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LT TUCTIOH

Over twenty yewrs asge, during the course of the
gerly investigotions into the chamistry und physiology of
vitenin A, it was fond that the potency of herbage woe
relsted to its chrotene content ond mninly ve a recult
of the work of iocore, it wos entadblished that thie cnrotene
could be utilized vy sninals snd converted into vitemin A.
.ince this recognition of the corotenesns proviteminu, the
problens of the mode znd site of convercion in the nnimed

body have aroudeed the intcereat of mony vorkers.

Until recently it wos coneidered that the
1lver woo the mrin gite of conversion. part from the
vomewhoet equivocel reoulte obteined from attempted in vitro
conversions ueing liver preparations, thie aocumption vod
beaed muinly on the foact that the feeding of carotene to
vitonin A-deficlent :nimsls resculted in the #lmoet imnodiste
appearnance of the vitumin in the livers. At the eunme timo
little, if uny, curotene ap.enred in theo livers whereee the
nlimentary tracts contained relstively lerge amounts of

crrotene und little vitemin,

wecent ebeervationis hovever sugeest thnt in
certoin animnle ot lenst, the convereion tukes place in the
wnll of the inteetine ruother than in the liver. t the
tine thie inveetigstion woe commencaed it hsd been escteblished
by teuel ond hls co-worvere thet the intcetinel well wos the
miin site of convcreion in tho rnt. It seemed@ posuidle
that thcero might be speclies Jdifferencesd snd 1t was recolved
to determine the site of conversion in otheronimels, pertioc-
ularly mmminante, and to invectignte the cnayme syctems
involved. Turing the nsost teo yenre repoerte have uppesred
of work of « ¢lrilar nature carried out by various tesme snad

1t ls novw wetobliched that the woll of the intestine ie tho
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moin epite of converelion in s range of exyerimentnl snimple
ona no evidenco has o fer been obteined of & secondsry
oito. These finiings have of necestity modified the

course of thic investigotion.

rior to the work of I'euel vnd hisa tenm,
interuet in anopectc of eArotene metnbolism hod becn
vroused in thie T'epnrtment through ocbeservetions cugpeat-
ing the relntive nen-availebility to ruatnante of csrotene
Trom certain pneturce. Thie problem, topethor with
other foctora affecting the efficiency of converosion of
corotene to vitsrin /. in runtnente, lve 1loo been stucied.
‘ince this investigntion te continning at the prosent time

the regulte arcocnted here ore not conplete in thempelves,

Vitenin ' cr enrotene nutabolienr stndies had
not previocusly deen undertnken in thie Tepartnent so thnt
it wee nccecevary to devote some time to perfecting pro-
ceuuros such sa the surviving tissue techricue and to
ostabllishing ecuitnble methods of usvay for vitamin A snd
carotene in the svnples hoandled. uring thie xreliminary
work ¢ond whilewniting the arrival of nccestery tupnarotus
and chemicule, ¢ chiort investigation into the vitumin
content of New Lenlond mtton an¢ luab wAe undertskens
Thig woe sn extension of worxk previously corried ouvt snd

16 deocribed in an npzendix to thlis theains.



CHAPTER I
lethods of _stimntion of Vitemin A_cndg Carotene

in sn investigation of thic type it 1e escen-

tixl thot the meticds of seesy ghould be reli:itle ¢nd

og acenrate <no reproducible se pogelible. Unsubstent-
tated clnims by soversl norkers to hove eficcted the
conversion of camtene to vitsmin » Ly veariows methods,
moy, u8 wil! be ciucuseed 1later, Le attributed to coubtful
methode of asgany. It wae congiderod nucessary tlurefore
to devots gome tlne to © thorough exeminution of the
methodn evrilrble for the catimition of vitamin & end
corotene ocenrring ceparulely and together and in the
presencc of related'eubetuncos, in particulor their

oxldotive breankdown producte.

survey of the liternture showed thot, slthough
aany pr the octhode differed in omnll detsil only, thereo
vore in sonme couscs conflicting etotencnte purticulerly
vith regsrd to the efficieney of the varlioue cxtraction.
proceduree snd the etuuility of the vitanmin ond pro-vitemin

unéer the dirferent conditiono employed.

The rasults of the progsent invoegtitp tinn vre

most conveniently discussed under the follewing hesdinge @

(1) .omparicon of methode of weoay.
(0) The spectrophotometric method
(b) Colorinetric methods.

(2) :tebllity of vitumin A und csrotene under
the conditiona likcely to be encountered in
the promaration ot semples for soony.

(3) sxtraction of the vitsmin ond seinration
into »n non-ugneoue solvent.
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(1) cComparison of lethods of /esay.

It to runarslly recogmieed thnt vitonin A
cnn be vatimsted vy colorircetric, spectrophotometric
'nd bleologlienl ncthede. The litersture relsting to
thege nethode huy vesched formiduble pronortions but it
i¢ concerncd mrinly with the relntive merite of the
verious metlhiods in pnrticvwl:r ceroe nd the reistionahip
vetween blalogical »nd non~blolouirienl oprayes ivititor tlen
with cetells of the nethode themaelves. Yo thils extont
much of Lt ic not relevant to ihie investimptiocn. It
e been fully reviewed In rocent publiontione (Gefleds 20
3, &) 2n6 no ottumpt will bie meae hero to clecuss it in
uny detsil. -riefly the problem is rocolving ftecl?s
into one of exnresclon of reenlts. There sre csvoiloable
well cotatliched chenicenl and physienl nethokie by which
the vitemin /. content of a wide rnnge of moterinle osbn
be agtimated with o high degree of precieion. Vitomin
A wnd 1te estere have been obtulned in n high gtote of
purlty nnd osticnl conotents (E]‘cm 329 (or 228), 620 mu
ete.) osccuratoly determined. It te not 6irficuls, thero-
fore, to areive st n relinble fimire for the percentage
vitamin « in o~ oreparstion. 11ffiecvltice are huwever
experioncod vhen 1t le attenntod, 48 10 demaynded by con-
vension, to convert theae ;croontases to “vituain #
potenct "e” exoroeged ¢l ther in Intemetional inite or
Unitad " tstem harmacovocis Unite vince the "conversion
tectorn” in uee il'zt.tme:arn;,//ttz;;n ). Wiz ) ¥ory widely. Theeo
vaorlations napotr to be zttridbuteblo ueinly to « lamck of
precision in the blonconys. 4y the definition aof the
internutionsl Unit of viteonmin A ae the biolosnicul sctivity
of 0.6 mierogrean of % gample o: mxre/} carotene ond the
Uo o o Unit oo that of vuriouns kefcercnce .1lg, thesne
blologicel methode of sssay, of which the curntive ra¢

growth nmethod (%) is ot preeent officisl, are rendered



absolute. On thia basie non-biological sesay methods
miat therefore be ragerfcd ag relative only and their
accuracy ie limited to that of the blologicsl mothode.

Ap hoe been pointed out by Gridgemsn (2) this position 18
not satiefootory ané the tendency st the present tine
scecms to be to ascribe snalptical finality ot loust to
thw physico-chemical mothods ond to uee the blologicol
methods msinly for tho determination of the relstive

potencies of the various A-vitamerse.

Now thst pure erystoalline vitomin A 1e svoilable,
it may o poariulce to remove much of the confusion at
presont existing, by expressing potenclies on » percentuge
bagsis, thot 18, 86 willigrans or olcorogrrns pure vitomiﬂ

A rather than in Internationnl Unite.

In genersl the agreecnent between biolouicnl snd
non-biologienl methods, within the limite of acouracy of
the former, 1 good. i number of workers have found thuat
where non=biological methods «iffer umongst thomselves,
the colorimetric methods agree moet cloeely with dbiologlce-
8lly deterrmined values (G, 7, 8) due to the prcsence of
subetnncees which vbeord in the region in which snectroecopic
readinge are teken but which do not interfere with the
colorinetric eatimstion. For this reweon ond dbecouse
oinpler, leas oxpensive sp.avrntus 1e recuired, colorimetric
nethode nre veed in msny laboratorive in urererence to
¢irect spuctroscopic cetimatione.

It wne adiorent that in thie investigution magh
of the = terial to be seseyed for vitamin A would differ
from ennmples normnlly hendled, in contaeining little or
no interfering moturinle npsrt from cerotene mnd ite
bresaktdown proticts. In some rosvecte therefcre ectinm~
rtions would be simpler thsn those noraslly encountered

nevortheless the octimation of vitamin A in the presenceo of
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these bresidown products Goce introduce opecisl problexe.

rromn the point of view of simplicity the epsctroscopie

rethod appenred to offer moat proniee. £t the same time

it svered Juwirviile to hove availutle o reliable colorimet-
ric mathod to confirm apectrovcopic findinge angd for use

whiere the lstter n2thod wosd not applicudle,

(a) 9he ‘nseectrovhntometric Method -

1. Ltendordiention of the Inetrument.

‘The inotrument veed for the spectrophotometrio
naopurenents weé @ peckmsn xodel 1 U shotoelectrie (uarte
‘pectroptiotomcter fitted with sn Ultrs Violet Accessury et
giving en effoctive wuvelimgth range of 220 to 1000 mu.

“he fnatrment arrived and wes sot up hy the suthor &uring
the course of the present inveetigetion, T™wo elmilspr
modeles wore avallable in adjecent lsboretories end vrior to
the oyrivol of the noove instrument, spectrophotometric
coatimstions were coarricd ot using these. Tho operuting
progedures ollowed were, in all caecs, those recormended

by the manufscturors. tells were cslibrated for Aiflerences
in light trencmiseion nnd theee coulihrations vwere checked st
regu lny intervels., All extinction figoree ojoted have bech
corrvcted for theec differences in transmiecion and relsted
to a colution thickneer of 1 em. No nttempt was made %0
compare the three instrumente uvecd beyond roting thet ot a
nugber of points over the range 300 to 500 my the sgreement
in ¢xtinction valuce was better than ! 2, It hee beem
shovm recently that the varintione betweven instramente nay
be Pfeirly lerge (9), In all criticmd czece therefore, o
where ench instrucent to inetroment variwtions might affeet
reeults, estimstions were repssted ueing the now instrument,

and e8ll resvpite preseuted rulnte to ¢this one model.

Attention has besn draen by aeny vorkere to the

need for checking both the density snd wavelength sceles of
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gpectroshotomaters, Deonnco of 1te numerous intunee
1linesg the momifvetvreres poootrend & meprocury ore encl sed
in ¢n ulitre violet trinemitting onvelope for ohicching

the woval n 'th zeal. of Lhe Declkmun model. Thio lump
vas not hovever mvril-biles Aimapte nere wae o cardy
ont the senme tyse of celibretion weing the hydrogen 1lamp
g sunullel Por (rngmiceion mescurcnuenta in the witea
vicleat, Their cloceness and low inteneity miltes regol-
ubion of most of the hydrogen Linge (ifficenlt rnu an ertsin,
Fhere rozalution coule he effected (e.pe, S0 Linug =4
379.8, 4340, 486.1 mu) (he wavelingth erum rasiinge
szreed to vithin cbout Q.2 m1 of the valnie reooréed (10)

for the ¢pparently corregponain hydrogen lince.

L number of etenderds have bagen wugyvslcd for
tho c:libeation of the Genelty ascale on spectrupholenstrio
spuarntus need for the estimaticon of vitanin /., cerotens
snd raleted vabatnncot, Both/3 carctune upnu vitomin A
sleohn) or 18p ectyrs Lo aven ity . . Relervnce ils)
apusenr &0 be An ecommon uee for thle -mrycee (1, Z).
fone of theee subotences enn be ropeiriet 28 satlelactory
vince, apart ¢rom the aoub:tiul orvicinei purity of ione
of theee pregarationp, theiv otnbility ond hience tiw
purl iy of nny perticular sclution, is open to cuzutions
A mior of nmore steble orpanic wmbatindes mich o
snthracidinone, pelleylelaehyde (11) “nd 2 phenyl &zoep=
crosol (12) have siso vean gugrested, Althovgh theeo
pubstunces nodawens the sdvemteges thet thelr poeitlion of
naximnz sbhsorption colncices with et of vitwnin A,
unlike norimnic etricerds they cannot be stivined 1rcucily
in @ sufiiciontly bigh etate of purdty. “he degpree of
precieion in the constrmction of epccirsasliotomstere euch
&8 the uceekmrn wodel hovever, cugsestp lbat the ncotuel
cenle calibrations themsclves enn Ly accupted vwithout

checking end thnt the anly errors likely to be cncounteread
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ore thoge due tc the myl-2ligrmment of the ocalee resulting
in & vniform dlsnlacenent aver tha whole range. ‘rovided
therefore the gcriey are chockaed nt o mmbaer of oints over
the range in upe, it la not necan:ary Lo cheek =t the pare

ticular wavalengtha at which rendinzs nre tec be teo+en,

oteceinn chromate dievrolved in cilute ocotasglum

hyurexide hss vbeen widely uveed ne » apectrophotonotvic
stondnra and os ite opticnl conetinte hnve boen wnetermined
with sviicient sccurncy tor checking s precise instrument
such as thae luckmen, 1t wus uped in thie inveetipption.
The cointion pivus (wo clutinct puAake in tho near alire
violet sna »p reRred to esdsquutely cover the rango in
which sopt detemiin tlons were Lo e nade. Jorton (14)
recoaricne® the uee of & 0.003 M solution in JeuhHh N gotusclum
hydrwxice ne a steneurd =nd gives cn abporption curve for
thic solution with moulecular extinctions »f 7%2, 2663, 207
pnd 4570 corresponding to the poinds of mixigum ang a2inisum
nbeoration at 229, 9725, J12.95 ond *71.5 m revesctively.

~# polution of ‘nalap ‘oinsciua chromate (0,003 R)

wos oropsred Ln 0.0% N inxlar (oteseiuvm byoroxide,

rres fram esrhenate. ‘he sbeorpgtion of thise
aclition wae cetermined cver the rangs 215 to

$L70 my, remoinpgs being tsken normally avery 2 mv
end every 0.5 mm rekr the pointe uf mmxdne snad
minima, - Asx extinctions neor the pesk at 371.2 m
were outetce the normel range of the instrument,
qainlicete rendings ware teken on s sample of the
«olution viluted to 0.001% X with 2.06 ¥ hydroxide.
‘8 nearly se could be determined moleculer exiine~
tieng wilculated f'rom the two wolntions ugreaed
extcllye

‘xtinciion velude sbteirca vere converted t3
molecular extinction coefficlento to ;lve the curve shovn
in Firurae I. in ¢cach oree the moximam nd minizom points
aceurred ot the wevelengthe cuoted by Yorton. fa 4o
vhown in the Pigure moleculer extlnéflcns 2ls0 sgyreed
clopely st the two moxima,. ngreement woe not hovever
80 clot® nt tho minims vue poeiibly tc the prescnce of

an impurity in the chromate comple. Any overell
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abeorntion due to such an inpurity would most morkedly
affect the replone o1 lowent :beorption. In s#ddition to
the recorded noxirut we minirun pointe, reauvings were
tsken from pn enl: r;rod copy »i the Llgure givem Ly Norton,
at 2 nunber of wavelengthe on th. sloping portione of the
cirve. xperiment 1ly determdned swleculsr extinetlions
sgreed to vithin ¥ 1.5 of these reedinge which sre shown

ag crosies in Yigure 1,

L B 1 T L T L] s L L
Ws
4500}
4ooor
35004
3000}
25004
20004 -
1500} .
1000F 3
MU
229
500 <
i MU (]
3125 < 210 .
355 750 275 300 325 3% 378 00 4%
WAVELENGTH

Pig.1 - Abaorption curve for potspeivm chromnte
(0007 B) in potavaivm hydroxide (0.06N).
croceen resregent check nointo from
Berton's cnrve (11),

It appeared ther:fore thet the inctrument wue

correctly ullgmed ~nd recuirea no sdjustmont,
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€. tholee ol volvent for . pectirophotometric

Retim-tion of Vitamin . rad . srotene.

yomeber of solvente have beon evugeested Lor
the epzetrophotonctiic eetiantion of vitomdn . These

different celvents sa'rect morkedly the intengity of

coeoarotion and to vome cixtent vhe shape of Whic sleorption
curve snd the pogltion of the maximin. The ral flve ¢
diff'ercnees in intenisdity of mobsorption of woluailione of

Vitapin A In the more common eolvente are 1l fad Ly
Gridygemsn (1) together with certsain of their  dvinty ee

and dissdvanteges,

The rolvents in moat comson une oppésr to de
susolute ethanol, eyclochexane snd isopropencl. /48 will
be dlscuesed lazter, petroleun cther hna been found moet
sa tiefuctory for extmctink vitanin A mnd relsted produocts
from agueous solutiocns. voviously the procedure would
be ulaplified snd losses due to destruction during
evaporation Of solvent svoided if petroleum ether could
also be used ue solvent for the estimation. The only
reference to thias solvent appsars t¢ be that of Baxtser
snd Robeson (13) who found that the intenslty of
sbsorpiion is the same in this solvent as in ethsnol.
retroloua ether is normelly used as eolvent for the
eetimation of the carotenoid pigments dut 1t seomad
poscible that 1te voricble composition might render it
vneuitnble {n the near ultra vinlet. ‘ince 11 it nov
a pure compound Lntehes ¢11) dif'fer in eomnosition ond
on reperted Gliatillstion in salvent recovary, the luwer

Relling frercticns w111 b lowd.

nxserinents wera thorerore cnrried out to
investipate the «ficet of chiun ep in the compneition of

the wolvent on the intenesity of wciecorpticn.

olvents were Jrepured from » asmple or pelirulamnm
ather of boillng runge 4y - 707, »o follows



-olventse 1 - %, wractiona ol belling ranges
49=5290s 56, 5 = 59,69 nnd £3 - GHOC raspoctively,
obt2lnel by 'rectionntine the eanple.

. Qlvent L. @iiiddue from the tbove Troctionztion.
folvent 5. amale dlatilled oneg uvelng ghort

frecticnatin; coluzn, ©ailinyg reage 4L = GEVL,

civint 6. mple :mrisftod by ropentouly shal'ing
wlth concentruted gulphurice ncic, waLudng #h
t1%sd1 :nd AMMetllline fron calciun oxide
deaoriued by ohibated (14),

volvent 7. Originesl somple unireated.

Eg;vgej 8. colvent 3 plns 10% benzene (ne night
@ obtained on eluting a chromatogram with

petroleun ether snd benzene).

o« Solvent 3 ghoken with equal volume
0 T acuoous athosnol (see later).

« A crude ssmple of petroleum ether
un%rea%egg beiling range 20 - 0580.

Vitamin A alcoho] wes diseolved in the rediotilled
petroleun ether (solvent 5) to give a concentrasion
of 360 ug/ml. Aliquots Of this sulution were
diluted with the solvents descriked sbhove to give

e series of solutions containing 3.60 ug/ml. (and
19, of solvent 5 wblch msy be neglected). The
appsrent vitae A content of thestc wolutfions wee
eatinated by mensuring the extinctions at 325 m
toking E}%n (325 sn) o8 1780 (eee lster). These

meagurenents wers mede using a roferencs call con-

taining (o) distilled sther (solvent 5) mna (b) the
soclvent corrcaponding to thet in which the vitemin

waa diamolved.

The evppurent vitnmin A contonts ~re 1ictod 4n

Teale 1.
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f‘x:._:i‘r'.irént Vitamln A
Refurence cell sontnining
(o) Tistilledy{:) Corres-
ether nonding
Yo. olrent rolvant §° colvent
ur/m), vg/md
1 rotroleur ither -~ runge
5) ~ 520 Yo Ok "o Hl
Ze . €troleun ther - yanpe
56.5 « HJ5% 3o 57 %59
Yo etreleun -ty - ronge
65 = 65"&3 3‘. 67 .’_.c ()5

he wo8ldue Liom «isliljstion
of memplee 4, ® #nd ¥ he 62 3495

5« Originsl petrolcom ethop
z dietilled once - range
48 - 66°C

3.60 760
6e Petroleum Ythor purified
by tresting with sulphurie
acid,; wveshing with alikall
and 01stilling from CeO S84 - 3062
7« Original Petroleum Kther
untrested 75 2, 62
8. tample 3 plus 107 beuzene LN 2, 61

7. temple 3 shsken with eqgual
volume of $07 sQueocus
etdanol 2.58 %0

10. Undistilled Vetroleum Xther
fron extrendly ermide rnp:lo
C

boiling range G0 - 80 5409 Je38

It 1» clesr that ¢mll wrietions in the
composition of the ¢olvent are not impsrtsnt even in the
nesr uliravivliet. vartnln of the celvente do cordtsin on
faparity which 'ppcars to interfere with the cvetinmution
of the vitunln but thldé csmr L9 alliowen Iy by uning lhe
geme sample In the roterence cell snd providoed 4t is
dletillec Lerore uce, pétrolenm ather Lpysals Lo bo 88
et tinlunetory ok the rolvento in rore compon wee for the
epectrcecoyic entinmtion of vitamin A. Using solvents
1 -~ 5, stetlnr ectinntiont were made with dilferent
concentrations of vitwadn /» uver the reage 1.20 to 10.80
v:/xl. In 511 cnues sreemont hetween the zolvents
woe ¢f tho someg order xe that zhown in the T sle.

£ slresdy mnentioned petroloum ether has been
veed sxtansively as wolvent for the cetimation f corotene
end 1t wue used throughout thls invostipgstlion Loth fLor

vitamin A sné 1te precursor,
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3o Lpcetrogcople Constante cngd
Abgorntion urves.

ugdng poth prtraioum gtnm"’ s BNJ vurolute @tinnol
ag selvente, wLuor tion cuvrves vere ceteopsdnea for vitouln

lechol. The viterin A olechol veed wht » fresh sunuies ag

Y

cup lled by the netmen Zodok comenny with ¢ dlsbedled Eicm

vedue Sf 1799, Tha rorad, tlan wopve ®hi 1e0 ceter ined {erf

- ’ .
q grmole of ¢orotene’ in netrolounm ¢~t1'mr‘1.

Vigtnmin “LtRwin leehol (21.6 mi, 0wk clorelved

in :wwolute cthorol (sropured trom I ethinol oy ctenging
over :ne¢ Lt 1r8n Prors Drechly igntted oricton rxice® to
ddve o concentration Of D1%h up/ml. Chis wes urlher ¢lluted
vith rtpoolite ecth nal to -ive o concentretion of 7.0 ng/ml,
The stEorption of this golutlion sné & solntion u: the same
concentration in netroleuvm ether sarowr red from thae vitumin
A colutiaon used in the pravicus expsriment, wec determinad
over the range 280 to 325 29 in eteps of 2 m except near
the point of maximum sbeorption where rerdings were takemn
at 4 mu intervels. The two golutions weore nlso diluted
to give a range of concenirstions detween 2 and 10 ugz/ml.
#nd rfrom the reoéings nt %25 B op,.theae solutions wish
rominnl band widths of 1-; mv, 81,‘ vnluee were cslculated

for vitumin A aloohol in Loth eolvents.

Footnotes. 1. The term "petroleum ether vaed throughout the
theais in this connection (1.e. ae n gpcetroscopic colvent)
refera to the redistilled product, bolling ron @ spproxindtely
18 - GG, )

2. "his einple hnd becn caspttched by Alr Lnil
‘nd way used immediately upon arrival.

3¢« This wample, sleo supylied by the tastimrm
YoGok Lompray coneisted of o mixture of 904 A3 ond 10; AL
carotens, Unléeae otherwiege defined the term 'carotene'
refers to this mixture.

he "hese bBund ridthy vere usad !'or all vitumin

"nd curotene estipationz “rnd necemeitited wetting the

cencltivity control ot :pprximately mid peuition. For
meagurenents ot other vavelengths the vystem undooted wus o
leanve this control at cbout the samé poeition snd t olter
the 8lit #idth ae recuired, the finul beloneing cueing mede by

e clight alteration of the sensltivity control.



Lzyrotene. sixea carotene (42.6 mg) Lrom s frechly
oroned thbke woey din.olved &n patroleum ethexr to give
s eoneen: ration of BY.2 ugy/nl. the wkolutloen wos
further dilutac to ive » concentrution of 4,26 uz/ml.
a6 Lhe segorntion muNbufﬂﬁ o Jor 9 tandn ver the
range 22% to 5l mu. &1 vialngs wmere tlso enlotle
dted froem romciogs tuzen'S®'u cerles of dliuvtione
containing rrcs 1 o 7 un/nlse ¢ 450 a0 aith » nominel
toné wicth of .5 m. (See footnote 4 previous page.)

che nogorption curvea obtoinad for vitemdnm A
nlechol In welroceia cthar ' prcolute ethengl nrre thown
in Vlygwe 2. Cver Lhe raglon dnvestlgutod Ve carvia for
the teo wdlvente ui'ew wimoet lognileul, the cllimnold curve
aoreciiy clossly #itn pautishee flguree, lor sxizole inose

Aven recuntly by sortom end .tubbe (15 .

1O

o
~

EXTINCTION RATIOS
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290 300 310 320 330 340  3%0 360
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FiRe2 - Dbaorplion curve oy vVITimIn - ~ITDIMI
Ir raelstilled petruleum ether =4
snd abéolute vthunol - -~ - — (G0 ugsl. .
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":lcm (225 mi1) valuee celevlated fron readinge

on eotione contalning between 2 ond 10 ug vitemin A

per m1.(20 concentrntione for eech golvent) vere 1735

: 0 for svsolute ethenol ond 1725 : 25 for petrolem
¢ther. €lthin the 1limits of oxverinaentsl error there~
fore, the veluce may be teken se identicnl for the two
sodvents ~ng ziree wnell with the Cigure of 1770 ecupylied
by the menufweturere for the Crechly preporeé aleohol,
Shere 1t still some controveregy ovar the true :fm velues
for the vitamin but recent work ( for exrmnle 16) suggests
that 1t 11ee in the rmnge 1780 * 50. It ie unlikely that
the vitamin prepsration uveed in thie estimntion woe absol-
utely pure and the figure of 1780 has therefore been uveed
in this investigotion for vitamin A sloohol in sbsolute
ethenol snd in petroleua ether, concemtrstions dbeing
calculeted in microgrems per millilitre by miltiDPlying
the obesrved extinction coerficient by the factor 10%/% 760.

Q

o
©

o
o

o
~

o
o

(]
)

3IX

EXTINCTION RATIOS
o
»
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(")

o
N

0.1

s - A

23)3‘02602&)3&353:03”3”4;”4;044‘04‘.04&50.0
WAVELENGTH

figge 3 = oweorption curve for carotene (0, /3
und 10§ o ) in redistillud retroleum
other (“.26 nnd 12078 ‘XB/BI).
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The curve for the carotene eample in petroleum
ether is shown in rig.3. The point of maximunm sbsorytion
for the mixture cccurred at 450 mu and the E:,cm vslvue osl-
culated from rendings at this wavolength on solutions contain-
ing between 1 anc 7 ug/ml. (20 concentrationa) wae 2470 * 135,
Using the eeme rolvent,“orton (11) ;ives a fipure of 2500 at
450 m for /3 cerotene but no fijnire appears to be svailable
for L carotenc although the maximum ie stoted to occur at
4475 mae corotene concentrations in ug/ml. have therefore
Leen cxpreceed in terna of the mixod sample by mltiplying
the observed extinction coefficient by the fector 10%/2470.

T Ll L T L
1.‘}
ish CAROTENE
; (450 mu)
4t
n L2F
Z | VITAMIN A
o) (325 mpu)
— hor
19
pd
- oe
-X -
w -
o8
M-
o2}

L] ] 7 8 9 ta

D B
CONCENTRATIONS IN UG/ML.

Fig.4 ~ Relationship between concentration
and extinction readi for solutiona
of carotene end vi n A in petrol=-
eum cther,

Ao ghown in Figure A, solutions of cerotene end
vitanin A in petroleum ether obey Peer'e law over the
concentretion range investigated. Lineority was not
inventigseted at higher concentratione as there wss e
marked decreoee in reproducibility ot higher oxtinction

readings. The optimim renge for the instrument wes
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between aboit G, 2 and 1.0 denalty units,. llawlinge &nd
sait (17) obteined the uest reprocducibility vetween 0.3
wnd 0,8 units.

4e Lpuec " he . e
metmu !O!’ ‘-{Lt_@-’mn s

The vlrect estimation of vitamin ' by deternin-
ing the optical dencity £ s solution at 324 ™1 1o based on
the aswumption that no other substsnces pruscnt in the
solution absord et this wavelength, Thisterumption 1e not
normslly Juctified snd it 1s ususlly neccecar’y to moke
come allowance for thie extraneous absorption, For oxample
with rieh liver oiles the observed <xtinction is, in effect,
reduced by ebout 107" when convertsd to Internotionsl Units
to allow for thie lack of copecificity.

The presence of interfering asteriel ocen be
detected from an ex»mination of the shape of the sdbsorption
curve end to facilitete this Osor and co—workors (18) have
suggested the plotting of "extinction rotios” (i.e. odeserved
extinction st sny wavelength divided by extinection et the
vavelength of smaximuam ambsorption). This is a convenient
systen sinoe it climinates the cffect of concentretion on

the appsrent ahape of ebesorption curves,

Moat efforts to nmake a Quantitstive correction
for the non-vitemin sbeotption have deen direeted towerds
destroying the vitomin and estimating reesidual sbeorption
ot A gax, TOF vitsain A. A method suitsble for mocet solu-
tions hes been deecribed by Little (19). Absorption at
328 su 18 measured rirst on the original eolution oné egein
sf'ter doatroying the vitamin A by irrediation with ulta
violet light. brovided 1ight of lese than 3500 = {is

excluded there is little destruction of non-vitamin meterials.

TLe mothod uppoesrs to give satisfnctory results

in neny cseens u#nd » fow deterninations were cni'ried out on
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livor cxtrects uecing 1t. in mpoat cases in the preasnt
inveatigetion however, the intcrfering motorisle consisted
of carotene and its oxidative broskdown products =nad, ss
would be expcctod, these are aluo affccted by ultrs violet

1light nnd the mcthod was therefo:¢ nufndoned.

Fron thelir oovsurvations of the ehnpes of abeorpt
ion curves for vericuzs vitemin A contrining riwterisle, User
enc: co-aorkers (18) osuggested u metho¢ Cor detecting contam-
inaticn basad on scesurenments of sboorptions =t 200 (710
optional), 328 nnd 350 mo. Frem these rondinge extinetion
rotiow - 330m/ 308me {“310m/ 328m) "¢ 3500’ 5328
ore calculeted. Theee shoul® not oxceed 0.73%, (2.91) =unad
0,65 reepectively and if higher rantioe sre obteined it ie
an indication that them® is sufficient extroneoue material
preeent to invelidnte direct readinge et %28 m, Obviocusly
the necarer these vslues approsch those for the pure viteamin,
the greater the relisnce which esn be pleoed on the ppectro-

scopic estimution.

