pro-vitamins,

. Steenbock and his collaborators (23) were the firsh t©'g
; aaggest a connection between the yellow plant pigments caro=‘“
tene and vitamin A, Karrer (11) in 1937 observed ‘the stra@a
tural relation'bétween %@ta=©aroten@ and vitamin A and p©s=
_tulated that in the conversion of: beta-cavobene to vitamin 4
in the;animél bé&ygvtwé mélecul@s~af‘Vitmmin.A.were_?rq&uced .
from one moi@@ule'of beta-carotens. In 1948 Koehn (lSQ'Q@%
ténminéd the'Téiative-biclogié‘potenﬁies“ofvpur@ vitamiﬁ A
alcdholgvﬁts acetate, and beta-carotene. ‘His ?@Sﬁlis showed
‘ that betaacarotene and vitamin A had equal a@tivity on.th@
w@lght baslso Thlq supported the . or;glnal &heory of Karrer';-
that conversion of betam@qrotene 1nto v1tamln A 1s by‘fiss;@n -

of the mol&cule o yleld two’ m@leeules of vitamln A aldehyde@ S
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(il) This pfOblem-is'still nét‘séivedﬂas‘many~workersfha€e.‘
found that beta=carotene has only one=ha1f the act1v1ty of vimf;
tamln A, It has been assumed that thiq @onver310n process 4
éepends on a fenmenug csrobenase (11)02 In animals defleient
| in v1tamin A the conversion. of . prc=v1tam1ns 1ntc v1tam1n A
;ﬁakes place. raplﬁly and falrly completely (up to 70 or 807)0
I the organism is saturate& w1th v;tam1n As howeverg or if
high aoses of prc=V¢tamins are glveng only a small propcrtion
is converted inuo the v1tamin¢(11)o,a~»u? , | |
| The szt@ in the animal body of thls @onvers1on is still |
uﬁder question, M06r64(17) $n 1931 found that.&at livers
were high in vitamin A ®ntent after the rats had been fed
’ @&rétenes apa'ﬁhat“the alimentaryAtra¢t was high in @arotené:
‘but low inkvitamin A%*'Hé"iﬁ%érpretéd this to‘ﬁEan ﬁhat the»;
s1te of converslon of @eretene to vitamln A took:place in the
- liver. Ma‘t‘csong Mehi’i_,, and. Deuel (19) in 1947 coricluded. ‘that o
Vtransformabion of . caroten@ to vitamin A took place in the small
’ 1ntest1ne of ratsol By dlfferea@~experimenual te@hniques Krause_ 
. and. Pierce (20) @onflrmed Mattsomfs flndlngse> They partlally
llgated the portal velng the portal artery and th@ common blle
duct of rats@ Carotene was fed an& careful tests madeo Their

fesults indicated that hepatic circulation wasvnet ne@esSafy“

. for the conversion of carotens to vibtamin Ao'zgg'Vﬁtro @on=“"
- version of carotene to vitamin A in the small intestine of - -

the rat has recently been reported by Rosenberg and Sobel@(aiyg
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"f?jCarobene was 1ntroduced by Lube 1nto the stoma@hs of V1tam1m A n ;’

‘{fldellclénb Fatgo thez=at3‘were killed immedlauely and ccnuents

-:of thastamach squeezed 1nto the small 1ntestlnquhleh W&S tled B

‘ ,_w1th surglcal thread and 1neubated for 2 hours 1n Rlﬂgers soluﬁff“f

:3‘t10n au MS C The 1nbestﬂnal contents mere ph ;lushed Qut

'fand the gut tissue eXamlned lOP v1tam1n A These xmndvngs d@

‘%;‘not rule out the liver as an aux111ary s;te fow - the ecnverglon - ;7

"Tfof carstene to Vltamln AoA*

Aﬁtflll be brought Gun 1aterv1n thls papef5 méﬁy matefuf

biiﬁals hﬁve suostantlal effe@ts en,the ut¢l¢zat1@n of carotene

: fand v1 am1n A storagec Waetors w1uhln the an,nml body affect
>fv1tamin A scorageq thnson and Bauman (9) im 19&8 showed thatnﬂﬁ%

'”qhybo= wnd hyperthyro;dlsm exerted an effe@t9 amd Vav1ch aqd |
 ;KemmereP (96) thau ﬁhe 3128 of the rat exerued én effe@t In =

:- %‘4 latter work small rats (Aé tO 50 gp) stored mora V1tam;n

HCA thao large rats (99 t0.103 gg) when fed a glven &moant of @i:;g:*

s caroteﬁe@ -

. @3The Tsolatlon of Gﬂf@%@ﬁ@lds

Tbe general meﬁhod of Caruer (2) for: 1solat10n OL earOmﬂﬁ”f'f"

;tan01ds con81sts usually of che f0110w1ng:3tep

»"5f1 Extra@tlon of caroteno:;_ds0 The vegeuable or anxmal
A source lS dehydrated9 then extra@ted Wlth one of a number of

' }su1tab1e solventso Whose commomly used are benzeneg petrolaam';AJj

"'1ether9 @tth ether free from,peBOdeey oarbon dlsalphldeg‘j"

