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AaAnalysis of Plasma Vitamin A 



lReprinted from CLINICAL CHEMISTRY 22, 159:3 (1976).1Copyright 1976 by the American Association of Clinical Chemists and reprinted by permission of the copyright owner. 

Determination of Serum Retinol (Vitamin A) 

by High-Speed Liquid Chromatography 

M. G. M, De Ruyter and A. P. De Leeiheer 

We report a fast and simple high-speed liquid-chromato-
graphic assay for serum retinol. Only 100 pl of serum is
required. The lower detection limit is 50 pg/liter: linearitywas demonstrated up to 1.50 mg/liter. On analyzing a 
serum pool eight times, a CV of 2.51/o was obtained,
Values by this meihod are compared with results obtained 
by a fluorometric method IClin. Chem. 16, 766 (1970)1. 

Ii the past 1I) 'ars niosi determiniat lois Ior ret inol 
in serum oir plasma were based ol molectular t'luores-

e el( lir '-o (the( t ls retirol St rucure. However. 
raisedeithh.luo' n~t('~im ilyet.1 her t r ret inol 
risedvr(,lcm is ofrlonspecl'iY wirryel sl. an llle.)To) overcomc this prohleni ( airrv et atl.et al. (21 (/ll and lPoll1mckIntro t(ced a c(hronatoglraphic step heore 
fhuoromet rv. (It her rut hors I.').4) used correct ion or-
mulas to coin )etislte lOrnspecit'ic fluore, ceti interfer-
enc s. P('ecent.lv tittertnatfluroromnetri'. procedure Imin et ;l. (,5) proposet(xl ra('t io a directT.4tep rerlired. 
takrinari getakhn- proeduhe (nh'etritadivanla(,e oflthe (tlhallcenlill n it ste rired).t'& lict lulores

ceceo 

AsI (ll-tlhtdin the atternrrprocedire the se-rtloislif'ic flliolres('tti(estnil e is dilutedis 5(u('('ssfttulv 
n00ninli ad tnvpecr. varfluorescence is ilulces'fllYltui in mized . flo wevc'r. v'ari t io n infactor (mean valu the et i ancein entis If;.s but varit s frot 13.6i lo 21.9)2 9 
wit h dif'freit sernirn sa mles inty prese t a nlra k-

)hack. 

Ihe c'hroinatogralihi( step , an( sensitive and fast, (wing 
to the on-line tilt raviolet detection at 128 ni and the
rlnission of ('on('('rit ral ion Slps. It ('all he easilv 1l)('-
'Ornld i' ;ill isoc-atlic liquid .hronlntl-rali is avail

able. 

'ak llh'ilv ai l i' t .irviw(ic'tii lc,, ' i ci i cZiekctluc1iip. i ei tchal'cn, A kaidIe'inlis '•l1I5. iI'hliPiie u, 1-9cmo (Gent. Itelgitin,

ReceivedI AI)ril 21).1976:; 
 uc'I)d -.t ii IS. 1971i. 

Materials and Methods 

Apparatus 
A Varian -11(0 li(quid chromatograph equipped with 

a sol(p-flow hniecti,) systetn and a Varisc.an multiple
wtvelength deteclor are used. The column is filled with 
a it -,nn irregular microparticiulaite silica (15 cm X 0.2 

('ti i.d.). All this is f'rom Varian Benelux, Brtussels. 
Reagents 

tetro/h m ( 1' r (hp I0(--60 OC), m ethanol, isopro
jmno/. nitd (icrhloronictn, were all aoaiyticialgrade 

rea-enlI from Merck ()armstadt, (Germanv) and were 
Usdwthi fu ieprfcaoneinol (vitamn A alcohol)i was(of rstalliie pUrity, 
I tIom (litkaA( l; d witzerla. 

Trohe o .(' (.alsndi -t-md
2,2.6 -tilmnethy'i)heni\l)l- 2 .7 -dimeth\l-,'1,6,8-etraenml 
was synthesized by reducion of elhvl-all-trans-

c-mp,7-dinethyl- -I .- mel hftxy-2,1,6-1 r inel hyll)henyl 
'l. 6,.l,-t gi 'tfi th in . llr (a 0 t ll -'offnolot'ann-la R ocu ,Basel. Swii'zerhani withnliAIIti. Tlhe final sohltion cit' 
the internal standard in methanoil used hadi anl

rb n e o O89 it : 2 l nt ( \ 1a i a 1 . 0 ce.lll)-l.nian.. of'().595 at :27 run (1(,\l q r zin (llir'z 
The ex ra('l ion solvent and the noile phase have the 

same conJ)osition, i.e.. l)etroleun ether/dichloro

met hane/islurolarlrd (511/1 9.1/i.7 bLV volt. 
Procedure 

Trllitser 11001pl oidserun (or plasna), 15 jl ofinternal 

standard sotlit:or and 111) pl lof' methanol to a conicalceiit riftuge tube (7.63 X 0.9cm). Mix the contents or'the 
tlure whr a <orl ex-l '1yle ixer. Add 2111 pl of' extraction
Solv ent and cap the tihe (pi l vethvlene cap). Extract by
iterrutted inixing onl the vort(x- *,'), mixer for ((0 s.After c ntrifu.g:l (3110110 rpinulaci , 2 miin) ihiject 11(( Pl of' 
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0.0t 
Table 1. Chromatographic Conditions AU
 

Column: 15 X 0.2 cm i.d. MicroPak Si-10
 
Mobile phase: petroleum ether/dichloromethane/
 

isopropanol (80/19.3/0.7 by vol)
 
Flow rate: 0.5 nil/min
 
Pressure: 10 kg/cm '
 
Detector 328 nm .n
 

wavelength:
 
Detection 0.04 AUFS on recorder
 

sensitivity:
 
Temperature: ambient 0 02.
 

I he .s.+UlernleuI t(l i 'hln u. (4'1h(p (the Iy tis' }-lanilthi 

1it0 s vring,, l00-pl capacIty. 

Results and Discussion 
'hrnnn d' ,ll ic' k1111tlit )It an , .,1%,,'1p n 11 'l'ZIthh, 1, tlldI--.
 

I+'.,\ I it l I 'h rn )IIIit( I"tr;uI I (,)I ;Ii I ( f(I . , I'tlt tIIXl I'ra .t It)
 
w,h i c'h ;t I knU, ' I timImi t (dIi n~cI' m l ,t; mtd iit d lh ; i'<l ( , 0 6 12 m n
 

added + h(wi it) l+'i Ilre 1. 
Fig. 1. Chromatogram of a serum extract to which internal

'i'lt f',1 t'lll I :III(hlrdiz(] atdh l+, 't't'reidtr hY (il standard has been added 
\'()IIllllt- 4 (d ; Ill' l~ l1l( relilt)] sim idnl i'd (1%( Iut ()ll I() 

Ia em, It. lin (,+ir II. hl ti,,i .t ill,t .. l i t 

1lFi. s ('Igi ,: liei:,.ht re('ti1, 4/l 111, l i t itertll l stI h,
 
ra1) and~e l' 9 p'/IieII )I pg/lt: (r'V the h_
 

r l .t ' ,I '(l i :1 zl I],li,u hes iI t I ' .!). ]v1 tsi2i Il t' weeii
 
caliht'lgol ur:Is\' f1iV :1v t 1).0l6) tr ee m s l

ttatio (d, t I' II(i)[l i I N(11l il t'11 5(411i1(,'tt I
 

i l rf.
iittur cthi I h ill (d Its th iesI tlii(0. 
' ithin-runI ereisi ()I' lI e tll i gwi sel,,re Fig 2 . l a c v o r r n k h t t s 

fr'llici,ilttrif 't hl tl i+i u+ 1; tr n ~ .I lh, y =0.01B2 x - 0.0067 
lineatll villtc v,'ls '589p /lIterl (SI) 1;'- i-1/liltu; (V 2 ", 

t'ct<Ve l'r itlli, ;lid'tii4 1't1tin (d1 m .i4Ir l \\iton
 

detrillinied h I lIl lii (lull(I'n n ' t'im d to1
it ()I 

stI ain it leli i '. i nvlt! lithhrI2) sfietih iTtw Taue .Re 

91 aInd 11W, (I11li 't tril nillYsi.111c iI'l a IAe 

l le II1"':t i lllt hl" iiii. ll sI'l lsel 2iv t i ,; 65 09 
saiI l \ w itI rt l it- 'll i ltti it,het lI :1h('. -Ifn i) low 

100 150 0 g/dt60 50 

i'liht i l'14'i't<,d , r 1n\\v ;I:i i iSt ll llll the clitire Fig. 2. Calibration curve for serum retinol (peak height ratios vs. 