Thie method haw been widely used (3) for sorting
ont eolutione to which cirect spectroscopy may or may not bde
ap.lied end 1t seemed thet it might be extended to ensbdle the
irrclovent sbeorption to be estinated and mllowed for quenti-
totively by coeparing the sxtinction ratios chtained froa
neacurenents at three wavelengths with thoee omlculeted for
pore vitamin A. . A correotion of thia type oen only dbe
crlculated by sessuming that the adeorption Gue to the inter-
fering meterinl ie lineor over the wavelength renge eclocted
or nmore correctly thet the pointe on the absorption cnrve
for the interfering materiala correeponding to the wavelengths
chosen are co-lineer. This assumption is probebly Justified
ovar a 1limited wavelength renge and a nmethod hse bean
developed for satimeting the srount of irreleovoent sbsorption

at 325 ma.



* 19 =

1.4} SRR W N s, S B
- e —— e ——— — — A
0BSERVED CURVE
L2+
)
Z |.0“' L b T ‘o,
O .-.l‘...' 3 '-,- e
|~ e " VITAMIN A ALCOHOL “*re._ C
U Q& ’ .'o.-
Z
P -
X o6}
i
T\ =~ IMPURITY
oAr | =
- S y
b o2l 3 - -
) | x+ 2y : ~ - |
Q2r | X4 Y e E
I ] sb o
- | | X
L__*_ A L _L i 3 o]
3l0 3 320 32% 330 3 340
WAVELENGTH

Pige,8 ~ The estirution of vitaain A in
the prescnce of interfering
materiole.

Coneidering vitsain A alcobol in sbeoclute
othonol, & hypotheticel cese is 1lluatrated in Figure 5%

‘tho deahed line regresente sn idealised curve for the
interrering sudstonces which together with the vitamin A
nrepent (dotted) give the sveorption curve for the solution
shown ss e full line, 325, 310 snd 340 mu have been
selected a8 suituble wavelengths end readinge giving
extingtion co-efficicnts denocted by the letters 4,B end C
respectively are tsken st these wavelengtha which represent
. The

rbeorntions due to the interfering sudstnnce at these wave-

A aax,r ( A mag, =~ 15 m) and (A o + 15 m),

lengthe sre denoted by (x + §), (x + 2y) snd x respoctively,
o thst tha abeorptions due to vitemin A sre A = (x + ¥)

‘ot 725 mu, B -1x 4+ 2y) at 710 ma tnd ¢ - x 8t 340 m,

The ratios and 5"} !:Qm/"':325m were

“210m /"'3.25mu



deternined for o resnge of concentrstisne of vitsmin ~ alecohol

in nusolute eothsnol, giving meen velues of 0,846 nnd 0.771

respectively. Subetituting the sbove volues 1t followe that :
Re(xe2y) o 0.846(A=(xey)) e (1)

ond U - X e 077V (A = (X« ¥) ) oee (2)

Adding these equations (1) sna (2) givee the expreaeion ¢
B4C=2xay)s 1607 (A ={x+9) ) oes (3)

which in terms of (x « ¥), tho irrelevant abearption et 32% ru,

redness %0 1

Xe¢eJ = 2.60 (B 4 C = 1.617A) see (‘)

-Tho votuasl amount of irrelevent sbsorption may
conveniently be read directly from e graoph on which values
of 4+ C = 1,677 8re plotted agninet X ¢ ¥y and sudb-
tructed from reading A (token at 32% mu) to give the extinction
tus to vitemin A, Alte@metively ecuation (4) moy be rowritien
to iive (A = (x + y) ), the extinction dne to the vitemin
aresent, directly ¢
vize A =(xX 4 yY) = A = 2,00 (B o C = 1,6175)

vhence A =(xey¥) @ 2.60 (28 = (B & C) )
und taking E:iu (325 m) for vitemin A eleohel in absolute
ethanol as 1780 this becomes ¢
corrected concentrotion of vitamin A in ug/ml.

= 10%/1780 x 2.60 (24 = (B « C) )

m 14,6t ( 2A = (B ¢ C) )

This ecuvetion holde for vitamin A slcohol 1in
bsolute ethonol only, since the solvent and the atate of
the vitemin (free or esterified) sfrecta both the poeltion
of )Lmax.end the ehape of the curve, but asimiler countions
»with new constonts cen be derived for other solvente snd

for the vitsmin in veterified forma. In the cape of
vitumin /. alcohoel in petroleum ether, for exuimyle, the

retict 5;1omu/h395mu onad E)hﬂmu/ﬁ525mu wer'e found to Le
0,872 nnd 0.756 respectively,
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thneo 55 = (x « 2y) = 0,832 ( = = (x4 y))
omd € - X = 04756 ( A = (x4 y) )

which by similer cnlculation reduces to 1
X+ y o 2.428 ( B+ O = 1,588 A)
né corrected concentration of vitamin A in ug/ml
135,64 (2a =~ (B +0) )

?l"’ﬂl"‘t’fl’i!"!""'.‘ rm". _
nd 158 breakdow -

The estimation of vitaain A in the presence of

curotane doee not offer any particular difficultioca eince
olthough csrotene does sbesord to some extend at 325 mu, this
csn readily be allowed for. The usuel method is to mensure
tho extinctions at 325 and AS0O mu end from a knowledge of

the ratio '5253/”49010 for corotene %o .correct the reading
at 325 m1 for the absorptioa due to caroteno a2t tlmt wave-
length, Thie correction is only velid howvever for relstively
pure crrotene since the retio 1is mcru;acd by isomoriestion
or oxidative decompoeition and whore this has occurred, the
vee of the ratio calculested for pure cerotene l1esds to
erroncously hiph vitemin A figures. Correction fipures vory
snd velues for the absorption due to 3 cwrotens at 325 m
relntive to that at 3450 m of from 5 - 107 have heen reported.
(54, 955, 56 ehrenk, Lilker and King (57) eugyest the
{1gure of % cetimated by estrapolating the resnlts obtained
with psrtially loomerised colutions, es o ralisdle ratio for
pure /3 carotene, As ghoen in rFigure 5, for the mixed
carotene aasnmple veed in this inveetigation, the extinction

nt 325 ™1 wes 6.15% of thoet ot L% tm en@ this correotion
wvoes uped for the epectrosoopic evtimation of vitsnmin A in

the presence of undecomposed carotene. It became opparent
verly in tho inveetigution that conditions vndor which
conversion of carotena to vitamdn A might be expected to
oceur, nlgo favoured vecomposition or isomeripation.

[t vws neceopary. therefors, that mothods of nssny should
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be npplicsble to thesc mixturss. Although reletively pure
vitumin conlé ve obtained free from most interforing maAaterial
by chromatogrnphy, it was desired to aAvoid this o8 s routine
method Sue to manipuletive 4ifficultiecs end the prodlem, when
only smoll amounts might de present, of locating the vitemin
on the colunn semonget s numbor of dands, sll of which, at low
concentrations, showed similar flunoreecence under ultrs violot
1licht and gave on the extruded coluans, similnr reactions with
the Carr-Price reagent. /At higher concentrations these
(iff'iculties ore not eo gresat and uhnéuntoaraphy has been

applied in specisl cancs,

L}

The velidity of the originsl assunptioa that the
ubsorption of Anterfering substancea was linosr over the range
240 to 340 e wos toated by estimating the recovery of known
amounts of vitamin A added to solutiona of psrtislly decomposed
ciirotene snd by exsmining the sbsorption curves of oxiglieed
ond lsomerised corotene. It is probadble thet the chongce
occurring in the abeorption speotrum of carotene Auring deoom-
pocition will depcnd on the conditions. Cerotcne wos therefore
allowmed to decompose undaor verious conditions.

A solution of curotepe in peroxide~free ethyl ether!

wne exposed to M1ll 1ight st room temporature for some
weeoke. tumpdles were withdrewn at intervslo, the ether
removed in o etream of nitrogen ot room temperature, end
the revidue token u9 in petrolcun ether. "he adbsorntion
spectra of these solutione vwore messured over the ronge
229 to 500 mu An steps of H mu.

The curves obtained are shown in Figure G, It
is opparent that slthough there 1s some deporture f1om linesr-

ity over the renge being conoidered, points on the curves

i'ootnote 1, The peroxide~frue eolvent was propnred immed-
iatcly before vee by dietilling from charcoal snd v fow drope

ol' etrons cwuatic sode solution, cthyl c¢ther which hod besn

ttored for ceversl days in contact with theee reacents,
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corresponding to %10, 725 end 40 mu are resconcbly co-llnear.

Tho seme wag tound to up;;ly to the curves for isonmerised

csrotene (1iven by Zechmeister (20) ond to readings teken ot

the ¢hree wevelongthe on petroleuvm ether extracts of soluticna

of colloidrl carotene which hnd been incubated for varying

periods nt 37°,

(vee later.)

[+]

EXTINCTION RATIOS
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i'$gs & ~ Curves showing the decomporition of
carotene ot room tamporsture in il
light. Bumbors above the curves
repreaont appurent corotene remoining
ae ¢etimated from the axtinction reul-
ing st 450 mm. ;

Ueing the three point correction droceéure, the

recoverg of vitamin / edded to a2 number of partly decome

posed or isomaeriged carotene solutione waep investigrted.

deterninetions

A mixture ot caiotenc lsotters was obteined by
refluxing a solution in petroleum ¢ther for one
hour with a trsce of iofine cGuivslent to sbout
& of the csrotone., Known omounte of vitanin

f. were sdded to thies colution anc to the esolutione
of oxicined carotene escribed adove. optical

dengitiee of' these sclutions were then moeeelired
ot 310, 325 snd "0 mv.

Typicnl mesnults swlectod fronm & mmper of

e ghown In Toble 2.
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N

+ v
24 23 s

T T

Vit.Ae Leadings Corrected|Corrected

ndded 3€4 310 40 Un- corotene | Sepoint

ug/mi | mu | mg | correctedlonly *
.10 | 1.900 | 1.730 | 1.845 10.68 | 7.86 3,48
7610 | 16225 | 14095 | 1,120 6,88 5e &7 B, 21
7,43 | 0,725 | 0,585 | 0.600 407 3¢50 3.62
743 | 0,885 | 0.770 | 04700 497 hoh3 Je 55
49 | 0.99% | 0.81% | 0.80% 5¢ 58 5402 5¢ 05
4.9 | 1.100 | 0,965 | 0.8% 617 5098 485

6.20 | 1,215 | 0.995 | 0.97% 6.83 6.27 6.29
6420 | 1440 | 1,150 | 1,258 8,09 6.39 649
G.20 | 1,380 | 1.175 | 1.120 7.76 7.20 635
6.20 | 1.325 [ 1145 | 1.055 T obth 725 6.15
6.20 | 1,230 | 1.065 | 0.9% 6.92 6.86 6.07
6.20 | 1.5%0 | 1.5410 | 1,220 8.60 8.30 5.87
6,20 | 1,755 | 1.600 | 1.470 9.85 9. %0 6.00

" - 2::;;.:;5 for carotene by subtrecting from H}Eﬁ.n ¢
4 xbwm.

It 1e apparent that estigfactory recoveries wvere
obt»ined 1in »ll ceses ond it is considered that the method
is vuitsble for the ¢stimation of vitamin A in the presence
of thie type of interfering material, It is probsble that
the method could be extended to other types of interference
ond c¢uring the ccmrege of this investigation Xorton end

tubbs (15) introduced s somewhat similer method for rish
oils. In this method wevelengthe are selected above snd
below ’\m x,0uch that for the pure vitamin, the sbeorption
pt thaese pointe 18 o definite fraetion of the meximuim. 7The
froction chosen is 6/7the of the maximum =nd for vitemin A
0lcohol in ethsnol, for exsaple, readings are taken at 3114,
325 and 3355 . If absording impuritice are vrecent
the ratint Rysq /ilneny #RE lize 5m/E32§mu will bo grester
then G/7the vnc 1T the irr-laevent sbeorption 1 not purnllcl

to the wavelength sxle, the two ratlos will not be cousl.



Korton zné Ut hbe’ crloculsation firet n)lows for this “drpe
by proncrtlon end then by solving »n equation with one

unknown, the heorption due to the vitemin A prosent is

detemined.

ince 1t 1s dused on the esme pPrineiple, the
semirscy ol thie method musat bo of the oade ordor ss thnt
of the wmcthod already descridbed but a8 « reoult of the
peleotion of wavelengths unsynmetriocslly pleeed cdbout 325 muy,
the calculation, cven when reduced to nomogromic fore (21)

is somowhnt more tedious,

(b) Colorimetrig Methods
Since the originel weork of Drusmond ané %ateon

(22) established that the substance jresent in livers whieh
7sve @ coloration with sulpimric acid was vitaain A, eolour
teata have been very thoroughly investigated. In 1928
‘osenhein and Trummond (23) showed thst sulphuric scid could
he roplaced by 8 number of other reagents and ahortly efter-
wards Carr snd Price (24) introduced a conocentreted solntion
of sntimony trichloride in ochloroform sa o reagent for vitomin
- 5 number of other colour resctions hove been proposed
(50, H51) but this hss remninod the moot widely uvsed colorimet-
ric repgent uwltiicugh 1t Acos suffer fron a nmnber of dissd-
ventages. It 1 unastable and uwnnleksant to hancle being
extremely hygrocconic and corrosive, the colour prodvesed,
ithough intense, 18 traneiomt commencing to fade slmost
imnediately, the colcur fornmetion $e licble to he Inhibitead
by tnterf'ering subetnnoces snd the rezgent is not wpecifie

tor vitamin A.

Teapite thie it hea beon veed for the coptimation
ef” vitemin ¢ iIn the non-gaponifnile raeiiives from ¢ wide
rongre of minterinle and hss been found 1ty the ma)actty of
vorkers to ~lve gatlsfactory resnltia. in 2ttemate to

overcome pome of the diessdventages of the resgent, varioue



- 26 =

modificaticns to the originel metheé hove been sungueented.
Heasurement of the colocur developed by photodlseeti'ic mesnc
a6 augreoted bty lonn snd fvelyn (25) has greatly eubsnced
the precision of the method emd tho use of an internal
gtanderd ae recommnonded by Omner snd others (7) has elinmin-
eted nourcoe of error due to tho pocuidle presence of
colanr inhiditore or promoters. Other modifiostions as
degcribed in recent reviews (26 ana 27) de not uppear to

offer sny additionnl sdvontages.

Partioulerly over the last few years sttention
hue however baen cirweted towerds the introduetion of s more
satisfactory reagent. i'ome of the older methods have been
re-investigated. Robin (28), for example, has reverted to
the originsl eulphuric scid test in the form of the Lisber-
monn-puchard reagent and tri~-chlomcetic acid (29) has aleso
been revived. fo ' far none sppesr to offer any nsrked
“dvantages over the Cerr-price reagent dut with the zore
vrecise methode of ¢olour meanurement now availsble, further

vork in this direction might he of value,

The chief disudvantage of the Cerr-rice
reagont in the preaccnt inveetigation wies, howevor, its
renction with curotene snd its oxiéstion produets. Johneou
and heumenn(30) have shown thet the intcnsity of tho Llue
colour produced by carotene solutioneg depends on the atote

per 100 ug
of oxidation of the eemple. xpraessing rusulle se ug/of
carotene, theoy have shown thut ea oxidution proceoeds, the
apaerent vitamin 4 ineresse’ from Y6 ug rfor pure carctend
Lo 524 ug for hesvily coxidiged muterial, At the sime tims

they note =n ineresee in stutility of the colour.

obel #nd .oroin ( 31) have introducec o now
reagent in the farnm of glycourold 1,3 dichlorohywrin (¢ L) which
spacare to be naperder in gome rewpects lo the ratinony tri-

chleride. hen mixed with & solution o vitlemin in

chloroform, the rengent givees a blue colour changing rapidly.
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to a germengrnete vhooe which 1e stecle Tar fron ¢ to 10
minutes alter sixing. The resgent 1s net hygroscople rnd
{8 non-corrosive, ‘fhe colour intenaity ie however only

nbout one cuarter that of the Carr-irice resgent.

In a later publication (32) the some workers
reported that some samples of GLB d4id not react without
“retivation” by dietilling froa antimony trichloridge. Xore
recently 2enketh (33) has shown that the sctivating principle
i H® und that the activation mey de sccompiished more sinply
by the sddition of 2¥ hydrochlorie aciq, The activated
rebgent has been ueed for the cetimation of vitamin A in s
renge of nsterisls und hae been found to give results in
good sgreement with thoge obtained upeotroszcopicelly snd with
the Carr-rrice reagent (8, 34, 35, 36).

It spyears however that as in the cese of the
warr=--rice rcagont, OLI is uffected by certain interfering
moterisls which mey inhibit the colour development. Allen,

iza on@ Jacobson (52) recently reported ths occurrence in

blood ploaevma of factore which interfere with the glycerol

¢ichlorohyérin resction with vitamin A snd caroteonoide while
£ll und Kvlloy (35) experienced similar difitcultiee with
cxtrocte of fortified poultry mssnhea. a4lood pleans also
conteine amateriales which interfere with the larr- rice
reaction {53) snd recently when estimating vitsmin 4
in noeghes at the reconest of the Ponltry lepartment, the
vthor found that this reagent gave higher regults atid more
complete recoverlis of sdded vitamin ufter zapanifiostion,
due apperently to the preeence of inhibitore in the unsnsrone-

ifled sxtrncte.

o Anduoresticn wae svellrble regsroing the
rceoction Oof Gl N w1th caubstunces relsted vto vitumin /. .na
the cerotences (26€) rnd 1t wee thought thet 1t might poesoss

some sdventages sver the ‘srr--'rieoc resgent in this reepoct.



~ solatien of enrotene In prroxiue=tree cthyl

cther vae ax,08€0 to cilfuse cunlight st roeom
toempagty re, At Antervele two wnslea were
withdirswn simultencously und evaporsted supor-
ute¢ly to ¢ryness in & ptream of nitrogen st
room teapersture,

The regidue from one gample was disuolved in
petroleun ather snd the absorption meagured st
3225 uwna {50 an. The other residue was tskeon
uo in chloroform. 1 a1, of this solution wes
treoted with 4 ml. of ODH setivated shortly
but'ore use by the asddition of 29 hydrochlorie
scid end the colour intensity esntimsated three
minutes after mixing at 555 mu using the
Beckmun epectrophotonoter, A further 1 ml,
of' the chlorofora solution wes treatsed with
8 nl. of a solution of antimony trichloride in
chloroforms (25 w/v). Owing to the corrosive
nature of this reagont colour inteneitics wate
neagured on & ladoratory dbHuilt colorinmotes
(27) rether then on the Beckman as the speeisl
Carr-Price resgent cells (38) were not sveil-~
sble for this instrument. The colorimeter,
which wes of the direct reading type, was
fitted with a refd frilter and cnlibrated using
solutions of vitamin A in chloroform The
instrunent was sdjusted to reed 1007 trane-
miseion on & control cell containing chloroform.
A 0dl conteining the 1 ml. of chloroform
solutiaon together with two drops of scetic anhydride
vos moved into the light psth =nd the resgent ndded
from 6 repid dolivery pipette. Percontage trens-
mission wne measpured three seconds after cddition
of the resgent.

The percentage carotend destroyed vas eatimoted

{rom the decresee in the resdings st 450 mm and apparent
vitumin A at uvifferent gtegec of decomposition wes cslcul-~
nted {rom the resvits otbvteined by these three¢ methode of
cetinstion. The rceults are expressed in ug/100ug carotene
in Figure 7. It 1¢ clear thnt ODU reacts with deconmposition
products in tho same wiy as the Carr«-l'rice resgent, over
which it doees not :wppear to poessss ony adventages in this

Peapects

The valuee obtalned for spporent vitemin A por
100 .ug of wndecomposred carotune were G.4 ug for the {appe
nrice vengent, 16,8 ug for CDH snd 8.52 ug for the suectro-
acovic method. Yor the colorimetric resgents, the incresse
in :jpporent vitemin A vp to about L) decomporiltlion of
esrotene, ie small, In this inveestigativn, where vitemin
A bag veen estimeted by the srr=.rice rearent in the

prescnee of unuecompored caroteno, the shovy fijure of G4 ug
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per 100 uy corotene hae been upeds
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Fige7 - Apparent vitaamin A at different

stagee of decompoeition of a

eclution of carotene as astimated

by she Cer=trice reagent (curve ¢)

0lycerol atchlorohyarin ( curve 2)

and speetroscopicelly ( corve 3).
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During the course of this work unexpected

gifficulties were oncountered in the use of the OGBH
resgent. It appeare thet the colour intensity and
statility depend on the psat hietory of the reegent
tnd nlthough reproducible results con be obtained dy
acopting 2 wniform technicue und by repeatedly checking
ogninat a vitamin A etendsrd, the rcagent mny not be as
sutistcctory se st rirat imagined. The resgent hod ween
used previously in this lsbormstory for the cetimation of
vitamin A in the livers of sheop end cottle (39) ‘fe
oupplied ¥ 1t geve mlmoet no colour with vitomin . but
witen di1stllled i'vom sntimony trichloride it gave o
relntively atnble violet colour, Lzﬁm (550 m) 360 es

deternined on n 'aleman niversol ascetroshotom ter

iodel 11 ("ebel "nd “erbin (%2) obtalned viluer of 1100

Pcotnote 1. “The reurent veed wng “rsretienl (roce Sl

supnlied by the taetmnn Kodak Comprny.
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to 1270 weing the ssre instrument). The same - ctivated
gunpls, wrter astorsge for 3 to 10 months in & i.crk botile
won tavted orior to vee in thie experiment and wie Cound
to vive o czlour of lower intenslty than Lorore ind of
greatly reduced stsbllity, re=activatlon by vraelin ﬂivfilﬂ
ling from antleeny triehlorlde incrcaged Lhe {ntonelty to
oproximctely itls oplpginel level cut the colour ransined
stoble for only soout tue minutee ond then f=ced trlrly

repldly.

/ second votch of QLI geve, on sctivation, a

cteble violet colour, n1 actermined ae uvel'ore, 910.

1om.
After storoge for only a few weeke thurc wee u detecteble
decresee in setability, A further ssmple of the some betch
wee sotivated by the eddition of 2 hydroehloric oeide The
colour in this ceeo wees measurocd at 555 mm using the becikmen
‘pectrophotometer. It woe found %0 be stsble for sbout
five minutea stiter which it Caded slowly. The g:fcn. (555
mu) velue wae 31020 which is atill conslderably lower thon
~obel ond “erbin's figure of 1420 for this inetrument (22).
‘enketh (33) has roported thut on stunding, the activating
sffect of the Il ¥ becomee more morked giving s grester
intenesity but lower stabllity of colour. This incressed
intensity with sctivated eumplca on stunding heg &leo been
obaerved in thie inveetigation dut it appoars to dbe followed,
on etorare for » fow weeks, by a marked decrasee in inten-

alty together with the reduced etability.

It ie asppsrent that the condltions governing
the reaction between uctivated glyecerol dichlorohyuprin snd
vitemin reculre {urther inveetigantion sn’ vhers = 0lore
iﬁetrie naethod wae recunired the varr-sricc eerzent hag
Leen nged. All such egtimetions were corried cutl neing
the vhotoelectrie eolorinmeter snd where colour development
mipght be affected by interforing matorisnls, an internal

ptanderd vos employeds



Althnugzh theliy originsnl paper i8 not availabdbla,
1t sppesrs that other workers have 8lso c¢riticised the GBE
rosgent (40) but hnve round thet 1t increeses tho scnsitivity
of the iUsrr-.rice reagent. Thie observation hss not Leen
confirmed, the uduition of GDIl in the propoi*tion recommended
making little dift'erence to the Cerr-Price veyond & elight

reduction in colour stobility.

"ficdd oarthe” have come into prominon e recently
np rengenta for vitamin A, The reesction of "“uper riltrol"”
which ie derived from the sluminium zilicote minersl
nontmorillonits, hae dbecn reported by aévoml wvorkesre
(49, 42, 43) e#nd Lownen (41) has ocuggested that the reaction
night be used for the Quantitetive estimation of vitamin ..
Activeted bentonite hee sleo been cuggested (4b)e  These
earthe, when shnken with solutiona of vitamin A in non-
poler solvents, give an intanse dblue colours The colour
ie stable but cennot be eluted as such Lrom the particles
of the ¢0lid snd oan only be estimnted by cumparieon with
colour etan@ards or by mesns of a reflection type color-
inoter, From the point of view of accuracy, such methods
would prodbably compore nvo{mnbly with subjective color-
imetric estimstions but refilection messurenents are not se
reliadble as objective trrns:isuion readings. The reaction
involved is sppsrently a dehydration of the vitamin on the
surface of the perticles due to the action of adsorbved
evlpimric or hydrochloriec ecid and is therefore compsrable
to the resction with most colorimetrio reasgents resulting
in the formetion of anbydro vitsain A (45) Complex
forastion botwean this subetonce ond the adsorbed acid
reculte in the uppesrcnce of the blue colour and clution
with polsr eolveént gives 2 yellow eolution presumnbly
containing snhydro vitamin 7, The rooction botween
vitamin A snd the " uper Filtrol” euggeotes a rapid
indirect method for the catimation of the vitsuin portic-

ulerly in the presence of largeanounte of interfering



cubaltonces,

The sboorption of the edlution in petroicum
ether 1n mensured st A msx ror vitamin A und for
rnhydro viteamin 7., Tho sclution 1a then trouted with

n osctivated c¢orth which a@deosrbe the vitsuin ond posaldly
other inmpuritict. The vitemin 18 convertod to the
crhydro fornm ond as it 1o unlikely that other notoriels
) normolly nssocinted with vitumin A weuld be of'footud,
olution with a polar wvolvent givee n eolutiovn coataining
the impuritics unchangod ond the vitamin A in the anhydro
form, The rdsorption of this eolution is thon Reasured

t the some two wovelcngthe.

From theoo resdings snd a knowledpe of the
obeorption of pure vitanin /. snd snhydro vitemin A 1t
vould be possidle to cslculnte the umount of vitemin A
originally present, The mothod upposrs o promising one
but the c¢ifficulty so far hse bead the complote elution
of the eahydro vitamin /. end this is still deing

investignted.

It 18 generclly conceded that Loth vitenmin
»nd corotene sre uneteble to hont cnd 1ight snd most
workere recoan@md that sll n:.nt;uistxom ahouvld be cerried
out in cdull 1ight and that undue hoat shovld be avolded,
¥idely different interpretations are however pleced on
theoe Provisos in different lsboretories. Tstimdtions
#re ecnrried out in 1lianinations ranpging from c¢ull red
1light with nll ites attendant difficuvlties to bright,
nnehaded Gaylight wiille operations suoh as solvont
eveporation are corried cut st tomperstures renging Lrom
the toiling pcint of tho wolvent at normnl pres.uren

without sy precautione down to removal nt room tempureturese
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under reduced pregiure in o etrosm of nitrogen. ~ach
gtcp of o normwml extraction proccdure wae therotore
investigated to deterunine the smount of light and heat

vermaiswalble vithout riek of destruction of the vitamin,

(a) _nponification

5 ml. gemplee of a eolution of vitamin - in
athonel wore subjected to the following
treataonte -~

9. Heated in s boiling weter both with 100 ml.
of 105 acqueous potassium hydaroxide for ome hour.

2, lefluxed with 100 m)l, of 907 ethsnolic
potesh rfor one hour.
In no cnoe wne any ceatmetion of the vitamin
detectable provided light wae excluded. Repesting the

experiments with carotene solutions gave einmilar repvlts.

(b) _ffeet of xposure to Light.
A solution consisting of & mixture of vitamin A
ond carotene in petroleum ether was exposed to
¢iffuese sunlight of apuroximately 1000 foos
cendles intensity for eoms houre., lemples were
vithdrawvn at intervele and c¢stirstel apectro—-
scopiceally for carotene md vitamin A.
In o similsr axperiment solutionse of vitomin 4

in petroleun sther wore pluced at different
distences €rom & window through which diffuse

amlight was ehini tamplea were sseayed
ot intervale for vitenin A,
Light intensitiea were measured at the tinse
of eampling using & Genersl lectric ‘hoto-
electric lixposure Meter.

The resultont daeompauition of the esolutions
fe shown in Pigures 8 and 9, Ro attempt wos mnde to
contsnY tha light intensity, the object of the cxper~
iment being norely to odtain m 1deo of the anmount

of light permiscible without undue decompoeition.

These rcmulte refer to pure asterianle and
the rotes of Ocetriction will obviously he oifferent
vith partly oxidisod ssmples or in the presence of
enti-oxidonte. However it would appesr thst in mont

ensee the leses of both vitamin /v snd carotene will be
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negligible provided the product of thc time of oxpocure

in houre by the light intencity in foot cnndles c¢ces not
exce@d & vslue of sbout 100 at room tempernture. It 1e
not necessary therefore to teke the oxtreme precaution of
working.in aull red light but et the omme time large losmees
will occur unlese the nornnl ledboratory illuminstion ie
congiderably rednced, Marther, since the rate of~
Geconposttion increnses with temxerature, canplee recuire
wore complete protection during saponii'iostion end evep-
oration of volvente. RO foot ¢andleoe bae been found to be
s convenient level of illuminstion while hsndling osrotene
snd vitemin A colutions, und theee may safely be exposed
to this intensity for st least two hours without$ loee.

o 100 -
ook CAROTENE 90 .
8of 80 ! HOUR ]
70} - 70 -
60} - o 80 -
cS
soL Z sof -
VITAMIN A < 2 HOURS
40 - & aof -
1200
(]
30| ® 30 -
|
20} 20T i
iof . 1ot 4
;
. a 1 A A L L L
I 2 3 . 1000 2000 3000 4000
TIME IN HOURS LIGHT INTENSITY IN FOOT CANDLES
e, 8 FAged

Fig, 6 -~ Decompoeition of a eolution of vitemin A and
crrotene in potroleum cther by light ot room
temperature. Figures represent aspproximate
light intensities nt timece of esnpling in foot
gesndlen. '

P1f1s9 ~ *ccomposltion of n solution of vitemin A in
vetroleun ethoer Yy light ot rcoem tenperature.



(c) Zvaporstion of the olvent

Tter extracting the vitamin froa the
soponifics tion nmixture 1t ies generally necesrsry to
evupnrate the ether solution to dryneea end to toke
the recidve up in »n eguitable solvent for aouay.

folutions of vitomin A ond carotene in peroxicde-
Trezo éthyl elther were cveporated to drynces
undcer the varinois conéltions deseribed in Toble 3.