KB



chlcroform free f?om hydroenlorlc acid, ethanol, meuhanol
and acetone. The extracts are @oncentrated in vacumm and
"protected from airo‘

2o Separatlon 1ntohypophase and epiphasic carotenoids.
»Carotéhqlds with two or m@r@"nyiroxyl<groups are obtalned as
bypophasi@ pigments;._Mon¢=hydrdxy coﬁpéunds oéeupy an inter-
mediate position‘and'are found in the epiphasé‘as W@ll.és in
the hypophaseo | - |
| ‘ 30 Separation of the. caroteae;ds w1th1m *the hypew and
epiphases. The method uSUally used is Tswebt's (25) chro-
matographic édsofption,énalyéiso. This analysiéiié carfied
out Ey percblating the solution of _the @arotenoids through a
long. column of suitable adsorbento The amount of adsorb@nt
.used depends on the amount of plgments to be separatedo The
.findiv1dua1 plgment zZones aPe ”develﬁped” by washlng the column
Wlth sultable solvents@ .

Constltution of. Carotenoids and Thelr Absorption Spectrum

Caroten01ds range 1n,color from yellow to. v1olete Attempts’

have been.mado in the past to elucldate the relatlonships be-
.tween tne @®1©r and the @onstitutlon of @arotenoids and to
vemploy absorptiom spectra for. the @haracﬁerlzatloa and 1dent1a A
1f1@at¢ono Today 1t is possible to draw d6flnlt@ eonclusions -
’regardlng'the constltutlon of a oarotenOLd from 1ts absorptlon

: spectrum (T3)n: Also certain ehanges in the . spectrum can be

predi@te& from a glven change in structureoz



Although @a@@tenoids p@ssess a Pelatively @@mplex

twuctureg the aosorptlon spectra of these pigmenﬁq are -

; ”fff@omparatively simpl@ in characte?c’.ln the vislble regi@n

'“th@ spectpum usually consists ®f thpee or" 1®uf aagovptlonv

ax1ma and the p@sitlen @f the maxima depends upon the cone

 “stitut1@n of the pigmentSO

‘Disbwibuticn @f Cafotenoids ln Natur@:;' 'L |

All green and yellaw parts of plants contain @arotenoidsg,'
'mainly betamcaroteneg xanth@phyllsg xanth@phyll epoxides and
:small amounts of alphaw@argbeneov The @a%atemoids are found el
uagether wlth @hl@r@phyll in the chromat@phares and are prealﬂ

" fsent in eiuhe? an am@rphous or: cwystalllne staﬁ@p Caroten@idspzpw

"._yespeeially Xanthaphyllsg are present in eti@lated le&VLSQ but"” 

DA “1t is douprul tha+ thcy are Pesp©nsible for the y@ll@w col@rf"”*

> :;(11)0' In y@llaw autumn 1eaves it has been p0351ble to Pec@g=f

1v'nlze different s@agas in @aP@tenoLd m@tabelism@. The @ayatea

:‘Ipoids and alao the anth@@yaning remaln in the L@aves aftep th@.v‘

'_d@gradation of Dhe @hl@r@phyll in the autumn and prcduce the'

‘ »w@11akn©wn st?iklng colaﬁatlens (11)0' Gpadually the polyene f'

b wFpigments afe d@graded with @arotene being deeomp@sed MmOre

o “fpapldly than xanth@phyllso. In the 1@3@ phases @f “the necP0w5~;-

fbi@sisg the bPown pigments aPe produeedo’ v o
‘ Car@t@noids are widely dLStPlbuted An bl@ssoms (11)0 .
'About 35 different @aratenoidsg about half of all the known

fff’polyene pigmGDESQ have been 1salated from bl@ssems up to the
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present time. Nothing is known, however;, concerning the func-

7 tiom of the'carobénoids'in the blossoms. Many carobenoids are .

'.found in the fruits and seeds of plantso v
| Althouéh present 1nformation on @aroteﬂoids @1 crypt0=7<'
x~gams is S@auty we know they are dlstrlbuted 1n tbis group as

: w@ll as in ‘the phanerogamsei\ln fact racent obs@rvations shaw

'-'thau aa@terla prodv@@ carotano;ds not found 1n ‘the higher

R plsntsA]JJ@ ) This pf@sents an 1nteresting fl@ld for furth@r
'stu&yo . | | ,‘(. B o
P ‘VQaroteﬁoids'arerpfesent inla vériéﬁy of;invgrtebratesg
.U' th0ugh iﬁ'is not lknown WithﬁcertainﬁnyhétﬁafAthé,pigments7
. gre syntheﬁized by the animal.oruéogtainéd'in the fobd@_ In.
@onérast to the invertebrates a.greét‘déai‘df infoﬁma?iog‘is
i‘kmowh. of carotenoids in the vertebrates. Corotenoids have °
been found in negfiy every pard &? thenmmmaﬁﬁﬂzergaﬁiéms 'iﬁ“
is a$mosﬁ’e@rtain that these are-derivéd‘fr6m vege£ab1es¢{1$)¢f;-7
Carotens | | |

