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for SOOI"Ch 1n I.la1l7ine at Shlnfi· 

with .or. X. Ken and • s.Y. �oon, two 

vi t o£  the latter Y-lftl'� to tbi lebom� tor a per.L 
of 0<100 Dine mDil 

oo.ni. out 1n 

the �t bott� April 19SS and June 1957 c1u1:1..n8 v.t1lch 

tiloo 

In oJ'&)r to tacWta 

tho pro tatian � the reeult 0� the l..rweat uona. 

\iU"k - � 1n 

the author' 

ot the t1Joo for whidl ho 



1n the partm:mt. 1lue to the nature of the \"'IO'k 

invol it is not po oible to te prcciooJ.3 the emot 

otudica, nor the axtent to \'lhich, 1n tb3 course of the wad:, 

bo a� bimscl.t ot � stance of the bow warJKJt�"a.. 

It ia OllphD.s1 , r, that tho wtbor took an oct1 va 

part at all stage tbo 1nve tigatiCI1 anrl is r.uw..� ... -
\Ji l a.u the � nothodD tux1 tochnlquea 4oaor1 

It 1 tb p too author elqlreS hie a.tnocre 

tbDnl:s to Mc:G-UU vn.y �or hia oont.im.r34 help am 

enoouragaDCmt �t the eo of the in'VOOtigatlon 
nnd tw 1001\Y helpt'ul. ori.t1o1 1n the prapo.ro.t.t.cm of tb.1& 

�t. Al. to Dr. • and 
intoroot QurJ.ng tbo earl¥ l"k 8Dd tor 

IIJD:)I'OW) aUm&l.ating <li alcm&. 

Xn tian tile e.utbor \"IJ.Sbee to e,xn�:oca, 

to the fol.l.ot11nga 
1ba Counall of �eea Agri.cW.tul'Ul. Oolloge tor tbe &\W� 

of a • tla1GD �IOJla.NfiiP held � the CWI" � 

tho 1mreatinat1on. 

1'he Cot.1DcU of the Deportment of entiftc ODd � 

Rel:Jeu'dl 'Eor t1.nanoW &.881stonce t� the oost ot 

:lnvostigatlon. 
Vari.auo rood)ens of the statte ot �� AericW. 

Oolloge, the � .Rcacaftll'l 
1Abox'at(47 and the Grasel&nlis Division of the � � 

satentifio and Induotrilll. l'.eoearah tw the use of certain 

� jUcUJ.tJ.e • 



ao Po8 Froak:1t.ngton � teohn1col. auu.f.Q 

tb lXlrt ot the oxpor1mnta1 

ss Coq>bol.l and 
Li� tor tbclr belp t o.U -..,� 

• Punl«-nr � the typing c4 the w:N"�u and 

al.oo GO Aatin anll E. Frano1s 1'or 

\'11th the t.Yping of ot the 'mo.ILOU. 

stmaoe 







Prior to 1929 it that v.1 tar!d.ft A 

tho CII'Limal boqy • In a oorie of l.1m.i.nal'y ezoeriltm:m: 

1929 a, b) • he ehoral thAt 081'10tel10 � from � fat 

ottoct1ve :1n I'O&toring ,srowtb and Ol.ri.ng .mropb 1n Vi A 

<laftcient r�t In a later of � ( oo 1 19JO), 

t "ca&"' 

at .:>28 . ' ot vi  

Subsequont rooeai/ICb l\1 ntmlei'.:::IW't otbt:w 

·, f"Or omm;.>le. by Ken & •J.'ftC-!MXl• 19!;11) 

oanvoraion to 

oore• \'JOZ'k1 :tins the ...... ..,...., CJ:m'VQ.ftl1, 

to . V'l tcudn A1 nnturoaJ.l3 d1 cttcntian tc th B1 to � ocavarsum 

a.rxl al. though liOOI'e d not J.nw-stlgato tbe p� �' 
bo o� toi.l, on the baai of h1o earlier i'ind.inge, :tt 

" ••• • • • •••• ocmvenic:m to the tomt.n 1 not e£l'eo1*' 
the COI.1I'ee of Q1 ti bat at 
to abSOl'ption into the blooc1 the 11 
is \IDlquo not onl¥ in 1 ta b1l.1 t,y to hold large &'�"". -�_,. 
ot Vi A, but al. 1n oonta.lning no rtb3 t 
of unchanged pi@llent, it ulU unneooesar.r to look 
bo:/ODd. this OI'SW'l for tm i to o£ con on of • • 
( oore, 1931). 



. , . 

� at.Diinlstci"'d by panmteral �te • quite ............ --. 

U ita aotlvlt\1 OCDditiona could be ted it 

� No 1a l'aopn�J.Q thco.r.7 ot OODVOI"81GJ\e 
is now 

01iginaJ. UGft 1nao.tTOot aDd bas unoqul� Cla'!lDIUI•trotoel 

tb'l \mU ot inteeUno to bo the loeuB f4 t.lon 

carotene to V1 A 1n nniool ( Glovert Gooeh'lln & • 1 

1947. 1 J & Deuel t 1947 J • G6111gt!Jf3 
KGn, 1941• 191.9) • DCV�bel.leaa t� tifteen W!l!ll� 

� ln the Ut tw:oe and O'ftll" tbia 

period � en the con� o1: PU'OR1�� O!U"'tellW3 

81wkldn1Latel"EM1 in o1q aaJ.utian or ooU.oidal t and. 1n gel'liOl'flt.l 
Il.l'OCluct:lld oontl1oting U tb intl"avent.!Ua route, 

ovemott ( t9JO) no 1n the li · vi-w• 

low1.B o£ �:-Joc:LCnt nbbi � w1 th oarotone in oU. 

fint � hepateot to cibWn a oantrol 

wb1 ua1Dg antl.mc:qr trichl.orJ.aa. 

f!h�"W'' cJa.ye tor the w.ml.a 

tbe l1 'Vel" �-

081:0Cl'l!li.N!K1 and to be &.>roc1cbl3 bigt\er 
aru:�. 1\Y tlo.lt\1 the tcdlnlque tbeoe f'1..nCiinga 
� in tbo rabbit collo.lilGl ce.roteno qy Jtiii'J�aw. 

& t� (19.)4) 11 tlon, ion ot 

On tbe otb.or 
uooblo to repeat the " t in the rat or ClO&• Wld negatiw 

reeulte also obtaine4 1\Y lJrunJnorkA. & r: 'alter { 193.5) in 

• 

rot. Strdlerly, in tJO.I'¥us1on e _>Cli.nJ:mt in tho oat, AbmB.d (19}1)• 
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�.-.- & � (19.)1 ), Rea & (1932) and Drul!l'll!O:Ild 

Uao.valter (19.SJ) Ul'lltlble to fir¥1 &fW ov1<lenOe ot � Uon 

Using both the DUJ:)OUt.WIOOU8 I.UXl 1n l'OU • 
]\VUbom (19�) and Euler & ( 19)0) 1n the nt, guinea pf.a 
tUkJ. cb1ck1 teci that carotene e1'foctiw 1n GaUWA�·U 

��tiQA of raoftlrll growth in Vitamin A . icl aniral 

In ogz� t.h this t1nd1ng & Sc:l'lml4t (19.3S1 19J7) 

notod 1n the t t 1n the � et 
Qeftelent anin»ls .t.njeGted · tb oe.rotene, 

VCII.7 audl le than 

adr:dnieteral Ol"flll..Y • 1 .........,......, 1 1 Steenboak & 

DEUrrl�Vl ( 1�) obtained fri.mUar re using �tlcm or 

�1th and cri aritena. In ararlD3d earttra1" 
to the ob 

( 194J) � CltAU'INto.neouall' f.a3 OU'O 

� o£ Yitamln t\ e.ctivity and. conol.uded taralJ3 Odmlld.Gtcl'Ol 
carotene to be ineftecti w a 01.11"00 ot v.\tf.wln 

PbonnJ' & Greenbel'g ( 194.1 ) ong. Popper ( 19J.4,) 1 WJS.ng the teCibnl 
0'1! tluD.resconoe miCl"'ffCCp3, � oowr &blc to detect the pre 

of vitamin A 1n )¥) 11 

..... fLU.&.Iwltn.UCIIl of.' cvo 

In vtow 01' tM.& ot contlJ.atina eviclenoe a tborot.l8b 
J'&loUeii!W'Wlticln ot the prob undert.e.ken by :&ton, li. 

uww .... (1946). Tboir result � .Left no Uubt a& to thB 

adminlstend P8l'cntlCS'AilY 
either 1n o1l3 or ooUoidal f, In a 80ii. ot � 
� rimente 1n re: , -'li"> U"Wr etozoaee and re 



... ,. 

p:ropa.l"B.tiGnOt irrespeott of the I"'U'te by which thoy were 1 

t'lOl'O not ootoboll · to vi taml.n .t but too.ied to &e:ICUI1Ul.ate l.lqeJ3 

unat�ou 1n the uvor. 

4 a reoult of the .tindS.ngo tho qoootioD o£ the vaJ.ue ot 
ptll'Cll� aclnd.nlaterod oo.ro e e.ppool'ed sctU A rt 

VJh.Ue lAter, 1 Chnmoy & ne� ( 191.6) ror.IOI'I� 

oueoo :te parenteJtol. con"Utll"'ion using 

<X\I"Otone colubi 1 s ro,ed in ter tb a 1 ve agent. In 

9:ftAJM Wli)ziCED"G GCXq�XI. the � p tlng 
acti'Vley r4 CJQlle e a.uDiUU.&te: vanm� and Oft\Uy to Gez:J.Ciim:nf 

onlnnlo both o.U3 aolllttm 81'11 as an a<Jl�t.8 C1:ll.Dp01'010n Pl'EII*l'Cel 

l.IIJ!ng tbo �1 agent :.: en 80 (�leneGOJ'bltlln 

monool.oo.to ) . tbe roaults ot those sttdiea they abOral 

� inJected a Q1 en in 'i'ween V01'9 Cl.aCh mt:D"' 

<:J!'foat1 \10 in pl"CZ331;.lng gn:IIYtb than oorotcne 1nJooteru. 1n oU, 

cwn GlinhtlY awe eftocti w tlvm carotene G\dm1n1 OJ"'d by the 

oroJ. rwte, and an the o at �se t'indlnga they 1 

� as a. Pl"QCUU"8'8" ot' vi-u• 

ito s te t d1 on. 

t.hougb the work or �omci.\l'eUl &t !\1• ( 1946) appmro at tbo 
time � to haw been O\lel"look:!ed1 the reoult � more  reoen� 

studloo hD: ampJs � thell"' t1nC11.ngs ana. m mtcd. 

r»anbor' of dift'orent apoo:Loo. 01"1 (1949), D1eri & Sebultv.o 

(19!11). llior.l & So.n&ml (19!;11) ll1eri & (1954.) world.ng 

t'Jitb • GN'.IInor Sorenaan (1952) th p!gllJ Cburctl, 

llacV1Cill", Jlled., Pope (19Sit.) th GheepJ Kan1 MdalUvm, 

& � (1955) th rats and I'ObbitsJ and Dior! (195.5 a) w.L 

chiciW and I'Obbita, haw &11 sh.cwm beyond roa� aoubt that iD 



theoe spocio parentOI'Oll.¥ cdmf.n1 :tered carotene, � it le 
prooented in a &Ulteblc ptwm.cal l.ltatc, flD1 be acm to 

I In all �nt . aquQOlW diapei'Oiona ot tGie in 
oo: ta ot the type 

L£4i!MO\)'� LUol.l_,.,.. pl'ep0l"8Uane Ea'-• · ttorson, r, * 

& J� (19") al.ao nporteci �can 1n the Olli', althoual'l 
oubsoquentl.f, Cburob at • ( 1951.) ana. RDn at AA• ( 19SS) 
to ccnft.lm thi 

on the UI\IDiW� of ta it �aw� lD 19SS 
tlflldiln'truce a BiHI'::r..t. ·lti ot erimenta 1n this datJBrt.�:t to stuaq 
t\a"tbCr 

c.U.opond. of in 11"lwl-- SuQb atual • it 

YJOU.W. not � in .I.IJiiiCU.U:'W in � OEll"ta1.n 1 • 

o.r1 • flan t.be Uor 

atiCD oc.mcoi'Dlng t natuz.e of the reactico \'mi.Com 

'.t'bo dota1l.s aE t �t 
fol.lGaJ.ne nine ctw;l)telre �ri Soctico I of th1 tl 

lD Qaaptel" I the NSUlta o£ o. number of e:perlmenta 

� the etreat o£ the � glarJ4 an the GOI'Mlll"�Wm 

� .ncWot �. wfl1la u Chapters n and m 
n ooriOG of tuU.e on the tc o1 CGt&veralon 1 � 

Chapter IV l8 amloez'mci ptiOI'l ot var1owl � u 

to to the &9. yJ.tg f!m:lW'nmion � caN to V1twr48 A, 

a mcbcr Btudlee or the eft'ect an corwend.on ot 

0 • the le1lel Cif QUe� 

- the nBW.to � OR other £actors poaalbly Uj. t'roc*l!Ul 

otmV'erldan1 the c4 111gb Vi 

and the o� ot et.mltaneows odmini&tmtlon o£ :aantho.PI\Yll1 



In ora 

sorJ. ot: otudloe en the of' aquea.aa 4i :Jei"Glon ot 

oovo.ro1 tcnoid pigmento otOOr then (3 010 

In Chapter VI are � ful'tber tu4l the fteot 

of tooopbow1 an ccaW!I'Dlon, in Chapter vn ue 41.oeu�)CJ. 

�to oo. tbo uti.limt.lcn ot 1 · 

� oqueoua dl ot tone .t.n tbe pie, 

ard a£ <XU"'tEmo en.\ v1 A in the goat, 

bl ha· DOt been Smost A fttlotlloihr 

of paronteft\ll3 carotene aud t.amlA A in UWI&.a.u.Mm 
deaorJ. in C tG.r YID, OIXl 

SUC!IJJUif!l � the a lo i tal in 



..... 



. , . 

a wbola ...,. 4eaol'iWJ a .,..... ot ·�.,......,....,. 

� ...... OD1.r ou1ar 
41aauUeci lAte�" 

ot the theeU. 

Atd•l• ot tbe f.atar .......,. ,.._ .toell ......... 1(1. 

a&�a.. aa aa iDbre4 alnoe 19'2 

�toiae4 
�� < Z.) 

11 t ot fi � �te GIIIIFOalU I 

t �. 8fOioWl barley 10..5, oata ,., ari etda 

Jllll.t lft.t -.t a, caoo_., 1 an4 lfeC1 o.J. Met .. 

-.plAimeuM4 oooetlOMU.r 'Id. ru 11 r ao4 a propl"ietaa7 
ama..._�• tlfet.al", bcnh Yitamf.na A aad D (fticma ... 

PI'OtJIIa1ta If • -�. 

• 

U'tel" otYi AWN ... 

re preparea in the fi · IINIIIIer• 

g1WD tbe 41et euP,plali8D�ted oaJ.y w1 
ft D ( &luo Labl--.1�:��· . del (N.Z. ) t.tdt) tor a 

pu1ur1Uon Uon. 
• 'weeJca 

tbla cU.et wtthout f1D¥ ad41U 

At Ml' '1e17 lftela ot 'ri.tamln A wue .. , iD 



Bat • 

1 
2 

J 

s 
6 

.... 

· 10-

u 

:table J. 

Lt 

Vi A Yltaala A 
.... 

(pa/100 Ill.) (�100 al.) I 

10 '-S· 0.7 0.7 
u a.o 0.4- 0.6 
1J ,.o M O.J 
12 7·0 o. 
10 ,., 0.6 0.8 
10 6.S 0.1 0.9 

u 7.1 0.6 0.7 

pei':LOG ot tel.7 J weeka) •• ,. until �-lbal--

UD-.II'Nolil� (a et,.. to 6 web). lbHe Mi•� .-
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Aqueowl cU.,.nl Id ( J • oant 

\w L. l.af.Pt A 0o. Ltd. 1 Po7le) _.. pnpare4 uaiDg a 
eolutica in· ate.r ol "'-·- lit�" (Atlaa Powder oo., 1 

) 1 e UalJI' u 4MGI'.IDM. l».Y cri ( 19,1) and Bled 

cli Pollard ( 195t.). Die piiiiUIIlr.t� wu weighed M ( uua1l7 10 1118) t 

cUaaolwd in a at.railaaa ot ohlol"OiWm ani 2 at �m 
The � _. bu to 70 + a botpla: Mll the ob1.ccotara 

l'GID0\'84 8 Ill. CU..UU ater :te4 to 70° 
quic'kll" an4 tluk awlrled to ualat lld.dng. 

� .. appUe4 the lAn traoea ot obl . ...alfllll• 

and the 41.,..1 ( -..u. appi'Old.matel¥ 1 1118/JaJ..) .. 

• Df.II,PUSiCM thiGh DO\� oJ.ear 

ft.1e ld.noe, aa baa lbcwn by B1eri & Po1lalo4 (1t.5&J.)1 

dllll*"*l exbibl Una nen onl.T a 

•' ''" ot taarbitU.- .. -..ob ti"CCa 

blood \)¥ the u.._.. u a cWtal' 

41....- lA Y1ew r the taot ha\ the �th ot u. ,_. 

which oaro oiroulatee in the plalml.o atter J.nJeott.as a.'f)]MIU'li!Jil 

to an �\ t'eotor iDI'l� tbl tuJIOUil\ ot v1t.da A 

t< ( Cbapter ) , OCIIl81derabl.e a\tenUoft wu pa14 to tbia 

tter at all lolll.llll� 

ll:L....... DOIMJ13 in3eoted intr&WMUl.f• 

t.bla JIUZ'PO .. a 1 111. � tJ. tted w1 th 26 G a t• l\Jpoc'lendo 

• 

lA the  U.er 



•12. 

Later,. h • iaJeoU .. 
OlEiliO•.rlbl neok incS.ai • Gl" into 

At •• 

1nJ . o\ ft& the Wl 'Nln, u duc:JrJ.bed b,y lillorf. A Polla.J:G 

( 19Slt.). Tbla ot atat.ion1 �WNew• 

�1-.a:u�r . 1ft aU �'· 
in 'lbloh • &ellleft� anaeatbe'U.o aa � 

0uneDe ADd. Y.l.talda A 1ft 1DcU. -..al bloacl 

8BIIIpl "" eaUmaW • \ial� u c1eaor1 'b1 TbGIDDICm 

wre ....,.a �or �e an4 Yltaad.D A aloobol tml3 1 a1aoe, 

.. bae bT ( 195J). anrl l.atv oont1rall4 

in �  .......... ill thia l.abarate� <-table a), 

ue 'fel7 aUsht• A briet outlJ.ne ot the p� la aa 

tollon. 



'Vi A..,..;--.. 
&- 'f8l'lowa lawaz"'IIBAa -�-

No. 
ate 

, . • 

1 l. 12. 
2 1 
a a 
8 

. ,, -

Table 2 

i1 7.1 • 

,., 7.7 
• 

48 6. 
• 

" 10 • 

,,.. 7+ 

CIU'IIAO PIDotulre ail....., obW.Jdns MU-

V 11r incdaian. De �.,_ 

0 

,.. .• 
.., 
920 

6-8 Ill.) _. tal!laa AD a 10 � tttte4 with a '16 

t G..,...,. a 10 
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dawn on - meaiMJ 0� a �·· �l"I'Od to a 100 Ill. 

up to 10 ml• with at.atU.1.e4 water. 

at1ma The eoluUon waa then oaretu.U8 ev&pGrated • a 

botpl..a at 70° aDd te.k• up la 2·.3 ml. ot petl'oleum et.b tor 

abl'ama�. 

Aft8l' blood ..a�mg the liwr n!lr�MNid hca 

the «miMl an4 edn.G!Ud. unmu- nitrogen in 81'� D.UIIDGCtr tor 
2-3 lll.n 1d 1 1� a4 ot 41at.U.leclnter, }0 111. ot ethanol 

• 

aso Ill. !PU'&�ins tunnel an4 alloncl to aettle for 10.15 aiD. 
The bo"• �I' .. I'UD on aod re-edraoMcl wl th a further 100 lll. 
ot poti'Ole&aa etii:Uir anll the � were oomblne41 oentr.l.fuaecl 

and to �. The ouotene pn t -.. tben eat te4 
and th extrao' � evaparatecl on a botplate at 70° 
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eaU!!P, boi l.ins 60-ao , 
Howsea Lta.. • Poole). 

aoeto ( •;.) in petrolth.B e 
ethanol. ( •lv) in petl'ole etiher• 

tbia wa .oat eeaai 111 oaai.o4 out � 2SO 
OD8��*" with aluatna 

the top aa a:vt!Dg1DDJI*l 1d. • 1 mJ.. ot ti'O wa ether, 

ta.n � tor &II.UIIIMI.a.M Ulit 

'lh8 � in potroleual otber wa.a � onto the OOi:� 
whldl edaGrbDc1 Yitaat.A A aleob.ol ani allc ae4 oazvtene and 

v1 A eater to pua �� an.y tat pre t alao ..,Mfl 
t.b.rouab with thia ta.ctlaa. lbe d»..'Gmatogna,.. then 

UCJWU<IMP'IIU' wJ.th 10.3) IU.. fd � acetone ( elwlmt 1) wbJ.ab 

• to a.W wme 811U7 expo_,. ot t top ot tbe oolum 
to air u UDder thHe olrotaakrloea the ia UlciUI' to be an 

undue deatruoU.on ot botb OU"Otene an4 Y1 A ( ot • '1'bCIIIIPI01l 

" M- 1949)· 



. "' -

1n a " 1 W 1 photoelectric t 

m l.cngtl\ ot 450 ut' ( A ) , wd.ng E1' = 2500 

(Uorton, 191.2). 

Vi A !.\lgobpl. 

aloohol. haotlcm 

taken up in �tom, And e t 

anti.ua\Y trlahlor:We -,00 

(model u 810) miah bad been � against pUre vitamin 

palmi to.te ( L.iGbt & eo. L , Pqyle ). 

.!V!!!S!JU!!!�• Vitemln A cotcr t: 

J.uetrioall3 
or pigamt ( g. caroteno) 

ono. hotplAte for S 

tran&1'erred to a 100 

timutod �� 

ra:tt.v tmtcrie.l 

� with two 20 ml. lots ot: t'rvahl3 dietUleti d1otb3l ea� .• 

J Vlf,UlneQ. \Vi th di f.Jtil.J.eu. ter and CH"llctl. 

over � um sulphate. The canbJ.nod �e 
�· tcd on hotplate at 70°. � no  oarotene wws • 

t Ae re cu.ae takm in chl.orot'orm W'll.l c ted for vi A 

in the nol'IDtll · • 

Ai"'ter elution with � J aootme to remove cnrotene, 

or.l.ginal ester recovered as vi taml.n A aloobol 1n tbo f:l, etb�ta.:l 

chlorofom, lWl the vi tomin A .t..reeent estireted in the no.rl!l\1. • 



uao S.n OWI'MU l.abol'atoriea 1 

C!IJill0304 lD thla 1abcll'ata:l7• 

mllbv ba4 not � 

Por thia reuon � 

I!J)eDt at ou.taet in aw.blilbllt& t • 

teri.ala and tbl:da, blld''ftftl!l 

·.V••-.!!...,.u... JluDil u.a. .. 

3\lR la the • o£ being t ·· the �t •�• 

J.')uri.ng the oaarae ot thia earl.r work a 

rnelpe:p of tacton 11blch WIU'e auapeoted ot � 
in � OGJmJNlcm ...,. iaveatigat.ecl In a p� 
.a�. .. tr•lildnar.v etucU.ea repre UcJ. wr.v � 

an atenaica 14 the earlier wark ot !! el. (195S) ancl 11111N 

et ft1 not GDl¥ la � a aultable baolqp:e\ID4 tor lAter 
\IQI'k but a1M in Wi•tlna llt.1lllbw td poulbl Mlal'e linea 
� lnwa tion. 

later :tecl iD IIIUib greater detail, the reaul.te Aot 

rer:te�lled. MDue.1tel,- but n been 1n 1111. tb aubtleq 

WOI'k an4 � ill the appi'Opl"iate chapters ot the thoat.a. 
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N ,.... NporU haW appeue4 oonoe:nWt8 the et.feet , 

the t!Wft14 oa tbe oCIIlWI"8ioa ot CJai'Otono to .ttamln A. 

· u.er wn bu beeD rniowe4 q, »rill ( 1'U) eo OGnOl.lMiec1l 
"AU the eftdlftoe to elate Wloatea that ia the ab ot 
ttwnld. sJ,an4 081"0teDe ia no\ teboU to Yltud.n A"• The 
n.W.ta ot la , ho••er, appear � cOIIU\&alng. 
lbua car..daU. A Valdeouaa ( 1,.,7) .reporte4 tbat tb_. 
\lltfAble to pl'ftiDt OCMl.ar I\JIIP in 1\J.potb:tolcl :rata � 
oral adPdni..,U ot 08I"'Ufte whUe Drill&: 'lNallt (1W) 

npol1le4 Mailar t1a4t.Dp ill �-,.., Rta ft)l.l.olrQa 

au1Mal� acJrn&Jd.avatioa of earotene in •· oU. 
R�t B.azoria &I Sld.th (19,.a)1 OD b other  banQ.1 DOted tbat 

aalng w1 ouoten. -.. � etteots.w ..s.taata A 
ill 0\.1lins _.. oaadi tlona Aft t�deotc:aiM'l ate. 

AG!l'e4lLO ot Yitardft A aa a od. -, ft» that, Art;,"" 

Cll"al ot oaze • anlnels rea&kmll<l )Wpoti\JTOiA 
atoswl leaa vitamin A tb&n nQeol.. %ft conW&n, .......... 
Wi ·, Mobl A Deuel (1�). P"''fth a arlterion, JlllGI.ci 

t tbo .-ant of ouotene wu l'eqUUe4 to el.ioit a ftxe4 

powth SA� ani•la u iA � _..,J.IIIIIoAj.,. 

In an .,.,._,. to Uate tbD 41wapnt tincU.Jts• it .. 

tbDU&bt daainble that a .-., '"'"• be made ot the· el'teot ot 
tbe .,..._4 CID the OOIMINI.on ot oarot ne MmlAl .... ll1 tbe 
parenteral. I'Oute. Parenteral Mminiatn.t; wa ciloMD ia 
preterenoe to the oal ro\lte f.n OI'Aer to o� UT poelibla 
etteota .._, 'fariati 1ft aNorpUon ot oarotcme or ita ��-· 



.. . 

!be-� ant u.- wen � aa 

� ....... ..... u... 
.. .... in 1, 2 J (we&abt 150-JGO a) 

� t iA ft-..&n A anA 

'bu6l. cU.et � Ml"lbed. rat. iD a.,. ,. (_,....,. 

IWII!l$ 1oo-118 a) � oaW 

Lta. •· ) • _. __.. ._.._..!14 b1raeal'tib.1,_.l4 
.. �.,., 
the kNla 
NtaeDDe to tbe u stw the .... � 

aeane Oil )Vpow W �- ( .. s. li A t 

19471 W1'9 6 Da.rt 1 I Wl.e• d !I• 1-.a). All ....,_. 
JM)t �. Snalvdlna OCIIlVNa, _.. M1b�M4 
.. Aa a ol the etteGU tbue U.••ata 

OQ&en 0Gft .. pti10D ot 
� .. .-a.:lll'.l.bll4 lW Jlllilr.�- ( 19te-7). 

.... ... .......,. ot. to ... 

alA pedoda. 
ia Clmii!IJI!! Ol:wlCIO.UI&W 1J 
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0XI31081!d � WDtnl �Sna J.nalaton. 

'1'bll .. ,_AA.te Gr � llmlterJ.-mm• CID t eft8ot 

ot th'lnJ4 utiY.I.t7 the ot lntra'ftiDOtlaq 
ed.Sn1 d.llpei'Wlon• ol oaro to "ri te.ad.n A 

antel ia Table .) (EJip•• 1 an4 2) ftaD which it ia 

pannt 1iba:. . • w.tAa Cl1ftl in �14 aoUW. •• 

..- iailioa 1:0' � �. �14 baa 

J.ncnaiiOCl tree a lawl ot 0.7 P6/liwr to •' and 9•0 

}J8/lJ. ,.., napeoU. )¥, wbUe blood lnel.e t..De:reaM4 tNa 10 PI! 

100 

dlf:teNnt l'we!ID »li"8J)ja.Nid.GD fd oaJ"' 1111UU t 11 

A l la o1" DOPIDAl.' �id, � and. ttv"roi.deei�IUICIICl 

CLIU,.....,. I.Dale&M4 ti'OIIl a ODDUol level ot 0.7 �wr to 12, 1.51 
19 anr.\ 1J .us/ltwr, reapeou.q, wh1lo b1oacl 1�,L .. :JJWI"C,...Ja 

,.._ � l.ewl ot 10 to �. 11, 2) 18 pt!/1C» Ill. 

tea OZ � and. �oa.ano.il were tar a 

le!Qgel" peri prJ.o.r w w -., 
t\lrther Tbua, 24. b aft.fra• 

A �la 
aozsl., �14, �1ci m11 tb.Jroi.d.etrtoad.atMl aniala 



Tnb1c ;. The ef:foot of ti\Yro.id activity an the eonvo1.'lUDn of �e to vitacin A 24 hatter 
intrnWfOJB administm.tion � ca.rotene aG nn aqtXKJ.lS cl:i.apemicm in t;:''OOCn to ats 
� ae&ient in vitamin 

�I Vitamin A I aleabol 
{pg) � ml.) (�) 

. I I i . , • • • 
1 2 200 NODe - - 10 o o.6 

6 1.50 I Slam Of.C� 10 P& 1700 ll$; 14 I (4 l" 2 -- - --

tb.,vra:d.no � I ' f 
13 do.1ly for 15 � � 
before i.njcction I 

• 
6 I 165 i �Uoctcrqy.. 15 doos laX> i J...£C l4 62 4.2 l .. B ,, 9.0 I. lt4 

before injeet1cm I 
I 

I l 
2 I 4 I 200 I smm opem.t:l.cn 21 &we 1300 I 4CO 1 25 Tmco 5.1 1.2 !12 ! 9 

� injeot1cm 
4- I 190 I Sham oporatton. 20 pg lBOO b.OO I 11 Tmoo 5.' : 7 .; 11; I lO 

tl\vradno su'bcuta.moos-13 da.ily far 21 da3a 
'before � 

5 I 230 I Sham oparatian lOO mg 1000 I 400 I 23 Tmce 7. 7 u I 19 I lO 
I I . 

5 I � � 21 dll.vD 980 I 400 I l8 � - 1!>.1 ! 7.'!1 I 13 I 13 



Table 4. The etfuct of � acL:lvlty m tho � of � to vitnmin A 
21., h a.f'tor intzmre�D.m o.dminiatmtion of.' mroteoo as an aqtlOCA.la 
die� in ZrJeen to mts � detio.i.ont in vitamin 

� LOBe Bl.oocl _, ""� Liver I 
i · :;!S!:j .. ...:ell a� Vitamin A I Ca:l'Otonc Vi•-.......a .. 1 0arotanoj 
jaq.-: ueod . 

' (8) ! 
Troata:m.t 

I 
I I 3 I 2 
I I 
I I .} 

5 

I 
I 5 I 
I i 
I s 

230 I Shal:l or.emtoo 28 &\vs 
1 prior to in.jootiom 

2.30 I :.;ban opc1'Uted 28 dt:\Y& 
prior to injootian 

a::o Shltl <>plt'ated. 30 pg 1-� subcut.tme-
runly dn.iJ3' fer 2£ 

I Gays pri.or to � 
JOO � opomtea. 250 � 

I tbicmacU <&i.l..v in 

I feed tbr 26 0a3s pE'ior 
I I 

to lnjectim 
300 1 �100 

1 • tbicmacU daily m 

1 - fbr 
28 

d<ws 
prior 

to� 

{ni/�) ( ps) 

1460 -

1460 4JXJ 

2180 4CC 

830 ltOO 

96o l,OO 

alcobol lj � 
Alco.OOl! Bster T.�taJ.I 

(Jli/100 ml.) (,._ (pg) (pg) (Jig) i (pg) i 
I I 

I o.6 TrBce ! u I 0 c.s l.l I 
I 

19 1'.r.'ace l. ... 4 6.6 u ! 15 I 
I I I 

17 I� 5.0 s.G 11 11 I I 
! I 

I 
I I ' 

I I 'l'l'ece I 
21 5.2 7.6 lJ I 17 I I ! I 

I 

I I I I 

18 
I 

}.3 6.4 l.O 1.4. Tznco I I 

: l I 

t 
� 

t 
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n ��t� �wi I . !i �:!?� �� $ 'of I 

���J�_!_J ��. � it! 
� 

-� Ji 3 � � :1 � j ·---y--· -·. 



lrtcna.le4 tn11 1.1 Jl8l'l1 ftl" 1ft oontrola to 11, 111 1 J and. 

10 PB/Uftr1 reepeoU...q, whS.le plaiU ft A 1ewla 

11 ,us/100 Ill. in OCIIlVo.la to 19 • 17, 21 an4 

18 JJ�l/100 

that Yltaain A ap after lnJeo\1011 -.e 

pb.ratologioe.U.Y e.aUw an4 that lta aoti't'lty i:bl 

pi'NGilt �tal oonditlona wu ln no 'b7 
tl\'vi'Oi4 aoU:vi t.r oon1'lrme4 't\1 the reaal.t• preaented ln 

Aftel' lnJeotian ot earotene oaal er 

eqwUJ.y eft'eoUYell' in all l'our 

e.xDU'IJaaeakl pwpa, Wblle Wight in · • in all groupa, 

with the uoepU ot tbat tnated with thlouaoU, wen 

appi'QidateJ.y tbe • 

lhe -u ala t the pnaent expel"1JDoo'lta " to aatenllae 

Wh.::�-- the aottYiv ot the �  &llm4 ba4 _, intlueDoe 

ot intra� e4mlniatel'ed 

.Wi&llllu.� A. Oonflictlna 

reporta are aUU ap 1n the l1 terat\U'e oonOIII"Difta the 

eft'e.t or the �14 on tbe ooment 

A tol.low1ng oral Mmlnl uon • ._ worialai .. wlmng OGI'lWI'IIloD 
to be 1apU biY 1\YPGtl\YJ:'Ottt anc1 emanae4. b.r �ti .. 

. & CGadlr1n ( 194.9) haw -ueated., howwr, that tbeee 

tbe � OD inteati.Dal. ahorpU.an than with ita et:reot oo 

the o'E OGDwnion. Parenteral adminlatnUon ot 
081'0 1 � t the ouotene ia pre n iD a ata 

eultable .fbr utJ.UsaUan 1:o' the an!al, otten a oonftft�Mlt 
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... u ot _, 4il'ecn eft wblah the � � baW 

..,lbaPua Id. 

the rea&lta preeea .. ,. it 1s olearq m • * 

thJ'NI4 aoU'flV bu clUeot etteot OD the ........... ot 
intaWIDDWill' ecJadnJ.• $o Yitaalft A. 'J'bla 

ocmalua1 la 1IUe4 Oil lnareuea 1n the vl'-la A � ol 

the ll wr aDO. 'b .nez. ift..1eaU ot a eingle clo• of 

into ROJ.'Ml, �1d, h.J'poti\}Toi4 and ti\YI'Oi4ecROIU.r.ec:l 

a.u, an4 • ....S.eai ot apealtio ..,.., ... fd ¥1 taaiD A 

detlolellqf aft8r 1A.1eCJU t oantee into ani•J• admUarq 
Weated. !be re.W.ta oant:lrm, tMnton, the OUT1tl4 

ca&t 1d. tb oraJJ¥ adlllnla b3 et fl. 

(194.2) and ., ... d tds• (1948). Tbe.Y �·. bo..,.., w1 
t ot Otuaec'eU A Veldaouaa ( 191.7) 1 J� A ( 1 ft?) 

anil Kell.e,y an4 .0., ( 19Ae8) t � proba.bl.,y to � ... lMGI.dN 

witb 1D at1Dal Uon. rs � alJio with 

.W.b ot DrJ.U 4 'l'l't.wlt (1947) cMained with� 
adllllild.atelled ��ll�Eal� 1Nt an e�JaneUOD tor thla 1a 41tt1 t 

to �. 

� the Mat ta it 1s o£ intenat to 

tba aip1ftoenU, higbu' 11 Vi tut.n A •toraae ln the 

.AJVI:IJ)S ttv'I'Oi4 w1 th thf.O\&I'MU ( tablu ' lt.) t 

aft. �- 1lb1ah hu alao reporte4 in ..__ 

(191.9) an4 wh1Gh 1N1Ul4 appear to be atVJ.IIt&table to 1ihi4:Nn-.l 

(Tabl! S) woul4 alao appear to ocmtin the obae:r'taU.a ot 

Wl !'\.16• (1948), 1lbo · ft emphaa1 that aaae 



•:¥'1 • 

etftot a. � GD cuotcme �-

.QMII�IL4 ....,. Jmol we1&b11 lnc:llea.Ma, all JUat 

lMI tfJIJJ tbe � iDbJ: 1tllag .oU.on ot the UZ'I.IIil• Kt .... ..,,.,... 

1. !he etreot � actiW.V • tbe OCilWNicm ot 

pue� edlllild . .-.l'ed cwotene to 'f1 A baa 

rata. Ant•) a were .-tlel'tel � by .m_..,ar���e ... 

� 1·� .1\Jpo� by oa1 "mtni.,_ 
ot tbl.ot.11'MU &DA b.J ttqnt....._. Aa a or the en�D-
1 .. or theee tzoeatalm 

t 

�. � and 'bJ'I'Oldeci'-Ut!14 ut•l• 
'WJ'U.4im ._.. �- � ol Yltu.IA A, loo4 ft A l.ewla 

..........,. � lD all foult srou,p.. UJc:ew1 t U'ftlr 

Yi A ama UDf.toraal7 w.l th the tion � 

tb1 ' • 1lbic1b ... P'l�iau.I'J .... �....-

'• After &DJeoU ot ouot.ae in �'WeeD 1Dto ahdlar¥ ._ 
poupa llhlob wwe � Cleftoient ill vlta.I.D A aa4 aur.r...a. 

