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U"RODUCTIOI.

1. Gen,r~

'lhe carotenoids are a cl••• ot una.tu.r.ted fat-soluble c~poundll

w1d.e17 4istribute4 1n nature. !bey occur in both an1JU1 an<! plant 8peoies.

'bey are ,ellow,orance or rea pi.-ent••1~ a hiChly branched oarbon

skeleton oomposed of 1soprene unit. (usually eigbt). fhe oolour ot the.e

plgaeuts is due to the aer1es ot coa;~gatea double bonda present in the

molecule (aee tia- 1A).

Wacbenroder' 1801ate4 oarotene from carrota 1n 1826 and the

oarot.noids, ot autURn leave••ere extract.d by Be1'8e11u.2 in 18'1.

S1milar p1~ents .ere ahown later,,4 to be widely distributed in the

ir.en parts of planta.

2. lo.enol,t"r. 'Dd NumberiAi

Oarot.noide are divided into two main groups: (1) Carotenee

which are hydrooarbona, and are eoluble in nonpolar 801Yente, euch as

petrol and (2) xantbophylls which oontain oxygen and are very eoluble

in aloonols.

The aost common .ethod tor deeignating the carbon atome of the

earotenoid .ol.cule was propos.d by Karrer5 and recommende" by the.
nUnion International 4e Chuie" 1n 1948. In ibis system the carotenoid.

moleou.le i8 diVided into. two halvea, one halt ot the molecule beinc

d••iguated by plain nubers., fne other half by similar uUIlburs with a
-.. ""'..

supersoript. If the molecu.1e i. asy_etrical e.g. 0{ carotene, the half

containing the J ionone re8idue i8 deeignated by plain numbers (eee fig. 1B).
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lIGUn 1. A. ST£iUCTURAL :POR~ULA OJ' J CAROTS.;;
'SHOWING EIOHT· ISO.PRUa UNITS

FIG1JEE 1. B. N'U'MBERI.NG SYSTEM OF !rHf~ CA1UlON ATOMS
II A TY~ICAL CAROTENOID ( 0( CAEOTESE)
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,. Pla.t Carotenoids

a. Occlarrenoe
6A very wide variety ot carate.oida are pre.ent in plante,

aost bein& derivatives ot either }J carotene (I). cxcarote•• (II).

yeRrote.e (III), lycope•• (Il), or lutein (V), {aee fii. }. !he

ooncentration ot iDdividual oarotenoids varie. in ditterent parte of

the plant.

In the photoaynthetic cre.n tiasue ot all plante 80 tar

examine47 11 caro"ene ancl lute1a (.", clehydroXl 0( carotene) predominate.

HydroX3 ,. oarotene., epoq ]J caroten•• and 0( caroteae are pre.ent in

...ller amount.. Lyoope.e &ad it. derivatives are oompletely abaent.

fhere is little vartatlon In 'the carotenoid oompo.ition of ,reen leave.

In truita there are larce vari.tioD. ln both the oOl1po.itlo&

and nature of tne carotenold. pre••nt. So.e fruits contain only a trace

ot oarotenoids e.g. apples, othera such .a red pal. have a large

quantity ot, carotene anO lta derivative.. fomato•• and some other

truits contain larc- quantiti•• ot 1100p,ne. Light, temperature, and

\he nature of the 80il have been ahown to aftect the, quantit1 ot

8oarotenoid pre.ent. Root. rarely contain oarotenoid., the exoeptions,

the lUoat important being carrots, oontain mainly ." oarotene. The

carotenoid. present in algae and bacteria vary widely. Generally ex aD4

~ carotene and their derivatives predominate in algaeJwh11e deriVative.

o! lycopene predominate in baoteria. 10

In plaate, oarotenoid synthesis take. place throuahout the

whole active lite ot the plant and i. at its greate.t at the period ot



- 4 -

e~JI\ . ~\JH.
ct<: \-e-c-c-c-C-C-C-C-C-C-C-C-C-C-C_C_C_ C_ C )i'\
I 1 .1 I 1 I I I r I I I I I r I I I I I J I

HHCH,H H HCH.H H H H CHaH H H CHH H
ct\ C . .• CHa

b( ~t\ III r-carettne C(\.(

}
e.tt.jHo c~ /H.c,

c-c-e-c-c-c-c-e -c-e-c-e- C-e-c -c-c-c-e-c OJ

I n il J. I I I L I I I I I I I I J. I 'I /'
H H ~ H H H cit" H H H H cl\ H H H l1\ H H

ctl. C c cl\" /" (" /cl\ ell, IV Lr~ne c CH,

,r ~r
/ " cd\ c-c-c-c-c-c-e-e-e-e-e-e-e-c-c-c_c_c_c_c/ ~
I I I r I I I I 1 I I I I I I I I I I I /'

H H CH, H H H eH, H H H H cHa H H H eM, H H f
,~ /\ C;H,

eH. et\ ' c(\Ha l)j

V Lutein

- -_.- ------ ~ _ .._ .._------

IIGt1R.I 2. STIWCTUIU,L FORMULAE OF CO.reNLY OCCURRIJG
CABOTEJiOIDS.



.. 5 ..

lifO.

1t. laoorpol"a't1on 1Ato 1J oaroten8. L..:'.r the incorporation 01' ra41oaotiy•

.....alon.1c ac1tl lnto the ,.!'O"enold. ot tomato••'2 aa4 oarrot root

preparatlon.1, ••a demonetrat.d. In oell-tree extraot. ot tomato••

and. oanot. the lnool"Pol"atloD ot labelled acetate and .evalonlc aoid

"ben aoe'ate wae the eublStzaa" bu., not when a....alonlc ac1a wae e.ploTed.

AlUloucb the exact _chani•• ot oaroten01d 1S,yntJ:1e.l. 1. not mown, l'

ap'p••.r. to be .1a1lar to that 01' a'ero1ae. A comple'e aoh... tor the

oaro,eDoid .YD~e81e startlng wlth 2 oarbon unit. ba. b.en p08'",,18t84, 14

and altboucb ..., ot \be p.re410t.4 lnter.edlat•• have b••n 1801ate4

trom oarotenolcl-prod""clq tl.au8. Il&Il7 parte ot the .uu••'" eob...

r...1D ~ bo ....rlfled.

o. lW1stlon

tb.....001&t10n ot ehloropb.Jl1 anc the carotenold. :1n all

gr.en tla.ue. ausae.'a that ~. oarotenoid. plal a role 1n photO.,ath••le•

•• earl¥ a. 188015 work was carrle4 out wh.lch lDdicate4 that thl. waa

80. A. _Jor '",,_'1011 01' oarotenolcl. 1n photo81l1th••18 W&8 demoll8trated

16
bl Bl1uka et a1 who abo.ed that light of wave 1ensthe moat .trong1,

ab.orbecl bl the o&1"Ot.110148 "" the ao.' etteot1...e 10. promot1na
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It w•• at tlrat thoupt that the tuaotlon of carot.eno1da 1n

photo.yllth.'la waa ba.e4 on their abl1ity to bind oxygen.