Tle rusiouves were taken vy in yetrolonm e¢thor
c¢nad vitamin A and covrotens cotimated apcetro-

scopicaully.
L A J 1; 5 5
Average | ecovery re .
Hethod of ‘-,vnp_uration vitamin A Csoprotene .
ull red light at room temper-—
nture in s stream of nitrogen. 100 {100

Tull red light st 559C end the
1ot troces removed in a streea

of nitrogen st room temperature 100 99

Tull red 1light at 55°C end taken -
to 4ryness on wonter hath without
N1 trogen. 96 96

Tull red 1ight to dryness on
boiling weter beth (5 mine,
hoa ting) 9, 89

Fairly bright light (1500 foot
candles) snd teken to drynees At
559c, rnxposure to 1ight emd
hest 16 minutes. 83 9%

Pairly Lright light (1500 foot
candlus) snd teken to dryness on
boiling water bath. Lxposure
to 1light snad heat § minutes. 80 8y

I'ron the resulte it fe epperent thot the temp-
ceoture of the weter bath 15 not Lmportant provided the
loet troces of the golvent ore removed nt room tonpersture
in o strcam of nitrogen. Apporently it ie the £ilm of
material left on the flask which is moot suwsceptible to
oxlisetion or destructlion by heot. It ie 2ls0 neocepsory

to carry out the oviporstion in vaery dull 1ight.
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(%) Extraction of the Vitsmin and feparation into a
Yon-nmeous olvent.

At the start of this investigation it oppovred
that vitenin secsys would be carricd out on & number of
orvrins pmt'ticulurly livers. Thie nepect of the investig-
rtion wee not proceeced with cut the results of preliminary
caperimunts sre uvrietf’ly reported here since thoey wre of

vome interest in themeclvew.

(n) =Zxtrsction.

It wue found thet saponirficstion offcred the
moet convenlent nnd efficicnt mothod of cxtructing tiswvues,
srovicded hesting s continued until all the neterial pesecs
into colution both ethunolic snd squeous potash ore equelly
effcetive, olution 1s normslly more ropid, however, in
the cthanolic medium and may be accelerated by using the

aring BlenGor to euspend tho tissve in the alcohol. I
thie nethod 18 ueed, the Blendor jer mues be filled with
nitrogen snd precsutions teken t0 exclude all oxygen Auring
the comminuiion otherwise heavy losses of vitanin ere
1l1able to ogcur. Theeoc losses are not eonfined to the
vctusl blending time but have been found to contimue st the
rate of up to ten perecent per hour on stoniing at room

tcuperature £ollowing comminution.

(b) Listributic
Doth from the poins of view of the physiology
of the vitenin snd of determining the minimum asnaple vhich

msy be regarded as representative, it 1s of interest to
know the distridbution through the liver. ALEBGYR were
thercfore carried out on 2 large nunmoer of gonplen token
from voariong ports of a sheep liver, Rarrow elices

were cul from the livar snd divided into sections weigh-
ing betveun 1 ond 2 greme. itamin content of’ thoease
poections was determined by mems of the Carr- rice reagont

veing the method of Zalluo «né Hoeff'er (406). The dis-
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nicrogorume

- 27 o
of thece nomples with thelr vitomin content in

er rern frogh veight 18 ehown in Figure 10,

BOTTOM TOP

SECTION |

RIGHT LEFT
' |
195 227 A
CONCENTRATIONS
IN MG/GRAM
%\ 230 240
SECTION 2
[ 17
RIGHT 2

al

&+

LEFT 225
—220
=
246 231 i
—248

SECTION 3

SECTION 4

rig.10 - Tistridbution of vitemin A
tarough a sheep's iiver.
Pigures represent conoentrea-
tions in ug/gme fresh weight.

e o o © # » ® o o & e @& 0 o

In nddition s number of rendom evzples of variove

welphts were aloo n:sesyel. The weights taken end the

verisntions in vitomin content are echown N Tsblo be

TABL S 5
- Vitamin content
_mple Mesp ug/em _SeDe
Fandon esmplas doserived in
¥ig.30 226 29
12 1 gm cores sclected st rendom 236 58
12 5 gn corece seledgted at randon 23 18
12 enmplue ranging from 10 to 50 gme 240 7
V“hole liver minced and estimatod -
f estimations. 238 6

there are

“rom the resvwlts obteined it woulé up eapr thot

fulvly large voriations of ¢ pomuwhat rondom

niture frrom point to peoint with & tendeney tur o creater

concentrution towsnrds the interlor of the liver, Iarther,

it would ceem thnt nessys ecorried out on len: then 10 grams
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of muterisrl do nut pive & trme Iindiestion of the vitamin

content 1n the liver.

(e) Comporison of ‘etho 0 .
ef Vitemin ~ In Liver “xtracts.

The vitanin . content of extrecte prepared from
three vhe2n livers wae estimated veing e numder of' the
methode “1lresdy clseuessed. Ae 1o shown in Toble %, the

methode geve regulte in close agroement.

" A 2
3 !

vitemin A content of solutlions

dethod 1 : 18 3
ug ug ug
Iirget cotimeticon ot 325 mu '
uvsing 3 point correctiom 26445 1%.9 10.6
hestructive irruciotion tearhnique 25.8 15.5 10.2
Ulycerol ¢ighlorohgdrin wethod| 2460 15.8 10,6

Carr-rigce recgent - using .
Tintometer 29.2 16,0 11.0

carr=crrlce reagent - photo-
electrio coloriseter 2he6 1%,0 10.3

ach result 18 the mean of at leaot throe detersinations.

The ustiol method for extreeting the vitamin from
the esponif'iocation mixture is by sheking repeatedly with
seroxide~ree ethyl ether. This mesthod does not lend
{toolfl recdily to the ssaay of lorge nunhers of gnhnmples
since, 68 Gescribed by workers such ne Oser ond otheras (7),
it involves a tedious seriea of menipulations, vie,
repeated extractions with ether, the washing orf thewe com—
Cined cxtreciy e«nu thelr drying sne evaporation to dryncea.
¢ ther mecthode are simpler, digpensing vith o number of
the cteps (e.i. 'avies (47) ) but pAve low recoveriee of
the vitanin, A an vlternative to ethyl ether, “imble
(48) sugpested » nethod for blood vesed on & single
extraction with vetroleum cther mnd thie method hue been

npslied to liver extrncts by uallup and ilverver ( 16).

roviced the volution to be axtrneted 1o ocjueted to
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contrin approximritely 07 othenol and ie c¢haken for about
tvo ninutes with an ecusl volume of petroleunm ether, the
vitemin 18 cusntitstively extracted into the epiphuse and
gince th:are 1 no change in the relative volumes of the
luycrs, it may be cetimr.ted by withdrswing an nliquot of
the ¢ther, This ether conteins a trace of ethanol dbut
ue chown in Tsble 1, 18 nevertholess n sotiesfeactory epectro-
scopic solvent. It hoe been found that the ethenol, wster,
ether ritice sre not eritical and mey be varied by at leact
10 without sappreciobly affecting the relstive volumen or
the er'ficicency of extraction. After shaking there is &
repid ceparation of the two lsyers giving a clesr spiphsse
which msy be ecstimated immedistely without preliminsry dry-
ing. The reports by esrlier workers (49,27) that petrol-
eum ether wes not e satisfactory extractant and thst the
vitenin could be completely recovaered only after @ lsrge
number of extrsctions, can only be attridbuted to the uee
of alcokol, water, ether retios widely d4irferent from those
recommended here. The efficiency of this single extract-
ion woe checked for a range of concentrations of carotene
snd vitamin A.

Ltendard solutions of csrotene snd vitemin A were

prepsred in sethanol. Theése were (iluted to give o

eeriee of solutions contsining from 2 to 10 ug

vitemnin A snd 1 to 7 ug carotene per ml. 10 ml.

8liguote of thase sclutions were mixed with sn equal

volune of water and ehsken with 20 ml., of petroleum

ether, tamples of the epiphusic loayers were with-

Grown end estimated spectroscopically for vitomin A

or carotene.

hocovel'les sversged 97 for both cerotene and

vitemin A wlth 8 deviation of L 2 . The ncethod hne been
need extengively throughout this investigation #nd hes
proved most sutiasfsctory. It fe einple mAnd convenient
ang hase given relizhle and reprodiucible r-sults. it
breske down however in the prescnce of more then sbout §
nge of fat per ml. of ether, ond the percentoge of vitemin

extracted dcercages ronidly se the osmount of fot increseocs.
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ince wany of the saaples to be acsnyed di1d contaln more
than this amount of fat, efforts were nude to overcome this

dlerdvontnge.

The fnte may readily be romoved from eolution
ofter saponification to froe acide by precipitation a8 in-
6oluble soads. It was found neoesecery to ahake the sosp
with ether slncoe o portion of the vitamin is adsorbed on
the precipitate and at this stage s nuamber of the soape
tandod to remain in suepension in the ether layor. This
problem wae overcome by the use of zino salte u8 precipit-
ants. The zinc sosps leave a clear cther layer, but, in
conmtmon with moet other socaps, are soludle in ether and give
an obsorption in the 325 wu region, This sbesorption ia
not lincur over the¢ range 310 to 340 ma sc that e eorrection
cennot be applied. Copper also gives & satisfactory pre-
cipitate and in epite of ite pro-oxident properties doce
not cuuse ury decomposition of the vitamin during the short
tirme of oontact. The ecoppor soa) is resadily removed from
eolution in tho ether by shaking with dilute smmonias but
thie copper s0aps are 50 soluble in the sther thet there ia
culficlent amaocnium ecap formed in this resction to intertere
with the extraction of the vitamin. The vitanin A pasces
into the cther with the copper sosps but on shoking thie
tolution with ammonia some of the vitonin 1@ re-extructied
into the hydrophnsée due to the prasence of relntively large
anounty of vamoniun eoapd. The method AGocs not therefore

nipesr capaklo of e¢xtenesion to fot-containing mixturas.

. L ] ] [} L e o L] L] s o e



CHA T 2R __II
Ihe Chenical Conversion of Carotene

to Vitamin A

r{ttle 1o known of the mechaniem of the conveor-
elon of cerotene to vitaodin A in the animol body. ¥ithout
considering recently roported biological evidence which will
be discuseed later, the structurse of vitamin A suggests thint
it 1e formed through the fiesion of the ceatrel double bond
of /5 corotene, one moleccule of which would then give one or
tve moleculen of the vitazmin depending on the course of
the reaction. Alternatively the break could occur st .ny
other cafile bond, giving one long chain molecule which then
undergoes degradstion until vitemin A is foruwed, A reaction
of t is latter type wos sugroeeted by Morton (58) 4in 1940.
Thia would appear repsonable for a aymmetricel moleculs
such oe /3 carotens but 1t would dbe ¢ifficult to explein
the biolopgicel sotivities of csrotene oconteining only one
/3 1onone ring on thie eswumption. In these unsymmetrical
moleculce, & preferentisl sttack on one or other terminel
ring eyatem would be cxpecte®d rendering the ocarotones
tiologicolly inactive if the attsck were on the /3 ionone
ring or of agtivity egqual to /0 ceroteme if the other ring
were concerneda. As has deen pointed out by Munter (59),
in the oxidation of o czrotene with alkeline permangsnete,
it 16 the /A ionone ring which ie attacked yielding sn
npochrotinal containing the o tonone ring ((O). L
carotene might Le expocted to behave eimilarly curing
the process of in vivo converaion and therefore be
insctivo, In addition chemicel theory is in favour of

fieeélon ot the contral bond (59).

"aeriments involving the chemicel f1lesion of
thie central bond are theref'ore of intorcet oince they
nay suggest posuible covrses or the in vivo caonveieion.
mnter and i liiams (61) Lrought sbout this degradetion

Ly manns of hydrogen .oroxide to ylela the cldehyde,
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retinene. The optimnm temperature for the poroxide oxidst-
fon wee 38 to 40°C ana lunter (62) coneiders the uee of
hyérogen peroxide e cloge spprosch to biologicel conditions.
He sttribwtes tho extremely poor yiclds obtained to resonasnce
eince in extended conjugsted systo:s esch double bon& loscs
come of 1to donble-bonded character to the neighbouring
single bonds snd the effect ahovld increase towards the
centre of the eystam (63). If indecd the in vivo copvera-
ion coes procced through siailer resctions, it 1s pOccidble
that the goometricsl canfiguration of tho/G cerotene molecule
or some form of indnced DOISrlaatloh may render the central
bond more susceptible to attack end so incresse the yield to
2t leost the 50; normally obtained blologicslly. Higher
homologucs of retinene did not yleld retinene on trestasnt
with hydrogen peroxide (62) indicsting that the aldchyde is
formed by fission of the central bond of cerotene and not by
succeerive degradation. If retinene 1s formed. 1t should
be ruosdily roduoible to vitemin A in the animal body end
rcecently dlover, Goodwin and !orton (6h) have demcnstrated
that thie reduction osn occur.

Coss and YcFerlane repeested the hydrogem peroxide
oxidetion of csrotene using osmium tetroxide as coatalyet ((G5)
ond found thot the reaction proceecded to vitamin A alcohol
in yiclds of 30 to 4O of the theoretiocal. They considcer
thet in the presence of the ostalyst the central bond is
brolten by sirmultnneoue epoxide snd 4i-glycol formation to
give a compound identicnl with that postulated for the
Cannizztro intermediste. This intermefists, usccording to
fredenharer and .ovhoeffer (66) then undergoes renrrengo-
ment prior to flession ylelding one molecule of vitamin

ond one molecule of 'vitomin 4 oneld .,
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leCHaeaCHeR —— K-({ﬂi-O-?H-R

OH l Of1
R=CH, =0 + HOOO =R
Vitemin A elcohol "vVitenin A eecid’

Oxidntions with hydrogen peroxide at low temp-
apetures are considered to involve the frce hyéroxyl rcdicle,
« N1, and 1t 1i» prodbodle thet the oxidstion of unsaturated
hydrocarbone, which ia accelorated by catalyats auch es
osninm tetroxide, mey aleo take place through the same free
rrdicle, ite imediste precursor in this c¢see dbeing the
relatively unsteble per-eci@ (67). Thue 1t soems 1ikcly
that the centrel bond might be sttacked dy the hydroxyl
rredicles to give 8 glycol. iurther in sutoxidations
involving frce hydroxyl radicles it is not uncommon for
chein bresking reactions to occur resulting in the formation

of di-glycols or epoxides.

~CH wCH = 4+ o+OM —5 <CH=CH-~
OH

-m-g]{- re .w—>’98’gﬂ-

o N, On on
o O « CH = ¢ H - OH

/
S o

It ie poseible therefore that these two roactions
could occur together giving the suggested intermediate. 1
the course of the resction is se suggeated by (oec and
‘ciarlnane, 1t should be poacible to isolnte from the rwct-
ion mixture, a compound which hss been referred to se
“vitamin A ocid , in approximately the eame quantity ee the
vi tamin A alcohol. This acid has bHeen synthaeelscd by Arené
and van Dorp (68). - It hee » maxivwm abeorption ot 347 m

with 5 log © valuc of akout L.GhH.

Thie esuggests an alternstive course for the in

vivo conversion snd becsuvse of thioc ané the unngual type of

renction involved, the work of (ose and fuei'urlene wae



repeooted, The rcoactions were corried out at e tempersture
of 35 to 409C, the originsl workere hoving feilcd to record

their temperature,

/3 carotene (50 mg) was dissolved in peroxide-free
ethyl ether previously dried over gnhydrous sodlium
aulphs te. the solution wss added to enhydrous
eodiun sulphate ( asbout 10 gmm.) in s flssgk fitted
with a reflux condenser end etirring device end
huated to about WOOC. Osmium tetroxide (about 20
ng) wne added followed afder shbout 15 minutos by the
dropwvise nddition of hydrogen peroxide (2 ml. %
rolution) through the condenser with conatan$ stir-
ring, The heating wes continued until the colour
wne 1 echorged (sbout 10 minutes) snd sufficient
godiun blcerbonste solution was then added to
destrcy the unrescted peroxides %hen the effer-
vydscence had ceesed, elcohol conteining 6 small
anount of sQueoues potash wae added. Agter
thoroagh shaking the lower laysr was diseerded,

the ether was seversl times with water, Gried
over nnhydrous codium sulphate and evaporsted to
drynees undsr nitrogen. The residue wne taken

uy in petrolcum ether and ite onbeorption measured.

Typical curvaa for ths product oro shown in

.117}1'6 11'

—
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1.1 - “Hyplesl curves for thw product
of the oxidetion of/? curotene
vith hycrogen peroxide end
osmiunm tetroxide.

® &6 ¢ 4 @ M & o & B O



- 345 -

Tho curvea are all of the osme goneral cghape
shioving & cher) mwaximuin at ndbout 325 wmu, o point cof
inflectinn at obout 7345 to 340 mu snd a saecondary maximm
or point of influctlen at sbout 370 mus The curvee alno
agree vith tist publieshed by Gose and McFarlene, the mmsll
differences being due Pi'obably to elight varistions in
the resction procesuress The producte gnve intense bLiue
enlours with the Carr-'rice resgent but the intensity wre
not ae grest &8 would have deen expected ssvuming the

Leorption st %25 sm to bde entirely vitamin A, nnd the
blue colcur faded more slowly thsn that due to vitemin A
slone. “arther the curves dbta!nod sre stypicel of the
vitanin indiceting the prceente of other aibetancee
cbesorbing in the region of 325 mu.

The product was therefore chronatogrephod en
rlumina (.7.H. for Chrometography) to yield three rather
aiffuse bondss Yhen the extruded column wes peainted
with the carr~irice reogent, all throe bande gave colours
vary similur ¢o that given by Vitemia n. The dbands were
c¢luted, dissolved in bvotroleum ether and theolr sdsorption
curves meegured as ehown in Figure 12. It was apparent
thet the zone giving the sbgorption curve(i)contained moat
of the vitumin /. and rechromatogrophing thie sclution guve
s mora Gefinite sons whoee esbeorption curve (&) cloeely
recembled that of vitanin A with a meximum at 326 -~ 327 mu,

The blue colour odtained on freating this solution with
the _arr--rice reagent appeared to be of the vame hue as
thet proeduced by the pure vitemin and feded 2 avout the
came rate. It L8 prodable that cortein lostew of the
vitenin occurrsd during the purificstion ut even sllow-
ing for theeos, 1t scens that the claim of 30 to 40
conversion of cnrotene to vitunin vnpged on the (arr-
‘ricd colour is high 'nd o Lfigure of 14§ woulé be more

accuratc.
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Fig.12 = Profuct of the oxidation of

carotene vith hydrogen
peroxide and osnium tetroxide
chromatogre on alumina,
The sbsorption due to the
thres .m zones is ghown in

Curves 1 and 3 curve
4 shows ‘.h- abaorpt:lon of the
main zone obtained by re-
chroma tographing solution 1.
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The course of tho reaction any be folloved
from ipure 13 vhich shove the adeorpticm agectrs of
ganples teen at interveale during the oxidation. It
te np arent that 11ttle action takes plage until after
the addition of the hidrogen peroxide when therv 1o o
rapld incroeee in the obaorption in the naey uitra violet
riving a curve vomewhat einilsr te thut of tho finsl
prcduct. hc treatment with blpurbonoto nnd potesh coce
however nlter the shnpe of the awrve clivhtly due
apparently to the removal of some neld matericl. The
reeidue fronm theee weaohing wae thereforo cxtracted

sevoral tirmce withethyl ether, acldified with hydrochloric
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nedd snd spnin extrocted twice withether. The ether fron
thoge 1stter extractione wee dried ovor sphydrowe codium
ghlphnte, ovn .orated to drynese, the reeidue takcen up in
petroleun cther 'nd the abgorption nescureds The product
ohowed & ienetwl sbeor,tton over the roange inveetigeted
(300 to J;(.)‘l) mr withmt the appeamnce of eny peek in the
343 my reglon. vhromtorraphy of this mixtare gave o
gories ol poorly cefined vands which were not inveetligpitved
farther beyond notingy that onu lui‘ the wain bonds when
etuted ond claeolved Ln petroleum ether ygsve unll sbeorption
maxlmae 61 about 204 1 ond shother gwve o waxiaus at

auont 317 ma,

1.2r

e
Q
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Pig, 13 ~ Ltages in thu oxidation ot /3

: carotene with hydrosen peraozide
snd osrxium tuvtroxige. 1 -
carotene, 2 - hosted to N9 for
1% ming, with osmium tetrodde,
% = 1% aine.slter nduition of
hydrogen peroxtde, s - exoocs
veroxide destroyed by sodiuvm
bicarvonate, 5 - rinnl produet
after shaking with potweh volution.
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Kven if thoe wholy of the tbaorption at 343 mu
had been uue to the vitemin A faicid, houwever, it would
hove been equivelent to leas than hnlf the 7itemin 4
isolsted. linlees the acid {uv unetanble under the conditicne
of the experiment due to the carbonyl groug conjugeted with
the cvouble bondos, these obeervations off'er nc eupport i'or

QoBy nnd “ai'arlanc's suggested mechoniem.

VYentclum pentoxd de raplsces oemium tetroxice in
n number of hydregen .aroxide oxidaticns while copper
sulphote 18 tnother catalyst freguently employed. kesctions
elwilor to that alreedy described for osmium tatroxide were
earr'icd ont using these reagante. ~luogt no reaction
aceurred with copper culphate and with vunsdium pentoxide
the raesction sppeered to follow & different course yisldaing
mainly products ebsorbing below 700 mu with little abeoirp-

tion in the 32% zm rezion.

It hoad beon sasuned that the product of the
roanction is in fact vitanmin /. ‘thie ie bmned on ite
ebsorption nextimum 6t sbout 325 oy und its resction with
the Llepr-srice reugent. There 1¢ the mpossibllity, lhwwever,
that the uroduet aight be the di~-glywel forred by the _
nddition cf teo hycroxy groups to the centmml double tond
of' /A cverotene.

K= = Ul = K + 200 — 1(-?}"’(;;{"7{
ot 1)

Thie compound does not appear tc hr»ve dbeen
prepored hut 1¢ wonld be axnected to have Mhysical
prépertiea very ainmilar to thoee of vitenmin A. Ma xdamn
stgorption for the glycol would te in the 52h my region
uince only conjngated double bonde eff'ect the powsitiuvn
of A max¢(11)' the only ei'fect of the rooond set of
five conjugsted double bhonde eeparated iom the Liret

by three single bonds being to epproxirately doubdle
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,l 8 . In sdditicn the glycel wauld probadly remct
sinllarly with colorinetrio resgents so that i1t would
be ¢irTicwit to dletinpuish 1t from vitemin A,

It shouvld be pomcible to distiazuigh chemically
ectvecn the zlycol and vitemln /£ ané the elmplest zethod
oy eerad to Le by oxddising the com,ound mith pariodlie
scld which is epezific for glycols. I tho compound ia
the giyeol Doreed by the wddlition of two hyaroxy grouns
ncroec the cantral double bonéd of /3 carovtune it vhould
yiold cn treatnuent with periodic acid two moleculas of
retineng (vitemin 4 cldechyde) wheresa on oiuilar treatment
vitrain - would be unnffected (63Y).

eriodie acid (10 mg) dissolved in 8 few

al. of ethrnol wae sdded to an othyl ether

1ntion of the crude product (apuroximately
AgZ, colculated oo vitamin A) obtained from

the oxidation of 2 csrotene ueing oemium
tetroxide snd hydro poroxide. After
stnnding 12 hours st room tempereture, tho
reaction mixture va® sxtrocted geveral times
vith dllute aqueous potesh, washed with mter
snd dried over snhydrous sodium eulphste.

The asbsorption epe¢trum of this colution did
not differ slgnificantly from that ef tha originsl
peroxlide oxidation product. ‘The pesk in the %25 m
region wha unchanged nné there wae no increose in

ausorption in the region of A‘max. for retinene.

1t npoears therefore that the produet is not
the flycol snd is moet proLably vitamln A as ori; Anslly
cugregted by Goss ond dcFarlane (G9H) wlthough the

vechonigm of the resction hae not raet becen clucidsoted.

Ag will be diacueeed lat.r the glycol is of
come interest as & poosivle intermedivte in the con-~
varsisn of curotene to vitamin A in Uhe onimsl body
etnd nttempte wore made to prejare it oy other methode
vith e viaw to aetormining 1tg pro-vitvuldn sctividy.

In the elucidation of the etructure of the cnrotenco
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axtenelve nse hat been mode of varleve oxidising agents
(s 7M. HMeutrnl potassium permengenate 18 scetone

1 comnonly used wa n mild raagent for the formeticn of
alycols Orom ethylonie compounds but doec not wg.war Lo
hrive been vppllicd to the ecarotenes. It wus suggested
(71) thet thic resgent et low temperstures might
proeferentislly sttoclt the centrel double bona °€/6 chrotene
to give the repuired glycol.

3 carotene (100 ng, ) weo ciabolved n

Tedlstilled ncetone (goo m].. snd the
rolutlon cooled to - 0 ml, of rn
aqueous @olution of 9otasaiuu permasngeanate
(2 mp/ml.) wes sdded snd tho mixture held
at ~5°C for 48 houre. After filtering
of{ the brown preciultats of mungonese
dloxide which formed éuring the course of
the resction, the acetene woe reémoved in

s gtream of nitrogen and the recidune taken
up in petroleum ether. This solution
absorbed huavily below chout 300 mu Lut
zave no indiontion of & pesrk in the 326§ mu
region.

"he golution was chromptogrnshed on an

aluminiuvm oxide eolnmn and the chrommstofrenm

«avalopcd with petroleum ether contelning

benzene. The axtruded column was JRinted

with antivony trichloride solution und the

bonds giving & coloration with this reagent

mechoeniceslly spersoted ené eluted with cihencl.

Abouvt d0F of the csrotene wae recovered unchorged

on@ none of the products showed abeorption jeske ~bove
700 mu. It cppevred therefore that little if ony of

the glycel had been formed in the resction.

Towerds the end of thie investli ation sn
dlternctive eyntheeils war attempted with more prordisin -
resultis. ilypoiodous neid, formed by the internction
in moict ethyl ether of iodine ané nercurlic oxide,
reucte reidlly with uncsoturated compovnds to sive n
Iydrolodation srocuct {72) which =y ha converted to
the Ai-glyenl Ly trontnent with aqueoug pntueh or

ecocium ncetnte (73).



/A easotene (26,0 ng. ! wae dlesclvod in moist
peroxido-freo e 1 ether end the ocolntion
cooled to sdbout 10°C, Froahly precipitated
nercuric oxide (20 mg.) wee added followcd by
the d¢ropwiuse addition with continuel shwking
of a esolution of iodine (12.7 mg.) olso 4n
cthyl ether. A rapid rosction took pluce
a#nd sfter avout onc hour moot of the carotene
colour hod been diecharged snd no fred 10dine
oould te detected.

rfter filtering tho eolution was cxtrected
oeveral tince with squecus potavsiue 1odige

to ranove aerouric lodide, wahed with water,
aried and cvaporated to dryness. The residue
we taken up in vthenol contuining 5 soéium

ocetato and the solution bolled uneer reflux
for ono hour. n coolinyg water vas added to

roduce the alcohol conountration to obout 507
end the solution oxtracted with petroleum other.
This petrolcecum ethor colution showed a genersl
absorption in tho near ultra violet with & droad but
clearly defined meaximum ot sbout %35 mie Tho renction
ia dcing inveotigeted further in an attampt to inecreose
the yield of thie compound und to effcet 1te purification.
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(8) The = of Conversion

The 1ole of the csrotonee ss precursors of
vitamin ;. wse estobliched asbout 23 yeare ugfo by enrly
voriers in this flels (74=79). in 1931, Moore (74)
reported 8 high vitumin A otornge in livere of rate
fed a carotene~rich dlict. At the cemo time the liverw
contvined little carotene but the converse wse true of
the slinentary tracts which contnined large =nounte of
esrotene eond little vitemin., These obgervatione, which
have been amply confirned by cudbesquent workereo, were
congsldered by Mooro to indicote the liver es the aite of
conversion of carotene to vitamin A, This conclueion
1o consistent with many other f£indinge reported in the
11 terature. For example, danmige or poiooning of the
liver usuelly results in decrecsed hepstic storege of
vitamin A (80, 81) ané en impaired sbvility to convert the
cerotene to the vitemin (82). 1t wes coneigdered that the
transfer of the provitemin ucroes the wsll of the inteetino
depended on the formetion of a water-golubley, diffussble
conplex with bile scide (80, 63), The coroteno wes than
trunsported in the form of a colloldal molution (84)
to the liver where 1te conversion to vitsmin A through
the netion of the cnzyme “carotencse” wna seo.umed to

occury ( Ce o 85)0

Mo direct evidence of a satisfoctory neture hos,
however, been asdvanced in eupport of this conclusion.
If the conversion doee occur in the liver throuch engyme
action, it should be poeeible to demonetrate the form-
ntion of vitanin 4 in vitro by incbatinge ourotene with
whole livaere or liver oxtructs. In 1931 Clcott ana

4eConn (86) clwimed to hove effected the conversion by

incubating colloidal corotene with frosh rot liver tiscue
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or vith an agueocus liver aextract. They noted a dies~-
sypearecnce of c¢srotene snd the formntion of svn cbeorption
band with 8 maximn «t 328 ma cherscteriatic of vitamin

he These chinges di1d not take place vhen the “carotencee”
had beon inactivatod by heating. Theee findings were
contiraned by varienti snd kelll (87) who detected by the
Cerr-2rice resction, the rormation of vitamin A when
colloidel caroteno wae incubated with ninced dog liver
and von iuler and Xlusemonn (88) working with oxtracts

of cow livere reported an increuse in the absorption &t
328 su on incubation with cerotene. More recently
ilgon, Ahmad snd Magpumdaer (89) obteined ponitive rosults
with rabbit livera undergoing enaerobic autolysia oe
indicuted by the disappezresnce of carotene snd the
formstion of vitamin A estimsted colorimetricelly. At
the some time, other workers, using similar technigues,
have been unsble to demonatrste #ny in vitro convereion
of csrotens to vitomin A. Thus ~hmad (90) and ime

snd I'rummond (91) could not detect the formation of

vitoain A on incubating carotens with cet liver prepar-
stions and negotive resulte were aleo reported by Drucmond
and Mnokalter (92) for robbit livera even when the liver
colls were ollowed to teke up ceroteme from the circulatory

syaten prior to incubdbation.