Waksnrod@r dis@overed CQerene 1n the roots of carrots

in 1831° For 100 years after thatb the substance ne dlscovered o

was regarde& as a homog@nous compoundo It wasn“c unt&I the'

@hrqmacogrdphlc method were avallable that the complez_naturef,

" 5 "Aof ea‘r’otem Wa$ establlshed (11)o i In 1866 Arnaud establ‘ishea '

that carotens was a hydrocarbon. In 1907 Willstatter and
_yieg prove& the 1dentity of carotene. from l@dV@S and carrots

establlshlng the molecular formula ‘as CuOH56® In 1928
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Zechmeister established the presence of 1l double bonds and
2 ring systems in carotene. 1In 1929-31 Karrer elucldated the
constitution of betag-carotene, and in 1935 the formula was

proved by Kuhn and Brockmann,

c “_; /Q“J
“’C\ 7 Ha 4 /C‘\
SN wE g Bk HOAN n Hy
Ha ¢/ "¢ ~-0¢-C=¢-C=C-C=C-C=C" c_-?-c_=c_—c=c—c,= ce ‘}
| ] [}
Ha.cl‘ cu—-c.H i " ¢ LA c/c He
N 3 s

c
Hz

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
sterlic hindrancewhich 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. Sterliolsomers 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, 44, 19, and 57.

Beta~carotene crystallized from benzene-methanol exists



10,

as dark violet hexagonal prisms and as red rhombic plates from
petroleum ether. Its melting point is from 181 to 187.5°

It 1s soluble in carbon disulfide, benzene and chloroform,

and slightly less soluble in ether and petroleum ether. It has
hes absorption maxima of L57 mu, and is optically inactive.
Beta~-carotene is falrly 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 ldentified 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:

~Cavrolent C H ho o b
ﬂ zc/ \C“- té/:c__c :_Q-Q_;_c,“$,:(‘,'c“2.0,+
l
+ 2 Ha0 | i CH Cks
B N s
Wy
Vitamin A

Lycopene
Hartsen isolated a dark red crystalline pigment in 1873,

which was lgter identified as lycopene. 1In 1903, Schunck
showed that the pigment from tomatoes, which he termed lycopene,
had an absorption spectrum different from that of carotens.

Willstatter and Echer in 1910 made a detaliled investigation of
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lycopene. They determined the corrected molecular farmula
as Ch0H56 and recognized that lycopene was an isomer of car-
otene, From 1928 to 1931, Karrer (ll) 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 formila of lycopene(1ll).

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.

QH\S - Ch s C,le
© A
N/ ﬁ__le;Q:c~Q;cﬁtpcfQ;Qﬁt;ﬁ;c;c:c;crcqb . ‘\f“

! ¢ ‘ ' I
W (A7 aH
S ? ¢Hs KL TS
Ha N
Lycopene

Lycopene crystallizes from carbon disulfide and ethanol
In long red needles. From petroleum ether it crystallizes in
felted, hair-like needles, and sometim;s in long, dark, red-
violet prisms. Itﬁelts from 170° to 175° C. and is soluble
in carbon disulfide, chloroform, benzene, and slightly in hot
ethanol. Lycopene is optically lnactive. Lycopene dissolved
in petroleum ether Is adsorbed six times more strongly than
carotene on alumina, calcium oxide or calcium hydroxide(1ll), ,
It 1s 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 Berselius colined the term "xanthophyll" far the
yellow pigment of autumn leaves, Wilstatter and Mieg in 1907
isolated xanthophyll from green leaves in crystalline state.
In 1912 Wilstatter and Escher isolated 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 specles. The principal xanthophyll in plants is
lutein which 1s always accompanied by zeaxanthin and cryptox-
anthin,.(5),

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 li#er,

egg yolk, in feathers and other animal and vegetable scources.

Qﬂg o Johs Vﬂ\;/ﬂl,
A‘L(I-‘ I T erereme=Q-e=0-6-C-C=¢-a=C-C=C-C=C- Q,:<:~c‘i d \cl ~Ha
n Chy | l i
CHY CH '
0- C~tH3 J 3 ¢ -6l
”H'C\G/ ﬁ,c’ §'%/C'\H

Wz
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 shape{1ll),

They are soluble in chloroform, benzene, acetone, ether and
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- earbon disuifidé;'and slightly in ethanol and methanol.