154nl ,si. In, edlt e. ;11t n() t',.](hm l ahs~irt)Ii(i ui(uld he retino concentrations) 
t1,1' :t'<III :1 ;t~lt 4' II(11 ,l11' ;Ilru1 e I,((l":111ltt - - /___/______- -- dtetc'ed( if) 1;1(, ('I'H II+ ll ii~ l'rtit itte (d,(1l--- - --_- - -

603 627 120olrc 598 95satu 
Id l, (;ll' i I,, ()I'll (I "fi't In I 1(d pv~ilk is nlm lh, (m 

lt ,ho t',r c't ntll lfilli. l-. l T able 2. A nalytical R ecoveryi lm, l 'I'llillt tville slpetifit'itYv of R e linol from 
,,Intt.tat 1thw 1wI.rl~rlitel ;III (reI-lint+ I,,re -iln ) ti Serum 

o l .- wprl l~ l Il lllllll11 (d ll lie ' ,(d clm lp''li+ld+ T h,l 't, Initial conch Added Measured Recovered" Recovery, % 

Il [.t, Ihe i m . \\ ]t(, Ilit-. lwt,;lk \v d and ...... . . I'l, I (d>tx n. l'rtqip . . . 
;i (t lI l l: -.> ,I [IIlI' mll WOlitt,:(11 4 I r 't 'cmldd,(.\ jg/liter,l11 H A 
Il l a X i l l i t i l l \ \ ' mli du( 1 : " ' 1 1 1 1 1 , ' ~ 't ' ,: ,l 6 0 3 6 2 7 12 0 1 5 9 8 9 5 

Wihvlusrpmtdil 6.Il 502 1075 472 94I('Ilrille ld~~l603 

14 \( hvrllie ;lolt (v ld603 376 978 375 100 

cm 1-1cl)(ili. il-s(.(Se .rlild re 627 1171 568w l] o lll~.603 91 

Dail'1;bln I.( Iv''lc(~il c il)m ld Ilil603 502 1103 500 100:i l 
603 376 975 372 99
n11i'hl iil l '<i'he \6 111 tit,, ~mlk,."i, I'l 'li ( ocid. w\hich _ 
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Table 3. Capacity Ratios (K') of Compounds 

Related to Retinol 


il-Carotene 0 
Retinyl palmitate 0 
Retinyl acetate 0 
Ai-trans retinal 0.75 
All-trans retinol 5.0 
Internal standard 6.2 
AIl-trans retinoic acid 5.2 

has K =; .2. 1liowever seruim co centrations of reti-
l(i(-tiid. itl reser.t, are so low it would iiot he detected. 
IPhytoltiene. the nonspecific luoresce nitcomlpoill I hat 
interferes wii h th(, 'huloro iet silassaill serai, hil's ill-

sorltimi Inaxitlia at 1, 1.9., d ;;; nii ("0'. As al 
apsular t ecith, it will eltle t .ct hir 'wIt I1,-cirotev (,

which (hoes not itlltelre wit t ou1r as;v. 


We colipjart'i ll.u Itighi-speehhid-hrtitcguub
1mnet hiiu, witl It l'tt rmoilet ritc I fi 1 (I tt;rv el l. ( I.
whith ithih (es
slh itacid(c'hroituatogr;lpht.y a>a;'1.ui ' tli 

Step. ii 2nal22 ,cr t, bothe rtcl ilo b t .t 'I'lh(. 
fhiloroniet ri lt v+lded atbd yieh( lm, \ alue (4 820 i ,., 
liter, whierIiith W,,rr,. our 111-1i'jtbhW. 
th. O iT.li t ) m ii diiit tin e f[ l littititeri(metnd I ltnd i t ewtilo Imirl ti on bew e'tlts t(e.i.r i litip vi hllitw t e t the ofth I)Y t sthi 

i i ils.' i t)il.T lhi l w,7 sli , l l i t 
thst, , it ith ioi( r s iv e i t it t th i ertlitr htvs,(' (Ill("ullill t' (,I] ill per (i''l'lling t~lhe 1 t11 l'oill(,t rit ;isl t,,'
andi (or) ffi v r :tltl~l. lliglw~r ,p l-,lttl1Yi~of' mitr 
I11(et h .od. 

Il s llllsp ilyIlgh ui ro ll ra fed li c to li rIn4 su -m~u'yl ,,flhi iquid ,:hr m mt ,rulflb,- i 
settun re'tilll of'fers Sver; a vl litil-,s ove~r the, assakvs 

currently in ulse. Ihe coilumn (hromato rapll provides 
high speci ticit V,and on-line ttraviiolet detection at 328 
nm makes the assa v (quite'stensitive: (,ny l)v1p Iof serum 
is needed to )obtaina (etect]oil limit of .8) pg of retinol 
per liter. Sample prepat ion and (,hromalo"ralphi( run ' 
demand an overall amalYsis tine(,'ess than 12 mil, fast 
compared to Oiler met hOds. ecaIuse fe,1w iaIlztilat ions 
are ileded the p( ssihility ofi amiple (hlerioration is 
minimized. Furt hermore, the addition or an internalstandard before the extraction imlproves tli precisioi 

indc pet)eiisates for hhssifl ( ,sesrausel )y evapo
rat ion or spilling. 'lfh, itt(iirnl staindlardl has been chosen 
on basis of its retetillon clritrterist its and its structtiralalllog.Y to r tiol. It elultes erv (lose to the retinol peak
andI has Ilie StiM , \.\ ;is retlio), which makes it well 
Suitid for irl urpose. ThI'e ti55l,\, ivculd also hbe r
",rIledwit htul mi(hitiooflilternal Staulanl . however 

a tixed-voltune iniiectiou hop would lie re(iire(d to get
rtj (itul ille inijttions, atnl li lulvoint ge ot' an assay
wher mi!int rnal stainlarti is used would be lost. 
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Simultaneous determination of a-tocopherol and
 
retinol in plasma or red cells by high
 
pressure liquid chromatography' 2
 

.. /in (. ltri, !'i. P.) Trc.a .1. Tolliver. R .. and Ge,)r,'e L. Cafi(inani,: Ph.D. 

AILSTR \( "I I l paper dccilhi a rapid. micropicedure for t[hesiniultaneous determination 
iili-twcopherol iamijI i ind retinl s t[.ini . In plasi a.,and ol ti-tocophteol alone in red 
cells since .lk,,dnot , tm rttil r.:ront 0, 1 nil plas,a or 0.125 ml red cellsA total hpid e"tr i o 
and CorIaln mrnIal "-n'[,ild.1 o 1 i-iocophers. ;acctaite atnd relinl .ictate is onto aaIn laii tinjected high 
priesslre liquid .himioth !-raph \.ithI reer, phase colunmn developed with methanol-water. Ant 
Lhir,. i,,c de'._cc,,f >lh t-ilt'r1 IllCJ ih'icitronlatowraim i. cormipi'te ni8 nun and the (I' M'I11 

,,c~lhia, .and ictii , rc ate ilrIoatcd h\ ilc paCk hitht ratio Method. (onparison o'results with 
l 	 aIILeet.'elllt
nti Las c 	 Alh col tl 'nlllolllhth p A d ed 4XlS escCllrC s mletihods lot these vitamins. 

ilie prccdil¢ l c ri.w iul;arks !iitcal qtudic,Ihwild i, tiwfor ,urscN J. 
(/in S\m .i2 2 ,1. 21.'4) I, 

ind irw n .1l,. 

The recenl appliatiton of hih prc,sttre 9 into - 1) :iii tajrfl.,-, steel packed %%ilh micro 
ial -t ,'L 


ofA) o , ica i I tilk d,i tIt pa~kcd "',lhItondi .icl 


litqutd Chllrottll.t (IlPI.() 	i lm :tv, I,,nlipik t'-I \ _-arkj -olunin yrecoltinitti I x 22 

I iI m iv1: 1 i pr, 	 lCt IIIII k ( -1 , %sasitltachcd

tile- Mt111 tlie iriiai. ,l iintn 'he 
 socut wkasre.tictt grade

3_ 
 i t 	 'a\ict. ,i-,l , thih e h- ic .;hl 3. filtered dhltIh i a) ,-ii liltei. San
ttiqu,. Iot ,t lt_'. t_i pplictitunrt .\d- Ullit.
i % .,ol . pl, ,.\cre cd vh 'i l )-,i, . ,s5iiwc Precision 
Vaitlti2 5..'ill IIltIC over spcIr(5lloi lltcttS\ suii h'ii. In. ltloun R ice. I,,I)Ior spectrophlto

.II ulemI. (if- _,as tiloeraph+' ictire dtciiiuiott, t ictiol itid i. cr~il the
chit'lilll intclttde 

L1 .a...,i i d 
 II itiherlir, 0 ckdLtni()hli oilils Iapiiitl. reittise frecdomilroit inlerlurim, )LI
 

i id 
is mne. (ahlI . ,ct.[hi ,.tr,. were
.t repcisels.inipturlt"ts. t ondtttrttctiec COlilit~O11, tuled x ii ni~idI't lICil-ieptr allatkical reaet.
 

',ilnplilfct iItihOdooei-v ;pplic;thle to and ii, ils
vetIyw iinh thm',h.lt uircilgell.twtcrmi 
"'anle[11s."Illaill The fClesihill' I IIPC I( \1lllinkiidt. lcu, Reiccnt ahsolltteI r St Mo Lrade

llttatl/tlt' hWood 	 " e- seas Imin J. I11C.h.niaimc, . i nt'litol ll;ker. lhullh[upsrg. N J.,aid
plstalteiKlt sias t llp oltili h ,"ll laIia (tigIiic (hel.ill

iltitllIretilII) aind Sit1tttitt 1'.(i-locophl- Itliester,\ tuls. Nt 
crol) h1,\Ci. CCti descri betd (I ).In (hisrep irt. 
we deetl 1hi.i r;pid. tirlicroproccdiurC for the i.nr.....
 