� hlefa, ...,. . 41aappeued at a �le a-

in all • Wlabt inareuoa to11.otriDg .CJU • wt 
tbe exo8J1tl ot ta. �·-- poup 1lbloh .. lollw, 

•IQJ'Uil.-....-teq � 

the oaWIJ'IIi ot 11ltrawno .. aq adlllDlakleei -....n.• 
to Yl A, aD1l that aJV appuoe&1\ eft"eot 01 

a""dnl..,_U. la .., U.Jc.e.i¥ \o De aaeoot.o wt.� the � 

ot ........ 01" 1 ta 'ftblcle, ...... tbaA 1d tb tM .-c!DaDU. 

OOD.nd.1 .. 
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It 1 nan 11 establ.i 

intza on aqueous Giopere.ion 1n • con be 

� to Vi tsmtn '' 1n the t, rabbit, pig, and 
obicl: (c. 1955). The te at Mch �on 
ooours• hCMOWr, bas not 19t been It 

� ttam et • (194.7) that porentei"'ll3 
uuw�eterecl onrotenc mt.gbt be utillaod a.ftcr being oooro 

by 'Wa3 ot the bile into the inte tine, the normal 1 te ot 

ocnvoraicn &fter orol a<J.mini ro.U 01"1 & i'Ollard ( 19.51.), 

�, ooWA tlDcl no ftllf'!lrelu1n ln COZIVOI'81on 1n ts in vm.tch 

the bile duct hod been c teJ.y ligated, or 1n tG bvm 

that mu can e1'footi )¥ convert inJected. ODl'Oteno at a alte 

other ttum the· lnt ttno. In fUrther SXL..eriments the 
SQill9 autho:ro tbo.t in ncpu-ootcm1zcd Z'Q.t t QI1U in 
flun ab up to 7!i-; of 11 ftl1'" ti been ruoovecl, tbe 

lU!lOUnta of Vi tamiD A t'o:r:rwd after intravencma in3eotion t4 

carotene d1 persion essontiall3 similar to the omounto 

i'rom these expar.l.mento thnt the utili t1on of CQl"''tene 

independent ot• the liver, the po3s1bil1ty l"E1Dllined thnt 

outn.cient t\anoti.GrlBl t laeuo present to efi'eot oo.nvere1 
For this l"f.X\8M it felt deoimblc to repent too e.xpcrimcnte 

in the OQIIfllete of the l1 vcr. A oor.los of .)()l"ll:Jent 

l7n8 thercforo �on uaS.n.c bepateotomizec:l and hepe.teo---
ovisoere.ted rat , cwi bapatectcm1zed rabbit 1'he rcault � 
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mth tho f� ruklit.tonaa 

1be rots 1n the experiments mainW�.A.AlMJV. 

the baeal dJBt vJ.oual3 ana, unle ottw .. ,T .... -

cd.ent 1n vi tau4n A. 

oitbor cannula� 

tho 111101". 

oxtendod to the left tezonll3 near o.s po ble to the rib 

ion o£ tbe 

near ao poosiblD to the llwr, 

00: ecbecided 1n 1 t. 

by the Jl.lg\ll.or win am were slaugbt 
lAter, th.lo bo1fte about the WtY�au 

coulQ bo � t al1 • 

In�to1n 

obtained ln tbe 

• A�t mode 1nltinl.l3 to oannu.late the portal vein 
and 4J.WJ"t i te t'lolr into tbo veno. CB prior to rtmJCMI.JVl 
the U wr, 1Nt the tcdmioal difficulty aaeooiatecl wt th 
thio q>eration re so great as to l"eDWr the tedml<pe 
iapuctioable. 
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1\t'ter � the Uve.r, the �. oonpriaing the ta:ach, 

GUnll 1ntestino, largo 1nte tlnc, kidneyo, pancl"'O;&, adJ�ll.o 

and gonads tal¥ remo The cavl ty then 

lJ.ghtJv swabbed w1 th 1 1n )0 ,fXXJ edrenaUne aolutian pr101" to 

ln,;Jeotion of' oarot in into the � vein. 

bopateotomi anin'nle �re rG-ollnl���liSCd 

.;;,;;;;;;;;;;;;;;;ii•t-o.,. The rabbit trcm an inbrecl Slllll::�tltl-cm'4:oc1 

albino stmin � tbe Ruakum An1.uJ1l Reaoarm Station 

c11et 

simflor to that of the rata o..OO. rooei'V'ed in addition c. gane1r01.11A 

� of i'reab g&"OBS dail.v• Their vitamin A blocU lowJ.o 

and liver would, therefore, be upecteu to Ue thSD 

the noz'mDl I'Uge• 

I'ElDOW1l , 1n the anin, nimi Jar to that cletJari.bed above 1n 

the t. After inJocrtion under tho t'ol'Cle ot 

' o� ea'tuz'l.\ gllloosc solution, the c.nncothetlzed CKU..fiU.I�D 

oore opet'lCC1 by tra1 m1Q.line and lott teal 1nc1 1 

The aorta Ugated �l¥ abovo the JUDOtion of the ooellao 

arter.v, the vena pol"ttl cl.oee.\3 e.s posaiblo to the l1 

the wma ateJ3 be.l.ot1 the U i"e Next, the 11 

tied art bc1aw tbo �. and the whole orgM ranavo�:L. 

�. 10 

into tho Jufp&lAr vein and the eniimllo all wki to reoowr 

ono.eatbs:lt1cJ 'Y were o.gaJ.n ana.esthctlzed 1-2 h later 
bled by CSZ\U.ac puncture. Fran o.nimle ot eutn.ciont 

oo additionnl. 10 blood aeuqJl.e 'o6S also tal:en i"rom the 
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After I'G!DV4l. o£ t 11,_. 
� tbo method. doacr1 above, the bJ.ood c1roule.tian of tbo 

l.l4a..l!UA me v.lrtualJ3 rootriotod, apnrt fl'an a sanll amrult 

ot oo.llatelul c1rcul.D.tion � the bcxl3 1 to the 

anton.or � o£ tho boO.v• In tbo ret th1 s1tuatian 

it cl1ff1ollt to obtain wfticiont blood frcm incU. vidual UUAI.IPOIOD 

r tbio I'CtlOOn blood 
or three l"at • so LW to clcl not le tban 

In on1Br to gain ecmo 1.t1.en of the eatont 

ot coll.atoral o1rctll.D.t1on to tho postorlor of the 

a.fter 11 wr I"CmmWJ., blood oa.aples WOJ"e al8o token tram the 

vena 09."\ln o£ the hepa� rats at slru�tor wXl " 

� ifl tm!!:tos!9£dFfK\ mte- The l"'Joults presen 

in Tublo 6 (J·llp • 1 2) cl :l.y tlute that ron:IOW� 
U ttlc effect on the fOZ"'!llltion of vi tllmin A 

.t"'!.ul lnJeoted Ctli'Otenet the amounto of vitamin A &J.>rearing 
after in3cction ba1ng oimUar to thooe 1n intact mts. 

Qli'Otene in Twoen into bopa� rn • pl.&.mn vi A 

aloohol 1ncroased 1'ram control �ae o£ 10 Jlfi100 to 

57 onr1 .50 Jl8/100 1 rospeoti vel.y. S!nd lnrly in J!.lCP• 21 

1n wtd.dl a dift'oront osrot.eue Ui arsi<ll'l \-a& t.J.Seill, w1 thin 
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10 mln a£ injeotion ot ;20 � ot carotene p vitamin A 

aleohcl rose fl'om a ot 10 pg/100 to a value of 49 
pe/100 thin i h afk1 i h ot injootiCil, roopeotiwl¥, 

val\.\e& of 29 ,W100 and 45 JJ8/100 reoordAad. 

1n an inarease in plasma vi tamtn A ol.cobol from a oontro.1 

lovol 0'£ 1; �100 ml. to 1.2 pg/100 ml. 

I is interoetlng to note that carotene 

rato t 

�ter in ocaoonVa.Uona l"8n,g1ng fl'Cm 15-25, or that in 

tb9 anterior blood obtained by heart I�Ul"' (�. 2). 

Al.thougb th1 tincl1n6 o:mt'.1J:mD the preoence of ooll.D.teral 

circtalation through too bocJ.v -.u to the r � ot 
anil.lrll, the extent o£ the cd.rculat1on and lt boarill8 on the 

L oont otur!ies woW.d appear to be l1mi 

results prseentod ln 'l'obl 6 (l.xp. ;) it is clearl3 OYWent 

tbnt hepateotomi aoerate4 rnta arc capo.bl.e o� oon�-......... ,. 

intro.WllOWll¥ 1nJooted corot to vitam:Ln Thus thiD 

i b of injooUon ot }20 JJ.8 of carotooe 1n 

A al.oobol levols 1n treated o.nS.nW.s woro own 1n the !.lZ"el!� 
�t to � fi'an a control value of 1 pg/100 

to l.o pe/100 • i.e. to atm:llor to that reoorClod � 

hopa� and intact Animrs] s. 

found to be e  tin.lly too same as in re.to oltJIGueb 
�s in z�1:1101a v1tom1n A aloobol levels foUowing inJeot 
ot �tcno ln n into hepatcotcmized ard.nW.s l'C not nearq 
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Table Z· 1\� oe oarotono and vitani.n A alcohol in thB 'blood of l».tn� mbbita 
after intmWIUkl injection cf �n � or carotene. 

ftm 
between 
� 

I l 
! 

B J:ooa Pla sma 
Vitam111 A aiCQ&;i l 

l <� m1. > I <.JJ&'ioo m1. > I 
! I (!rg) I 2 2.0 I ncme 1(-:-) I-. I�) �-� I 7} i ! 

2 

2 

J 

1 

2 

2 

2 

I 2. 2 I D.t.still.edl l-0 I l'fana I • 

I 1. 6 I 'l'tleoD I 1.0 

:2.0 I � I 1.0 

I >.o 11\1eerl I 1.o 

I ;.2 I 'lrJeen I 1.0 

'2.0 I � I 1.0 

I 2. 2 li'oocn i 1.0 

I ib1e 1-
I Ncme I • 
I I 
I CnJ:otene 1920 

ea.rotem l 920 

I earotem 920 

! CQroteno 931 

ot 3  

I 

I 
I 
I 
I 

1 I (tO 
I ! I - i laD I 2 24 -.16 I I - I � 

1 I 31 I -20 I I 68 I - I i I 2 I 41 I -27 l 
- 52 i I I 
i 57 I + 5.(1 
l 61. I + 9  
- I q.6 I i 58 +12" 
2 I 56 I +10 
- 6j 
l 72 + 9 
- !i) 

+10 

� 

(�gj 1 00 ml. ) 

0 

I 0 
� 0 

0 • 

0 
0 
0 
0 

1:5. 
11 

0 
11.20 
)2jk) 

0 
2280 

0 
151a0 
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oo grant, an db tian o� that maClD prevlous� -

et !le ( 1955) Tmid.ng with :Lnt.nct anSmAla. 

Toblo 7 it wUl 'bo ooon that the :lncrea.ses � thin 

·� h, 1 h and  2 h ot 1n.1octian of 920 pg ot carotene 

nol'r�Bl. on the other hand, ho\-.evor, vaJ.ueo reooldod 

in undo animJ.o or e.niml.s do t"Jith distUlod ter or 

'l\1oon in the abGenoe of ca.rotcno, ltlaood a � deoline 

to val.uoa or 13 to 21 �100 
level within 1-2 b of.' 11 

these two ogpo would appear, tb ore, to l 

little doubt that 1n tho rabbit, 1n too rot , O<:qllete 

bepo.� bile Uttlo eft'ect on the � � re1cm ot 

1n admi.n:1 tered 41 GDS of CDI'Ot 

into 91 tamln 

fbo .mo1n pul'pO of the pn t �ta to 
ther an1mlo narnnJ..l3 oapoblc ot canwrting intrave�nouQJ3 

adm1ni aqueow;s dlspel"S1ona ot carotene to vl tomS.n A oauJ4 

ao eo in the ete abaenoe 0� the liver. In rats, the 

rooult obtained prov.iAe otr1Jd..nel3 clear evid.enoe, �N 

in� 1n plaoma vitamin A aloohGl level after inJOGUon, 

t.hllt in the hepatcctomizexl an.iloo.l oe.roteno 1n ·�""""' 

to vitamin A at en apparmt13 no%'lDQ.l rate. Simt 1Arl3, 1n 

nepntoct animBls, rozmuon ot vitamin A 
8PI)O&Jl'0fil to proceecl at nn lii'M.'iimin!shed. rate ottor inJecUcn ot 
dicporoioos of CD.I"'tene. 



- 37 -

1n J'6l)1)1 to the inoreases in V1 temiD A o.1oobo1 4fl1Vu..a 

noted a.tter iDJocUon ot oaro into hepa.tcotcd 
bl3 to the l  

dooo � cvotcne odrt.dnisteJ!'Od, en o. weight s, or to a 

spccico � 1n the etn.oJ.enq or rate o£ CO!llWI'81Gn 

{ Kon et %• 1955) • Since, ho , ln undoeod o.nS.mo.l.e an4 

in on!mla do wlth distilled tetcr or alcno ,  p.MA.uua 

to no doubt t the t1cm or vl'llAmllD 

A foll.ow:i.ne in,3ooticm of oarotene d1 ono into bepatew-llllloi;;gy. 

mbbite occure irxlor.�erxlentl¥ or the liver. 

I� the � tl'Ondll in vttamt.n A plasoo lJnelD 

� l'Dbb1 not clooecl th CBl'Otene. 

eft'orto 

oxlo in rat IJ.'bis made d.itftcul.t, howevw, by the 

fnct that the po&ot,UJI.J,a.\ vi.tamln l\ aloohol lcwls ot our nonool 

or doftoiant rat �re not lncx'oo.Ge4 Dign1ficantJ3 b3 -�-� 

01'01 ao of Vitamt.n A CCli'.UXIIntrntc, oo t �s to cmec* 

the poooibW ty of erq dooline in the vitamin A in the bloo4 

'rho reoscm fbr the c:�� ... � drq> in vitw:dn A 1n tho blood 

or hepnteot rabbi not do w1 th carotene is o.t pro 

a. .matter tor oonjeotul'e. The QoCll'ellDe 1J'D3 po b� .{ll"''1iite 

It c:cul.4 

£llso po b� bo ascociated with l.U1d duo to the Ghookocl oandltiGD 

of' the an1nnl. f'o1.l.ow1n8 ry, a.ltboQeb t is prob U.ml 
oinoe gt •• • (195S) tounc1 � fluctuations in the bloocl 
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of rabbi after 'VeD8pUnCture and a f'rank Clac!lrelde 

attar wnepunoture ot l'Obblt in.'Jeotod with In 81\Y 

toxic or injurious ef.feota o£ 'l'\7een no eignt.ftcxmt 
�nmce in :v1our ooul4 be obaervecl between tho 

.lt is at.gnlft t to note thnt , e.a a result et � COIIU.�m 

undDr \'iddl re oazriod out, the tormatl.ao ot 

v1 tamt.n A otter in_ieoUon � tone 1n 1 haO boon ... _. .... 

be t ot not � 11� � also of ot.hB.r 

ornans and t1 Par 1o, ao pl'OYiGUSlJ' report.od -
Bieri & Pol.l.azd ( 1951.), the appmronco of Vitamin A 

ellO!ir.a 1n the n ot )(}li.ments to be � _, 
Ugntic:a t4 the 1:d.lo duGt by removnl. of the smnll ln�'"""'IU" 

and 1::1 • Similarq, the lovcl of Vitamt.n A clrculAtJ.Dg 

after iDJootlon not d1mini � oxUJ:p&tlon ot the e,1)Cimaa., 

blrgc intest.tne, ' 1d.dn.e.Y , adrcnalo and gonaas, � _. 
:Uon ot ttJo major blood waeels the 

la1cr part of • 

reaul to uou.lcl appear to lend Bl4l!POZ"t 

to the omcl Cll'l Bieri Poll.ar<l ( .. �54.), th which -. 
a !4 ( 19SS) oono1r, " t pemapo amrs t1 po 

"• The runher bill\Y 

mu.st, hot.ever, be oonGi thnt other tie · in the 

antorlcr part ot the bod.Y m;r be :r.leedtimll3 i.nvol 1n 
001l'Wl'S1cn. planned to teat 
th1D h111ty, the reoult of m1ah tcr1 in tho 

� chapter. 
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1. 1'bo utW Uaa ot 1ntrawn� J.n;Jeoted �!in w�.rolcal8 
of carotene has been studi 1n hepe.tectoml anti ��E;;>a.tc�oms..zec.., 

oW. zed rabbit 

rats, vitandn A al.oobol � mar.�CDa.l.v traa the con 

l.e'vel ot 10 to high S1 )lf/100 at cua intervnlD up 

to 'fi h after inJection. 

J. ln 8Ciel'\atecl rats inJeOUon � 320 pg rl 

CU"'tene OWIWQ the J.cwJ. of vitamin A alcohol J.n tho p to 
a oootn>l ot 10 to 40 J.W100 • thin �  

4. IftJeoU• of 9al pg of carotene into hepateot zed rabhtte 

� an inare&rJe 1n vitemln A eJ.oobol 1n the blood ot up to 

10 JJe/100 mJ.. p wJ.thJ.n 2 h. ln the of iD.'J�M 

cmvtene• howevort aloobol lovel.a in o. BPCIOUI.CU.W" 
fashi after bep&.teot 1 modnn drop of 27 pg/100 

being I'800rda:i otter 2 h. 

s. Pram the 

1ntm:venDWJ.JI3 cdminltrtered aqueous d1 l'01c:llla o£ carotme to 

vitamin A i l3 aft'ecrted by OCDpletC � Ge 

liver in rabbits, or by U�;��Q!(J41';;7te removal ot the llwr Mill 

v1 in 
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PqR1'Hl:iR STUO:.p:;ij ON ?.'Ill;; SlT§ Of 

O�QN OF WiUiVUtOJW.J �J.I.!IN�'T±J¥1? A�, UhOUS 

DI@IS S vli' c�4��, TO VIT/Mp! A IN TI!it. RA� 

J.)eoap1 taU9P 
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In Chapter li it 
to;mntion ot' vitamin , ooroteno, admini stered  intro.vmoual.r 
no an aqueous QieperBicm in � . uno.ft'ected by ooopl 
rczooval of the llwr, Gtomadi , intestine , large inte ttnc, 

�oreao, ld.dneys• w.trer.als ru¥l gonad.B. "'hUe theso Z"Ceul.t 
t"'Cl'e regarded as iLJort tor the canoluoion of Dierl .�. Pol..l.al"d 

( 19.54) • th doh Kon et al. ( 1955) concUl"''ed, "that perhaps 

ID'll'\V tiooueo pos the abiUty to convort oarote.oo" ,  tbe 

po&Gibillty still l'eiJil.inod thnt IJOI'ilaps other tis&tes in the 
o.ntorior part of the 'boc1¥ were spoc:lt'icaJ.l3 involved in con-:J.Wo•,.... 

Frail the OVielcnoe preeented ln Chapter I there peared to be 

good groundo tor roJeot the th,.vroid as the ai to ot ocnvers1 

The possibW.ty till remaineci1 however, as ugsostod by Kml 

et M- ( 19.55) , that tho lungs were a Jeoit1oolJ..y involved in tbe 

� of inJootccl carotene. It thought �rtant , 

therefore, that tbi poseibWty ehoulAi be 1\.rrther 1nw �:u.lle� 

i'ho present ctnpter deocri.bee the rceul o tbia � ��le�" 
7i th the result of a further study oonoeming the effect o� 

decapitation on the oonwraion of intrownousl3 a.dm1niatei'Qd. 

oarotone into vi tam1n .H . 

those used eurller with tbe followine o.dditi : 

The ra u were �ol.J,.v aeftoient in vitamin A 
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(AbbottLaboratories L 

1 t not 1>0 blo to ndmlni ter further ether once 

� htl.d OOI!IOOnoed. PirstlJr. the � 

and a CBJlllUl.o. of 1'\Ylex tubing ( 1 nm 1ntemal. diazooter) 

inoeJ"tod ana connected to a manua.JJ..y-op.., ted "reapirator" • 
oont� � oqgen. Next, the n was opened 
by ventral mi line � left and ri8ht lateral 1nclsions 

ao noor aa po sible to the rib , unc1 the pleurnl cavity 

opened by two 1.Arallol inci ions on either side of t te 

i t the sa.mo � ,  vd. th the o.:ld o1' an asoi tant, o.rtif'icial 

re iratlon appli by means of the re irator. 

re then quickl3 tied oft 

and cmt)]..ete-13 remo FinalJ3, u.�t. m.l. of a ool11tion 

of carotene in 'l'wtaen plu.s 0.1 ml. oi' a 1 in :1J ,000 solution 

re injected ciirectl.y into the vena ea and 

taken by oo.nl1ac panotllrC approximntely 

5 m1n later ( �e j • 7 min) , just as the aotion oi' the 
heart oturteu to �;re.:ure11e 

though there no oonvinoing 

evidence to :t that any of the o and tie 1.1es of t 

b cifioollg inwl · in the brenlaio\'m of 

in;Jootou oorote 1 t tn01.18ht Vi sable 1 tor too oakc of 

COin},JJ.eteneoo, to aneck this point. A collar of fUr 
first out around the neck of tho ana.eothetlzod 

• Illuotrated in , ... tc 1 .  
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toUo;"Jed by the tt Jugular wi next the right carot14 

o.rtory tied and out foll�-rod by the right Jugular ve1 

The � ale head � thon oowred ool.ow the � aOO the 
a� UberoJ.l3 \T.lth 1 in 30,000 oolution of.' 

�. Two 8rMU {\l"terico l.,v1ng dorsalJ3 on either 
side o£ tho pinal 1.m11 were qulckl3 oloroped and the 

c.niroo.l me opened ML1 on injeot.ton gi wn into the vena ea 

Hlood oompleo were obtoinal by OOI"ti.iac puncture 5 m1n lA tcr. 

In both aerlea � axpcrimcnto liwra 

wexoc taken .for aas.w • 

.a ult! 

�be et":feo\ o rcgqv1M t!;e ,J,uryw. 

From the l't>oulta {.&"eaented in Table 8 ( lq'J• 1)  it is 

clear that there U ttle >pfU"fmt ditterence between the 

amount of vitamin l. fQJ'!:leCl in intact anirro.lo after in,.1eot1an 

o£ carotene and the amount t'onned in �a from \'.hioh all 

fUnctional lung tisoue WWJ removed, pl.D.oon vitamin A o.lodlol 

lovel.o of both grou;ps 1ncrca.eing from the oontrol J.evol or 

17 �100 ml. to }9 4J Jlt/100 , reapeoti'Vely, dthin 

5 m1 Liver levelo of v1tam:Ln A of both treated grcupo, 

ho.70'\'el"1 a!'lm no increaee over the control group due 110 

doubt to the short time intervul in\101 

The reoulto in Table U (j�· 2) provide clear evidence 

that no ,lnrt o£ the twad or neak io in ar� V1fl3 epec11.'1� 
inwl� 1n the oonverGion of inJo� curotene to vitamin A1 

blood level& of vi tam:1n '"' alcohol within 5 m1n of injection 



'lhblo o� Appeazunca o£ oo.rotone and v.i.tamin A in tm blood an1 li� of � 
( Exp. l) and decnpi.tated (� 2) rats S min o.ftor injoction of carotom in 
� (!fean weight � g). 

No. 
= I i'ftntmnt ; r��t!:�ri���= A I carotene - ::m A Vi ta:::a.n A I - Co.rotano 

nlool'd. I 
I G I:il.. ) (�) (f18) (,ug) 

I I - I I I 
l I ' Ilcme I-Gnc Ible - 17 0 0.8 o.z. Tmoe I I O.l,. I . 

' .ra. 1'rJeOil � 400 I 39 4500 0.7 0.5 I face 

9 I lJmp � I o.4 I a.tmo I 1J;,;O I ;""' I 5(XlO I l.l I 0. 7 -

� -
I l I I ' 

2 I 2 I lkme JG:Jo - ftcmo - I 19 I 0 o.n c..6 

1 I !Jj G8oo I llano � 0.4 Cbwtme 4fXj l.O 0.7 I Tmoe 
- I I I I 

0.6 s I He&l 'i\'Don 0.4 Qi&b'm J.IX; I zp:; 7(qJ 0.9 I 'Zmoo 

I • 

� 
• 
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�ling o.n 1nc:rcaoe t'raD 19 ,W100 ml. plAoma in oontro 

to u an lewl of 40 pe/100 ml. 1n opcre.ted ani.r.nls i.e. 

to tl level oom_IGI'able vlitb the treatou gro o in the 

r.4'0Viouo ��t. 

1n chapters 1 am. n 

� to vi tamln l. The a1m of too present expE.ll'i.mente 

vne to d.etemino ii1Elt eft'eot, if any 1 J:"CD)Val of tho lune ar 

the head and neck had on thio tunotion. 1Tcm tho rooul.t 

it is evident that 1n neither oaoo could ons eft'cot be 

dc.wonstra It uld appear probable 1 therefore, both 

trom thi evidence Md trail that submitted prev10tlnl3 by 

Biori & Pol.lARt ( 19� ond KDn et M• ( 1 955) , tmt tOO abil1\Y 

to conwrt inJected carotene 1o an ttribute not of �  one 

organ or t.isSliJ, but of m!.U'\Y• 

At the ,treaezlt tim it 1 �ortl.ll'la.tel3 not po ble to 

say with e.ny degree ot' certainty m.ich t1osuea 1n z)(U'ticu.Wr 

are capable et oonverting inJo · carotene. It ma_y ll 

be ths.t all tis s, or even peJ.'hap o..U oells, are invol 

at least to OQile extent. The further po si bill ty rust al. 

VlDY be 1nwl: 

1•ith a vi-.nv to inwstigating the posoibilitieo 100re t'Ul.l3 
1 t � Qecidea to onrry out a series of oxr :Cl"imento ii th 
tissues f'n:m tm rat, guinea pig, and eep , ue.ing various 

&n vi txp tochniquca. ln this � it ms hoped to obtain 

further informo.tion concerning not on.l3 hloh tissuoa were 
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capable ot eft'eoting oonvenion• but so the actual 

roocbo.n1 ot con rsion. 

s 

1 .  �he etteot ot lu.ng and aeoapitation on 
too oonwntion to v1 tam1n A ot intrawnOt.tal.v niate 

a.quoous persions of carotene has been sttdied 1n the 

rat. 

i'iitbin .5 min of injoction of qoo JJf!. of carotene 

in �. the level of vitamin A clrculating 1n tbe 
blood of ani.role thout lu.ngo was the the amount 

circulating in too blood ot intact oontrol animal&. 

}. Sim11nrl3, thin .5 m1n o� inJectian of oorotcne 

the l.awl. cxE Vi tam1n A fonra.i in decapitated anirwls ms 

4. tha results end tram those presented 
:provioual3t it ulcl apr10ar that the ability to conwrt 

inJec'too carotene to vitamin A is not a 1\motion ot 9l\V 

one organ or ti ae • but of .Pos ibJ..y t\ll 
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tfl.IIEI"'US attespts ha been modo to &.lmonstrate the 

1p yitgl conwralc:G of carotene to v1tam1n A but the reeult:a 

for the most part ore ocmfl1cU.ne;. 'l'hua, Olcott & ueewm 

( 1931 ) , Parionto & l«Ull ( 1932) and Euler & amnn (1 9,j2), 

in wq�t& 1n which m1noed Uwr tissue or llwr extracts 

'f7e1"e inoubated with colloichl carotene, obtained evidence 

the �t1Gn ot Vi tam1n A by the z>reaence of a typical abSOIP-

tion band at )28 or by a poa1t1 ve an'tim&:my trlobl.oride 

colour reo.cU On the other he.ntl, Rea � �  ( 1 932) , 

Eu.ler ( 1 9j2) , a.nci later, I� ( 19}4.) ,  VJeftl unable to oonfim 

tbooe reoults, and � &: Macl aJ.tor ( 1933) could not �  

vi too1:1n A trom �tcne eh lltld aotuall\v been taken Up b.Y 
liver eeUs prior to mincing arx1 1noubat1on. In crit1oel.l3 
dioousoing tooee tindinge �oolt & .�oore ( 1 932) pointed out tbe 

diff:lcul.ties inherent 1n audl tudiee and the unoortainty of 

amounts 1n \"'hioh 1 t 

olnimed to haw been produced, ana more reoontl3 1 Glover 

st ::;+. (19z.&) :ve noteU the diftioulty of diatingulehing 
the J}S nt1 peak of ou:otene .e.£-1GCJrOOr1doo flan that of 

Vitamin A at 3�328 DJ! n other o.ooorbing BUbstanoeo 61'0 

present. 

More rooent otudieo have l.1kewlse pro&loed equivocal 

reoulta. 'lbu.s it'!eae et M• (1947) w¥1 Rosenberg & Sobel 
(195.}a, b) observed a positive 1ncreaee in vitamin A after 

1nau.bo.t1ng the intestines ot• rats with C81"0tene. A stmU.ar 

result \'JWl obtained also by Glover 9 cy.. ( 1 !;)4&} but tbe 

1nal'oase viaS oonoi®ftld by the uuthors to be inouft1c1cnt to 

sert defini te13 that 1n yikp oonvoraion had ocourred. In 
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�ts wi tb oo.l.t' tiasuoo Stollot.q> C<! rternen ( 1 950) 

anotratod oonvereion of collDidul ourotene in .minot:!)c1 liwr 

In aont t 
to th.eoo tindinga, ho\'.-ewr• Do & SWldarara.1an ( 1951 )  1n the 

rat, and B1cr1 & Polla.rd (195J} in the rat, l"&bbit ond Cf\1£1 

were unable to demonstrate 01\Y i.nol'caoe ln vit&ad.n A after 

Negative result a 

( 1951 )  1n the rat • W01id.ng 

in ool.l.aOOJe.tion with Fimor & f�ona t.Laine the perfusion 

tec.ilniqUB described by tho latter authors (Fiobcr & Pnroons, 

1949). 

From the �'G'k prooented in the preceding three chD.ptc 

it � oloor tnnt the conversion at carotene to v1tomln A 

lth a 

Vloo to emminlng this po bil1ty in mot-e detail it 

deoiaoo that a ooriea of !!! nt.rs �rinent mould be 

�n using ooroteno dieoc11'9Eid in 1'YJeen am 1n eaulsion 
hoped �uld provide intOl"'Xn tian 

not on.l3 on the abW� ot ciift'erent tissoos to convert carotene 

to vitamin .1\ in Viw, but W.timatoly, perhaps, also on the 

* For ev1deN:X.i � the cooversion into 
v.l tam1n A of OQI"'tenG adminiatcrE.U parentcra.J.l3 
as an eoul.a.1m, seo Chapter VIII, 
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the lnfo tion obtai 

ent t1ndi.nes of earlier wat"k.ers 1n t 
1'hrce ditf'erent opeci s 

help interpret the resul obtained, in yj.tro tudi a on the 

rootebolism � Vitamin /\ and retinene by d1fterent tioa;�., 

in tbe r:>reViouo expe nt 

obortsge. 

vitomt.n A and an too basal diet previousl3 
.:Woori · In ewry experiment a mixtUl"' of animals m& 

mt colony. They 

• L \'1dcn.oo ccnfi.mt.ng conwreion of intra� 
adml.niotercd oorotene to vitamin �"� in the guinea 
pi£; 1 pre in Chapter VII. 
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Their v.ltaml.n A 

blood uld be � therefore , to 

c• • 

purebl'ed fraD tho College t1ocK .and at the time 

of the experiments oore tur1ng on a. typiool olover/1"10� 

a.sooal tlan cm the COllege � 

1n these exporin'enta 

(j �teno aa auppl1 by the r.ustow.m Kooak eo. L · , Netr Yo 

The vitamln A uaod 17W.l an oil concentrate of 
itamin A 

obtainoo. by eapon.iftoaUon of the latter toll 

de&orlbed on p.1,.. 

t1nenoe (vi tam:i.n A aldet\Yde) 

pl"''duote "Were eepara: 

, Goodv11n & rton ( 19 ) • Tbe 

r� as described previoual3 ( see p.14) . 

the column, m:.us reoovered in the 2 ·' acetone tract It 

iuontl\f further irmod from ito llboorption opeotrum 

oo published by llalJ. et So\• ( 1 91.8). The amount sent 

troph.otarootrical.l3 in a ;-�, mcx...el .W, 

apoctrophotcm:>ter at Y/0 rnr � a vnlue for E�� = 1250 

(.Da.U O$ al• 1948). 

• These oubos special. @li.noa pig ration, � 
fur too Vetarinary artment by 1w . Fletoher (:1. ,., ) 
L , of too toll.owing �te CQqlOa1tioru �urd 
·lheat .:79 ,  I>O.ll..tud 15, bran 1 ;i, g.rou."lU nnloo 13, llnooed 
mou.l 10, meat meal 5, ciri blood '· oheat aann o.9, 
CaCO _, o. 91 Ol¥J. NaCl o. qe�. 
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�»m !ft!!N! AA� ot ntsm1n A m r;eti.ngps. 

J\.CllliOOI;lS dioperoions o£ Vi tam1n A and retinene re prepared 

with a �, (v/v) luti011 1n ter o.f 'l'wecn emctls 
aosori.bed previously for carotene (Gee p.1 1  ). 

��on Qf nu.•ona. 

vi tamln ua1ng t 

llulhollAnd, Roth ' Bo.rcn ( 1949) . 

siona of OBI'Otene and 

motb.od Q Sbafirott. 

.50 g of gl.uoo and 

a:> g of gelAtin \1el"O diosolvod separnteJ3 in t€lr am 

blen&ld in a �£\l'ing .lll.endor with 100 s of arachis oU 
con� the appzoopri.ate qUilnt1 tieo of either carotene 

or vitomin A alod1ol or palmi to. Tbe volume v. 

adJuotod to 1 l. with :ter unu the a� on � 

ut J500 1b./oq.1n. 1n a Bingl.o-atagc, piston-type oor 

to give an ouuloicm. os: avoroco particle oir.e about 0.6 J.l arxl 

tem p:1rt1oloe lnraor than 1 p QiQmeter. 

ropidl3, even when eou.l.o1ons WI3Z'O sto 

at low t..Gmt.)QI"'llturoa, o..U errnlm ons 

pooaible after preparat 

t.&Mor ni trogJ 

.f'!Ypsp\\on ot p!wslologJ.cal ec.UJpes. I bs-Rin 

phof3J.lhato ioanonate sallnes were prepareci 
� the ot.andcu'd methods as bed by Umbrait, & 

3toutftr ( 194.5). The eoluti were 

llrntcl3 � intcrval.s tlllLi. taiood at 'j0• 

Perft!¥M.en ��o 

PorfUalm tJnHsh !he intao't m1Q 1n P�limina.r.l experiments 
'Oith rote attanp uere mtlde to follo the build up of corotene 

MAi vl to.m1n A 1n 1nd1 v1clual OJ'8M4 by peri'uGing the intact 



A in 

( �.) o2J �� co2) soJJ.ne 1n tbs aboence of blood. 'lh1 

achiavecl by � the dloat oovtty, ropS.cUy cannulAting 

znto of e.pproxlmatoq 20 /min in the d1rooUon of nozma1 
bloori ) until the 11qu14 � the vena 

oo:J.Cii'Jrlees, a.tkl then pel'fu oontinuouel3 th ax> ml. ot 
ltrd�Ringer.pbospbate or -blCIQI't)ono.te t 'J� � 

pcl"iodo V'dl;�l( tram s 

Por this latter puzpo a �- perf'uelan app01atua 

tb 0. � dell-ver.t te ot trem aJ-50 ml. • oonatruatecl 

am Get up ao lll.uotmtod in Plate 2. 

aloo with rats. attemota 

orr;,ans (e. g. ld.dney, 11 ver 

In other experiment , 

In a further 

DOI"'.lcc ot experiments i.mlol� pe&t\ut1on through the lumen 

o£ U inte tine of the rat, both M y1y,p and &n !jl!D, an 

ParlilmW ( 1949) oonotJ"\l.CteQ. pointed out � these 

OU'tbon tho ot eucm an a:p . nl ot1'cz'od the 84wntoge 0� 

rt.anoe inoe1 ao 
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� Clbangcll& 1n the intestinal JaM�� which t 

ting taotor to 

by ventral m1 J..Jm lnoiai i'bc into tJ.nos cannulA 

tb f1no cxumulae o-t :S internal d1 , c:me oanr».alA 

'I.Join8 inoertod in the region of the pylarlc epb1noter 

or 

intoatino 

Circulation ot 
tcd aaJJ.nc through the ��· � the 

OCDXJe.nCed aN1 the organ waa ren:�:cl fi'oom- the 
� ( oare taken to tie and ligate all blood · la) 

OJ¥1 � in a ot �ted oalino held t ,-,o. 

n1cobol. Oil" retinene \'11\8 lnitnldlalrJOd into the t'l.uid 

t.hrougb the ltlmrm. an the V!Yl!J ...... u.tus left to run far 2-4 
� � t ooUected am the lnteatlne 

TluC;�U��:;;u 

as rap1Ql.y aa posaible b-an anjmls (rota and guinea pigs) , 

after a ahalp , and :te]J plAood 1n ohlU 
Krcba-Rlng,. aolutton. They then e1 ther o11 tree 

to a a£ opp teJs 1 nm or in 

'l.'heoo pl:'Oparationa were out 1n 2-5 g batcnc& tU¥1 
�..uuted aerobloall3 tor b at 37° \'11th OlU"'tenet vitamin A 

or retinene .t.n ( 1 g o:£ u to 1 o ml. or ). 

e intestines, rapldJ¥ from the oo1ual after ur.f..ng 



t both ends d administering ca.rotor� or vitwnin ll by �0 

- lYrinB\. into the , and f1nal.J3 chopped intcotines, were ol.ao 

inoube.tecl for � perioda from 2·1 6  h. 

�t&cm o · blood.s.t ood samples tran rats and guinea piga 

we.re taken 1n the I10l"Dnl by onrdiao punctUI"'. In the 

o£ . wop , �. bloou sall\)leG (nomully · · XJ ml.) were -ioJOjol· 

into an bepar1n1 oonta.inor bJr meano oi' e. 1 ;  G need.L0 infll!· lftE!d. 

into the jugular veir1. All bloous >YOre incubated i.rnnJxi1atel.y 
after col..lection with co.rotene or vitomin A tor pcri<Xlo �ng 

from 5 min to 16  h and .-ere kept ll oqgcnateci dth a mixture 

o£ 9!i-" 02J !i� C02• 

Corotene and vitamin A aloobol ana ester � estimated 1n 
'bod3 lmll, intestine, ld.ilne.Y and lung oxnotly as ueBCribcu tor 

liver on p. 14. 