Xanthéphylis aré'stPOEgly optically active; They are sep- S

,arated from other Dhytoxanthins by. adsorptlon on zinc car=
bonape and’ 1dent1fieation by detenmlnatlon of the'absorpﬁlon
- maxima. . Lﬁtein‘and mostixaﬁthoﬁhylispbsSessvno vitamin A
activityg;hGWever éryptéxanthin:is a precuréor of vitamin‘
Ay | R
PreseﬁtiKﬁbwiédge 2£_thé Effect'gg Lycopene and Xanth0phjl1s’

- on the Absorption of Carobtene and Vitamin A
| .By>19&7 1t was well known that when caroteneéf vege~ -
- tables waS‘fed to ratslless'viféminuA storage occurédkthan |
when cafotene was fed dlssolved in cottonseed 0oil. . It was
speculated then that the utlllzatlon of carotene in vegee-
tableb.might be affected by substances that accompany it in
- such plants, -_‘ '. | | |
In 1947 Kammérer étiélaw@1&%%found»that+kanth@phy1$sw@zr

and chlcrophyll when fed w1th carotene decreased the utili-
zatlon of carotene for liver storage of vitamln A about 20%.
© The flndlngs of Kemmerer et al. were conflnmed-and extended
in 19h8 by Kelly end Day (12) Who stated that relatlvely |
.‘1erge amounts of Aanthophyll (1uteln) impalr the’ utlllzation
of v1tam¢n A 1tself as well as of carotenee' Johnson and
J»Baumann (lO) in 19&8 also found ' that 1arge smounts..of lutein
‘decrease the utilization of caroteneo On the other hand us;ng

.welght gain and mortallty as. oriter199 Sherman (22) in 19&7
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zfobserved‘ﬁhét smail amounts'of<lu£ein seemed to have a caro-
‘ténaasparing,acﬁion ﬁhen given to rats on'a'fitamin Eylow
.dieto In iéSOy'Kelly and Déy'(13)xfeported‘fdrther ﬂindingéA
conflrmlng eaﬁller works which damonstrated that “the adverse
 effect on carotene and v1tam1n A utlllzatlon was due, not to
hastened depletlon of llver and kldney storesg“but to llttle
if any absorbtlon of the xanthophylls fram the - 1ntestinal
tract of ewperlmental ratso

»Owingvto'the strueturalvsimilarities"betwéen lutein and
betaaoarotene it was thought by Kelly and Day at the beglnnlng |
of their investication that luteln might compete with carotens
as g substrate in the enzymatic conver31on of the latter to
%itamin A;’and”ﬁhus impaif the~foﬁmétion of vitamin A, but
| this was not confirmed. - | | ‘
. The evidence available at that time offers no satisfac-
».tory’ezplaﬁation for Tthe seemingiy cOnfradictofy findihgs of -
 Sherman. However, in the inveétigatioﬁs repbrtedvby Kelly
and Day %hé diet conﬁained amplé vitamin B, and the carot@ne
to xanthophyll ratlos were much 1arger then in Sherman?s ex-
vperxmentsa | )

' In an attempt to answer thelr contradlctory questloms an
experimeﬁt was carrled outb by ngh and Day (7 ) and reported
in 19519 They stualed the carotene Lo 1utein ratlo on the
} atiiiiétlon-of carotene@ Also, they investlgated the effect

of varlous other structurally related campounds on the utlllaﬁi*

‘ffzatlon»of;qaroﬁenepand1vltamln;Ao ‘There.was.reasonrto,suspect';T.'



v'ﬁhat some ef these eempounds were antagonists of" v1tam1n A
- orp that they might 1mpa1r the utllizatlon of its preoursorsc'
Vltamln A depleted weanllng rats were fed dlfferent levels of
beta»carotene from 15 to 60/Mg@ pef dayo. Tubein was glven 1nf
varying amounts from 5 to SOO/ugo'w1th the dlfferept 1eve1s of
beta=carotene¢ The additlon of small amownts of luteln 1nm:sﬂ-;
, cheased thefquantlty of V1taMln.A stored in the’ llver and :
kidneys, but inereasing'luteinefrom,?5 to SOO/Mgo,éer day
- without ehanging the beta;cerotene resulted'im a‘&eereese'cf
over 100% in %he’amoun% of vitémin A‘depoeiteé;f AiSO large"
emounts of -squalene, phytei and elﬁhaafoeepherel acetate de-
'kereaSed,the sterage of vitamiﬁbAoA?Reiatively small,ameunts,
ef alphaeieﬁoneg beta=iononey eﬁd~hydroquinone had no effect.
.'The utiligatlom of vitamin A,by vitamln,A depleted rats was
not arfected by large supplements of scualene or phytola
The rate of loss of vitamin A from the livers and kldneys of
rats was not affected by any of the supplemenus glvene
In,ﬁhe 11ght of these exper;mentsg ngh and Day ( 8)

eerried'ouﬁ gn experiment reported inv1952'oﬁ the fafe e£'
lycopene iﬁvthe rat and its effects.on the utiiizefien of
carotene and vitamin A, Scarcely. any data on the metabolic
. effects and the fate of lycopene in the ret were available;
’fDue to the similarlty of 1ycopene and.carotene and their |
-frequent oecurrenee together in nature9 it was of interest

to 1nvestigate uhe effecte of lyeopene on carotene and vita-

;', min A utillzstlon@ The results of thelr experxmenus shewed B

15, ];f
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,_that relatively small amounts Gf 1yconene fed W‘th elther eara.
:oteme or vibamln A Lo v;tamln A depleted rats 1ncreased the
JutlllzatIOﬁ of both for tlssue dep031+1on of. vftam;n AQV Large ’
amounts of 1ycopene 1ncreased Vltamln A d¢p031tion in v;tamln f
..A fed rats but had no e¢fact on vztamln AL deposition. ffqmrcé§=

| oten@o Lycopene was absorbed and dep031ted as 1yeopene in the'v:
livers of rats in appPOXLmately 2«07 cf ﬁhe totgl amount ln@v
1gestede No 1ycopene was detected 1n the kldnevsgr | | |
The sparlng effect of small am@unts of 1yﬁgbéne on caf=