In the nbeence of direct evidence to the contrary
howover, the liver remsined, until recantly, the generslly
accepted eite of conversion and the discrepencies betwesn
the results odbteinedly the various workere have been
sttributed mainly to species dcifferoncee. ‘Thege
‘differences in crnrotone metesbolism sre well recognieed
(94) end the negative resulte with cot livers, for exmple,
could be oxplained by the insbility of these cnimals under
normel conditione to utilise corotone aven when 1t 1is

sd@ed to 2 vitemin~deficient diet (85). The originol
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work of Olcott cnd ucCenn (8CG) waa criticised by Woolf
snd Moore (93) who showed that tho formetion of vitsadn
/ had not kteen conclugively ocstebliched. In vll other
coged where poeltive roeults have besn Cliimed, at the
most only traces of vitamin A spaesr {0 have boen rorzed
ond theee in vitro exocriments connot be repurded us

providing conclugive evidence of converaion in the ltver,

nforte to demonetrete the convereion in the
liver oy experiments ot' 8 cdifferunt type aleo geve
conflicting reml ta, in 1940 ‘“tolrf, CUverhorf u¢nd
Fekelen (95), ueing o method of partisl hepeteatomy,
cleimed to hsve deronstruted the in vivo convorsion of
carotene to vitnaln A In the liver of rabbite. I8
portion of the liver from vitemin A-defielent rabbites
waa reomoved end uscayed for the vitinin uaing ontimony
trichloride. The snimale then reccived an injection
of cerotene tnta the circulation snd ofter thres daye
tho vitamin content of the residusl liver tiseue woe
¢eternined sné wae found to te considersably higher then
the initisl ssmple. Thes® indinge were confirmed by
Lrumnmond snd dacialter (92) but more recont inveetigations
into the phyelologicsl value of carotene sdninistered
cthervise then by the orsl route have given consflicting
rosulte. Thne lssse, lLecse, .teendock uné soumsnn (96)
found that vitamin A~Geficicot rats could utilise intra-
peritoneslly or subcntsnecusly injceted colloidel carotene
or oily solntione of cerotene se ingicoted by reetoration
of growth and the cure of ophthslmia, but the sancunts
required were ten to one landred times ns greot ag when
ths ocnrotene was glven orally. }o liver etoroge resulted
from lerge intasker of psicntersnl carntene snd particlee
of the injected pigrent, which were only portislly swoil-
oble tn the animals, wero found nt the sltes of injection

snd in other tiesuee. In contrnst vitamin A wae
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utilieced chout ns officiently when injeoted as when
given orally. These workers note that much of the
injected carotene could not be traced; 1t wos not
gonverted into vitumin 4 or ecxereted. Aecoréing to
Tomarelll, Choney mnd ephart (97) however, intro-
mseulsrly injeeted carotene eonh be utilized provided
i1t hze boen woter-gtuollized (c.ze LYy solutien in
"Pween 807), and there 1s & rapid tronsgort ¢rom the
vite of Iinjection :n¢ cofiici.nt convareion. cinmdlap
recults vere reparted by 1th (98) =nd by vinet,
Plessier «nd ksoul (9)) but confllceting resulte vwere

obteined by liokline, Beleskhovaki snd Lodrova (100).

The findings of l.wuee and co~-workers hoave been
confirmed by ‘ exton, Mehl ond leuel (101}, These
workorg, in =an cxtencive inveetigsotion slso ueing rate,
extendet the previoue obeervations by demonstreting thet
the deposlted carotene was uneltered mnna wap etoreochem-
iev1ly 1dentleal with the originsl mcterial, From their
Tindings they considered that the convereion of carotene
to vitamin & w=e en cxtra~-hepntic function and suggested

the wall of the intestine se s poscible vite.

1% 1% inGeed difficult to oxplrxin the non-svail-
ubility of the injected carcotene if cvonvereion des occcur
in the¢ liver but the poeeibility remsined that nlthough
the caraotene dié reeach the liver, 1t might ¢o so in o
condltion or manner unsuiteble for convereion to the
vitemin, The corotene in the blood 1s concidored to
¢xiet in the form of & colloidal solution (34) co that
the etate of the carotene in the plusmd sol used LY
t'evel nnd his co-worzers ghould bt similar to that in
normal tbod; but oven when thie solution 16 injected
into the heart, the oarotone nccumlatee unclicnged and
in n relsatively non~svaillsble fors in the liver. At

the sanoe time there 3a gvidence of the eéxistence in the
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blood of wome s)ecles of o carotene~protein complex
{104, 102) and Lo8eilbly only curotene in this form
could be converted to the vitemin in the liver, 1In
‘addltion only c:irotene which renches the liver in low
concentruations might be metabolised. As hne veen
reported recently for vitamin 4 (103), higher concen-
trations might be trken u> vnd retnined in the upt'er
celle just se 'ny cther #sreirn vubetsnco (104, . The
ubeence of corotene from the tlhod ang liver tiguue of

4 nuAaber of u.ccieg dsos howaever constitute stramg
evidence ageingt the liver a6 the mein xite of convereion.
If curotene lg trenspyorted to the liver und tranaformed
there to vitemin A, it should be presvnt in apprecisble
sacunts 1n the 0lood of =1l gpecics snd to s curtoin
<xtent in the livers, unlese the Procoss of conversion
is sufficiently rapié teo prevent the secumslation of

ony provitsmin.

In &« subgecuent publication, Ystteon, Mchl end
Teuel (105) showed thst following the orel administration
of cerntene to vitamin ‘=deficient reots, the vitamin
firet nppobred in the inteatinel wall and that for approx-
imntely four houre the Quantity in the wall of the
intestine was groater than {n the liver. Tho source
of thio vitamin in the well of the intseatine could not
have veen the liver aince following vitamin euvpplement-
ntion, the wull of the¢ intestine contsaine little vitanin
even vhen hepstic stores wers high. luriag the proceas
of carotene aboorption there vwes no increose in the
provitamin content of the livere whereoa thnt of the
intoetinal welle «id incresec. "Therce obevrvations
clearly indicuted the wall of the inteetine ne the site
of conversion und this was confirmoed by “iege, ltehl snd

Neuel (106) who offected the in vitro convorsion of
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carotene to vitamin A in the intestines of vitazin A-
deficient rats. These workers used & surviving-tiassve
technigue in which the intestines were romoved from rate
»né incuiated with colloidal carotene under aonoerobie
conditions in iinger-lLoCke solution. In »ll ceses
some vitanin A, 8s detected by the Curr-srice reagent,

vaeg formed.

Thesa obsei'vetions proved that for the ret
ot least, the main eite of converzion of csrotene to
vitermin A wne the wrll of the intestine and the wvidence
g0 far preserited woe agsinet sny apprecisble conversion
teking place olpevhere. &hia idea of conversion in the
wall of the intestine wae not howevor entirely ncw. In
1941 »opaer (107), using fluoreecent microscopy, invest-
igoted thwe rete of appearsnce of vitemin A in varioue
organe of vitamin A-depleted rate following orul sdminie-
trntion of cmrotene. In & number of ceaea he wis sble
to Getect charamcteristic vitomin ~ fluoreecence in the
inteatinsl wall vefore the liver and suggested that
conveoraicn could oecwr in the formor organ altheugh he
concidered the liver to be the main site. The fact
thot smell nmounts of cerotene cdnministered by routes
other than the orsl appesr to bes converted aight be
cxpliined by an excretion of this cerotene into the
lumen of the intecstine from which i1t could dbe re-absorved
snd converted in the ordinary way into Vitamin A. exton
“ehl ond "euel 001), in euggesting such e mecheniam,
chowed that trncec of intraperitoneslly udministered cerotene
¢oulé be recovered in the gastrointeetinel tract und the

fanecee.,

Thug prior to the commencement of' this
investigution aarly in 1948, it hed been ostabliched that

in the rat the wall of the intestine snd not the liver wse
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the nain site of conversion of carotene to vitanin A

tut thig hué not been confirmed i'or ony other apeaies.

The pousivllity of specive differencos coulé not be
overlooked snd =6 on¢ tispeot of this etudy of the cerotene

motaboliem of ruminants, 1t wes of intercat to determine

whether the wsll of the intestine wee uwleo the site of
conversion in herbivorgus animals which sre entirely

depcndent For thelr vitamin A on the bioclogically sctive

carotenoid plgmonts prosent in herb:ie.

In thie¢ investigstion only limited
focllitica hsve been sveileble for handling experimentsl
aninnale etuad 1t hea boen necessary to restrict most of
the obpervutions to eheep bt the site of conversion in
cottle has vlao been investigoted cince these onimels
appesr to aiffer mmrkedly from other herbivora in thelr
sbsorption and utilization of ceorotene. Thus the blood
pl.agma of choaep contuinuw, per 100 ml., 25 - 35 ug of
vitomin /4 bLut cnly sbout 4 - 2 ug of cerotene snd these
levels are normslly independent of osrotene intske.
slthongh the viteamin 4 levels in the bLlood of cattle
are of the ssmc order, the ctrotene content msy be us
high a8 1.% mg/100 ml and both the vitamin 4 and cerotene
lovelo vory with tho dialory provitemin intako.

Agsguning the conversion to oceur in the liver,
the cerctene muot te transported to thet orgen from the
intestine sither Girectly in the portal blood or indirectly
by the lymphatie route and the ayatémic ¢ireulation. In
the lntper csee i1t should be wossidlo to show the vi'esence
of' esrotene in the intestinul lymph ond the cyetemice blood
plaend would also be expected to contain some carotene,
the sctuel level depending on the rate of ubeorption by the
inteotine ond the rote of removal {rom the systemic eircul-
etion by the liver. 1f however, the portal route 16

involved, carotene chould be present in the portal blood
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but ite preeence in, or wheence from, the systumic plesnes
would depend on the efficiency with vhieh 1t is removed
{ron the portel dblood by the liver. tnlesy the rate of
nvgorption of the plgient by the intee¢tine oxcoeds thot
at which it is reroved by the liver, no curotene will

reach the cyctemic circulotion.

On the other hand, 1f conversion occurs in
the wall) ol the inteetine, the vitarin X formned 911l bve
tranusported from there to the liver by eithor the pertal
or lymphutic route or both, and the carotene will not
apypesr in the tlood or lymph unlesys the rete orf sLeorption
exocods the rste of conversion to the vifamin, Thie
excegs cnrotene mny be trensforied to vitamin 4 et o
gacondsry eite of converasion or 1t may Le treuted amerely

ag o waste proédict snd decoumposed in various tissues,

It wag rppoarent that » compnrison of the
carotene andé vitemin / levele in portsl snd syetenic
blood ond in intestingl and non-intestinsl lymph, would
supoly infeormetion regarding the site of conversion und
the node of trongrort of the vitamin or provitsmin f}om
the {ntcetine snd experinents were thercfore carried out

to determine tlese levele.

(1) Conversion of Carotene to
Vitemin A in the :lLieep.

The comparigon of portal snd systemic pPloama

lcvels veg mafe oh an sneethesised sheodp sné in order to
necentuste sny Aifferenceg, an excess N readily avsorb-
oble courotene wig provided by injecting tho provitamin in

» colloldnl stete into the lumen of the intestine.

Jreparntion of Colloldel (arotgne

A satursted solntion of enrctene (es.20 ng)
wng prepare@ in ethanol contsining uvynthotic
d tocopherol (ca.% mg) »as snti-oxidant,
The polution wae run slowly into sistilled
water which hed been boiled for come time
to expel dissolved oxygen and cooled to
obout 709C under nitrogen. The colloidel
solution vwas boiled under reduced preesgure
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to remove the nlcohol, cooled snd
il tered.

Collection of Elood tamples

/. sheep wac annothesised by the intrn-
vanoue injection of sodium pentothsl

(1 gm.), sn dncision mado zlong the
right coatnl srch end the colloidsld
golution containing mpyroximately 20 mg
of carotene injected into the lwaen of
tho inteatine at various noints along
the jejunum. dlood samples were tam
at intervels Crom the portel wnd Juguler
veins #nd citrated. Anaethusia woa
asinteined during the latter ategea of
the ¢xperiment By ether inhsletion.

l'gtaorninntion of Carotene
and Vitamin A.

The plssmd ecomples were extracted using

the nmethod described by Rimble (108).

In order to detect smrll emcunte of
carotene, up to 40 ml sanples of plasme
were used. The petroleum gthor 2xtract
was evaporated to drynees8 in a etresm of
nitrogen, the residue taken up in 9 ml
petroleum sther and the csrotene contont
estinnted. An 8liquos of this solution
wie then evapornted ¢o dryness, the residue
discolved in chloroform and vitsnin A :
estinuted colorimetricnlly vsing the photo-
slectric method and internsl atanderd
alresdy descrided.

The vitemin A levels in the Dortsl end systemic
plasme srmplee sre shown in Table 6. Csrotene could not
be dctcoted in meesurenble spounte in eny of the samples.
The 1linit of the method deseribued for onrotene in blood 1e

considered to by about 2 ug./100 ml of pleswmo,

TABLE 6

TIme In hours alter Piaemé VIGemin A Ug/100 mi
injecting esrotene Juguisr ortal

0 28 25

32 4y

1 - 27

1% 22 -

2 28 -

3 24 -
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CGollection of iymph 'smplee

intectinal and non~intestinel lymph glends

vere removed from & nuaber of eheed inmmed-
intely folliowiny slsughter. Three groups

of' similar pucture-fed snimels vere uued

and sufficient were included in cvach group

to provide asucut 5 ml of both types of lymph.
In esch group the intestinsl plsnds, which
inelnded duodensl, jejunsl und 1leol, were
combined snd ns muoh lyaph 8 possibls colloeted
Lrom theme In tho same wasy, ssmples of non-
intestinasl lymph were collected {ronr verions
other glsnde moinly subm&xillary ond pharyngesdl
from the eane snimnle.

Sreliminary e¢stinmstions of carotenc snd vitsmin
A were csrrigd cut ueing 2 method uiniler %o
thet nlready described for blood plesaaa. 2007
recoveries of vitaanin /. &uded s internal stand-
ard indlented the pregsence of colour inhibitors
in anounte greater than encountered in blood
?lagma, Aand for the lymph samples the Xinmble
method was modified to ineclude saponifiention
se descrired by sarrish, “iee and Hughos (53).

Ae might Le expected by ite sbeence from the
bleod plesme, no carotene ¢ould be doutected in sny of the
lymph ormples, The vitumin A content ie shown in Table 7.

TAB LG T
fymph vitemin & vg/i00 =mL. ]
group Integtinal | Yon-integtinal
1 118 38
2 84 35
3 102 4

Prom thess reeults 1t appears thmt no eppreciodle
smount of carotens Lo itrensported from the intestine by
either the portsl or lymphatic routes. finceo during the
sbsorption of carctene the vitanin A level is higher
in the intsstingl than the non-=intesetinal lynph end in
the portal than in the syztemic blood, it mist e conu-
cluded that the woll of the intestine 1s the main site
of converslon snd thet the vitemin formed there ia
transported to the liver for etormge by both the lynphetie
and portul routes. This sito hes been confirmed by

in vitro experiments a¢imilar to those described for rate
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by vise, ¥ehl snd Ievel (108).

In car'rying out thease oxperimenta 1t ic
necessary to consider the conditions wnhich zvet bhe
outisfivd to estcblish with sny cegree of certointy
the conversion of carstene to vitonin A. Nbviovaly
the mere dlaengpuarstnico of carotene is no indication of
conversion to the vitomin eince conditions undar which
the in vitro traneforzeation ;iight be expectea to accour
snleo fevour oxidative necomposition. imllerly en
increcee in the absorption at 32% mu or in the colour
given by the Carr-irice reogent does not neceessl'lly
indiceto vitamin A since nonblologicolly octive degou-
pogl tion products slso pgive theee reactione (aze Fi;ure
7).

It is considercd that the following conditione
muet be eatiefied before the formetion of vitamin A can
be established conclusively:

(1) As o preliminary it should be poscible to dotect
the vroesence of vitanin A by a method szpecific for dhe
vitanin in the procence of decomposition producte.

(2) The vitsain should ve scpersted from the resction
mixture in & sufficiently pure state thut the formation
of an abaor)tion band cheracterintic of vitamin A with
n penk nt rbout 325 wmu can b demonatrated.

(3) A ecolorimetric estimetion of the vitumin should
give 2 ficure in agroement with that ocutsined upectro-~
photometi'ically und the alLigorption curve for the product
of the colorimetric reection shesula Uc aiuniler to thet

produgced with the pure i tarin,

T';sel ené his co-wor¥eres cetinmated the vitanin
A formed by the¢ ‘srr='rice resgoent. In © ubsequant
publiceation '‘attson (109} drew attention to the non-~
grecificity of this reogont ené repcated part of the
vork of Matteon, Mohl end Deusl (10%). In these
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experimante he waeg ndle to eatablieh the identity of the
vitenin formed by ite fluorescence, dby ite ebeorption
curve und by the rformation of e eingle fluoreecing band

in 2 nmixed chromatogram with pure vitamin A.

In the experimente reported here the three
point correction procedurs wes ueed to detect the
formtion of vitamin /. In & numder of cased the
nixture obtained was chromatographed to give s relstively
pure product which was identified by 1ts abeorption curve
and 1ts reuction with glycerol dichlorohydrin. QUK wae
used in prefercnce to untimony trichloride since the
troneitory nature of the colour produced by the latter
resgent rondors moseurenent of 1te sdveorption curve

difficult in spectrophotometers of the Seckmen type.
Incubstion of Tissues

Inteetines were removed from sheep as
rapidly se »nossidble following sleupghter
and plsced in ? beth containing iLinger-
Locke golution' mminsained sbout 37%C,
ectione (mpproximstely 2 to 3 feet in
length) were removed from the jejununm
and the contente flushed ovt with
ninger-locke solution, Colloidsl
carotene (about 20 ml} mes introduced
into one section from cech snimsl and
sfter ligation at the ends, tho tigeve
was incudatad enserodvicslly in Rkinger-
l.ocke solution for 2 to 3 hours at 37°C.
Corresponding esections immedistely above
Bnd below that tncubated were teken ae
controls snd sseoyed immedistely for
Vitamin A.

Setimetion of vitamin A

After incubstion the cnlloidel ocarotene
wae fluehed out with O,7¥ salina. The
secticne vere comminuted in the Saring
Blendor under nitrogen with ethanol con-~
teining 57 potuesium hydroxide. The
suapension wae then refiuxed until a clear

Foo§¥§t§ 1 - The ninger-l,ocke solution ¢mployed had
@ owing compovition t Sodium chloride 0.9}
Poteseium chloride 0.042%': Colcium chloride 0.0245's
“odium dicerbonate 0.0%); Mognssium chloride 0.0203
tlucoee 0,057,
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solution wae obtsined (10 to 1% ming.)
end the vitamin A oxtracted into
petrolcum ether ueing the method slready
deecribed for livor sumples. vitamin

A w28 cEtimated in the control esectiona
by the some method.

In these expesriments 1t wos found that the

atubillity of the csrotene solutions viriod with the

mothod of preparation nnd ¢ uniform procedure wes

ndopted.

%

“peparot of Co Lar

The epparstus chosn in “ig. 14 hee deenr
found convenient for the preporetion of
arsll cuasntitice of colloidml oorotene.
The reqired amount of csrotene ie
discolved in the¢ minimum quantity of
poroxide=freo ethyl ether snd added to
about 50 a1l of wthonol in flask A.

£ier 1uolating the flaoek from the rest
of the spperetus by tap u, the ether is
reaoved f£rom the sclution by gentle hest
opplieé throuvgh &n clectricslly heated
coil of resletsnce wire dipping below
the curface of tho solution. £14ght
puction 10 ep.,2108 nt C ¢nd ethonol 1s
udded from D to maintein the volume at
sbout SO ml. Approximately 200 ml
of Gistilled water wee placed in flesk
E and boliled for eomne time by mesns of
e similar electrically hested coil to

FITFFTT.

)

L B Ll i e s e d o

Apperntue uvesed for the yreparaticn
of colloidnl carctone.
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expel as conpletely se poosible dlpsgolved sir,
The wster 1s sllowed to cool to sbout 709 end
the svlution of carotene in ethanol ie intro-
duced slcwly through the ceunillary tuve ¥ by
ovening tap ¥ and spplysing gentle suotion ot G.
Tap B 1o #;min closed uvnd tho soldution in ©
bolled under reduced preecure to remove ethanol,
The collolidsl corotene 18 allowved to cool in
the Tlesk and ie withdruwn a2 reguired through
It by introducing nitrogen at C. The golutions
were ususlly prepsred Yo contain sbout 40 ug
cnrotene per ml.
srovided precautions were token to exclude sir
it weg found poseible to uroduce relutively stsvls colloidsl)
solutiomsuveing this npperatus. In sone oneecs aL tocopherol
equol to tbout one quarter the weight of the caorotene wee

includées 28 en anti-oxidant.

It wse not poesivle to deplote the sheap of
viterin A before slaughter or even to maintain thes for
a short time on » carotene«free diet. In most cuoes
thereforu, cerotene absorption was procesding st the tine
of sleughter snd the sactione contalned apprecinble
quantitiee of vitamin A and carotene bafore incubstion.
s large. numbor of experinments were curried out uaing
eections of this type and,onitting prelixinary experinente,
the incubated tissuves showved consistent incresses in
vitsain A eontent of up to 1%%  Although it was considered
that this wes clesar cvidence of convereion in the walli of
the intestine, the increnveses were emall em t(he resulte lese
convineoing than those reported by %iese, Mehl and Deuel (106)
with vitexin A-Gepleted rots.

It wos poseible however to cerry out o few
experimente on inteatines f¥om shedp which had veen £ad
a poor quality hay of low cerotene content for some time
prior to slaughter. Control sections taken from eix
of theee sheop averaged 7.2 ug of viternin A. ollowing
fncubation with cerotene the vitamin A content of similar
vectiong ranged from 8,5 to 27.3 ug with =n sverege value

of 18.9 ug representing sn incresse of 162%,
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The 1dentity of the vitamin A formed in these

experimente woe confirmed spectroscopically snd colorimet-

ricelly.

The ether extreots contoining the orude
vitsmin A frowm the incutwited aeciions

verae combined, wsshed with woter to

renove traces of ethanol, dried over
snhydrouva sofium sulphsta and evaporated

%0 stout 20 ml under reduoed preesuras.

The #baorption eurve of thie eolulion was
messured and 4t wos than chronstograpled

on a ocolurn of 4311 msgnesium oxide - Hyflo
supercel e Goscribed by Hattson {109).

The chrozatogr~m wac Geveloped with petrol-
eun sther eontaining % obenzeny and the
vitariin A ban@, detected Ly 1ts fluworesconceo
undspr vwltra violoet light, separated meclinnic-
s1ly and eluted with patrolcum other ssturat-
¢d with ¢thanal. After metouring 1ta
opoorption curve the solution wae ovaporsted
%0 arynese ond the residue toksn up in
chleroforn. The vitomin . content of tule
solution wes estimeted colorimetriceally
using scotivatea glycerol dichlorohydrin.

In additicn the abeorption curve of the
coloured compound formed with GUK wee sleo
noagured,

The sbsorption curve for the originsl petrolcum

ether extract is shown in [rigure 15, curve 1.
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curve 2 glves the ahsorption of the puriffied
golution obitalned after chromatorranhy. Thie ourve
regerbles that of vitenmin . and spplication of the three
point correction procadure goave en apparent total vitemin
# content of 88 ug (73" recovery) aus 1lluctrated by
eurve 3. (urves L nd 5 represant the inpurity apparently
prosent in the origingl cnd puriiled golutions raespectively.
The total vitumin / content cailaated colorimstrically with
Gul woo €8 ug (86 recovery) ind the nbsorption curve of
the product agreed closaly with that roperted for pure

vitamin A (32).

It may Le concludud that 4An sheed ns in ruts,
the wall of the intostine i the mein ¢ite of conversion
of carotens to vitezin .. chartly after thiz vwork wes
carried out other workora reéportad confirmsticn of the
findings of lNevel nnd hie co-workers for rete &nd similar

reosulto for other npecies, The inifcetinel conversion in
rats hee been reported by vlover, Goodwin and dortonm (910,
111) end by Thompson, Genguly end Fon (112)s These
latter workers s}eo found the mssenteric Lymphstics end
intestinsl wells snd contents of pige G0sed with csrotene
sone hours befors slaughter contained mch larger
guantities of vitamin A than control pige. similap
results have slso been obteined with rats and pigs by
Thoupsad, Breuds, Cowie, UGanguly snd Xon (113) who have
uled demonstreted the efficimt abecrption of colloidel
carotene. Theso workers mention that se esrly es 1939
the inteatime hmd been suggested bty ¥agner (114) =s tne
cite of convorsion in sheles. The results so Lsr reported
for rate have been ob:ained with vitomin-deyleted onimols
bu't recently Krsuse snd rierce (122) have slhiown that non-
depleted rets without hepatic cireulation were nble to
convert csrotene to vitamin A 1llustrating thet the

tronefornation {e en oxtra~hopetic function and that the
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olte ol conversion 1is not$ eltered by the delfiglengy state

of the unimele voaed ty other workerss

Fallure to detect carotene in the portasl or
syatenic blood plazman of sheed hes dbeen confirred by Goodwin
sn¢ Cregory (115) whe extende@ the oboervations to goeta
end rabbite. Theoe workers sleo sliowed that the vitamin
A contmt of the lymzh withdrswn {rom goats orovided with
4 thoracic ecsnmilae increased oftor fceding carotene indic-

ating conversion in the wall of the intestine.

This later vork has been gummerised in recont

reviews (116, 117'.

Eegriding the transport of vitaain A from the
intestine to the liver, 1t now #ppeors that the lynphatie
route ie the rore .1mport'ant one. Kden ond follers (118)
found & mariccd incresve in ths vitenmln A content of the
cduodenal, Jajunnl snd 1leal lymph following orel adminie-
tration of emulcified holibut-liver o1l to buliocke, At
the ssme time, no incresdge in the portel as compared with
the syztemie blood vitemin level wne noted. As pointed
cut by Ooodwin rnd Oregory (115) en c¢xperiment of the type
already described in vhich portel ond systenic vitamin A
and esrotene lavels were cozpareéd in en snsesthedised
sheep, is open to the critieism that sdsorptica processes
in general sre retarded by snoesthenia and treume of gseversn}
hours duretion. Tho ciffersnces in levels Rofted during
the cerly stages of the «wxperimant (Tzble 6) are however
eignifioant, snd are supported by the observations of
Coodwin and Gregory who, using constcious gosts, found
eiightly higher levels in the portsl thsn in the systemic
plesas following ocarotene administretion. It ic possidble
thorefore that pomm transpors occurs by both routes end
the vitemin A sbeorption may in faet pursliel that of fats

(119).
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In an gttenpt to determine whether the conversion
could occur at sny point olong the intectine or was lisited
to u particulsr repion, whole intestines were incubated with
collolcml caratene ueing s mothod simlileur to thot alrendy
dencribed for the szhort sectione, Theese oxperinents gave
varieble results due so08iLle to injury to portions of the
tissue crused during hondling. It wvaw oobsible however,
to obtuin ‘n indicutinn of where cerotone adaorytion ond
convereion normslly occurred by eetinating vitandin A in
the intectinel lymphr glende.

Duodensl, Jcjnnnl ond tlenl lymnh glande were
remcved from 4 pamture fed sh¢ep lizediately
following elaughter. InoulPieient lymph

could be odteirned from veich | l&nd for 2scey 6o the
nasumption was rmode thet the ratio of lymph to
glsnd tigoue wav relatively congtent end whole
glonds wore ncvuyad. Aftor vrin@ing with wnnd
coch glend vma nsusyed geparotely for vitsmin A
naing the method nlreody describar for liver
samplec.

For plasmu »nd lywmph sonplaes 1t wig found thet
provided the oxtracte hed bewen enspnified,
regults agreeing to within ebout * B85 of the
varr~irice flguraes could be ovteinad ueing

the throo point corroction pi‘ocadure and this

spectroscopic nethod was theratore ueed for
the lyasph glande.

The results obteined are shown in Figure 16,
tince only relntive figures were reguired the average
viteamin A contont of the glends from each sheep in miero-
grams DOr grem was calculated snd 8 compsrison bhetween
sheoD made by expressing the vitemin A concentration (uvg/gm!
in each glend a8 a percentage of the mesn for the snimel,
Thees percentages sre plotted agsinat the relative position
of the glend slong tho inteatine eleo exprecsed os a
percentage.

Owingf to the variations in eige snd numbder of
the glanda ther relative pouitione ore plotted se linew,
the length of which incéicate the relative sises of the
glands. The low level of vi%amin A snd the annll eize of
8 number of the glande limite the relisnce which can de

vlaged on individual assage dut the results odteined from
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the four cheep indicate that although there ic eome
carotene absorption over the whole intestine, miximim

ubsorptien occurs in the upper end lower portions.

wfiorte to repobt the in vitro conversion
experiaents veing crblsions of curotene in plece otf' the
cellolurl solutiony werce unsuccecalul. The carotene
wee diepolved in ¢ number of futec or Lfatty aclds end
golutione dlapersed in water. sxparirente were corried
out ovir the ol ronge 6.0 to e § uvsing various ewulsiflying
gystews in particuler the oil-olele seid-aoclum carvonste
ond olelc scid-ille valt-nonosteornte syctems describved by
freager, .clmlmen ond (tewart (120). I'o convursion of
carotene to vitemin /. could Le astublished end aifi'iculty
wves axperienced with coconposltion of theé carctens. Thie
eccelernted decompositicn in the prevence of fats snd fatty

peide ledé to the expuerinents deserited ln Chepter L.

/ittempts have nleo been made to effect the
convercion of euprutene using tissue slices, minced tissues
and homogemates srepcred from the intestines using the
nethede described by Umbrei$, Burrie and Cteutfer (121),
The tisesue preparations were tncubuated with colloiadsl
oarotene at Pl valuce Letween 5.5 end 7.5 btut in no coee
hos it been possible to aetablish the formmtion of vitsain
Lie With tho tlesue slices there v=s some evidence of
conversion of carotene to vitsmin A but in gusntities 200
smsll to allow oconclusive identificaticn of the procucts
ongé {t wus not possible to incrense the yield, In view
of the negntive reaults ?hoac axporinente ares not reyorsed
in Jdetnil,

(2) ~onvereion of ‘srotene to Vitsmin A
in Cnttle

o recent fuvestigotion hug ueen reported into

the ¢ite of convercion of carctenc to vitemin A in esttle.

den and “ellers (118) have shown that in csttle the lymph
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dmining from the amall intestine 15 the main pathway by
which orvlly administered vitamin A resnchecs the generasl
circulation, It seers reassonanble to assume that 1f
vitamin A ie forred {rom carotens in the intugtinel wall
1t will bo transported by the ssme rovte snd the vitamin
A levels in intestinol und non-intestinsl lymph were
therei'ore compared,

2.6 vlrendy deecrided for sheop, sanples of

inteetinvl nnd non=intestirinl lymph vwere

obtained t'ram o pasture=fed bulluek imned-

fetely tollunving elaughler. These were

ocsoyed for vitanin A veing the modified

“imble metiod, cufficient lynph was obtnined

to carry out the seseys in cuplicate.

The inteustinal lymph sbmples contcinuc 142 sund
159 ug vitsmin s por 100 ml oné the non-intestinel 48 &nd
00 ug per 100 ml. It 18 spporent thst in cattle s in
other speciuve vitanin /. 1e formed in the wall of the
intestine. As might be expected from ité level in the
tiezues nnd vlood pleens, carotene wse aleo present in the
ipiestinsl lymsh, the two ssnples npenyed eversging D45 ug

per 100 ml.