Carotene + 02 Xanthophyll

17fbis waa shown to be unlikely by W1118tater who de~onetrated

that the ratio of ~thophl11 to carotene 4i4 not ohance UDder dittereat

oonditione ot oxygenation and'1l1u.1nation. Further eVidenoe acainet

th1. earll hypothesi8 ia that, althou,h the main carotene in creen

le.ve. 18 ~ oarotene 1t. corre.ponding xanthophyll haa only been fOURd

in ••11 amounta. S11I11arl)', the reduced formot' lute1n, ~ oarotene

1. not a llajorcOIlponent of .uch tissue although lute1n 1. the major

xanthophyll pre.ent.

A more likely funotion ot carotenoide in photoeynthe.io ia

tbeir ab11it7 to aboorb lisht ener81 in the blue re,ion ot the v1a1ble

18apec'trua and. trane1'er th1a ener&1 to chlorophyll. It u. been deJaOutrated

that the light absorbe4 by 'the carotenoid. excite. chlorophyll fluore8cence.

a. Ocourrenge

All aniaal oarotenoid8 aU8t be of dietary origin, e1nce 1t

haa never been ahowa that animal. are capable ot eyllthe.1zag caroten.olds

trom smaller ualta. 19 Many animale can however mod1fy lngeatea oarotenolda.

Some ani-.18 e-i- the rat, do not aocWDulate carotenoids as 8uoh in their

tissues. Other asiaal. e.g. cattle, accumulate only carotenes. Others

e.g. man, absorb un.electively both xanthophylls and carotene••

_a•••11an carotenoids are tound mainll 1n the blood, 11ver, a41p08.



tl.sue,aad a1lk. Although the body 18 capable of oonverting aeveral

of the caroteno14s to rttam.11l.,A, oarotenolds 2er .I, haYe neYer 'bee.

sho.. to have aR1 physlo10g1cal tunction.

Blrds difter troll • .-.ala in thelr abl1ity to .tore

are 1a akin, b041.fat and feathera. Considara'bl.aaount. ara

fOUlld in eggl, lutein beul the main pigment 1n eo 101k.20

b. .ate ot "rot.noid. in the animal bodZ

It was not until 19'0 that the relatlonaAlp bet..e8

oaroteno14s and vitaain A was demonstrated. Koore21ahowed that

oarotena waa .atabollzed 111 the anlmal body to tora "'1tdla A

whioh was etored in the 11ver. It was aoon realized that not all

0.roteno14a poa.e•• vltamln A activit,. J carotene .aa found to

be twloa a.actlv, a. ~ oarotene22 tor th1. purpoa•• the 1aact1vlt7

of lyoop••a aDd luteln indioated that the preaence of an ..eu1:l.tit\&t.

J 10none re.1due waa e.sential for vitamin A aot1v1t,.* (eea fable 1.)

fable 1.

80.e .aturally Oocurlnc Carotenolda and thelr
V1t..ln A Aotlvit,

J ouote.e

ol .arotene

"{ oarotene

.Lutalll

I,yoopella

1101011°&1 lotenci

10~

5~

4~

o

o

*Bame apoXT derlvatlve, of J carotene .ere reported to hava e11&ht

V1t&ll1n A act1vity (29).



an1"ale 4e&1 w1 tJ1 cl1.~ Q.rp"eno~44.Jt.. &No~b ....nd a~.'e•

•11 caro"en014. UDaeleot~T'1¥2'~eaoa......heep 40 AO~ac~l.te
:. '" '.. " ..;.

a&7 of the carot.e:noi4•• 24 Q"htl" Mi_1 t.:lJ. 1•. 1:1:..... 'th....
. ,.; .. , '. .. ..... ',.' ,..., ,

groupa. All u1aala, exoe," tor the car:nlvor.a\5', ehare the copon

.bUlt7 ot CODvert1na proV1~~ .carote~4. W T1'" A.

Althoup .. i .....' 4eo1 ot.IQr&, f.. 40 'ih. tavol the

prov11iiamtJl A c.rotenold" ~e ....b011_ et proT"t.....a..., ...lde
',' ,\

.1' Ja DOIIII ..11 •••'11..... 'tbt ttl. _J01' 81te tOr the

oQIW•••1oa ., ,pcwi, ....A .a ld.'toflt..ua· A 1_ th.ua11

~ ~~2'.'l'!.. .altbaup .- U1t cap.Ile ot 'Ch18' oOllver.1oa. 18

the _.._..1 wqU1l''''.' tu 1abe fonatton .O't ."t1ou1J1 A troll a

oU'OwnoW "';,tbe ,rea.. 1. ••.. _leeu·le . of an ~ 10ao1'1e l"1ng and

.. ,_, ..:1" A, "",...:1.. .e lap......-.... of ataft'O oont'1guratlor.l of the

~,~.....1..-1.111 * ..."••t .... 'tI'orl:tul'A ao1olT1101 la.how.. 1n

'.-'1. e.
.:,i,

f 'f

lab•• i

Vl'lain A act1y1~ of • carot•.,. ~...... 29

1~ • ,.i.e

9, n - 41e18
,
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100
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Tbe re8.mo16n"e of the .'natureo! vitarain A to 1J c&.rotene

and tb. tact that __ carotenewau twice .a aotive ..e ~ caroten.'O ae

a vii...1n A precuraor 8U&1••te4 that the 1I.0180u1. ot .I carotene'll••

• plit at the oentral double bond yleld1ag two molecule. ot v1t.-1n A.

(1.e. oentral fi••ion).

Later wbeA Vitamin A .... obtained in pure clratalline tor."

aU 1". biololical activit1 co.paree with tnat of JJ carotene, it " ••

found to be twioe a8 act1.... "eiaht tor ••ight.'2 Thia 8Ullest.4 that

one 1lO1ecule of vitamin .A. was formed fro.. one Plolecule ot B carotene.

Tbia result. oould no'\; be explained 1n ter•• ot central fia.ion

.1ace one moleoule of p carotene should produce two molecules of vitaain

A. An alternative ach••• of Qonvere1on was propoaed,33 in which the

fi••1oD of the oarotene moleoul." ..pur.d. aaq1q.etr1eall, by a mechanism
~-"'j, .\ i; ,

of terminal ox1dat10n. In 8upport of th.e term1nal oxidation hypoth••i.

it w•• po1n:'.cl out't :t.laat the cen'tral double bond of a coJtJusated

81atell ia aore stable tban the terminal one due to r ••onance. J4aI17

inorganic andante attack the term1na~ double bond ot JJ caro'tene

yielding long ohain aldebld••• ;;

However, no intermediate CORlpound.a bet".en B carotene and

Tit.-ia A have be.n 4.t80'.4 in experiMental animal. given large do•••

ot B carotene." .oreover 80.e exper1.ente bave abowa'7"a,:59 that

tbe eftlc1enc)' of converaion ot B carotene to Vitamin A. could exceed

;0% thua favour1ns the oentral fi••10n hypothesis.

MaQ1 experiaenta carried out to a.ttle tbia controver81 were

inconolusive mainly because the converaion r ••o~1on i8 verT slow.
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for -&D1 yeare attempt. to obtain an !a vitro .yatem that will

convert ~ caroteae into v1t..i8 A were unauoce.8tul. 40 Recently

a 11111t84 aucceea wae achi.T.d with 1nt••t1nal loope wh1ch could

convert only 2.5% of tbe , carote.e into vitam1n A. 41 ,42 fhi.

conyeraion required oxygen and an acent to form an emula10n betwee.