Nill1111A nCOts1, dCeCl'llllilotjotl o rclinlul id Stuidird coinipuuids wkere all-trans tctinsl acetate 
I-t c l l'C l illpL!",lltot c , -,-I,,u (Iiti haiti1 ,Cltt tillt. n- i optull, ln c ('hicit.uc . Roch
pidltetiluert'sttitit t r estci.N ', mid ,.-itocopherN I acetate IGeneral io+,lhe e.slishd tuteth-

chtc"lil:lk,. (leelaind. (thu) reruns0Iitis ised illIttilItinll sildie.. ApplictiOn 	 11e acetate wasipuiutid t ijectiiut' ll ti I50 n into the III.Ilard
 
if, Ihe Il ( "ilocditte 10 theitllasis of' It- colitutll'
the. muddle prltloin of the piak 1he skent 
locoi iclol tit ted cclls is also derilhed (ted sol cs lp.ulcd under tirveu ind tie retinvI actlte
 
clls d,) i10tot tlll t tlol. do is d i cihatiol I l ticw otlmherol itid ,-i,,tplcrl
 

,IaCIeIt itl IC( tell[ ptLirutau',ioitll N pre-
C did 	 RCHIrulwilw 

I tlIt i iuwriiio al 13t'h licriim Sectin. L. I'llt'itlN.,i i'i ll t'llil l ,w_I
I I l PI ll W ets l 01t~I tilllllklll 111i1 IALIOC tlilolol.% 'N ationallhnNli

tl,ilt',,.I n. h till Nii .ind ' i l A1i I) , i la l ilt t .tliitu .. tlali ilaind lpltisell ~ieal es, 
hlilt5, Lht \ ,ssstlt .i ti d l 1tl.K ei lal lilclh .sd.i ,lil aiild'ihttc'il s ilnitu 
Il'iuid ,Ilq 1111ii~tcool. .111d ,iuhdcl .1401 ahl,olh- ' .Addle",iepill request, to D'r John (, tBlcti.R ooml
 

]iiehLI %, [' lI i Mlrl ;* -I11.HI l~dLhn.11k int C 111 Ih i flletd %iili ,%M 	 , . NA1i 1\, h11'11iu lc11i~l C' 01fIleCIlh. II 

,i11t't'it ticfic i .11it I W t IllI , Ii.it1Cuit 11 W e l i ie- i,d. r,.ilhd 2120 
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IIIIARI LT A. 

pi'red r m elin' hh .ipriiitlin hililclitlitliA ipl -lvi
K iII I i th lepre 
+,/rid il'N/tr -i.lotpiurolt

ce Of ', p tg illtl. extlcmIe\ ,I l] ,I: ll criing itiit1IL tl
hlinll lll [ t h\\ci\ lt llll lt( L f' il ..+x .tl,' illnllilll Vi i clkc icLiti Iilh.p hl ', \4,.1rcitor" ill R v- ell., it re ,\ ++sh ed t hre ¢litle %¢%%lilt (0I (, '.tiI).Sioll I, r.lep .91; si 111r1c a ndr k iI Saine .nltalllgt 0.5n 
w h'ihlllill~ %%I\ c,1opllCk \%filh2 fill l Inl l'\x lle.I"< a icll. 
 fi\+r lloh l. I lit- hum it~ltocft ILsdtet.rm inedl't
m iclltfiatll 
I'0tlhte'd
h\ fll "N1 dic i'hth ellier iIl Ilxlll. It t lit 1ti I)ileUI+ti 0I Ile "Sn. CpInI i OlN.ilie rcittl. Sl iSIi ll0 1) 1i"dlird ikl, oltio illlt iliptuild s i IjeCtlI lt 1i x l 1111, ' .CI[) tir gpin. siopperet I\ke- t p[ ridni In lediill ,hilt ' cilialtll andi the tt'.Illtt Ilhti.ed h, I."mll.'INlll+tfIIlt i iik L I, 

Clhl iiilthalnol (ctiled InOfkII!St_'I J t~ tui t rc+le I uItJIk hIIle%%lu N A1IL, t1- I thi % fW X IIIXt ht h h" +o,tltieh) ,edO+'I pcipi+,t

C0 CItIcII.IOetit-r I k ~.d lenin. (ittt% lI>tCO1itltle IM.ii I2Aninii i IN 'Anhrt- I%\ere l +iic rk nt.1l It l t l 'h ii nI iiC. ie~t~i I( \itql-li i2 ti m t l Il l l i l ierli ' , u tc 1111 l . 'Inlitp i lt 'incl ltin [hifltk tlit NC,+%Icrv, (I et mol. Ittl ,l ti 
 l I l t,ih re ddId 20111Iph Osei )I i w tit thldal (,lC,.'. I I 11. , ,-t,, . t ? 2 m+ i 

e n
111 t t,- , )
val. i it ll lireta c 'Ihctul','lieshakeri
 

l i ti .. ti t l lthi. m l thliii ir l i ed iil u ltlinl. +tc ~ h ! t 
le t[\' 1 r-ncti t llll .M peIAk nI dll wa slit'l ollt. Ittn it I+t ll\-! c di it 4l c i~ t l ~ ~ . ii'ii t -ul ' iIiitei i I ¢ "t 'l+ l t i ~ H cI lte t ttt sc + lar lh n+ i5i Iri hn interna,stIan da r ' ' t1its IIr-t1101 

%%vc'+kl,Iromll [lh" \%Ci ll ' ,ptiiiicllIt iHl)CA,i Itieiiiil t'i, + t . tatctiIIll,du:ll,,+,v( I hl idi ipak ir niilt'h11d Inltt kldC urlh d d1l d. LII't , I I dlt'ltMI IllI1\1lll1lll1liC lt Inl~t illi leN++'lli
d tOi 1t,. IX , ( i(W
 

s ilhic [ tOk I l-Ilth ilt+- lt)i'id ctto t i l ( d .te lierenf'lll t+' 101:, Tice+i~ llet tr1 l
,It t Ill ll l'ht wilh,tin+. ti,I.'tlt.MI,0 ,'rit.d t lh it jt ti.Il ong, retentidid ,',,-'It.ueti tllk\ i i;t.rest the I . 

n 
't1 kclt for i.ni-ll 'litrcueA die t,,'in u +luriio,.\al s tesm en :n,diid pea .11 of~+ill]fiili I ittidurd II andICLIIX(i1iih1i(1ig1! I..in- titlis .h.'lie t N VL le[elie l lt-,t.!Ittit pilr r ht-till riit, lt - R e' tirIr it 

aeIcit int OrIIStandardr Mils lle. t it' I r pliae oln whih m t c,i ice i d 1tt %cpit-t.i lI tIf liel IaC~ln2rtt proiile . in thanol:pliite illa Capnois atd i 
n t t tctiri a i talnt a e r todsepar ateidon'o ile

1tni heIor li ntIl . ItIcCintiii titLI IilInl Iletite Comon ti dstc l ly consider ted Io be of' )riidi.- ' letitcltlcl le.il litct't d ltr th ,iim l ;IStf filr hiteres is tidmi dSn ii, r th e c l I.lll nu trition l ssiscend tof,hI . i k hCii ....(6pi i e i, VIa ( . 1i 1).pe a). tl t sr il pe . t iol e t erg etd 
Mit r lip t.l 

t 
ulCtIA 0l thie hct\ lt Nh pinde thl s enillygllrtie solvei peaik lndnt was

tih!itt ithttil u tt ii upiit riii cc II \ cll s er e d ltm it Interlern standar ,rertilll nd r'till e. itcIl d o-[o,-,,l, , elipiiitle, tiill iccLite. Rctin~l pt 
 as Minor cim pictrl ,Ci Ci. %i-,
i l Utid1n1t0nihi III'1t liiilien itini'n I ie lt
tidli he e allt adl hi i pnri\ ll n A,e mllergeISmlelltl,htl tile t~tillp!+tulltk VCrc Ililclt'tl i't


Itl I ..ll utird Ic iltt, lc'li t fe' l ic :I1ellill 
 fh ttii iltierni wiith thi Ila e r rtntion 
ced I lie li i'h .tit cti iilit. t i lltit tile " ni ll ,snd es ntwinep itru all rd tp 

ilt1 i lrt. \as 1m det ectaheeen. tdertl,1,11iilo/ i ,,r iiend<i/ic i , ,phc<li,,,l drtien<,t-tOtip rllllcrpiperO11Blllod Sampntles I tahtt%tith.li I ker r\%C,01om ll dono~rs life.Nii- ce vrc distinctlyitltledin ot I Iles Illi ued A /f>-t~coph(rol l
ra sc iritedolt ns hulit wasn itt~d nt not scpara.tctl horn+1 "' 