In cattle #& dietinct from other apecies where
1ittle or no carotenec posses ngroes the wall of the intestins,
the poeribility of o secondery gite of conversion wust de
oconsidered, In vicw of this poesible speciea difference,
the in vitro experiments of Clcott end McCann:(86) una
vilson, Ahznd end lommndar (89) werw repented uvaing cow
livere. Contrsry to the early findings of van Uler and
Flussmonn (88), the formation of vitsmin.A coulé not be

cemonstrated in 'ny of these experimente,

I thore e no secondery tite of conversion
in cuttle, the cerctene in the tissues my not represent,
oo 1 Treguently suppoaed, o large potentinl reserve of
vitamin .. on which the »nimwl o y drae bat ey be merely

o wupate product.
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(v) Mode of . onverzion

rollowing tnce demoncstration of thz gtructural
roletionship betwoon vitoain o uudﬁ anpateus, Karror,
Helfonuteint on@  ehrll (1:7%) suggested thet the traung-
foermatinn in the -wdenl dody ovconrred through o
symnatricnl clesvage of the provitanin acolecule, one
nmolecwle of /5 comtaneg riving ries to twd melecules of
vitanin . Thin viaw woe genurally uccested until
cryetitiine vitmisto 4 wie srevired nd its viologicul
potenvy mi detormined hy s Yumver of werkave (13, %4,
126, 126,, treunu {0 u8 approximmtely douvlew thut of
carotens,

ne intertw tioral it of vitaalin A fe
defined ae the violoricsl wetivity oX 0.6 ug pure /3
anrotene, i.¢ 1 ug/S carotone ie etvivuiwnt 1o 1,67 (.U,
vitamio 2, it the cluavege of the O cwarcviene mlmmlle
18 symmetriconl to _ive twe woléounles oL vitamdin A, 1 ug
/5 cmrotens woula give 1.07 ug vitwaln i sid the uiclogicel
potency of thie qumrntity of vitamin A @t ve 1,07 l.b. or
t ug vitamin A ebould be oguiwelent 2o 1.56 I.U.

I the cleavegu ie asymmetricnl one molecnle
of 5 esrotene wonld give ouly ome wmolecule of vitamir /.
1 up 5 osrotene would give 0,54 ug vitumin 4 ond this
wuld be aquivalent to 1,67 1.U. or 1 ug vitamin /i ahouvld
be amivalont o 3.12 1.5,

Thue from theoretitsl oconsiderxitlons the
biologieni potency of vitamin » ehould be equal to or
dcudbly that of O oarctene depending oa whcther the
cleavoge of the provitasin molecule ia eynametricsal or
peymuat»ienl, Yrom the exvarimentelly determined
vitemin 1 potenaies Mead, iouerhill and . owoerd (125) con-
eluded vovt 1 ther an caymmuetrical &2lit is favoelvegd or

that the /3 corotene 1z not converted qusntitutively into
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vitaaiin A in the snimal body and Lfavoured the formor

explsnution.

Ae tlreody mentioned clesvege of the centrel
double bond of/o carotene is supported by cheuiosl theory
nnd by the Uiologicsl activities of the peymnetrioal
carotenes.  In nddition, if onc molecvle of 3 earotene
£iven riso to only one mol¢c le of vitomin A, the
experimentnlly determinced diologiecrl potencice of 35 -

2.5 I.l. per ug vitamin A could only be explained by
assuming complete utilisation of tho/d curntens. ‘There
ie smple cvidence however, of incomplete utilisntion of

/% carotene under Lio-sssay conditione (1).

Attention hne freguently bLeen Orewn to tho
neceneity for an adequate vitanin I intuke in blo-asseyo.
The effoct of tocopherol on the utilisetion of vitamin A
snd carctene hes been roviewed by Bickman (127) who con-
cluded that tocophcrol exerte & groater cynergistic effoot
On/o osrotene than on vitamin A. The lower biologicel
activity of & carotene could therefore be ¢ne to insurficient
vitsmin © and Koelm (128) has recently shown that with sn
ndequate tocophorol intake rste can convert /3 carotene
guantitstively to vitamin . This obgervation supports
the theory of in vivo conversion or/d carotme to vitamin
A by cleavage of the centrsl doudle dbond.

Hunter (62) has cuggested that the in vivo
conversion prooeeds thréugb the oxidation of the contral
double boné to retinene or a product sfiervsrds converted
to this. Glover, Goodwin and Yorton ( 64) have shown
thot retinene edminiotersd orally to rate 16 rapidly
nbeorbted snd converted to vitsmin A in the wall of the
intestine and consider that tho in vivo transformotion
ot/4> carotene to vitanin 4 16 more likely to uroceed

through oxidetion of the former to retinene and reduction



of this to vitamin A than Ly direct hydrolytic fieeion,

The oxidotion ofyé earotene to retinene moy
proceecd through intermediates such a#e o dl=glycol.

He(HaCHNI— R-(fﬁlﬂ-'siﬂ-k—) 2itl=CHwO

o i
/5 corotene di=glycold retinene
2 h = (‘.H?CH
vitenin 2

It 18 Tor this rescon ¢that nttempts have been
node to prepare thia glycol sinee the enzyme syetena
involved in the transformotion con e gtudied most

convenisntly through the voricus intormediatae.
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cHALDTSE IV

The ﬁ!ﬂbl;;tg of Carotene towardg Ugﬁhtigg

During the course of the work described in the
orevious chaepter 1t wre found thet onrotene was unetsble
in the nrecsence of verious fate, fotty ocide ond thoir
vetero. 8 1t wns doslred to investipnte the in vitro
conversion of carotene¢ to vitsain A ueinir ¢muleions
cuch a8 might be encoun-ered in tho intestine, the
etcbility of cerotene in esolutions contsining these eub-
stances nnd the effeet of various anti-~oxidunts wse
investigated. In order td oimplity the procedure and
to obtvin reoesulte more raepidly, the deconposition wee
inveetigated under accelereted conditions at 100°C with
forced seration. Liquid psraffin was chosen as8 &n
inort golvent, the pubstances under test veing adéed to
verious coneeniratione of cerntenu in thie solvent.

A nunber of oxperimente werc nlaso curried out using a
sanple of filly hydrogenated coconut oil ss solvent.
In both cesecn it wep found thut the etability of the
carotene in the controls was extremely high and veried
with the osrotene concentrations The problem of the
inatability of the cetrotenc vmulsions wes largely
overcome by the uae of lydrogensted coconut oil e
colvent but the abnormal behaviour of the solutions of
carotene in pareffin and the hydrogenated oil wae

investigrted further,

In recent yenrs conaidemable sttention hes
baeen psid to tho strbility of vitnmin A in verious
solvente snd under dirferent condéitionsy of etorago and
the gpectral chungee which occur on irrndietion and
oxidntion heve been vary fully inveetipnted (130)e The
behaviour of carotene under eimilar conditione hse & more

1iml ted practicsl upplicetion znd except in relation to

the keesping Quality of cerotene-~containing netursl fate
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such a& butterfat, hoe not beun studiecd to nny extent.
‘The early work of Mahicholac ( 56) sppoers to be the only
detellad study of the cecompowition by 1rrad1ut1¢h tut

wae concerned mainly with the tnitisl «nd lstter stnges

of the¢ deestruction. liecomporition nt higher temperatures
in pureo solvents c¢oee not appear to hnve Lecen inveetigated

in eny dGetail.
Jpeperation of tolutione

The carotene ueed in thie invewtigation wee a
mixture of /3 carotene (8%) un6é Jd corotene
(10°) me prepured vy the British Chlorophyll
0. It wos uzed 59 supnlied without further
purification, A sample from s frashly opened
phisl wan dlaecolved in peroxide~free ehyl
oethor, snd 21iquots of this solution added

to pharmaceuticsl grade liguid paraffin (ag
defined in the British .harmacopoela 193%2) to
give the regquired concantrations of esrctene.
The ether wee removed by werming under
reduced nrepsure. golutione in hydrogenated
cocomit 0il’' were prepored in o similar manner.

Determinations

npperent csrotene wae determined apuetro-
Bcopicilly by meaturement of the abaorption
at 4% m of aliquote of the solutions
suitably diluted with petraleun ether.
Absorption gpectre were ulso determined in
a number of ceees, reaéing® deing taken
normally et §H mu fntervale and at ¢ ma
intervels in regions of rapid chenge in
sbeorption.

Lecoppesition under forgod seration

The atability of the varioue solutions wos
atudicd in & Swift Oxilation Tester (¢32)
under forged seration at 1009C.. Large test
tubes conteining adbout ml of solution
wore placed Ain copper mblee dipping into
e dath of dboliling weter. Inlet tubes drawn
to fine tipe extended to the bottom of these
teat tubes and through thess Air was blown
at o conatant exeess pressure of about 15 ma
mereury. Aliquots were wvithdirswm at
intervals, weighed, diluted to suitable con-
oentrations with petroleum ether, sné tholr
optical densities neasured.

Footnote 1 - Prepared snd gupplied by Adels Ltd.,

Auciclang, lodine volue 0.1.
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1iquid perofrin, Figurec indioste initial corotens
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' leing peroffin as aolvent, decomporitien raotes
vore deteramined for o range of csrotene concentrations

from 4 to 203 ug/ml. (Frimrea 17 snd 18) The resulte
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shown in the two figuree are not entirely comperable
gince 1t wue necossery to use two different samplos of
parnaffin =nd the second amuple used for the higher
concentrnficna (r1g.18) gave & elightly longer induction
period than the first. The decomposition curvee are

all howgvor of the same genersl shope ehowing sn
induction period, the length of which depsndas on the
cerotenc concentration, followed Ly & sopid sutocntalytic

decomposition.

From these results it wea apparent that sn
extrensely effective enti-oxident wss present. &chibeted
(14 ) hes described o wmethod for the purification of
petroleam ether by ehsxking repectedly with concentrated
sulphuric acid, refluxing with csuetic eods £nd uvistil-
1ing from lime., A ssmile of the pureffin (disrolved 1in
petroleunm ether to lower the vieocosity) wea trented in
this way except that the distillntion wee onitted.

Ueing tho produet as volvent the decomponition retes
were mesoured ror s eeries of carotene concentrations
from 4 to 0 uvg/ml. Complete deatruction of the
carotene took plsce in &k to G hours without amy epperent
relstionship detween destruction tine snd cerotense
conoentrstion, Comperebles results were obteoinod uveing
as solvent, paraffin which had been sudbjeeted to

serotion at 1009C for seversl daye.

The decompoeition in hyadrogenated ococonut oil
wae not g0 fully investigeted due to cifficulty in obtoin-
ing further cuppliesal n suitably liycrogenatey product.
The resulte obtoined dic however (ndicate thut the
inductiun period depcends again on tlic carotene concen-
tration. The decompocition curves ditfered somewhat
trom those obtsincd using 1iguid purallin und viere
silmilor in shape to those reported {or vitemin A 4in

sherk 1liver 011 (430). The infvction poriode with
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the hydrogensted oll were much lcnger thon with
paraffin on¢ the sutocetnlytic stage lees rpid and
decreosing in veloeity markedly towards the ond of
the resotion. A eolution containing 100 ug/ml, for
axnnple, ehowed on induction period of approzimstely
0 hours and complete destruotion of the carotens only
after a8 further 20 hours. Solutions delow 50 ug/ml.
hud not reoched the end of their induction periods
aftor 84 houre continuous eeration ot 100°C. Typiesl
curves sre shown in Figure 19, The wider ecntter of
pointes ig probodly due to n varying air pressure
through the ftubes resulting from sudden fluctuations
in weter preasure in the moin c¢perating the air pump
cneountered ot the time theoe latter oxpsrirentes were

onrried out.
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Fig.19 ~ (hrvee showing rates of
dacompouition of cunrotene in fully

hydrogemsted coconut oll. Figures
indicate Ltnitlad carvtene concen-
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(w1l erntities of ehlurated fetty sclds or

Eheir vsters exert o morked e¢ff'ect on the stei.ility

of caroteng in pearafLin solution. poumsm snd ! tecnboek
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(174) have recorded the rapid deatrugtiocn of esrctene
in the sreceence of estera sueh oe ethyl stosrste and

in the present inveatigation it wee found that the
nddition of % of purified methyl etoarate to u paraffin
wolntion of cerotene reduced the induction time to about
one rifth while en ecuivalent smount of purified catur-
nted fotty moid euoh aa myrietic or atesric reduced 4%
to about 1/12th,  The effects of the addition of
various sudstances on the dacompovition curves are shown

in Myure 20,
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% - urves showing the effect of variouas
substences on the rate of decorpoeition of
carotene in poraffin, %, controlj 2, % methyl
stenrnte) 3, %7 wtearle veld; 4, 5 myriestic
ncids 9, 10%. paraffin esublected to serution ot
1009 for soveral duyas 6, 50 ug ~ benzoyl
peroxide. Initial csrotene concentration

7 vg/m) in »11 cases.

¢ o ¢ 0 e s 0 b o n
The gpeectral chungen occurring during the
destruction of carotene 6t 100°C in 1iquid paraffin
arre ghown in ridgure 21, Thie xolufion contained
initielly 113 ug/ml. The chengee teking plece quring
high temperature oxidntion are of the veme genersl type

&t those noted curing the tlow cdecompomition ol e
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eolition of corctenc in ethyl cther fn cull 1ight ot
room tempersture (Fipure 6), Touring the latter ctuged
of decompoclition howevar, there is a wore rapid increare
in the extinction rtics in the ghorter wuvelengths &%

the high temporature,
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%;g,_u ~ Upecirsl changee occurring auring the
ecompoaition of carotene st 100¥C in liquid

pareffin. Figures ahow peroentage carotene®
remaining at esch atsge.

o,.9 ¢ e ‘9 s o o 0= 9

From the resulte obtained it appeers that doth
colvents contein neturslly-oecurring snti-oxidants and
the otobllity of the carotene Jdepends on 1ite concentrotion.
In the cese of liGuld paraffin the destruetion of 29 to
07 of the caroteéne corresyonds tv the end of the
induction period und nay Lo taxen as o measure of the
etsb1lity of the earotene. “uking 30 destruction
ne the ¢nd of the inanction perind the stabllity 1e
directly proportionsl to the lLegerithe of the carotone
concentretion u2 to Y0 u;/ml. »8 ghomn in Figure 22,
Abovea thie concentration there 1¢ u ropid deviotion

Crom linearity.
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Timea fron ¥ipire 17 fhtted ngaingt carotene

concentrntion (curve A) #néd log.conceantrstion

(curve B) sné timen from !lg.13 apgainet lug.

concentretion (curve C).
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1.ifficultioee heve been ruparted in obtaining

etable solutions of cerotene in o0ileé. While the
etadility in 1liouid peraffin moy not st oresent be of
more than acoadenic intoreet e to the poor sdbsorption
of peraCfin undor normal conditions (1%5), 1t s
engpested that conelderation should be given to the
1g8e of hydrogensted coconut oll as o Jolvent for
carotene for feecding trisl and &imila: worlk, In
addition to the high stabvility ofmrotene in this
eolvent, its other phycical proparties meke i1t highly

eultable for this purpoce,

1he condéltiong of decompeition of the carotone
in the¢ee experisents éilfered entirely fvom thoge slreedy
tnvectigoted {chapter f) but it ic of interest to note
that the nbeorption in the region 310 to ZnD my iz atill

relatively linebr.
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Thyroi n { ab

As 8 result of work over the laet 2) odd yeare, 6
number or sspects of vitamin A metedolism have been found
to be interrelated with thyroid funation. The rolation-
si\lp betwesn thyroidal activity ond carctene matabollam
hes ulgo been exteneively investigated but with conflict~

ing renulte.

The early literuture ie concerned mainly with
~linicael obeervatione suggesting the etrocietion of
corotinaemia or high placma cnrotene lovelos with the
hypothroid etate. More recently controlled laoboretory
exnerinente have ziven ecnivoenl resultu, vome workers
reporting that the formation of vitamin A fron cerotene
ie impeired in & hypothyroid condition unct cnhinnced in
hyperthyroidiem, while othere find thst the thyroild

state hus no affect en the converslion.

lioorden (136) wes the t'irat to suggest the
asaociation of carotinsemia with metabolic disturbesnces.
Thie obeervation hoe been confirme8 by subsequont
workers (137, 18, 139) sné &t sppeare thst csrotinrenia,
nlthough en uncomwon condition, s fremientdy seasocioted
with hypothyrniciem nnd thmt when the thyroid disfunction
18 pllevinstyc, cerotenc plaene lavels foll. cr
gimilar sicniricrnce iR the obsurvation that the low
vitonin A levels in the Vleod of cretine ts only
nlightly roised hy the ingestion of ceruvtene (440),
" ohl ané Feldmen L141) from ztudiee on derk sduption
concluded thaet 211 ty,es of thyi‘oild distunctien reduoed
vi tomin A regerves, ¢n trhe other hand the .{fect of o
nyprrthyrrolé ptnte 13 illustrated in the sbanemwlly
high vitamin A reserves found by Moovre (142) in the

livere of natisnte Qdying f'rom thyrotoxliovosis.
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In theee eair'ly observstions carotinremie apoenrs
to have be:n teken ns indicstive of 1npbility to convert
carotene to vitamin A but vhen unaccompsnied by low serusm
vitamin A level or symptoms of vitamin deficlienuy, this
essumption would hnrcly sppedr to be justified. terotin-
aepin 4in iteelfl 1s probekly ® harmleosr condition, heing
moerely on sbnormully high level of carotene in the blood.
Lince yellewing of the ekin 1s frequently the first
symptom of corotinaemis, 1t 1s comnmonly neced ag 8 syNOTYR
for xsnthouis cutis and, as 1a pointed out d»y Bricknell
and ‘resecott (85) both of these conditione mey reault
from dletotic causes cuch ze the ingestion of excessive
cuantitiems of csrrote or similar carotene-rich vegetebles.
On the other hand they moy nrige Trom putholoxiownld
conditions such ay myxoedems, tubercovlocis, dlabetes and
abnorasl Mt netaholiems The sttsching of undue import-
snece to the nssoeintinn of esrotinacmis nund thyroid
hypofunction dse nleo besn eriticieed by !'rill (143)
who, in 8 reviow, points out that the latter condéition
1e freauently accompanied by hepastic disordere which

ere cleo encountercd in some ceses of non-hypothyroié
cerotineenis, It i poesible therefore that liver
dumagce flone 1s respongible for the csrotinuecmio end
thnt the unme condition might sive rise to abnosanrl

vitemin /2 otorsre or Vtiliestion.

Ht the manmy tine other evidance auggeste a
relotioneshlp between thyroid function snd ¢arotens
netebollem, wones (144) ruperte toe oopenrance of
xerophthrlrite in r.voite meintoined Cor & to 12 monthe
followinp thyrotidectony on n alat = ceguate for normol
snimnle, It has 2160 been cloined thot cndes rendered
thyrz%oxic onn, in contrecet to nurn.l s#nimrle, effect
the convereion of corotene to vitamin o (14%) while

thyroidectomired gninva-pige storc uwnly carotene and
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not vitamin 4 1in their livers (146). Other workers
have found zn incrosse in the osrotene and a decrenge it
the vitamin . content of goats' =milk following thyroid-
cetomy (147, 148).

The reeulta of more recent studies are not
however in sgreenent. In these experizente animsls have
beon rendered hypothyroid by thyroideetomy or by treat-
nent with thiourea or thicurszoil while the hyperthyroid
condition hes deen aschieved by administrotion ofthyroxine
or thyroxine-conteining prepasrations. Drill ana Truen$
(149) feuna thet eupplementation of & vitsmin A=-deficient
diet with the preformed vitemin ;revented the appearsnce
of xerophthslmis $n Loth control wundthyroidectomnized
rote but thet o corotene supolemunt wos effective for
the controls only. timilerly oculsr gymptoms of &
vitenin / deficleney connot be rolicved in thiouracil
trented rminnls LY carotene unless thyroid powder is
oéninistored with 1t (150). Comtrsry to these results
Remington, Herris and smith (151) found the sbility of
rate to utilise corotene in the cure of xerophthalmia
- unimpaired dy thyroidectony.

lLiver storspge teste have c¢lso given conflicting
resvlte, veing vitamin 4-deficient rets, one group of
which had¢ been rondered hypothyroid by thiouracil trest-~
ment, Wicee, leucl ond kehl (152) estimated vitamin A
in the livers at vorioue intervuls following cerotens
odministration. The livere sveraged the come amount
of vitemin A ¢nd trecatment with thiourecil appecred
to mske no differance to the sbility of the anfwmsle
to convert carotene to vitemin A. In sdmsflor exper—
iments Johngon wnd issumenn (153) found thet rate rendered
hyperthyroid by fecding deeiccated thyroid tisesue or
hypothyroid ty thioures or thiourscil trentment were



-

- 86 -

zhle to sucorb and stors preformned vitomin A se
efricisntly ae noxrmsl roto. In the case of carotene
however, the hyperthyroid ratge occumleted larger
rescrves of vitomin A then normnl, whereos the storas

in the 1livoers of hypothyroif rats vwere smaller.

These rfindings sre lsrgely gupported hy the results

of experiments of a sinmiler noture corried out by Xelley
end T'ay (154), Johnson and Beumenn (153) alvo showed
that the enhsneed ability to convert carotene to vitsmin
N\ was not due to the increased metsbolic rate slone
eince dl=nitro phencl which nlso raiseds the bapal
netaboliam, was found to be without effect on the

conversion.

The mataboliec rote Joea howaver effect the rete
of deplstion of liver etores of vitasdn 4 by snimels on
s deficient dlet, since with the ssme tnitial reserves,
hypothyi‘oid rete survive longer than normol rots (151,
155), while the survivel time of hyperthyroid rets 1s
shorter (165). The eignificence vhich can be atteched
to liver storage teats is therefore limited by the
fact that the thiourseil reterds the utiliestion of
the etored vitemin A poesibly due to s lcwer nmeintemance |
raquf&emant apsoclated with the lcower metabolic rute.
Thie eff'ccet ie super-imposed on any direct boaring the
hypothyrodd strte may have on thec efficieney of conver-
cion of csrotenc so that the liver vitonmin A may
reprecsent the difference bLetwoen the two oppoeing effecte
of the hypothyroid stetey; Nretly the posslbly irapoired
convereion resulting in lese vitonmin A avallable for
storege snd secondly the better ratanticn of the optored
vitomin, Thus the relative regulte obtuined with
normal end thiourscil-tresated vitomin deflelent rate,

could depend on thoe length of time Guring which esrotene

sLpplemente weore rfod «nd the tinme vetweoen the cupplcments
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enéd sloughter. Immedixtely following the feoding
of curotene the effect of uny impoired conversion
would be most morked, the vitemin A content of livere
from hypothyrold animmls being low. If the feeding
period or the time detwevn feeding ond elaughter 1s
extonded, the second effect mry cquel or oxceed the
first, the better retention of vitemin A resvlting
in & liver etorege in the hypothyroid snimales ecual
to or grester than the normnl or hypsrthyroié. The
reeults obteined by Xelley osnd Doy (154) would seem to
besr out this hypothesie.

Hypothyroidisa appeers to have no effect on the
abeorption of preformed vitsmin A end “iese, Nchl sand
Douel (156) have recently compored the efficiency of
utiliention of carotene #nd vitanin A at low levels by
tlilouracil~traonted «nd normnl vitamin /.~deficiont rate.
There workers found that the relstive effectiveness of
vitemin A and carotene in promoting growth of hypothyroiad
rate did not differ materislly from thst found &n normsl
rots. They concluded that if the econversion of carotene
"to vitamin A ie ssgocinted with the thyroid etaete, it
ia not ecriounly impsired in eeverely hypothyroid rots
snd that 1f the tigroid hormone ie cseontial for the

conversion 1t met be effective in very amell emounte.

Heeently, while inveatignting the effect of
the thyroia stote on‘the mllk production of duiry cows,
compbell nnd ¥eDowell (157) obscrved that contrsry to
the results obteined with goets (147), (148), the fced-
ing of lerge guantitiees of thiourea and thiourscil
d1d not fnfluence either the carotenc or vitamin A con-
tent of the milk. (7his w=ork 18 &0 far unpubliehed
vut conuleted of fevdinsg a ¥riesion cow 10 gme. thiourea

daily for 14 deys followed by 15 ¢ma, of thiourseil
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delly for 7 daye. Turing und imwediztely following
the feeding period, eam;les of buttermt were ssczayed
for carotene snd vitemin A.  Leveld of both raseined
rclativaly constant throughout ‘nd of the same order oe
in the fat of an untrested control cow of the came breod.
Only the two animelo were uged but & groes effeoct out-

side normnal sessonsl or lacdationsl trends woe expscted.)

It woe considered that experiments of e differsnt
type would {urnieh sdditional evidence on this prodvlem of
the paowcidle saecocistion botween thyroia function end
carotene metabolien, Assoming thet the thyroid does
exert nn influence it could Go 8o by ecting éireotly
on the cnryme syetem concerned in the convereion, or
by effecting the rate of vbsorption of the carotene or
i1to stabllity in the digestive tiwnct. #Whatevor the
mode of nctlion, hyoerthyrcidiem would be associnted
with on increacse in the vitamin A content of the bLlood
vhile a hypothyroid state would result in & deorcnse.
Roeltive changer of thia type oould be token as Qirthepr
ovidence of the ¢flect of ths thyroid on the oonvereion,

ut the significsnce of negutive resulte would, #s in
the cnge of liver atorage tests, L¢ 1limited Dy the ract
thot these trends might ve offset or completoly mbsired
by the acvpperont sffect of metsbollic rate on vitamin A
requiremzents ng illustrated oy differences in utilisation

of liver etores,

At slready dlscuesod, in certein specicee such ae
shaep, goste nnd robbits, the conversion of cerotene to
vitomin A 1ig& normolly 8o efflecient thint little or no
carotene nppenre in the blood or ia stored in the
tissucn,. *ith theae unimnle in & hypothyroid stnte,

1 the effeoot fe directly on the onzyme agystem, the
drop An vitonin A might be associated with tha appear~

snge of unconverted carotone in the uLlood. Thie



vould not be the cage 1L the sotion 15 one involving
rate of abgorption or stebility. On the other hanad

if the hyperthyroid state dooa increaac the rate of
sthivorpticn of carotenc, it aight ulso remult in the
vppenrvnce of cerotene in the blood due to the rate

of sheorytion exceeding thet of cooversion. This

sgein would not be the cnte 1f atability of corotene

is involved or if the action ie on the ¢cnzyne aystes,

Oon annlopry with other apecies, the sppesrence of

carotene in the dlood would result in some accumilation
of the nigment in the tissues, particwlarly the liver,
Findinge of thio typs depondinr on the presence or
nbeence of carotene would be more significant tian

thoee depending on cheangee in the relstive concentrations
of vitamin A and cerotene in the bleood or tiszues.
“hether or* not vositive results could bo expected.

would deupend, in ecddition tc the scverity of the

thyrota asefunction, on the relutive normal officienchs
of the vrocessds of obsorption and conversion of esrotene.
Unloesc the two srocefces ore of the seme order, large
changea could ocour in cither, vitheut the appoorance

of carotene in the blood. The more closely the
effricioncy of the process of cerotene sbsorption spproach-
es thot of conversion, the more marked would bo the
inflvence of hypo- end hyperthyrotdiem. with sheep it
wotld appeer that the rete of conversion Just keeps

pace with the sbeorption since even under normsl con-
ditions trecea of curotene mwy de found in the livere

and tho incressed alLeorption cusoclsted with high

levels of fTecding rcenlts in the sppesrence of comne

cerotene in the blood (158).

fxperinents wore therefore cerried ovud voing
normeal, hypo- and hyperthyrold sheepd. Oving to the
limited frcilities mavuilsdle for hsndling experimentol
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nnimsls and the emell snount of carotene coneentrate
svoailnblo at the time, u pllot experiment uvaeing three
sheep only wos carricd out with a view %o reyuating

the work later with larger numbers of aninnle once dosege
levels hod been e¢etablished snd If promleing prollnlnar?
resuits wers obtained. To Investigtute the possible
of'fect of the thyrold stste on the etability of the
carotene in the Aigeetive truct, its apparent digeatib-
111ty (2.2, cerotens sbeorbed plus csrotene dastroyed

tn tho digestive traet) wae #lvo determined in euch

cace neing chromium oxide so o refersnce gubstances

Anima 8 1

Three mature cmwce of nporoximitely the same
weight (180 lba.) were uveed ne experimental
snimele, They vere fod tlirougliout on medium
cuplity mecdow hay. On 21/6/48, following e
prefeeding period of 9 days, sll wnimsle
receiveé 2, gnse nor day of a corotene
coneentrate’ conteining spproxinmutely 257
carotona. In vddition, from the cene date
animﬂlaz recoived %,0 gns. per vuy of iodinated
caneln® and animel 3 received 5.0 gms. thioursell,
snimsl 1 acting ae a ocontrol. Blcod samples
were elzo taken at the atart of the experiment
from ths Jjugular vein and citrated, his
trestnment woe continued for 7 Gays when further
blood sanples were takan. from this dute
(28/6/48) the thypoprotein to animel 2 wss
incroased to 8.0 gna. par day end the tliulours~
cil to snimol 3 to 6.0 gme, per Any snd the
throe snionle received in addition 2.0
of chromium oxide per dsy. The vuriogg gme.,
materiale to be edninistered ware placed in
® number of small, eoludle gelatin capeules
which vere forced dowvn the aninala' dhroate.
on 3/;/#5 tfurther blood samples were tsoken.
Animnl 2 ¢le¢ suddenly on this dete due

- agparently to the cffecte of excessive doscs
of thyropeotein, The liver wmus removed
tnmedintely snd seicayed for vitamin A end
corotena, Approximntely 100 gm, gamples
of freochly voided fueces were collected
twice anlly from the renrining two enimzls
on h{{/@ﬁ and 5£;<}8 ongd the snimele were
slaughtered on &o/7/40. Mrther blood genples
werco taken st clsughter «nd the livers were
ramoved, & eandle of faecern vas also taken
from the rectun.

Footnote 1 - “uppliod by the BEritioh Chlorophyll Cos

Fogtnote 2 - Prepared and sudplied by the Peliry
llegoarch Institute, Polmeraston horth.
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iay, csrotense concantrste cnd {'secee wore
nocayed for carotene ueing the method of
Yoore (153). mrotcemc ond vitomin A were
entimsated 1n the blood plusan ueing the
zethod of Yimble (108) wodified by the
inclusion of the ssponificotion step «e
recomeended by rerrish, ¥ice and Hughes

(53). The method of Osollup mmd licerrer (46)
alreudy discussed wap ussd for liver senples.
The wvhole livere were ninced snd 10 grem
samples of tha well mixed oroduet nvod for

2 o Sotode s
nothod described by Barnicoet (129). All
deterninstions vere corried out in duplicate.