B oarotene and the butfer.

Atte.pt. to prepare the aotive ensy.e I'oarotenaae" that

w111 carry out thi. oonvera1on have not yet aucc.eded. 4,,44

!lhe bypotheaia ot tera1Aal oxidation require. that the

terminal double bont should be attaoked. fhia would be followed by

a atep-w1.e degradation 1••411&& to vit...1n A. (see lig. 4). MaA,J of

the required hypotnetical interaBd1ate. have been prepared synthetically

and their potenoy meaaured by the amount ot vitamin A stored 1n liver. 36

!he low yield, (le•• than 4~), of vitamin A obtained from th••e

compounda d1d not provide the expected Bupport tor the terminal

oxidation hypothesia. I1nally, the .etaboli.. of uniforaly labelled

B oarotene has been Btud1ed in the rat. 45 ,46 About ,% or the label

appeared 11'1 reap1raiory CO2 within the tirst day after dos1ng.

sterols and tatty aoids were found to be labelled a8 well &8 vita~iD

A indioating that 80.e degradation of B caroiene take. plaoe during

convereioll.

1i. Convers1on of ~ oarotene to Vitamin A in the presenoe
~!_!!!!!!-!~2_!~2~f!!!:_~_~~_~ _

The ettect ot non-provit••in A carotenoids on the

eff1ciency at convera1on of ~ carotene to vitamin A i8 another subjeot

ot oontrover8J·.
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!
~AvCHa·OHo ~- ~- ~."

Vitamin A

FIGURB 4. THE TWO POSSIBLE MECHANISMS POR THE
CONVERSION OF ~ CAROTENE TO VITAMIN A.
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Sherman47 compared ~he mortalitl rate ot ~wo groupe of

",1t..1a A depleted rat. in which tbe t1rat Iroup were given 2 UC

ot ~ oarotene da111 and. the .eoon4 group the aam. 40e. ot ;S carotene

together wiih 5 uc of lutein. Hi8 concluaion "... that the add1t10n

ot lu:te1a i.proved t1'1eut111&at1011 at ,B carote.. in the rat by aoting

..e an antioXidant.

48I ...erer at al approachea thla probl•••, f ••din, larger

quantiti•• at B carotene and lute1D to rata tor 1. clay.. 'he efficiency

of co.y.reioa was ••ti..'ed by aeaau.rinc vitallia A 111 the livers ot

th••• animals at the end ot tbe period. Thie work ahowed that the

group ot rata receiving ;a carotene alone stored 20% more vitamia A

tbaa the other .rou.p.

Uaing ~•••1ght gain of rat••e an index ot vitamin A status,

Oalli.aD et &149 reported that 1u1.1n u.p to • level of 250 us per

day had no .ff.c~ on B carotene utilisation.

Other worker.5O reported that, in rata fed. )! carotene, ••al1

amounts of lute1n 1nerea••d liver storaae of T1tamln A while larg.

amount. caused a 4eere••••

In the chick Vavlch et &151 found no effect WO.D uain,

65 US/clay ot 'P caratta. but at a level ot 1'0' ug/da, liTer ator••

of v1taain A were reduced in the presenoe ot lutein.

LloopeAe wa. founct52 to lncrea•• rat liver stor8. of vitamin A

whe. glven in aaall a.ouata w1~h J carotene, b~t 1ar'8r dose. bad no

effect. !he re,ult.s of th••• experiJatUl'ta are eWIUI.ar1zed 1ft Table 3.
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.. - 9 ,

1___ ,. ~ .._.. ~~__~_~
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Ii is clear troll the table that the re8ults of exper1a.enta

to investigate the ettect of lutein and lycopene Oil the utilization·

of B carotene 111 the an1Jlal body are contradiotory. Since th'se

iavestigationa were oarried out, study of the methode ot b10assay

of vitamin A showe olearly that under the experimental oonditione

desoribed by tkea. worker. the results are unreliable.

Owing to the wide indiVidual variatione between rat.,

resulte baaed on mortality rate have no 8ignificance unleas large

nuaber8 of animale are used. The numbers of rata used in the experiment

of Sherman47 .ere very emall.

The growth rate lIethod tor the estimation of vitamin A potency

depends on the increaee in we1ght of depleted rate while reoeiving

daily doe.8 of the material to be teeted. This method 1s reliable

only wheD. the doeage 18 close to the dal11 requirement of the animal.

In the rat the reliable range 1. betw.en an equivalent of 0.2 ug to

1.2 ug of vitamin A per day:' In the experi.e.t reported by Calli80n

et &149 the amount. ot ~ oarotene used (6.3 - 12.6 ug!day) were

greatly in exc••• of this range. Under the.e condit10ns it ia

unlikely that aD1 effeot of lutein would be detectable.

Measurement of liver store., now generally accepted as the

most reliable method tor vitamin A bioa88ay, is known to be unsatisfactory

in the rat if the material &888¥ed has a potency of les8 than 500 ItU.

of vit...in A. 54 The quantity re'quired for aocurate b10&88ay in the

chick is even greater than that required for the rat. Below these
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le...el. the liver doe. aot atore vituin A linearll. In the four

.xp.ri••n"....a,50,51,52 wbich uaed vi'ia$ia A liver .tore. to meaaure

'the effect 01: lutein 01'1 the cODver.ion of 13 carotene, the amount of B

oarotene ted waa lower than the required a1n1aua.

!hus in the 11pt of the recent orltical 'examination of

'f'it8Jlil1n A oloa••83 ..ethods it 1. not surprising that the re.ult. of

previous work.rs were inooncluaive.

In the 8tu41 of nUDa. Vitamin A 4e1'ioi8nOl carried out in

the lutr1tioa R•••arch Laborator.J 110 w.a frequent1l found that ••rua

1'1'0. chi14ren auffering fro• .,itamin A de1'101.ncl contained high

~.v.l. of Don provitamln A caroteno14e, mainll lut.in, wlth almost

DO B carotene, and. ...it..i. A le.,ela cloae to zero. Sino. B carotene

i. alwaya as.ociated wlth luteln ln sreen le.ve., it wae difficult to

.xplaln the aba.nce of both J carotene and vi\ula A 1'1'0. the serum

of theae children. It aee.ed poaalble that the hiBb levels of l.teln

fro. d1etary orig1n may have had eoa. inhibitory effect upon the

abaorptioD of B carotene.

It waa ther.fore decided to carry out a pr.limina~1 study

on the effect of lu'teln and lycopene, the two maJor non provitam1A A

carotenoid. ocourrinc in food, on the absorption and oonversion ot

, carotene to vitamin A in the an.1u.l bod)". It eeemed likely that

this inve.tigation woulcl alao give 80me infonuation on the fate of

non provitamin A oarotenoids in the animal boOT.
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the ra to w.e OAQe.A aa an. experiJaental ani_l b.e........

1'1 tarUD A atudl.. oa ttll. an1lU1 are .ell dooWleAte4. S1noe the

pre.enee of h1&h level. ot oaroterao14. have b••A /lbOWA '1 the

aut.hor" to aft.ct't tbe ••"1_111011 of v1ta1. A in b101.og1ca1 mater1&18,

the rat,DOt ••aorb1Dl any of the 1nge.ted oarotenold. aa .uch,1.

an 148&1 an1Jaal for .ueh .. .'U4.J'.
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1. Aa1yl.