Results 

l)en)j on throHfib the l;nte.ct rat. In exr;erimcnts in Nhich the 
aorta ami vona, Ct\W were canm.U.at , the bloor.l 

the � perfused with a 'l'ween solation ot' C:.\I'Otene in saline 

(Table 9, . xp. 1 )  1 o bailu. up of vitamin .t.. in the diJ"te.rent 

organs or tioruoa o:f t vitamin A deficient rat or in the 

circul.Ati� fit.Wl cou.ld be �rated. up to i+ h though carotene 

\il'...t.O takon \1.9 in coneidcrab�e arooWlte by he kiuno.v aoo li wr. 

It taa of 1ntenlst to noto the preoonce o oonoioornblc amounto 

of carotene oxidation products 1n the vitamin A alcohol fi'action 



on extracUon of the clroulat1ne fluid otter perfusion. That 

the reading obtained an thi traction was not \1\18 vitamln A 
wno CWJpeCtea tran the at;.ypical , non-fod.ing, bl � co)A)ur 

fonood on mixing w1 th antimot'\v trichloride ent , W'Xi 

eonfi�W)d by e�p",)o31.�g the three-point correction prooeCI.ure ot 
�a.:;n, Collins & Morton ( 1951 ) . When a Twoen ooltltion of 

vl tum1n A alcohol in ee11ne was per.fueed throuBh the � 

(Table 9, hxp. 2) , Vitamin .. taken up by the Of.\l'CaOO, 

ld.Llney tmd U ver 1n Vt:Aryine amount depending on the perfUoion 

interval, anr.1. it a notewortl\Y that the vitamin A o.ppO!l.l'ing 1rl 

tho liver otter perfuaion v, mai� 1n the eoter form reaa 

that ap1;earing 1n the ld..dneys aoo oarcnoo s tUl 1n the f 

edministel'Eld. 

'Ihe re ults from th 
expol'i!Wnts are presented 1n Tables 10 end 1 1 .  

s.tion of the result sentecl 1n Tublo 10 it wi.U be een that 

there a no evidence to incllcate Gfl3 foi'Jnfltion of vitamln A 1n 

the isolated ld.<Jney, liwr or lung � 1>er.fus1r:le ·11th carotene , 

either n di peraion in :.t. en or as an enul.sion, alth�l 

destruction ot: the oircu.lating carote \"JtUl quite apprcolable. 

In the I)Orfused. lung there s a relati voJs lorger brookU.own 

ot: carotene 1n '�'vreen ( flB .1udged by total reoo ry) than in the 

+!Vt-r or lduncy although otorage of curoteme in the latter t\'10 

grentlJr excx."'<iE'JU t ln the l.ung. The greater breo.kdovm o£ 

oorotene in the J.t.lne :ras tU.eo flOOO!ll>Micd. by oomparati wls 
�r blue readings with ontii'IIOI\Y tridll.oriue reagent. These 1 

hcn'Je'Ver1 \"Jere non-tadi.ng atypicol blues WlW when the tiU'oo-pOint 
OOITection pl'OQOdure ;ras ap� lieu to tho o1i.g.i.nal solution tbore 

was no eviaenco o£ vitamin 11 being prooont. l''lom a compuriaon 
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of tho t-cSlllte obte.1ned atter perfusine carotene as a disperoicn 

in 1: � and as o.n euulsion it is a.p\ arent that the latter 

very nuoh more readJJ.y d.entroyed than the former, but wbotb 

this wao duB to a cllft'erence in particle siae or to o. dift'ere 

between the two 1n their relative etability in sal1ne is not 

kn 

<X»Alsion, orgorw (Tnbl.e 11)  

a builil. up of v1 tamin /1. �s noted. similar to th.o. t .lion oCCUITOCi 

on pcor.f ... ud.on of the intact o.n1mal... Further, as in the 

enrllw experiment, the vi tam1n was oboorveu to be present in 

the li wr mainl3 LLS the ester and in the lduney uninly as the 

o.J.cohol. 

Ueine the 
technlqtW ot' FiGher & Paroona ( 1 949) no Vitamin A could be 

demonstrated 1n oi thor tho intestinal mU or the porfuBion 

fluid after oiroula tine a en solation or an Bion ot> 

carotene through the i lateu intestine 1'or per.t.oos from 2-4 

h (Table 1 2, .xpa. 1 and 2) . On th other latlli1 1�011 

of' the intestine in v:\19 with oarot for 2-4 h roaul.tod in 

�ti.on 1n the wall of quite .meaeureoble qunnU ties of 

v1 tood.n "' , in both the alcohol and cater forma. In the 
latter axt .eriments llflimals were kept under dietl'U"l tber 

enaeGtheoio. throughout the experimental period anu, apart 
tro:n insertion of the cannulas into the intestine ond oircul­

ction of' the perJ.\laion tlui<.11 were not interto.r.x1 with in any 

otht:;lr WfJ3. 

o. '1\leen dispersion Ol' aa a.n emulsion, throue,h the iaoluted 

intestine 11o.ing tb f"isher & Paroone ( 1 94.9) technique reaalted 
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in a fairly l.al'ge build up of vitamin A (moinly as the eoter) 

in the inteetino at 2 a..'1U. 4 h (Table 12, .• ,xps. ) onO. z.,). 

Furthe%1110re ,  the level o£ blood vi taroin A e ter ( the  llOl'IDnl 

tranSIA»rt tozm tram the intestine) anu the levels of alcohol 

a..r.d. ooter in the liver were all Bignifioant� increased 

�ol.lovJing pcn'l.ud.o.n in yj, w (not ,  however, oh.Otm 1n T(j.ble). 

In a o1ngle experiment in dlicb 100 pg of retinene in Tv.een 

wrua c1rcLU.ated througb an ioolatecl ourv1 v1ng intestine tho 

Gll¥>\mt and the tom ot the vitamin pz-eoont after pert\&Gion 
t'or 2 and 4 b talrl¥ similAr to that after perfu&ion 

with an equivalent amount of Vitamin ·� alcohol tor the ow:oo 

tiloo (Table 1 2, Exp. S). This observation ras felt to be 

ot oonnia.erabl.e eigni£icance it qu.ito clear.\3 oemcmstrat-

that rcti.neoo 1 which hae been postulated as a t>eoaiblo lnter­

c:ecliate prod.uCt 1n the oonwreion of co.rotene to vi tem1n A 

(GJ.over et N:• 1948b) ,  could be aboorbo .... , crletal>ollzeu to 

vltamin A &loohol Mid esteri£1eu in the survivin.. inte tine, 

awcy f'rc£1 the an1nW. boc33 • 

�t&on of pt �ep • Table 1.} prescnto the results 

obWnoo on incubuting tiooue sllocs ruxi tissue balnoecna.tes 

from rats •d.th carotene , vitamin A w - retinene ln 'l'ween, and 

oorotene and v1 tamln A in enul.aion tom. 1� too re u1 ts 
of Elq>. 1 it is quite clear thut no vitamin /1. was f'olmed on 

incubating carotene, either ao an aqueous dispersion or as 

an enul.aton, w1 th tissue slices or homol:)e too ot' abd.coina.l 

wa.U, intestine, ld.t:ney, 11 ver and lwlg. In ooar]3 every 

<X'llJe , ho•78Ver, l.l.llm oca htld. to bo made t'or the prooonoe of' 
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eh gave stable atypiool blue 

the carotene .ill"'eent 1nvuriobl,y dentro lncU-JatiCI'l 

o.f 80 IJB ot' Vitamin A alcohol in anc.1. in cmulsit1ecl form 

\71th rot tissue homogenatea ( .xp. 2) yiel intereoting 

rooulta. Und.er the oonclitio!w Wlder \'ihiah these ex.�eriment 

oore carried out 8bdom1nal. mll• kloney E.ll¥1 lung were \.INlble 

to eotort'y e &ee vitamin either dieperaed in 

the othar hand, were oooh capable o1: estori.f'ication !Il vJ.t£0 

but the reaction in the latter case ao ver:r n:uoh slower than 

in the toi'IISr. In a further experiment (Nxp. ;;) in ob 

100 o rctineoo in Tween inot.lbateci wi tb h -·enates 

of intestine, kidney and liver, approximnteJ.¥ -third of' tho 

doGe was reoowrabJ.e Vitomin A after 2 b incubation ond 

almost one-qt.W"ter after 4 h incubation. flo tre retinene 

loneth) , numei'Olla attempt -ro:ro mode to �te the in · 

o :version or oarotene to vi tam1n A le of these rcoul 
is presented in TOOlo 14 ( • 1 ) .  

incubation 1ntorvnl, in the form and concentration of carotene 

and in the type of oalino were tr1 81ld sevonU. different 

technique publlabed by rkero who claim to haw eft'eoted 

in Vitl.p COI'lWI'Oion re repoate4 ( g. liieoe ot M• 1947J 

Roeenberg & Sobel, 1 J.53a, b) 1 but without a;nv apparent suooes 

On the o her band, hm'..ewr, vl tamin i\ alcohol ms rapidl.Y 
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esterified by these preparations (Table 19 , 2) , being 

virtual.13 complete t 3 In tb:: lJ.ght of this latter 

result, it is interesting to note that i£ fX1J7 of tne irltestinal 

pre ·. tiona UOOd had been able to convert oarotene to vitam:ln A 

\n yi£!:9, the in 1ncreaae 1n vitamin A ohould have been in 

Tbi , ho wr, \'88 quite oerta1nl3 not the 

case , the anl3 1nc noterl being in the vi tam1n A aloobol 

t'rnction, e.nd. after oorreotion this :raa 8bo:m cl l3 to be 

due not to · tamin A but to oxidation prochwta o£ oarot • 

aiaporeian or an an oion, incubutod r1i th guinea p 

tissue olloea, or hor.Dot.;enateo, o abdom1nal , inte tine, 

kidney, liver and. l there no OViualOO to t 

formation of vitamin A by azzy ti oue (Tablo 1!;)1 XI>• 1 ). The 

roau.l to oiJWnecl and the conclusions drawn, gonel"all3 • � 

the 06.100 as those for the ret e.nd will not , therefore, be 

BCUO · fUrther he • 

In contrast, hcwtever, t rcoul.te obtained after incubating 

guinea pin t1 suo pre tiona with vi tam1n A alCOhol re 
� different f'rall tbe rat (Table 1 .5  • Exp. 2}. 

af'tezo' incubQtion, ma1nl3 in the e ter form 1n the oaso of the 
intestine 8J'lO. the liver, in tbe guinea pie sane tissues OOfltll.eto.\1 

destroyeci Vitamin A during inca tion. i...t'ter incubation 

vitamin ;., wa.o rooowred Ol'll3 tram the lung prepara.Uon (as the 

alcotwl) and tran the liver preparation (mainly ae the e ter) . 
Since the inteaU.nal. preparation was eo e.ftocti ve in destroying 

over 9Q . � the Vi tamln A in the dose ono :10ndera \Alethcr in 

living anir:al a aimil.ar state o£ afi'air exists and 1a not tbe 
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explanation tor the extremcJ.v poor Vi tam1n A econocw of thic 

specie • 

tl"om �Uta. guinea pig& and �!BD 

ih<m blood. 

for � 
1nt� dth a dispersion. of oa.rotene in n or an eanlnicm 

of Olll'Otene ( Taule 16) , there progreui increase w1 tb 

time in tho antimm'\Y tr i cblorid.e blue oolou:r of the vi tamln A 

a.l.oohol frnotlon (but 110t enter fioaation)of the P·�� 

typitnl and observoo to 
\1bon, h«lowr, a. col"l'Cotion wno carried 

c-po1nt prooodure of cann et gJ.. ( 1951) no 
differonoea coul.&.l be en be on the initial levels of 

vitomin .A 1n tho blood ano. the lowl.a Qj'tor inoubntion with 

!rbeoo ob Uono wore felt to be o1' considerable 

oe they &amonstrate hOt1 eaqy it i to attr1btlto 

o. smflll inoz'ea.oo in bl® colour to vi tom1n A, n in fact 1 t 

m:33 be entireJ.s due to G&idation l.-.z"Oducto of ea.rotene. Thi 

inCI'OOOO ia no� OClOJI.)al'ative}3 eaa,y to determine vieualJ..Y 
\'Vbon vitomin l• io aboont in the or:l.glml proparoticn but 1n 

!.JI'OOOJlOS Gr vitamln A tbo atypiool �.fading blue due to 

oxl.daticn prodaacte rras bo 1l3 IJJlBked by the t.vpical fading 

'bl.wJ due to vitamin A. 

ftcmewr, in Ol"&ilr to 1\lrthe:r oheok that the in� in 

Mt� trlchl.oride blue colour obaerved on inoubating carotene 

&etunJJ..y clue to oxid.at1Cin procluote of Ctli'Otone and not to 
tbe proeonoo of true vitamin A, an experiment deaigoou in 

eh a aamplc of rat blood wns divi into 4 troo.tment grcw.>s 

no f'ollet s 



'ln.blo 9. PerfUsian of the intact }XlZ't:ial.l.y fl.ci.ent :mt t'T.lth �en di � oa.rotaoo QDd vitamin A aloobol 
iD 200 al.ogicol sal..1De for � peri.odB up 4- h.  

suootonco � 
ture AmcKmt time Vitamin Vi.tar:dn Vitam.n \': tnn:in1 Cm.'O 

A A A 
nleobol alodlol ieat'.Gr 

(ps) (h) {wflo� (pg) {pg) (pg) (pe) (J.tg) 

1 2 Nooo - 0 0 0 o. 6 0 0 - - -
1 Carotem 400 1 0 0 o. s ' 0. 7 ,.. 1.0 1.1 � 0+ - 260 ilr • 
J Carotono 400 1 0 0 0.7 ' l.l 7 7 1. 2  86 l- 9+ 140 � I 

I 2 Cazotam 4/X) 2 0 0 4 
I ' 8 9 8 lC.5 l+ lOO I -

lt. � l� 4 0 0 o.6 u ll..O 7+ - liJ 
2 1 Vitamin A lOO 1 1.4- 0 I - 1.0 6 - 2 - 6o 0.2 

alcdlol I 

I 2 1 1.8 I 0 - 7.6 o. 6 - �.1 7.1 - qa 0.9 -
I 

i 2 V1taml.n A 100 2 2.4 0 - ,. 0.7 - 7.6 8.9 - 1.1 0. 7 -
I al.oobal I 

2 � 2 0 - 8 - 8 10 - 24. 1. 2  -



No. 
mta 

4. 

• 

(1-lS) 

-
400 

400 

t.oo 

(h) {pg) 

0 

1 

2 

4 1.0 

t 
0./t. � 

1 
2 

{pg) 

-
� 350 1.� 

lB :300 ·9 

! 42 l20 - 7 
I 0.8 00 o.s I ' 

0.7 I 280 ' 
7 I 

90 0.7 1 17 3 1.0 

9 j 16 ' 

(pg) {pe) (pg) {pg) 
0.9 0 - 2 !I -

9 30 }20 ' 20 140 
7 1.5 220 o.q. 4. e3 lG8 

! 
1 o.6 90 0.2 } 35 4.5 I 
I 9 
I 

l2C }2 2 } 25 }2 

o.a ;oo 0 0 1.8 140 
9 17 80 0 0 12 }0 
2 29 0 0 

1.1 .30 0 0 

al. a:r,.,Cl (1951) 



pti4'�"""'J <loftoislt m with 'lVJU(;m aJ�a:mons or em.��Qilll 
.uu.���-- Ul.-· - far � lliHr'.l� 

( (h) ( ) (pg) ( } (J-18) 

2 - 0 o.6 0.7 - o.a 0.9 - - I m 
1 0.15 J 1 9 7.9 }. 7 76 0 64 .p 

I 

1 1 }.7 Oo6 6q. 12 13 lJl 1 - 56 

1 2 o.6 31 lO 30 -'2 7.l - 27 

1 1.5 Vi A lOO '• 1.9 1.1 20 lS 2:1 17 3 � - 14 
aloWol i I 

! 

1 J..2 0. 7 59 1 65 11 0 

1 7 1 8 7 � 0 8 S2 7.9 0 

1 7 2 2 1 4 Z1 .9 - 17 

1 7 6 ' 7 0 -



1 2 
' 

3 

2 

2 

2 1 

1 

2 

2 

3 1 

1 

4 1 

1 

s 1 

1 

( ) 

Ible -

0 

0 

c 

0 

10 

10 

Blzulsicm 10 

rnnlsicrl lO 

tl.'ween 0. 15 I • 

I o.1s 

0.22 

intestine � the � a" 'r.uX�DJm t �� ot ft'Uionl-.t�. 
em;u.s:I.Cil� of OEU:'OtiltmO 

Pezotuaim timae 2-4 

Substan c e  I 

(pg) 

Ncme - ltme 
Carotene 1 1:/.XXJ Intestine tod and � 

1 fuaod 1n i."'lta.ct llZl.1.nnJ. 

Corotcnc 

Co.rotono 

I.IXIJ Intestine oomu1Ate1. and 
fl cd in into.ct 

4000 � oru  a.tod. 
in Vi� Wlill3 Fit:i_or and 
I9rDal t ·1 -

Garotone I 4!XA) lnteotino cnnmlo. pari\mod 
ua1.ng i'iabor ruXl 

•o 

� lOCO 1nto::Jtine COli'Jl1lDtod a.nd 
f'uscd in intoot srdml 

cam 1000 Inteatinc oemnl.atod and par-
I f\asod in intact mrlx:nl 
I I Co.rotono I lOCO Intestine mznnloted• poriUaed 
1 in vitro uaine F:i.sb'Jr and 

Vitamin A 
o.l.oobol. 

Iarson' s � 
1000 Intestine a:..rnil.a parfUsed 

in \Wine F:inmr and 
•s tool 

- - -
100 Intestine cannulated, perfused . USI.IlG .t'� o.ntL 

'a teat 

(h) 

0 
2 

4 

2 

I 4 

2 

4 

2 

4 

-2 

4 

2 

a 

(pa) 

0 
3.2 

6.lt.. 

0. 4 

o.a 

'· 

4 

I o.1 
I 

o.s 

29 

1 42 

» 

0 
8 

2.2 

o • .; 

9 

1 

o.z. 

7 

'" ... 5. 2 

(pg) 

-

42 

1.,4. 

.?0 

67 

:0 

17 

1.5 

18 

-

-

-

-

... � 

.. 

o• 

0 

oo 

oo 

� 

0 

o• 

36 

-

.. 



;;.• • • 

= 

1 2 

' 
I 

} 
I 

' 

4 

4. 

2 } 

' 

J 1 

2 

Tclllc 1;. lnc\i)ation or �&:'JUIOI �� 
vitamtn A alcabol. and '"-LH� 
for � of fran 2--4. h. 

JJooe 
Vellicle 

.Naturo . An»unt 

{ml. ) 

-
..... 0.4, 
A4 . ..J.ao -
�--- 0.4 
tH�-i�n - . .........,... 
""'- 0.1,. . _...._.. 
dio ··on 
L·mu·l si .on ;.a 
lt�:tln.-tnn ,. 

�._.._. � ...... 
0.2 

-- · -·-

�·mllmon 0.6 

-- 0. 22  
M ... ........ -.. , .__. 

- 0.22 
A_. -"--· ·-

Subetancc 
nature . 1 Airo 

(pg) 
-

"" .... 440 �-- -

t 44() 

caro 1+40 

Camtono qoo 
ro.. .... 400 
Vitamin A 80 
a.1cx;Jho1 
V tam1n A 00 
alcohol 

n. � 100 -· 

l:'a+-4- 100 

• 

.. -.-- tian Incnbation 
t tjme 

{h) 
- 0 

.1 ii'!R� } 

!law£ 2 

I n  ! to 4. 
I 
Slicoo 
�� to 4 

l. to } 

liCE 

n. ·- 2 .. , -

..... ... 4. 

� e:1'i.cialt rate with ca:ro • 
oa&'Otcn.e and v:i. tam1n alcWol. in orall m cm foam 

A1xk:m1nal •• all+ lntx:lstino+ R'i�· Liver• L�+ 
Vitamin Vitanin � Vita:d.n Vitaoin :\.ia%'v� Vitamin Vit:nmin ..,..... ___ !Vitamin Vitamin Cazotene Vitamin Vi tam1n Carotene 

� A � A al.� A l nl!w_J A A 
,� A 

oster ..... eater enter �- �e) alccbol 
� {p;;/5 g) � g)  (pr/5s) (p&/5 g) �g) (pe/5 g) �g) �g) (pg/5 g) � g)  (ug/S g)  (pg/5 B) 

0 0 0 0.1 0.1 0 I 0.6 0. 7 0 0.8 0.5) 0 0.2 0.2 0 I 
0-4 0.1 j 0.2 O.J l2J I . ] · 1  1 .0 o.a .}60 0.} 0.4 2bO 

0.1 0.2 � 0.2 0.1 300 I o.a 0. 7 ?fJJ 0.9 1 .0 ,;a> 0.4 0. 1 270 
I I 

0.2 .1 }00 0. 1 0. 2 -'GO 0.6 o.a }a1 0 . 9 1 .2 }!j) G.Jt, 0.3 220 

0.1 (..; . 1  � o.; .2 48 0.6 o.5 !j) 0. 7 0. 7 270 0. 1 0. 1 100 

o.,; '-"• 1  JOO 0.2 0-4. }5 I o. o.; 4.} . 6  1 .0 260 o.z.. 0 .2  a� 
� 1 1 .0 - ,5.2 21 - L,4 o. - 10 - 55 o.a -

I I I 

4B o.; - 6.0 1S - ' .)6 I o.,; - 27 9-0 - 44 0.3 -

l,D · o - 4.-0 1t. - 4.1 o.a - '' 1-2 - 2S 0.2 -

� I 0 • - 1 1 1  - » 0.2 - 22 }.1 - 29 0. 1 -

' 

• 

( ) 



l'Dclubation 
lbe 

(ug) ) � ) 

- 0 0 2 0 • 
21 

¥Xl 2 ' 5 2t0 • 

li¥J 16 4 100 

2000 ,.. a- 6 2100 
1nteot1Do 

2 0 I am ftbale 16 a- l 13» 
1ntent1ne 

2 0 I Carotene 400 - 0  ,. o.&rt o.s a> 
I intesUoo 

1 10 I 1000 8 o. ' 130 

2 I � 1.0 I � 1000 � 4 ..,. 2 m 
in 

2 I ' on 10 i Co.zot.efte 
1000 � 4 ,. i 170 I intestina 

2 ' 6 -

2 s ' ' }1 -

2 7 J 7 t6 -

7 " J f -

I 

• 



1 I 2 

2 2 

2 

Table 1.5. IDCUbatian of t1mue · '{! aDd t bcm;)senatea: han � VJi: TvJoon """""""!:.-' 
anul.aiono of CBNt:ene and vi alcobol. in �� oo.linc for � pcriOO.S 

IiCIDC I -- NaDc I -
� o.s caroteao I cm . iHnn!'\ 

di&j?GrC.i.� 
-

�wcun o. cU.sporaiani 
lmtl si an I 6.0 

0 
24 

12 

1 .0 

().8 

0.7 

0.8 

1 .0 Trace 0.2 
0-4 42> o., 

0.9 YlO 0. 6 
j 

0.6 140 i o.s o. ·l 100 

o.a 
1 .0 

0.7 

1 .0 

1 • .) 

1 .0 

o. 

;.o 0.' Vi.tamm A ltD �.ttc•J.r.��to 
aJ.oobol 

- I - - ' 0.1 - o.2 1 o.�+ 

0. 7 6 - - I 0.2 
I 

- o. 0. 1 

0 

IilO 

-

4,.0 
0.,5 

2.0 

23 

19  

1 7  

1 6 

2B 

Trace 

4..30 
0.8 

0. } 

0- 7 

o.a 

1 7  

1 . 1  

1 . 2 100 

0.3 -

0. 7 

I 
�--�----------------------�--------------------------------------------------------------------�----�--------�------�----·------�-----1 

• s 
• 



o. lncrlbntlcm 
(h) 

6 lt - 0 1' - 0 
,. 400 1 - .}20 

2 IPJ t - • 

2 800 t 16 1 - l,80 • 

2 o.1s Vt A 100 ' lt.t+ 1.8· -

oliJ!IbGl 
1 0.7 Vi 100 ' �· 7+ -

olocDo1 
I 

:; ucoe - I NaDe - 0 15 0 I pig I ' I �  400 ,. 'f • ).1 1 

2 I Ctu'otenc 000 16 1?- 1 .0 590 
pja 

,. - 0 - 0 
2 - 210 

2 t -

1 J - 0 

• 

• 



:i»bJ.g 17. Incu'tatt.on of blood, �tel.)' and in canbiootian, uith � 
am with mtestinoJ. l101mgonat&, to &wc:mstmte estcrif'l.cnti.an 
of true vitem.n A aloobol and ita � OOlDl'Btion 
ftun C»d.do.tion m'Oducts of � VJ!dcb � w:\.th the 
� � rooctit.:1n. Incttbltkm � 1 h. 

'h'oatm:mt 

10 l (1) nhole blood inculntod al.cme 
(cmtrol) 

10 1 (2) t'.bll.o blood imu'tatoo mth 
2 8 intootunl �to 

lO I ( 3) r.bole blood i.ncul:c.tcd t"rith 
1/XJ pg ca.rotono in ':.\1oon 

10 I (4) "f,hoJ.e blood inwlntod t:lith 
400 pg cazoatem in � togotbor al.tb 2 6 � �to 

• IJol'ml fh61,ng 

;u..• 

0 

2,5• 

10+ 

Vito.ai.n A 
eater 
(pW:loo o1. ) 

' 1.0 
I 

I 10"' 

l.j 
I 
I l21') 

I • 
� 

I I 
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( 1 )  blood 1nca.lbo.tod alone. 

(2) blood incubated vJith 1ntoat1nal boroogonato, 

( j) blood incubated vd th oorotone 1n 'l'wecn, 

( 4) blood incubated tt1. th c.'ll'Otane 1n .,_,..!!'\ ... 

intcot1..'1Bl. holoot,-cnate. 

�he roaulte ot thia OJQ.:>el"inalt are prcoontod in Tabl 17• 

thoso it can be oecn that of the vitemin A al.oahal O·&ON!���;� 

proaont 1n the oontrol bloou ( Treata:nt 1 ) ,  nU o OOll.abli.e 

ostcri1'1oot1on 1n tho presence oi' inteatinal. homogenate 
t'laG noarl_y Ot'.q>lotel3 rooo'YCJ."Elble in tho ester frocticm nnr..e.• 

dlrol:n� ('l'rcatment 2). Of too "vitamin A o.l.oQhQl 

proaont in the blood o.£ter inc:J.lntion th mroteoo ('1' t ,) , 

�r, onl3 about one-hal1" (an aaJWlt eqt.d.valont to t in  

tho aontrol blood) ootcrJ.fied 1n tbB preoonoe ot lntou ...... IU6 

bamoeennte and reoovercc1 aa the ester ottor chrorm� 
(�rootment 4.). The bo.l£moo � still with the al.oCIIhol 

traction niXi in the prcoonoo of antimol\v trichloritle gp. 

ncn-foding, e;rey.bl.ue colow;- 1tliO.i quite Cltypical � tJuD 

vitt:ntn 

The nn1n objocta of the t4'Coont �to � to 

(le� by meono of Wri.OUD inaubBtion and peri'uoion 

todmiquoo t ob t1 auco VJere Oll!xible ot cooverttne oarotene 
to vitamin A 1q y:ltlo. and, e.s nn aid 1n 1nterprot1ng t 

fil'Mlinno, to aotemt.no by .moons at tho S8UW3 tectmlqueo the 

fate ot vitoain J\. and rctineno under and ler cond1t1ans. 

Far this purpose tissue aliccs and hamogenatos \�1"0 inct&bateel 

V11th aquoous di rslcrn of carotene, vitamin A Bloobol tmc1 
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retinene and tib ooa of cw-oteno and vi tcmln A Bloobol, 
CV¥1 intact and ieolatod organs 

The results ot ouch atudlo 
llOpe<l wouW g1 w an inclioat1on a to wh1cl1 tlssu.e 
potent:l.alJ3 Olp8;bl.e r4 converting oaroteno to vi tomln A ...... .....,..,.. 

W1Cl aloo provid.e some lnsigbt into the na.ture ot' the roaot1cn 

ln'wl 

It 1 thAt e. n tive reoult obttl1nec1 

oh to argue. 

th1G zoeaeon, throug;hout the present work, CDnGi.Cier&blD 

a:ttent-1cn paid to dotail and extreme oa.re � �'"""''" 

t1mca to enDUl'e that the reaulto obtainOcl were not Umt 
in tl.I\V by poor tecbnique. Carotene prepa.nxl in 

ftn.'ms wh1 ue known to be utS lized quite efteot1 l3 oiiiliiiio..-.Aal' 

tbo i.ncubQtian ODl per£ ion :prooeduroe wore standard CX'Ies 
much ha been ss.ful.J3 b.Y other \'Jm�m 
� a �� � d:l.fforent probl.emo, and the cxtraoti • 

roault 

to est 

tb perfootl.y satisfaotory reoults. 

tmw ar.ld.e to avoid iUotOJ"O which re Wml3 

not 

poGGlblc to aaaonstmte oalWI"Dim of carotene to Vi tom1n 

......,....wa. ..... eltbor in the pcrtuoed intact animl, or in ti 

alioeo and bcaou to of boti3 \'10ll1 intestine, k1dnoy1 11 

and lunc, or in 1 lAtcd peri'Usod organs (intostine, Id. 

liver arx1 l.Ling) of the tut or guinea Ill8• l'Urtbor it 

not poaaible to ti'O.te oonwrsiao in the blood of the 

rot, guinea pig or sheep. 

' 



Wb1le these l'e ts olearlJr ccm.tim the tf.nc1irl8 ot 

& � ( 19.51 ) , Kon & Thompaon ( 1 951 ) and :tl 

& � ( 1953) 81¥1 oontrnet with tho of Wie 

( 194.7) , Ro� & Sobel. ( 195}a, b} . Stallcup & He 

(19;o) and l!d.;illivray ( 1 951 ) , it 1& 41moult at t 

tiloo to otter a lotel3 satis:tactory ex.planaticJn tor t:NuUt 

cmtlJ.cU.ne �lnt • It ohould be pointed out 1 1 
that in tbo rk of ieoo g� (194.7) tlnd Stall� 
Il� ( 1950) vitamin A VJaS estima: oolel3 by the antimr:11\Y 

tricbl.oride reaatton, tho valiUity ot which 1 unuer ouch 

ccnUt1ons, wa.ald. 1.)(3Ql" Wl'7 num open to queetion ( 

oee P• 61 ) . Furtb , 1n the ,. o£ Ro� Sobel 

( 195.3&1 b) vitamin A estinnted in intestine by the 

tli.t'rerence in absorption at 32.5 bo.fo1'o and attar u1 vi 
lrluliation, a � which although reliable tor 

sezoum by osey 1 LowJy, Bzooclc & �z ( 1 94.6) , ha. oince 
sho to bo of little use tar 1nteotino by Bicr.l & l.lald 

( 19.5.3). For tho · various re.asono it is folt that the 

fin a ol tbeso litera oonnot bo aooepted ca!i'letel3 u 

da:lonetratJ.ng ooncl.us1 veJ3 a Digniftcant degree ot OCII'.I�.Wil 

co.te60'7 ls tl¥: work of lldloiW. vnw ( 1 951 ) 1n miab aign1fi 

in 1n vitamin A, identitied both ool.orimetricalJs GDd 

� ri�, were found 1n the isolated intestine 

of! the after :J.noubtlticn vd th carotene. In the Ught 

of tt¥3 rcoults of the present etudie tt is not eaeur to ottor 
an explanation f'or this t'ind.itlg unl.esn it is to be 

due • at l in some .measu:re, to a poeiea diftorenoe in tbe 

te or effto:l.enqy of oon'fel"81oo. 
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by other c:aitere &p !I.YP• For �e. Glover et p,!, ( 194a) 

haw otwvm that after oml aam.tnlstrat1cn retinene i 

WX')I' otfleicntJs to vi tam1n ... � in the gut wall, and after 

CJ..ltsneoua at.1m1n1 ation in the subcutaneous ti sue In 

ot"f:lo1ent� oonwrted to vl tam1n A ( m.tnJJ Vi �llld.n A ) 

a.f'tor rJOrfwslon � the iaolated aurY1 v:Lng lnteetlne for 

4 iUrtbeaDOI"' , after incllba: ian j*or 2-4. h tb bemapa1:E� 

of olx1a!d.rltU WDll• intestine, ldunoy, 11 ver and J.ung J'et,;&.l'·­

woo oc:lq,� �llaecl, approld.ma.teJ.y one-tbll'd ot the 

ae be� � ao vitamin A, e.s the olodlol 1n the 

ot abckmina1 wall, ld.dney &"U l.ung, and as the eoter 1n the 
aaee of tho liver and 1 tcsUne. It \?OUlJ.l apxear, tbelef'ore1 

ao Glover et al.. ( 19lt8b) haw ob , that the con'VGnlCIR ot 
rot1none to Vitamin A is a oi.JnL� reduction reaction, the 
�a ble baing vride �t too boc\V 
tie • 

In the c:nse ot v1 tam1n A al.ccboJ., cotoritioation 1n tbo 

�t, under the preacnt Clq.Jer.i..l'lalta.l OOI'Ki1 tiona, 1'88 4oUlll.10CIU. 

to ttw in teetine ona U.ver, being � 1n tho fOJ'!Dt'JF 

incal'tJ.lete in the latter. The ObserYations ld 
tmotbar the intootine � pcr1\wea. whole or inoubatal 

or b!)mogenates, an&l ether Vitamin .�1 present a 'l'weerl 

di�rsian or o.s en eualeion. ID the lJU1nca pig, Q4 iib5 

other band, the po81t1cm r1aa sor.Dmlhat diJ'torent. After 

inoulntian of haDogenatee of intestine, ld.dney, 11 wr and 
:1l.me with vitamin A Alocbol in Tween tor � parioda, mo 
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of the vit :SU'O'V'I!Id 1n ot 

1nteotine and ld.dney. 
�lf of the Vit 

In the ea of t lung prt�pD;�:'ll�i.Oft 

( otill as t ' al.ccbol) , nnd in the 

Oai!edant than that origlnaJJ.y �nWJrAm'd!. 
( aa the oter). IJ.'bat the guinea p intestine• inouba 

both an ba.Doge to, etfeotiw in dm!rt.nril.a 
noarly ell the v1ttd.n A addad io interesting ard1 

1n th1 peel • 

tho atterzt>ts eh hAve been 1l8de :10118 t1 

prapaznt1 to �trate the oonvereion ot to 

tar th1 rowiJOll it hao not been po ible to obtain erq turt.ber 

in the intact From omsl t1on of the .II."'CI:IIIA&. 

mW.d aJ?llOO.l" t the xeacticn is an � aifftcult 

to demonstrate !Q yit'G although l"'tlfJJJ'lll bob1nd 

not at aU clear. It bla 

Glover & Redteazn, 19SI.J � o:w:iiiAlQIII;q;:� & Glover, 

Glowr, 1957) that the initial l"GGOCJUC)Q 1n 

tho broak.Umln of omll.v admlnistered oaz"'tene to Y1 A 

ox1dat1-.e fts ion of the � dotlble bCfti 1n 

the :l to form oa.rote.na.l.a, whioh are thon gd.cl:.!!Eld 'bl' 
Btepl'liae oxiGAtion to retinene, wblch io in turn to 

vJ. tbo relrults of the present � 

rotinmte, and frca thooe ottto.i.ned &a y.t.YP by Glover �..., 

{ 191J3b) 1 it would appcnr tho.t it is ths ear]J stacee of the 
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rcactian (1.o. carotene - oarotenal.B - retinene) that 
inh1b1 tad &n �ko· Of tho enz.ynl) ay inwl: in 

abange Uttle 1 

bnoio oi' the roeult OS: the ?resent e&peri..loont , that oithel' 

the cm.eymea invol DlSt be extrane.ly nai ti ve to nanpl\f olo-

giool conCliUons, or tlVJ nooeasazoy co-tactora, porbap 

by the blood, e.I'O not present in isolAted tiGSUCG 1n aum.cJ. t 

oonoontzuUon to eft'ect conversion. 

1 .  Attoopto haw been 

�on � �tone to vitamin A in the ret, gu1n pig 
ani sheep ln an endeavour to locate Uire<:ltl3 tt¥3 81 te t 

dlich Ct:Dwrslcm of ll\1octed carotene to vi tam1n A ocaun 

1n tho ll01ll:Bl lll'limal. 

For thla purpo a aer.l.es of pcri'uoion and inoubaUan 

experimonta was carried out u.o1ng clift'erent i"CII:'DS o£ OBZ"Otone 

al'¥1 variety Oi' tiDGUO preparation 

-'• Co:ncluiTontl3, a parallel oories of experiments 
carried out uo1ng retinene ana vitamin 14 a.lcohol, 1n an 

attoq)t to aetormine the beho.uour ot these substance 

\V".i. th a\Jld lar ti 

4. Deapl te nwnerouo prcooutiona and the uoo of several 

rcf1nod tedmiquen there 't7nS no cvidenoe to indiooto 

tonmtion of vitamin /1 tran carotono in any of the o,I"'''J"EU'lB 

or tiosueo oxomin 
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s. On the other band., retinene and vJ.tamin A &l.cohol 

wore matabollaed 'by a. number ot' ti.seuo , tl�ir 

behn.viouzo J.n Vitljo beinG gcncral.J3 similar to that 

roported 1ndepemlentl3 by other imreatteators 010rlc:i.ne 

sa »m· 

Possible reesone for failure to effect the in ViWI 
CQDWI'Sion at• ca.rotene to vitamin A &-e dioouoeed and 

attention la drorm to too t'act that 1 t is probabl3 tbo 
Wti!U. stages o1 th� rew.Jtion �lioh are inhibited 
l.II'Klor as !iyo CI:JI1di tions. 
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In earlier etu41ee reported 1n Obaptezos I to II1 ev.I.GaiOO 

obtained oating tho.t too obilitQ to oonvert iDJ6C1iCm. 
oanteno to Vitamlrl A \"JD.O not lln e.ttr1bute of azt3 Ol'gOR 

these reoulta that posatbly ol.l tioauBs, or even P'ezftBP8 
ool1&, \1el'e capable of oft'eC'tJ.nf$ oonWI'Sion. At • 

�. to oheak this poaeib1llt¥ � dittorent &D yJ.!z9 

tedmique � 1nccmclw:d. ve ( Cbaptor IV). 