1ili1ir,1 tInle Ol IIC., th hi thdlil Ii I tr ,slie Illl tocopherol. This combined peak USckiildcredWloodi plasii ilmrtdeteermi .li il d eleihillil ,ileilmd W t uuild e li tlyhe pmedotolrc a i .' _iit lcophrn l iiihlurmaiio!.ill ' ntiii lh~ll ,t I
_~l~ ll f elitr fill)( ( ) ." ea.r anid (I Ile.lhohlu i,,w+i ,l ,irk, l'II.it.'lic i s me.o bs+,ittiri no,! "
it cili all (-Illo ,+,fill)are'pipt~ed it)it (I p~her l1 uinonic w as I'M)indt o iid' ilnri,! Ntel: 

pilletPhlnlul. li~lI.I i.ddIcd ,ld ltteItlitcZlits,t
illX. 
 anlalo nt\
.l
\lit_l'rOlI!\ Oll 1 
l Il Il\Cr lJ r Ill NtUi+Ilor c\trac l
01ttileIiItILI. T er erIlk)~ .i pc'ktro, he'ptrl , i.,f i eav,,dc Ihc\ane Or e gl h r wr s inpns nm in rl r n, lc t n t.l .
ilddC+LIt
illidtht +cile,ii ',td W,lItItu
I\Il'llllttt'lVll1:', ivi ,latlthe lot 'l l"the Iw otlliimiC stidh rds.h,! 47 sett. ,o1 ,I ,,rtc\ litiC .,1,l 21 .~klltile" 11Mh lte. re'llmil aci l e.tandl~ (il-h ctlphel-l aiccl ( I:],_contetsl .to t t ,ltionioI Il.iutc 
l iret toumh]i,e\- 2). A. cthrommii,l ra+rn o (l ile"stlnlc no lt .i 
t
• il! IL ltl lifel t", ! t'',cn i, e ,,Ir ci,ari tilellflchte iw \% h ad ed st nd rd Il 

Ori5-1111LOUllit! ut. IlhC."',hcnt is.cllporUItd
ciitrilur~c 
 4c~L'01ions the' chrr faIilograi;1was',C'om lete~dt l citr.1stl ilm o til I .! %t'l Iill
tire lifilc t'I 
+ oI ,%'.iili
t 'l
hKIIhI I Ill l'+lI 1i 111111llh theOIC ~f~tI ,.I Ihlt'h1rldti I 1 0 ,Of Sotl\Villth C%\a',pol'lll is

, 
les.,,lth hleptaille.
the LI.' 10'll
lllt 

Ih,1%\C\r. %ili~ 
" h hC 11 Iii'I'lk _d Ilt2, !d diclh~l e'ther I Ifl! ,iNIt
tileH'C ltt lld,lids tills11r"Ohic~il
1011h"ATLI h " II liitth 10. kili ih l.tClitle'Tl:il
k fimier' I,alc' Imc<.dtaipplingbl '>ttt<fi
, 
 I]ll h tiliLHlilIS+illt_'LIt." 1 iiNHiiif Sillte' I [llOflW~-1d' Iliu " 

lilt-'Ok ent.lil,IIIII 'cC\,iaporlat,,h1i .a mnt inlio Ill te S, ll!..e.'A tfllo%,rilLc 2 .5 ,i l k Ajn. ll lheamli
fill, 11iili Ilst.d tile 

filed Onrtire IFI. cote-implll,\ ,is 'Afill dct'cch['elA: (1(11 atillu'l-Ui \\c houild htcu tili la tii.I " 
 I,, c ralfl. miitrch in lirl!it 
lionl. 
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MINUTES 

Fyl(i I IW I[ Ckh It £ir.Ifll0O.'MPOtJlls kfin- I 

to.",till :1. ii' , itphasma inid led C:clN Ior ,- 8 7 6 5 4 3 2 1 0 
toL.,phl.'r,,l o~lIPcAi mlm,l l.iclatte..rdrc+tm 1,i 2. Ii nvi 

I,tc.,.- tc'r\ uoeo. -t phiri. .. , i.-to- MINUTES 

vkittcr, Ii .' mu. cct nt,ronria irn al human[III 1. with 2%i) iti t(1 22. ('hrFI i of plasma
 
[liter and ,tt t u it lI i-rutit t, l t I t lr, (natlCoditions ani identitllicit oi i ,ta.e peak 
-\t IS Iic.tinort ,s tor Iitire 1, Unimiarked peiks are uniden 

6ied 

in ahmit , mill. l:istcr Him ratcs t)Itc did 
not :,,i.C",tllfiicnt spiatitit itt r(ctrrc fromt 

ClNitlie t ptak. 
lEvielnte ,l :Ce,txt!C that nit otler Corti

p nIIt r Iihuit1 retion-d t plasita ]1as, the same 6 
tioll tittle1s,,-tocoplicrii \%t s ohtairncd witIh 
tl, d Iloiil ai p rie il with i;-Iilpriteirt 

biee . Ikite. ptiltv 2 milti. %itlk hM i tihiii .4 
• m 

preptaratitm (d <,-tocotpiewl i -1). ( )ri a 
Iart-'dv dtctable pik, to 0calcuilated he (6) 

.ts IlIcIillril,-. z, , \l tmlrtli. ' ".3 tie retitii 5 cn 
.allnhi. 21 pi (1,dl, sa, in the low ot titl rar e. r>e
 
Sitilair cv'dtnck: r ti hea thencc o1fan inter-
Icllli p CAk ilt the l itrlllolp otit in was not .2 
,,ihb ilh itli blood. sincc patients > 

\ it irnat Fi ht it . r 1lin 'lytrcated with C 
\. Atrtltrt t mItat i titrllttial lood Uand .i icil+ 
valtic4, A'\m~l\s: of"lasna homql a1chrtinticlly 

rtttii dcltic il ratt tlntiitaittcd tt reintloic' 
(i. i e,s et . !ti\c to peak it tlre relen itrt

Iiinr tt tint4t . ...__L _ ..... _ L_ ___ tt.I I J. 

The ().Iill ,itpie ol pla Irta with tire 9 8 7 6 5 4 3 2 1 0 

a Itsi rllHlI c01( tll 1 uC t I itrlC I ga.rve peak MINUTES 
teitl ts tIm1 t trii rtd i-toc Illatr uoiieitm t3 itp 

ratn ed trorri . t It) it tire full recorder I1(; 3 ('iluiitlt lliiit N,;ii ttirmat huinrlli 
,riClot( l p srlttis . ce a .ai- ;i ili tire writ oftirt a ef saly, ,]t,5ltli ti]t 2 hut intt inlistandards 

Ittlin IiC¢tjt iN ,. added. (utrintianldut-totioplierl tate
sirtpie sI.e couldIl pia tll~i be ti"crewitl tile ttilItn pa! idsnleirit lin Irfi I I11re 1 
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6 metihod would give slightly lower values for 
rctinol than the TFA method, since the latter 

•-- determines ieti nyl esters in addition to re, 6 

itnol. Probahly tile correction for carolcnlid 
p[igncrits was too large. t0h us iving low, values 

.5 for total vitarnin A. The correction flactor for 
:m Ca riternoids is made with fl-cart tene, whercas

4 	 -0 this is a minor component of human plasma 
.4 carotenoid., and the dififrCnt carotenolds Liveo 

m varying color intensity with TF:A ( 10).

2 The prccision of the eictiod for the sam e 
.3 ldaSlh dCtCrlincd 011 It consecutive dys isSi given in Table 2. ",s lghtly lower coefficicnt 

m: of, varra ion w:s obtained for o-locopherol
.2 	U than for retinol but both were iclatively low. 

Precision for the .amC day aiysis of' 10 
j aliquots of a second plasma gave for rctinel 

[5 o ima n of 45.7 !gl dl. SI) = 1.9. cocfficient of 
variationi = 4.1 '(. aad for ir-tocophcrol a 
m.ean of 55, ) l/ dl. SID = 32, cocfficient of.variation= 5.6; Wea not 	 stll'). Rccov8 7 6 5 4 3 2 01 cries of (,-tocoph 2rol and retinol added in 

MINU"ES amounts about ti same as those present in 
[(. 4 ( iroIac,-ran o . rIi wr iroth a paiaent


with a-fl- popr iecine 
 ., ith a ded irt.rnil standards , I
 
siowmn, haiiel decClable -toophefol Condiions as I
Figure 1 	

I 
totnip rio f the deteririlant i1ol pla,mia 
rCtlnol11d ,1,-tcOpherol h,,f1PI-C 
1 colormict,ird 


detector at its hi: hcst atitc
oration. but work- I<.,.,
i Ihic,'c,in:a .1ai II.cr \o01L)
C 

IIICs ,P con)risi1decr-,u pi.. 	 ..'a I I I, iably 	more diflicult. 
. / IStandard curves for peak height ratios for 71) 55 882 942


the pairs. utocop-erol! -tocophervl acetate 
 2 3 5. 710i 703and 	retinol:retinml ,acetate are shown in Fig- ,5 67 P,2 1835Lire 5. The much ,reti c\tirnction coefflcient -4;1 
465 66 27 684 690

for 	 retinol than for o-tocopherol made the , 48 
926 991
sh0 839analysis about 20 to 25 tirme Mnore sensitive 7 7 71 1212 1320

for retinol. Thus,. a () cm hiih peak was given S "0 84 1217 1328hy 0.024 itg retinol and bv (6 po n-to,:opherol t) 37 32 612 513

under the0 ;r1d r:I 0- 10 34 2 571 569
C I to 3. ft 46 31 830 896A comparison f'anik'ses Af 14 human 12 41 33 5016 513
plasmas for 	 rtinol by Il1I.C arid by the 13 40 35 677 681trifluoroacetic acid TiA) method of ,Neeld 14 25 2'; 422 461
and Pearson IX1. and for ,,-to.:orilcrol by x N.13,' .16 3 3'.'; ,;"7 6'IPLC and bv the F'mmerie-FnAWC color re- 4- .2 114.
actior after t[;in laver separation (9) is given r O.S33 990

0.533in Table I. For hothI rcti nol and n-tocoplerol Sample I to 8 were dri n ,it Ii ITA tuhe.
Saumple, ' to 1. hid an uripecilied volumetile HPLC method la e results that were 	 of acid:not liatl. dcxiroe added rh1t dluted tie plasma and resignificantly different by linear rearession ",uhcd ingoncrall, lower salie,. All ,amples ,cre doneanalysis from the n acrocolorim erric proce- I duri tIe. "luC010 orodtlie M cid on erhodi .dures. Tile correlation 

"si 
coefficient (r)was rrticrit-Inec)rhiti-lasCr chronratoiicolorrapiretin alret ore dimensinlslightly higher fbr tocopherol than for retinol. 	 '1 '0Meais are nor11St-It may have been anticipated that the 1i11LC niicail dtllfhrerer (!'- 113t. 'Mcan. are nort ,inifivanrls .hilerent r is-
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4.1, 
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4-1o 

407 
454445 

431 

445.7 

lol( 

2.11 

Ii) consecutite 

plasma were. respectively. 100.7,; ± 3.0 and 
103.4' _ S.2 (means ± SF for live trials).