In all exper1...t. d.acrlbed, rate of the W1ater strain

bred at the American Ua1vera1ty of Beirut were used.

2. 1>,1,ta

V1 tamu A-tree cUe' tor the rata waa prepared troll the

tollow1ags 18% Bgg &lbwa1.

15% Brewere ye.at

5'% Wbeat atarch

1~ Ollve 011 (carotene tree)

4:' Sal' llixture (US1' XIV)

1.5mg% V1taain E

,ug% V1t..1n»

,. Preparation of llooie.e

LycopeDe was prepared. b7 tbe prooedure ot Sandoval et .l~'

, Kg. of caUDed touto ,P.ate were del:qclrate4 with 4 11tera of

.-thanel, t11tered and. the solid pr••••d 4r7_ 'he filter cake ...

extracted twice with .. l1tera of methanol: oarbOD t.traohlor1de 1:1.

the oarbon tetlrachlorlele 181er was waeheel .everal tll1.8 witb wa'er

to rellOve tn.oe. ot aethanol, dried OTer .OCU.WIl oult.te and.

evaporated to dr,yn••• J:!. .,o!Q.
!he na1due wae 418.01ved 1a 15 III ot hot ben.ene, 45 ml

ot hot .ethaaol were .ddect 4ropw1a., the solut10n was 0001e4 and

- 18 -
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1.he red oryetale wer~ collected and l'eOr18tal11.ed frail beraene ':.

oale!.. bldroxi4. 001....

Ia petroleua ether the ao.orp'\10n .pectr~ of the

_t,er1al prepared waa identioal a.th tbat de.oribed. tor 1,00PO..0.

Lute1A waa isolated trom green leaye. bl 8 modifioation ot

tno .ethod deecribed by Karrer. 57 About 10 kga ot fresh lettuoe

leave. .ere air 4r1e4 at room temperature for, two dals. 'lh. .e.i-

4r1 leavee .ere further dehydrated 01 homogenizing thea in a W~V'1l11

blender with 5 H.t.ers ot .etl:w:\.ol. Th. re.in1.D.g 801i4 \ ~i;.;·t.~'lS

overn1&h1i w1 th 5~ uthaaoll0 KOIi 'and extraote. td th ethl1 ether.

fhe ether layer waa .eparated ant v.ab.d eever.l t1me. w1th water

\tAtil neu'tn.l. I t ~.. then eYaporatri to .,Ile•• !! vacuo. The

r ••idue wae 418801ve4 1n 2 lit.ere ot petroleua etnermctbanol 1:1,

aDd atter ad4ine 100 tiN ot water to the U)Wft, the methanol water

layer ooaiained moat ot the lu.tein. !he .ethanol water' · t extract Wets

ahakea with petrole. ether to remove traces ot caro'ten.. end dried.

Aa vlOuo. the re.id~. waB redi••olved in etb¥l ethel' and applied

'to a4eao~iva't.4 Aluaia11a oxide oolumn (oontainiag 5% water) and,

eluted wi'tb 5?; Dle'thllMl in eth,yl ether. 1'he _terial prepared. b1

thi. method. ahowed absorptioa mexiaa identioal with tho.e deacr1bed

for l~tein.



- 20 -

5. aat1_t1oD of o!Egtene and vita:1111l A 1n ••rwa56

'0 0.1 xal of eerua 18 added 0.1 ml of aloonol and 0.15 ml

of petroleull ether (40 - 60°0). thorough mixing 18 obtr:1ned by

hold.ing 'the t\lbe aga.1n8t a rap1clll rotat1ng 4r111.fl.,,; 't;~~~; are

oen'trlfugeci for 5 JIlinut•• at '000 rp••

18 de~.~n1ned bl ••a8~r1ng the optical density of the petroleum

layer at 450Qlu.

0.1 m.l of the petroleum layer 18 evaporated. u.nder Batre.1Il
~

of n11irosen at room teUl.perature. f,be residue i. <Ii••olved in

0.01 .1 ot chlorotorm and treated wl1h 0.1 m.l ot chloroform:

'fr1tluoroacetio acid 2:1. The optioal dena1t7 ot the resulting

oolour 1. measured at 620 au exaotll '0 ••conde afier the addition

ot the chrom.oI811. Oalcula"tione are baaed on eta.udard curvea for

pure .B oarotene and. Y1tam1J1 A.

6. :eati_tiQll of B carotene II1d v1'tam1n A in liver.

the method. \leed to ••t1.raate carotene and vitamin A in the

liver •• a .o·ci1f1oat1on of the ••thad desoribe. for serum. About

1 gm of liver wae cut into ..all pieces and acourate13 weighed.

ft thie wae added 5 ala ot 5% aqueous XOR and a few crystala ot

pyrogallol •• an ~nt1ox1dant. 'fbe mixture wae heated 1n a boiling

water bath until the tissue was co.p~etell dig••tea (approximate11

30 minute.). 5 ml of ethanol were added and the material extracted

with 10 lIl.0! petrolewa ether (40-60°0). The carotene content

layer at 450 DlU. 2 ml of 'the petroleua layer were evaporated

un4er a etream of n1tro.3en at room. temperature. The reaidue was
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chlorot'orm.:trifluoroacet10 a014 211. The optioal de.sitl of

the reaultingeolour was mea8ured at 620 au exaotll '0 ••00n48

a.fter 1Jle addition ot the ohrollOgen. Oalcuation. were \)as.d OB

atanelard ourv.a for pure ~ carotene and pur. vitamia A•

. a) 20.75 Ilga ot pure}) carotene .ere d16aolved 1n 25 m1

ot hot "'euene, 5 :Ill of cotton .e.4 011 were aelde. and thorollCb.ll

1l1x.e4. ft. beaaene waa completely evaporated on a water bath

UDder reduced pr•••Qre. fhe remaining 0111 .01ut10n conta1ned

2500 ug ot J carote.e per 0.6 =1.

b) 20.75 ag. ot .:a o&l'o"ene and. '" mg. of lute1n were

el18801ve4 in 100 All of not .en..ene. 4.6 ml. at oat ton a.ed. 011 were

84dea. ad thoroushlT .1xed. fh. bena••e waa coapletel, evaporatea.

UDder reduced pre.aure, and tne rema1n1ng 0111 801ut1on oonta1ned

2500 Ui at J) caratene awl 40 ., ot lutein per 0.6 all.

0) fhi. was prepared s1m11ar11 to (b) exoept that lute1n

was replaced bl an equal quantit, of lycop••e.

8. PreR.r,~1o! of eW.io~8 at ! oaro:Sell.!. lute!! ana. 110012.n.

10 ag of ~ oarate»e and 1 ml of ootton .e.4 oil were

eli••olvedin 10 ml of benaene. The benzene "a. evaporated and tbe

resaa.1nimg oil mixed with 1 Ja1 of !ween eo. 8 till of watar were added

and ~h. mixture vigoroWJly ab..kea. Emulsions oonta1nine lutein

and lycope.e were similarly prepared.