If, to be the caoo, no one ozgon is "!J"liiiUi.Oi�uu.wtJ 

J.nvolwel and conn 1all mn ooour 1n al\f ti , 
into vitamin A ot aqueous CBl'Otene aispeft!iono admln1�..v� 

uu.r;"':.D:Itora.l route& other than the in might 

Voriou.o t'JDI''km:'B ha 1n fact claimed storatlan of ��b and 
d1 
intreaanoalar, intraperitoneal or subolltaneous 1njection ot 
�oue ceroteno proparo.tions (o. Leaso et 4 1942J ?'CIIIl�LU. 

et ¥, 19J.6J Biori. & Sclmltzo, 1951 J Biori & So.naman, 19�1 ). 

It theJ'et'ore - thnt a O<Dpo.riecm1 as indicated by hapatio 

vitamin A stofto, ot the etn.oienqy o£ omwrsion into v1 A 
ot Olp)CW3 OBI'Otene disperaiono odm1niotcred by 'VBJ'ioua I'OUto , 

and an lnveotigatlan of cme further to.otors infll.tono1n6 the 
utiamtion ot intn£: adminiatered carotene diSJX=rBLOII�t 

ndellt prov:l<lc additional infOI'UBtion on the abiUt,y ot d6fft!noent 

t1 aae to convert cai'Otcne and on tho naturE) of the J>.re>OOID&e18 

invol Tbo result of these otudlos are rcpcrted J.n 

In ticn the re&ul. ts of a oorioa of 

otutlios eo tbe metabolism ot intra� admlniot 
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ra1 oaroteno:icl p�o otMr then (3 -oan'tii!IIO 

are eJ.ao reported. Thooo latter stt.K1les undertaken in 
o.ttoopt to 1n1fttst1go.te the ot tbe various p�rm1;e 
after p :tOI'nl administration and to � tuld contmat 

their pro'Vitamin A activity after pm--enteral admlni tnU.. 

t-lith that after oral a.dministration. 

�'he nater.i.al and netbc:KlB were as ae.ocr.lbed previouel.J' 

w1 th the t'ol.lcP.'7ins eddi tionst 

9.fme1. The mts wted in this work were au inbreci alb1no 

antmala o£ the Wiatar strain. 

In he eaperiment in ml1d1 the eft'oct ot• the vitamin A 
status of the animal on the oonve ion ot inJeotecl OQI'O 

was stud1ed, high liver atol"tlge � adlieve4 by BUpl,l.ement1ns 

tho diet w1 th "Veteu.ul" a tew Qa.ve prior to tho exr'lfl�lmllft�I!L. 

'rhe rats in tJw experiments in which the ut111 titm 

ot the various carotenoid. pignents YA\8 etud1 , wd.ng arowt.h 

aa n criteria, were oompl.cte� clsftoient a:nim.Us prepal9l u  

de&crlbed p:revlouol;v (p.10). They ware injected i.nmetiia� 
their li� .. plateauedn otter which they were rnailrta.1fte4 

tor a fUrther 14 dB3 on the U. �. P. \f1 tamin �'e toat diet, 

during Which time t !¥ were weighed ewry second day. 

The rate u 1n all other experiments were tm"tiaU,r · 
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1n experJJoont in which the ettect of the route ot 

stc.xnach tube consisting of roximatel3 8 cm of eyla: tul:lii.M 
( 1 bore) oonneoted to an 18 G needle and a 2 1 
porenternl. tJQ.IlWU. strati an 

the .1��� vein a:;posed. by wntra.l neck 1noia1on, by tntzoe,. 
"1180\lAr il\1�1on into the gluteus mmd11110 IIUOOlc• by lntl'a­

peritoneal 1nJ otion direotl3 into the per1 tonool ce:d. ey tiwwlt!lh 
the e.bclan1nal WQ].lt and by �aneoue Snjootion into a told 
o£ 6ld.n behind the foreleg. 

In all other GllpOriments in which CG.l'Otene and other 

p�te re W oted 1ntravenousl,y, 1nJeoticm was 

dit'eot�· into the CO.V'd CJIPoeed by ventral m1d.-11M f.nalalclft 

or into the jugular in expoood by wntr..U. neck ino1 

�Uon of � f1e.m!n!• 

earotene. C�e cazotene {con� appro:d.mate]3 

8a-<� /�' -oai'Otene) supplied � L. Light & eo. Ltd. ., PoJrlc, 
was tleed in the present expero.S.ment • For oompar.l..ng the 
aot.iv.t.ty o£ ex - and (]-carotene this mo.ter.l.al. 

�OirB.togra.ph1� L� 1 

�� heavy grade, No. 5368) into ' and p �ian '*"' 

a met st.mtl&.r to tbo.t of Strain ( 19}4). 

extraoted with acetone 1n tbe 
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purlfloati Hereafter, for tho eoke of cam=.rnionoe, 

thio buotian U be rofen"Cd to a.ilt(:>J.3 as "xanthopbyU "• 

Iqoopene :;as extmood hem fresh ripe tcxoo. 
by means o.f acetooo 1n the cold and pt.IZ'Uicd by abiOIIll�to#r:rn�*V 

�llllloi'·IU. usi.ng the �thod o£ Strain ( 194.2) • 

tzoom their llbaolption epeotrn as IJUbllehed b.y Morton ( 1 942) , 

Kllrrer & Jl.lCkor ( 1 9!)0) ancl. Go<xh� ( 1 952). 

ot 
�· ·  

The vn.rious pigl:l&lts v.q,oo timated ao for 00.1�� 

in n • model W, photoelootrio · ctrophctanoter ww��g 

• In the ro o£ et-toooptwzyl acetate pUocl 
b.v J... Light & eo. Ltd. , Poyle. 
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GoocllT.Ln ( 1952). 

tlloobol una. ostcr, tbe positicn.ing of the dirt 

on the al,&mlna oolurzD vnried. Janth�Jpt\fll 1.\lld zawantblnt 
tor axamplo, re &� � and \?el'O elutecl with 

v1temin A aJ.oobDl baotion by &6 etbanola � 

l,foopene , on t� other hand, v. wry IIIICh less � 
anu � elutoci I� 1n the ootw ernotion with �� Ai'VI�,..,.n 

rm.G r;reoont 1n thO ester t'raotion it 

l"'o�ronutogrophecl ae cloacribecl on p.16 end the ester rcc!IDWIBI.'Ild 

pzoccent 1n the al.oohol tra.otioo, however, vitemln A ooW4 

In case where only omll tli!IDUDt ot 

p1sment W(.tJ.'e present in ei thcr t'rnction, a oorrect.ion 

applied to the blue reading with antimany triahlod 

to 0.06 pg Vitamin A/ 1 .0 f.J3 of ��t present (McGU.U 

UlpJblJ.Dhed). 

mteR· 

• 

The re � zpc.riment on the ut1U tion of carotene 

Qioperoiana a&lmin1oto · introvenouaJ,y, 1ntraperitoneal.l8, 

�13, � wXl ornJJ..v are 

1bo rats '..ere ld.J4.ed 4. &ws at'ter do 

oC 400 pg/rnt the carotene v. equally well utilized, aa 

indioated � taepe.tio Vitamin T levels, mother � 1nt 
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almost u uti 11Et04 

Intnwuoeult.\1" in.jcotl ot 
U ut1JJ.zed 1ftt.ra1renc:IU81 

vltamln A. At Blaugbter large qwmtities of oaro 

at e site of lntramt�SC�alar and ouboutaneous 1nJ , � 
the latter representing the bulk of the dose. 

'l.'he otteote of th .tu.otors • 1n Table 19 ( .. 1 • 

It 1 t £nD .. JCL> • 1 em 2 that 1e amaunta o£ 

vi tamt.n A re stored. la the 11 ver o.f'ter the intNYeUIJI.IB 

oe aP 11 ttl.e 10 }le or OQI'Otene that the bor;et1c oto 

f4 both oarotene and Vi tem1n A 1n JDOl"' or le 

up to tkX) pg of oarot • t 

there 1 ooo.siderable 'fari.ation 1n th.e behaviour of dtft'e 

disperaiCIIUS of cazootene after i,nJecUcn. , Xp • 2 ' 

oan-ied ou.t with the batch of QU'Otene diepe 1Gil Whlle in 

£xp 1 and it, two Qlttwe.nt di �ions were u 
dispersi wore prepared 1n the same • the on4r � 
being that the c.Uspersion in j .xp. 1 v. prepared 
Baiif)l.o o£ oarotene that bed bean 1n 11 tor time ( al1:bOI.l3Jl 

a.l'm\fs Gtored at 0° UI'Kler nitrogen •n not 1n use, and auw!WiU:-18 

no olrri.ouo ot 1 Uon) , \Wlereas the othor cU. ��IQ."IIIU 

� prcpnrai frcm a fl'enb.ly opened 8q)OUle of carotene. lt 1 
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apparent the t&blo that t dispersions dift'ezed ln 

amount OS: Vi twn:Ln A ton ln the ratio ot vi tamS.n A cobol to 
ester in the U r and  in the amount of carotene 1D tbe U 
1'bilo at the pn t time it is 41tficult to otter a t1 

explanation f'or tb findings, it is tJ1�t quite poo ble 

part at least of the variations J!'A3 be due to differonoea J.n the 

aegroe of d1 f¥)Craion of the carotene. 'lbey cannot be ttritN1;eG 

to indiv14ual differences between the rots sinoe the l.cvel.a ot 
oarotene and vit&m.t.n A 1n the bl.oocl cmd U wrs of all u.au.IOCW.u 

:Lnjooted :d th GallJlles ot tm oosoo diGpOZ"Sion wore 8l.t1e..vo 
� constant. 'i.,ll'OUgh.out the prooont work, OQI'O has 

boen twa:;:n to see that the same dispersion vms 

OOID[Xi\rl.scno made between vari.oue treat.oonts. 

From the results � . .xp. 3 it can 'be soon that Uver 

vitamin /� le · :led a oteaiJ3 increase vd th tine up to 24 h 
� injection, but �mximum carotene storage echle · 

after 3 h. the reanal.to of '' • 4t if all.OtJan013 1a 

rmde eor tbs fact thAt d th the d.iaperaion used in th18 
e:qJCri.rzrmt � 22 pg ot' vitamin A \'Nl'O stored in the l1 
t'rom a dose of 400 pg of carotene as OCIDpO.I'OO ·Ji th 37 pg 

the dose lewl a£ another dispersion in �e. 2 and. J, it 
that there is Uttle dift'erence in the utill tion r4 

the CE.IZ'O'tene mettwr 1 t is [;1 ven as a single J.nJecUon or 

f»llDller intjoctione at 24 h intervals. 

ot WWOCl ez:watenp. 

:F.rGm the reaulto of this e )eriment (Table 1 9 1  Exp • .5) 

1t otm be aeon that 2 h after inJection of 2.50 pg of Ooa1'0 

into rots �th h.1gb Vito.ilin :l liver stores, blood levels et 



- 86 -

vitamin A alaobo1 i.ncreaood by tel3 � • 'Uu.t� 

the pl'eViowl obaorvaticn of Ken a\ al. (1955} 1n 

in in non.-defiolont stool� at 

TJltb oazooteno. inJeotian of on.J.y '5 fJ8 ot o , 

hoole'Wlr1 no 0"11 of Bn3 in vl taml.n A bloo4 l01n::�&�� 
oould the liver re - bight lt 
obvious that 01\Y blf�lae 1n vitamin A 1n the liver to 

i.njocto<l. QQI'Ot.Gne ul4 M been by tbe noJ'I� vn:Jr"'LA' 

in • o.nd on.l.Y � va1uo C1l'O glw.n in Oftler 

SJ¥licnte t vi A status of aninr:Us 'beft)ro lft31t::�V1ii&Wiu 

1 

t the a1lrul oc1mln1 Utm ot �11 
tooopbero1 1nb1bi th3 oonwrsion of cm'Otene dl.aDcJI'IIum 

into vi A le in Table a>. Slnce an anU��lft'O 
a&d1 ao tocqlherol exerts an 1nhib11:ol7 t"root, l t �DSd po&:ISII� 

hat a benco,yl � tbe 

oppo te tteot. lioUMlr, th1G not oo, t.b0 &AUU 
at befta13l � oJ. � rocluc1ne the omount ot 

Of the 1��te 1nveetip , l_yoopene, · U 

no aoti vity, al. tbougi1 blooc1 

liwr , �1oW.arzy at 2 h attar dooing1 prc)acllltelli 

dift'1oul.tie in 1ntezprotc.ltion of the ontimGf\y tr:lahJ.o 

· atlcm to tbo eenoo of co.rotonoide, or their 
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1 
• i 



• 

, � � A 
ter al«<''l. 

(pg/100 ml.) ( ) ) 

' - - 12 0 } 6 0.9 0 

1 2 10 13 1 .0 1.2 2 ,.. 
2 3) 12 8 1.7 5 ' • 
2 Ill 1.3 1.0 }.4 14. 
2 75 u. 1 .1 s.o 6.1 Z1 • 
2 1SO 13 1 .2 1 0 1 S2 

I ' 25 1} 2 s 3.7 4 

' so 12 } 7 0 19 ' 100 1 s 0 }2 ' aX> 13 � 3 12 11,. '' ' liXJ 12 £e 2S  7 32 37 

l 800 12 _ so  2 ¥J lW. tllo 

' ' ' (;1 n50 1 • .3 12 1.3 ' ' 1/:JJ 6 � lOO 1.0 ,, 14 ' IPJ 12 19 1&> 7 al 2J 
I ' I#) 1 16 . I  » 0 a6 I ' I#) 12 � 7 I!! 37 &.. c. 

J 13 '' l7 62 
J '·1 6S 

' 1 22 70 
' 22 32 110 

l 15 2J i ZI 

0 
1 

• 



1 6 

j 
j 
j 
' 
' 
' 

I 
, 2 ' 

3 
' 
' 

:; j 
' 
' 
3 
j 
' 

' 
' 
j 
' 
' 
' 

-

R¥1'� o£ �-u. �1 and 1 pe:ro:ddo c:m tbe 
ut11Jp.ation o� CQI'Otene 41speraiODS in stered 
ln to h. ot mean weight .300 g. killed 24 h after 
ln.jecrt1on. 

12 0 l 9 

ax> pg euotme 17 'I'raoe 4.8 10 1.5 

+ 200 JAB �U 1 2  1'moe j ,., 5.6 

+ 41XJ � �u 17 � 1 1 .9 lt-0 
+ 800 mntbopb.vll 15 Trace ; 1.7 0 

¥XJ 14- 1 14 22 

+ J.OO �u 14 0 3 ' 7.3 
400 caro 12 2S 1 32 57 -+ 2  tocopbeql te 15 1.5 1 .0 2S 26 -

+ 4- tocopbeql aoetnte 14 1.5 1 .0 ; 1o 11 

+ 6 . �1 � 16 $:- 1.5 7 ; 10 1 1  

400 � mrotene I 14 Trnco 1 : 14- 22 
+ 1 �l acetate 1.5 Tl"QCe 8 9.0 16 

+ 2 tooopher.,rl aoetate 12 Trace s.a 7.5 13  
+ 3 �l te 10 � .5.1 0 1 1  

+ I,. tocopbelyl 1 '·4 ' 7.7 

+ 3:) 8 
• 

>.s• 
s 0 

I 
2lO 17 1 10 15 

12 1.i' . , 
7 + I 

2 12 1 '�7 
17 ,.,. I 1 

' 
21 8 7.0 12 

17 9 0 9 

• 

0 
25 I 

21 & 
• 

28 
28 
70 

87 

Eil+ 
98 

100 

100 

70 
,, 
ss 
{)() 
61 
6S 

25 
42 



(ps) �t 
7 210 None - - 15 0 0. 0 

3 190 ,;a) 24 20 h"88C 2 SJ • 
� 

J 190 .300 24 29 1'raoe 17 24 t 

.5 18;5 175 2 • � 0.7 ,.. 
' 190 " 180 14 8 ;,2 
J s �u 2JO 2 • ' ,. 
.) U) • aso 16 o.s SI. 

4 3)0 Zerurant.b1n 170 12  7 88 
6 ale) �tomnthin 2a) 24. 16 20 1.9 ll.. 
4 225 .Ret.1nene 400 • 'Z1 0 94 0 

4 2JO " lPJ 24 17 0 2t 140 0 

0 
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Crcx1tb of' ocq>l.etely clan.alent rat cfter 
inJection of Tween c.Uoporsions of vaa:"lol.as 

carotenoi • lPJ dooo 1n eo.ch 

• • �. �u. � 
o--o Cryptoxanthin 

l! " (A - arxl p. tene 

� Vitrunln A 



z 
0 
t-u w 
...., 
z 
-

0 
(\J 

X 

0 
0 

'.lH9 13 M  

X 

I 

N I  

0 
CO 

I I 
0 0 
<0 

39N'VH:) 

0 
(1) 

� 
N 

CO 

N 

(J) 
> 
<( 
0 
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<lec.!ICQ)oo.t.tion proc)ucte,  that could not be Mnara 

trcm the vi tam1n A aloohol or ester. /> -aa�eno 

an �, a.inoe tbc:re was Uttle evidence ot CDnwnd.on 

vi tami.Yl A after inJection• although the 

cloticieut t to 33 ug o£ vi tamln A 1n the 11 wr. 

� re W'li rap1dl3 utilized, Binoe halt an hour 

after the 1njeaf;ion, the shol'te ttme-1ntei"V61 studied, 
Vitamin A lllflinl3 as the cGter � 1n tbe U no 

rot1none ooul.d be doteoted. in et tber the bloocl or 11 • 

SimilAr resulta were obtained also 1n a t\u.'tbor OIIJIOr::I�Jlt 

l.UJirtB restomtion of growth in .YOtA\C deftoi t rat 

criterion of activity. 

On ttw other band C}..-aa:.otane, (A-o��·torl10 

v1t&min A were all actiw in Cl'.\.l�ng a N�b'-Gil f4 growth, 

ab, ro.thcr �. 

� in a.quBOUS disperolon oanwrtec1 into Y1 

, ts when inJected 1ntravenowsl.7 1 1ntn\peri.tonealJ¥ 

4. df\v8 after dosine1 no mes�l'ealble 8lDQUilta of t!RII'ft�� 

pre t in 8113 of the blood plmvna it 1 



t&'an the lorr le'vel prcecnt 1n the 11 wr 1 t t mc.x:t.aa:ellli.O ocmoc3Dt:l'eloo 

ticns � CBI'Otone were not a�. tained in the bloo4 at 81\Y �u.«J 

aftor subcutaneous inJection. �e io of oonalaez'abJ� 

Ginoe it would appear tram Table 19 ( lq_)e J) thnt liver l�L,.. 

c:mtrohepatic te and tnmsportccl to the 11 wr v.ln 

v1toolin A a1oohol (sec also K.a1 s1 !M• 1 9!).5). 

o:J.enidoant 1nareaoo in 11 wr 'Vi tem1n A after p.a.u..a 'Vi 

DC 

A 
lcvelB had rotumod to llC»XlO.l• although the Uvcr at1ll oon.'K\Iol� 

ln.r8o quanti ties ot oorotene. Further, the blgb bl.ood PM�u 

vlt.ncin A nlodlol lovel::l ttained in oo Ut tlc as S after 

inJootien oE oazoteno dicperniono (c. " Ken gt f1!. 19SSI 
Tobloo 6 and 8) inc11oate an �  repi� OClllVOI'81on. ID 

ccmtrast, the relatively nl.otY increase 1n li r vi ( 

1 DO &imlnr rapid reo.cti.on 1n the li r. 
w.ll\iiD (e. Chnpter II) that hepatecrtani� are OBI:�� 

o£ aon11erting intro.wnouals adminietcrati O£U'Otono to 'ri. A1 

am it fi'om the fo�"egoins th t in i n t a c t  a&&A� 

oJ.eo the liver ia an unimportant to of oonVOI"Sion. 

Frcm the results presented 1n Table 19 ( ' �s. 1•.3) , 1t 1 

QpiX\ftnt that the amount of vJ.tamln ., apiJ<Xlring in the 11� n.E-..� 

in,;}oation is mol'e or lose Uirectly rel.atod to do e 1 1 

vntthln the 1"t11'1GC etlliied, and io alao inf'lu.anQed � tb 

bot1."Je0n doat.ng &Dl.i olauahtor. Howevu-, except tor 4o e 

lovol., tho vnrioun tac.:to.ra invent� .atod apz oorcO. to ho.vc 11 

1nfluenoe on the amount of oarotonc taken tt> b.Y the 11 wr. 
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The level ot' O&rC tono boro a fair]3 definite l"eJ.. Uon p to 

dose inJocted. (Tablo 1 9  • .._ xps. 1 ana. 2) t but &u�r� 

little aha.nce from .:5 to 96 h at'tor inJection ( • 3) 

not � in1'luenoed by ci th.er mnthOJ.X\rll or tooopbcrol 

explanation for the lowJ.s of' caroteoo f'OW'IIl in the 11 1n, 

for ex.aaq>lo , ) xp 2 and 3 (Table 1?) 1n rmich the 

No le equilJ.bri batweon plafl carotene 

l1 vor carotene, whether or not fol.lao..OO by a ahang in the 

physical nature of tho liver ao.rotcoo that f.;revents ita eutJ&efW!Iflt 
releaoo into the pl.aain as the level there decrease , �mx::t 

OCIIIpQtlble with tho results obtaineu W'ICJ.er the oondlti oE 

Ue� p oorotene l · s after t 3rious initial 

levels inJect • It has �  boon 1own, ( 

ot u. 1 9�5) , that larger particles, ruoh as arc t in 

colloiQal cliape iona, arc rap1dJ3 taken up by the 11 

arc not quentl.y releasocl into the !J.io4'�"-

o£ cai'Otolle pro'bab� contain particles oi' a wias I'Wlg ot , 

and a posaiblo explanntion for the Uvcr carotene l lo 

obtained la that a..U the carotene prcoont aa l.Eu'ger parti 

is � ropid.l3, an... retained, by too liver end poea1bq 
by other ti a. Thus di.tt'erenoo in 11 wr carotene 1�-� 

obtnincd with the vnrioue di cperoiona uscu would, o. 

ecrlior, ropreoont genuine dit'ferenoe in the �cal te 

these dieporoi • 

In the upertment with non-Ciotioient rats (Table 19, -��. 5) , 

tho inc.reaees ot almost 50, }  in blood Vitamin A 

of 250 pg of carotene oon1'inn those obsorveo. previouoq b,y 

Kon t ¥• ( 195.5) with etock-oolor\Y rat Although the U�e�EIDe 

less on a percentage ba8i th£l.n in parliaJ..l..Y deftci t 



Ql.tcrrtutivc meohani in aninW. ldtb lot7 vitsmi.n A roaotowe1""" 

�hose findings o.lso oont'im thnt tho difieronooa 1n t 

ef'.ficienqy of con raion of in vonousJ..y aumin1otorod nA"""'"'_._ 

botweon .ta rtial.l3  deficient at ana. nozma.1 robbit ob rve4 
by E(t 91. ( 195.5) , and 1n the pre t studies 1n ter u, 

\?ere not fluB to vuriationo in tho vitamin A tatua of th 

� but to genuine e::>eaioo d1fferenooa 1n converel 

niOIAo�ty & Da3 ( 1950) ho:vo oh.o1in that rats g;1 ven U 
by mouth along wl th oarotcno tared. le os vi tom1n A 1n ir 

liwn than those given carotene alone. 1 (To.ble 20) 

ucJDl•"�H that tOO sinnltanooua intra'Ve:r10li.D odmin1otmt1on of 

X�mtl'lopbyU and oarotone � a  similar cieOrCaBe 1n 

otore .An explano.tion .for this tindlne is not to t 

but 1 t nou1a t that 1n oral odm1nistJ:nt1on the ottoot or 

xant.bopl\yJ.l my be more intir�nteJs aoociateu with t 

of oonversioo than w1 th the 1n1 tial abllOl'ption � the �t • 

Italey & Iifl.rrl.a, 1944a, bJ Ho.IT1s, Kalcy & Iliokman1 1944J s 

aloo reviovt by lkl'bort & Horgan, 19.5�) , but it i also toblJ. 

t.hnt higher lovols of tooophorol. (of tho ol\lor of S J!W'rat dai.q) 

deprc tho utlli£.atioo of onrotenc as � both by t711. ""\"111� 

rate and liver stoftlb'C of Vitamin A (Johnson & 1 1948). 

• oimi.l.ar decreased utilization o1' 1ntrnvenously G\dm1ni te 

carotene aooooiatod with the Binultaneouo injoot1oo of tooopbero1 

is cleerl3 apparent from 'l'able 20 (�. 2-4). h'Val little 

an 1 uu of tooophcryl aoetute hw.i a marked. ci'f'ect cm 11 wr 



- 96 -

Vi tam1n A, dec:u'easing the 811D.Ults of both aloohol and e ter 

The anti-oxirumt properties of tooopbE>rol uld 

o:splain th1 inhibiting effeot if the me<lM.nian or � 

o£ carotene into vitamin il tmrolws oxidation (at. Glover & 

��earn, 19541 Fe.ookerley & Glover, 19571 G1o 

19.57). The etteot of bcmsoyl peroxide in alsO roclucing 

li wr storage of vi ta.min A ooW.d be clue to a di.t'rercnt t,ype 
of o:ddation. 

It 1 apparent t"nD the resu.\ts 1n Table 21 tbat ln 

� the acti'Vity of the various carotenoid pie,Dmlt at'tel' 

intravenous inJecrti.o.n ia aimtJ.ar, as indicated by u 

Y.Ltomin A lGWlls, to that after orol admt.niet tion. 
not CCiltaining the S •ionone rJ.ng etruoture snoia:L 

expected, no vitamin A activity, aJ.tbo� they 

lOOtobolized, & jt.Wged by their mpiu diooppeaJ."'QQ"lCe, onl3 a 

traction ot tho initial dose remainine in the blood ODd 
As when g1 ven oraU.v, !1 -ooroten 

• 

Bicri ( 195.?a) 1 worldng with ahlckens, ha& also repor'te4 
inot.· 1ctent oonwn:don of injected c.t')'ptom.nthin to Vitamin A 

a.a ind1catea. by liver atorage. Likewioo, ae in tho preeent 
expor.Lnxmts (Fig. 1 ) , be also dmnonetrnted 1n growth 8tW1e 
that after injection SOIOO conversion does in fact tel place. 

By WO¥ of an wq>lanl.\tion t'or this apparent di�, 

ooncludfXl that at'ter injection of Cl')'ptomnthin just autftclont 

Vi tom1n A ' fo:'IOOd to pondt no:mnl growth bl.tt not auft'ic1 

to achieve appreoie.ble liver storoge. 

In the e.xporinmlto reported here it is cl that t 

bohaviour of retinsne dit'fered both fran that of the other 
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carotenoid&, and £ran the Vitwn1n A acetate cliap ona 

in the \�rk ot Kon et %• ( 1955). It mo rep.t.dJ¥ 

conwrtod to vitamin A than the other oarotenoid.D, no nttinone 

� in the blood or liver aftor hnlf an hour• and it 

8p[Jea.rod to be oomewhat more stable than vi tamln A te 

livor vitamin A storogE� at"ter half an hour \188 1n the Bter 

form in all other cases the alcohol preQom1na 
'l'boee ob Uane are in koepine with tho 

( 1948b) to.l.lowing oro.l and tnrenternl adminiotroticm and 

d tb the Nwl.ts obtained J:l.l Yi\ tz:g 1n Chapter IV • 

imatewr the processes involved ln converalon, the 

to be IIBI'ked o.i.milaritic bctl?een too modvmi r4 

br.'081oiovm after ornl or in trawnous Bdminiatration of 

This im.U.arity is evident tram the 1.1tlli tion 

� tbe various oarotenoicl piguent (Table 21 ) ,  and it le 

o1JJ11ifioont aloo that substances BUOb as x.ant.bopl\YU and 
tocopherol, 

carotene, should be foWld to eart 

nimilar effect on intravenous wlminiotro.t1on. 

If, oo has been ougge ted prcviousl.,v in Chapter III, 
nU tissues are pa.blc of ef:focting the o ion ot 
parentarall3 odmi.niotereU carotene to vi tarnin A, the taJ.lure 

to d.etect tlon 

1'bc po sibW ty cannot be owr-

initiatea., 1rl the blood rather than the tissues thcmoel , 

a. random oxidation resulting in a �J- • DUoh as, tor 

emmple, a oarotal.al, thn t can be readily converted into 
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v.\tam:ln The similar rate of removal of the ditf'erent 

onrotenoi .t>igumts, inclWiing those not converteQ to 

vltamin A (Table 21 ) , llJ1d of' oorotene from the blocd ot 
rats, rnbb1ts and onl.wa (althou.eJl as di&ous by • 

( 19!.>!>) tho lllet uo not f'orm v:i.tamin A) would pert the 

idea ot a random oxidation rather then o. sr)€)(Jj.fio I'OOCtlcn 

producing vitamin A (see al3o Bieri & Pollard, 195.}, 19�). 

t'd.th a vi to inveatic,ating this poaoibility t\&rtbar and. 

obtaining more preoiae informaUCIIl on the nature of the 

prooe& a 1nvolwdt it waa deci to untl.e� a CJI)re 

tailed atuc:\v o£ the et'fect ot tooopbcrol on the OG on 

of J.ntrawnouel3 administered. carotene. SinoQ, quite 
cloar)3 • the fUnction of the blood 1n oonvend.on could not 
be otudied by di.reot surgical proc::edure B.loh 

in tbo caea of the liver and lu.r:\u, it -rm.s thought that en 

1 stigaUon of eaoe oi' the quantitative aspoot of tb 
inhibt tine; aoUon cl: tocopherol misht provide another IDB(UlD 

of op�;li'Oadl to the probl This work acoord.insl3 forme 

the ubject ot• the next oha.pter. 

1 .  1be uti.l.izQtion of aqueous diopersiona of /{-o:li'Otclllf) 
Md other OOI"'teno1d ,pi(;menta in � M.8 boon studJ.(ld 1n 

mt �\ llUII'Jber of f'actorc at:reotine tJtilimtion have 
been inwatiga 

tic v.i. tam1n A otarea '.OOt'C inoroascd by the 1nts'n:VC110W� 

intraperitoneal, lntrauu.oaular or oral edmin.iotration ot 

oazotene dispersions, but not by saooutanooua in.;Jeotlcn. 
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Liver stores 0'£ vitamin A cmtinuOfi to 

in the blooci p 

4. It .i.s sugse ted that t.he carotene preoent in the 11 

er intravcnOWl 8dministro.tion moral¥ represent the 
fi'notion of the doee present a.o larger x;nrticl.e • 

5. Con�on waD obeorveo. to occur in both deft.cient emd 

simultaneous 1ntrawnou.s administration of' mn.tbo,pb..yU or 

of rolati l3 la.l'ge WlW)Unts oi" toocpherol w1 th the ce.ro 1 

and attention is drm�n to the ap, ,arent oimilarity in the 

IOOCbani am � bre.akl:lown o1' ca.l'Oteine after or-dl or i.ntrnWJ'\OU:S 

1. Uoi.Dg vitemln A storcge o.s n �ure oC aotiv.l.ty1 cx-a.r...,tlmlll! 

v.w� to bo about onc-bal.f on at.'"'tive o.a ;?-cQI'Otene siml:&nrl,J 

stw\1 • cr,yptaxanthin pl"'ducod little liver stomgc but 

,,IA.JS c. Y AG H 1 L l, L  i l; , ' • L  LOI  ! .  ·Gr.  
JBRAI<Y PAL M E RS fr"lf'i NORTH,  N.Z. 
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It ia suggested that the convcroion of 1nt.Nver:IIDW5l.v 
lllkd.nisterecl carotene o.isvoroione into v1 tam1n A re 

r:ll:nr'� from a twxlaa oxiQation o1' the oo.rot and 

that at t the ini tiul s�es of the oxidAtion 

occur 1n the blood. 
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In tbe previous chl.pter evidence proeen 

toot t.bo blood vJ..:.\v a. DUCi1 more speaU'io role 1.n the oaft-

wrsico of 1ntravenoueJ3 odmin1ate.rod o.queous cU of 

c:nrotene to ft tamin r\ than had hi tberto been SlUt*3tat1. 
Evi os a.loo il.l'OGOOtoo obol71ng that; the si.nultaneoua 

introvenoue ackd.niatmtion of tocopherol 1nhib1te4 tbo OOfll'VOISCil 

of in3eotod carotene and that the degJ:Ce ot' 1nhib1tlan 

mere or loos dircot.l3 relateu to the levol of tooopbeNl 
inJected (Table 20, 1 Jil>B• 2-�t,). At about the that 

this rit was oarriau out there came to the aJ..&thol-' DO 

a publlcatico by Bieri (1955b) 1n whidl this wodcer 10p0 

that in :Jeriments in which tocopherol bad been adi:llftjlate'ftd 

ora.l.l3 to rats to build up :reasc.ftlbl3 hJ..r,h tooophcrol 1"---�.AJOO 

in the tiasues, no effect co the et'ficienoy of oonfti"'lon of 

injcoteci carotene ooulci be uetcotod either by gl'O\Yth or t1 

QJ.ang th that obtained in the 1a.ot olwpter, it that 

turthor experiments, more detailod than the t,  1n ab 

tho fate of inJecteci tooopherol :folloood, and 1n ab 

cnrotcno 1nj oted at var1ou.a time intervnl.s betore and. 

nt'tor tooopherol 1nJeot1Cil:l, .might � further Ugbt on 

tbo role � by the blood, and pemape other tt , J.n 

the canwrsion of intravonoua:Js lldministereo. carotene to 

vitomtn A in the intaot animoJ.. 
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The mt u l:d.no of the · iatar atraln1 

d1ot pzevi 

into the 1l1a.o 

e t.imated . <le ar:Lbod on 1 66 et seq. 

In olfklr to toUow 

:ln,;Joct10B ot carotene , tJw whole carcaao was o.m:aa�Od. 

o. sha1p blavt the animal m.a dropf into a mixture ot 
20 r4 6q; KOH and 100 o1: othanol e.t 70° a.orl SBI*'U'I� 
tor 1 mtn until the Ot\I"''68 

cliotUl.or.i ter re adclod and the mi.xturo 
100 

tt".o auooesal w lots of t'reahl3 distilled <iictl\)'1 ea� 

tor, driod. o-ver �s rulphate and eiVR1'IG'I"A.tll!ld 

�ss on a hotplate at 70°. The rosidue 

Vitamin A (as the o.lochol.) \'88 recovered in the (l, etbBno1 

tmcticn and estianted with antimon3 tr!.chl.ori.ae. 



Toble 22 &bow that, after tbo lntra11enOUD 1n3 OD ot an 

aqueous di on of 00 � o · -tooopher,vl aoe te, ��m��� 

rapid d1 ! ,earcnoe  of thi 

J\ftor 5 m1n opproxlmcltely 7i.J of the close 
the bl 

� 

the blood but Gtter 1 h on:\3 about � � l"Clminecl ln bo bloo4 
nnrl at 24 h tho 1ewl hwl retumed to QUi.'UILolo.l ... 

in the lunge end kic.tneyo \lOre oo h1gheBt inlnedi.a 

in.ieotion and clccrea.oGs t-d th tiiOO G.i.mll.ar to tbat Sa 
the bl.oacl. 
still o.bout 

On tbo other lw¥.l level.G of tOCJOpherol in 11 

� 8� du.ri..n6 the first hour ll.f'ter 1n3eotl , 

roach.1ng mdnn between 1 and 2 h, 6Jld tivm dO•=erQ&jLng 

In tho t1 cxam:Lned, tho total reoowr,y of tooopbol'Gl 

about 9Q� t 5 min. and thio l.cwl � 111 

tim to 10;4) at 24 h. 

Toble 2:3 ( .. xps. 2 and 3) aht:mB tho eft'eot en t!OI'I!VtiJ!Oftbm 

of' inJecting on aqucows dispcrGion ot 20 � of c<; l'Ol 

at 'Unri.oua :ln o oottore Wld attor injootion of 400 ot 
Cli'Otcne as an aqueous d1 rcion, le Table 2J (J:::.xp. 1 )  

_....,,\_ the ett< et on oonwrsion o£ odmlnistcring 20 � 
-tooopherol in aqueous disperaion aiaul.taneoual¥ Tlith 11» 

pg of carotene in aqueouo disperoiGn. From the reeul 

present it ie apparent that th.J efficiencw with tlhlch 

mt io capable ot: utW.elng intravenously adminioterod erui:'O't•� 



�._22. Lcwls of tooo,phol-ol in :mt t.isoues at vn.riOWJ time 

;.Jo. . �imo aftQr 
�Uta : 1DJection 
used I (h) 

} I Ccmtrol 

4 I ....:L. ! ra 

4 i a . 

,.. I .t 2 

4 I i 

4 1 
,., 2 
4. I ,.. 
,., I 24. 

I 
I 

i 

I 
I 
i 
I 

I 
I 

1ntervols after the intravcnoun injcaticm of aqueous 
Qiapcralons � «X•tooophcr.yl acetate. (.20 � �se 1n 
0.4 ml. �'1008}. 

• ! lllood . I..1 'Vel" t 

(�) t (�) 

0.13 0.1 1  

14.5 1.8 

10.0 2.9 

l.t.2 6.0 
1 .6 a.o 

1.1  11 .2 

0.53 a.o 
0.3.3 2.9 

0.11 I 1 .9 

I 

I I 

I 

I 
I 
I 

! 

liq8 Ki� Total roOCJVe1'7 
� Vi£) (ug) 

l.S 9 0.2 
13)0 145 16 

670 I 105 l 14 

335 1 10 I 11  t ! 
1a5 'SI I to 

1}5 i 41 I 12 
i 
i 1 15 I 35 8.6 

60 l 22 }.2 I 

32 i 14 l 2.0 

• �otal � PZeoontfmt. 

I i I 
I ... 
I 8 

I 
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Interval 
Treatoalt 

�octions (h) K,ug/100 ml.) 