'he analsis of red blood cells for n-to

required a slghtlvt larger volumethan for plasma because red cells contain 
about one-fifth as much of the vitamin as 
does plasma (11, 12). A typical chronato
grMin of a red cell e'tract (li'. 6) with added 
o-hocopheryl acetate shows that 0nlv 0-to
cophcrol gave a significant peak. Analyses of 
nine human blood samples (Table 31 gave 
values iIn a range similau to that found pre
vioUnl' by -,as chromato,raphic (11),or Spec... orspec
trophotomLtric methods (12). Recovery of 
added ui-tocopherol was 103.55"; + 5.2 (imean 
± S.) when ;In amont equal to that present 
in the ample was added. .\limiting factor on 
sample size was the amount of' lipid that 
could be dissolved it, ether:mriethanol. The 
described procedure permitted a clear or 
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.i)i Dcision 

61 rinol arid it-tocopherol in plasma should be4 m Th6 rapid si nI(,us dcteriInation of 

of, considerable usefulness inz situations as Well many clinicalits inl tile nutritional assess
.3 )Tf nient of normal subjects. We have used tile 

i>.. method ito determine thle response to oral
S viltalin A arid - supplenients of patients with 

.2 ...n tat ruilabsotption as found in cystic fibrosis 
. iand a'-/,-IipoprotCinrenia. In tie la ctr disease.f Cn the iet hod has been used in)current studies 

. 1 to m1oilor the response to several different 
aqueotus vitallin preparations. In nutritional 
assessment, very few surveys have deter

8 7 6 5 4 3 21 0 mined hvitanin 1-becauSe of lif'cliCjhcs in itsMINUTES analysis. even thougl; it is well-documented
that poor vitamin I siatus is prevalent'(.i inI onrnrma hudmrda ledth f int rn lstand ard M ;chi Ccophr, Mrl p r\idc t'cakwt'ondh eiOn ant ateo ae kcr T h e~lo m.-kll 

-1OliShed populations ( 13, 14).lv spa ing e ffec t o f v ita mlin E 
0.5. tl,\k [lie, 3> 'li 1mii. delc,:,r \k.tth 2544-ini lih r 
and atlie lu.ioni itt ' 1,t5 .\tlfS Satple inc.ied \ascqulvaict , 4, 125 mlI1 cells 

. t.I.. 3 

w-Iocopherol tncrnr,ation ol norma redcel k and pltrnla" 

R,,it,,. I 

I hs2 54 
3 14 ,35 
4 t64 
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8 1i0) 
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rui IIIdupIl.Ie iC 

' . ,, .. ........ l 

,,,,,... 

' 3 0 Ipricednic1)
0?. 
1 )t11 

6,5 h0.23,9 

71? 0 1)41515 
1SiS( (1203 

Stl 1 245 


1024 0230 

'4,; ,243 

q2 0.Ixw . . ... 

donrs, drawk ii it ) T ad 

slightly cloudv solutio n for injection ,.arger
s,;nplc, caused lipid. prcsumathly cT ' 
to precipitate out of SolutioM. .raclton of 
ihc red cell hemolysate without pvrogallol
prestnt invariabl v gave rise to a si,'nific, nit
amolnt of an ,i-tocopherol oxidation product
with a retention time the same its that for :k-tocopherylqu1nnouc. Inclusion of sodium 
ascorbate or.butvl ated hvdroxv toluene in thered cell suspension did not prevcnt the oxi-
dation, 

Ofl tissue \'Itlarmi A, il aiimials (15) has re
cenlv bleen sht n too perate in children (16).Application of the described simultaneous 
analvsis of' vitamins A and 1; should permit 
Imore detailed studies of their relationship in
children.

The IfPL( procedure has several advan
eS over other currently used methods for 

these vitatnins. A si muhItaneous lnorometric 
(17) determines total retinol andtotal tocoplicrols whereas IIIll( separates

retinol from it.s esters and also distinuishesbetween o -tocopherol and tile fl, y-tockpherol 
., r. Fluorometric analyses are often plagued 

by spirious results foni contamination (18).
W\ith ttPI.C. contamination is infrequent andif present is usually recognizable from therecordin ,.Other procedures for analyzing o-

Itociipherol in plasma are usually tirne-con-SUming andtOMnn involve inherent los.ses. In tile 

HPI.(' method for plasma, no ox dative conditions or separation steps are included that
would lead to losses.
 
[he use of internal ,tajldards. anoither ad-


SaliaCe (if, our procedure. eliminates errors 
from pipeting or the evaporation of solvents. 
Care iust be taken. however, to see that tile
composition of the dilute working, standards 
does not change fron either decomposition
or evaporation. As noted in "Materials,: 
change in the retiny acetate standard was
usualk tioted after I .weck by' a shoulder on
the tlPLC peak. The t-locpheryl acetate 
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standard appeared to he stable for at least ,ciphcr,,I (.tamtn lH b h12h-rerfnrmante liquid 
several weeks, but evaporation after 2 weeks c24r58atraph,. ('tn. (1e8 4 5S 5, 
resulted in increased concentration. For these III\htr Ii W. A Z%(tt . J A.. N) A. G 

G,-liquid chromatoraphy in drug analvsis. In:Adreasons, wre recommlend that tile workin, re-
 ,yaices in nihrornaiovgr.iph, editedh .(J.(iiddiits.tinvl acetate standard he prepared fronm the L tiru~hka. J 'a/ca.and 11.R BrA n.New York: 
stock solutiton wcek v,'and the workimni n- NIrCel Ik)kker. 19"0. 14, pp 226t'tlhhher, io 

tocopheryl acetate s tndard be prepared bi- 22P:weekly.,' H ttIh..(;L..551)R 1'.[K si~'; tl'eopherols and 
pottlhIIlitliii lCd lai', ac;d, Ilhuman es.t',si Atli, J.Tile usual oxidative loss. of ot-:ocopherol "1-. P-..illt2,1, 

duiring the premralion of red iells Or analvsis NI :,..i B; . ' W N. t ,-,, Mcro- ,od 
ha,, been noted iousll and ica- tnt.,icthi , I'tLi it' erUn vipirc va-i-Kts the deicemmtm,iii 
sures used t, prevent it 1 I 12). Even though iM1111i %0.t111 trtlluoiracelic i,.idJ N tr. 79. 454. 

we did not sapon'I the cells, significant for- ht \' F . IRis \t Sctuni tami L 
mation of' an oxidation product of"o-tocoph- determited bh tih-layer Lh,,m,tt graphy Proc. 
erol occurred durin henolysis alnd] extrac- Sc.t:\pit. lt %led. 120: [5,. S 
tion. Only the incluion, of 5' pvroeallol in Iii \,1I , S w%k RtS. w C it. t ..,, tZI.

tile salile oltlioll tsed itodilute tle cell was ,,i, II \. \N \icro,,vtrnLim am,,nof ,italin 

found adequlate t)prevent oxidatiye loss. A and ca,,ienoidl Ii bHood and ,tuc.In: MethodsIitttcmiitl.\nahv.c. 1).Fhe ti edited bs Glick. New 
much smaller ,ample ,i/.eand shortencd mial- Ytlk icr,,tce Public,. O, . pp. 1-23 
vsi time make the procedure a i;irked tin1- 1 llt i, .1 6 . R. K I1 P.1 ,t 1.'1IiS,\t 
provemient over pro\ Itl> mthods lor red cell I)Ctetiicmitini of ,liWphcrI inlrlrcne hv:&t,-hiqmd~chrornato,,_raph,, J.I ipid Re.s,II II,
,I-tocopherol (II. 12 1. An I lPL1 method for PCIi Ii' t l 
red cell tocopherol, that appeared while this 12 K sm ., II .. ( K (t1, S-it I. K. ii,,ot'vs,w 
stud i to ours hii,in, I prOtgiess, i lot. 'inilar Spcunctihtr ,tttr d de',.'rMn1taitO tA' t
but includes saponification. ' cphcidt It red Lcll,J I i[pd Re, 14 S33. 1973. 