Dilution8 ot theBe em.ulsions with either normal aalin8 or

Krobe-R1nger ••re prepared and the tinal Qonoen'trat10n of tbe

caro1.enoid .IlI.easure4 3U8t betor.use. the e14u1sioll.a ao 1'0rIll.ed were
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atable for at l.,.t three hours at room temperature.

9. Pr,p!E!tioA ot Kreba-R18ie£ 821utiou59

fhie solution was prepared tro. the followlAIS

WaCl 0.9% 100 part..

KCl '.15~ 4 parts

KiSO., ,.e~ 1 par'

1'110ephate buf'ter pH 7.4

O.lW 20 parte

10. Pre!a,ation of !btU lila' chrouatolr.pQl 21&'8.60

A. uniform Ala O.2;wn tbiok ot alUllinWll ox1d.* m1xed

with water 112, was spread on gia•• plate. (20 x 20 ems) b7 the

Wile of a epeelal apparatue.* 20 miautes after the r tim had

and 11lJlut4.1atel1 pu;, 1Ato .. ci•••icat1ng cabinet oVer CaC12 •

11. Detectlon of v1tamin A bl.~! use ot th1n laxer ohro!ltgcrtlAl

fhi. teohnique was 0.ploy8d to deteot traoe. of Vitamin A

in petroleum extraot. ot 1ntestinal homogenate. before and after

iuaubat10B with J oarotene. 25 u1 of the extraot ••• applied 011 a

thin l&1or plate, prepared a8 prevloualy de.cribed. On the .a.e

plaia a 8i_l1ar .poi oOD;ta1.o.ing, 1 ug of vi l.aa1n A.a. applio<l.
,

file plate was d.ev.loped by ~7:: acetone in petrol.WI ether (40 - 60(0)
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ud. 41'104 at roo. 'e.pera'lolre. a •• ..,1.....4 ua4er the U.V. 1., the

ylt.aa1. A .po' exhibited, .. Ir••al. fluo~.o.nc. at ttt • 0.'.
Aa a tur~.r t.at the pl_"_ ft••,..,.4 w1th 'OJ' abe13 iY\ oblorofora.

'1ttUl1a • ca•• a _lU8 apot wn1011 ta4e<lat'.r abow:' a a1Itut••
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9!M't'S1 111

Q,~UL:EI

1. l£n1,!\!S! A ACi&Vlg; of I:QIlt!Ue &. !Ale lE-!USa I' LUS'1g
di NltRUA!1

!be proportlon of ora111 te. vlt.-1n A that 1. depos1tad

ln l:1Terot rata 1e OO••'&1'1t over a :ranee ot 500 - 10,000 I.U.

A bl0•••ay tor vlt..la A and prov1taata A ooapouada - •••4 on the

11ver .'Grase ot rat. wa. 4••cribe' b1 A.••• et al.~'4. It 1. the_.t aCt:urat••etbocl tor b1oa••81 of v1,.-ln A 7a' de.caribed. In

our work tb1. aet.bG4 wae wae4 to 81lli4J the ettect of luteln and.

l,yoopene on the ut111satlon of Jl oarotene.

fhe rata uee. tor 0\11" leed111& exper1aeD:t8 wore ted b1

.et. eaCh oompo••4 of , _10 11tter ute. "ere ue4. 7'1'0. eaoh

.e' ... at ... Ukell at ralul_ to tON IrollP A., B· and C. ' ••l1ty dq. a!tel~

W'UJI1Dt1 tha .e1&ll' of .. an1Jaal.....tatlone.r~ and they .ere

pro.wao" \0 bo ooaplttell '.plo'od of vit_a A.. Al \\btl .'*Ie no

All the an1ul. were 41ven ora111, over a por104 ot , day.,

2500 ue of , oaroteBe 411&olv.4 i» ootton •••4 011 '0 the

o&ro'\ene 801utlon ted to each rat of IrouP • wae added. 40 lIB· of

lutein,anel to that of &roup 0, 40 JIg; of 1100PO.0.
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On til, fourtb d.ay the an1aal. wero ftcritlcecl after blood.

had. b••• taken tro.~. h.artland. tbe livers wor. 1mae41at.11

r.uvd an4 w.ip.d. !be .era and. liv.n ••re Ul.n 8tore4 at - 10°0

Wl"il analls.d. fbi • ••• n.Ter 10".1' 'haa a we.k.

the ra.ult. of the anallsia of 11ver and s.rua are ll.tea

in toa". 4. It 1s cl.ar fl'O. tha r ••lillt. that t1'1er. 18 DO ,a1cattle.."

41tterenoe b.t.•••~ Titul1a A liv.r stor•• ot ,oup. Af B or C. '!h•••

re.ult. alao 1ndlcat. tbatollll trac•• ot the oa.rot••o14. ar•

..b'01"'b.4 • .ueb.

2. 1M IIlptMe!ot itiS. ot 4:LaIPP'HIA9' gtl 'Ro,e.., lIt ,1.
'Bfyoop.Yr'. me 1nt....ll1&1 ),20 R. of e.'»,i1.r.,d rite1•

fh:L8 01..1I10..1.!:! ...:Lvo method whioh haa b••a lllUt4', aaD3

worker, to .....v, '\h. rat. of ..:LAPp.aranG' ot te.' .ub.tuc•• tro.
61

!h. ut.at1ne fta ue4 ia our 'Work to oompare the oenav1olAr ot

und.r alailar con41tiona•

....1. rata welgh1ng 200 - 300 am" ra1.e4 oa a .t.ace dl.t,

w.re fa.ta.. for 24 houra. Tbey w.r. tb•• anaestheti...d )1

1ntrap.ritoneal 1.~.otlo~ of •••butoal (4.5 mc/100 pi body w.11I3t).

A tur\b.r iDJ.otlon of 1 &&/100 sa lem'butal waa g1ve. 45 M1aut.e•.
later. 'h••bao••n W.I op.... and a &lae. •...ul., Goun••te4 to

a bur.tte, wa. 1I1tro4\1oe4 lntoth. lUfa. of the a..ll int.etlne

about 10 OIUt b.l." tile I'omaob. A .ocond. oanau.la waa e1a11arll

l11trodvetd 1:> oml bolow th. tlret (a.. tlC. 5). fbe upp.r OaJU'l\lla
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Table 4

Comparison of vitamin A content and Carotenoid Content of tne Livers and
Sera ot rats fed B carotene with ar without Lutein and Llcopene.

i ·I GROUP A i GROUP :B i GROUP C
f B carotene only i B carotene and luteia B carotene and llco»e••
: Vitamin :Carotel101ds :Serwa t8erwa ,Vitam Carote-tSerum :Serum i Vltaaia: e t Serum. :Serua
i A f ug/11ver 'vite.mialcarote- f A no1.48 fY1tam1nlcarote.i. A i aro e- Y1taml.icaro'te"':
: ug/1 iveri. 51. .u6 lnoide !u.g/l1wr ug/Jiwr!A u6 l:o.01d8 ! ug/liveri~~~d118 1u"L. i.oids
: •• t ! ..-d!. : iH~· !U6I' ver ... )1:1 =. .. -01...: ..~ f ..~:. "'I5/l': : ::. :::: :

t •

359 44 21 .., 415 48 21 9 388 '1 " 20

;62 17 18 13 536 31 21 11 511 55 27 2

:;27 22 11 71 333 20 23 6 306 13 29 :;