1 I 2 Ncae 

�� 
8 0..3 0.6 0.9 

' Carotene alale 14 2.8 28 31 
2 Cai'OteDe and 8 1.6- 4.00 s.6 I • 

tooopbezol -

i 
• 

2 1 4  I earotmo atter I ....J.. I 9 I 2.2t I s.s- I a.o t a 
tooDplarol. 

2 I I i I 11 2.0 11 1.3 
11 2.0 17 19 

4 I 1 12 2.7 22 25 
2 2 14 ,.., 21 26 I \ I 

2 ,. 1.3 1 .9 24. 26 
4 a. 1.3 2.0 2.8 I 

i I �  I I ! 
' I .3 � afteJ  -1. 1lt. 2.3 9.0 I 1 1  1 2 

COZ"''te:no 
2 * 14. I lt-9 I 25 )0 I ' I 
.3 i 16 .}.0 i 31 ,.. ' 
' 1 I 1S i 2.1 '1 I 
l 2 14 ! 1.8 » ! .37 I 
' 4 1) I 2.0 lO 1 32  

• 
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at the time of carotooo ln.i ion the quantity 

• • TOOOpberol re tf.nt5 fl"CD the inJoctiGO o 
� amotmto of' tooophcryl acetate 
Ginulttlneoual3 with the OQI'Otane. 

ll a Tocopherol ro fW\; trcm pre� 
in3ectian ot• tooopbor.Yl to. 
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20 40 60 80 100 
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To allow foF s l i ght di ffer en ce s  i n  tte c �rJ t c ne j i s . a rs i o n : 
vi tamin .. '. i :::-; e;-.rr e s s e d  a s  a p e r c c:n t s '-'e c· � -t>�' �., ::1 p  e J P i !' C  
i n  the l i ver 24 h a f te r l n j e c t i o n  o f  r �r c t J �e G lO P e . 
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d.OJ)I'Q&MlCl by a simultaneous or � �eotia of 

The � of the tooo.tXwrol � th 
1 hmi�DW�r, and oommroion epneo:l'Od to bO nomal \ihm 

sepaN by 24 

t that toooplloJ71 

te Weotod !J ml.n after the oo.rotonc aepre 
to about ono-th1l'd, but 100 lnjeotiono 

� total a&J)UJlt o£ Vitamin A pn:oent 1n the rat �·'UtS.Itltu 

at UmJ in oft-er i,nJeotlon ot' carotone l ehcmn 

in Table Part1oularl3 at the t.rter time 1ntervnls 

the Pl'()SCJt\Oe o.f rul artifact TolrW�Qil CGUld not bo GepO.r&.teu fi'om 

vi A aloobol. and Which t with MtiJoon3 tricbloriclo1 

1'he Vitam.S.n A lew�o 

tewr the 

ab aluto lewl, it io appenmt tbnt there a steaczy inC311"001le 

in Vi A 1n the wbolo up to 24 b attar carotene 

!n3ecti 

� pl"e nt exper.I.D:mte 'tllel'e undertoken for the puzpo 

ot inw· ttgnting 1n more detail the ettect of tocopherol. cm 

the utillzation of int � a4m:lniotorod aqueous d1 

OS. of carotene. and ln the hope of obtaining turther 
tnt''bft!'lft'tion on the role pl&goci by the blood 1n th!a re · 
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Frcm the �eul.te presontod 1n i'ablo 2J it is clear that, not 

Cl11_y le the utlli tioo of intravenot.�Sl3 £Wm1niotered CXU"Oteno 

a3.')1)ero1CD.S Dlll'ked.l3 roduood by tbo sicultaneclus injection ot 
�1'01, but thQt the ot:teot of tocopherol perslsts, to o.  

� with tho 

domgc levels ueed 1n the proecmt 1nw t�atico ( 400 pg 
3 � anu 20 ·-�1 ooetate) , conwrsion ot 

OOI'Otcno, 118 indioated by liver otorea of Vi tc.c1n A 24 h after 

ld no.nal again t.tlen tho intonal betwo injeotiona 
1ncl"'aCOCl to 24 b. 

intcr.fer!ng art.U'acts, 1n mce.st.aring the total amount of Vitamln A 

1n the vmolo c;IU'CaOO ' the results obtainoo also indioo.te a 

� forr.nticn ot vitamin A owr this r.ezoiod (Table 24). 

In Vie\'7 o£ this apparent tanrntian of vitamln . over 24 h, it 

� Oll'prising to i'1nd that vhen tooophorol v.ns inJected after 

tbo carotene • liver otozuge of vi tam1n A deprooead cn4T a.t 

the � mS.n interval und. that oonwreion noz'Jltil. v en the 

�on ?.as OOJ?OI"ated by q� o£ M hour or longer. 1lae 

OOWJUnt ot: V1tamln A 1n tbo caroaoa quarter ot an hour ot'tcr 

and 1t m:W.d htlvo bean ontioipated thut the inJection a.t tmt 
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'V1 tom1n However 1 no auoh ettcot as apparent and the 

most pro explanation tor the obaerv'ati would a�.pear 

'bo be that there is an Wtlal rapid � o£ the �tale 

to an intermedio.te which is then aore ccmerted to 

'Vi · � It is probable that it is the f tion of thio 

1n te Which is inhibited by tooopherol. (et. also P• 971 

• ; ) t.n1 that the tormaticm c4 tamSn A CliJr:lng the 24. h · 

i'ol.l.cm.l.ne; inJection is dependent on the 1\u"ther breakdom of 

th1 intermeKllate rather than on tbe continued lewl ot 
CBI'Ote.De 1n the bl.ood (at • P• 93, 1 )  • Indee us ha.G 

nresent in the 11 ver ( t,'heptor V) , 

carotene in the blood and other ti ues �, in the course � 
� o • an hou.r or leos, ba.w been oonwrtecl to a zi\voical 
o te t'rom oh 1 t is no l t."T ava1l.oble to the aninW. for 

COllMll�ioo to vi tomin A, 1\on ot ( 1955) hn-vc nJ.rellc13 
shown that the utilization or intr8 OI.LOl3 ailministared 

tene is 1ntimatcl3 related to 1 te phyo1oo.l state and it 

1 oignift.oo.nt that although the initial appearance of vi am1n A 

in the blood. is oxtremel,y I"EE!.>ici1 the vitamin A hi oh fi.nall3 
GDr.IOO.I!'S in the U ver reprosent cnJ,v a ver.v EmOll proportion 

ot the inJect carotene (abot.rt 1Q o of a IIlO pg dose), t � 

no intol'nation is available resar41ne the fate o:f' intrawnoualy 
edministel"Sd •J.'wcen 401 it is possible that it coulu be !M3tabollzed 

ouft1c1entl3 rq>1c1J3 to explain ohange in the Ii\vaioal state 
of the CSl'Otcne, 

In the expe.ri.menta repol"ted 1n Chapters I to III 1 t was 

U'a.....a�• that �Clrl of injected carotene to Vi tam1n A a 

little o.tfocted by l'QIJOva]. of the liver, stannoh, SI'II!Ul 

1nten · , large intestine• panareae, lddneyn , adrenal.a, gonad.&, 
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or neck end on tho basis o� these reaultG it :raa concluded 

that none ot these organs or ti e opeci:f1cal.J3 1:1Wlved 

1n the COl1'Vei"'ion o:f' inJected carotene o.nd that probably Dm\V 

tiOBUD \'IID'.l'e capable ot effecting the t.ronsfo:mation ( et. Bieri. 

Pollard• 19!4, Kon et ftA• 1955) . ElqJerimenta of this type, 
however, tel'kl to giw qua.Utative rather than quantitative 

to the d1nerenocs 1n blood vol.uroo involved Olld 
the t time during whiob the animal oan ourvi � �oll0\7i.na 
a.c:ute s�. Thus convers.lon haw been oonsiaerabJS 
reaU«JIG. l:6r the runo of ecee of the · organs and poaeib� 1n 

the intact ani.ma1 one or more of the orgMS mey in tact be 

a main Site o;r OOO'YersiOl'le tho evidence scnted 

by Kan et M• (1955) , h , there � to be good 
grounds for rejecting the intestine as a nn1n Bito of oonveroion 

in the intcct an1clll MCl tram the resu.l to p in Chapter V 

it uould appear likewise that the liver is not in to � 

a1gnlfioant ext t. 

�I" evidonoe � po blo Bites of carotene 

atmrei'Gion can be obtained tram the knoml ot"":tect of tocopherol 

and the rate at m!Cib it appcse.ro and Ulsappoors f'ran tiswe 

attczo intmwnouo inJection. Since the roact:1on wh.iah 

toco,pboi'Ol lnhibi ts ia an extraooly ropid one , the levela 

oE tocopborol 1n the tissues during 1nmedia.tel3 fol.laodng 

oazootene inJeat:lcm are clearl3 of greatest 1ntoroot. The 

lavels of tocopherol eb«m 1n Table 22 thero1'oro 

a.n'ord i\1rtber evidence for rejecting tbe 11 r ao tbo mnJ.n 

i te � OCilWl"Sion 1n the in toot animll.• The level.o of' 
tooapherol 1n the 11 r bear no rclat:lcmabip to tho ut111oo.tion 

of carotene inJected at 1ncreaeing timo intervals after t�, 
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level. of tocopherol being low inrnodio.toJ¥ after injection 

V l.nbib1 Uon is greateat and h1gho t BaDe 2 h a.fter 

1D3ooUon by lioh time ocnVOl"Sion ie returning to no 

In the blOOil, kidnaye and lwlgs, �. l.ovola of tooophcrol 

o.re h13heot i�Jmflcliatel¥ f'ol.J.owi.ne inJeotion and eho\7 dDQI."'QQOs 
\'11 tb time elmi l£lr to the · sing et.feot � tooopherol on 

though this relAticnshlp is closest in the 

o£ blood tocopherol l.O've1o, the experiment in itoelf 

hazUl,v af'f'o.nlo ev1Qoooe for r jecti.nu tiosuco s-1.1cll a.o too 

l.u'ngs and ld.dneyo in favour of t.ho blocxl us the ai te ot· 

oonwroion.. It 1 eign1fi t, b0\'.18Wr1 thut , on the 

baoie of other evidence tec.a. in Cbnpter V, nttontim has 

� boon dro1m to the blood as the site mere conversion 

in a �t, aaoh as, for example , a carotenal, thnt (.lWl 

l"f?AdU.y be eanwrteo. into vi tom1n A". 

Obviously further work is roqu.irod to oorroborato the 

p oent l'incli.ncP bat all the OVidlenoo presented here is 

entirel.,y tiblc With tho eucseotion Of the �711 

being 1n1 tiateU. 1n the blooa., w:l tb the rupld t'ol'nntion of 

an ln�te a oarotenal, llhich is then more sJ.owl3 
cc:.m.u.-tod to v.l. tamin , •ll attoupta to ef'feet the 

ooovensicn of carotene to Vitamin A by incubation in vitro 

blood {Chapter IV) u.nt'ortunatel.y haw 1Ulleu, nor have 

arw lJ.kal3 :Lntemediatoo been ic8lt:lfied in the blood of the 

intact an.i.l:rW. after carotene inJection or in the incubutod 

nBterial. The 1ntcrinoo:latc could, bc:Jwewr, be a labUe 

eh rt:iiJidJ3 QOO/Jrgoes turtber oxidation un.loss 
� from the blood by the ti TJbcre its �rsion 

into vi tanin A oouJ.d occur. 
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fbe al.o negati: rela�p between blood tooopht:rol 

loWls at the time of oazootene inJection £U1ri 11 wr level of 

v.1 A 24 b later 1 1n • 2. ta £or this 

t1gu.Te \'I01'e o tran 1' 22 and 2}. Also pl.otted 
c:n the same ft,gure is the effect of tho inJection, tan� 

tb OOS"Otene, of � ot tocopherol. These 

ta obta.ined f'rom Tabloe a> (:r� 2-4). lf it 18 

cmJ.y the level of tcoopherol 1n t!¥3 blood oh influences 
CDtM!l3r'Gl·an, it oul be antioi that a g1 level o£ 

tocGpbel'Cl• V#hotber inJ w1 th oarotcme or resulting from 

a oua injection o.t' tooopherol, woW.d ha p!OOu the 

doeJ;Il'Gil81Cm in oo on. It appear, bO\�, 

that tooopberol in3eoted o1uul a.uJl3, at least at the 

bi{sher loveln, is coneiderabl3 moro et:rooti ve ln rocluoing 
oonwrmon. It is difficult to explain thi dittcronco 

uralc lt · again the �oa.l otate � the toooplerol 

\1hic:h involvecl. 

1 . � � ot of toaopbeztol Cl1 the � � 1ntr&­
actUeGUIS dit'f}G1"1Biona of CBI"'tene has 

1l.fter in�venOI.W in.ieotian o£ an dispersion of 
tX -tooophe17l ooetate t wa.s a rapid cU.mppeam.noe of 

thia stanoe tl"cr:l the 'bloOOJ at 5 m1n approxL te]3 7� 
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i:nJecticm and sholl.ed dec.reases with time similar to the blood. 

At 24 h, however, the level in the ltmgs was still about ten 

times nol'm'll and in the kidneys almost twice normal. In 

contrast, levels in the liver increased steadil3 during the 

first hour after injection; reaching a maximum between 1•2 h 

and then decreasing elol'll3' to levels 15-.a:l times nonnal at 

24 h. 

3. Conwrsicm ot: carotene into vitamin A was reduced by 

simi..U.taneous or preliminar,y injections o:f tocopherol, the 

effect of tocopherol in the latter case decreasing with time 

up to 24 h when conversion was again normal. When tocopherol 

was injected after carotene, conversion was reduced at the 

5 m1n interval but when injections were separated by 15  min 

or longer no e:ft'ect waa apparent. 

4. It is ccnoluded that intravenously administered carotene 

undergoes a rapid breakdown, probabl3 in the blood, to an 

intexmediate which is then more slowl.Jr converted to vitamin A. 
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l�tbclu6b it is ncJN well ostabU that ....,.._llllft 

aii:d.Jljlotarcd cai"Otentl oon bo A 1n the 

�. t, p1g, lOOp am chiol (e.g. Kon al.• 1955) , 

no · has � to te cmcem1ne; oc:m'Vei'Oian 1n 

tho pig or goat. i'hio ie t 1n 

vlow ot the taot tha both apeo1 arc oxteno1 wl3 usod tor 

f'iX'rlert.nenta). pw:poee It tbc.agbt �. �. 
t tJ¥) ttar Gbould be imJc tige.t At tOO time lt 

dec1c1Dc1 to Wldertako a otu.V of the � of b� 

cl:l. ot vitamln A al.ooh.ol. and oster ln.1eatod intJ:Q-

�ouo;w iDto laoto.t.tng soata. � the  o1a1.m by Sobel, 

En{ (19.52) that in Uon ot 

an d1 an of vitamtn A to lAotat.tng resu.ltoa. 
ln o. 1n 1n the vitamin A l.ovel ot t 1r mlk. 

a.lDo co.sri out ot the off'ect OD mUk le of 
tomin A � oarotone and Yitamln A 

41 d.i..Nctl3 into the t1s.oue et the glanc4 
It 1 pur.po of the Y:II'RAnn't d ptor to report tbe reaulta 

of the · � 

Tbs mntcr1als and ��IS 

.,.. ... Lit... w1 th the t'oll.o71ng add1 u Gl 

ooro owicltna cmimle e.p[Jroxi mte.J3 one old obtainocl 
� the Oollego Votezo:lnary �nt ool.OI\V. i'bcy 

On'�� o.f inbred fllblno � does \\hlob hod be 

.m.JJ'l'Cfl�S.DEIC:l throughout tb.o later etoeea gestation on a. 
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cancon:trato 0\lbea pluo bog. 'lbe1r fttamin A otorco at the 

of • �. ry l.oi7. All �ections iiOl"e 

blood UDI;ili'N-� 

an t8 fl �0 1�� 

J each 

lee 1:\v an 

adaptlcn ot the method ot , Hcgetecl ltMeracn ( 1939) Sn 

in th.1G l.tlbontal7. SO m1. or mUk (or 2.5 ml. 
f/4 and 2.5 m1. o£ ter if mt.lk or bish tat te ) waa 

turocl with 7.s mJ.. o£ oono. lUJ.,._w &.nd so ml. of' ol.ocbol 

and eatnotod by shaking th (Jo ml.. of dietlwl otOOr and 30 

oe :4th 2!> 

• 
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-a� .... ..,.., ana. tho oontcnte of �, Vl tol::'4n A aloohol. o.r¥1 

ootar eztiloo.tetil no dcocr1 oo PP• 1Z.,..16. (See aloo 1 69 ,  
1 70 ) . 

ibJ t preoentod in Table 25 � oletll"l.Y that the 

�� ....... � piB is oapab1o of eft'Octi\10.\Y ut111zing paron� 

tl&rd.n.l cuotono in i't'Jean ns o. of Vi 1'h1 

of tbo blOod and liver at lnterval.a toll� 1ft3aotion o£ 

OBI"'tene into .Y""Ot.8'lC anlmals th � vi toc.tn A 

the reoulta of � •• 1 S.t oon bo 1 that, 

as 1n tho , there uo.s a ropid caoeo.oo ln the Yltamln 4\ 
aobol ocmtant o1' the blood e.fter J.n3cct1an, tcll�� by a 

� bu1ld up 1n the llwr. WtiW.ly ao the al. 101 oat 

lA l1llinl.y ne the eoter. It le o:£ intereot tbnt Ule 

llf.:X)Uftt ot vitamin A fQfted � inJectlan o£ � 

dOCiJOO oE CBI'Otono v.no o.pp talg the os in tl¥> rat 

tbut the of oaroteno taken by tiv.l 11 vur roo.dlcd 

C\ ; h 8ftor j.nJeotlon and tbaroElfter � oonatant 
(et. TGble 19). the re t4 hxp. 2 (Toblo 4S) it 

o clear also t! ,t, over tno ranee stu4:led, the amount ot 

Vi A llf'ter in.10ot1CII'l the wnaunt � � 
etarod 1n tha l.i vo.r vm:oo both 1nt1uoooed � tho level of 

� GQrdn1ste 

the reaultn 1)re in 'lablo 26 ( • JIP• 1 )  it oan 

be aaan that although lnt :vonouo o&nin1otrotian of oorotcno 

in �  to e;oata resulted 1n �tiwzy hlgl blood 10\lelB 

a£ tor oooe tJJoo after lnjootion, ere no eY:iclenco 
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ttlil�toc�'l' to t t:m3 tomaticm vitamin A fl"om thio 

uur-.u�u.ns OBI'Otono. 'Jhlls tl reBUlte o.re OAlmlttedl,y 

in extent ana. obto.ined tl'CIIll onJ.y a aoo.U o£ 

U�U..-..w1 thq,r newrtbole prov'ide an inrlioatlon that oon-

OA in the goot, if it Bt all, 1 � 

:lneftlcient n d.th t.hat 1n some other opeoie 
lt cloar that no caJ'Otone 

;v\JIIuqct �--stntiOD 

t lowl � vi A Qloohol 
_, __ tur 01\Y Vitamin that 

btlvo fl'an tbc � !13 � thes-o 

little 1nQloation of the to the mUk of in 
................ A aloob.ol. or palmitate ( .1: 

• • 2 lll'Xl, zarUcul.arl¥• ' .._ __ 

in vitamlla A e1oobol. btlt 1 OOMlaor!ng the low1 ot: v1 tam1n A 

al.aaho1 �. the ertect W17 oliaht• 

BlbG4 aloobol levelo 1n s 
�.MJU:te ttw.t, ao previ0t�Dl3 
of vitamin A aoetato � into ato, robbito ani oalvoo by 

Kon "N• (1955) , v.ttomln A tate ropidJ3 �J.a'eed 
1n soo It oJ.ao nw14l¥ de 1n er reft)l)'ft!(l 

tho blood , both Blcobol an4 e levol.e having retumecl 

to nonal within 2 h. 1be Ot:J.tn1l3 l"8pld. eter.lticnt1on � 

vltomln A ol.oobol, aa by l lo 1n FlfiPtl• 3 £Wl , 

!n4.1..oateo an equUJ.br.lum � 

In controst to intm'VellOW3 a&ninistzoation, iDJeotlc:m 
oe ...,teno di ens � into the tissue of t� 

ll'l':lll.Wry gland r,ave BCDO l.nd1 tion (Tabl.o 2:11 ::xpn. 1-3) of 

OOIMJ:ra.i.·cm into Vitsmin A1 tM aloabol level in the mUl: -·�vg 



·�--25� � oE CBI"'tcm and vitamf.n A la the blG04 Olld llwr ot 
.fCUD6 guf.nea. pigs after 1ntravomu& m1mlnJ str&Uoo of 

41� � � 1n  

Time :f'rom B l o o  
Ctll"'tene I &ud.ne to Vitomi.D A 

� a.Lcobol 
(h) ( 100 cl.) 100 ml.) ( .) I (�) I (� 

1 I 2 I - I - 12 I 0 2.6 .}.6 Trace 

' I I#) I .1. 6o I JJH) 2.5 3.0 Traoe 
I ' 12 I 

' ' 
1 I 1/X) I 1 56 1900 14 4.1  29 

I 
• 

2 IPJ I ; 40 900 a. a 8.8 ;o 
I I -

26 lJ8l , ... 17 66 !i 
1 I 4DO 12 I I • 
2 4fX) 24 18 !h:ooe 6.6 .}1 I 72 

l I I 
2 2 I ax> 24 14 � '·"' 2J 1./J 

I I 2 ' I#J 21,. 18 'baoe 6.6 .)1 72 I 2 000 2ft. 1S � s.e 40 90 



1 )fJ o• 
2) 

2 t o• 
a> 

.) 1 o• 
10 

I ' I o• 

• 

+ 

UUltootion of aqueoys � Of£ CQl"'tene and of vitcmin A n1.ft'Jhft1 
and polmltate � 1nt%uWDOWJla 1nto lncto.ting 

I "'•- I §J.GOd Pltlo16 
V1tom1D A 

.an 1 � -- -i AIIIOiiit �eots.cD IAlOQliOI ,. -�-- - Carotaac m m I 
{h) � �� (ugAoomiJ (�ml..} (pg/&) {flg/g) {JJU) 

i ' 
None - - 41 - 0 0.2 15 
Coroteoo 20 ii 4lt. - 700 0.2 14 

2 I lt2 - 11.,0 o.3 16 I 
4 I ¥) I - ao 0. 2 1 6  

18 � I ss 0.4 18 I 
-

42 I - .30 0. .3  1S 
48 I 41 - 2t 0.2 17 

I 
- 12 0..3 16 ' ' 12) � I - 0 0.2 15 

r �� - 47 s.o - 0.4 14 I 

v1-.. A 

- I 
3) ..J. 5SO 175 - - - I 1 2  

Bl.oobN. 
4 44 4.S - o.s 17 

t.z }.7 - 0.} 14 

46 �1 - 0..3 15 

, Itcoe - - 51 J.O - 0.} 19 i 
Vitacin A 10 1 16.5 4.1 - - - I l1i 

7 - - - I 

1 52 S.1 - I - - I 
2 18 2.9 I - 0.9 t8 I 

- I u.5 18 I 
I I l'fc:me - - I lJ.. I 8.2 - 0.3 18 I - - -

' • - : -

- - - I 0.} I iJ • 

- 0., 17 I ' I I I I I ' I 

Carotene 
(p.;)g) 

0 

0 

0 

0 • 
0 ... 

� 
0 • 
0 

0 

0 

0 
-

0 
0 
0 

0 

-

-

-

0 
0 

0 
-

-

-

0 



1 1 

2 1 

SUbotoDcc 

!lone + 
�tene 

l· + 

Carotene 
Cnrotene t 

� 
after 
inJeot1on 

(h) 

-
24 

0.3 

6 
2 

.tomtn A al.oobDl 
� gland of lacto.tiug 

.noarnion) 

17 

1 6  

17  

0.5 
2 

1 .2 

17  

16  

18 

Carotene 

0 

42.0 
170 

- 0.4 18 0.4 16 0 
._ - ._ -. .}BC) I 

21t. I o..3 
14. 1 .o 1 1  160 

48 1 o.4 16 1.6 1 6  100 

12 1 o.5 1 6  1.,; 16  1 10 
��. ·-·--�------- - -�- - � _ _j -- ---�-�----�--� --

} 1 None • _ , 
0..5 : 14 �··�0.4 r �:-�-,�-�- ��--� 

(':8\.Y'Nt.AnA 6 I' 0.2 I 14 I 1-4 15 ; 3J.o 

4 1 

1 

a. 1 o.2 1 1.3  1.0 15 1 10 

1 o..3 i 14- o.u 1 2  21 
12 , o • .; ! 15 I 0.4 16  7 

�- -�---·- �_L_ ---···-� ---·--�-- ---�--··-·--.. 1 --·---·-�-. -___1__�--. -·-----------------------------------------------------------, 

None + ' I I 0.2 16 0 I - - I -

Vitomin A 24 .... - s.o 2t 0 
alcxtlol - I - A.-.0 3) I 0 

- - u.l 18 0 
' 

.NciDe • 
I 

- - - 0.2 16 0 
I I I - I - I 22 700 0 

.te la2 I - I - I 8.4 280 0 
·- .... , u.o 0 

168 l - ... 0.2 18 0 

• Tft� -� � .u. or 211' 1Wwll aaJt�.UcD (800 p. 124) • 
� 
b 

I 
... 
� 
I 
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ln .i:JCP• .3, S ml. of a 2q, acl!.ltion \"JCl"e 

ift.3ecstocl � the control gland at the eamo tirw as tbo inJoctiCft 

f)£ oo.rotone 41opendon into tho trea: gland.. nw reoults 
Saiice.te tbat tbe in in mUk vitamin A al.ooho.1 \iOft 

QBCIOCJ.;atod. with tbo Qt\l"'tcne and did not rcault 1'ran an 

1ntU t1cm of bl.ood pl.aemn vi tom1n A L\lcohol due to tiasue 

QBI::lage after lnJection of ·l"WW"l�-

Piom the ztetrulte prasenteU. in Table 2:1 (Ex;p • 4 and 51 

reopeot1wl.7) it la apparcftt that e terifioation of 
vitomln A aloohol and �ale 0'£ Vitamin A palmitate 

OOOlll'l""'- after diz'ect inJcction into tbo gland. The Elml�:oonc:.e 

1n tho milk, ond the oonti.maod eeoret1cn ot CDO and 

v.ltamUa , ln l.xp ,_, 1o not GUl"pl"laing o.nd is not 

contradictory tQ tho reoults obtainocl attar i.ntrflwmoua 
ny too t'ormor route of the Close would 

inJected d.1reotJ3 into the e.l.'VSO.li and duoto, tmere, Ot7J.n6 
to local bl.ockaee, 1 t ooW.d be retained for St'lC¥9 title befo1'e 

fbe I>ermeabU.l ty o1' the membJ."W'lCG to aquflCIW) 

d.iopersiona \70UJ.&i1 therot'ore, not bo 1nvol 

!be aa1n aim o£ tM preeent �ta was to obtain 
eftdonoo on the utilization of � dispersions of oo.rotenc 

rulmlntste by vo1n to gu1nee. pig and ot oerotene, vitllmtn A 

the ut.Uizatian of o,1 m lar prepit-atlans of oa.rotonc. vitamin l 

el.mbol and eotor cdmin1� dii"'OtlQ into the � glanii 
ot 5cato also atu&U.e 

From the reSUlts obtained nitb gu:Ln pie (Table 2S}, it 
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oirrtalatod that 1n the rat ond the lovolo ot' vJ. Ulm1n 1\ appear-

It of t.ntoreot to note 

After 1ntzuWDOUB i1\ject1cn o£ cazootene into tJX.lts trerc 

no ENidonoo of any iOOIU\.SO 1n the vi tllm1n .1 aloahcl 

cxmtent � the blood o1 thor in ltlatating or non-lactating 
c:ww ........ .u • and., on tho 'baBio of this tJ.ndlng, 1t nu.et be oanol.u.ded 

.......,riiiiir (19.5tt) hBvo auggootcd that the fu1lure ot' the cW.t 1n 

th1e roopcot � bo eoclatod with tho i'a.ot that in th.lo 

on aanrt.ooe normal.l3 oUcul.atea 1n tho bl.ood, but oloor]3 • 

• 'l'hls simllnri t.v 1n behaviour between the :ro.t end tbo 
gu.lnea pig was further borne out by tho rooul to or 
1mo othar �nt J first, 1n which the llvero 
•.ere �� tTom two guinea pigs (using the method 
4eocribod provioti8J¥ an JO) , end the seoonu, 1n dl 
the lungs 1101"0 romovod :frcD t\vo animls ( ue.i.ne tho 
IOOtbod deecribed on pe4.1 ). Af'tor J.nject1oo of' 400 
Ug o1' carotene in into the heputect.omized anlool.o• 
p.LLWm vi tamLn A dlcobol levels 1ncreaDeu t'ran o. control 
lowl. (ono enil!tll) o£ 15 1l8/100 to 5J ,.W100 
1n i h, TJbUe after injeotian into the pneumcmeotomized 
animnls, v.t tamin · alcohol lewl.D inorea8ed to 
4.7 ,W100 in 7 min. Tbeoe levelc roGembl.od very 
clooe.Js thooo observed 1n rat simUor:Js t.roatoo (at. 
Tables 6 end 8}. 
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t ln whiob oarotena 

not cUGulo.te to any ap�le extent. A a> likol3 

tbat the 

q.>eoie DOIWllJ3 OOili&D.II.O or efi'eoting 

In thi re · at 1 t 1 or interest 
.-��--... by its 

rato � di.oap.peann tar 

JlO Church 

e ( 1954.) haw ob�m the n.te ot diooppeamnoe of injected 
Clfll"'ten from tb.e blood to be 61"08.ter 1n ehoep than 1n calw 

muo 1n the proeent mic it has been am to be gl"eater 1n 
rota end gulnoo pigs (Tabloe 19 and 25) than in goats (Table 26). 

SimUarl.Y, Kml et al.• ( 19.?�) ha; m that althoueh the 1n1 Utll 

rota of di&api� of oorotene ( i.e. o� the t t 2 h llttor 

tncJoction) is the sac, 1n the rnt, rabbit EUld oalt, oorotene 

1n b�oocl � tho oalt for a mch J.oneor period 
t�.d..ne injcation. C•uitc poeoibl3 those oboorvations l'IE¥ 

� an �  beor1ng on the 1:&"0blDm althout.:Jt their omot 

oign:lt'iet\nOE) nt the moment 1 not to 

rlei ther oarotenc • v1 tam1n A alcohol nor eater inJoot 

tntl"'l� in aqaeous dispersion into goats had 81J3 signit-
ioont et on the J.Mels of these BUbotanoee apz� in the 
milk tat. Tb.ia ref3Ul.t is t 8Uipl"ls1ng in view ot the 

f'1ndings of Sobel et al.• ( 1952) 1n , oh hmed that 

Cla\U.JO(i a marked lncroasc 1n the vi tam1n A content of' tbo mUle 

fa Th1 disc:rep&noy JJe3 repre lt a opooioa dit� 

CUXJIOOl'..ated perhaps with the faot that eftor injection Vi tam1n J\ 
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rEm10Vt!!ld nuch more rapicU3 from the blood ot goats th:m 1 

but .IIK)J."e l1.kel3 to be nttributablo to a d.i.f't'erenoo in 
• the type of c11spcraion \lOOd • 1'bat no oarotale appoored ln 

� mt.lk, e 

it 

by assuming the �-gl.and mr'lll1hnUlfl to bo ccrtplctel,y 

iq)ermoo.bl.o to carotene. 

in.'Jaot d1reotl3 into the 

t1 of too maumo.ry �. in oontrost to tho.t inject&..�. by 

win, is conwrtod to v1toolin A 1n quite apprccit.Lblc £U!X)llllt 

po blc ln the preQQI'lt 1nstanoo. 

It le u matter 

obtalnoblo for eJq.>erimental ,'lOJ'k 1n thio OOW1b7 o.oo. the ono 

ln the IZ"osent eerie of e 

toll.lml.ng ter � ti.W v.nJ..mals obtained fran h1ll-cou..1try 
Dbocp sto.U The aninnlo "� nGI"99.l8 EWi ftti.rls dift"ioult 

Um1t 

oould be carried out vlitb th 
in !d.c.h �tone \lW} inJeoteu 

restrict 

ta 

· , on this account, oould. not be extenaea. 

'l"be �t· 

o i'h1 is turtoor borne out by too tact tlvlt 1n an 1DOJ.ated 
experiloont 1n which vi tam1n � Glcchol un 6qUOOUB 
&Gpei'Bion 1n � 1n.jootcxl 1ntrnvenausl3 into a 
single OCII ( .i111 Vl"U3 I 19!)6 1 unpubllsl' ) 1 no ohangG 
oould be eha:m 1n the vitamin A content of the milk tnt. 
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1 .  The utU1mt1on of aqueous d.ioporo1ons of carotene 

eo.mr.uu.stered by win has been sttaiied 1n eu1nea pigs e.rd 

the utilJ.rAt1on of imllar pl""Cp61'at1on o£ carotene , 

vitamin A alccbol and er adad..nistcred by win and 

� into tbo me� gland hat\ boen studied in 

goo.t • 

2. YOW18 guinea pigo were able to ut1lioo J.n.jcotccl 

OOI'Otcne QS evidenced by marked increases in the le'VCl 
o£ v1 tam1n A ol.cdlol in tl¥3 bloocl ond 'Vi tam1n '' aloobol. 

and ester 1n � li wr at various int s ofter inJeoti 
Tbe total l.<nJol of v:ltl.lmt.n A aloohol prooont 1n the 

11901" 1ncrotlood oteadil3 up to 24 h after injection; 

the l.owl of Clli'Otcoo present, on the other hanu, 

;�.�....,...- corwtont after 3 b. The total amount of' 

v.ltam.in A ft.nall3 az>t� in the Uvor ms shovvn to 
be lDf'luonoocl by the level ot carotene oaministe 

}. There was no evidence of' ens incroaoo 1n the vl tamin A 

el.cohol ocmtent of the plA lD of goats up to 1 ?.0 h at'ter 

ln.jeotion of a) �  o carotene :l.n � From this 

it concludoo tbo.t goats do not convert injected 

carotene to e.ny ap£-'reoia.ble extont. 

4. P..t'tar intravenous inJection of carotene , vi tam1n A 

nlcchol. ood estt:�r there no indication of any signifioant 

� in the levels o£ the substance in the milk fat. 

Vi tamtn A alcdwl ' inJeoted. by vein V1Wl rap1dJ3 oatorified 
Wld removed t'"rom (or aestn\}'ed in) tbo bl.OOO. Lil:owioo, 
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a.tter in,jeotion Vitamin A palmitate WhS rapi� h.Yurol3eed 

and. rGmoved from (or ®stoye<.&. in) the blo · Following 

inJection oi' ci ther aloob.Ql or ester • blood levels 

returned to normal \Tlthin 2 h. After inJection of 

oarotene, hovrover, traces of' pigment were stll.l present 

1n t.lw blood 4 �a later. 

5. Atter inJection of carotene direotJs into the 

IDt'h(IJlJB:cy gl.anu there was evidence of an increase in the 
v1temin /1 o.loohol content of the milk fran which it was 

ooncl.u&xl th.e.t some conversion ot carotene bad oc:ourreu. 

At"ter injection of Vitamin ,\ po.l.mi tate 90.100 h3Qro�sis 

a again apt.:arent o.s was also come esterification of 

injeoteci aloohol. Injection of carotene, alcohol anti 

ester into the � resu.l.ts in increases in all these 

substances in the mllk. 
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'm& UTP,Iztgm� OF Jl!'l'Mm�OOSb! J\mtn.q;m;l@!W 

AA!P'lEm� ANll VlWW• tL �mm .ax ws litiD oo,q;a 
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It is now well e ta.bliabed, both from oarlie1• work 

(o. Iton et %• 1955) ond frcm the rcaulto discussed in 

the prcoed1ng chapters, that 1ntre'VellOUSl3 adm1n1 tered 

aqueous d1 pe ons of carotene 1n Tween can be converted 

So far, 

be oonvcrte<1 to vitamin . to 8IJ3 nppreciablo extent �on 

admln1otereci by routes othE:lr than the oral. Colloidol 

o.nd oi]3 forms of the pigment, tor e  men admini-

otered lntrovonouals n.lt ar to be quite inaotive (e.g. 

Reoontly, ho.vewr, 

an enulnton• could be ettectivels utlli.zcci s a oooroo 

of vitamin A , .pro.xir.tdte]J 2Q. J  ot the dose administered 

bclng roooftl"ed from the U vcr as vi tam1n A forty five 

In View of the fact that colloidAl 

o.nd 01.\.v' lli'O.Pfil"itiooo o.f' carotene are inacti w Ol'ld Tween 

dis.1)oraiona at best, even 24 h ut'tcr Qdmlnistrotion, yield 

onl3 o.bout 1��� of v1� A ( ace  �pter VI), it was thought 
de rubJ.e that the ut.Uization ot carotene t'roo1 on cnulaion 

ohoulu. be further invcetigat.ed unu an attempt m:we to con£1rm 

It \mll thought 

o£ 1ntcre t aloo to investigate the utilization o1' Vitrunin /1. 

• � bs .Lnuc> 1 �ots Inc. , He\'7 :tork, £l.lX1 
containing 1Cb oan"'t oU and. 7. '4 , gelatin 
( G.reenbe1'8, private cc:mnmi tion). 
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oobol mu palmi tato eaulaions aim1lnr .13 �niste 

'rho results of tho atudico nre <U.oousaed in the pl"''sent 

chapter together with th.e resulta ot some experiment in 

goo.t3 d th aimilllr preparations. 

GenEJ!:l.. All methods a.nu materials re L\G described 

oorliar. 

� !.ll rats re inbred albino animals ot: tm �.tstar 

stroin portii.al.l.Y doftcient in vi tam1n • 

Goat&. The goats re predom!nant)3 sae.nen, in full 

lw::tation, vd. th normal '9i tamin A re rvea. They were 

tethered on pasture throughout the experimental period. 

JUl. inJeotiona were into , aru1 blood aamplea were d. ttl<:l.rawn 

i'l'Om, the jugular 1n. 