131 mmt\tS' .. M, .M1 s s'i A'..\'Ito Ki)\R. K. 
\t•\i I,\\I j 1 Itit it SeimiI %iamim Ii l-sel, In'IhC tlhr' i1it1ik ills,'VWandd S. ( IIII)Clpl 1"the the tural po1pulalri oI liat P'aktmitn. liric. Soc 

Nation ilInitruic, ol Iletlilh Iflootd Bank f[or kliidl\, I Blo NIel I1" 133. t'. 
',ipplk 1.ttph.,It itt1s R F 1'itcci.i ',irtiti ns it protein and,lnthlood 


ter. 
.oletc.al repttiscs ii I liii chitldhi t ill prttein

caloric intake ott rIt it rol and selected phvS-
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For purposes of nutritional surveys and experinent alstudies, it wasfound lie(es:;ty to lItnve anonotitodIlet.stt 'ilrig \Vit a lil Aodiln(1 eitt (II
oil 0.1 tnil.or less 0i serillse illrder that fintger blood might be utilized o1
that un(iu, lleilli(lts5 of 1(doll need lIt 11 wihdlrawnI'rnlta tmilmals. frioim small experi-Existing Ilitllimis require tat I till.leat of, serumll (1--) 
and lhereftue 1l'cessitzite veniplilittie, which is tine-eicmtsutiing anid for
which cottseltt is often ldifticult to (lbtil from subjects, pa'tiulthtrlv hildrlen, of :t nutlrit ) feltilmtl survey. It was alls te'essauv to establish aTpro
cedure M ilieiV hlrge ittnulters f nililyses otlhl lhe J)el'firled without tileexpen dtitu re un(d 11f e :1na lyNtica l till ,.
The usual (Cat'-''ice (5) (atitltii ,v trichloride) reaction Ior "\ilnmint A

presetits great diiciulties whent attellipis tve ltiit(te to adapt it to SmIll scale 
w or ' , ,l t ilit\v dth e s o h e n ts u s e d , p etiIl*v ln eth e r li lor lrl .k . h \' d c'h o f ,

makes theIttnteos ry ,i:tm tillulliltims er ,Vdiffitult tid evet sliglt (v:tnport
tion tid lh , resuhts in cIumdeltsatio of Iloistlre, with lestltant
tiimbitiity ta'r lie t ttaititimty tlrichiihl,rovagent Flitt hrlt ore, the
\III(S (Ot(Ilt liate (dfthlie oItto )('lro tl illed1ilde s 'llliell' veY'


ditlittilt t :asm:ll iAle. 'le 'toIe, :tttenlttln \\,is
directed to theIl -asille
ment of vittminl A 1)v its 1bsirptlit it tlhe tilt raviolet (328 nip) itt spite
of the titet thilt lte ()lorinteisit is ml v ,lo-ti h-tbird nis gieat 
as with
the alititity i ri .leaget. Tle lir'clt t aviolet atbsirption ofvitamin A ltns greatlyItet limited in :11trilylical ttsefuhiss excepit for
nteiiStl'eltnelts fdhigh potency oils, roving to its nmi-speciicitv, since tothercompoislli likely , be pritseltt contlibtte to the atsption att :328 nip
(6, 7). lhowetr, Litle 
(S)has p:ltially ciretltivented this diticult v 1w

lliegstlring the abslp 
 till f ttl ttre"afte itil. i:trtion with iltlravitdet iigltof wave-lengths :i!!)t; !00 'p, wvhil 1 dcitroyted hiefly vitamin A in the
oils and tissues tested. leittl's paper (8) gives reftreltoos to those who 
previolsly tolade use of this lillille otna lilited scale 'tnd ill a variety ofwy frI tvsIl tlysis of, tt'tstttffs. ('tevallier vt fi. (9) lt'te used aln
iradiatlion ltetlll ill l1eastrlavlltt of, \'italiiitt A it) larger voltimes of seiium.
Ilowever, Ite possihilities of this teclnitque have nIever been fully explored, 

ru'tietiltrly ill reference to blood analysis. 
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By u'ii Gitii dv trsll. iradi tclii iint' it poss5( a~ ai i 11sill ilto 

stilnS ist Iilli'm 


GOv.1111! sl (0.01 I l i i'd1 li35 ()ft 


devt lo ii f~iiill'i'i i li lt g i ll-ci li til' 
l fi.) (i'i 1-vli :11liic liii IiI 

call~iIbe iili! if i tcilliii' tis itI(te lilci Wi fi11 sliiic i plii' it Il~il , th 

fi ocdlint' '11cIt'1 t I u t t. n llpamll het i l \ Ivii A it'sI cmio 1h ill I sti lo t 

butI 2.; pnl I c l i iiI (m I t i ll~pI' I il'o 111jIltlm 'i wi ld it' I c\ii':(tioI ()f 

v11thnili Aits 11 1nin vih( m 

v pla (l2p t 4,1, ,itl itilit'; till l111cim~l ligh\tI :1tilti ttlt' \a tils 

:328is li' ti WoI fli;(I) l(iiill 6) ii.rpinnthe~ viiii A :,Sn 

w i oti:11Yrt'ifpll OnS~' ti ,plimi'li iI 'ilpi' t:l pilli PPI it 's ili P'a tl'4htrII : 

Hld rcwe~ure wioiil*thc l)4rG n: 12 mp 



179 BESSEY, LOWRY, IIROCK, AND LPEZ 

8. A Beckman speck, photonter fitt ,lwith ;1Inicro attachment and
2 nm. qua rtz (livettes l,2). (The aliro attachmell t i cells "re obtain
able from the l'yrocell Manuftwt o ing ('ompalyv, 207 E'ast S-tit Street, 
New York 28.)

9. Racks about 5 X 5 X 2 inches to hold 100 long tilies. These may
be ilate from wire scr ll (t\%-() pieces of "Iinch inash and one piece of - inch 
mesh) or from sl cet metal. 

b b 

000 00
 
0 0
 

0 0

0 

0 0 
0 

00 000 0 

FIG. 1. Arrangement for ultraviolet irriLdiattion. The mercury latp (a) is heldvertically in a clmp, base up, wit lt ,
]heot her and xte.moliig 3 or I cm. in oi hole S cm.in diameter, b.h, in itlarge liock of wood, r, which serves as a base. Semicircular
racks (d,1') are provided for hilding the glass tubes in a circle ecquidistant from thelamp (6iem. from the venti'l of tle l:ibim). These racks may be made from pieces ofin-'h plvwool hell ihmit 2 ci. apart, with the upper piece dilled to hold the tubes.
Tw nty o to irty holMs m'ny be' drill,.l in li rack along a semiciri ,l.ir Hne. 

10. lu il (lc ,f jnpigltlNiy 1li is ( lit (1ff, and the nail is slightly
flattenl-d tot distance 1f 10 wr .N1 n .:and insirnted i l a suiall high speed
hanld dr1ill (.,I lalldci gi-iliei. ( l VigoW Ahlntfaictii-izig ('omnpaiy,el 
Cluiitgo) with tw nd-m nIlicitina :ibiiit 20) mm. 

1'roredlow 
Into tle lmg slender tll,.s .ae put GO) c.i1ni. of serum ,ilnd 60 cmim. of 

alcoholic ()1I. If tIeIsolt)itiiiis do not ro to the bolttom, they are senlt 
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180 MICRODI'Ti;IrMIXATIox OF VITAMIN A 

down by a whipping motion. Mixing is aceomllishel by toieling the side 
of the tube near the bottom to tihe whirling nail inl the motor drill which 
has been mounted in naiMa)in with Ate uil). l'he tube is immersed 
(along with othters in a rack) in a water Itath at (0' for 20 minutes, cooled, 
and 60 erimn, of the kerosene-xylene mixt ire are added, Extraction is 

°accomplished by holding the tueb- ,at abolut a *l5 angle against the whirling 
nail in sUh a tnrl'that t1e contents are violently agitirte( for 10 or 15 
seconds. ley are then Centrifuged 10 minutes :at 3000 Th.P.M.lie tubes 
should he at or() tempeiratire or a little below before t hey,are 'entrifuged. 
Each tube is ('lit with :1 file just. above the kerosene-xylei layer and this 
layer is pipetted into the special irrow Bel.inrin 'trivette (12); all the 
solution possible is used, ltui witl great (are to avoid any of the aqueous 
layer which would c' turbidity. 'he pipet ing is best acconmplished 
with a fine tippedI constriction pilpett of about 50 or GO (.ninm. volume. 
hIowever, this pipette n(,,l not Ie calibiri 1(l. The constrict ion acts 
merely as a brake tot Ittevnit the sample from being aWident aly drawn up 
too far in the pipltte. 