410 9 9 l' 3S0 15 12 11 490 40 25 10

735 24 26 5 642 40 19 8 530 56 12 11

565 '4 26 5 484 34 28 12 555 44 24 11

459 25 20 12 470 31 21 11 474 40 25 9

+ 159 ,±12 ~ ±8 ;t116 .±12 ..:t5 .±4 .:!:.106 ..:t16 j;.1 ..:t7-
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.PIfVD 5. Iaol...'.4 loop 1n intaot 1'8:".
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.....onn.ot.d by a JJbort 1.1:1I1b of ru'bber lub1q to • buretie

conta1a1ns 0.0'1'_1 .aline.t '7°0. The tlow from tbe ovette

w•• controlled. \)7 asore. ell.p. 'he flow tro. the bo'ttom oaaaula

.... a1Jlilar1l controlled. the •••t10n 'bet•••• the two o8lU1Ulae

wa. t1rat waaile' OU" w1th 100 ml of normal _line and th...
bowa <1uaD.t1tl ot Deuol.a•••ulslt1.'d, 1n 1 JI1 of aa11n.

OOIl"tain1.o.a 11' &lue•• fte 1ajeo"•• 1nto the upper aamnah 'hroueD

the rubber 'tubi... u4 w.8hea into '\he 1."••"1ne wi ttl 2 III of

saliM trOll the Durette. l' ala,,:'•• later, ,be content. of thl•

••etl08 of tb.. 1ate.'1De ••re ••ptle4. u.o a fl••k throuah the

Dot,tO. oaaaula 07 flubiac 1'1'. 50 JI1 of aalia8. !he cont••t.

ot the flae1t w.re extrac,,'." wl\h p."roleua e'U1er which .a......

\lp to a kDOwa Toluae and. the caroten.oid. OOD:t.ent .....ure'

apeotropboto••tr10all1. 5 a1au1i.. aft·.r the re.oval ot B oarotene

th. prooe4t.tre "... repeat.. ua1ng 1"''''.111 an4 thu 1700p.ne•.

Ibis experia.nt wa. carried out Oil 'I'Ve.. rata, tbe order of

1atro4uot1on aad tbe q:uaatl"1 of the caroteno14. belnc ohaaae". At

the ad ot ••o.b. .spera.at \ be U'••t1ftalloop wasr••oyed tro.

the aniaal. hOJlO,;en1••4 an4extraoted. ill" pet,roloW1l ether and the

carotenoid oOIl'.n't waG ••t1Ute4 a. d•••rUJed prev101181,_ letore

each ant.al w... kill", a 8aaple of blood. W8.8 dran trom the heart

tor aerwa carotenoid. me.aurement. the result. ot thi. exper1a.ent

are pre.ented. i. ,.ble 5.
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D1aappearance of three CaI"0,.m.(j1da atter 15alnut••
U1Ate.t1nal loops otrata

I

~

B 081'Oteae
L1'oope••
Lute1a

08l"O'.11014
inUoduoe'
1ato the
luaen

11C

6
4
4

Oa1"0'e.014
reooyer."
troa 'he
lua8. at'er
15 salt;'.

lI,I

o
o
o

DUferenc.
b".e••
.eeoad aD4
f1rst oolwm

"I

6
4
4

Ser_
Garoteno!..
at·the en'
of 8aoll
eXRer1!ent

2

Oaroten014
recovered
trom
1utee'1D&l
ti.,slle

o

Lu1i.e1a " 1 '2
II L¥c0 p... 42 0 42 ., 9

B caro'.ne 38 20 18

B aarote.e 85 47 "III Lutein 105 14 91 ., 12
1100P··'

Lycopeu 160 .,
'"IV B oarotene 12' 74 49 10 27

1,;u"e111. '" 19 117

Lute1D ", 19 '44
V L,yoope.e 260 27 2"B caroteue la4 134 '0

48

·'he oarotenoid. are li.ted in th~ order in whloh the, .ere introduce'
111 tbe 1a,\••:U.. ot ••on .,D1aa,l. ~
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,. R,&MPReBM9' o( qFoteno\cl. {roa .'&1 iAollba!ed with
&a\'t1&pal .8I11nt••

th8 .ethod. ll'•• ha. -'n previoll'l1 de.cribed b,y 8hamaa' •

• t al.
62

,101'-.1 Ilale rata .eiahiq 200 - '00 am ••ob, were ta.t...

tor 24 hOllr. and anae.thetizeel with B.abutal (5 »&;/100 p). !he

8i4elle .eot10n of the ,mall iRSe.tiae was removed from the animal,

waah.. with obilled. Jereb. - Raser, an4 elit &.lonai.t. whole

lenatA. th. inte.tille waf thea put on a paraf't1a pl.;~e bathed. ill

62Kreba-Rin,er ed cut into 6 lUI .epenis Q'b a epe01al ou","er.

10 raD4oll1l,y eho••a ••pente were plaoe4 1alo each of three 50 ml

fl....... '0 the tir.t fla.. 10 al. of !reb.-Rine.r 801ut10n

conta1n1nc a known amoWlt ot ..D carote.e ••ulsifi,d. w1th fween 80

•• a4el_. fo the .,con4 • .1m1l.r .ollltion cont.iniac l~tein

1netead of » carotene wa. a44e4. to the third. 1100pene was .4484.

A.n ident1cal .8t ot , fl.eke w•• prepared,e.oh fl.a'"

containiAI 10 bo:11e4 aegunt. of 1nt••til14t to act a. blank.. All

the fl.,...ere pl.oe. in a .haker a~ a temperature of 'TOO 3nd

each of t.he eo1ut101:18 was w1tndrawn at 10 Jllin~te lntervale av.r a.
peri04 of one hour and the caroteno1d oont.eat of the solution

Ile..au.red a. prev1oual.v d.esor1bed.. At the en4 of the exper1aent

ot carotenoid. could be dei.cted. tbe re.ult. ot this expertsent

are pre.ented in fable 6 and '1C- 6.
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rable ,

DUre­
reaoe

ugC

~Ul. 1a
a1J:lu'tee

.:
f Coneen­
i 'tratio.
I witil 11ve
i ti88ue
i~

i

Lutein
CoD.~­

tratloD
wi'Ua
boiled
t1ssue
u6

Difference
u6

%
u.ptake

Lycopene
i Coneea- COnc.l....
cUat.1on trat10a1_1. .1'tb
llive boiled
1'188ue t18aue
I ug;b lJI6
I

,Couea­
!'trat10Jl
{with
i11y.

$ l t181"&.
: >tupta.. ! UCP.

)3 Carotene
Cone...
uation
filth
bol1e4 Ditte­
tl.8.8 rehe
~ ~

<$
uptake

238

90 2:50

69 235

60 221

60 226

140 51

166 61

161 65

'6' 61

() "0 330 0 0

10 198 308 110 "
20 110 "2 202 61

;0 82 300 218 "
40 68 290 222 67

50 65 265 220 67

60 50 290 240 l'

246

159

246

240

o

81

o 250 250 0 0

220 250 30 12

190 240 50 32

110 24' " 29

110 228 58 2'
110 22' 56 22

161 224 " 25
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FIGURE 6. Uptake of lutein, l1copene ani B carotene
01 inte.tinal .egmente of tho rat.
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4. IS,••t1Pal Bomo,_Dale.