!)ypuration of egulolono. l:.Jruls1ons of carotene and of 

vitamin A alcohol and 1:>almi.tate (all �plieu by .Light 

1,rovioWJl3 in Chapter IV. In the case oi' the carotene 

omuloiono, tocopherol f.l.ddDQ du.ring the ,trcpa.ration 0'£ 

the enuls1on to stabilize the pigtOOnt prenent anu prevent 

its too rop141 destruction ( &ce Ta'b ... e 28). 

Be!!!llts 

l!l'f;l':!venotW adrniniotration o£ oaroteno uru.t Vitamin A 

eti!ll.aiOI."'la to rats r.a£Unll.Y cJefioient ,in vita:.mip .n. 

Blood and llvor levels attained at intervals 

a.ftor the 1ntrawnoua .lini. tratian of carotene or vitamin A 
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al.cobol. or pa.lmlto.te emulsions to rats are hewn in Table 28. 

Prom the results obtained in ¥1'• 1 it is apparent that 

v1 tamin A pulmi tate administero.J. in this way is • ll 

utillzed, one halt' of tha do · be1nt; aocounted for 

in the plaeroo. ani liwr at all tiloo intel"V"d..l.a studi ' The 

inc:reaseci Vi t&min A alcohol levels 1n both plascn and 11 ver 

ut tho shorter time intervals i.ntiicates SOI:X) b,ydro]3aio of 

the � tate, bat at 4 h ruost of the Vi tam:1n i\ in the 

11 wr •.�as in tho ootcrifioo form anu at 2.4 h re-estcri.fication 

wno ocm.: )lote. From the resul to of ""xp. 2 1 t i cl.oar 

that vit&min A alcohol. not as ll utiliood as the 

p...'\J.r.d.tatc, a.Ughtl.y le.es than one tl11ra ot the do being 
recovered fnlm the pl.e.Ol'ID and liver a.ftcr injeotion at the 

vnriou.s intorvnla otudi Most of the vitamin A in the 

liver iJmv.xliAtely after injection VJaS prcoont in the oloohol 

torm but aa the intorvnl after inJection inareaeec.l. this 

situation :raa graduall3 revcrood until after 2l,. b the ester 

rorm preOominut 

It can be aeon tram Bxp ) and 4 that there woo &0100 

inllication or con'Vt!rsion ot' the GlllJ.loifieci oarotene into 

At the shorter tiloo intcrvnl.s there wns an 

ir1C1'Caseti plaor!Vl v1 tamln .u alcohol lt.>Ve.J. ruooecdoo by an 

1ncroo.oe in 11 ver vitamin i\ cohol o.nd. 1 .. ina.LI3 estcr:U'ioo.tian 

of tbia liwr vitamin .. It is interesting that o.t'ter 

injection of � • ot oorotene (.1. X£>• 41• ) ,  the level of 

coroteno 1n the liver sho� no Bi(;nificant cbrulge t'rom 

.5 mn to 24 h, 81 though the level in the pl.aama fell t"'rom 

about 10... :/100 • to jaet o. trnoo 

the rapiuity with vlhich tho 
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carotene and Vi tam1.n A rema1n1ng 1n the pla , ro destroyed 

after the blood 

oore therefore corric<.l out soon as poaaible after aloo.aghtcr 

th plru:.Jma carotene after inJcation of carotene erwloionJ 

clocpi te the precautions taken extrcn'£.13 variable plaSiM carotonc 

The plaaoo. carotene level arc own 

Intra'!O!!OU! aslm1J!!: trfttion of' oarotcnc=;;;...;:�:;:ei:.on;;;;;;.;:s ... to ..... .;;:li;;;;;lC;o.;;t,.s,.tiM;;;o;:w 

aoate. 

Carotene enul.Diorw ( 10.20 ) were injected intravenous]3 

into three lactating goat , In none 

signit'icant increase in the vi tBm1n " ester or alcdlol 1n the 

r.Ulk or blood pl..asrm. Typical figures are g1 von in Te.ble 29 

for one goo.t • iDJected with the sa.roo oorotene CD.llaion o 

used for the rats recorded. in �'oble 28( '• • ). 

The conversion of' intraVCJlOUa.\.v adm1n1 otered oarotene 

enulsion to vi tam1n A confirms tho :N.nd.ings of C.reenberg 

et al. ( 195.5) Who demon· tnlted the appearance ot' vi twn1n A 

in t e rat f'ol.l.cmin,s intravenous injeotiono of a oc:M�:�roroiul 
oo.rotene on apecial.Js prepb.l'OO trom carrot oU. The 

cr It tM>ul.d be pointed out that both the goats and 
rat invnrlebl.y showed aignD of cli stre  a after 
inJOO'tion of the caula1on, 1.G a. result two of 
the goat& and sewro.l of the rats ti.ied after 
inJection due proswnably, from the ap�earanco of' 
the aninals, to oome form of rcapiratory failure. 
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aff.lolen<W of OOilWrsion in the 1Jreoont eJq,x:r:i.loonts, hot·�, 

� of a WlY audl lower ordGr than that revortod b.v the 

latter authore, c&ae, prof�Wlnbl¥, to dift'erences in the 

pi\ysloal utate o£ e two Em.Jl.G.iono, or, pcmapa, to the 

1'4"000ll0e ot tooophel"'l uhich v.w3 cddod. to stab1Uze the 

Q:.ll'Oteno preaant 1n tho enul.sion. It is obvious al 

that conversion w lli1Ch leas cffiate:nt th.un in the caee 

of too a.qu.eoue carotene disperoions reported 1n preccd1n.g 

�ptors \vi th the cane qu&ni tl ty o1' oo.rotene. �ram the 

plomn vitamin A eloohol levels and. the liver vitamin A 

alcohol and estor levels at tno �ous intervals, hov�GWr1 

it would appcQI" to follow a. similar COI..U"Elet the vitor.lin f.t. 

£lPl�nc tint in the blood p as tho alcohol from 

whiab it was t.aksn up b,y the Uwr am subsoqu.ently 

esterl.i1. 

Fran the re ts obtaintld at"tor 1n.1eot1on of ettJll sions 

ot A a.loohol and eater into rots 1 t 1 flpf.61"Cllt 

thut the alcohol 1e lcao etficientJ.y utilized. than the 

ootor but wtw this ohouJ.Q be oo is not clear Wlless , 

due to ita ocmewhat moro reactive nature, the froo vitamin 

io roore pi'OOO to destruction. The utUia.ttlon of vi tom1n A 

gaJ.m1 tate £ran on fiDUl.Glon is of partiol&lllr intel'OGt o.t.noe 

the absorbed vitamin A, .t•ol.J.owi.nB ornl. a.dmi.n1Gtrat1on1 is 

transported tran the inte tinea to the ston.ge organs in 

0..."1 o.storl.rieu f�m (Thalpson e al. 1949). If tho 

utiliea.tion of this palmitate e.rmJ.l.sion does to t"tn3 extent 

ainulAte the up� from t..lw plaalm of' Vitamin A ester in 

tJ.•wull ·ort , it � u.v1;oor to bo o. ro.pid. wx.l. relntively 
eft'ieiont process, one-t'if'th of the dooc being taken up 
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in the t1rst s m1n an.i a1mo bal.f the do in -fi 

In the goat, � e � gland is oapablo of 

utUizine dietary tat by a direat upto.ke of blood d\Ylomiarans 
( o. rev.l b,y GlAaooc1t, 1951+) , it viCUlcl Of>t}OOI' tbo.t the 

IOOI'nbrone is ei thcr le to fut globulos of the t.Ype 
or B1ze present 1n th() oarotene eoulslon or that the eurotene 

is aeotroyec:J. or remo f'rcm the fat dtll"...ng the prooea 

furt, 1� , from the pla v1 tam1n .t1 aloobol lcwls rcCliOl"ded 

aftor injection there little to indicate W\Y conversion ot 

the mnloion into vitamin A. 

1 .  The ut.i.l.izatlon by rots by J.aotatine goat of 1ntra-

wn0l.IB13 adminiatered ana of oarotone aoo of vitomin A 

llloob.ol azx.t polm:1 tate boen investigated. 

2. In the .rat V1 ta.m:1n A palmitate t 

Offtcicntl,.v tnken liP by the liver, ul.most halt' th do 

1n the liver in -k - 2 h. 

3. Less than me-third ot the dose of vi tomln A alcohol 

1n_1octou into rota 

ester • £.\fter 24 h. 

nata aonwrted OBrOtenc injected 1n w1 eauleU'iod form 

into vi toml.n 

mnnnor, but not as ottloiently, as v•flen the oorotene ·ms 

injected ao aqu.eouo cli peraions in earlier c leriment 

�. no o:a'Otene a.t> earcd in the mlllt and tho vi tam1n A 

level v WlQbo.nged after the introvenot.lS adm1niotration 

of carotene rntJ,&l nl 8 to lactating coats. ood levels of 

vitamin A aloohol apr to remo.in 1Wd1'eotcd by injection of 
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From tho result ot the work diocus in the preoeQing 

oigbt tero the f"� points of generol 1ntoroot 
caergea 

1 .  Cazoote.no ad£11n1 tered po.rcntero.ll3 as an aqt.\OOUS 

tiap<areion in 'l'weon can be et1'ect1 ve1y utilized ao a flOtJl'Ot'J 

� vltem:ln A by the rat, l'&bbit and euinea pig but not 1V' 

the goat, 

no.::l.J."eltl 1n the li vera of rota unu guinea pit:.s 24 h after 

injocticma rabbits, hBvewr, lVere very auoh less ef'tialont 

OCII'lverters then tha latter oieo, Carotene admi.niBterecl 

1ntzuvenousl3 ao an enuleion was al. GO oonwrtod to vi tam1n A 

in the rat altb.ough the reaotion VJa.S of a very low order ot 

otn.o1enoy, 

enwaJ.eion to goat YlllS not oooverteu. to Vitamin :. nor 

there any CV'ldenoe o£ ans J.ncroaso in the curotene 01" vitamin A 

oontents of the mU.k. 

2. A �  of factors bnw boon ehotm to afi'eot the 

offlcienoy o utl.Uzo.tion of p tera1J3 8dminiotored 

a.queotU.l cU spE>nd.ons o:t carotenes 

( n) cw:vteno admtnistered intravenously or intra­

peritoneal.l.y \"88 IOOrC o£footivelJT util1eed thM 

oaroteno adminietereu intranuocu.lar.ls • �arotenc 

aclm:1niatol'&l GW>cutaneouels utUized wey 

1net'tioiantly, if at aU. 

(b) As too clooo of carotene lnorcusea, hepatic 
stores of both oo.rotone and Vi tam1n A oleo 

ln01'ea00d1 the relationship owr tbo dose 



(e) 1'00 level ot vitamin A 1n the 11 

(4) S1mltl.meo ac1min1 trntion of mnthopb.yll, 
tocopbcrol and bcnzo7l peroxide � the 

ei'fto1en<\Y of oonveraion o1' carotene into 

vitamin i 

3. Gcmversion of ln.'Jeotecl carot into v1 tamin A has been 

aamonsta'ated to take plaoe 1n both deficient and llQl'\lllodeftclent 

not po the � •1coone ring structure 

l.etol¥ l.aclcing in vi tamt.n j act1 vi t.Y 

whm1 adm1ni atered  intra� althoush they were c.cUve]¥ 

�tabolizod as 1nd.1cated by their 1u disappearance hom 

the tiOSI.Iee after inject! on, /3 -au'Otene t'1a8 shorm to be 

about twice o.ot1 w as o( tene a.e juc:lged by 11 wr 

Gtclroge of vi tam1n Ae Or.Y.Ptomnthin produoet:l 11 ttl.o ll vcr 

otorago of vitwnt.n A but own to be capable of porting 

nol'lll.\l. growth. Retinene cliooppea.roci rapidl3 fi"an the blooQ. 

atter J.nJeot1on f.Wi we.o effloien� converted to vitamin A. 

s. h'Vi obtain<x:l � that the 1"'08.0t1on invol 

in the oonvcreion o"f carotene to vitwnf.n A otter teral 

aiiministra.tion o1' oal'Otone was aimUar to the reaction invol 

after oral admtniotrati 

6. Thyroid activity wao mo m to be dt.hout aey ef'feot on 
the converGlm of il'ltrfa.WllOU.Dls adminiotereu carotene into 

vitcdn A, from :lhich it concludocl that the ettoot os:' the 



.. 142 -

t}\Vroid on the con raton ot oro.l.l.y c.dministe carotene 

nust be by was at its etteot on the inte tinal absorption 
of carotene tber than on the chani of conversion into 

vitamin Ae 

7. A oorio or experlment is nported in :thioh cl.iUoJioent 
tieouee ore remo prior to inJection o£ carotene in on 

at t to looote the aite t 
into vi tam1n A. Runaval of the annU intestine, J.a.1oue 

inteotino• panoreo.s. ld. 13a, ad.renal&t gone.cle, �s, he8d 

or neck had U ttle apparent 8ft'ect on the lovel ot Vi tamln A 

CU.oohol. apiJeQZ"ing in tne blood after 1njeot1on, from \'bid\ 

1 t conclucled t.ba t poa bJ¥ mtJ113 ti seueo are capa.blB o£ 

ei'teotinr; oon .At'ton\')ts to me which ti 

in particular invol 1n conversion using various 
in vitFO techniques untortuna.tel.f we� not mcoe aful. 

It would appear that the reaction 1n vitro io oxceed1nel.v 
Uiffiault to monst te although retinene and Vitamin A 

6. In a 1\rlber Stuc\Y of the inbibi t1nt_j effect 0£ 

toccpharol on conversion, it ahown thnt the rcacticn 

v4\lch tooophc.rol 1nhf.b1 t is a rapid one occurring wi th1D 

tbo f'lrBt 15 mln a.f'tcr in3eotion at a time men tocophorol 

io highest in the blood, lur� ana kidney. ·hUe conwraico 

poaaibl.,y f:S3 occur at any one or all o1.' these s1 tea, it is 

suggested. that th b of carotene is most � 
initiated in the blood, with tbo ropiu fot""mtion of an 

intcn:oodiate G.Lch as n carotone.l, \'.hich is then mDJ."'() aJ.owl3 
converted to Vitamin 
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Tho v.t. .... -. .. IJLU A potencv of .�eh, Europoon and American 

butters � inwotigated by Jll.IDbcr of r.uio3rD and 

tiooa 1n poteney have boon 

Dooth, KDnt llnnn & :ro ( 19-'J) ' in 

BhO'l*l that t'nt FOdUoed 

tho m.ntcr oantcdnod lee carotene and vJ. tomin •\ than thnt 

Later, Ktln ( 194,5) oont1rmod 

tho · rooul using bulkod mUk eol.lcoted fl"an oixtoon 

<liotrlcts � tho oountr.v, ., oonolwedt 

.. A eenezW, t 1a plAinly 'Viaible tar 
ood1 locol1ty. . . .  In er 1n 
this country a potenqy oE 30 or liJ u.f, 
ruttarfo.t. In winter tho value !003 roll to 
10 ar 20 unit " 

a. mxian in lAto r1:nf!/oarl3 Bt.J::r.Jere In a more recent 

JiJOI>er Lord ( 1945) has OOJlf1nood those gonc.;JUl. t::'OOUG and bruJ 

ot the mUl.t fat with NmUnr �oo in tho oorotene ODd 

v1 tooin A lewle of: tho u...u�UU.e 

butter 

�r oondition 

1n tb V1 tam1n A potenqy of rioo.n 
:.:ltee.nbook ( 193J) at 

Cl01"e rt.'OElntl.y by the rooulta ot the ns.tion-u"ldo survey 

pub.Ushed by the united Statee Dep6l'tmeftt of Agr.t.culturo 
( 1�, 1947) , ,Jbiab toots 
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"In all but � tea C\ ·dotincst cU.tterenco 
between the v1 tamtn A potonoy o£ butter producod unaar 

te� oa:uit. tiono and thnt produoecl under 
�i'eeJding t1 • About 35. ; of all o.reamory 
butter is "vd.nter' bt.ltter o.nd 1 t has on uvcraeo vi tam1n A 
potcmqy � 10,500 or 1 1 1ax> u./lb. . . .  About �·� of 
all butter le " butter (produeed by 
on po.eture) it an a�rogo vi tomin A � of 
17  ,ooo or 18,000 tJ./lb. • 

atall-teed.1ng to � oonditiona, after cil 

thoy rerrained almos\ ocwatant untU the autumn, \'then they 
fell � � e. ml.n1l:lu21 in t;o winta.--. 

( B• Glllam, ��-· .. ·• b"eJt"gUJOOil & �ataon, 1936J Hibb • 

� carotme 1n the 

For ext.lllll>J:.e, Heilbl'on •<! G1llarn ( 19 37) , 

agn1n pllloed an the control diot, 
Tbeoo ob 

cmf1rtiM t�, 
in \lblch butter o£ tlllll::u:J:Ill poteney 
winter b.Y supplerlr!:nt the normal. ooncxmtrute mtion Tli th 

� See Publ. u.s. llep. !1(p.'"'!o. No. 6.)61 194.7: 
Butter aa a oouroe et toW.n A 1n the diet of 

too people o£ the united Stntc , pp. )0-}1 . 
•o.oh1ngtona u. Gov. PrintinG Otfioe. 
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it tBS oon4lucied that urder stnll-teeding oand:I.Uon ati 

1n pote� were pr1ma.ril.v a fun.ction of the carotene oontent 

ot tho ocm' r. t1on1 anrl t &lclino 1n aotivi\Y of 

is t Cl.lftorcnt sin oontJ.Duousl3 at 

nod the oaq>UcntinB ettoot ot• �eeQlng tbu.B 

oUminated. ped.oda of relative abo o, 

8i.leee1 all r4 whloh rich in � , are nornn.JJ.y 

�let- audl oancU.ti e the on o£ fat ot � 

bieh potalcy mlgbt bo Th ... t this not the 

ootiJO tirGt reported 1\1 Bamicoat ( 1 <)47) 1 wbo fouad mar.lteel 

ooe.aanal 'VIll"la.t1cma 1n �-ttcr repreeantati ve ot t\\Q ��orth 

I � cUBtrict ( .; to ana m1tu) ..........c·:.JLLIL· 

too 1935-)6 h am. vitamin A 

wezoe 1n the oppo to 

cU.reotian fra:n those .NIXll"'ted t'or ovorooa.e butters, l'lllJI::illltD 

potencies (42-5} i.u./s �t) being rooardecJ. in late winter 

and spr.l.ng and min1aD potenoi ('3-37 1. /g fat) in lato 

wmtl3 • e tl'enda oo 
.._..,_ ..... (1953) Ln a extensive igation 

Zool.ald � dietrlcts e.nd extending 
over ra1 , and by F'nz'l'ert BaJaine, ,.:arz.en ;.� tU.Uer 

( 1949) tor a number of: districts 1n l\uatralin where dairyine 
oonditione Gl� CC�UU..a.mble th thooo existing in , ew � 
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butter at length by l"QI.)c)well & 
M� ( 195,) lO oonol tllD.ts 

"'vlhcn aooount is taken of the po Glble proportlcm 
of cerl3 po�Uon to.t 1n the butter • • • • • •  
it io obV1 t the ca:mtcno1d cootents of NC\7 
Zea.l.And bl.lttortn.t in the oarl.Y sprj.ne nontho cannot 
be due to the ino I uBi on ot• l..oot.-colo3trnl rut J the 
vn.Luea ehouki fall llO the number of ooviJ.3 ool.vod 
oowo to the totcsl nucber of ocms dearctlooa during 
,Tu.J3 a.rXi August , 1 , on the oantr..uy, the vnluoc 
oontinuo to r1 w..arin.g I • Furthcmuoro , it ia 
alear. . • • (a) tbnt the r1 1n tcno urxl vi tam1n A 
oontoots cxmnence 1n tho la.te o.utum w·u cootinue 
� the winter period, run 1:.11at ,  therot"ore , 
the h1dl values f Ju13 and • !USt butterto.to are 
o. oontinua.tion. o£ n tro.lU. � in pX,t�OO betorc 
toe ine, i.e. tho calving scaoonJ and (b) th!'it 
in some years tl1e h1 h carotene valuco pcra.tot tar 
GUCh a long per.lou. that tboy oc:W.d not poaat.bq 
be uttr.lbllted to the 111'8DOnae of poat-ooloatrol 
:fnt in tho butter • • • • • •  " 

•1intor and earl¥ opri.ng (�. August , September} , with tho 

rosult thnt the mxiala prodw:Jtion o£ tnt ia obWned 1n tho 

!t 1G :pooeiblo, tboX'OfQn.)1 that the o�r c.ecJ.1ne 1n 
1X>tency ia a "laoto.tiCIIlt\l." offeot asoocia.tod with the hi@\ 

production of butterfat owr this pe:ri. ' 

(191.,$, 1956) 1 ha3eW1", that total vitamin A 

DOo:rotion (le total po� X mght of fat proc:lucai) 

£oll.a.7G tho same genoral eeo.oonal. tronu e.s totul potency. 
Further 1 .tlarnlooat ( 191+/) Ll.l1U �cDowol.l ( 1956) 1 Wli.ne '"'! ........... u 

no rolatiooohip 

botwoon v1 tom1n A potency and o o oi' laotation ond 
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with footo of rutri.t1onal. origin ( seo  also t.kJ;1ll1VI"t\Y, 1957a) • 

• 1"'C}llired for the r.4"0fluction of f t of Inruril'!)UD Vitamin A potonqr • 

HW::K!JOJU.1 T� lor, Chiobaoter & irUeon ( 19.35) , Atkcson, Ilughos, 

Kun.erth, · terson & K.rsmcr ( 19.37) ana Prnpa, Oopel.and, Troiclller 

& Ktmr.lllr ( 19}7) have reOOI'ded intakeo rar� from a.n eqW.'Vt\lont 
Sim1larly, ,,Ubur, 

ta1.n.ing 53 1. /g butteri'nt, and Hl:wgo, "oot.fall1 .;Ubur & 

Hilton (1944.) obtained of the same potenc:;,v vith a carotene 

.f.ntruw of 300 � per UD3, uaine tle!\vdrotod alfalfa bay or 

� � Cal)' (1949) ,  en the otht.:r banu, ooncl.uUod that an 

intake in the vioini ty of 2500 � V1fl.B rec!uircxl to maintain 

.Lik oo 1 Itibl.> 1 Ktuuos & i.:OOI'Oe ( 1949) 

sto.ll• to tano:J.u content d1\i not 

Oz.� to follow olooel9 chongoo 1n llllsturc CLU"''tcnoid oontcnt 

c:oept whan tho pasture oorotenaid level was bolow 260 flB/g 
Qr,y matter (i.e. a totnl Ol..&l\')tcne intako in tho rGBi of 2600 

l'l('/iJEJ¥) 1 am. � conol.uded that there was a mnximum re .. )(liOSe 

a.t this level. 

OnJ.y Umitoo into tion 1s avnilAblc oCilC0l'lline the 

carotene oontent of typical Ne.1 z.eala� da.U'y pastures but 

from too �rl- of �rl.Mu ( 1949) 1 Ca: ley ( 1 9!;10} 

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

0 The torm "meximtam vi tam1n A potency" l"'i'ers to the 
r.nxiaum potenqy obto.inD.ble on u diet oon� 
carotene 6& t}¥) onl3 001.lrCO o.f vitamin l· .. 
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(19!J2) it would apzlOOZ' to be fairl3 \.IJ'd.1"orm throushout the 

\'linter, SLJrin6 and oar)3 BWJIOOr within tho mnge z..?0-650 pe/g 

c.ll'y cntter. Daero i no ev1donco of' o.ey t;ooorol fall in 

CIOZ'Otcoo content os.· ture traD pten:ber to J� which 
mieht aooount tor the Qcaline in tbe carotene tm1 vitamin 1� 

omtaate o1' the mU.k fat over Ull period, anc.1 rurther, the 

amount o£ oorotene in the r.lll.fltun t t.Vl:f one time 1 cautl.Qcrably 
in ex.ooos of aw.n the hiettoot levelo � neoeooo.ry for tbo 

produotion of fat ot high Vitamin A potenqy (o. ••iooonn at a;J.. 

1949J I b gt AA• 1 949). Evm under �t conditione in 

lld.cl.tluDoor ( li'ebruory .w.roh) {Ml8tul"o co.rotenc lowls 1NJ3 

fall to around 200 f.JI!Ig Qry tter due to drying up o1' the 

paatw."' (Malilllvro.y, 1952) , carotene 1ntak:o should still be 

ouft'iaient to port o. rel.e.t1V'Ol3 high .fat potency. 'lbue it 

� appear that the decline 1n the carotene lU'Ki vl tom.i.n .r\ 

oontonta o£ milk t"nt over the lAte 14>� - oorJ..y flllltJ'i'nr pari.od. 

Cf.\IU'lOt bo attributed to o. .l.aak: ot' carotene in the <.liet, but 

�J�Wt be to be d.ue to a l� avnilabillt.,y ot' tho 
oo.ro�onc in the pasture at tbia t.1ns (M Wll.l & 14aDowall, 

195.}J ' 1 9.56J �1ll1�, 19.56). 

SOVorol factoro ha: been &halm to aft'oot the llwilabili ty 
of curote Frop ( 1946) , tar c.m.aple, tv.s roported the 

tlp!}OI'Cnt digeot.ibiUty ol.' carotene to be l\9da by diets rloh 
1n tJ.llre,lllld Eakelen ( 1 938) ea1 Grave { 1942) haw 

QaniDIUI�tcd largo Vllrlati 1n the avuilobW ty of et:\rOteno 

.. bilo other faotoro arc alae 

unUoub'tiedl¥ involved. it ia well rcoogni that �te 

tocopherol 1�0 an impo:rt.:-mt part in B}l£1ring carotene and 

rotooting it ,ainot Ue&truotian in th.c �stro-inteetinal 
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bloodatream ( o.g. Hiww.III'W"' 

& Hickm&n, 1 } • 

'orld..ng on the t1on that the loc.7 suumer Vi.tamln A 

potenoioo of 1 Z butterfat ro due to l.cm tooopberol. 
.re.ther than low Qt\l"'te lewl.s ln tbt- pe.atl.ll"e, MoGUll vro:1 

(19:;..2) 1nW Ugatod. the ft'eot of tooopberol lcment 

on the v1 tamln A poten� ot buttarfat fl'om �ve gl"llZins 

typical H Zealand By up;_:,l.oloonting one 

mcd;>er of eru:b of !19.ir& of gotio twins th 1 g 

0'£ cx.-tooopberol per iJB3 he to roioo the potonqy of 

tboir fat from a typical mi · m1n1num (34 i.u./g btlttori"at) 

to a normal winter (50 1.u./s butterfat) in natter 

o1' 10 �s. 

t 

of roedil,y aw.S.l.Elbl.e mro in oil 

3 g of tocopherol. Tooopbowl 
fed in tion to the 

.. lcmcnto l.ikewioo inClt"'O:1SSd 

the tocopherol aontent of' the mUk fo.t ar� u siodfioant 

correlation stabliohod bcm V1 twnln A potenqy Md 

tocopherol content. · /ben tocopherol 0\4> crrm1tat1oo oeaoocl 

the potenqy of tho milk t t fell to that of the Wltrcatoo twin 

\'t.lthin 6 days. �stratica of 300 li¥3 of aarotone in oU 
for the following 6 Ue,yo • 1n t ab nee of adOi tional tooophel'ol., 

on the poten� o£ the m1lk fut, thl1B coot'inning 

the aooUDption that the oarotene intake was ulroo.c.zy tWe(!ua.te. 

From oae naul.ts llcGilliWO¥ co."lel ed that tho 1 

potonci rcpartea. for , · 1 l.ea.l..tlnu buttorfats 1ere probobl3 
due to �quate tocopherol or other unti-oxiclant 1n SlMliDCJ" 

pnature and re pre� assoaiate<.L with the UI:�ine of 

the !l£1Btlll'G or w! th o �..tea 1n 1 to botanical oomponi tion. 
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nonnal GWliD0r pa.otuzoo coinoi w1 tb the production of tat 

of min1Dum v-ltand.n A potency. "lork by �ioors, Goodall 

Newbold (1942, 1948) at the G e DiVision, l al.moroton 

from 1o-1:iD in the wlnter to sq ... or higher in the aurlll'JOr. 

Furtlwrmore, it has been eatabllsheo. that olowr contoina 

oonoidorabJ3 .Leoe tocopherol than ryegrnse eanpled. at 1:ho 

timo ond that the tooopherol cant t of pasture 

(predominant.'J3 clowr and rye ) Qecreaaes througbout the 

apl"ing to raaoh a mS.n1JIUm in J.ate � (MeGUll 'Vr03, 1 952) • 

.further. a series o£ rinents 
• 

& ·�Ull vrey ( 1957) 1n an w��.�.ou��r to ostablieh a 

aru. milk fut Vi ta.rn1n A 

potency. 
ot &\V-to-do.Y variations in the botanioal composition � 

ture on the v1 tam1n A potenoy of bulked herd mUk tat 

ottdied, it was unfortunatels not possible to eatabll 1 lli\V 

rel.a.tionsh1p betwe clowr intake and fat potency, due most 

probab]J' to the mpidiey th w:'doh the level of ol.ovor 

The reaul.ts � in th1a publication formed 
a ocotion of a thesis aubm1tted by the author 
in 1955 in parti fJJ.£1lment of the requirements 
tor the degree ot M. • 

o£ the Uni wrsi ty at 
New z�""' .... 
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the at.toat of aoc � 1'1Hlllrl!Y ,_.�I.Vlol� 

of a wi.cleJ3 dit'lering lsvel. clJ.u:f.ng the tol..lor.ing � pori 
In lo.ter elq)erJ.menta, �. 1n the o£tect of � 
aoporataJ3 \7bitG clover :·. l� strain), 

. clover ( �� et ) • e.nd ryograss on the 

carotene o.nd Vi A contents fd mUk f'e.t fiaD 1nd1\J1dunl oorm 

Gtudlod, intel'e In ono � 
CI!U"''ied out <.i.urt.ne the lAte S\DllCI' of 19�� a. OCXIpQI"locn. o£ the 

oftc<:ts � llhito clover 'VOl"SW) � foec1Ul8 c::tlft'ied out 

t�Ui�oir•z. throe pa1re of gUc F·� a lJd/IIJII.nv 

pretreatment period to o Uab th magnitWD of withln-tt4n 

V&riat1on, duri.ng eh �  the onimlo t'.erEl gl"QZ1ng a 

mil!Od r)Q.Otl.IJe oontai.ni.n6 o.,pr�tels -'4 al.o'wr, one M1nnl 

� oadl 1X\lr on � b1 :;h ol� paatuze oonta1:ni..nt; 

ap oxicatel¥ 7\:t� clo · the other on a. m.1 olowr poatu.re 
conta1ni! l.e than 14� clDWr. After S  Q&yD antrnlo 

an the hich cl.owr po.&t � bJ:'Ollgbt 1n rux.i £or a turther 

7 do.va \� otall tea., clover out tram a. puro tond 

v.bUe tho othe on low clover po.sture. 'l.'bo pe.eture 
clowr• lJJ thnt used. tor otcll teecUnc, aJ.mo ontircl3 

to c.l.ovor with a � oantoot ot appro.xir&ltol3 01 � an 

a dry matter ia ( DoWc, 19;5) 1 and v.no at a lueh and ropidJ3 

� etag '1'be milk f'at of the ol.over fed tm.ns f31lo\U 

an a.wrage de ln vitamin A potcnqy of 8 1. /g o1ler tho 

first 24. b \tdlo their t\Yin te en tho low clover peu;mu:oe 
� a  oorre� inc::reaoo o£ 4 1. /g, the difforeooeo 

be1ne due IDOl'C to var1 tions in the vitanin A content of 

in loc.lino 'fnluo nl.Go � and thcee \7ere lGM�n to bo 

Gloool3 related to changes 1n total Vi tam1n A poteney. 'l'hc 
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to u mean 

to a. mean vo.J.ue o£ 37•2 in the ryof · gt"'O1J? thin 24 h, and 
� thereafter relAtiw13 con Other mUk !'at 

�a, 1nveetiJ;ated i'or 011J3 one oet OS: tvd.no, cmed tbD 

folloalng a� lew f'or pwto:Rx\ttoont, hi� clcmar1 and lD:r 

olovcr pcrJ.od&e tooopherol 52, ,.,.., .58 pe/ gJ oleto ac.1d )4.1 30 • 

In a t'Urther  

out ucd.nt; two 1l&ira of idaltloal. In marked cootmDt, 

hovJC'QI'll'", to the roaults obtn1nod th wh.t.to olowr the fcedlnc 

ot red clover bad no oft'eots en the lavel.a of carotene and 

vitamln A in the milk fat nor bod it � effect on other rat 

At the preoent time tbo mechtlnism by whiah diets hJ.Ol in 

t'111 te clowr depre carotene ut1Umt1on from pasture end 

the Gignifloonco o£ theoe finding 1n relation to the t:JUWWt;; ... 

docl1ne 1n tm vitamin A potcnoy of New Zealand butterfat, 

In the first place, 
I 

( 19.52) has shown tOOt the tooopherol content of 
1� at the 

to ream a ad.ninu:1 in 8Ulll:!ler. Those obse.natiooo, 

tq;etber with the faot that ha was able to l'Qioo the potenqy 
of Ot.UII:i1er mUk :fat by tooopberol �te.t1on would �est 
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� � (or other ant£ t) in 

:t � � ble for the suml!lflZ' 

dool.ine :1n potenoJ'. 

In the oecanu I.J.UW�t it 

clover used in the ln,.;;o11,.......,,_ 

no rorti\V that the 'ftbite 

ot lorker & �1111Vft\V 

(1957) It was �t pro'bable1 
liberated fran to clover 

by ozuwmio and. mloJ'Obkl l\vdi'O e in the rurrl;'.ft• mlght bo 

a � tacrtor oantribllting to � 

tlt'tor cSetoxi Uon to t oqy&natee 

��D gl'Ol.1ndo on m1ch to 

pJ'OpOl"Uon 

Thero are tw:n�u. 

the lAtter ion. 
tbe white clavoro pre 

in iliab p� r Zealand � p&stuno are �. 
h1gh. �do etrairuJJ 1 1t has been al t!nt 

the peroentogo � clowr 1n typical turoa in this 

QOUntry to.l.1Dwa a regular trend with rmu��m 

t 

low1s being pre 1n tbe ( "' et al. 1942, 191.8 ). 

�� & Blalr.el3' (1949A1 b) ha shown the relca.ae, 

tbo tion and the tad. tion of qyani to tb1oqyanato 

in the Uwr to bo a �ti l3 etf!oient p 1n the 

�::ov• �. ( 19�) . ( 1949) tmd Bourne 

& � ( 1 95J) have thloq,vanate to po · c 

proporUeeJ and � 1 & Goodwin ( 1949) And Ob9.."lda, 

C &lgbt { 1952) hftw too. rep14 

t20c:ren:ae 1n the abaatpt1on ot 1n the rabbit. t 

and ot.�:r t'o.ll.ovring tal iDol ction of 1\Ypoti\Yr'Oi.di 
h thlounoil.. OD the gi"Q1Dde it ia rJ0061ble • thorot'oro, 
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:t the deCrOOSed. avn.il.abili ty ot' oo..rotono i'roo o ')r' tut'CO 

. .. 

butteri'a.t at this tJ.r:x:) aro asaooiutoo. \Tith u.ntl. arc partJJr to 

a. lcmlreU. t�id tunotian resul.til\s from biljler t lOll � 

levels of blood thioqy te. 

tha amount and on tbo nature 

t)Jpothatli::l (o. • 19,SJ Dyer, Key & ��. 1 �31+1 
&do th 1:3 SL >OC'tor'. 1940 J t • 1942) . 

tl'om a toed mtnbt be 

1n the fGOCl" • 'lbus a. lOJ proportion of unoo.tUl"&.tod ncida 1n 

tbo fi \10\.Wi re t not cml3 1n a lor1 locllne '9al.ue but 

1n a. less eftiolent absorpticm ot: carotene from tl:lc tOOil ana. 

in a low Cll'Otene � Vi tomS.n k content ot the milk tat. 

pnoture , l.1kD thoee overeoas (e. Ililditch• 1956) , to bt3 

� b3 a bitJ1 coa t � c16 and o18 unsattuuted 
At the mm 

tiJ:la it 
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that oleic acid, mt«t ia dorl'Ved d1rootl1 1 
knt:.rn.n not to to am;ll"'CI1al)J.·e extent \'11 th1n 

� g,1.ard ( Pop , 1952) t e in the. t t�t 

oonson, m!nJaa l in No and J�. Il.' • 

as nou1d. appear lJ..klel3 • thi trem. reneots cdmi 'JAr cb8neC in e 
lbillt.y � oleic aoid 1n the 1f, ae 

bco..'l � by ( 1942) ,  caroteno ie tea. w1 tb oloic 

Md other unsataratod actda dt.ldng ab tion, the m �Ultq 

o:f' carotene be atpl.ainecl in port � a Ck·)GI'C888 

in the oontcnt ot oleic ( ar other lWltt tcx1 co1da) ln tbe Ptl£�� 
�:..u.tt.ne the <lr:f up or on of too paeturo 

tbi time or from <hwge 1n ita botarlloal ttcm. Ve.rlaU la 
acids 1n tb I'UIDim prior to ��!Um 

r:l.l3 also po b1y a l'urtihel" � ccntd.bllting to the p!Ul ( 

Shorl..ruxl, , 1955). variaU 1n the amclt.lll1� 

and • 

• ...,.,. ....... studied t the PlAnt Ohem1stl:'y Labol.utOI'!Y ol tho Der.�timel� 
entiflo o.nd �o.l Re � Pul.merstm tlortb, and \\ben 

re ts of' to hand it 1 

it WIOI�..n that vb1 te clo'ver miJ¥ haw a mm:'ked eft'cot on the 

end on o to of too �t, the 

t be conat� that dooJJ.ne 

not be to too � CYt cl but 1lfl3 

BQOUI!Ialn.tien of 
� of Glbs'l'.anona) uaaoc:latod with the stage of � 

ot the � who1o at a tiae en clover to be 

the dar4nan apecioa p nt. 
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the fact that 1n the ezperJ.ment of Jo� & McGillivraq 

( 1 957), even � the twin& OD ol.o99r pc.stw:e were � 

pasture ocote.in1ng ap�teJ¥ t.l'le amount o� olowr 

a: inter tures, the tamin A � of their tat 

oonoidembl3 1D.10r ( ap tol3 )1 1. · /g) than that � 
winter tat, and � � the . ..eri.mentAl period. 
i'h1 wcu1d to 1nd1 te that factor 1n gro.ss 
ao well in clo r lnterfor1!'l6 w1 th the utU1zat1on of 

tene. 1"he ti.nding tint clavor hne o. relatiwlg grea1#er 

ot'foat on t-at ,POtenc\y' tbon gras& m1g)lt be meroJ.y aue to the 

tuct tha.t it oonta:J.no eomewhat greater oonoentratlcm or the 

taotor tlwl grass. 