Readlings are rlna(le at .I(G0 in( :328 nip. The -ample is then removed 
to a short soft glaiss t ulbc (itemi (-I) above) an( irra(liated along with tihe 
other s"mniples with the B-I I-I lamp. The lam1p must have itecn tirned on 
at, least It0 inutes prior to Oe beginning it tht irrat(liatin. The n(e'essairy 
irradiation time, (30 to fi0 inirortes) should be detern lin(,tl by trial with 
known vitamin A solutions. lr'r:rdiation is applied for (; or 8 times as long 
its is found to b ic,'cess:iry to d(stroy 50 per 'tent t)f the vie llit l A in )ure 
solutions. Aftr ir'r',liattiot, I SCttnd r(,(ling at 328 nap is takeni. In order 
to elimiratte the (l:niger tif :a 1tlu iity (if riiiistalilishel origin whith stone
times develops atl(I which maly be so slight a.s to be initti'(,:tcle :11(l yet 
seri(lls entligl to ('allst, real (,'rrttr, the pipettei used tto t ranisfer the samile 
back into the (uvett( fter tlie irilti:ttiort is riised1b(f4tre each Sa Imp)le 
with arhydro)us proptnilc atid ftll' i)ne-tlird ttt one-half of its length beiow 
tire constriction. 'T'his llr)'t('tlure neither ailtls significaritly to fhiw an
alytical tline nor h'anges the vi)tulle enttugh ttt c:use error. If nec('sary 
or desireO,the hlnltti(ltit may hr :rtlt ('(i prior tt the first reading, silWe 
its ifci)pop :iti( (thtt,s rot afft' Itlii't( iur,,e of irhtaidiatin.2-

Calculation -,4,) X .1801 = ni'tgraIrns per tent tif tarootene. (E.32 9 - E 
irradiated 328) X G37 = tit'r(ttr'ias per ((,nt if \'itniin A. E = l)ti('al 
density with a t'(ll having-: I (i. ligh path = 2 minis log ,er cent trans

2 A stl tibtUvrftr pr(. ,)ni avt'id, w,.wh it y ittv)s hIly fh)wiorlitst isfaetory, is a 
]:1 iit'urv f xyleneatnd 2-nwthyl-2. l .[ ttltt'li ) , Te attition of a greadt excess 
of riopitinie uidt itty in stme ct's itself inuce tllbidity, whereas pentaietliol ap
Iert's to 1WitIisCiltl: wit 11scrirt extracts in all ptroortions. Te xylert! is athled to 
reduce viscosity. 
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mission with such a cell. ()ptical (ensity is given directly on the Beckman 
spectrophotometer. If the volunies of serulf and kerosene-xylene are notequal, these must be Inultil)lied by (volume of kerosene) - (xylene)/(vol
lime ot serul). 

rlhc faiCtor of 637 for vitamin A is hascd on an EIV.. for vitamin A 
palhnitate inalc'ollo of 1720 at 328 nap, calculated as frce alcohol (13).Since vitamin A ester"has only 9ti per cent as much absom ition in kerosene
xylene and still has 3 per cent, of its initial absorption after irradiation,
and sin'ce t'urtherliore the albsorption is reduced 2 per cent owing to the
nec(essitv of using a wide spectral hand (8 nip), net E'ltille 1720 X
0.96 X 0.97 X 0.98 = 1570. 1,000,000/1570 = 637. The extinction co
efficienit of the vitliil A ester was used rather than that of the free alcohol,
siince most of tile vitailliii A ill serum is esteritied and sopolnification is quite
inolll)hele. The factor of' -180 foi'(aroteie NvIs obtaLined by metsuring the
al)s',ptiue! of 0-carotelle (Sii.aco) in kerosene-xylene (EI 208).

If de-ire(l, tille volume of seilm :1d reagents may ble increased or decreased l)iopomrtionlately. The ratio of serum to alcohol must hle kept coin
stunt, but the amioit of kei'osenc-xvlene may be varied iiidpendently. 

DISCUSSION 

Sapollific(atoll atll c./r11aclw are c('ovenielitlv carried olt in the long
sleler tiili's which lrevent Iiidile evaporatinmI during sapomification and
which give suti'ielit fluid depth to facilitate subsequetit removal of the
organic sol vent layer. S:1lo)olification l)i'esents no problem and it scarcely
prolongs tle :ma:lytical tItio, shoee it is as easy to add alcoholic K()1I as it isto add alcolh d aloiie, which host bw added in any event, and as many as
100 saniph's moa vhl* :aolified at onve illa1single water bath. The sapon
ificationl is iiot ('oiil)let, gly'erides are lY partially lly and thezdolvw,
saic( is probably tiue for vitamil A est(rs. Ilhm*ver, the alkaline treat
n'mit ac('oimiplishes its plurpose; v::.,tacilitatiomi uf \'itainu A extraction
 
and the remvallI of i'terferiing fliaterills.
 
Ifa Ilotoir stirmei such as is('s('riled :lcove isl14t available, mixing and

extractihg miav Ihe:coml)plished by adltiig a I Il.hligtih of 0.ti inch 
diau'l'i' stalimihss \tel (froms wir( the Newark Wire ('loth ('ompainy,
Newark, New .lersev) :Iiol shaking. -lild agitatioln sflices to mix the 
alcohol witi the se.rila, aiid :oftir adding the kerosen,-xylhne, the tubes 
are sealed at thl ullc(' lol iila flame nd sh.iii vigoiusly. lp to 50 
tubes iilcy I shakvii thgethlr IY lhaud (200 il3tf0 times). For a large

series cf analyses this t climl Ilw is .srapid :asthe one givel albve; however,
it !s iecesavy to take gl'et cace to) plveuit any serum from wetting the 
top of ti(' tlbe, which would ivsult in c'iiarring wheii the tubes are sealed 
off 1ind ther',y jeopairdize' the analysis. 
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A major problem nas to find ,a silvent which WOilh (mnphetely extract 
vitamin A anl carot n' from srum ald whih wuld permit manipulation 
of Smalll immes witilit ilnue evl(il)('tiil. Petroleuim (lltl. WaS (eo)nl
pletely linsuiteIi mving to) its vIa tilit,; ohmile as all improvement; 
xyhICI( was still blter; alnd kiiisell si,.e(ld practically no evaporation 
but. failed I( ext-:lai "tnhi l .A ( iiotiill ,luafliitatively. A 1:1 mixtiure 
(of ke(is , a ulnxyvlii , w:a fS ll l li have sili !INiw v()latilit , t"ia t ev'pi 
ration ioiild Iw i.id ril v ixjritiints hn, siiu ileiiiimtst tatoid:iii11 ytV 
tile quatllik.ili, (.Xtrnrtli I,,iIllmnts.()*,10f 

.!cisii',l lit if li!tl1 albo/irldiio in sinal! viittites with thIe lBcikman
 
Sp l.) plq)l)l wI.l, i:js heen h'sc'rihod (12) . S'ince the samles, arle trans
ferre,. :Ilorel the [hr'l r'eadings>, 1'r ,m) the ah]s~lwpl ioll c'llvettes to small tube>(s 

for irraidiatioi aind tr:-1i'trr luck to the ilivit te',l fr ) Ilh se i- il riadin gs, 
th r is il:l , i.ie 1 :it , l 'it thlii sa ioid, iniglit ho, lost i itring the m:tan ipii
lhdiuU l m- to ha :l '11 hid>: t vilu m flllltrt he sec'('i'n Ivadllin._,s. Su41ch| hiss 

cam hev'l pl-w,(111.,:h tipped, tl''Nllsfr~tll s, andr,,il -! ,nihle ipot malking 

ti el,, or I 111:-i ' piip -tt1'. 

m'ele-xhvlfii is tltr:tvilht I hlr a "328 lli riairniilitl x\itl hlit ti at 
I :I s, itiitiill if :Illp 

Ihiiwv r, m i xtrail illn a illlaitz (or 

pidly ,h 'r ., hi-:ivi uta iga ,' lila: i iXiiui:ttll.y Iir cei . 
hit :in ltiu,,t i, 'iuiist'. is ir':niilt 

",1ylt ti rlil t val i i :link. \itlli i til i r io, tcur I' l:i,t , lhi hsmil-pt at 328 
nd xl'l :tll its i tnvnifa lls iltt :- t ai illit i:ll ithtl te ni whSapiitn

main .\ ,>r_ l. er,1su kll r, . ;:t hrin,is I.,ilt fw, l c'tm v,'rted into :11we 

ptiv t1 l' m thi'itly :1 - u lt i- piiilsii \ :it ' hiun,:llt(ill-
Illeely pi wedn . 1,y re,>friclill. Ow. irr:ili:tti,,m Ill t 1. ,hvo! nZ l utwee l 

lir lt.- d :Iliit ait ilN io . l,.;li i: a i liiu p asdlillll s( Iitiol fle)ll 
,. (it lh 1 xit, tlr'ct , aitmill ish this itsipi a t haos bi ,iii 'm l m i'ke

CMIN'Vilicil I') liilize, :1 lightml v(u', (,:.:sed il la p rp~le e.iv'l~q , lG le il 

1li tli Ih-I!t i ,, itil.ih -s.cll;ill" I ilis ,,ut ii..t l., i x n-10011um,:and t,, pli:c' 111., tu anma 
it10 (Ililcs ill (ordinal-rv :",dl ime+("S(O't") glass tulhes whichliii i . I it)n is: II iwiitdeii t LII ittil it:u liiehse ats i is 

]i. lt. tl l ' i i. s:+l,,nitit.dt tl '~l', extr.: +tio8, the a t ion at 32S ni
fatlls 1 tl pi :1:lt Nlhirhl rtr till: mll nm (l with further ir'radialtion. Sapml(l
iticalti ,n 11:1-:11-1) !well 1',,tmld m '('cssar~v ill ,wdh'r too eff'ect c'milhp t(e extrat ion 
il, 6 1, il~l i \. W ith s:1111m ilic'ati',,n. Itl, ic l are lperhm ll <cestilt ,l's let(.ti1 (iiti~~ 310 f d t rnitti In l iin it h snry. li111 il h1:1.: ho'e.n fell1d, irnl,,l to) ret:lill tIwitn as :1 pIea'tiinry lieals

lprhin,ed irl' dilillill WCN1,Y',.' 1,, ,hestr),y v'it:illlill A. IPyrox W ho's maly h~e 
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Fig. 2 fi'unislie. evid(nli that Illhel. lhe lI'(,srilbed llh(tio s it is only
vitaimin A ,licl is destroyr l N. I li irra li:itira :ild tIml \"ew- l ingInnteii:i ls 'ale inot fTi i l. .\ mq'l 1 n (Xlrl t was i .li-riteid fill , 91,1'i(1 (i)
mhilites, :md the 'sollit'tion 't ' Wi, i' i 8uille !teliC ()n :mid 1t00l T.ltii !e:ldilgs at 99 and (1 liii ,t Were tli,. , i rteil Il'Iml thie 

0-epurn extractsa 

-A.Irod. Oniin. 