None of the Dlaemo samples contsined monsureadle
quantities of carotene and no definite trende ware found
in the vitamin A content, the smell fluctuaticoneg being
of nan errttic neture. only emell varistiong were found
in the vitanin = c¢nntent of the ilvere The three
livere (¢ contoin =zell wvnounte of crorotene but only

of the gome order =a hod been found in livers of

sheep fed normully on pasture or on iy and concantrutes

(unpubliched results) and as reoported for passture-rod

animale by Pelree (158). The figuree obtained in

thie expertment ore zhown in Tuble 8,

TABLE 8
Vitamin A Leratene
Blood Plasne l.ivers | livers
theup ug/100 ml, : rﬂ_ﬂm e/
| 21/6/18|26/6/:8 | 2/7/18 | 6/7/48
1 28 32 26 21 M2 2.0
2 33 30 29 - | 285% S
3 26 28 34 70 376 % 6
N Aschbyed following ceeth of =ninmnl om ?/7/&81

The caratene content of the hasr wng 1%5.8 ug/im
dry metter, glving with the concentrnta, & earotene
intake of 47 mp., per Ay or & emrotena to Cr203 wtio
in the feou of 15.7 mg/gran Cr203. P'he rutics

determined in the fveces from cniril:z 4 and 3 together
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with the calculnted apparcent algeetivilities nre ghown

in Table J. It 8 of intereet to note thot n, arent
¢igostivilitiaos of the waus order were obdaincd vith
othar sheop fod the hay clthsr slone or supplenented with

15 ng. vitondn A per d&oy.
IABLE 9

Tatio cerotene to Ury0; in ug/gme
Pced 157
theep 1 Sheup 2
Yaoces W/T/48 a.m. 1.2 12.14
Pem. 9.6 >, 6
8/7/u8 v.me 13.6 12.9
Do Blo 9.9 10.2
G/7/48 12.8 12.9
Average excretion 1.4 123
o e O s

# Calculated from the (ormds

Apunarent dipeetibility percentuge of 100 . £=0,8e
nutriont - 4

where £ » rotio nutrient to UPQOB Led
e = rstlo nutrient to Cry0s excreted. (129)

AB will we thown loter, the carotenu excrcted
moy not repl'egent, sg has becnh sciunuod hsre, the
Qiflerence between the carotene ingested wnd that
adsorboed ol destroyed in the digestive trsct, famples
were teten 2t verious points slong the traet and ascoyed
for ehromiun and corotene to obtuln in indiewtion of
wheps tho deetriaction of tho cerotone, 1f uny, wee
oecurring. e to pomoling ¢rrore or lnoelff{icient
mixing of the oxide witl: the feed it the upper portion
of the cdigeantive trict, widely oiffercal retioe vere
obtuined. (he reculte ore not thearefore recorded here
but eorotene chenges in the digeustive tiructs of normal

enimnls will be dlecusred loter.



-93-

The offect of thiowrucil on the ctability of
corotene wae aluo investigstad by incubating solutions
of coll:1du)l c¢arotane with varying concentrations of
thiourveil for from 4 to 12 hours at 37°C. In no csare
wun the carotene decomporition greeter than in the
controls incubetad under the sume conditions bLut

vithout thiouracil,

From these oxperiments it ceemo unlikely that
thiouracil decrevsss the etnbillty of carotone in the
digective troat, s nlresdy noted, :ny chonpgea in
plaean or liver vitanmin A due to veristions in the
converuion of carotane would bo counter<-barlnanced by
the spumrent effect of the thyretd 6tnte on vitemin A
recuiressents &5 thot only poxlitive resultes wonld hove
rny resl significanec. The seme wvanllies to the fellure
to detoct cerotene in the >2leets or to sny cxtent in the
1livuore, varotene in the tlocC of the hyovthyroid enimal
for exsnpls vould Liave Indicuted nn sction directly on
the snuyne aystem invclved in the conversion, xnd while
& negetive reeult could be explnined by sssuming no
reletinnghiy of thie tyse between thyroia function
end carotene converzion, 1t ocould alzo result Cron e
docreosscd converclon ecsocietod with decresped

aveorption of carotene.

There ean Le no doubt that the rnimele were in
hypo= sné hyper-thyrold etotes. The regpiretion rate
of anirnl 2 rase to 1! timee pnrunl durding the couree
of the thyroproteln treatmunt followine Ly its édeath
Cron gymptoms of typicenl hynerthyroicism. I'or ehecp,
one rveis of thioure=2 »er 100 1ba. live weight 16 coneid-
ered eufi'tclant tc produce thyroid hypertrophy (129)
tng cnlmel 7 received over 3 times “hig amount of
thionreecil for the laet 7 deye. It cun be concluded

therefore that the coarotene metobnliem of sheep in a
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hypo= or hypar-thyrold condition <Qoce nout differ
detectsbly from ths normsly 1f the convereicn of
corotene t¢ vitermin A e iniMuamced by the thyrolad
etote, the effeet does not appenr to he on the
engyme syeten involved or on the stobility of‘the
provitumin, It 1¢ oulite poesible however that the
susorption nf carotene nay be affected since
Althausen anc¢ Stockholm (164) hove shown that
wosorption proégnaen are retsrded in the hypothyroiad

state.

It was intencded to repcent this vork using
more arimsle on 8 hipher csrotene intoke (obowt 2 grame
per day from preture) ond Pposeldly s hicher thiouracil
dosnge level. Pefore thie covld be cene however a
preliminary report spsesred of work by Coodwin {160 of
® eimilnr type. cokbite were nvsod in thle investigation
and while on o coratene vich cdiet were fed 500 mge
thionrneil per dny. (on 8 body welpght bogls this ie
wbout $1ve timee tho level useé ror the ehecp.) The
reyulte were the :ane ng those obteined in this invest-
igetion. Ko carotene wat cetocted in the plasma and
vi tumin levels in theoe snd eimiler nninsle treated
with doeiccated thyrasid were normsl, Goodwin concludes
from his "indinge that the primeary sotion of thiouwrascil
met ve on the sboorption of caratene. In view of

these rindinge the work with eheep wes not repeated.

Yore trecchtly 1len, Flee -ni Jecsbeon (1€4)
fed 1orirnted cocein to calvet at o level of 1.5 cme/
100 1be. voy welirht tot found l1ittle ocr wo effect on
the vitemin 2 wnd esrotemc plogme when the colvee were
receiving cdecuate carotene. At higber levels of |

thyroprotein, bLodily he=lth deterloreoted before ony



chingzea in ploema concentrations were noted. There wew
no avidence of inerenged conversion ¢nd st threshold
levolas of carotene intoXxe the lncrevsed matabolic rate
lowered the plasna lavels. Thicuracil ot the rate of
5 = 10 gms/100 1ba. gsve elight Incresgec in plogme
vitonin A but of gueatlonable eipgnliiconce. ¢n the
other hmnd, aslthough no ialfarmstion oe to deoagu ie
evoiluable, orrick, Androws, Reseon and forper (162)
working with lambe, roport that “thiourea ond high
lavely of thiourecil zppesred to interfere with the

conversion of carotene to vitamin A".

C90QgoPe000 000l veqgactoocvo o
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CHATEKR VX

Thyrourotein rnd the In Vitre Converaion
of Cp rotene

In view of the poseidle off'vct of the thyroid

on carotene metaboliem claeime by rusilan workers to have
affectod the convereion of cerotens %o vitanin A uvolng
thyrofid extracts and iodinated protcine ere of consider-
able interest. In 1940 Balebe (10%) reported the in
vitro traneformation using thyroglobvmlin, thyroid extract
end fresh minced thyreids and later Xeploneky and Bslsbe
(166} found thet 1odinated cneein wae cleo effective.

The zctivity of theoe subetancee wae deetroyed on boil-
ing #nd thelr action wos likened to that of ths so ealled
"eurotineee . Zeplaneky and palaba ¢onpidered that in
the animnl body enroteng is converted inte vitawin A An
the thyroid gland " a8 well a8 in the liver “ and
suggeated thet the uwctivity of the enzyme eyGtem respons-
idble for the trancformation depended on the prescncs of

the thyroxine grouping.

o attempt epuearoed to have daen made by other
vorkers to confimn Thase £indings ant since the evidence
g0 fnr presented 18 ogoinet sny dlreet sction of the
tiyrolid on the moec¢hunism of conversion of carotene to
vitamin A, the ¢aperliaente of ‘mplencsky ond Belsba were

repanted.

Theee workeres incutated eoslloldsl carotene “1th.
yrrious concentrotione of iodinnted ensein over o range
of »lf voluecs. That vitsmin A wos formed under these
conditlona wns concluded frow the disappenrance of
carotene snd the inerenese in spparent vitenin A e
estimated by the Carrerrice reagent. The 1dwntity of

the prodnet vwag cstavlished by ‘‘the zone of absorption

at 320 mu chwracterdeing vitamin A V. The activity of
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the thyroprotein incrcased up to 5 concentration of YO mg.
per 100 nl when # condition of amitlibriumr vae reached
with 45 to 50 of the ocaroteno tranuformad to vitamin A,
The optimun DX 4o given ss 7.3 although thir sppnoors to
be neroly the pil st which the recoveryg of' earctene was

lovweet, no figure bLeding siven for vitamin A Coramed.

Ae ualrendy diecusped the disaeppesrance of
cerotene is in itsclf no indicstion of convercion %9
vitoedn A snd eoven although it hae been ¢stablislied that,
in siziler cxperimente, cvome vitamin A te formed, it connot
be esonrmed thot the differconee Letwean the carotene edded

ane recovered after 1ncubntion reprepents the vitemin A
formed, in the sbtecnce of vxperimental detolle it e
vifficult to assern the valuc of the Capp~'rice estimstion
or of the s&pectruvecoypic charscterisntion of the vitsmin

A empnoeedly formed Lut on the cvidence prooccrted it is
Coutti'ul 1f the prroecnce of the vitamin wog conclusively
e tub lished. In reogesting the experincente thorefore
viirticonler sttention wen puld to the ldsntity of the
product.

Iodinuted ocnecin wae prepercd from skin
milk vsing the methed and quantitiee
daecr'ibed by aplansky and salabs.
Combined iocdine estime tod by the nethod
of Nerrington (167) in & sam;le after
éinlyeis vae Tound to te 1.25°.

Collalual cerotene wac prevered ee already
Gencritved and iodineted cuveln aisiolved

in wesk 0linll odded to give & concentretion
squivelent to 0 ng. per 170 ml collolidel
carntenc, “he pli voe rdjusted to 7.3

vith ascetic scid@ and the molution incubeted
for two houre ot 17°C,

rfter Ancivetion the unehenped curotene
and the protucte were exirceted into non-
acucovs solvent by sddlng sn eonsl volure
of ethanol and sheking vigorously with
twvo voluwace of potroleuts ether (wetepr-
cthenol-e¢ther ratio of 1:1:2), “he
extroction of the colloicul solutlion wons
faelliteted vy the addition of mbout &'
£ocium gulphete to the activous layer.

i'nrotene wag cutimuted by the sLeor.tivn
st 450 mu ond vitemin A spectroscopically
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veing the three point correction proceédure

end colorimetrically with the Usrr=i'rice

resgent.
The solution contsined initielly 385 ug csroteme
wnd of tida 266 ug or spproximutely 705 as estimated from
the sbgorption et 450 m wie recovered. To vitamin A
could however ba cetected spectroeCosicrlly snd there
weg no indlcstion of e pusk ot 325 ma. lnring incub-
ntion thores was a marxed increase in the absorption
in the shorter wove lenythe with the dsvelopmant of ¢
snall penk at 335 m charectoristic of neo-/3 carotens,
indicating decompasition und isomericetion of the
carotene, The vitamin A content eetimeted colurinet-
ricelly woe 22.% ug (corrected for carotene pre¢ssnt)
Lut eince cecomposition had occurred little reliancs

conld be ploeed on this fipgure. the steorption at
325 m3, aleo corrected for carotenec only, wee equive
slent to » totel apparent vitamin o content of eboul

38 ug.

The experiment ¥ne repestod s numbdber of times
using vsrying gquentities of 1odineted cascein but with

simller reculta,

The combined petroleum ether eolutions
from theese experiments weore evaporsted to
emsll volume snd chromatogrsphed on @
column of 93{ megnesium oxide - hyflo
gvporcel. The column wus developed with
petroclaym ether containing 5 tensene,
After elution of the carotene no fluor-
escence® could bve detected on the columm.
‘Aution with petroleum sther saturated
with ethanol geve s solution sbeorving
relatively atrongly beluw 300 mu but
giving only & generel Cecrensing cteorytion
above that wsvelength with no peak in the
325 m region.

It 1o spparent therefore that no epyrociable
omount of vitemin A wae produced in these experimenté.
Tiecondnzsition and 1isomerisation however occurred, in
eome cuseés to & marked extent, nnd if conclueions were

boeed entirely on the \arr~frice resction snd direct



epectroscopic estinetione at 325 mu, it could be

erroncously aesumed thot vitamin A was formod.

The poosibllity thsat this fnilure to detecot
conversion of carotene to vitamin A rmigh? be due to
n low thyroxine content in the fodinsted crsein used
eould not bs overlooked. The method described by
Raplrneky ~snd bBelebs gives a product of low combined
1o6ine content and the experimente wore therefore
repented using other prepurations.

lodinated ceseln wae prepered ueling the
method deecribed by LHeineke a#nd Turner

(168). (onditions were chosen to give
the highest poesible thyroxine content.
20 ag of ¥n gh-waa usel ae u catnlyest and
10¢dine wne Z ed ecuivelent to 6 otoms
per mole of tyrosine (calculated from the
protcin content of the ekim milk).
Vigroroue stirring of the eolution wes
mkintelned.

Two sstples prepured by this method had

combined ioc¢ine contente of 6.1 snd 6.3 .

The incudbation of collolusl carotene was
repected with these preporations but the recults
obtained were siniler to thoese already describded.
The smount of decomposition whiéh occursed éuring
incubetion varied tut was conetideradly greater thsn
in control ssmples incubated urnder sirmiler conditions
either without the sdacéition of thyroprotein or with
an equivelent smount of csgein, After botliny the
Activity of the 1orinated cnsein wes reduced hut the

cdecomposition wae e¢till grester then with controls.

Kaplaneky and Haelabea found the lowest carotene
recovorice at pH 7.3, The ef{cct of pH on corotene

eecompopition waa therefore inveestigutaed.

lodinsted casein dispolved in week Mkanll
wag addod to @ seriee of carotene tolutions.
A phosphoric, acetic, boric aeid bufi'er was
added on@ tho piH of the golutiocne adjuveteé
to valuee from 4 o 11 with envuetic sodo.

The solutions were incubated for 2 houra



and the products extracted ne before.

cgrothe Cecomgoaitlon vwiue cstimected Ly the

e A Y el gy

per 100 ug cerotene.

The effect of pH on the decomposition of corotene
reagured in thie woy 18 chown in Jigiire 23 curve 4, These
findinge sre in sgreement with thoee of Raplensky and
Delaba. The results were not entirely reproducible,
indiviéual ratios verying by ae much ap 205 Lut the
curves wvere of the same penoral shrpe vnd the polinta

plotted represent the mesn of & number of experiments.
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RATIO Esz/
APPARENT VITAMIN A LG./I00 UG CAROTENE

%égtgii- afrect of ol un the Jecomposition
colloidal curotene solutions in the
proacnce of iodinated casein (curve 12,
iedine {curve 2) snd hypolodoue scid (curve
3). Curve 4 shone the gecomj?osition of
the control solution.
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It seemod unlikely that the isomerisetion snd
decomporition of the carotene would be csused by the
thyroxine preesent in the protefn, Coviouvely, only @
mrt of the lodine in the 1odinuteqd ceameln i8 combined
vith tyrosine and othor 1odo compounds procent nishe
be responsible for the chanree which ocour on incub-
ttion. (larotemne in petroleum ether solution is
roidily isomeripsed by 1odine (20). Any free 1o0ine
in the thyroprotein woild be removed by dialysis (169)
but the noesibdbllity of loosely bound or adsorbed
lodine rencting eimilerly on colloldeal eolutions wee
investigonted,

A eeries of solutions of oclloiial cerotene

conteining l1odine equivalent to %' of the

carotene present wvere prepared und the pii

ncjueted to volues from ) to 11, The
2 ?ntim were ingudated for 2 hours et

Cy lodine dutrg“ 2“0 e te and
as bqforo.

In 1odineted protsins @ portion of the coabdbined
iodine may be attached directly to nitrogen. IS theoe
R-1040 compounds exist there ia @ possibilisy of I* ione
being formed and the effect of these ionhe on carotene
wee 0leo investigated by incubating 8 colloidol solution
with hypoiodouvs acid,

Typaio@ous ecid wes Prepeared Ly @ (]

tolution of iodine with an excess of

precipitated mercurie oxid . After filtering
the solution wrs sdded t0 co0lloidsl sorotene

to rive an 10dine concentretion agoein eguivel-
¢«nt to about 5% of the carotene. pH values

wure adjusted ae before snd the solutions

incubated for 2 hours.

“he effoct of 1odine snd hypoliodous ncid on the
decomposition of corotenc at éifferent pii vnluce is shoen
in "lgure 23, vurves 2 end 3 respectively. The effect
of ol 4n tho sbeence of other cubotunces $u shown 4n

Curve 4.

It 12 appsrent thst slthough coneideradle

deocompovition does occur in the prenscnce of fodine and
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hypoicdous uciad particulurly st the lower pH vulucs, the
ineraensad decompooition with fodinated cesein nt pH sbout
7 carmot be ottributed to the presence of free fadine

or I’ ione slone.

'“he work of tulaba (165) with minced thyroide
wns aleo repented but apoin no vituzin A could Le detect-
ed slthough as before the e¢srotene decompoeition was
areater in the presence of the thyroid preparatione than

in tha controla.

It hue been confirmed therafore that, se reporiod
by the Russziasn workers, there is s dienppesrange of
carotene on incubation with thyroprotein and thyroid
extracts but 1t 18 suggeeted that the csrotene is isoner-
ined and docomposed without the formation of vitamin 4,

In the experiments reportied here, the gecampusition of
carotcns anc the formation of "apparent vitsmim A" ee
ostinnted colorimetrically vas eonsiderably less then
reported by Koplsasky and sslaba,

From a preliminary report of work similsr to
that Jduescribed above, it appesre that Cema and Goodwin
(170) heve alao Leen unsdvle to democnstrete eny oonversion

of enrotena to vitamin A.

lthough tlheir originsl peper fe not yet
sveileble, I'4 Belle, Oeime snd 203lini Cemurri (171)
heve found that thyroxine ¢oes affect thev stadility of
corotene, which would appesnr to support the conclusiono

rasclicd in tals investigstione.

¢ e ¢ o e & &6 A b v ¢
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CHART BER _VII

The svuilability of .arotene fron lerbage

Intervst in the carotene metskollism of
herbvivora waa arouveed through o nuimme:r of observetions
sugges ting the relative noh~avuilability of eurotene
Tiom hervege curing certein periods of the yesr.
Clinicul observetions hove eugpgasted eonditioneg of
vitumin A Jdefliclency in cattle even whan the provitemin
conteni of the feud wme consldaerasbly in exeses of
reocuireome nta. “hug during o pwrrtloularly dry esamner
young gtock on the Nogeey Lollege furm doveloped
symptoms which woere necrived to » vitamin A defieienoy
nn@ which reasponded tn oral sné intremesculor ndninie-
tration of corotene, Theso animals were on e diot of
hey and s limited amount of poor quality pasture giving
t cslculated oarotens intakke of 2 to 3 times the normal
recomuiended levels  Theese obeervations are hovever,
snouported by evidence of low hapotic stores and low
plucnu ievels of vitumln A ond thelir significance is
further limited uy itho luex of adaQiiste controls.

trongeat evidence in cupport of a reduced
"eftective” caroteno intake during summer months ia
provided by tho feecrcsce in the cerotene cné vitasin

" content of Lutterfat during thic oeriod.

“he vitamin and provitemin content of New
cetlend obutterfut hme been inveetiguted by aeveraul
vorxers (172, 173; :nd since, in ocontruwt to conditions
in Britein and ,userica, the cowsg are jpngtunre r'ed
tlurou,shont the yoer, the potancy of the Lutterfat Le
on indicution of the smount of avuilable carotéene in
the paeture. In 811 cspos narked goeesonsl variations
have been roported. The visamin & polency ie highemt

in lote winter end epring (Auqst to betover) and
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decreasus gredually tirocugh the spring onéd enrly summer

venching s minimun velus in lute wamer (edbrusry).

The potency then inerosses sgaln tluoush the sutumn,

Figure 24, which 1l nn ldeulised curve drswn fron

resulle obtained over v number of years Ly the 'oiry

Louesrch Instituto (173) ehowe the type of viristion

engountereod.
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Theae varintliono are schmonal rather than
luctationil eince no appreciable differences in vitamin
/. potency hove been found {during tha months of l'ebruary
#nd ‘srch) bstwecn the fut from "epring-cslvere! tnd

"antum-calvers” (172).

A simller sceésonal trend 1le apparent when
total vitamin A secretion is congidered. figure 25
ghows. thils varistion in total vitamin A gecretion
cenlculated from the provuct o) sversygo monthly feot
oraduction (174) Ly average wontlly vit&mf; A potuonoy

of the rat (173} tor the corresponding distriot.



~ 105 -

N >
T T ‘__.'

o
T

VITAMIN A POTENCY OF FAT IN JLUxI® PER MONTH
®

S
AUC. S3EPT OCT. NOV. DEC. JAN. FEB. MAR. APR. MAY

- Seasonsl varistions im totel vitanin
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® o & ¢ o ©° H» ¢ ¢ o o

It would appesr therefore that there must de a
decrease in the cerotene sbeorption during the summer
sonths, :

¥ilbur, Hilton and Hsuge (175) have inveatigeted
the vitanmin A requirements of 4deiry cattle for the produc-
tion of f£at of high vitamin A potency. They found thst
the vitamin A potency of the fat increszed with provitemin
intoke until 8 maximum of 36 to 37 thermsn-iunsell units
per grom wes resched with 8 daily cseroteme inSuke of
700 mg regerdless of the source. Takine the therman-
7uneell unit ae npproximately 1.4 I.U. (176) thie
gives a maximum potency of 52 I[.U. per grom which 18
sbout the highest level found in New ‘ealend butterfet.
‘‘he minimm potency of New ?.'aniand butterfat 4is sbout
30 1.U. per grom or 21 Shemnn-mimaen unite which
would epyaar to correspond to a ciurotene intake of

sbout 150 mg per day.

Ascuming for psgture red cowe s Anily intake

of dry matter of 10 to 12 kilogrume, the carotene con-
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tont of Rew Zealand pesture nmmet decrease froa ad
leeast 25 to 30 ug/gm. dry matter in the late winter
ond spring to 12 to 15 ug/gn. in mide-sunmer,

o information appears to be available regerd-
ing varistion in the cerotene content of Kew Zeslasnd
pagture throughout the yasr but en investigetion 1a at
present deing carried out in this Department (181).

caulte sre not yet availadle for the sumer period

tut figures for selected pastures from June to November
indicste sn average value of about 5%0 ug/gm- Ary
matter with s deviation of about 100 ug.

The cerotene content of gresess has however
becn sxtensively investigsted by Britieh workera (e.g.
177, 178, 179)s The results show that the carotene
content decreasea with maturity and for averege graasses
the levels full from a meximim of about 600 ug/gm.
during the epring flush to sbout 150 ug/gm. in mid-
sumer. Clovers decresse from about 450 ug/gm. to
300 uy/:m. over the same period. This curotene
content 1e significently correlated with the protein
or non-protein-nitrogen (180). From the Britich
figures, ond secuning ae Cewley's preliminory figuree (181)
indicate, that a similer correlation exists betvean
carotene und protein, it seems unlikely thot the pro-
vitanmin contont of average How Lesland pesture would
fall below the EBritish minimum of 150 ug/gm. Thise 18
ten timea the figure expected from the vitomin A
potency of mid-oumner buttertfat, and it sppesrs there-
fore that ne compared with the corotene from the
vorioue sourcee ueed se ilbtur, liilton ené Hauge (17%),
the bulk of the provitamin from Gummor pooture is not

utilised.

It wos thought that thie non-evaillability of
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the cerotene night Le ascociated with the high fibre or
low proteinr contant of summer pnature and experimenta
wore planned to inveestigste the effects of various levels
of ribre (and lignin) snd protein in the diet on the
utiliseation of cerotens by asheep. Carotene absorption
is dopendent on edequate fat in tho diet end although
there appeare to be little seeeonsl veriation in the
11pid content of gresses (182), feeds wers sleo plunned
to give a range of et contantea. Caroteno-free baasl
diets were plsnned snd it weas proposed to estimste the
oppsrent aigestibility (i.e. provitamin sbeorded or
decompooed in the slimentary tract) of osrotene supplenente
addad eithor in the form of concentrstes in oil or as

curotene-rich dried greese.

Difficulties were eoxporienced with puletadility
of the feeds end during the pre-feeding period, prelim=-
insry digeatibility experiaents were c»riis@ out with other
chee¢p £ed on luocerne hey. Carotene wes deterained in
the reed snd reeces uveing the method daecribed by Woore
(159). It woe found however, that the corotone excreted
renged from sporoximantely 80 to 160f of the guantity
ingested. These anamslous resulta were sttridbuted to
errors in the ceterminstion of eerotenc in the fades ond
lod to the investigantion of methods of oarotense cssny
degerited in Chapter VIII. It hea not veen poe:.ible
to complete the inveeotigntion into the ¢ffect of the

coapcultion of the feed on the utiligation of curotens.

Yorking with rote, Frape (183) found thet an
incieace in the fibre content of tho cilet reduced the
spparent csbgorption of caroctene. The baeal dliet con=-
tained 9% atarch nnd replacing half of thie with
cotton~seed hulls, increceed the bulk of the faeces

by 10 timea nd reduced the apperent percentage
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éigostibility of & daily GO ug dose of cerotene fron

80 to 407, Replacing twlf the sturch with agsr,

gave cqually bulky fmecee but the svsorption of carotens
wne unafrected. Similarly, verying the protein
content of the feed fiom 18 to 362 hsd no effect on the

sbeorption of aearotame.

A further fagtor which might effect the svsil-
nbility of the provitaain iz the tocopherol contant of
the preture sinoe an adequato levol of vitumin C e
cosential for efficient utilisation of cerotenc. A
low tocopherol content would arfect both tho sbsorption
of the curotene =nd ths atsdility of the vitamin A ocna

caroteme in the dlood plasms snd tissuon,

Barris, iwaneon end Hickmen (184) founa thet
the feocding of tocopherol at a level of 1 grun per day
did not inoresae the vitomin A potency of the milk fot
nlthough 1t 414 increasc the perceantage of fat and the
total output of fat. It i1e poscible however, that the
bessl diet olreecdy contained sufficient tocopherol for
naximum uwtilisation of the csrotene. “hen vitacin A
vre fed to the cows the carotene content of the milk fat
decresned by 33% but the feeding of vitamin‘A und
tocopherol csused n decreese in caroteme content of
only 2%F. Thege obsesrvations, which have hesn confirmed
by other workere, (18%) suggeet that the carotone nbsorp-
tion o1 etovLility in the tissues vas deerenned in the
presence of vitenin A but thet thege esfocte wors offeet

to esomo extent Ly the tocophorol.

:Xperiments Lave therefere been commenced L0
inveetigote sny seasomwl chunges in tha tocophero)
content of pasture. The plot eelected ie predoninontly
ryegroes uand is cut ot repular intervals, The somplesd

have been awsuyed for totel tocophurol content ueing
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the method of Wall »nd Kelley (18G). Only two
reprecentativo somples have eo far boen cesayed,
The tcutal tocopharol content of & etmple collected
in mid-teptember wae 0.23 mg/gu. ory matter ena of
the sccond semple collected st the end of Wovemler,
0.19 m/fm. Retinations were corried out using
the lieclomwn speetrophotometer, the inatrunent being

stondardised againet synthetia alphs tocopherol'.

The tocopherol easuy? will bLe continvod at
acre regular intervals over the sunmer period and if
ony cipgnificant differences are fHund betweon syring
osnd gummer pasture, tocopherol will de fed in mid-
cumnmer to a group of cows to bring their vitamin o
intoke up to the aspring levoly and the vitamin A
potency of the pbuttorfat fron these sninele compered

with that of untrasted controls.

Footnote 1 = Cupplied by the tastman Kodak Co.
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CHAVTRR VI

imat C
clant Materisl snd Faeces
The apperent excretion of 80 to 1607 of ingested

carotone by sheep mentioned in the previous chapter led
to the conclusion that o pigeent other than cerotene wue
being cetimated in tho foeges Or poEsibly that tiw meothod
uged wee giving incomplete extrsction of the cerotene in
tho feed, Pablished methods for the eatimstion of
caroten® were therefore inveetigated with s view to
overcoming this difficulty and detormining the moat
suitadble mothod for use with the particulsr materiels
keing csonyel. Due poseibly to the wide range of
materisals in which it ie necessary to estimate carotene,
e lsrge number of methods for ite aesoy have been

deeeribed over the lest few yearo. Although theee
methods very widely, most are still in use in different
laboratoriea resulting in confliocting reesulte due in
meny cosee to the extension of maethoée to moterinle

other than those for which thoy wero Jdesigned.

Although the ectusl technigues difrfer the
methods fur extracting the pigments loll, in genersl,
into two main groupe; those recuiring a preliminory
saponification nnd thoee in which thie step is omitted
or follcwe extrectium of the vigeents with orgenic
colvente. tnce in the sclution, the cerotene e
eeparated from the othor plgmente cither by partition
tictween immiocible 1liquids or by udsorption on
golids and eetimntod colorometricelly or gpectrophoto-
motricslly.

Complete chrowetogrsphic nnalyeie involving
genaration of the variouve cerotene igomore ie not
oracticel for routine snolysie nor is 1t of ¢reet velue

in asgeseing vitamin A potency in view of the recog-
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. nieed varietion in the sbeorption of corotones Crom

vorious ascurces ¢nd ite dependence on the »resence
of snti-oxidante snd other undetermined factors (187 -
19%3). (nly methods of estimating "totel ceorotcnes”
conetoting of d end /3 cerotene and treces of Ynnd
poesibly various neo corotenes nved therefore be
coneidered.
(s) Methods of ixtraction

Beating the meterinl with alksli is en
initisl eted in most of the eerlier methode and 1is
atill followved by meny workers a8 a convenient method
of disrupting the tissuee angd ellowing the eolvent
to come into more intimete contact with the pigments,
taponification methods have been reported uuing both
agueous (194, 195) snd more redently olcoholic (196,
197) potash, the msterial being heated or rofluxed
for perioda of from helf to two hours with potassium
hycroxide of varying concenirations, The extrected
pigmcnts are tiien trunsrerred to petroleum ethor
el ther Girectly by shaking the slooholic esolution
repentedly with petroleum ether (196, 197) or vis other
extructants ocuch ae ethyl ether (495). %hile espon-
{fication 1s neceopary at some etege if phoeic secparation
ie %o Se follovwed, 1t has 1lnrgely given ploce to direct

zolvent extraction.