',otene and vitamin A- may be ﬁue to 1ts protection of the car0w

"'tene and vitamln A from ox;dative decompos1tlon in the alimeﬁ=

B tary tract ngh an@ Day speealateé that the app@renb fallure L

of lycopene to exert a protectlve effect on caﬁotene when the
amount 1ngesued 1s 1arge may have been éue Lo “nhibitlon of

f the ccnvcrs¢on of carotene to V1tam1n A wh;ch masked the spar=
~ “img effect of the 1ycoperee Ehe eflect ox othﬁr accompaning

' subqtanees su@h as tocopherol in thls respect has not been

“detevmlnedo- Many 1nberest1ng questlons remain unanswered and

 ‘*sﬁggesﬁ pro%lems for further 1nvest1gatlonwv'

OBJEGTIVE AND DEFINITIQN OF PROBLEM

. Because @E Lhe exnstance of the many unaswered questlams
1n this fi@ld and be@ause of the reported con;?lctlng flﬁdlﬂgS;.

fit i% @f 1mterest to investlgaﬁe further in. an attempt o

'”,conflrm prev1ous eonclu31ons or perhaps shed some new 11ght

“7,3,on ﬁhe.matterq Thegparticglar,phase ofthisvprqblamiwhiQh
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this papef f@ﬁ@?ts concerms the lnfluen@e of 1yeopene on

the QOHVQPSiOQ of betaa@aretene to vitamln Ao
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| EXPﬂaszNTAL,PRocEDURE

Preparatlon of chqpene

The methed for the 1solation of lycopene follows in gena'jk’

th@ method for isolating carotenoids as descrlbed on page SomV
| One kllogram of canned tomato paste WEaS dehydrated w1th 1.3
“liters of’ methan@l (2)o. 2 The mlxture was mixed in. a. Waring
blendor for f?ve minutes and then sllowed to stand for one
!houro The mlxture was mlxed agaln 1n the Warlng blenaor and
filtered through a Buchner funnel fltted w1th filter. papero
‘,;The yellow Xanthophyll filtrate was. dlscar&eda
» ' The dark red cake. 1n the funnel was returned to the

‘Warlng blendor and mlxed wzth 650 ml nethanol and 650 ml.
'carbon tetrachloride, This. mixture was- agaln f;ltered through
 a»Buchnar-funnelo The r681due was re-extracted w1th more
meﬁhanoiiaﬁd'éarbonftétfaéhloride aS“bgfofe aﬁ& the suépensigh  )
filtered. The Filbrate consisted of a very dark red, carbon - |
teﬁrééhlofide phaéé and énbérange équébusfmethénolié 1a§erb'
‘All of Lhe filtrate was puﬁ 1nto a’ separatory funnel and one
volume'ex water,addeda A white emulsion developed in the
ﬁppér‘phasée- A giasé tube was;introduced into the lower phase;v
and a small stream of distllled\weter was allowed to flow -
through the earbon tetrachloride layer for ten mlnutes to free
jit from any~methanol or other impurities. The carbon tetraﬁ"
_chlorid@ solutlon was dralned into- an ﬁrjenmey@r flask and dried

Qver anhydrcus sodlum,sulfateo The extract was then poured fy



| | 190
' ‘thfougu 8 :f’lu‘ted Ill‘tel" 113.1:0 a two 1:Lter' xaound obtomed flask ‘
: eqm.pped with a stamdard Lape‘r ,]Oliflto The ;so}.ven‘gwas .evap-
orated to sbout 100 mlo in a var"mm dlstllla tiowm ‘pp'avatus over;
"»a wasefﬁ ‘bath at 600 Co The SOT'LU.- n was thea 'crs.zis:ferfed
“quant i vely with a ll’ctle carbon te srachlofme to a 200 mlg '
1ask9 and. tne solvanu was. ferz.oved complete‘l‘y 1137801}]3&110

The dark Q:Ll"y' fesz.due was d;luced with o .LbW ms.,lllllters H
,of benzene aad evaporayeci aﬁala in ordef £o ’! iminate the "
carbont etmmchlorlde comple bely@ ‘.I‘he papblally amrstalllne
resw due was Lransferred qvant"‘itatlvely with 2) ml.o of ‘benzene
:Lnto & 12) mlo Ef'lenmeyer flasl "he J,lask was warmed in hot
watew "“o'ob"’*ain a 'czlea*ﬁ scﬂ.u‘t:‘i.'onO : E‘;Lfceen mlc of' “.bo:.,ltmg
methanc:l W as added slowlyg. s’c,L:@r:mg c onstaﬁtlyo 'Cr;y'stals
*'began to app:ear* mm@dia‘telyo urystai llzatn.on WS eompleted
by vpla‘éj’li@g ‘*‘he f’lask in ohe refm.gerator over night. The cry-
stals'were hen o@llem:ed, in a small f”ralt'bedmﬁ*laas :f,"unqel ©f .
med!um porow.t‘yo ‘T.cz. order to elz.mlnate mpugltlesg the suge
?“:Lozz Was E i“c;ppodg 10 mlo O.L bOllliflg meuhanol pot;meé} O the
Oﬂjs tals, a;ndg .\fteﬂ stlrmlng w:z.th a glsss rod, Athe,suctlcn
w’ .8 renewed befoxir?e ‘bhe mebhanol c@o edc This was r‘eﬁ'eatedoyi