1 tb a 'f'1 tln6 the b1l1 tie in greater 
detaU obtaird.rlg further genenl i.nfOI'mation oo certain 

otbar ate of ot carotene utilJ..z&tion t:ran 

pasture, it deci4ecl. in thi8 t 1n � 1955 to 

extend the Ucr atudi a on OOI"OtenoJ.d matabol1 1n the 

ID Chapter X t 

in 1 variOWJ tat oonetituente weze tollcMed 

at �tl¥ intervals in e1x ot monoeygotic twin 

for tbo mJor port of on la.ota.tiOOJ at the same time various 

tUl"C oorustituents at � inter\'nla 1n an 

attempt to relate OCCQI'ring in the tu.re \'d. tb 

tbo OOCIUITine 1n tbe plruJna or mJ,lk tat. In Chapter U 
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two eJq>eriments with mono�gotic twins are desaribed on the 

effect of reduced carotene intake on the vitamin A potency 
o£ the milk fat, while in Chapter XII the results of a series 

o'f experiments in rats on the effect of var:lous nutritional 

factors on the utilization of oarotene are discussed. In 

Chapter XIII a short summary of' the section a.s a mole is 

presented. 
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�� 
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�t 9f �. R:R1ihS£?lWll• YMi!9tP A 

N6P¥>1 fN14 AAta£· AAd � AA OJP }!l9c4 

&o..9A �· Blood oanpl.o v;ere oolloote4 in 50 
f»>\lla.ted con� tubes 1\Y msano of a 1!) G � 

to aeooture the pl.wmxl am the mixture was extracted with 

SO o� peti'Oleum ether by ahaJd.ng in a mecbanical shaker 

were combined, oentr1t'\Jg0c:1, evapo.rated an a botpl.e.te at 70° 

and t.OOn taken up 1n 2-.3 ml. of petroleum ether tor 

clu:'oGBto�. 

In order to nnko 1 t possible 

p� o:r:traot, a aUght mocl1f'1 ticm of the or1gtnal 
chrc'.lxn�o prooedul:e ot ThC�Upaon gt AAt ( 1 949) and 

.Kan 9S � (19;,.5) was ow.lved. An �tion of 1ibtl 
• 

behaviOUI' of free tocopherol {prepared by saponit1cnt1on o1' 

c. The i'orm ot � 1n all nnt\.&I'nl sources 
(Toslc & Moore , 19�). 
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• ().. -tooopbcryl �te ) 

nt"mnration of Vi tomin A alocbcl and cater ( 15) 

sto� tha.t , attor opnent et the oolulln, � 

tbo toco�rol � pncsed into the &' ol t\--aotlan 

pftlOOnt 1n t �; aoetcne l".roct1 reducing tbo 

IJtren(.'f;h of tbo llOEJtoDo el to & ( v/v) ln petro1a& 

othor1 IG'�eVer1 1 t 
the toooplorol s.n tbo etbtulol. traction and at the 

QQtOO tJ.oo etill efteot A 00 io.t'actory oeporoti«l � 

� 'WI!ltt Pctaool.ewa �. bo.tl.1n8 �e �0 
( .ort t.leh Houses L 1 Poolo) • 

lUuent a 1 .  t ;  noetanc (v/v) 1n petrol ether. 
&<> othanol. ( v/v) 1n potrol.et.D ether. 

1be �ro p� G deocribed � on 

p.1 s. �ll.o C2ttrflct 1n tl'Qleum other \".laS poured onto the 

tem1n A e.lochol 

�1 oarotenc ani fttem:ln A � to 
1.bo was t a1 �>Od 4th 10 ol. ot' t;; 

o.oetonc : oluant 1)  lidl qt.&Dilt1tlltiw]3 rcnovca. � 

ll.! • Vi tao1n A ester. on tu:rtber dewlo.{X:Xmt with • · s 
� tl •  otbwlol (�t 2)• mnthcJti\VU, vitomln i� al.oabol and 

tocopbcrol. \'iOro roc�n-ea.. 

L ' Poyle. 
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. t� the 1;� acetono trutlon to � and the 

o.:rrotene �rlonU.v aa eerlbed 

P• 1 The aolut1cn 

hotplAte o.t 70°, q�Lf 
then �tod to a.r,ness a 

. lJ.'Q1at�, and the 

oont ooti ted no vitamin A 

1\.ftor chromn�l\Y the &,; ethanol �m to 

�tDe and the mn 11 wo.s � t1natoo epectrophotanetrl� 
tloocr:lbod � ( 82). T110 solutian then 

c11vidod into two part One 

70° a hotplAte• t � \fP 1n �, 8lMl 

the vitami.n A aloohol pro · ted oo�trtcall3 
-·u antimor\Y tricblortdc ( be1ns 
for the p oe of xanttu:Jptwll 4e001"1bec1 on p-.83. The 

oth.or haU oleo teci ond lO res1<lue taken up 

1n othonol. The tooopherol preeont ma th£ln ooti.l.ra 

invol� tht:.l .rodllctlon o� fezori.o ion to fen'ous ion, wtd.dl 

t7i tb rx • ex.' a red colOUl'Od oor.plcx W.tUae; 
111lxi"'IJD obsozptlon at 5a> nu. ibe intanoity ot tho red 

colour :ns detorm1nod. 15 after using ror 

�zed t tree tooopberol o te1ned t:w .n.ce.tion 

G:r pure •'X-tooogheryl acotate. A COlTOOtion for the GUBll 

8.l!lCW1t of �u in the le wnB four¥l r.ooe • 
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The leYol of thioc:�ana:te in the bl.ooo p.u.•� 

VU"·.AWUtoti colorimetri 

by eter ( 1950). 

by the atand8rd �had d soribod 

rooltoo and 

fil.tored at 60 ° and tho buttcr.rat obtainfn \ZG then 

Gtored t s • 

0 

AmltrOJC:IJ:Intely 
d1 sol vod 1n o.bout 5 llll. o£ 

on 

l.evel ot Banthopl\VU 
pre in f1noJ. •ael¥&1]3 1....,8 
wbUc the level. of t� preoont :J.n tbo 
region ot 80-120 pe, eo that tho acttnl ott.on 
tw �u s 1n �oon th 
the toW 1� or tocopherol preoont. A e4milnr 
oitu.utioo obtainod al.oo 1n the ot: butter.fat 
(.coo f'cUow1nc PQL"C). 
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nlnm.\no. a · ec.rl bed on p.15 . 
lll¥i ester wore �ed as desori 

Carotene, viUunin J• al�hol 

on p.1 6 arw. xnnthoJ.:*\Yll8 

C ll"Omtob"ffi(:hlc aere.rntion and <.;ot1r. tioo ot' toCOi>bt.-rol. 
t�pproxiantcly 2 g of n�ltcd butterfat \70l'C oaponirioo for 

5 min at 70° th 1 ml. o.f 6Q KOH and 5 ml. of ethanol , 

the latter containing � ... { r/v) of pyrogallol to prevent 

dcstruotion oi' the tocopherol (Toalc ��� �.'001"191 19l,S). The 

mixture '.8.8 extrooted with dietl\Yl other, vnDhed with J ter 

a.nu cJrled ovor � GOdi' �to. The etoot· 
than 

in ' ml. or ' rol ether on.l aU"'mutogrophed on 

The tooophorol preoont 

woo coti.matcd col.or.I.Jootriool..l3 usi.Jle the .lliOOric•l!.ngcl 
roootion a.o outlined on p. 168, the amull &mOUnt of 

mnthopi\yl.J. I.Jl"'eOOnt beint., correctal for as <lescribExl on 

il•169. 

�tone, xantbaffiYU and cbJ;pl:p£mll. 

h aca.rdl of the relevant lite ture inLlicated toot 
ohile a munbor of exoellont metbcxl haw been pUbliebed 

for the esti.mation of carotene, �thoi?I\Yll ond ohl.Ol�i\Yll 

in pasture, none � tireJ..y ea.tlofuotory t'or th.e pRoont 

purpoeo • }.W)y, :for �c , v.�ere not witnblc for 

invol 

r.4lich it vma wi 
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extrcr:cl.y slow pnssoge o.i' ool 

oilnj')Jioi ty hl.vl GCX!lf)timea been oo.crli"ioou to obtain an 

aboolute o.rnJ3tieel. precision eh t'ar �.�tiw 

purposes is eeldl:ml requ.U · 'l'o owroome thooo di:fficW.tieo 
n obrountogruiJlic technique 'mo dewl.Of.JOO. on nlum.i na which 

D.ll 

an 01l'X3 oolnnn of ad8o t. 

ticm of the pi[pento 

The mcthou is simple, 

lJ.uminaa 

Solvents a 

1 ... luent&a 

0 Petrol.eum ether, bo1J..llc range 60-00 , 
( Jlri tioh ,�)nag Ilouooo .1., · , Poole). 

Aoetone, A. R. , 
(.arJ.tish Houoos l.. · , le). 

1 .  1. aootooo ( v/v) in i etroleum ether. 

2. 1,.� ethanol ( v/v) in petroleum other. 
j. �.:  ethanol (v/v) in petroleu.u other. 

1 g of dried grass grouoo. to puss 

throU£11 a. 0.5 11111 oircu.l.ar mcoh sieve anJ. tho� n:oiotcncd 
•71th rJO.tcr priOl" to cxtre.cUon, or !"J g of fresh graoo, o.re 

convenient quanti ties to The oompl.e is oxtrected 

uniior nitrocen 1n a ·'� l:llendor \'lith 60 ol. of ncetonc in 

the cold for !; min. 

1'or .5 min 11th an &Jui ttonul 60 ml. of acetone. The 

r.d.xture is filtered ao before anu the l"Caiuue led i th 

'l'he filterod cxtrncto nre then 
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combined MU nme up to 150 ml. 1ul allquot ot' 3 ml. is 

evnpomtod to d!yncos WlU taken up in 2-3 ml. or petroleum 

ether 1'ar dl.rocn tograpl\Y • 

L�tion anr;+ y.pg o£ s<M,'m• The colwnn is prepared 
ez.aot.1y as dieocribed previoual3 t'ot• the S<."!;arat1on o£ 

vJ. t.rlmin A alcohol and ester ( see P•15). The s<W.ation 

ot pi�ts lln petroleum is poured onto · x: co.l.umn which 

Cli.iSol'bs the chlorophyll onl mnthopi13ll in a narrow lJand at 

the top arid allows the carotene to move t.��. (OVerloading 

tho oolumn will cause t.llldlJa destruction o1' all pi£m,ents). 

( cll.vant 1 )  wbioh quantitatively remowa the c:;a.rotc.ne ft'e.ction. 

Further de'Ve.l.oproont \'fl. th 25 ml. � 1, . ethlinol ( eJ.uont 2) 

a:ro qurmti tati wJ..y reoo� with 25 ml. of f.:.t J ethanol 

( ol.uoot j) . 

.Duri.n[: the separation 

ba.toh oi' eluent is about to percolAte ttu-ough. In addition 

tlw general precautions outlined [.reviously by Davidson ( 1 954.) 

�WGt o.l...Go be obee� 

f!.BtimtAon ot' P�· eazootene and .xanthophyll were 

eatimt.\toJ. npectrophotcmetrioal.l3 in a J3eckm&n, model w, 
photooloctr1c spectrophotometer aa described earlier (see p.U2). 

Do..x.u.100 o.t' the difficulty of choosing a suitable wave longtb 

at \'zhioh to measure toto.! chlo.rophyll 1 due to wwia.tio..'l in A 
-rr.i. th wriationo 1n the ratio or chl.ot"'pi\Yll"".! to chl.OI"OJ>hsll-J!, 

the latter were est ted oo-paratel.y B.n..A s . ..wr: · · AbOOlj?tion 
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CUI"'VeB tor the pure isomers were prepured froro pw.-e &Olationo 

obtuin:o;J. by ohrome.togrnph.y on eacrose ( uinterotein & ��toin, 

1 9,34) of: the m.i...&Gd ehlarophyU �ion obtained by chrom-

o.t G(4 np ani 61...5 �DJ� :for chl�ll _ and �  reepeotivel31 

but each haa appreciable absorption at the A m.x. oC the 

other. Correot1cne ( fown b.Y moasurement) were therefore 
applied to the optical densi tics ot' 1-an layers of solutions 

(Da and �· reapectiveJ,y) by deduotine o.206� 1n the ca&!JO 

ot dlloropl\vll"'!\ and o.20200a in the oo.ae ot cbl.oropbyll�. 

'l'bat th�.�se COZTGCtiono re WllJ.i.i was sh.o\m oy testa cm 

knom1 mixtures o.t' sol.utions of the two ohloro.Pt\1 Us, men 

too cli.i't"orenoe between the al>a01Ft1on t'ound anu tho.t cal• 

culated WG.G not roore than 1, The • vul.ueo a.t the A 
used 1n tho oalca.alations mre 1020 for dlloropba'U� and 

mx. 

568 1'or OOlm'O!lbJrl.l-:2 (OOIIIJ.Xlted from tho :rooults of ZdleUe 

8, COCJi\l", 19M ) • 

1n \.tdw known amounts o1' the d.U'i'e:ro.nt pigments re 

b� rJ. th acetone 1 trons.ferrcd to petroleum ether, 

ehromfltograz;hod on ahandna am re-estimated are G!&atm 

owr the range or ooncentra.tions usua.J.l3 onoountered. 1n 

the l!r.lthod1 reooveriea were vroll within the 11mits of 
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OQCifJe'l:y � � attar bloncUng \7i aoetonc lllXl 
dlrc:amtog�Uj_� ern a1ta1na. 

Total ahlol"CJAYU 

A<ldcd 5.0 10.0 so.o 
Rocowred 9 9.8 49.0 

'" RCOO'Vered 0 98.0 98.0 

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

�� 10.0 oo.o 100.0 

1o.o 19.8 CJ7-4 

. �  Reoo· 1 0 99.0 97.4 

0 • • 
Addol 15.0 .30.0 150.0 

l«JJO� 1 �.6 145 • .5 
�.) ROOO'VOZ"'d 99.0 98.7 97.0 

a:>.o .o 200.0 

1 9.7 .}9.5 1 9.3.8 

�·J 98.S 98.5 96.9 

llddod �.o 100.0 soo.o 

Rccoverod. lt8. 6 96.9 0 

97. 2 96.9 93.6 

• Az?1�tc amounta ot p�ts preoont on oolum 
during the 0 of normal t1 
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� most satiot'aotory mthod ot est ting �erol 
1o by tbo aneri. ' . 1 reaction, a oolorimotric prooeQ.ure 

inWlvl.n...; the reduction ot tezoric chlQl'iQia by tooopberol 

(soo p.168). t re 1 too getl dUficulty, hcmewr, 
when detcmining tooopberol in natural proouote of' o 

ccmi.ng the cffeeta of other tanoee ( e.g. cbloropl\Yll, 

oo.rotcnoids, ted tntty a.c.11ils, etc. ) \lhldl .lntcr.fo 

with the nw::tion. ';;tJa.Uo & llarris ( 1 944) W'¥1 · 1'e 

( 1947) ,  tor estimting tooophorol in milk fnt and blood 

pl.a.ann, have recKD:oo:n� l\vtli'Ogonation b:Jt 1n the author' s 

experience this io a step, c �peciol.J3 vJhei'O 
la.rgo oompl.e inval .iall & Kelley { 1 94£>) ,  

.tor pl-ant ti , f< :vou.r chJ:oooatogro.pbJr on JOOgnesi to 
f30J.X\l"iltc obloropi\vll and xantbcpb.yUs foll�m by treatment 

oith a� _, (v/v) phurio AC1d to destroy carotene but 1n 

thio ltwaratozy it o not toum posaible to obtain a t­

ioro.ctory rooowr.y of tocopherol atter the latter treo.tnxmt. 
At • to to pq a correctlcn :ror the oaratene present re 

due to th high oonoentJUtion pro nt-

·� • :ror the t pu:rpoaeo, thio ctep hn an 

modified MU. the carotene and tocopherol tod chrana­

tographi� on &.lumina aaribeu on p. 1 67. A brief 

ru� ot the ocmpl.ete pl"''CJed.ure 1 a.a tollow • 

1n the vlow:l ooction (p. 171 ) , with 

the £U11t1on o£ � si oxi {Hopkina t.· .. u.urun.a L 

:JydnoyJ hoov,y grede, no. !l36d).  

�ion of S!9l.!.pl§. 

A.I.'.41W&.l·IC41 A deaarlbed pl"C'V'iously (see p. 15). 

• 
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t�Giaa The �. without any rd.or treatm£nt ., 
io � 1n 1� ethanol (eluent 2) and Ixmre<i to form a 

colucm after aettl.ing of 8-9 

for 1moocllnte • 

The column is then read3 

-'Cl m.J... ot acetone extract u.re evo,porated on a. hotpl.li.te 

and the residue taken up in 2-.3 of 11o ethanol (eluent 2). 

Tbo GO.l.ution ia pourecl onto the rwgnesia coli.IIM dl adaorbs 

ohl.oropb.yU ana. xantbopi\yll in band t the top and allo .s 

carotene WK1 tooopherol to pe.o through. The lAtter arc 

quan:tita.ti ly reOO'fCl"'d 1n the oluate at'ter uevelo1-100nt 11th 

40 of eluent 2 (a alight vu.ouum a.ppll at the � of the 
colual is helpful in opeed1ng 

)()JUt and taken up 1n .a-' 
The el te is 

of petroleum other and 

seoarate the oarotenc and 

tocopherol as aoribed on p. 167. Tooopherol is rocowrod 

quantitatively 1n the a; ethanol fi'action. 'lhe aolution io 

than EM:\f.)()IUted · taJam up 1n ethanol �or e tination 

( BOO j;e1 68)e 

A serie o1' recowry experi.ment 
wao oar:riecl out in whtch measured. amounts ot: tocopherol. were 

ocllled to pasture le of kno.m tocopherol content' blenddd 

�·dth acetone• separated chromatograph1calJ3 8J1d ro-estima.ted. 

'l'hc re&ulto are Dhmm in Tabl.e .31 , h'oc licb it can be seen 

thL\t, within the Umi t cl notWll exrorimenta.l error, 

reooverie were ootiote.ctor.v. 



I 

\ 

l� of tooophcrol. a.i'ter od41ng to Urled. grasa, bleJ¥1.1.ng 
with acetone and. ohromatogrnph1ng on magneaia and. olnnrtna. 

Species � T� I�!-� ,, 
oontent of : added i �wrerl l"'C'JJ''IIO7 

�8 

--

.f\Vcgrnao 

' pa.stu.re -• ' I . I I 

(J.IS!g D.u.) ! (,us) i (JAB) 
I 

� I 100 I 91 ; l I I I 220 I � -'06 I I I 
l I 2a) I 1000 I 980 I ! r ! i 

Y/0 I 
100 96 : I j ! 

' I i 
i 370 300 I 286 
j I I 

370 1000 I 9.58 i : I i i - - - -r----- I I I }20 100 i 101 
l.WCSlUBIV' 
�to cl..over 320 X() 310 
m:i.xture 

3a> 1000 984 

91 
102 

98 

96 
95 

96 
--

101 

103 

98 
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Uoo.aooal GUl"'J'G3D of tho Vitamin A potonoy of ·1 

buttor.fat have boon publiohocl by n uww•"'-'· 

Domicoot ( 1947) , for OXBI'!l.).)o tol.l.ooocl tho coz1tonts of 

ca.rotGno £.Ulli. Vi tood.n • 1 1n foctory • eo fi'om. the .1oikato 

o.t'ld Uanat�JUtu diotri.ot owr the 19;�� oooaon Clrd too 

lovols to be highcat in J.nte winter aOO. apl".i.n(; ar&l l in 

late Otalm3re 

oooscno. • GGWiVI'l!\V { 1�%} .r..&.l'l;t.'YT.lLU:I t o 

ccmt.irmod those 11.nc:linao th wt�:oo frtm the L�bnl!lt'll:tu aiot.ri.ot, 

of �vn � l.aata.tion am from the resul � 

thnta 
"'l'ho oeasana1 in the v:ltacln A an.i. � 
content o£ mUk ftlt i a  a rafteoUon of 
tho � level of the aub a in the blood 
pu.��·· . lBwl. or oa.rotone, �u 
and vitamln A eater 1n the blood pJA aver the 

tho 1o oonaiotent \11th n c'U! ab tlon 
or uti.l.loo.t1on of oarotcnoids ( h'an �) o 
tb1 .!l " 

to l"Gl.JOO.t thio m with a l..aJUor numbol" 0 ru�.....,. 

Furtnozmore, tooopberol loVolB 1n blood plAsm cmd mUk ft\t 
\'U"e inwGt tod and thiOeyenato lovela 1n tho plA. 
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In odclition, a soasonal UI"VeY of the 

�. mnthopb.vU, chl.OI"''pb.yll and tooopharol lovela  in 

t to tol.l.ow th 

in tl-l.COO 

c . - • PI"EEIQGCW'IEU'It)3 
J raq, tnm he hcl'4 Cl£ ihe .t>.o1ry Renearan I.nsti tute (rt. Z. ) 

InDtitute 

so that lndiv.l 

a� , some 7 

gredD 81limal.s of � age 

uu.o:: .......... ..,. e.s ncn:maJ. tor the 

n 6l"l:'&ftg8Cl 
thin eadl pair c:al 1 on the 

IOO.lvidual blood lea re token at 

forbd.ghtq interval.D al¥1 astlil:lWJICi at:JpaJ:uteq 1nllladtatcl3 

�· lnclividual mllk lee wore obtained at 

fortnightly intOl'"'Jala, each t;IC;¥<JtJ.MJ being a CO!D[JOsito � 

t-ho moming and 0'\'efti.ne millco. F&.t lea .P1"Cl · t'rom 
0 tbe m1lks were storElc:l t S and � fl8 soon ns po ble 

after collect 

" This bed boon arranged i.ndependent]3 by The DaJzy 
Reaoa.rch Inst1 tute for pu!l)OSC quite divorced 
t.rom the t &tt&\Y. 
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, on an average, at 

from a plot (locatod at tho G� 1Jiviaion1 l� 

• outtinc the eanplcs 'JC1"0 

trooze dried and then P.I"Dllnd. in n C & U junior laboratol'y 

are rooon'i.f.)a1 bat all lea 
an1zn:ua DR:il Bim1 lor tr(maJ� 

. '· 

it 1o llp,pQrollt tha.t fran � � (October) th.rousz;b to 

mid GI.IIIOOr ( Fe'bruary) there waa a � to.U 1n the lewl 

t1 carotene , xnnthorJ\YU am. tocopherol 1n the milk rat ot 

'l'hc lewls o1' vi tam1n t 

other hnOO aha':ed 11 ttlo aeaoonal. ci1o.rlBC over thi 1Xtt'iod, 

."'a ml01t be o.x;pectod, tbe total vitamin 1� potency o1: the milk 

fut1 d:le to the � levol oC cai"''tene 1.4"0Dellt ,  'I.U01�-...."""' 

tion of: tbo cxperi.mant in both 

0 �ea 1n Yitam:ln A al.oobol thnt 
they � boine ot' no s ignit'laanoe 
(ooo, tor ox.aq>l.o, MG}illivrey, 19.57u). The l.ewls 
wAft"iiJ& in the £Jeuro levol.tJ tor the 
ear]3- and lAto-oulvin.g ea • 
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plaoma oonstituen 

a oono.i tion of the it io eleBr that � 

at ' c + 0. 2 mg/100 -

p, Value i'ound far oo.r:otone, 

m in 

tr..opbyll, chl.�ll wu tocopherol in tho !� 

over a 9-month period extervling from A�ast to 

tram in W\Y of' the oc:li1Dt1 tuenta 

ue 10\� 1i ttl.e 

D.ppQrOnt. 

� lavel. o.r carotene p-t)sont ill tM pos'tt1re over 
• 

tho tbolo J.Jer"J.od. SOO fol«:V8 dry matter wi tb 1nd1 Y1dua1 

�.Y D vazying trail 4JO to 790 tJde. XontnorJ!Vll 

voriecl i'l'Un 1 170 to 1� pt:/g dxy matter dth a moon W1uo 

ot> 130U pde \':bile toto.l. �u vnrt«�. frocl G.I.. 
IIU!e to 1 1 .7  li('/ g � matter nth a mr:oon ot' 7 

rrc/g. Values ftxr tocopherol \'larior.i rran 210 to 

IilO pe/g with a of '50 pr/g dry matter. 
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ObDnge 1n the ltmWa ot various constituents 
in the mUk fat of ear� and late-oalvlng, 

pastUI"S-fed oowa t'rarn oar)3 spring to late 
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Cholt80S 1ft tho l 
ln the blood p. __ ..,. ot earl3- end la v.lng, 

t.ran q rin6 to lAte ��-. 

�ving 
I!:mken 11nc!• late-ool'V'lng oowo. 



1 800 
-

0 

<{ 
� 
(f) <{ ....J Q_ 

_j 
� 
0 
0 

a: X A N THOPHYLL w 
Q_ 

<l 
t9 � 
' a: (f) 

<{ w ....J 
..... Cl. 
(f) 

A A LCOHOL w ....J 
� 

<{ 0 
z 0 -

� a: � � 
> (!) 

0 0 '\ 7 2 1 4 18 z 1 8 9 2!> e 

OCT NOV DEC JA N FE B  



• 1SS • 

Ohange in th) 1ewlo 0'£ "Va:t":'l.CJUB 

OGIUIU· tl.taDte � 
the Wa.J� 



' 

a: w � a: ...J � ...J w 
> � .._ .._ I > <{ Q. a: � 0 0 a: 

> 0 {9 
...J a: 

8. 0 I a: 0 w u 0. 
� � 

� a: w Q. 

� 
� 

SEPT NCN MAR MAY 



- 186 -

1be main of the xperlmnte 

1n moro detn.U relaticlnahlpe be1:i'ne(m wrlcuo constl 

tlle mUk t flJ1d blood o£ cows, anti in pasture, in 

ttoapt to obtain turtber 1nfo t1an on the nature of the 

oumar dDcUne in the vi tamln A po� of r Zealand blltterre.t. 

tho levels of oarotonc 1 xanthoM,yU and tocopherol, and 1n the 

total v1tam1n .�, potenqv � the  mUk fat from oor]3 October 
� to lnto J�j-eorl3 F � 1n both ear]¥- late -

oalv.l.ng OCW/81 oaot1 the oboorvations reported 

pl'e'ViouoJ..y by other woric:.era ( •S• BQmiooot, 1947J l cDcmell. 

Vi tam1n A al.ochol , on the other l'wxl, did not QPJ)E)Il.l" 
to bo Gp� on • the wr!atione ob - being, 
tor the mo t �. 1rrogular (ar. tllao l,cDoweU, 19.56). 

with th.o 1n F · 4- it 1a cl.eor 

oocllno in the levols ot the vori.w mtllt fat oonstltuente 

reaulto pr.l.nmi.J3 tram a �  in tbe levol of theoe 

ocmstituent 1n tho blooc.l (at. McGUliY:l"£1¥1 19.57 ). 

In too 
'>I.lOal" that this rolatJ.on p 18 a £t.drl3 direct ono but in 

tbo oo of vi temin A the picture is acxie\1hat d.ltforont N¥1 

is COIX\)li�tcd by the fact that, wh1lo w froe 8lki eoterif1od 

tbrmo of V.l tllmin A present in both milk fat Md blood 

p�, in the formsr the ceterlnEXl fonn 1�to 1 vAlile 
1n the latter the reve is norma.Uy trw. I£ 1 ao \'70Ul.d 
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appear to be tbe • �uua vitamin J.. ester 1o tbe main 

eouroe of milk: tat vJ.tomln A ( McG1lllft'e3t 1957b), it 

1s BUI'prieing tna.t mUk tat vitamin A lcvelo should have 

� almost CXIIW'tant � tile BUl'YBY &:>spito the 

ooU deft.ncd tall in plD. Vi tam1n A eator lovel. It 1a 

poOGible tbo.t the on1ml 1 nblD to mintaln the lavel of 
vltamn A ln it mUk tat, at tha exponee o£ Uwr otorea, 

by vey of plaamf\ vi tamln A aloohol and the dscl.irle 1n 1�� 

vi tam1n A el.oahol levels epr:arant 1n the � fJ'OUld appear 

to bear th:la out. 1'\lrtbor there is a conoS.derable boc\Y 
of evidence pu.bliahod tratins that in t of need the 

on1ml rfD3 JJBke oonaldcro.blc on li vor stOftl tor thio 

pUrpOOO ( ChandA & t 19521 m, Clepbom & � t 

1951.1 1'!>.5). AgB1nat tbla1 �. UaG1lliV1'67 (1957b) 

haD cnom the extent to dlion cowo oan u Uize p��a 

Vitamin A el.oohol to mlntnln tat .Lewl.o 1 tairl3 
l1mt.ted and hD.s ted a level or utillmtion eqt.d.vnlont 
to abcut 2 ps/g tat. Ho conaidDrs thllt ut111at1cm of 

p vitamin ·• ol.oohol is, \Titbln nonntll llm1te, indDpcndent 

of the vitamin J of the araJ.ml - oi ther ito ;uoi:IIKAU.u 

carotene intake or ita l1 wr otoraso ot vi tam1n A - am 

�·be v1 tom1n A alacbol. 

......... ........,CJUtoncos the level of · tnm1n 11. ir1 the mUk 11101.114 be 

rol.o.tod not onl3 to the take of cqrlomicrona and the level 

o£ vi tam1n A eater 1n them, but 



protein and in at"�� 
the bl pl am. in the 

t70Uld also tO be 

t\rrlhor more deto.S Jed stud1 

oottle thi. mo.tter �. 

of 00\'18 constant 

f'luotuD.tions 1n c,yanide ln 
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te JDvelD of vitamin A 1n 

rat, milk and rat ylelda 

into o.coount. Clearl-Y t 
required 1n order to 

to oeroptan\ti wl3 wide 

\'Vhi to clo r, WOtlo&Q 

) � to rule out the poosibUi\v o:f tbi�to o£ 

ony 1nportanoo 1n oc:mncctJ.Cft th the ... Jroeent ll � 
vJ.rtw of ita et'.feot on thyroiu. tunotion. 1 to thio 

£act, , the 1011 level ot thioeyaoo.te in the blood1 

1n i tool£ 1 ia moat 1nt�at1ne and merits further inwstigat 

In 1oop on � intake of h.t.l',b � mu. to clover, ,l)4Uuu:r. 

lovols o.t' over 17 aw'1oo m1. have becm ( • 

Dutler1 Jabnacm., Gl.endtly & . � • 1956). The ta.ot that 

in tho oaa the lo'Vel rcoa.1ns constant at about 0 �100 

1llnscn Nlli 1.00Bpe t o1' �onido intake oecm 

to inUJ.oate that either � excretion of thioc.w te 1n 
tho ocw in nuch nmoe offt.aient thM in tho ep or 1n the cow 

on a.ltei'IVltiW 1a present i"'or detoxicating ingested 

qyan1 

o. oonaiiklrD.Uon o£ the results sented 1n � 5 

it ie ovia.ent that, 1ik2 are e-to- lo 1'l.uottaatiooa 

1n tbo level oi' carotene, mnthopey J.l , dlloroph.vll and tocopherol 
in the · tt.&I"C throughout the year, ne clear-out nal. 

w..r:IAtiona in tbc levelo of these oonutituents are npparen 
�Uli vro.y ( 195.2) hila rted. <iearease 1n the levels of 

toooph.orol in mixocl pastures 1n tbo !'llJlm7a.tll over the Sl.llliOOr 
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D¥mtbs, but the flDd1.nga in the ,IreOO. lt stl.¥ly, at looat owr 
this cne p.u:t10!Jl.o.r seaoon, waU.U not seem to tio.te 

th1 Since the levels of carotene, xant:lO{Jtwll and 

tocopherol in pasture w.ry 'bEm OQI'.tJ£UUtivel3 narrow 

Umits, W'ki since in D.nter a.nd eurl_,y s ... :Jrl.nc theoe are 

outf1c1ent to mintain high blood plruma and rdlk fat W:WO 

of t.l)ooo o ti tucnto, it eoem likel3 1 in agrc,� 
t"Jith the findings of earlier � (e.e. M�UUVI'C\V, 1952; 

J. oUosooU & U , 1953; McGUUvro.v, 1957a) , that the 

l�ICZ'04 blood plasma ani1 milk t'o.t value recorded over the 

lAte :L r1ne/ period are duo to a de 1n the 

nvnUf'biHty ot thooe oonat1tuents in the paDtul"e resulting 
1n a dif'fcrent I'ClAtJ.onablp the lewl of 1ntol«l of 

tbooo rubotanoe and plac.mn and mUk fnt v:auea in the sua:trOOil" 

thon 1n too winter OBl Si�• Little 1o kno\".a of the 

rli.n1t:um l.evelo of mntilopb3ll and tooopherol 1n the J:u&;I�\IYA.v 

noooaoorJ to mointain nol'm!l.l vo.luea ot thooo oonatltuent 1n 

the milk rut. 

oarr.l.Oiil out ovoroens, ho\�, on the mintrman levolo of 

OOI'Ctone neoo�; to mintain high vnl.ueo of aarotane wn 

vi tom1n . in the mUk t. t ( di 1n the next <napter), on 

the basis o� v.tUch it nould ern that, insofar aa too aotu.al. 

oarotano content of' the pasture is ooooomed, �r fd8turoo 

1.n .llet'T ZeuJ.and ch.ould be nble to port the production of 
mUk tat of mexina vltamin A potenc.y • 

In via-1 oi: the o.bovo firxlings 1 t was deo.idcd to \Diertako 

�r WG?arl.ments \vitb a Vie\'1 to J.nwotigat� in greutor 

IJotaU the roltl.tion lavel. oi' ourotenc 1ntok 
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The rcaulta of the 

bo oonai.uu.�o'lo.AA 1n tho next dlapter. 

1.  TOO natuzoo of the deoll.ne 1n the vitamin A 

1� .Zealand mUk fat baG been investigated. 
ua1ng 6 pairo o£ identical tm.n • 

� eo that indivJ.duol. �� \'71th1n each pair calved 

oppn:ud.mteq 7 apart. 

� u otca4¥ clscl.lne fran ear]3 r; r to 
la to J� 1n tnc le lD of carotaw • xanthopb3U Mrl 

tooopberol 1n the milk fat, vitamin A alcohol eater 

lowla, ha\ 11 � relativol¥ otead3. to 
the decreasing lewla ot• corot present there 

noticeable fall in v1 tam1n A lJOtmoy oS: the milk fate 

;Je P levols of O&Nteno, xantbq:>I\YU, vitamin A 

al.ocilol and e , QI1Q tooopherol all declined. o-ver the 

period fi'a!l NOVQ!Dber to Je.nuo.J7 indicating that cho.nL"Cs 

in milk t'at oonstituoote are the raeW.t o� tJw ahanging 
otanoos in the blood pJ.a 

·1o dift'erenos in the behaviour of early- wxJ. la 

oolvJ.ng ocwo oboorved caU":i.xmlng that the alaongjne 
l� o1' too vnrtoua oonBtituento in the blood Il.LUurut.\ 

8.00. raUk fut � the ' � indopcn.ient of 

.l.L\otntiona.l infiuonoe 



- 191 -

tocopberol in m.t.md t>Mturc ohoared EIWipl.e-to-oo.l!plo 
fluatuatione �ut the s-li"Vey but no diotinot 
ooaaonal t.renda rore observed vbioh might o.ocount for 

changes in the levels of the 'ln!'ioua mlllc fut and 

blood. plaam constl tu.ent • 

t'itW shown ut aJ.l timeo to be v.ell above the level 

neoeaeery, on the basis of owroeae work, for the 

production of t'at ot: maxinu Vitamin A po�. It 

is concluded that the low V1tam111 A potenoie Wlli the 

low lewls of the various mUk .fat and blood plasm oooetituon 

over the SllllllJer ,P1)riod is dae to a lorJOI'ed avaUabWty of 

OQI'Otene and other tat-oolu'ble aonati tuents 1n the pasture. 
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and the l11:1¥V.iw of QQI'Otene and Vitamt.D A 1n their ml.l.k 

tht baG been ln'Vost.J.gnt()d by e. of \�'km:'il ( .g. .u 

...... o:;;;;;;;v 19-'.SJ A 19J7J Fraps • 1937J ,tlJ:Iur 

51! AA• 1940J 191J..f w1 • 191..9J r 

......,......,. 191.9). 01 relat1cmdll etablicbal 

at .LUIUII:D:" .&.0..1-=z.l""' 

tllOl'C a.re I.IDOII;.Joi.WLJ 

&LI6&. ........ - carotene intake 

but it i )Q%"4a:nt; t t 

ole SOJ.rOe of vitamin 

valent to about .50-60 1. u./s 

:n>.t lo'Vele anc1 f..a...o.<. ....... "'"'" a'Ull�llf5 (l • 1941.) 

to 2500-2600 � (Wlaeum .-......... • 1949J lt1bbD ..,et....,.._. 19'8) 

ot corotEI1e I" df\V ha 

Vi tamtn A potonoi 

reported tor llew tato p during the 

'alnter and � Bp'l"t.na but tb:) potency ot' mUk tn.t 

bno found to be nw:t1 �. ln the raglan ot � i.u.� 

:tat ( S• tlcl:0.1'lall. & Mal)CrM�, 195lJ �Ulivre.v, 19.56). on 

the baaio or o fh) mlsbt be 

mrpccted to bo ted with � carotene intake, but 

this is fJI70T knoml not to be the m.oo s1noa 1 t haa boon ehol.-n 

that tho carotene content of' typionl aa1ry .[llsturec 1n . 
Zealand is relative]¥ � � tho year aoo. that the 

thooo r�e io in tbe 

, 19%J oce o1so Obapter X). 
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IJ:'his is oawi� 1n axoooo of even the hleJlest lewls 

� to above as be1r.lg adaqwte for the prcduction o� 

cUk tat oi' lmXinlun vitrunt.n A potency a.."¥1 is 1n the 1'WlJ40 

"� mUk ft\t oaroume and V'ltem!n .i• would be �cted to 
be :l.r.rlepcalent o£ CfU'Otene intake. 