A rrnge of solvente and seversl different
srocedures hrsve beon sugceeted for thie airect oxtroc-
tion. “illetotter ond :toll (498) in their clascicml
method used scetone. ‘the sorte eolvent hesy buen used
with moduif'icaticn by suvbeequent worzers under different
conéitions, ¢.g. by elow moecerstion with the cold sol~-
vent (199, 200), or more revidly by grinding the
1materisl with the solvent (201) or by the use of the

Dlendor. veaber (202) and Wall snd Xelley (203) used
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hot extroction with o mixture of acetoné snd petroleum
ether snd a toxhlet nryierstus with 30) ncetone in
petroleun e¢ther bee bveen recomuended both in the
tentative /..0,4.C. method (204) ond in the lerby and
net1tt (205) modificetion of thie method.

other solvante employed include mothonol and
petroleun ether mixtures (206), dl=acetonol both hot,
followed by petroleus ethor (207) :mé cold in a
Alendor (208), n<butenol (209), methenol (210),
nethenol ond ethyl ether (211), pyridine (212), hot
ethanol slome (214) or followed by petroleum other

(21%) ond ethanol nnd petroleum ethar mixtures (203,
216, 217).

vhatever the moethod of extraction the ctrotene
ie normelly socompsnied by other pigments, mocinly
chlorophyll, xanthophylls ané xenthophyll esters, ond
nlthough attempte have been node (218) to estimmte the
carotenes in the preecnce of other pignente by measure-
ments at ¢ number of wmevelengthe, it 18 general to
seporate the cnroteneo from the other conetituonte,
Norodin (219) firet revorted that corotenoid piyments
could be cepnrsted into nlecohnl-goludle and ether~
ooluble fractione «né from these obrervationg Willatatter
ond £toll (198) developed their wothed for removing none-
carotene pigrents. This original mothod in which a
eolution of the pirmente in petroleun ether is choken
ropeatedly with nqueoue methenol vhich removed the other
pigments leaving the carotenes in the ether, has been
only slightly modified by sibscquent workers snd {s still
widely uveeds Hegsted, ’orter nne .eterson (215) used
aoueous di-ncetonol in place of methanol while

orthophosphoric aclda (220) wnap-methyl bentono o
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§=d101 {221) have sleo been euggeeted for specisl

PUrpoOs s,

Altermatively to phasic soparaotion, the inter-
foring pignente nmay dbe removed by sdeorption on wolids
which cither do not ndeorbdb the carotence or from which
they mey readily be eluteds As examples of these
tecinicues, seversl methods involving gs'inding or
triturating wita cslcium oxide or hydroxide (222, 223,
25)4) or trestment vwith varium hydroxide (201) have
baen reparted snad £raps ond hie co-workers (225) huve
developcd relstively simple methode in which a petrol-
cun ether sclution ol' the pigrents ie elisken with
spaclolly prepsred adeoruents vhich remove sll non-
csrotone pignents, Most workere have however effected
the teprrstion on chromstogrephic columns pecked with

various adeorbants.

The more comnonly veed of thuee sdsorbants
include cods aeh (22G), ¥ieron Brond egnesium Oxide
mixed with sode saeh or Johne -~ Manville iliyflo tuper-Cel
(200, 203) hest treuted esiliccous earthe such am MHyflo
tuper=Cel, Celite 501, 535 or %45 (227), alumins (228)
di-cnlciun phosphnte (159, 229) ond tri-coleium Dhoe-
phete or defettced bone menl (213%).

Uiscguss of e ﬁo

ublished mathody, of which those Quoted
gerve o exsmplee, wore congidered with & view to
obtaining B ropid Lut asccurate nethod of carotone seésay
apoulicable, 1f yoesid®le, to ull 2he mntorials likely
to L@ Jwndled in this invebtigation, vigz. freoh grese,
éried msterials guch as hny, concantratcee ond dehy-
‘arated grasoees, nd foeces, Dried nnteriele and faoces
presont gpeclsl difficulties due to the possible

presence of oxidation prodicte of the corotenoide which
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may give rise curing extrsction to ' rtifucts sbeorbing in

the region of the coroténe maxinum,

A8 hos been pointed out by Dooth (228) errors
in carotenc cetimntions up tn the colcprimetrie stuge

my srize in the folluwing ways @

Testruction cduring snd sfter extraction
Incomplete extraction

a} Menipuletive 1osuas

@) Tncomplete removel of other ovirmaonts, and

) Chromogenseis =nd isomerisation.

ai l.onses before extraction begins

Loeses from cgertsin of these caucges will de
neclipgible provided ressonable precauntions are taken,
Thug logses Gue to () are mininleed by evolding deme
e Lo (resh tissues, storsge et low temperstures and
#ddition of ¢ngyme inhibitors euch de cyenide during
grintiings and genoral precautione ouch as exclusion of
Light ve eutlinedin thapter I, will reduce lossees
¢ue to (b)e However many of the methoCs reviewed
contAain inherent defects which will give r'dese to
unavoiduble errors of the typecs licted, For example,
lossec cue to (d) can be reduced Ly careful technisue
but sre inevitable in methods involving eteps such ss
repested extrumetions, washinge and treneference of
caroteng solutions. Cnrotﬁnu may ve readily isomer-
18¢d or oxidieed by heat (208, 2%)) wo thet methode
‘involvlng Lot cvolvents er concentration by heat of
carotene volutions tre llsble to increfee errors (ue
to (¢) 'ngd ‘£)s ‘echmeicter (20) hav reported 10,
lecneriem of' curctenc on refluxing & «ol'stion in

petroleum cthets for 15 - 60 minuvtewr.

It seeme reasonsble to acoure that methods
iavoiving caponification with hot snlurll may intpoduce
tho seme errore snd if oxidation products of the
carctumolde are proeent (eea in éried meterisls ond

faoces), epipheelc pigments msy deo produced (228).
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Trectment »ith hot nlkell oy -1io uive riee to errore
Guwe to {b) rnad (c) rinee soversl vorkeres hnve reported
¢ieatmietion of the csrotme by the hot elksli (228, 231)
eng lLense end ¥itchell (232) nné Frope end othera (233)
hove round that the nlkeli isomerises the carbohydrate
in cecrtein materinls to fors n rasinouve fiim wiich

renders the corotene non~extragtable &y orgenic volvents.

Tletribution vetween two immiecible colvente
w9 » nethod of removing interforing piimente ney in
certein coses give riee to serious errors due to (e) sna
plivzie sepnretion e lsorgely boon replsced by adeorption
methode. Although /iller (234) hae reported the remov-
#l of npprecinsble amounta of cerotene in the hydrophaee;
nhosic genaration methods apuenr to give o satiefactory
suarction of crroteone from winthophylls provided the
enirrhnse 18 wrahad until the hydiophnee 1l colourless
oné the hydronhtee contsine sufficient wster to render
the crrotene reletively ineoluvle in it (at lenet OF
by volunme in the cnee of metlmnsl). Neterinle con-
toining epiphwwic xenthoplyll esters :smet however te
syoniried urior to ohvisdc eeperation, In sddlition
to the dlesdvuntaces of segoniflication slrgeady die~
curoed, more seriouy crrore naty Lo introduced when 1t
fa 'palied to drted or stored materivly since trestment
of thove with 1%e1ll moy result in the Tormation from
carotenoid oxidntiaon procéucts of o yellow artifact
vhich 1e not romcved by ncvegone methanol (228) uné 1s

thereforo vstivo ted rnige curotenc,

Other workurs nave eshown thet phasic separstion
iv not eypliceonle to dried materinle or faeces due to
these epiophosle plymonts preesnt 1n the moteriala or
provuced during teponificotion. Thig }rmasarmd and
Hakin (235) ond vrape, Xemmerer und Graenberg (225)

found 5 yellow epinhasic Pigment in the fueces of rets
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fed v corotene~free diet; “hitnah ancd others (23(6)
fount with cows an =ppurent excretion of over 100%

of inpceted corctenc as cetinmated by diswtribution
between petroleum ethoer and osgueous metliwnol; Cuack-
enbugh and others (237) found that eimller pigments
davelcoped in A.l.V. s8llage but licgoted snd othwers (215)
vere oble to remove these by replnecing the methsenol
with di-acetonol; and liartman and othere (228) noted
the differencee between biological vniuee and chemicsl
valuea (obtained by phssic seperstion methods) for

the potecney of lucerme hey,and tubgegucnt workers (239)
showed the presence of 11 -~ 32 of non-carotene pig-

mente in the petrolcum ether layer,

LConecruing thec various rdecrbents for
chromtogriiphic sepearttion, opinion {s fuirly evenly
tiivided regarding the rclotive merite of "straight
thwrcugh” aasorburte, f.e. those which tdeord only ron-
curotene pignents nlluwing the carotene to pode through
vith the solvent, cnc other streonger svsorbante which
rauove vll oirmente from the petioluuln c¢lher solution
tnd frow which the earotene iust be cluted with » nore
polar molvent. ine weker sdsorbsnte do however sypear
to pouvess gome advintoger forioutine work in that moet
of tlic curotence preses threugh with the originel solvent
end the column only reGuircs rincing with &« amnll
cvantity of the wvame rtolvent resulting in little
éilutlon. ‘The aemce sdvantage, vie. svolidsnce of
eilution, has been c¢lsimed for the stronger adsorbants
since irrespective of the volume of the originel
pigment eolution, the carotene is obteined in & small
and Gefinite volums of elutant, liowever this is en

appurent advantage only, eince the volume of the



the pirment solution ovtoined from moet methods of
extraction i coneldersbly lees than the volume of
pelsr szolvent required to completely slute the
carotene. for routine work the odsorbant should be
cufriciently poroun to llow a roanid rate of flow;
it snou;d be sagilly preked into the colunmna and the
sseking should not te niffected, &,i. should not
channel or contract fCrom the welle, when érven dry
of solvent: the columne should not require protection
from stmospheric molsture snd carbon dioxide; ond
the »deorbent ehould be revdily obtainusbdble, conslrtont
nd uaable with 1little or no epeelsld activetion, if
paresible 'etraight frrom the bottle.
teleetion of Methods

rrom o coneiderstion of the =veileble méthoda
for plant mater ala ind the criticismns of thoec, 1t
gppenred that the cold solvemt methodo auch rie those -
described by Vell and Relley ( 203) und ioore nnd 1y
(216) for extrscting the pigments followed ty sepnration
ort o column of liyflo fuper=lel an gugz eoted Ly vilkes
(2°7) were mnst readlly spplicnble to the range of
camples to be handled and leaet subject to the forg-—

going asurces of error.

ltowever thoe «scoclation of vitemin Lhenists

in 8 recent putlicention (3) recomrendcg, in ecdition

to the nethod o: toore wné ilys « saponification method

nd the  oxhiet Cxtrecticon mithod :lso dsecrived by
101l end Tulley, (202) snd wring the course of the
osrevent invoetipmtion, Terbly and “eittt (205) reported
a compayrleon ot the »nll and Zelley cold extraction
mgthod, thelr modified .le Ce method and 6 nethod
involving ipreaetion with <lcoheclic dotash. Although
the Asrocintion of Vitamin Chemistn pointe out the

poasibility of icomerisation of csrotene in the toxhlet
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method, Terdy end 7oiitt obtained the highest resulte
with their modified .C...C. method which slso involves
the use of hot solvente, Xethode of oxtraction, using
cold solvonts in the Varing Dlenédor; were thorefors
conpsred with the . ¢.'.C, method ne modified by Derbdy
ond DeWitt, Although plkaline digestion hes been so
strongly criticised it does offer a convanient mothod
and it soemed poscible thnt the orrors attributed to
it might be due to the somewhat drostic conditions
uenally employed, both #s regaords duration of hesting
and etrength of alkalt, bethurst (240) hes found the
method satisfsctory proviGéed the time of heating does
not exceced about ten minutes snd o digostion metihwnd
using mild conditions wea therefore inveetignted.
lHethods

Representative sanples of the types of
materisl to be invostigeted were ossoyed bLiy the
follouwing methods
Mathod 1

The .C.%.C. method (20%) se mocified by
Perby end Detitt (205) except that the extraotion
vwas corried out in & oxhlet asppsratus in place of
the Balley-7nluxer extractor which vas not aveilable.
¥ethod 2

The method of extraction in o Dlendor using
o "foeming mixture” of petroleum ather snd ethanol
as described by Loore snd x1y (216).
Hethod 3

In this method, which 1s on adeption
of thae previoue one, and in method 4, two modific-
ations to standard procedurae were introduced

(1) Turing the initial extructions definite

volumee of eolventa were used end precsu-

tions were taken to yrevent lozce by ewapor-

ation. Aliquotes of the solutione were then

teken, @0 avoiding the necessity for
ropented washings or re-extroctions of

the marc.
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(2) Fopented cxtroctions of the slcoholtie
golution of the pigrente with petroloum
ether to remove all the oarotene were
avoided by sdaing water equal to the
volume of ethanol preaent snd extrscting
with teice this volume of petrolcum ether.
It hase nlready heen shown ( Chepter [) that
under these conditions the one extraction
with ether removes nll the onrotene sn@
that the two layera separete sharply with
no volume change. ireltminary experirmente
a\n:portod by the carotene recov fisures
cited belyw show thet other nmaterisls
prasent do not sffect the dietribution end
the mathod 1s equslly appliesdle to plant
extracts. More of the non-csrotene pig-
ments may be romoved by s hicher concen-~
tration of sloohol in the hydrophase but
with coneentrations grester than abgut GO7
it was found that some corotene was
retsined and re—-extrection with further
putroleuam cther was necessary. Pirther
50 aloohol gives the sharpeet eeparetion
of layers without volume chonges.

Up to 10 gms., of the materisl, depending
on the cnrotene content, wee commimited in
o aerled jar on the warzgg Blendor for
Tive minutes with 100 « 200 nl, of &
foaning mixture consisting of o 25 ~tggﬂ
golution of peotrolcun ether in 9% ethanol.
I1'ied senplond were firet moistened with a
6mAll quentity of woter ne the foeming

mi xture coce not completely extrect dry
materiols. /\Lter commimition the residue
wes nllowed to settle, on sliquot of the
superndtant 1iquid withdrawn zna weter and
petroleum other edded to give spproxinately
eqQuel volumes of ether end 507 ethanol.

The ethor/slcohol rotio required to give a
fooming nixture depends on thoe moieture
content of the sample. ‘inee on sliguot
of the wsolution 1s to bo taken later the
estimation 1p simplificd if there is a
definite volume of weter prosent. For
moat materinle it wase found convenient to
6dd to the weighed semple in the Blendopr
jar, enf'ficient water to Lring the totsl
omount of woter present (including the
moisture originnlly in the eample) to 2 ml,
This moist moss wee then extrected wit
135 ml of n foaming mixture containing
24, petroleum ethor ( 100 ml ethenol and
35 ml ether). In thie cvee the total
voluno of extractant 18 140 ml and 30 ml
form® s convenisnt sliQuot containing

10 m1 ethor, 28,6 ml ethsnol #nd 1.4 ml
wvater. To give the carrect ratios of
ather, slcohol snd weter, this 'equired
the sddition of a further 47.2 mi petrol-~
cum @ther snd 27.2 nl wotor. There ia
however ronme lntitude in the ratios uvnd
it 1is more conventent to add 50 m) ether
ong about 25 ml water, the curotene in
the original sumple beiny now contunined
in the eguivelent of 210 ml ether,



Vhore the woisture content of the =sample
itoelf excceds H gmo., the 100 2. 9%
ethanol 1s revluced by 95 ml. absolute
sleohol «nd the moisture contunt wdjusted
to 10 ml. by the addition of woter to give
the some total volume of 140 ml.

After sddition of the ether und vwoter, the
two pheees wero shaken vigorously and aftor
ntending for a few seceonds the bottom loyer
wae iscorded. frior to chromatogranhy a
portion of the petroléum ether solution wes
w6ehed twice by ehaking gontly with geversl
timee ito own volume of wster to remove
tracos of ethsnol.

Up to 5 gma. of the samplc vere Gigested
by refluxing for 10 minutes with 50 ml.
ethenol snd 5 ml. 9% potessium hydroxide
volution. (Thie esvoids nwsing nlcoholie
potash which decomposue on stending)

The solution vas cooled raploly snd poured
thirough 8 pud of glase wOOle To an
nlicwot coneisting of hwlf the tctal
volume (1.e. 273 ml. plue half the volume
of woter in the sample), ‘0O ml. of petrol-
eéun other weo added followed h{ X ml.,
woter. Ueing thege volumes the corotane
preecnt in the sumple 1g conteined in 100
ml. petrolcum ether and a portion of thie
golution wos woehed with water as in
“ethod 3.

The weshed petroleum ether solutione of the
plgments obtained Ly these four amsthode were
éried over cnhydrous codium culphute. In
vach caee 20 to 30 ml. alicuote of theae
solutione vere chiromstogrophed on lightly
pacred iiyf'lo tugerexl columne using the
spparatus 1lluetrsted in Fipure 26 .'etrol-
eum ether wsg then cérswn through the colum
until colourless washidngs were ohtained.
“ith the particulsar columns in use sbout 20
ml. wee séeQusto Tor complete removal of
carotene. %ith eone samplee 8 yollow
artifuct wmoved down the columna Lfairly
rapidly ond in thegc chses it »88 necoswory
to olute all the pigmente «fter esoch
determinstion,. This wrs noot convenlently
carried out by running through 20 - 70 ml
ethyl ethor. ATter washing with an eoual
volune of petroleum ether und drmuing dry of
solvent, the column whg agoin ready for use.

To check the completences of separation of

other pignments from vurotene on the lLiyflo iuper-=cel

coluin,

this ndsorvsnt waa compored with other more

commonly exploycd moterialg. etruleum ether

eolutione of the pignments obtained LY method 3 wera

run through coluene of ci-calciunm 2hosphete, bone meal
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ané o Btt mixture of liyflo lLupur<lel snd aomcelvm
oxide prepcred onc used vs cuecribed by Hoore (241),
vam (213) snd . all oné i‘clley (203) respectively.
Jhaple sepuration woe ~leo compured with the llyflo
column, Altguote of tho e‘tlxa;' s0lutions obtalned
by wethod i were rapeatedly shaken with equal volunes
of 90: methonol (Y0 ml. methunol plus 10 ml. water),

until the hydrophuse wog oolourledi.

In all coees caroterne woe astiomtod in petrol-

cum ether golution usling the deckman pectrophotomatelr,

COLUMN

N /<;RUBBER

TUBE

GlLASS Ta
Sa— PIECE
=

TO PUMP

<RUBBER
SEAL

) ‘-_-MEASL]RlNQJ
) CYLINDER

[ 1208 2_6_ - Apparatun for chromatographic
sephration of carotend.

[ ] L] s a o L] . ® -

Hesults
T“he carotene content of 5 numboer of samples



- 122 =~

ne determined by theee four methode 1s shown in Table 10.
The resunlte represent the svorage of st leost thyree

deterainetions.
TalLR 10

Carotone contents cd various semplec exprecced in
ve/gm dry matter.

Hethod

Motariel 1 2 3 4
Frooh gress - 748 708 682
Drica grsse 1 - - 352 354

g '@ 356 340 345 322
vaesces (Lheed) 9 - &2k 41. % L6 2

gl . 2 - - 22.0 | 21.5
Hay 1 234 2%.1 23.3 2.8

"e 159 15.2 157 hob

5 18.8 - 19.1 19.0

R - - 14.8 el
kntioe ¥ 100 99 99 96

Carotene losscee in methods 3 and 4 were cliccked

by extracting samples with solvents ocontsining known

amounts of ocarotens,

11 snd 12,
ABLE
Carotene reeov u
Laro
cam in %52}!
' 4
Hay & 72.0
A ¥ 72.0
S Y 7240
" & 72.0
Uried uraas 1 334
" " 1 55‘

1
e

22.4

448
112.0
224

226
112

.B%

Recoveries are lieted in ''ablee

m:ﬂfaﬁf

LEIOLENne | Ke=-
ga%sml Ea:ng gm#

944
116.8

184
296
558
bh6

Ay

91.2 | 96.5
416.0 | 99
177 96
280 95
525 9%
236 | 98

erage - 965

d




TAH :;i»'-: 1 g

Larotene recoveriss vuing dethod 3

Uarotene |Uarotene| Lotal arotene ;. He-
fample in eemple|added turotene __covery
ug ug ug ug
Pried Graege 1| 362 97 459 438 98
o " 9] 852 194 546 538 98
" " 4| 352 291 6L 648 100
¥ " 1] 352 388 740 728 98
Hey & TheO 18,2 9242 9%.1 | 101
"o T4H.0 36.4 11044 108.8 | 98.5
" g The0 94.0 165 169 |102
. - 194 195 192 29
- - 294 291 290 100
. = %88 388 391|109
A Averoge 228
ZARLE 13
Reprodueibility of results using ltethod 3
AEBBY TRy 3 |Presh Grese | Dried Uraes
Jumser | )
B 18.8 720 548
2 18.9 682 363
3 19.5 738 355
K 19.0 693 32
5 19.4 690 348
6 29,2 | {5
Averags 19.1 $ ¢| 706 L gom 352 2 2w
TSR E SRS | LTI

n [arger devintion proddblydue to sempling errors.

Tuble 10 e¢hows that contrary to the tindinga

of fooby &na

four methode opreed cloaely.

ettt (205) results obtrined by the

dethaod I dovs tend,

however, to give slightly lower ong less reprocucidle

results and the low recoverico ¥y this method { Tsblo

11) $ncicate deetruction of cerotene vy the hot
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elkell in the  rescnece of other plant nsteriul slthough

arevioue work (Chsoter 1) hos czhown that carotohs slone

14 not ceatroyed to »ny nporeciable cxtent by aimilar

treatmnent,

Lpart from the poscible sourcee of error

runtisned nlreaay, method 1 is not &pplicable to fresh

naterinle or foecek without prelinminory drying snd

rince 1t doer nct aeer to extrrct cnrotene uny more

comnletely than tho other methods, it wes not inveet-

1ratea tharther.

Mietho¢é 3 glves goo@ recoveries of added

c:rotene (Table 12) and coneistent rooulte (Tuble 13)

snd was therefore used for all subeeguent routine

weterminationse.,

A further check on the gompletensss of

extrootion of carotene by this method was obtainad

by re=-¢xtraeting the reciduves from s nusdber of

extroctlione,

These combined rq-iduea wore wished on

® aintcred glses filter with "foaming mixture® until

the riltrate was colovurless and re=extracted both on

the lendor with frwoh fooming mixture and in s “oxhlet

snonratae by method 1.

In neny coses nsny further

carotene waa too emall t0 be measured snd in no case

did 1t exceed & of the amnunt estimnted on tho first

cxtroctton. Typlicesl exnmplee are chown in Tsble 4.

DALY 44

completsness of extraetion by method 3.

Hntgr!g!

aLy 3

(13 J'.
Yirted iracs 4
imacos 1

varotene by
firet e ctio
U/ IMa
19.1
4.8
Jhe
4145

Meth

re-extrascted by

nd 3

““Ezmo
0.22

0.1
5
0. by

1.5
1
0.5

1.8

Sy e
ug/
0,16
Oe.12
10

1.0
1.0
0.5
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Although the 267 foaning mixture weeg found to
e sotlefuctory (or most samplee, 1% moy be necessary
2o vary 1te compositicn in certein ocnees. The effect
oef vuch varintisnz wag investigated by uxtracting a
sanple of huy (eztiansted without andéltion of water)
with gif'ferent ethenol-petrolecum ether mixtures.
The reeulte dn vodlo 15 indleste that aver o wide
concentration range the efficiency ol extrection ie
unaltered.

TARLE 18

‘ffeat of varying the concentration of the foaning

nixture, 5 gm. jfay 5 oxtructed dry with 150 nml.
Toaming mixture of vsrious concentretions.

Concentrotion 6F petroleum Carotene found
gther 1in mixture 74 P—

25 : 18.7
30 19.2
35 18.8
40 18.7
45 19.1
50 18,8

Averege 18.9

A8 hao been reported by a sumber of workers,
the susorbunte testeé guva almost iduntical results
with montitative recoveries of curotenes The rnte
of Zlow is however moet ropld with Hyflo Super=Celd
end thie ndsorvnnt appeare to be one of the few which
fulfil the reomiremente rlremdy listed valng simple

to uee und leee variable than the other ruterivle.

“heele gepniretion 1o compored with ndsoorption
on & colusn of Hyfls Luper=iel in 'oble 16. It ie
nporrent that n& wug expucted, much of the materinl
under concléeraticn containe epiphzelc non-carotenocid

plgnents which invali(iste the results obtained from
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phaegle psecaration and this relntively cimple method
w6e not therefore apslicabtle, Moy fresh somples
hosever At le probavly se acceurate me alsorption
nethods. When cietribvited betwneon petrolam ether
en: 9. npotnoncl the non-ceroténe pigsents normally
cpeourit ered were foymad to hove ¢ wintsribution coefficient
of ~tiout 2 to 1 in fovour of the hyérophase. ‘To avoid
roncisted woshinge 1t 1e¢ necegrory to use ¢ large volune
of nethincl anc Lt was found thet if the ether layer ie
wiizhed aith on onuel volune of 90 methanol eatursted
with potroleum ether, no volume chsngee occusr and no
enrotene pssses into the hydrophage. Two such waghings
recnce the non-carotene pigment in the epiphase to
abont 17 of the original level,

TABLE 16
feparation of esrotene from other pigments by
diatridution between immiscidble eolvents coamapared

with chrommtograbhice separetion on a colum of
Xyflo lupsr<Cel. -

— ] _ Apparent cerotene In ug/gm o6
estimnted by ~
Phapie Leparution
Phagic Hyflo followed by lyflo
suterisl Eeparetion | cuper-Cel |super-ced |
Hoy 2 15.8 The b 1o s
"3 19.6 19,0 1944
trieu wracs 2| 328 322 330
Freces 1 4T L3, 2 52,8
Fresh urass 1| @79 683 672
o o 2 “‘35 “78 wz
- " 3| 30 385 380
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of _caroteng

In the provoced luvestipgation into the
effect of the compocition of the feed on cutotsne
utillntion dewerived in Chaster VII, 1t was intended
to cetinate curotene susorption by detcrmining ite
apparent dizentibllity, ITf hovever, sgypreclable
decomaosition of thoe corotene oceurd in the digestive
trect, the setual absorption mny bvesr no relationshi)
to opparent digeatibility. It is8 of interest there-
fore to know what chunges in carotene content,
relotive to an inert reference substence, occur in
the digostive truct, end theae chnanges were invest-

igsted in & numdber of pasture-~f'ed sheep.

Lignin was considered to be the most sstizfuc-
tory ref'erenge subatsnce for experiments of this type.
Lhromium oxide had been need previoualy for determining
the npporent digeatidility of carotene but did not
vppear to mix unifornly with the cantqptn. ot lemst in
the upper portions of the digestive trect. Thise
cpparent ctrstification hee been referred to by
Barnicoet (129). The method of :llie, Matrone snd
taynere (248) sppeered to be the most sstisfuctory
for lignin in herbsage. It involves the following
etepe - 1. ¥Bt extraction of the rinely ground material
vith an ethnnol-bungcene mixture; 2. (ncubetion with
papsin and X/40 hycrochlerio scld overnight; 3 keflux-
ing with 9" eulphuric scid for 1 hout; §. Incubetion
with 727 sulphuric scidé tor 2 houre at 2093 He teflux~
ing vith 3 culphiuric acld for 2 hourey} 6. Determinetion
of lignin by loss of weight on ipgnition at GOOOC.

The lignin cetinmnted An thic way sppears to

be completely non-¢ipgentible and the method hse been
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applied to digeatibillity trisl work shere resulte from
lignin-retio. determinations agree closely with thoee
obteined using the conventional "bag®” method (242).

tomples of the ingesta were collected from
the four stomnche, from various points
slong the emvll intestine end from the
caecunm, colon sné rectum of a pugture-fed
sheed immedistely following slnughter.
mantities equivalent to 1 to 2 grone of
ary natter were ground thoroughly with »
emsll guantity of ecil-wosheéd enmnd. The
carotene content of thepe samples was
determined using the petroleum ather-
ethanol extractiom procecduro and the
extructed pignente chromstogre phed on &
column of liyflo-Super-Cel os deseribved

in the provious chspter.

The reeidue from the carctene eatimetions

wae used for the lignin deterainatione

to reduee ammpling errors. Since 1lignin

nethods are cossvhat empiricsl, particulsr

attention weag poid to estendardiasing the

conditions of the asexye snd the oxpérimentsl

detaile given by K)1lis, Matrone ond !liaynard

(232) were strictly adhered to.

A sample of freeshly voided faeces and &

eaxple, es reyresantative as possidle of

the pmature which the animml hed been

grezing, were assayed for lignin end

carotene.

The carotene to lignin ratios in xg. rer gren

were calculated for the various sanples and are shown

in "ipure 27.

The reproducibtiility of the ratioe wes inveet-
igated by cetimsting carctéene end lignin in 6 wnell-
mixed eample of dried grase. “1x deterninetione were
nade. The esroteno content of the eample wae 335
(*15) ug/gm. and the lignin content 1.8 (2 0.20) ¢
giving a corotene to lignin ratio of 7.4 mg/gm. with
a deviation of X 0.4 ma/gm. or 5.57. Differcncee
of the ssee ordar vere found tetween three deternine
ationz on the froshly voided fnoeces snd Gplicste
ceterrinations on ingesta wumples. The averoue
carotene to 11,7nin ratio in the faccce wae 22.5 ng/gm.,
tlie incivicunl ratios being 23.8, 235.7 »nd 22.0 mg/gm.

Tifficulty wes oxperiencod in obteining repreesontative
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grave Geupled, the rutios for typictil senples
coliccted buing 24.9, 13.0 end 20.7 og/gm. giving
s average of 21.2 ag/gm. Thie deviatiuvn of over

15, miet be attributed to sannling errors.

MG. CAROTENE
PER GM, LIGNIN

GCRAS33 21.2

RUMEN 12.3
RET ICULUM 6.7
OMASUM 14.0

ABOMASUM 22.0

v &M W N

DUODENUM 22.8

>

JEJUNUM
FIRST 6 FT 222
MID 8 FT 15.2
LAST 6 FT 5.9
7T ILEUM
MIO 2FT 23a
LAST 2 FT 255

8 CAECUM 28 -
% COLON 271.0
10 RECTUM 24,4

FAECES 22.5

Tig.27 - Choangoea in curotene¢ to lignin retios

tﬁrﬁugh tho digeative tract of ¢ payture-Led
eheap.

FProm the reenlte shoen in Plgure 27 the
carotenc retio appears to deereaso to & minioam in
the jejunum and then increases reaching o mwoxirmm
of 28.4 mg/gm. in the cnscum fodkluwed by & exall
decrence through the colon eénd rectum, The retios
vary consldersoly through the four stomachs cue
poesibly to the retention of more fibrous materisls
of low corotene contemt in the rumen .n0 omasun.

There is good asgreement between the retios in the
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abonasum end in the gross.

Tho experiment wss rcepented with throe other
sheep, samplee in one coce belng taken et more frequent
intervals. tThe resvlts (Sable 17 end 18) show the
some genersl trend.