Ly@openo cpystalswafe ’wans ferred to a 50 wl, centri-

]—x') T

uge tube__ by dlss’olvz,ng From the f‘tmn@l W_;Lth bOlll‘ﬂg bemen@g)“
v_‘Banlzs‘ne was. added to the tube to make 2 volume of 25 mlo The
' lycop'ene W as cr:y*stallized out Wi‘t'h 20 mlo ‘boiliﬁg methanol

.us_L ag the same methoé; as before and all om.ng to qtana in the



200

ifefrigefatorfor two hourso' The orystalé were separabed by‘
oentfifuglggat 2500 R P:M, for lO m:mu‘teso The liquid was
decanted and dlscarded The orystals were treated with 25 mla
'b0111ng methan019 stlrred, and the methanol removed by oent:l%i
i fugingg_ The methanol was decanteﬁs and the Washingfﬁas repeetedf
.twioe'moree The 1yoopene was dW1ed in a veouam’deSiecatoro
A sample of the lyoooene was. dwssolved in a\l 1 mixture of
 skelly solv and ethyl ether and poured 1nbo a. lime-packed |
chromatographic oolumﬂ@aﬁ)o The ‘column was developed with a
'10 1 mixture of'the‘sxelly=ether solutlon and acetonew_ Only-:-a 
 one oolor ‘zone developed Whlch shoued the orystals to be pure
lycopenec Howevers to be absolutely sure the plgment wa.s elubed
from ‘the' lime,’ the solvent was: evapeﬁatedg and theﬂeigment re=

‘dissolved in skelly solvo The solutlon was then’ examlned om .

‘_:the Beokman speotrophotometer to<ieterm1ne the absorptlon

maxima of the plgment ' A graph of the light absorptlon wae‘
"oompared wzth‘that of pure 1y30peneee The two corresponded
jldentlcallyg being 5@6@09 u75@592and Lh7e0 millimiorons ifineach -
~easegmppoving the.extraeted 1ycopene to be of saﬁisfactory purityo.

Preparatlon of Supplement for Feedlng to Rats‘

Samples of beta=oarotene and 1yoopene were welgned ‘and ﬁ "
dlssolved in very small amounts of ohloroforme. Cottonseed
01] was, added to the sample and eaoh.was heated and. stlrred
’untll clear~solut;ons were obtalnedol ”he two solut;oms were'

‘readvoﬁithe_Evelyn'oolorimeter_tovdeteﬁmiﬁeetheAconoentrationo
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Aliquots of the'ﬁwd'solutions were @ombined; With the addition"_
:Of more cottomseed 0119 in approprlate weighed portlons 80 that
06 2 go of each.of the eight supplements gave the ae31red
;.amounts of both betaacarotene and lycopene, An eye dropper |
1‘was-ea11brated to dellvew O 2 Go Elght drops dellv@red fram
the dropper averaged 0.2 8o. of 011 varylng only Qo OOu o

- more or less@. : ' ‘

~'PPO@@@Q?@ on Feed;ng Rats

Nlnetyaelght weanling albino Paﬁs were. placed on. a vit=

. amin. A free dlec w1th water ad 1ib1tumo The vitamin A f?ee

; diet consisted of 187 vitamin A free cagein, AV salt mlxtureg

‘67 brewers yeast 27 irradiated yeasﬁg 65% corn. starchg and

5% QO@tonseed oil. The salt mlxtuwe ln the V1cam1n A fyee

diet was made up - of - the following inggeﬁlents° 8& 2% ealelum |
-carbomatag h0217.ca101um 01tra‘teB l 5u7 calclum biphcsphat39
'10 h@ﬁ wagne81um\carbonaueg o 5&7 magnSSLum sulphate, 1.70%
pobaSSLum.ohloridey 36 007 dibasic - potass1um nha phateg 1. 067
_sédLum chlérldeg 000077 cuprlc su,lphate9 1.29% ferrlﬁ ammon=
_rmm cLbrateg-OeOl7% manganqus sulphategr00008% ammonium almmy .
 1§72% poﬁaé3ium3i9di@@g:090uu%.sgdium'ﬁlaoﬁ&éﬁé Whén%their
'gaiﬁ”in'wéight,éeasédgiindicaﬁiﬁg a nearly coﬁpiete‘deplew
. tion of liﬁer stor@sfﬁ’;vitamiﬁ'A; 8ﬁ.o£=the-rat$ were select-

ed on tbeiﬁasis of 1it£er,7sexg'aﬂd weiaht and'wer@-diﬁided”