It V»Uld �:pear, tbe1"0tore1 itl.:lt the utUJ.aatim of 

carotene t.ran Ucw /�nu atm:ne:r paatuzoes is 1n OCilV:} W&3 

lup:W'ed, l"CSl&lted. poaaibq in n �erent rclaUonab1p 

'betrlCen 00£'0'tene intake and mUk fut potency b'om that 

cut �ta to dskii.Ynlne � precisely the natt.U:'e of 

this re.J.atiCJRSbip end e.loo to �to the ut.ilim.tion 
of an ultomative oouroe of provitamin ( <X\1"'taae in l\l"l'l.chis 

oil). 

<iioiililliiiol:'-.,...1. Four pt.iro of �ic twins, prec1c.rn1nantly 

J�. fi'UJl tbe hem of The llalry Refreardl lnat1tute (r r ) 

WOl"0 used in the in atlm:Ltlan eh me OOirlDei'IOed 1n J� 

19S6, '1.� the lewl.s or oazootene Grid. v.l.tamin A in the mt..lk 

tat wore at a mln1nl.lm. 1ba anlu:nl.s vJOre � out-ot....aoors 
on \vpical. cl.a1ly 18 etures t'ibich � c.t too tiroo p.redomlnantl3 

whitE:! clo'Vor with a omall pl'OpOr'Uen of r.;egi'Wils ana. oockstoot. 

Duri.n8 � 7� ps"Ctreatment period (PcJ'i.od 1 )  all animls 

vqoe cm �  tlllCl � pend.ttod to gnur.e to appetite eact& 
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lJml tod b.Y ceans o£ too l.ootrio 

tion of tho wq:.er.l.lxlnt ,._ co:m ware 

� an aroa o puoti.IJ'e 
Their tvrln r.ntes were tbon 

valent to this ooch da\1• 
trioted fol" 3 days to ono-hnl£ 

thio o.reo por � (Period 2) • for 8 Ue3o to o1" 

o lU:'On r.er cJDs (Foriod �) , and i"1nnll3. fur 8 dnya the.Y 
t10:ro ooprl:vod r: oture ol.niMJt CC��Plctol_y (I'eriod 4.}. 

The eight Q.rd,.rrole them ron toeothor on pnoture fur a f"..arthcr 

15 &\10 (Period 5). 

:.xwtu.ro intako, the belMco � tho rar:uiroaoont 
a"'X.i laotat.1on (<XLloulated trcm toodman, 1'48} 

oon:lletinc o equal r..arts of linoeod 

l'n\l n:ld <.:ruahod barlc,.v ottored in the field ainQltaneoos.l.y 
dtb tJ1c }:)Q$tlll"0 -mi l WWl l'ntiOI'li:X.t thrOUC,hOU tho dey to 

awuro a rolD.ti wl3 t.m1.fum intake of' r sture on.t mee.l. 

� in the i'1 :t 

� on pastu:roo � the )Crizoont muo tho.tr 

t-v.dn llllto& vJC'li"C f'ecl � on trateo and bc3 for 

18 dt.\Ys (�r.locl 7). Duti.ng tho la.st 9 dayo of this period 
( od 7b) tbo animls both dren twice 

clail3, after tbe onc1 d lJdng, w1 tb. a aluUon 

of Clll"' {puro awnthotio Id as aup.�.">l.ied � J .. :ldlt 

t.: !..tde 1 Poyle) in liB oil to gl.vo a d9J.l3 J.ntoko of 

7� '-J o.f carotene 1n 1!i0 of oU. 'Ihe f'our anirnala � 

then aUntainoci en pasturo for a turthel" 1 2  �e (Peri 8). 
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Fnt les 

Pasture and. teed ��o, 

were taken at intel"Vals � �tol.y 7 dt\,ye and n9fln�IC1 
tar carotene tbe nstl1 descri on 

..,..........,.1. �ut the ezperimental. periods the lcwl � 

C!lZ'Oi:enc in the pasture re:lalnod zeJ.nti wJ3 constant at 

5CX>-550 pg/e dry • ro a �· nntter read 

intake oi" approximtlteJ..y $ boQ.v iJ!.ht ( .f o , 1 ) • 

tldo �ve a da1.l3 carotene intake OS: about 5000 if6 tmcll the 

a.'"l1.rools rere on f'u.U paoture (Poriods 1 run 5). .t\l.J.a71.n6 

i'cr the oat.'Otene oantent of the � t'eecl., the daiJ.s corotone 
lntatoe tnB opprold..-tntol.y 2500 wn.nc ;. �riod 2 • 1 :q:; ne 

darille 41:4"iod } ooo 1 oo mg oc1 4 \ihon rast 

u.w�:......,�,�;� trends and e.imU.ar tiona 

dl in many G exA:Iee(:led 
tiuli.ne Period , it apparent that a 

roauotion in cnrotene intake to Wllf or on� ncm:a1 

ban little eft>eot cm the levels of v-ltcmin A ester or aloohol. 

:·. on the carotene intake 788 1\u:"tber rcx.t..tced to 100 � (Period ,._) • 

vltwdn A ester 
but Viteaf.n A sloohol 

,zesoed an the a: iX'O[;e by ubol.lt 1 .!> prj/g 

not appreciab]3 o.ft'eot Duri� 
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Porlod 2 tho awrago levQl of carotene ln tbo • fat � 

:rodaaced by about 1 .0 pe/g tnt arxl cl.t.dnG l�ocls ;, 4 by 

obout 0 pe/g t. 'l :troont bDd little cft'oot on 

n\ntbor�ll levels UDtU 1. ricd 4 vJben a dep:meaion of 

about 1.0 pg/g ' OQC;lurJ'� 

1U.lk t'at v1tam.1n A MU �id lewlo retUl"'led 

s.loa13 to no:noo1 WJri.ng tho po�to.l pcrlod 
(.� .5) , vi tom1.n t. ter boing oaoov1h.a.t h.igbor :f"or 

aovern.l in the fi1Uk fat Of 6n1onla \'lhOOO C!U."''tane 

intl::W:e had pzeviorusl3 1 otrio · 

1'ho �ts of ex;periment 1n whioh 2 animalo 

\:ret"S with oorotcno in 11 as an o.ltorn.a.tive sou.roo 

of anroteno are aha�vn eo 1n , 

the treated eninnls received. Lhe 

ao .ua uaocJ. duJ:'!ng Period 4 (1· 1 )  Wll1 their doil3' 
OQZ"!)�le intake again W>wt 100 m;�. ;� in the previous 

ox: JO:r':iloont • tJ1:0 re trictcd carotaoo intc.dro cm mod a. creaoo 

love 

Period 7b �th � , a£ carotene in oil to g.i. ve a total 

Otli'Otorra intake o£ :proximateq a;o � per dt\Y . adJ.k fut 

Vi tnmin A aster and CSI"'tcne vnluea rooo mp1c:Jl3, tbB V1 tam1n A 

ootor lDvel.e for a abort por:l.au exceeding t1l000 in the milk 

fut ot' the control the ond o� J ·er.t.od 7b vi tomin A 

cuter lowls t"Jere identloo.l 1n the control a.rui treated Ot:GIS 

and no s.1gnU'i t cll.angcs ocourred on roturn to .t'a.U 1 anture 

dul"inG the l)Of}t-exporimentt&l rJeri · �tone, on too other 

hnni• wn.a still slJ.ehtls � 1n too mUk t'at o£ the trGt\te:. 

oo:m than o£ t 0Cilt.1'0la at the ond o� l?erioo 7b and a slieh 
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et of JOCbaood OI.\I'Otene intake (Exp. 1 ) and 

plemontine w1 th oaroteoo 1n ou (EJrp. a) 

on the levol.o of carotene• llllnthop}\yll, vlt.ardn A 
al.aobAl and eater 1n mUk ro.t. 

seM9 Mml!• oaltrol 

�-u.&D.S!• t :ted 
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..., ..... , ........... �10\lt the two experiment aru no al[Jlif leant 

u 

to obtain � J.ni"CCrmatiCin on the uw�:uUon o£ oaroteDe 

��·U. tmi to OO!I()QI:'O 

M alternative aouroe (vi , ornchJ.a oil). 

t although th careteno in :.e of the eontrol animals 

rel.ative.l3 constant �out the -e."t!.�t at about 

50CO .;u �er 083, ocnaiderablo fl tuaticne OCIOlB"'I'Od 1n tho 

lOVOlD 0 ' ca.roteno and vi tomin A in the milk tat. 

10e4 to a m1.tW!I.&m of' o pe/s � t, llnl1 · tamin A e ter tram 

G • .; to 9 pa/g tat, givlne a variation in total potency 

of the 

bett'100n acntral and treated au.&liDoJ:..u dur1ng Pcrlcxi 4 '"""'IW.A4 seem 

to indicate that 8Citl9 eootor other than carotene intake 

oopa'ble or l>roci� aD arcat u chaxltfl in mill: fat caroteno 

cu vital'fdn Jl ao a 5G ro· dlat)8e in carotene intake. At tho 

M�t. Y AGi<ILUL fUi<P.L COLLEGt. 
U8RARY F'ALM ERS . ON NORTH, N.l:; 
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cleer. It l at lntezoest to note, bc)\�wr• �· 

both cxperiaolte, the oloae corre tion between the oamp.&.e��av;�.-
�[J,;I,e t'ltMJtuati 1n the mUk £nto at oantrol Md troo: 

t ntions pooaibJ3 1n the extema1 

�t ot the 6D1mal. 1m3 haw a mt\l'ked aneot on oal�li4me 

too effect c4 vnriati 1n CIQI'Otene 1ntake • 1 t QJ.){JOBI'S qui 
oloor ham the t& of .&xp. 1 that o. relationship 
exiot � ouotene 1nttlks and total tat poteDC\V 

vb:m tho �tcno 1nt.&.&o reQuced to 1 300 � per iJ£.8 
(Poriod 3) end milk i'at oazooten.e lowls t'10l"' afftDoted to 
sooo extent \"'hm oarot<lne intalcc \'7t\8 rediloOd to 2500 � 

{JAy (Period 2). 

that general13 Jeakin{s wi tb intakes po.etUN .in exoe s 

ot 2500 � per iJa3 ( equivalant to a level in the posture of 

OVI roxl..matel.y 250 p{J/g dl'y 1:6tter) . 1t DeOOIO that the total 

v1tomln .t\ potenotv of the mUk tut be O.G vlrtua.U.r 
�>enaent of carotene intake. This is in agreement 71th 

the SQI"lie.r t'inc'U.nea of �Visemnn et M• ( 194.9) and Hi 

..;;;A.,;;;;;::r (1949) .  al.� in the pre t investigation the 

� total vitamin �� potCI!lCY of t.Jw milk fat i.ll"'OUUEECl 

at thio levol o1' oarotone lntelw o 1� than that )Orted 

by thaoe l?OI'kers. 

coal( bG obooned between carotene intake and tho level of" 

vitamin .i\ aloobol 1n the milk fat al.thoueh there did 8pi)<lt\r 
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to be tl ver.f oll�t tonlcncy for the &l.ooho.L loval. in the 

S:o.t to 1ncreaoo as t carotene intake Qeoreasod (of • Cbl:�o. 

& <men, 19521 abru10A et • 1954, 19SS). llfi:IO'IOr, 

l'l'W�nt lJOI'e so and ditferenooo noted conole ntJ8 

oonU1 tha.t no BignU'1canoe oon be attached to them ( 

U�Uli'ft't\Y 1 1957 1 b). 

as alJ et the 1o 

of COI"'tene 1n thG diet, witb thoae obtainod in • 1 

it is notewortl\1 thut this lewl. of caroto:-.o in oil 

o£.t'oet1 w than 1 300 q:; of QQI'Oteno ham po. ture in main.l'ICUs�&�:lfi 

Dilk tat Vi tomin A po , tUMl onl3 ol.igbtJ¥ le so eftecti 
than 2.500 � o1' ure corotone. It alDo o1' intcre 

that on �erring f'rGn the "meal � in-oll" 

:ret.ioruJ uaed 1n Exp. 2 (Period 7b) to full 1: ure, no cl 

occurrod in milk tat Vitamin A estar levels an.i milk t 

nould , therefore, to be relatively better utilized tJwa 

CXlZ'Otene in r ture tmder tl ZeW.� corkiiti 

In view oE the fact, ho ver, that do� with G31'0tenc 1n 

oil diu not inoreaoe the total poteney oi' tho f'at above DOrnlll. 

manor levels ( i.e. ;o-,5 l u/s tat) . lt � 6IJ� ;oor thnt 

fo.atoro lJJ:d.ting tho utUimtiOil or eo.rotcno f'rcm OW!m'Jr 

ure e:mrt a similar owro.U ef'fcat on carotene �ate 

1n ou. 

a �tlon of the results of both. mrpcrimonto 
it aoomo apparent that tmder n ZeeJ.an· oondit1� a relation­

> Bimllar to that reportoU by O'VeZ'SOOS \',()Jig:)re Cld.Gto 
betmen tha c:nrotene intake hom pasture w-.:1 tho levels of 



� pr1ng t total Vitomln A potenqv of the mU.k t la 

ot: tl order as would bo p oted tl'an the known cm:�Ofte 

being at ·,bile part t .u:IQIIJW 

be to onvi:t'Onllllmtal Wluenoes (p. 200) 

It tbou{glt deoi1"ablc. 

�. that thin lAtter poaaib1Ut7 .... _._ be t\Jrther 

unierteken for th1 s pup 

Gtt.VU.oo the 

in m 'l'he reeul to ot the , 

nut ehapter. 

1 .  The l'fJSW.t 01"0 dJ.scu ,  · � on investigation into the 
efflal� of" uUUeation by &U.cy COli ot' �tenc fioam 

pooturo ( to a level 1n the l of 

tlJT.L>I"'Xin:atol3 250 pg/ g d.r.f ttor) , 1 t would st:,pear that 

m:Uk fat 'li tood.n A potency is VirtualJ3 i t of 
the level of caro in the diet. 

J. A 50-told Qccrease 1n tbe no:rmal. intake of 

fraD turo owr a short mod shoMl to ho: 

rolntiwlg Uttlo efteot on the V1tem1·1 1\ poton.ey' of tho 

aWt tat, <X\rO'tone content bei!lg rcduCleU by ap,prox1mateJ..v 
· o f¥1/g :te.t ana Vitwnf.n /, oster by approxiu1ately 1 .5 

Little c.� 
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4. Ssmple-to-OOJJple vnnatiOtlfJ in both control and treated 
anilooJ.s were obOOI"VCild in li.I!U\V ooseo to exceed the �A1· Mn4MA 

Qul3 to beataent except dur!iJ'le the period ot· extreme QQI!Otene 

d0r.irivat1o.n. satnple-to-oo..rnple vnr.tations of oontzool. an4 

troa'teiJ. an:lnnlG re also oboorved to be � OC'Jl'l'Clate4 

1t41icb would suggest that �rhaps vflrl.ations in the external 

cnv.il:o..1ment ot the an.iJml IfJfJ3 have aaoo eft'ect on OOl"'tone 

utiliat1 

s. CaJ'otene 1n aradlie oU �'laO shown to be relat1 w]3 
IOO.re ej>tecti w in .mainte.1nlng the v1 tam1n A potoo.qy ot 

mUk fat than s . pasture but tho total. potency of the 

fat obtaine<l &t'ter dos:i.ng w1 th oorotene in oil was of the 

sanD onler ru!l that p!'Oduood from f3U1!1!re1• past!JZ'e. 
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thltrl.ti<mal �rs � oa:rotooo ut11iootlan 

hnvo been 1mle tod '-Y a nt.1lJI)er of t.101kers but 1n gena:el.l. 

tho level of carotene intake llllO been l'WAtiwl3 l 'I and it 
oomot bo thnt the � ef:feets wcu1d be am�l!m'l 

o.t tt¥: vary oonaiderabl3 h18her nlatiw lCM>l.a o� aa11�!!1ne 

:lntakP obtainine tb on 1-nsture in this oountry ( 193) 
A�, using mts as experimental animoJ.s n."ld � 
ntiwl3 � carotene in'tak:J;)a, the efibot en carotene 

utUic.e.tion, 1ndi ted qy blood l.evola am. 11 wr store , 

of n or possible dv.ulgeo in pasture OCIGpO tion 

.tnwstigo.tal in the hope ot ob� infol'!lntion applicable 

to tho gonGlUl tJl"'bl.Gm o£ carotene llt1limt1on !'ram pasture 
by cr:NJ In oQdi.t1on, einoe the � ch.ongoo noted 

prcvioWJl.y in Obopter x, particularJs in tam1n A 

nloohoJ. J.ovelo ,  OCQld r be ho!'m:mal, the effect ot 

adronal.i;no inruUn lich other \'Jtlrker& have clD:lmed 

could intl.UEBOO Vi A netaboliem ( ooe, for mraat'lc 1 

Young e: ;a.w. 1940J ·teen, 19-'9) we.re also lnwotiga 

The rata WJOd were albino of the •1istar stl"'61nt 
l.>tU'tioJ.l3 dof':lciont 1n vi t&min :':.. and maintained on the 

OOmJ. diet described oarll 
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ct •tooopbc17l aaeta.te were l.q)pl.;l.ed by the � KOC&ak 
• L , New xorrc. o�u an:1 xanthopl\YU 

fmt.moted trcm fre g&"'J.U) and �ted ohx'ollB� 

ao deacri.bed Oil 170. Unl.oas othe1"'W1Be stated the mu�IIM8 

a.."ld other fat-soluble oubeta.noee '� diaoolved in a.rachl• 

oU wn the animals dosed by atcxoodl tube ( aee p.b1 )  end Jd.ll· 
48 h. later, 

�. e� As has been noted earlier, little 

inf tion io available ngard.1ng variationo 1n the general 

ocq>oa1 tlon of t_ypiml Hew �� pasture It is weU 

known, h r, that the arc �  cbanees in the 

caJt?Oaition err the pasture, r.art10tllarly in the propol"Uon 

of cyogi'QGo (l.fJIJ.g 2S'!M@} Md rod a..'ld wh1 te ol.owr 
"' 

�����=� fm<l T, �) , and a.leo 1n the stage 

of natt.irl.ty, A mam.'ber o£ variatio.YlS 1n lmoon 1:osture 

consti twnt& whi might be wq:ected to attoot carotooo 

(a) eft'eot o£ level of carotene 

(b) e«oot ar concentration at carotene in ou used 

as cl.e 

{ o) e.t'reot of 4egrce of unsature.tion of the vehicle 

(d) effect o£ non-digestibl.e mteria.l in the oil 

( o) et'.fect of tocopherol 

(f) eft"oct of �ll and XWlthoJ?l\YU 
(g) ef.tcct ot botardoal �itioo oi' the teed 

(h) eft"eot � �d.e 
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'lho ted 1n Table }2 1n.Qicnte that a 

num'lber o£ le 'Oariationo 1n pasture OOI!l>OBi tion m1gbt 

be ext>eotecl to influence quite � carotene ut1limtion 

it io clear tbat fairq dlrcct relationship exiet be�·­

li'Vel' Storage of vi taJain I 6lld the lewJ. or carotene f'ed 

1'be concentration or 

carotene 1n the oil i al.8o important ( 1 .xp� 2) , too l 

or too high a concentration tem1ng to rocluce U 

the l�ttor &vi� probab]3 to an o"Verl.oading o£ the digestive 

it is eppartint that the nature of the vahiole UJPJN haw 

profound ettect an oorotcne utUi t1on, tho lovel ot 

boeSVJn:t bed a nuch greater dcpreaoant cffect than the 

oquivnlelnt � o:t' tristearin, the mS.xtl.ll'e of 60. )  triolein, 

resulting 1n a U storage 

ot onlg J pc ot: vitamin 1\ ntwreaG a mixture of (;Qi) 
triolein ar¥1 A.Q c1 tristearin alone m:uld have been expected 

to giw u liver storage of tho order of � 
V� the leVel of tooophcrol from 0 to 8 mg/mt hall no efi'eot 
on tho utiUootion of a � ms doee ot: carotene (.t.xp. 4.) . 

�1milllrl3, ltf.) q; of �ll dosed with the oorotcnc had 
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but prebahl..y lnalgn11�oont dePreo t oft'eot an liver v.1.1:o�m� A 

store In general 11 ,..__-r QQ1'0 lc'vols, al. w· i IIIIAM":.U 

�ol..loncd the ll wr Vi tam1n A lovels. Pl.na:DQ vi om1n A 

alcohol lovelD varied fnlm 1 3  to .31 �100 ml. pJ. • 

• 

• 

tl'E�tl��. On the other hanu, pl ooter wJ.uas, Clb 

tram .. .. to 8.6 �100 • boJ."' 8. fuirl3 direot 

I"'lllti.onshlp to liver vitamin " lovels J.ndicat� that 

abOOI'ption of Vi tem1n A 

�1Gnel. to Uwr �!Ml'l.. 

the &vti;KA6 

t tmn some dlt'terenoe in the utUi ti.on of OBI"'tene 

by rata .t'!rGm the ;; pasture speo1eo 1nwsti€11tea but tho 

et&U.t1on ot qyanlQG 1n qwant1t1e oqW.wlent to tbo lJ.k.ol8 
to be Qeri ftwn hiE}\ oyani te o1over tw1 no mB.I.'!IrDA 

eft'ect cm the u.tW.zo.tion or carotene either o.radlis 
oU or fitom a mixed paatt&ft). In �·lq>. 6, the 1 st Uver 

otOI'Qge of vi temift A re tea tran t: blab qyarWie a.u:�� 

·�- v1tom1n A oabol level of 

� witb 20 8lld 26 pr/100 ml. for 

oame eft'eot i app&�"0llt 1n ., '• 7 whore the add:1 Uon of 

qva.n1 to the drinld.ng ter re Uver e 

of vitamin A again aoooo:1ated d.th GJJ.ghtl3 hlgbor bl.ood p·,u;u:a� 

alcohol le"felG but tho dl.tYerencea worc not Bi.gni£icant. 

S'lmil.arl3 no signitioont troatnlmt dii'ferenoo re apperent 
rate or Olli"'teno in oU 1n .xp. a. 

To lnwstlr�ato the eft'eot of &drenalino and lnmal.$ n on 

plru:r.n Vitemln A lowl.a, 6 fernolc atookl-oolOI\V rats with nDr�xnl 
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� eft'eot of subo.l� erlministered � and tna•Hn 
OD tllC platlf'M vitamin A al.cobol. lcwl.B of stook-col.or\V ro.ts. 
Slaughtered i b after � Lfaan vdght 300 

No. ·Llver reDel"'Vet) J) o  

I rats a£ v.1 tam1n A tto.ture 
used (ml.) 

9 ' :i011ll'il Diatlll.ed I 
0.5 I 15.1 I 4;.0 I I water 

6 I Normal I 1 s1oco I 0 • .5 i 1 1.} I 5.2 I • ! aUreDalJ.De I I !X 
... 

10 6 High Diai'.i lled I 0.5 I 14.6 I 9.2 I • 
i 

uater I 
I 

I I I 
6 High 1 :1000 I o.s i 1-4.4- 8.7 I 

flCronallne 
6 I ilieP I IntJ•l tn 1 o.s I 13.2 I 9.6 I 

(a leO units) 



--- ---

- 21 2 -

v:1. tam:1.n A reserve were injected 8Ubou.tanoouaJ..V \11th o.!} 

of 1 11000 ani Jd.lled �r h lAter. 6 atmtlar ta 

but 1n.1ectcxl w1 th 5 ml. of 

oontrol 9) it can 

oeen that t.be 1�� vitamin A aloohol lewla found for 

treated ( 1 1 .  J �100 ) then 

fotmd £or the control � ( 15. 1 fle/100 ) , 

d.U'ferences beil\g1 tiot1aal.J3 not elgniftoan 
ilhen thin experiment was repeatou n..'1inru.s w1 th 

de� higher liver Vitomin A re� (Exp. 10) ,  

1 ......... � vitamln A alcohol, 6 treatecl mdoalo a� 1 le. 
pr/100 ml.. 8lk1 6 control WJ.imals 1 6 fJ€1100 6 -..u���a-

Mirol.o inJected Ol.lbouta.neousJ.y v4 th 5 of 1ruNl1n 
(equivalent to 40 units) om killed t h lator eho an 

p.wi.uwt\ aloobol lewl. o1' 13.2 pe/100 nhlch 

again not oignlfi.cant� ci:ift'oront from t oon 

,71 t.."l either adrcnal.1no or 1nrul1n hod no en'ect an p.t.a.I,\IWQ 

� J.ntlue� oaroteno utUJ.mtlon t low 

of 1n haw extooeivel3 rem. el.semeze � a number 

o£ ( • fer rucmsple,. Goocbrin, 19.52) nod 1l1ll not 

�oro be &alllt w1 th tw:t!'¥lr hon:J. The r:ain ra&r�l!ae 

�����- ralatlontJhlpe oaWi be ostablimod at oone.t..doJ:nbl'tY 
hidwr lowlo of ouoteoo in� a m· ot• e� 

oortain 1rregular1 tie 1n tho utilization of Ofli'O 
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re adjusted, on a bod3 ight e, 

ae aiblc Ct.Di1 ti.on in the fi 

obtained it ie apparent that �'t:.B.t.n 
toctora ho; a profound influc.noe on the Vi tam:ln A COCliDOil'4Y 
of the an1moJ. G tiwly high l 0� aei:'O'C•:me 

J.n • FoJ" Ot it iS cloor the pr'O t &'VCHM1�. 

tint owr o. de l"DJl66 of oarotem intalro thoro is an Q.&Wucn; 

11neor relntlcnshlp between bepat1o torogo o£ Vi trunln A 

tM lowl ot in'take, o.ltho� the 

tboy applQ to wd.malB 1n the field, 
rw.Uona, ionlliQI;·.:w 

fairl3 llmitocl e, P• t9[J. 

there uld eppoar to be o. relat1on8b1 be the 1.e'vel o 

t'bt in the cliot and the etno1enoy of carotene utU.l tian 

providlng at le8at that the d1 st1 � not bociCI:Ia 

� overlooded VJ1 tb llpld mtGrial. en utW tlon 

beecmo oerlaual.3 lqle, ir In contrast to the 

bmovor, it WCQld appear that th utiJJ.zation of aBJ:ootA�ne 

\'fl.on t b.1gh lewl.6 in diet 18 b "t u ttle &ll:'CO'lCOG. 

• 

by adr.U.tion at: ei�r tocopherol, obloro;r.i\YU or XOllithel)bi'U. 

:From o. oanBidol'ati ot• the result obtained in lbrp. -' (T Ja) 1 

et'fioienoy of utUlzation of cazootene at b1gh 1n 

In pi"'..'Uoo in tho field the degl'ee o �mootu.m.ti 

pculture tat could ai'£oot too utUization of carotene 1n t 

J.co.st � m.vaJ dtrecrtl..v, <.lue to the pz'Oportion et WUIB��� 

f. t\V a.oi t in tho fat ( g. 1 1942} 1 
�, dcpend1.na on the axtont to �oh tho toc1 
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aclcla proocnt �too o.uo to ml.arobial notivlty ma':u.�n: 

X) t ll'QJgb  the �la'ld � Al.  (195S) 
c:laxlnot:rotod that unoa.turnted aoido of r ture fnt are &'UI;lM;Wt.'f 

�'itlted 1n tho �. but there ie to ante no 1nd1 :tio n  of 

M3 ooaaonoJ. variation 1n this t\u:lotiQI'l 

poonib1o 'tari U in corotcno o.bSIQil?U 

or tu.re.ted nciu of 

�WioUI-IU mUl( t 1n CQCh 
. �u 

Oleic 

Sborland, 19"J2J M • 19.5'1 

• 1957; Sf30 al. 1.59, 161) , 

oloic ac:lt1 io not. EWnthos1eoo to af\1 appl'f)cie.bl.o cztcnt in 

� gland ( • 1952) it m1[;lt bo <m 

ot the in . t thio .._11'Vl 

It in tum th<l lewl of oleic acid 1n the 
· ref'l 

�tion aotiv.l.ty in the it nm;CtU:-o 

1t mtcJlt fnm the ro te o.f Shor. et al.• 

la.ttal" f'Uncticm qui vO ooll. 00 a IWollllaiJaJ 

t 

fllotor to tbo a labiU\v � carotene rram rzw .t..�t�a.,y.wa 

liJII'J)X)J" !>SDtu:re OlearJ.s • bo 'tOI', nuch 1\rihor wlU 

be rcqu1rod in «::m::I!M- to eluoidate theoo rolo.t1 ln 

Fram tbc reoults · the o.xperimonte, 1n dUoh 

of eeparateJ..v ryograss, lcm ey'M1de and h1l#1 f.tYl.1nouLO 

1h1 te olo on pltl le'vel.ll and A 

t'JOI"' otudled (Table .).)) , a d.U'ference t"tOO oboo 1n 

utll1mt1on o� carotene tram the throo cpoaieo 1n .tn: 

the � and low oy&dde clowr ( ·' >• 6) • 1bla IJP'lQ1(,lfl 
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taDtor other 
them the qyanide content .  aln06 �tlon. of o.van1 m 

tbe diet 1n o.meunta oalcul.atetl to bo equivalent to tl'll\II'IA 

Uerlvocl t.rom h18h o.,yanide al.oWr d1d not appear to em�d.ali);l8 

a:t.foot tbo efficd.ElllqJ o£ utiUmtion of carotene e1tl¥lr me 

a �  pasture (l:atr 7) or f'rcm arachis oU (Elq:>. 8). 

fhe rooults presented. in �able 34 oro 1n sharr.) OQl'l�� 
with tho f:i.B..UngB ol YOI.lng & Wol.Q. ( 1940) end Dauel'eieen (if.)f). 

· F.\"''Jm a �ti o.f the results it 1 opporent that 
too pft)Gent �tal conditions neither &lrcnaline nar 

!nonl in bad any appreolable effect oo the levels 0'£ v1tama.n A 

alcohol ar ester 1n the blood pl.a.slm ot rat F'l"om thl 

ev:1&lnce and f'ftm that preoonted by � & McGW1� 

( 19;; 7) 1 t VJOUld appear that, undo&" normal oalC.U ions 1n the 

field, bormonal int'lutmoea are ,t>!'Obabl.t' �rtant 1nGOft\z" 

blood plamn and milk fat lewlo or C€11'0teno and vitomln A 

cono:Elll"''niBID.... 

1 . 1be 1..'1fluenoo o£ a l1lUl'ibor ot' factors on the uti ll e.:at1 

oi.' carotene by mts has bean i."lvoGtiga A h1.!#l do 
lavol eq\dvalent to that derived tran posto.J;ft:l by c hoe 

all� and p.!Dam11 lovel..G c.nu liver eto:age o1' vi t.amin A has 

been used ao a fi&letll'e of the eff'ic1enc.w- of carotene lltiUiWla,iJ.Oir,. 

Utilization wne inf:Lucnoed by tbc level of CtU"'tene in 
by the conoentrat:ion of ouroteoo in the oU 1..\sed a.a 'OOhicle, 
by the degz'ee of un turntion of" the wh.icl.e nlMi by the prc�Gatlae 

of non-aigestiblc 
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qya.nioe mite cl.owr than .f:rcll.l hi#Yl qyoniae clavar but Q(ill;lliRI 

qynnide had little or no ct'fect on tho up� o£ �tene 

t'rom eyanide-.fi"oe pQOture or t'nm a eolution in o:t.J.. 

� ne tho results ot.' t.mse 1nwcst�ttone can 

bo applied to oooe grazing typioa.l new 2.ea.1a00 dairy 1 

it seema thAt t•aotora v.hiah ttJD:3 t..hl'ow G01':¥l) lieJ'lt cm t.be 

®Ui r.atlon et' �1.0 from tlw iJilStu're owr the summar 

o:mtba are {a) \lnrio.tiorw :i.n the amount ,  natuz;e end CDitiPO�• 

or the �at �sent 1n 1mo .(Jastw:"O, anl. (b) variations 1n 
� of t\vdrog0l�tion of fat in the r..tmem: • 

.Adrena11ne a.'1Ll insulin &i}!Joored to ha-ve no eft'oct on 

tbj lErWl8 or V1 tam1n A e.l.cohol or. eater 1n the blood PI4Bln 
o� rat � theoo 1-esults end those obte.1nell 'tu othel' 

authonJ 1 t \vwld SfOOm l.1fll.ikel3 tna.t homlorlal ei'eecte 

lq;lortant in � carotene anl v1 tam1n A l.eve1G f1l 

the blood p · or mUk tat.. 
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1 tamf.n A ot milk tat · eowa p98i.ng Wllll'lle&" !'J81JQII� 

in ZealAnd ha In the CCQS'GO 

1. In a in wh1ah the l o£ • U, 
Vi'tamf.D A oohol1 Vitamin A eoter tmd � 

at �tl¥ � 1n the m1lk fat blood o. 

pah of ot1e � Ootober ( ) 

in all tl&m · (with tba axaeption et Vi A &�oe�JA 

and eater tn mUle Olt d1 u :relat1ve)J constant) .ulil.lollllr' 

to those � � earlier workers, a ateaas 1ft .r.u¥�10MU 

� to •  

M£�ma between ear. and lA-'IiJtaoi.�IM 

which that the trends noted f.lel'C q�to .lnCJI.epE,_an\ 
N\1 loctatlcoal e«cot. From OGil of 

with tbat obtoJ.ned in mUk fat it 1 ol that the �,.,-� 

�!Qf.'l'IIJOd 1n mUk tat 00 t1 tuent due � 
� of tbo eubatnn in tho blood P'.i.UUal.-

lorJar l.OVol.s of carotene• �u 
tho period oo to �� 1n aRZ"eerDe.m'i 

findince of other 1'lar'knro� that t re is n ln 

availabW ttv of these s:�bstunoeu 1TcD the puDture ot tb1 

t"J.e&l, 1nce levels o� each re � tJ 
ourve;y to vary but little, onJ. the level of carotene Sn tbe 
pasture fa.nl at all timeo to be ·Jell o.bovo the l 

.ectad ao odaq te t:or tOO production of :fat ot' �.u;&IIUI 

Vitamin A potol'U.'\Y • 
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(1) ie prceontcxl -�"·'•-

in dotail. 

en tal factors riEJQ ha.vo quite en rtan 
enoot in infl.uenoinB oai'Otono utiliat.t 

(1.1) 1be pc e1b1l.ity that a dit.fel'Ult relat1Cil'l0h1p 

onrotene 1ntt:lko N¥i m.Uk tat potenc:v OWl" the f;JUWIII.JI.l&. 

man ms examinod using 4 of mono ows • 

trGD whidl 1 t t obow an in ot 

of aarotone per iJB3 { oqui ent to n lowl of t\pL?J."'dn&tc)Ja 
2SO p!J/s ary an tter in 

t Virtually independent o£ oorotano intalw. 

(W} In a fu&other stut\Y usJ.ng 2 re of , 1n 

'"'""""''"'. the o.vailabUi ty or c.nrotono f'rom 

� with that 1'ran swrrner 
from the forcer souroo \'JUS GhOt'm to be rclAUwls 

bottor utili :r.ed tllM fiUn the latter. D.rendllng 
with oarotom in oll, �, d not 

that to.ctoro affootine the atiliootion of OQl"'teno 

trom r r.IO.I.lturc exert a oimilnr owrall etteot 

on OOI'Otone rran other sources. 
(1v) In J6rimonta with iJartio..ll3 deficient rata, 

ah tho i...'l'lflucnoo of' a nt.mf)or ot fnctclra 

utilization \mo invosti{:;,atod us . blooci l o 

liver atorcgc ot' vJ. temin A an ori toria a.ncl h1Sl ''"'"n.� 

levels o1' carotene equ.:i.Vtll.ent to thv.t 001"'1ved by 

fium I oturo, utilioo.tion 
by the lovol oS: cu.rotono intulro , by the canoontmtion 

ot carotene in the oil tlOOd as vehicle ,  by the �  
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et �estible �· On the other hand toc:o»J�OI.. 

ohloro.r.t\Yll and xanthOJ}J\yll appaared to be wl� 
etreot on Ofll"'tone uttU mtton. 

(v) Cantene was better uttlJ.:zled t.ran :cy-� and low 
� t'Jhl te clowr by rnts tban t.rt:w high cveat 
cl.ovcr but incorp0l�t1en of �de 1n the diet in 
emcun·· ooloul.ate:i to ba eqaivalent to 4cr1 · 

1'ran hlgh cyanlcle clover did not G.!� to cpf.IJ'CC)la'l� 
o.fteGt the uptake of caro 

t1..11"e err fnMn oil• 

(Vll.) � and ineul.in � to be without Aft'li:'tftP.. 

J. i'ra3 the reaal. o'bta.t.ncd 1n the present serie of 

�ts tM tollorline gctlCI'al eoncl.usi.ono f11il3 · anma 

(a) � leva1 O'f' carotene 1n New � � fti'Hn 
iW the DD part betwoen �tively nor.t:'fRI .wwJo.� 

mKt tbrouabout the year VJOl.ll4 appear to be well �m 

the level � tor the produot1on ot :tat ot 

ooxinun vitflmin !\ potonqy. Sim:Uorly• m11ltht:�7U 

anc;1 tooopOOrol do not cppear to vary e:reatla 1n the 

pasture and the .tewls pre t at all times � 

be wft"ioient to nnintein oont1nua.tfll,y hieh le\'ela 

o1' thcoo subotsnoos in the llti.l.k fat. 

(b) �'ho tact that lO\VCIZ' milk tat vite.rnln P. potencteo 
l.owElr l.ovols of n\ilthopl\Vll and tocopherol are t-OUI'Mi 

ln milk .tat produ.oou. r::Ner tm :.lurmuar por.lod is 

1:r.i..m.orlJ..y to loWCl• l<.lvo.ls ot• vm:i.ous p� ·t-
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uonto over this period apperent:a_y GOCiateci th 
their J.a..� 0: labJ.lit_y tJ.oom th.o Pfl«NU� 

� in  
ributlz\g to tho lO'i"JO tW01lnbilit_v � 

to.t- sture o tituenta owr tho oumam. 

tal factors nre !l.>ected as nt�Wfl.�)ft 

boJ..nB � reopona1ble. Insofar as re 
obt.a1ncd vrl th mts !1J1J3 be appllOd to the prob 
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