'h."hole.all 1.ft'••t1a., w.1gh1q 8 pl, ot a vita.1n A

.eple".4 rat was ..re.o..ed \lAder a•••th••1a, •••hed "i th ob111e4

0.1 it phosphate butter pI! 1.4 and hoaoienlze41n a \farift! blender

with 100 al of the .... ~t.r. th. nomog.mate was oentrifuge.

tor '0 a1au:t•• a't 5000 rpa u4 oOa. 5 ml poriions ot the

.11pemat.at 11qu1d were inoubate• • i ,,.°e _1\11 .B cuot.net

1yoo,••• and lute.ta. 0.1 1Il8aJ1pl•• were .,1th4rawa from. e..eh

ot the three tlask. at 5 aiaut•• 1Ater..&1. and p1pettedinto 0.1 ml

of .~••ol to a'top tAt reaction. the oaroteno14e 1n ee,ch of

the.....pl....er•••"1_te<1. 'he reeu.l'. of this exper1ment are

ahoWD in Table 7 and Pi,.7.

After '0 .taut•• ot' 1noubation the reacrt10a wae atopped. in

the rema1nlni hOMogenate. by the addit10n of 4 ml of ethanol.

Each a1x1ure ••• extrao'.d with petroleua ether and a •••ple

ot each petrol.. extract ••• applied on thlA layer pl.'.. and.

4e....lopf,HI •• pre"'1ou811 4••or1be4. tbere.ere no 41ttereno••

be""een the patterns obtained trom tn. hoao«e...t •• 1Roubated with

lutein, lYGopene and B oarotene a"".r develop1n.g with 8ultur1e

acid. Vi"'amin A wae ftot 4.tee$:e, 1. 8Jl1 of 'the extra." ••
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Rate. of :Diaappearanoe of tar..ca.rotenoid. incu'bate4
with extract of rat inte.tine•

•
't1ae in
sau.!11

» carotene pre.ent
&, the se4&wa

Lu.".iapre••nt
W! tbe a!4&_

lIcopeo. pre.ent
11 the .e41_

10 46 '1"....- ,. _ _ __ -.. ~ -' _.._-

21 20
_.



- 35 -

50 '.
'.....

45 \.

40

35

10

25

20

15

'.o.

0 •••••••••

'. '. '.

_.Lyeopone

__.J-carote...

....... Lutein

,; 2'0
Time min

IlOURJ 7. i.~. of al.appearance of luteln, 11cope.e and
..a oaro~.D. 1.0\lDa~e4 wltb cell-tree .x~raot8 of the
_.11 iat••tlDe of t1'1. ra~a
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CMl'1g IV

i~§CqS§101l.

etteot of lutein and l1copen. on the converaion of .J carotene

to viu.m1n A. In tM, e,.paraent (Iable 4) ao 81p1t1oant etfect

otei*hwr lutein ( , • 0.22 ) 01' 11QOpen. (t. O.Qb) on the

that 'the .n.Q'lIIl.e tt,)'et•• 11\vo1ve4 11l 'he oonver810n 1. elther

.,aoU10 tOI'.B oarot..e or tbat the level. of lutein aad

!ha taot that oaly trac.. of oarotenQid. were foua4 i.

tbe 11ver, ••na aM a41))O•• U ••ue, th••1te. JII.Ont l1kel, to

accnaaulate ouch OOlipoWlcle, indico~tS ~h:o,t they .ere elther Bot

abeorbeA at all or ••re coaplatel, .et..boli••d 4urlag their paeaace

throqA th. gut. .B oarotene 1. tran.tormed in the "all of 'ihe

8aall lAte.tiD.e into v1'Ma1.n A. the fate of' the other oarotenoid.

1. not &Aow. altbough 1t ..... ua11kell that tbelr metaboli•• 1S

811111.1' to that of .B 0&I'0,e»8,.1noe .AIle. et al'3 could not deteot

.
ot"...ilt..ta A" 18 re.dll1 ••ore4 1n the anillal b041.

,

Ibe ••oon4 8xper1aent (ua1D« inte.tinal loops) w••

d.••1IDAt4 '0 4eteraiae whetJ1er lutein ••4 lyeopene .ere absorbed 1.

the aaall tat••t1ne o~ the rai, a. to Col1pare 'tbeir rate ot

uptake. it &Ill. witb that of;a oarotene. The result. (faGl. 5)
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abow olearly that lutein a}lel l,copene are ab8orDe4tbroQlb the

aut wall an4 tbat ~lelr rate of .~.orp~1on 1s teater thaD that of

l' oarotene. !he A1.appearan.ce ot "he.. 08ro"8n014. froll the

lwaeaot 1be small int••tiDe andf,he1rabeence fro. the blood.

1a41cat•• \hat tbJ .ere aoti.ely ••tabolized by the animal.

the abo.... experl.,eat414 not deflnltell prove that

lutein and 1100pel18 are ••'.'boll••el 1n the •••11 lnt.stine. It

1. po••ible 'that 'he,' are r 4 bl the blood .tream to othtlr

or,aaa where the1 could be 80t1 811 ••tabolizad. Incubation of

'the•• oaroteno14. wl~ lnt••'1nal ....e.te wae used 'to ••ttle

thi. pol.'. It aleo_de pose1bl. the a"Bur.ent of their

ftt_ ot 41hppeuance. therlault. of th1s exper1llent (table 6)

olearll 4emonetrate tbat the intestinal eeg.ent. were aot1ye11

oonv.rUng the carotenolda \0 colourl••• products. !he rates of

oonvera10D. of lu.tein an411copene were to'timcl to be 81m.l1arand

about' '1••• that of J carotene ('1g. 6). this titferenoe 1.

41tf10ultto expl.1n on tbe baail ot ebe~cal structure 81noe

1100p.ne u4 .B caret.D..a,re 00",11 carotenee while lutoin 1ea

xaotho,b¥ll. !h18 8\118e8'8 'Uta" there m.&l be more than oae

••"·haft1.. involved 1n the Ita"..boll•• of 'thecaro\eno1d.••

AD .it••pt was aad.,to d.tect the metabolites r ••ul~1nc

ira tb. ,ue. oarotenoid. UDdere"udybl 1noubatlq ••ob carotenoid

with. oeU-fr•• ex'iract ot the _11 1nte.tine. fhi. wall .0.0'

po••1b1. w1":h 'he preYS.ou8 expert.en" .ince the u•• of whole

'1.~. woU14 Aave ...de the d.'.otlon ot suohmater1al 41tflcQlt.
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the 'tae 8 tru.d1 1nd10ated that the cell-tree extract

••• behayiag tow.rei. ~e oarotenoid. In a unner 81a11..1' to

'UJat touadln the 1aie.t1.Qal ••pen1t. exper1Jlent, (fable 1).