 i‘lnto eight g?oups of ten.rats eachg with four rats for con-

brolse
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NS A&ministration:of.Supplam@nt
The elght groups of rats were given V1tam1n A free dlet
and water ad libltum plus the betawcarot@n@ and 1ycopene_‘

ff' aupplement for twelve dayso The supplement was administered f

" with the calibrated eye dropper div@ctly 1nto the mouth of

‘Jth@ rau to insur@ mlnlmum loss. The first group of rats was

L  fed 27Q§/@g? betaacarotene dallyo The second group was given

"5576A4gd betaweérbteneo‘ Groups 35 by and 7 were glven the

same amount of betamcarotene as. groub one with' the addition

lof ZSngoy 100 qgo; and 3OQ/mgo of 1ycopene fespe@tlvelyo

Groups 45 69 and 8 were given the same amount of betaacarotena'
Cas greup P with th@ addltlon of the 2518. 5 100/wg09 and 300ﬁ4ga
©¢ lycopene respectlvelyo Four contrél rats were continued on
_ﬁhe v1uam1n A free diet and water emelus¢velyofgmhé thifteenﬁh -
'.day all wey@ ‘given omly the vltamln A free dleb and waterav On l;
the Lourtecnth day they wera welgh@d and u&@fiii@@d w1th @hlarom:gTA
'fOEmv Tne 11vers wer@ removed immedlatelyg welghed and placed
>1n stoppered Erlenmeyer flasks contalnlmg 30 nlo of 127 a100a -
vholzc potaJ31um hydr@xid@o These wWere SLor@d at-0° P, until :

anaiyaeaa

_ Analzbls of leers for Vitamin A ' »
' mach 1iver‘was saponifled by bomling in 2% alcoholic potassium
5hydroxide for 30 minutes on a~hot plate. The 11Ver was allow@d o
'to 0@01 and 25 ml. @f per0x1de«free ethyl efher addedoi This
- mixture was tﬁansf@r?edte a 500 mlo separatqry funnelo_ Thg"

flask was washed with water and th@.washlngs added to the -
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,fuﬁnei until an equal voluﬁevof watef.had'been addéda The

‘two pnases were all@wed to separate and the 1®wer aqueous phase
'drawn off, The upper bhase was collected in the flask used
‘for the saponlfleatlono The aqueous phase was returned tc thg

‘:;unnel and another 25 ml,. of ether added@ The extractlon was

'.-@ontlnv@d as bef@r@ and repeated 5 third time, The ether

;“7phase was reburned o, ‘the funnel. and washed‘w1th an equal vol-
 ume of waterb- This washlng was carrled out twice: w1thout |
':shaklng thén’ repeated three txmes w1th gentle shaklngo "The

- last washlng was tested with phenophthaleln to 1nsure that

- the solution was-free of alkallo The extract was transferred |
:to =Y dry flask and drled over. anhydrous sodlum sulfate for 20

;mlnutesc The @th@r solutlon was lilt@red into a 50 ml. grad=-

o uate snd made to volume with dry ether.

Five ml of th@extrabt was pipetted into. an Bvelyn Col-
,Qrﬁmeter‘tubeb With the aid of.a hotuwa@g?bat@ and suetion
'fram‘élwétér'pﬁmp the‘éthér sdluﬁion'was‘evaéérated to dry-
neés; One mlo,of dry chloroform was 1mmedlate iy added *o the
tube uogether w;th ,one: dr@p oftl. a@etic aahydrideo@' Fontrol
“_gtubes abntﬂiaed anly the” chloroferm and thn aectle anhydrlde;.
QFThe conupol tube was. plaeed in the tuse bolder of the Evelyn |

vColorxmeber and 9 mle. Garraprlee Reagent add@d with an autOw
matie plpette@' The. galvanameter was adjusted to read 1007
‘ tfansm1ss1on4anaﬁthengeachuunknewnatube-Wasﬁpe@deimmed&atalyo

& 620:14ght :f11ber-wes used: in- bhe:Evelyn: Golorimeser(3ys
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T@ﬂ mlo samples @f each @f two @f the hlghly pigment@d

b';akkxether Solutlaﬁs of ths livers W@Pe evaPOPated to d?yness on
'Efé,?*h@ wst@f pump &n hot waﬁe?ol mhe bwo samples We?e Fedxssolved_ ;;
‘AT"in skeﬂly solv and ch?omabographed thpoumh tubes p&eked vlth‘,_iav
‘2_ 3 1gd mixture 01 MgO and Hyfl@ Supercelo The filtrates Wefe o
” iVbr®ugh5 up to a volume @f 25 m109 transfeﬁ?ed to tha Evelyn
|  ColoP1meter tubeag and read in the C@loplweter using e LAO
"light filte?o ‘Trqnsmi@81on readlng@ Were 991 end 99;
 3ﬂ'CompaPing these readln@s with the betaé©arotene @onveP31mn<
‘f??;chart it was foun@ to ?epreseﬁt O OO B bataw@aroi@neg It
'[?was evvdent %hat all tbe pwgment pfesent in the 1LV6” solutlemﬂ‘fj“