Carotenz to Lignin rstios (expressecd es mg/em.) in a
napgtuoru=fed sheep.

1T
G rose 16.7 Swall Intestines
10th 6 £t. 22.2
Abomnsum 14.9
11¢h 6 " 18.8
Tuodemn 1595
92¢h 6 ¢ 17.6
“mell inteatine
18t 6 feot 1.7 Osecun 22.2
2na 6 9.0 Colon st 2 £¢t. 21.8
3ra 6 " 9.9 nag " 21.0
4th 6 12.0 Ira 2 " 20,1
5¢h 6 " 13.9 Rth 2 " 20.4
6th 6 " 15.4 5¢h 2 " 16.7
7eh 6 " 16,0 6th 2 " 18.9
3th 6 * 1%.8 Feoces 17.5
9th 6 * 16,6
14ABLE 18

Carotene to lignin rotioe (expresced ee mg/gm.) in
two pesture~fed aheep,

Sheep 1 sheep 2
Grese 16.7 16.7
Abaonnsunm 16, 5 18.2
¥id jejunun 13,7 15.6
Caocum 17.3 20.0
Faeces 21.6 18.1

o & @ & @ o o
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The decrense throush the upier portion of
the amall intestine oould bu attributed to nbrorption
of the corotence sn@ the decresse through the colon ond
rectum to orxidetive dacnmposition,but thae incresse in
corotenc to lignin retion in the ileum wné chRecum
could only b¢ expleined by 1. a prurtisl digeantibility
of the 1lignin or 2. the formotion In tha intestine of
o pigment not separsted from cérotene on thoe chromoto-
griaphic column or 3. a eyntheals of casrotene in the

inteptine.

T.ignin wng deternined in edmples of foed und
rreces (from one sheep) which were mvailsble from &
reécontly conduncted digestidility triel and ite
recovery found to be 84.5F. This 18 lower then the
figures raeported for lignin recoveries by other
workere (242) but this emell apparent digestibility
of 11/min 1s insufficiont to explsin the incresecd

corotenc ratios.

A digestibility tris)l with pesture~fed sheep
provided an opportunity for determining the trecovery
of lignin 88 ¢ptinated in graee by the Ellis, Matrone
and soynerd method. t the eomo time, the excration
of carotene by chsep wse further investi;sted by
estinvting carotene to lignin rstioc in dung; vemplee
collectod twlce daily.

)
The pesture woe relatively uniform end the

feed Iintake wne cnlculoted by the nguel method of
cutting 8 representative portion of the pasture,
welghing the yield snd sllowing the enimslc to graze
the rcmindcr to tlie sume level, Thie dAlgestibility
trial wes one of a nuuwber eerried ont at intervuls

by the drasalonds NDiviglon of the le¢nortnent of
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Celentific snd I[nGustrinl Xecearch. It 18 consideread
by Cfficers of the livision that the netlieé uczed gives
¢ relisble estimste of the total yield ené hence the
fesd inteke ot' the snimals. The ciiiicultier pravious~
1y experienced with compling were lorgely ovuorcome by
ageaying 9 portion ¢f the cut grass.
¥reeohly volded dunp esmples (nbout 2% gm.)
were collected twice daily {rom four
psaoturv-fed sheep. These, togethur with
reprcuentetive grass ssmples, vere aovue;ed
for lignin »né earotene using the msthode
nlready desecribed.
The sveracge ratio of cerotene to 1i:nin in the
osature wae 18,5 mg/gm snd the ratios in the faecue ere
get out in Tetle 19.

TABLE 19

Carotune exgretion expressed in milligrems
carotene per grem lignin,

Loy cheep 1|:heep 2 |choep s |cheep s

1¢t Gpy Be M 1%.7 2244 17.0 16.0
Copeme | 143 19.8 18.6 18.8

2nd dny a, 12.2 21.8 18.2 21.1
Pem. 154 2%.% 17.9 179

Trd GRY Nl 154 20,3 16.5 16.3
tversge Wk 21,2 17.6 13,0
2:22‘-2233’“ 78.0 1145 95.2 o7 ot

It uppenrs that the carctene oxcretion ie

foirly uniform for cach ani:nl but viries somewhat

vetween sninuls.

night ve due to velicctive grazing.

It wae reclieced lster that this

The differences

in cuorotene content olong leaf bludes snd the

chicngee with moturity were cetimeted for o number

of samplers of pye-gruoce,

Prom the rovulte showm in

T8bla 20 it is vpparent that scluctive grazing could

be one e¢xplenstion for the Gifferences in cearotene

uxeretion.




o §%% -
r”.il‘f M

R L]

tarotene content of rye-gruass.

Vi/em LTreen

Hamole ' veloht
1. Very youngg ehoots 29
2. immhture grnes 80
3, Yeung grace 2f - 3" 124
&. itoture greers 8 - 9" 115

5. Top " wature greee bladee () 209

6- ona 3:1 " 1 '3 (‘b) 120
7+ 3rd 2 = 3" mature grase blsées

(&) 68
8. Hixed repreeentative ssnple 125

The avorage lignin recovery wee 9G.0f indic-
uting almost complete non-digostibillty. The average
c:iirotene excretion calculsted by tho lignin retio
nothiod wae 9643 .

That the inereess in the ocarotene ratios in
the cucoum coulc ot be due to lignin digestion wes
{further demonstrated by sn cetinetion of tho nitrogen
contant of v munmbor of lignin eamples. Although no
nitrogen ie theught to be present 4n the lignin
moleculey it hul not wvo fur been poseidble to isolote
ni trogen~-ree lignin from suvcculent Dlant tiseues.
it 18 generolly considered (233) shet this nitrogen
1e Cne tn the condenastion of Protein wolecules with
the lignin nponsibly during extrection. iny decreose
in the mount of nitrogen sspociated with the lignin
vor1ld regulte in low recoveriees of lignin end an
incresce in the canrotene to lignin ratios. campl ee
of lignin vere therefore pronered {rom freeh gross,
caeenl oontents and frocer, nnd Asvayed {or nitroga.
‘'a etlgnificrnt differencee wore found, sll the

lignin contsining from 1.8 to 2.5 of nitroygen.

The presance of a pigment other than carotene
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seemod the most 1tkely explanation for the increcee
in curotens to 1ignin ratios and led to an oxtensive
rechecking of the method uveed Cor esltinmsting the
pro-vitamin, The progeaice in feeces 2nd other moteriovle
of ¢ ysllow pigment which connot be vepyusrated from
carotene by normal phacsic nethods, hae been montioned
in the previous chapter. It should be pogeible
however, to effect u eseperation by the use of suitabdle
udsorbantes but ropceted chromptography on colurme of
Hyflo supor=Cel or of Magnesium oxide end Myflo fuper-
Cel, fuiled to reveol the »reeence of pigments other

than the csrotenes.

The 1dentity of the pignent ocbtained from
the caecsl contente uvse further confirmwé by a com-
parigon of 1te adboorntion spectrun with that of s
esmple of carotene extracted from gréese A6 ohown
in Pigure 28, the pigment from the intestine appears
to ve identiocal with the cerotene in the greas, allow-

ing for some isomerisation in the digestive tract.

Nogative digestibilitioe for caerotene heve
bee reported (¢.g. 236) but in sll sueh ceess phasic
weporation methods hnve been uvasd for sepersting the
corotenes I(rom other pigmente. These £indinges huve
vot becn reinveetigntad since the rosulte have boen
attriduted to the cvetimstion of other epiphseic
vigmenta with the cerotenes. Ghe presence of these
pigerenta, vhich form » yellow bsnd imedistely sbove
the crrotene on tho tlyflo LYupesr-lel coluvuns, hos
been noted in this inveatigation. The quantities
however, hove hoen sunll, representing lees than
157 of the totel epivhersic pilgmenta present ond 1t
eeene poseible that carotend syntheesis mizht sloo

have contributed to tho negstive digeetibilitice

previonely reported.
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- Absorption e ectrum of easrotone isoloted
rom Rrose and fron caecsl contents .......

A mzmber of micro-orgsniems ere copsble of
cyntheeieing curotene (244) =nd the poossibility of
inteetinel synthesis by those organiens hne opparently
be n conoldered previovely but in a recont report it
wes concluded thet formntion of ctrotene 3id not

occur in the Gigeetive tractas of humnns (245).

If micro—-organiens are reeponsidble for the
synthesis in sheep, 1t should be poesidle to chow
on increase in cerotune content on incube ting caecal
or ilesl contents. It hao not been poscible however,
to Gemonetrate formation of cerotene wnder theee
conGitions but syntheeis hse occurred on an agar
medium inoculated with csecel contente.

The medium used contained per litre,

tryptose 20 greme, dextroso 1 gram, sodiunm

chloriée 5 grams, end agar-cpor 20 grems.
The pli wne adjueted to 7.2 sn@ after suto-
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claving, =lents were inoculcted with
caecnl contents Alluted with sterile
saline.

After incubating for &9 hours the
cerotone content of the celle was
estimated by hesting with slcoholic
potaoh extrocting the pigaente into
petroleun ether and chromstogrephing
on 8 @yflo tuper-Cel colusm in the
usual way.
Carotene, identified by Lte shsorption
spectrum, was formed eguivsliant to 1.2 to 1.0 ug/ml
of medium, Xo attempt hss been mude to identify

the micro-organiems responsible.

Apart from thie synthesie of carotene, marked
decomposition of the proevitamin sppesre to oocur in
the colon and rectum ec thet the sppsrent digestibility
se calculated from the difference betweecn the amounte
ingested and exereted, gives no indication of actual

absorption.

A point of immedinte intarcst i1s whether this
synthesised eccrotene cen de utilised LY the animal.
No sbeorption of cvaroteno or vitamin A occurs in the
cnecum or colon (246) dbut 1t 1o posctble that come

abeorption occura in thoe lower portions of the ileum.

Thie intestinal oyntheeis of oarotene is

being further investigsted at the present time,
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SUMUARY
I. The estimation of vitemin A hesv been invest-~

igated perticularly in the presends of substsncen which
interfere in the uvsual entimony ti'ichloride and spectro-
photometric methode, It 1 coneildered that (the
rocently introduecad colorimetric reagent, glyeerol
dichlorohyérin, ¢oes not possess any sdventages over
the "err-’rice resgent dut o apectrophotometric mothod
18 proposed bmee! on & comparigon of the sbeorption of
teat 2olution with that of vitaxin A at throec wave-
lengthe in the region of asximum sbeorption. Por
vitanin A slonohol in e¢thenol or poetroleum ether,
rendinge are token st 325, 340 ond 340 ) and the
vitanin /A cstimeted {rom these threw absarptions by

s simple csolculetion. The method is repid end has
aroved satiefoctory for the eatimntion of vitamin A

in the irecence of a number of intorlering materisls,
Tha decompoaition of vitamin A snd cexotene et
¢ifforent ztuges in cxtrection pi'ccedures 16 svlieo

dlecuaped.

1I. Chemlenl methods for the conversion of carotene
to vituedn - linve Lesn inveetigotcd vith particuler
refervnce Lo the¢ reretion involving hydrogen perozide
catelyeed with vemlun tetroxide, It i» considersd
thst the uroduet of the rencticn ie vitamin A and not,
se geenwd poselble, a al-glycol formed dDy the addition
of hydrnxyl groups ucrose the ecentrsl docuble bond of

4 =gorotene. A uethod for the syntheriae of thie
di=-plycol, which 18 a poseibl: intermediste Ain the
conversion of caroiane to viterdn A in the animal

body, 18 being investigated further.

III. It han veen eatavlished tihwt the conversiom

of carntone t¢ vitarlin & 1in the sheey occurs in the
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wall of the inteetine. This couciueglorn is bused con
rarviving tilecuve uxperiments in which gections of
intenstine have Leen Ircudbated with curotens 2nd the
product conclueively identified as vitdnin A by color-
imetric snd epecirophotomotric nethoda. It is turther
ouoported by the high vitamin A levele in intestinnl as
couprred with non-intcatinal lynph end sinmilar osbserve-
tions with oettle eugscet the intestine as the w«ite of
convereion in this gpecler slwo. The inteetinal iyaph
and portel dlond@ Dlasm® of thuep oconteine 1ittle or no
earotend, In cattle o high level hue been found in
the intestinal lymph ané the po8sibility of s sectondary
site o1’ conversicn in this species hea daeen coneidored.
it hee not been posdzible huvever, to demonetrete the

in vitro conversion of cerotene to vitamin A in the
livere &f c¢ottic, In sheep the vitomin A cppeares to
ve treneported trom the intestine oy voth the lysmphatle

end portasl routes.

v, The decomposition of Carstens under mecelerated
conditicna hnv bexn studied. Lilute soluticne of
carot- ne in licuvid nsrurfln or hycrogensted cooconut

o1l hsvo been found to be extremely stmble. The roete
of decompoeition of these wolutiono e¢ejycnde on the
initinl carotene conceantrations tnd # linesr relation~
Bhiip 1& eshovn to exiet between the length of the
induction veriod 2nd the lograritlmol the initiel
carotenc concentration. In vigw or thae etability of
the carotene eolutionu, the suise of hydirogenated cocomut

01l 1o 1 wolvent in biological ngosy work ia suggested.

Ve Srelimdnary experdimente heve bLeen emrried out
with ¢beep to deteraine the effeet of the thyroid on
the conversion of carotane Lo vitamin A. rom &

comparieon of the plesms earotene und vitumin o levels
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in normnl, -~hypo- and hygorthyroid :nimnls, it 1o
concludsd that the thyroid hus no direct action on
either the enzyzo eysten involved in thy trensfora-
stion or on the stability of tie esrotene in %hae
inteetinal tract ond that any infinenge oxerted miat

be on the rats of abeorption of the provitamin,

VI It Las uotl vemn posaible tc condirm the in

vitro conversion of ceroteme to vitemnin /A veing
thycozrotedn or thyrovid extracte se clsined by kussien
sorxerc. it 1c suggested tlat incubaticn of carotene
with thyroid extrectas or jfodinated cesein rosults in

the Geconpoel tion ond isomeriastion of the provitanin

%1 thout the tormation of vitamin A. The reasons for
these changoa have been investigated end 1t 4a concluded
that thyroxiny or thyroxine-like cubstencos way intluonce

the stobility of thu ctkrotene soluticna.

VII The comotene contuant of Naw Tenlind pegture

13 dimscgsed and rengons suggested for 1te sppsrent
relative non-uveilability to mdinants curing tho
cunner monthis. A mumtar of ypoexible fuctors including
tiie ef'foct of bigh Libre «nd lo protuin are under
investisetion. perimentu are alxe being corried
out tuo Jdeteraing gesswnal chunges in the tocophiarel
content of the pusture mnd the ofiects of those on

the vitanin A poatency of the butterfat,

VIiZ in view of the widoely 4dlfretent procedures
uoed 1n varlous lsboratories, 8 wurvey hue been made
of the methods cvuilgble for the aeestitatiocn of ctrotene
in plent xoteriele. grrors inhert in o munber of
theee 8¢ adlecnsead vnd & rethud sugrested bosed on a
cold etlisnecl-petrolenm ather extranction followed by
chromatography on & column of hyflo ‘upar=Cel. Thie

notiiou, which introduces & number of modifientions to
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published procecures, is simple «#nd reapid and o
endtntle for the outine as:py of lbrge numvers of
pampleke. The mathod hns beea uped for the estimmtion
of cei1ntone in rfreeh end eriod horoege sud focces,

ond haa given resHlts in good oprovmant eith those
ovtetned by cther comnonly-used nethocde. The
accuragy &nd reproducibility of the nothoé hee been

erxtenglvaely investigated.

IX. Cerotene to 11anin rntioce have bacn deterained
ot <ifrerent points through the diceetive tracis of e
nunber of pasture-ed shewp. The retios have been
four:d to Jecreace through the uvpper portien of the

emnll intestine, to incresee through the 1lewm,

resching a mexismm in thy ceecna, and to decrense
86lizhtly through the colon £nd rodtum, It 18 ahowm
thot thie increspe in curotune to lignin ratio is

not @39 to 2 nartierl Algestibility of the lignin
fraction of herbeze or to the preaenee 0f a4 non-cerotene
2rment end 1Y 12 gugreeted that there 1e o eyntheeie of
carntene by the micro-aorganisms of wie ileunm and caecun,
Thu -mthaele af csrotene by intestinal miern-organions
hse veen demonctrated on an A7»ny' meciium inocvluted

with cxeenl contenta.
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APPERDIX

Vitamin Content of' New Zesland Neate

As slresdy mentioned a short investigation into
the vitenmin content of New Zealsnd mutton and lamb vae
undertaken during the course of the preliminary work

assocliated with the main resesrch.

The vitamin content of meat hes been ptudied
extensively particularly in America but little work
has been carried out on New Zeeland measta. Mont of the
workers have been interested in the vitamin content of
everage commercial cuts as supplied to the customer
rather than in the amounts present in the tiescves at
sleughter snd the reletion of this to the paet history
of the snimal. The present investigeation hse however,
been regtricted to organe and individumsl mueclee taken
from & number of lumbs and one sheep raieed on the Uassey
College farms for projects under investigetion in other
Departnents. One group of lambs snd the sheep were
raised under normsl conditions. The other group of
lambe had been raised under conditions of indoor feeding
not normsl in New Zealsnd (1.e. hey =2nd concentrates)
and was included to give an indication of the effect of
such widely oifferent trestments on the vitamin content
of the tlssues. Thianin, riboflavin and niacin, ané in
a few cuses, pantothenic «cid and biotin, were egtimated

in the tissues,

%1th the exception of riboflavin, mfcvobiological
methods were used for all assays. '"he microorgenisms,
methods of ageay and media used wcre those recormended
by Barton-Wright (1). These nicrobilological methodse
lend themselves readily to the assaay of large numbess of
samples such 85 were hundled in this investigation and
once their techniqQue is mastered are rapid and relatively

simple to carry out, vhile edmitting the general
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superiority of these microbiological methods over other
methode, 1t 18 considered that & chemical method besed

on a readily measureable natural physical property of

the vitamin euch as the fluorescence of riboflavin, 1a
likely to be at leaset a8 simple and relisble es s micro-~
biological method. For this reason, particulsasr attention
had previously been devoted to the chemicsel egsay of
riboflavin and 8 suitatle method suggested (2). This
method vhich 18 a modification of that proposed by
HcLaren, Cover and Pearson (3) was used for all ribo-

flavin assays,

Lesgription of the Animalas

The group of lamhs, eight ewee and four wethers,
raised under normel conditions, conaisted of twelve
Romney~Southdown lsmbe killed at ae nesr to constant
weight se poseible. The mean hot csarcase weight was
3%,7 lbs. (£.D.0.9 1lbe.) end the average age, 107 days.
The second grouj, Beven ewea and fivo.wethere, congisted
of twelve Roamney lamba reared indoors from birth until
21 days before slaughter when they were turned out to
normel pesture. Juring the indoor period after wearning
the lambs were ted a mixed feed conelsting of, lucerne
hay 11 perte, bren 9 psrte, linseed menl 13 parts,
cruehek oats 18 parts unad pese 13 parts. The lembse
did not thrive well under the conditione of the experiment
only a few gaining welght regulerly, and se most received
a further setback on being put on to pasture they were in
a poor condition when slaughtered. This change fron
indoor to outdoor feeding was pur't of asnother experiment
out of our control. The mean hot carcsesse weight wes
22.5 lbes. In view of the results obtained from the
indoor fed lambe, one olider lamb which hed been fed
indoors from birth until slaughter wae assayed. Thie

lsmb, a wether, had gained weight consletently and wes
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one of the beat out of over fifty lembs in the indoor-

feeding experiment. tthen sleughtered it wae in good
condition- hot carcase weight 35.5 1bs, age 165 daye.

sampling

Organe required for eeesy were removed imed-
istely after slaughter. It was not poesible to obtain
all muscle samplea at once so m stenderd procedure was
adopted of taking all esuch eemples efter the carcase
had hung for L8 houre in the cooler. WVhether for
nasay by chemical or microbiological methods, the
preparation of samples wos the eame being based on the
procedure recomacndad by Bathurst (4). After the
removal of ull visible fat, each semple woa minced ané
well mixed. A large sample (uasually 25 to 50 greme)
vas agitated on a Waring Blendor with distilled water.
The resulting suspeneion wae made up to 1 definite
volume (depending on the epproximate vitamin content),
the volume occupled by the solid material in the somple
being allowed for where necessel'y, and aliquote with-
drawn and mixed with hydrochloric acid of eufficlent
strength to bring the total sample to the appropriste
normality (0.25N in the csee of thiamin snd riboflavin
end N for niacin). The tubes were plugged and after
autoclaving at 15 1lbe. pressure for 45 minutes, stored
in a cool plece protected from light until aseayed.
Immediately prior to assay thiamin semples were adjusted
to pK 4.5, 0.2 grame of clarase added and incubated for
24 hours ot 37°C with & few drops of toluene.

In ell cases absorption techniques with subse-
quent elution were svoided owing to the dAifficulties
in oompletely recovering the vitemin (5); 1likewsise the
Varing Blendor was used in preference to procedures

guch as grinding with sand (a8 recommonded by seversl
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workers) owing to the poesibility of vitamin being

adsorbed on the suné (6).

Results

The results for the various tiesuecs ssssyed
are set out in Tebles 1 to 4k and 1in Figure 1.
TABLZE 1

Vitamin content of tissues (freah weight) from
group of 12 lombs raised outdoors on poeture.

Thiamin TiboTlavin Tlacin
Tissue “eDe ug/gm C.U, | ug/egm LoD,

Liver Le6 0.4 36l 55 180 12
Heart 6e2 047 6.8 0,2 50.0 3.3
Neck iuecle! | 2.3 0.3 2,7 0.3 53,2 5.8
Long.Dorei® 7| 2.9 0.3 3.7 0.5 61.5 5.4
Psose Major® 2.5 0.3 3.2 0.3 G0.0 4.5
riaphregm® 3.4 0.2 6.0 0.4 66.5 5.3

1 - Neck muscle from the region of the atlas.
2 - Aebaye on aix snimals only.

3 - Tonken st the junction of' the laet thoracii and
f£iret lumbdbar.

TADBLE 2

Vitamin content of tissues (fresh weight) from group
of 12 lambs raised indoors on hey and concentrates,

g 1amin riboflavin Tiaein
Tissue |ug/mm <,D. fug/gm (Do | UE/gm  CeDe
Liver hbe5 0.6 49.0 5.5 171 13,6
Heart 6.7 0.8 6.9 0.3 49,0 9.8
Neck uscle 2.4 0.3 3.9 0.5 5Te5 Tk
iong.Doret ! %0 = Let = 62.u -

1 - Assay on one snimsel only.

[ ] [ s L} [} L) ° L4 ° L] L *
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TABSL B 3

Vitamin content in ug/gm. fresh weight of tissues
from :mature ewe raised outdoors on pasture.

Pantotheniq|
Tiseue Thiamin|Riboflevin | Nlacin| Acid Biotin
Liver be§ 30.0 167 65 0.88
ﬂeert‘ 5+0 6.5 €0.0 2l 0.07
Kidney 4e 6 20.5 85,0 - -
Neck Muecle 1.3 2.9 4o 3.8 0.02
Hean foJ eight represuntative muaclea.

2.0 3.1 49.0 Lo 1 0.023

8 De 0.6 1.3 9.9 G.8 0.01
TABLE B

Vitemin content in ug/gm. fresh weight of tieeues
from wether fed indoors on hay end concentratee.

Tiasue Thiamin | Riboflavin | Niaein
Liver 9 5 46.0 198
Hesrt 5+9 - 63+5
KXidney 4,8 27.2 78.0
tpleen 2.2 5.8 6%.0
Brain 2.6 50 51¢5
Lung 1.6 4e 5 59. 5
Rumen ¥Wall 1.2 3.0 47.0
Tongue 1.7 Je by 66.5
Heck iuscle 1.2 2.6 555
Mean for nine representetive muacles.

2.0 29 675
SeDe Ol 0.9 11.0
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I LIVER {
2 MEART 49 180
3 NECK MUSCLE |
4 LONG. DORSI!
S P3SDAS MAJOR 48 ; 170
6 DIAPHRAGM '
'
PASTURE FED LAMBS a7h RIBOFLAVIN | NIACIN o
INDOOR FED LAMBS 1
1
36
THIAMIN |
s 7+ I l &
3 .
3 | |
d 6 80
z | !
> st | L]
% | ’ o P
? 4
S 1 :
o 44 | "402
m
S | : 2
. K] 3 | I 130
z
Z F =
2t ' 120
z I l <
= z
b
3 I | , {0
£ | N |
|
= | ! L. || y 3
' - T | 4 5 6 i 2 3 4 5 & 1 2 3 4 s 8

g%g%l - Thienin, riboflavin snd niacin content
of tissues from indoor-fed apd pasture-fed lambs.
In the currying out of these assays a consider-
able saving of the tims normslly involved in plugging
snd hancéling test tubes may be arffected by the uase of
pmall bottles such as 20 m1l pecniclllin bottles. The
normal rubber seul i8 removed snd the bottles freed
from any tracea of penicillin by boiling with slksll.
After running in the requiréd amount of media snd test
solution the bottles sre protected by thelr loose
fitting cluminium ceps only and pPlaced in trays for
autoclaving. Protected in this way the solutions
remsin cterile for consgldersbly longer than the 72

houre requirod for carrying out most of the asssys.

Diecueeion of iesults

(a) Normel Outdcor-fed Animals

The animals of this group are of more interest
since they are repregentative of normsl New 2ealand lsmd
sndé mutton. The tables show that although there l1ls a

Tairly lerge varistion betwe¢n snimnle raised under
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spparently identical conditione and between different
muscles from the same cearcase, the average values sre
of the same order as those reported overseas., The
values for the mature ewe are slightly lower than the
average for the lambs, Sufficiont data ie availsdle
from Tebles 1 snd 3 toc enable correlatione bdetwean the
varioue vitamine to be calculated. These correlations
ares get out in Table 6.

TABLE 5
Correlation between vitamin content of various tissues.

Correlation
Considering group of 12 lambs -
Thiemin, riboflavin & niacin content
of livers Re.Ee
~@80~ hearte K. S
-do=- neck muscles H. S.
=3o=- other muscles Se

B Group content of livers, hearts & muscles R.C.

Coneldering individual snimals -

Thiamin, riboflavin & niacin content
of muscles S.

H. 8. significant at 18 level.
€. Significant at H%¥ leval,
N.S. Rot eignificant at 57 level.

° L ] L] ° » . . [ ° L ]

The lack of correlation between the vitanin
contant of heerts snd other musclas ie probably explained
by the amall veriatione found in the {ormer which were in
nany cases only of the same order ag the experinmental
error. Ag might be expected a significent (und in some
casce highly eignificant) correlation exists between the
amounts of the three vitamine in the miecles whether
di1fferent misclee from the same carcage or corresponding
miecles from different unimals 8re considered. The
variations betwecn ouscles Lrom the one carcase are
considerably greater than thoee¢ betwecn corresponding

myscles from different animilse,.
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These vuriations were mich greater than could
b0 explained by the small variatione found in the fat
and moieture content of the muecles and vhen celculated
on o fat-free, moisture~-freo besis, variations in vitamin
content remained of the same order. Vide variations
have been reported in the amounts of connective tissue in
different muscles (7) and 1t was thought that a negutive
correlation might exist betwsen vitemin content and
connective tiseue. Using the ensyme digestion method
of liitchell and others, (7) the connective tissue wae
deternined in the muaclee samples taken from the msture
ewe. Yo significant correlation wes found dut whem
culculated on & molasture, fat snd connective tissue free
haeis, the varistions in vitsmin content were somewhst

sarller.

The miscle samples assuyed from these normal
out-door fed lambs are regarded as representative of the
whole carcsse. Since the correlstion slready nmentlioned
existe between the smounts of the three B vitumine in
the various musclee, it ie poesible to assese the spprox-
irmate average vitamin content of all rmecles from &
carcese by agsaye on one miscle only. Considering only
the six lamba end the ewe where more than one muscle
was assayed, the muscle with vitamin content most nearly
equal to the average for s1ll the muacles for ¢sch indiv-
igusl snims)l was the Longiscimua Dorsl which is 105% of
the mesn with 8 standsrd deviation of 12. Prom the
point of view of accessibility hovever, s more suitable
muscle to ssBsy 1g the neck muscle which contailns on the
average 77, of the nmeun for cach snimal with the eame
standard deviotion. The calenlstion cen be csrried a
step iurther #nd an indlestlon of the amountse of ell
three v;tamins oresent obteined by the sscay of one only.

2robebly the eagiest vitamin to asesy is niscin und ffon
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this thiamin wsnd riboflavin figures nsy de obdbtained
from the curves given in Fig.2. These curvee are
drawn from the calculsted equatione 1
Thiamin s 0.55 + 0.0325 Kiscim
snd lLilboflavin w 0,23 ¢ 0,047 Risecin
nll expreosed in ug/grem fresh weight.

It 12 probable that the calculstion could be
extended to other membere of the B groud.

3.2¢ o
RIBOFLAVIN

3.0
28F

28

24+
THIAMIN

THIAMIN AND RIBOFLAVIN, MOG/GM FRESH WEIGHT

22} .
ZDJ'
1.8} .
20 45 50 5% 60 6s

NIACIN MG/GM. FRESH WEIGHT

Fig.2 -~ Correlatioﬁ Bétwenn thisnmin,
riboflavin snd nincin content of misoles.

(b) Indoor Fed Animals

""he group of indoor fed lambe wap much less
vniform than the outdoor fed animele and e greater
variation in vitemin content was shown in most casea.

No significant correlations were fceund between vitamin
content of tho different tissues except in the coee

uf the muacle sanples from the single wether (1'ghle &).
Tavles ¥ and 2 show that there is 1ittle difference

in the méen thismin snd niscin content of the tissues

from the two groups. There is however, a highly
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significant difference in the riboflavin content of the
livers and the muscles from the two groupa indicating
that the vitamin content of these tiezues mayg be
aft'ected by the conditions under which the animelis are
raleed. No conclusion can be drawn however, because
of the lack of the correlation and the somewhat confliet-
ing reaulta from the wether listed in Table 4. The
high ribvoflavin content Bay be due to the indoor diet
fevouring increased synthesis by the microflora of the
rumen. It 12 =ore probable thet the differemces would
be explained by breed or by factors assaociated with the
indoor feeding, smich sa lack of exercise reeulting in
different degrees of development of the various muscles
together with the poor condition of the lambs as com-
pered with the outdoor fed groups No significant sex

differances were found in either group.

Considering the extremely different conditions
under which the two groups of onimels were raised and
the diff'erences in condition at the time of elaughter,
the differences in vitamin content of the tiassues sre
surprisingly small. Unless there is a large eeveonal
or age variation 1t is not likely that lembs of average
guality reised under the reasonsbly eimiler condgitione
exieting throughout New Zewland would Jciffer merkedly

from the fiirures shown in Tabdble 1.
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