H.ef.e",er. at 'til.. ..4 of till. esperaeat. tnin larer ohroaatographl'

414 not show lUll" 41ttereaee betw.en ~. tnree1nCuDat1oJ1

1I1nureu. except tor \he residual 0 ..ro1;••014.. Moreover, 1.i

appear" 'tba't 'there .a. no 41fterenoe bet••en the•• preparattone

and. a 8iJail_.. oae without aD.1 caroten014. !hiD layer chromatolraph,

1. oa,able ot ••parat1xaa Yi'taJl1ft .A ..4 .1m11ar compoWlda wbioh

would be exps.".. ",0 r ••ul't tro. 1u:t.io and 11copene 1t thel weJlil'.

broken in.to trapan"••1811ar to vitama A. A8.oh oompouad.•

..ere not. d.eteoted ODe .., conel"",,. thai the.. oaroteDo14a were

not oonv.rte4 'to such ooapolUl48 uader ihe cond,ition of 'the

8X».riaent.

fhe ooaple'te abaeD•• of Yi'am1n A froa the prepara:t1oa

which contained .B 0.ro"8a8 oan onll be exp1a.1"•• by .8s'tIIliAl tbat

tbe -1'''.. r ••poaalDle tor the eoavera1oD ot .B carotene to ",1i01a

A was ab,eat trOll the preparat1oll. 'herefore the 41.appearanoe

ot ,I carotene trom. our c~Qt••, .••t •• cannot be ~xpla1n.4 81

1t. oOllvereloD ",01'1,..111 A. l' ..... po••ible ~a' uDder Ollr

exper1Jlen'tal eODcU:t1eu .B oarotene was lIe'tabe11z.d in a i.shioa

8taller to \hat of lu'te1n and 11copen* ~ 'the fate Qt wb1ch 1.

lUl.k:nowa.
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lv:"1n and. l,oopeu ... well •• .B ouot•• aft a'b8orlHt4 111 'the

8-.11 1r:t:t••t..:1.. an4 40 notappeU' in the a~':l1mal lltod.1. Moreover

\)v:, appee.1'8 1o be tmrel..,"1o v1t.1l.ltL11l 4. J caroteae 18 abo_a to

'b. oapable of uaderBolDc 81a11ar reaction. to 11.1d product.

other~ Y1, ..1a I.,.

1. Prov11arl11a A. Oaro'teao1da ---.-6, Vttam1n!

'roa our work .lth 1At.,t1ne1 AO_OB.DA'•• It .eoma ~l.t

.B cuot9ae coul" be .0"'" \lpon b1 'tbe ••co%14 818t......ell u

818"1. HC&loUJe I-.ea at blg11 c:oncentratlona t.b if! etld not 1JIhlbl t

tbe coav'1"1I1.oa ot.J oarot,. to vltallu A. Fvtbormore tbe,ro41olO"•

.
were aoted l.lPOn -, the f1r.' 818'. ha:", A..er b••a 4e~"te4 1a

fhe maln obJectlon to the oentral f1••10n b1po\b.el1 tor

the convera1on of .J oU"oteJu to vitaa1n A ta;.... the tact ou molecUle
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aDl.a1 bo4l0" DOW be e&plaiA84 '" "-181 the 1>"8••0. of

aaotber ••,.. .,.". .,able of ••P'ad,1nI .I ouo"'" .,roduct.

0••1' 'th.. rttaa1a 1. fbl.....pt1ol1 &1ao ezpl" •• ttl. ,,14.
ranee of 11.14. of Y1....:1aA lna.B "POl"" i,
,nnou,l",oru"8. '2"",38,'9 beoaloUMt '.8 1.t1.8 eD&1- ..,1Y1'"

00\114 Y&r7 1a 41tt.rentarWaala.

8180. •• eU1'.. n8pona1ble for the oon.er.oll of

.B oaro'.. to Y1taala A appear. '$oM ".'1!1 .p.oitl0 tor J!'. ea..o,a.,
..d4 po••11)11 0••,.. plOY1'teat. Aoarot.no14. t there 1e 11't'tle

poa8ibi.li.\1 \hat _epre••nee of otheroaroteao148 11111 have

.., 1Dh1blwr, .ffoot 011 \he .'111.atloBo~ ..B aero'••••

Ibe ..eMIl.. of tA18 WOJ:lX are verI prellm1Da.t7

lean• ..., obY1(~U8 que.tiona to be .....re.. l nob u 'lb..

f.'. of ....pl"CWlt8al. A ouoteao14. Ul4 of the par' of

.Ie,,",•••••t 1. D01 aoD'Yerte" to 11\.-1. A. Co.814er6'b1.

1ntoraa'tt1oa oold4ob91ouall be 0 .....11.\.4 bl the u.. of C - 14

1.~.11" .aro'••o14e. VDtortuaa,.11 ao labelled ..rot.so1d

1e avaUable c..ero1al17 .&ad flYen u:;Uab.l1e' .......rial ot

V11e ...1.\\1'8 18 ftrl luilet. Sof. DO OIl. ba. _tltb••1••t

.. 1&"11" ouo'.&014. Tbe 'I.. work.,.. wb.o .e4 la_.ll.4

.I earotefte ,"pareel 'heir ...t.r1a1b1o"Il~.."1Qalll. 1_ ...

"70D4 t.tut oapabill11•• ot O\lr labontor, to ,"pan ...'.rial

1a e\lob a fa_loaainc. o"lna to tbe verI low eon'••\ ot

oaroteao14.s.a plant _terial, the .xpeD8G 1»vo1ve. 1. proh1.1tlve.
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Altho\l.lb. '\h.....ult. of tnl. work, It•••d oa til. rat,

ouaot be 41reotl, ap,11 e4 to .a, 1.t 1e l1kel, \hat the

e.I1M' 118ta r ••pou1ble tor ooaver.lolL ot J) aaNt••e

to vitai. It. 18 8iJa11u 1n 'bo~ ,p.el••• Our experiaeat,

:La410.'" that thi, '.v*'. 40" aot act oa aoaprovlt ...11l

'8rote8014', a:a4 a'47 uM••lr••ltle .tt••t of ~e,e oa the

llt.l11Mt1oa of ..B caret... ..., wal1kel,.
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SY·¥A·:at

In ~. work preeente4 here,tbe utl11zat1oa ot » oarotene

by 'the rat waa Bt~41.ed in the preHn•• of two no.prov1tuin A

oarotenolda, lutei. and 1,00P.... the vit_111 A. content of the

ra'C 11ver waa \l••4 .a a .....ur.of tbe 8tt1.018.el 01eoavera101l

of » oaro"8. to nt_ln A. the r.sults indicated 'that

DonproY1tam1a A caroteno14. had no effect on the \1'\1111&..'1011 ot

.B carotene..

!be ~.b.v1our of lu\.ln and 1,00P." 1. 1at••tina!

loop. ot ana••tbet1••4 rats, Ut••tinal a.pent. and int••tt_l

homogenat•• was .tuei1.'" and compared w1'th that of Bcarotene. It

waa uown that 1n the 18\•• \1n8, lu".1n aod 1180p8.8 are

••~abollz•• at a h1iberrate tban I caroteDe.

'hi. work -USieete that 1n 'the rat 1nte.tine 'here are

., le.at two .,at••• tor 4.al1.ag '111 th the oarot.Doide: (1) A

.pec1t10 .,et•••bloh act. on11 on prov1t8llUl A Carot••ola. to

produoe v1taa1D A., aDd (2) another 8let•• "hich acts oa oarot.bide

1n general 11e141ag uakaowapro(1\lct••
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