’, ']wa$ 1ycopene and that no betawcare%ene was. presento

X The daua ﬁn tables l apd 2 show that ZSJQgO @f 1yeopema "‘

"signiflcantly 1n@p ase& tne stopag@ of vxtamin A e ?he rats _‘u
“on. the 27054ugo betam@arotene supplemento The increase per-  :,
:'5sisted in" th@ hlgher 1evels of ly@opene but with no @ﬁgnif¢@ant r7]
‘.diffefence betweeﬂ the various 1evels of 1ycopeneo Lyccpen@ -
\‘Vfdid not signif¢@amt1y increase the hepatle vitamln A storage
’“'ﬁ ﬂ@f tne ratg oRL- the 55 0 ugevaf beta=@aroten° supplement except

H.\  <at Ghe 1©Oxmgo.supplement O& 1ycopeneo
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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 Welght Galn Vitamin A

Ag. [/ day of Rats gm, Deposited - g,
27.5 carotene 10 5 M 38.1 12.86 - 1,671
27.5 carotene 2
25 Lycopene 9 L M 50.5 19,65 - 2.49
27.5 carotene -

100 1lycopene 10 5 M 47.8 21.95 - 3.05
27.5 carotene -
300 1lycopene 10 5 M L8.6 22.80 - 3.19
HIGH CAROTENE
55.0 carotene 9 L M 50.5 21.96 - 3.l2
55.0 carotene -
25  1lycopene 10 4 M L6.5 27.81 - 1.25
55.0 carotene -
100 1lycopene 10 5 M L1.9 32.93 - 2.19
55.0 carotene -
300 1lycopene 10 3 M 372 27.32- 2.47

1 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
V4:24 lay of mean erence between car-
otene level &
lycopene groups

27.5 carotene 1.67 —— -

27.5 carotene -
25  lycopene 2.49 2.41 .05

27.5 carotene -
100 1lycopene 3.05 2.61 .05

27.5 carotene =
300 1lycopene 3,19 2.79 .05

HIGH CAROTENE

55.0 carotene 3.42 -——- -

55.0 carotene -
2 lycopene 1.25 1.9 ——

55.0 carotene -
100 1lycopene 2.19 2.71 .05

55.0 carotene -
300 1lycopene 2.47 1.22 _———
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. DISCUSSION

Tbe Jncweased ut lizaulon of. betamcarObena‘and resultanb;'
':ncreased hepatlc storage of vibtamin A 1n these ex perlmental
"banlmals eorroborates the flndlngs of ngh anaDay 1n 1952 (8)5"
»7iThus9';o ig annflnmed thau lycopene does not fo}lOW‘ths pattern

of the ?elated carotencld lvtein in ratso' Impa;fmeat proper»7 V

N tles oxbetamcaroten@ uulllzaalon manlfesteﬁ by luteln.mvst

o

Dbe eonnlned.to a@tlon in ﬁhe dﬂgestlve tra@tg'a ‘lg S;EOt
absorbed o aﬁy appre@iable deﬁree in ratso Lycopénefié adn’
serbed aﬁdsooved in the livemQ' Iﬁ has been.demmnsurated that;
"Gonvefswen of'beta=@arotene to V1tam1n A takes plaee in ﬁhe

4 mall ¢auest1neg bui %he llver has not” been ruled ovb a8 a
;p0881ble auxxll&ﬁYsite @f ceaverSLQno, But-the a@t that 11t=fff
‘_tle or. no betamcerOuen@ is present ;n plasma ard llver tlssue
»Taf rats La17s~ to eonflrm bhe suggestlon that v,tamln A depo=

Lion<is 1C?eaSed 1n uhe lxvem because of 1ycooene d@blVLtyo

hw

o
The sparing effect of lycopene on beta=@aﬁd;ene has beea- 4
lusuﬁgesued as belng ﬂue to pr@tectlon of the pf@Vltamin from
‘ioxwdatlve deocmoosiylon in the allmentary tracto As Was pres
"vwcusly mentloﬁea vefy li tle work.has beea done on the meta=
"Tbollc effe@t of 1ycopeneg but in aone GF tb@ Wﬁmk has lycopene
-been Shown co have any vatam1n A poben@yo ngever9 in a ?e@ent
..:reporb (1) @n new<syntheses of v1tamlm A and related compounds i
 5itwas staued that Meumlre (16) had ox1d1zad 1y00pe e w1th Mn02

ﬂ to produce retlnene (Vluamln Az)’W1th bioleogical activioy which =

e
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:ﬁés.go%,that,of;vitamiﬁfAls 2
It i;”épparent thattfurthew inveétigation is ieceSséPy
to. answer the maay femalnlng questi@ns on this subgecu and
%o establish the nechani@m by Whlch 1ycopene increases beta-

' caroteme utilization@\'”

SUMMARY
The Pesult of this experiment concefnlng the effect of
lycopene on the utilization of betacgarotene as measvred by

the St@rege of vitamln A in the llvers of v1tamin A. denleted

:‘Pats shows that 1ycopene does have an incweasing effect@ Th@‘1

' mechanism of this increase has not been established,
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