250'

i 

200--

CL . 

' f-----Diff. curve (A-C)F00[. -- -, .. , <-::" ure Vit.A". . \ .. . . . .. . . .. .. ('A- "F3)V
-N. .1 It PueVit.A 

50 . ,X 

310 ? 20 330 340 350 360 370 380 390 400 

Waveler, jth M/nz 
Fiti:. 2. I 'f- i t i : li:tij( I-pr(ir,1 111.-\\ I-:tf- .;. I1i


,f sir'l l i\ 'll: i' f ,ii , lt! :kl' t0L' ,,m w ith ti ll i '<'mViimiii hirii :l i I i 


I . ''1 i ,h vutir v ' 
iri':1t1i:i r ;2i p ,1

aind difi' jrilll. 1mi vl rI' ' < IIrrTt I I !.1 - il1 1 i iIr' iI I i . , Iti i , ,t:tl: iII l i y
tu lI riis ill 11 ,s: I i1 1r . ,.- 1 ,r m . i, 1(i if(l, r if i il i " i-l'i: ldiit im w. 

r-:ili,.t :ii rm'i,, aimll i rmtr:iiii li!tri'li.m (lives, i'mnlip ,lliii lhe, .hiiie in 

( )1i ):1 ilI \\ iI I I, t 1 ' '\ ii I' I (:i i-I111 1ht nli l'le i illr\' i li h(l 11 ]l4lp
1ir ii ) '1, if lii ili , d,i' i ll'\I fit liif II IIin dhiiiii -(I iI-: L tir It.I wil 
1 li s tlrn,I u ii \ tNIt pmv vitni :i l ixtii t dihi. ei il>,l w ]iiiii \ sI iri 
lien li l m : ii TI"hn" i'j: i evitiviihir. til ti i :inrtlnii nllifl'les ile
 
. tri!j i lr itfl ili .\ lestli. iiai i ily.
rut \ii' 
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Comparison.with Antimnony Trichloridc (Carr-Pricc)Mcthod--When com
parisons were made lbetween the mierornethoI des'ribed above and the 
antiniony triciloride mlethod :15 usually,v pplied 1) serum (i--4), it. was 
found that a numl)(lr (Ifti' s(ra Il\'le Ill(1 higher \ 'les by tile miero
nethod. At least port of the discrep:,('y was trale(d to certnin ina(dequa

cies of the ('air-Price method as Is,:i1llv :I)l)lied toI Tle(soliles ofseruiIII. 

error inlthe antimo(iPv tihloride l(ethloi proved (a)to 1wo, incompliete ex
traction of vitamin A from liils'qai)niiied seilluum (:olde , vitamin A caln, how
ever, h)e c(mplltelv extra:i't(I witholt. stpollitico'tili) :11(b) the presence 
of unknown Iatelrials insome ('xtracts which inhilbitei th(, color formation 

I1.)ui: I 

Effect o(f"'lpolliic lien ,,i(m'I IValucs (Antimo/C,,tcli' and Vilanin A 
''richloride .Me,!'thlod) 

T]h' r'Osults rl givcI iI miInigrams per lent. 

Srum tre'atmen' scrum I rum 2 Scrum 3 Sru.. 4 Scrum 5 Scrum 6 

\'il:min .\ 

A. Sapn ifie.d; ,:,u tt, r, in
1111mlsili, r .. .... . 15 55 62 5i 69 111
 

It. Sapolnlifi d; c~lu:l']fr('11 I'mer(
 

st : 11-d 12 52 57 67 65 (12
C. Not S:IlIIIIvilI' :Ih'ulL,, ifr,)I


pur' sIl :Ind . ;7 1;5 50) 57 51 78 
1). ('C)s IoIf (AI .2 S2 S7 ' SS 70 

E. S:1jmliIi'd 12 232 15! 171 101 1 176 
1".Not :i(i iflied . 122 ,IS 155 1(t; I 1 169 

with antillolN tri'Iloride. Comlparison (f till tigures ill lias A and B 
of Tal)l I'le:Irly Shows ll iiln),prtrllI' ,eof tht(' use (If i~tol'l:l staindards in 
selu vitaiIin i erro is 1 tolo(ed totAl ilh(,vis :In r ill mvwin the 

flec's fi,f Ill l r tit lll-
c'olor. Il Lle( .Athe viiamil .Ac.onte(,li f the' sCerul w'Is calculate(d onl the 
b~asis 4,I"the illnr(Illnt 4,f(.()lot. plc(( 1y, 

inhib~itory e, nl'teri~lls :s(,rllll( s ill d'vohqop , of the 

vhading pure viitmin A toall 
aliqluot o :e ('NII':xt: Inedmlt'i:ly beforez'(' ,rlll w vohor de'vehlpment. Ill 
Ilin , t he, itaill we.re, 'mz the c'olo" intensity pro.\-.ihucs fro'u:i.( 
du('cI illpure -,hll il. .\t .illuscoIIparisoll (it'the'fl.11'('s ill Line,s h and 
trates thte ,it()f previ(Ills s:1pollilic'1tiomllonto vxtractability of tile:: 
vitliln A f'rom the(selII - It he(notel(d froml Line 1) that the c'oma \\ill 

due( to)tt(. :1ln()Illlltbilled 01'1"(11': al}) \'( C':tIlS('s to frloml12 to :30 per 'entl. 

3 riw hm'wcr viles ill .il' C arl ill parl due to invlmplet extraction and in part 

(111v to it greaterf inhihitim of d ev( 04,h /ent 
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'The presence of inhiibitory materials ill natural products which influence 
the rate and extent oi color d(welo mient resulting from the antimony 
trichloride re.Letion has long been known (11-16). Oser, Melnick, and 
Pader (17) have recently emlphaisized the value of the use (f an internal 
standard to de'erase the erll resultliog from this effect in analysis of oils 
and foodstuffs. ],ikiwise, le importance of sal)ifiation as a means of 
eliminating these inhibitory nateriais anrid in aiding extraction has been 
previously oinhted out in connectiom with food analysis. Analogous in
formation in relation to seruri :tn:ilysis has not been satisfactory.

Yudkini (18) reported that salporfich~ation is unneee sary for the deter
mainationi of vitarmin A in e,'i, whereas otIers have found it to be neces
sary (19, 20). It is possilh that the salriiti:cation employed by igudlkin
resulted in the destrution if ttophierol. Ifthis were the case, part ofithe 
vitamin A would he destro*yed (luring the evaporation oif the petrolemn 
ether extracts ain( '111Y beneits of Saponification would hbe obseir(Id. lPett 
and .el'age (20) observed that vitauin A values increased with mild 
saponification aid dec'e'lsed with more drastic alkaline treatment, and in 
this laboratory it,has hen found thait, after prolonged saponilicatioi higher
results are obtained by the ('arr-l'rice rmethod if t weopherol is incorporated
inl t petrolelum used for)I' ethe' ext ratlion. With milder SaI)onfih'ation, 
or roie at :all, the Ipiseriec onof tou'opherol is without effect the results. 
In the majority,of methlIs incurrent, usage for the determination of vita
mlli A.insearlir1, is oim ited.Slp llitient ioll 


Ill order to o)vi't tles' liftltrlties, :imoified antimony trichloride 
l)rt(.','dure wns fur'oir In.1king tl)ar'mpaisors with the proposed micro
method. 7 nil. (4 seruni \wr,, saponitied with 1 N"K()ll in 90 per cent 
ethyl halolifor 20 minutes at G0". l'xtrnroIs w then made by shakingheri 
with 7 il.of' irlioumn ethler (h.p. 30-it)) ('ontaining I rg. per cent of 
a-to(ol)hierol (toiprevent danger of' loss of vitamin A during evaporation
of the extraefs). Tripli.a i.determiretionis wi-re made with I ml. aliquots
of the petrolirlll ether extat . 'l'he (.:I rot lewas rueasuir'd liv altsorption 
at -O rip in the (Cltrllori model G spect lol)hiottietter. The i)etrolvlel

ether was then evnpralted, tie residui 11)I ill 11l.
taken 0.1 of chloroform
 
plus 0.01 ml. of :o.tic :iriiiyride, and I ml.. of 2.5 per cent antimory tri
chloride in chlorotforru was :alde(,. M'laslsr(ncits were malde at,15 secon(ds

at 620 nuiwith the sairl, inst runint. ('Crreetions were made for the con
triolrtion itfcirmoteran the color, assuming that., all iif the
to 160 mip ahsorp
iron was due to fl-carotene. In addiir, internal stanuhirds were included 
illtrniliicate liv suibstituting 0.1 ml. of standard viamin A inr solution 
CIl( 'l for the pure (H(13. These vallres were uitilized in computing the 
results. 'Ili mi'roeterrriirr ns0were m:oe :ispreviously described with 
6S0 c.mun. of sorHm. Eleven sera were analyze by toth the malcro- (anti
rnony trichlride) aind microl)rocedures for vitamin A and carotene. The 
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186 MI(cnODi'INAION OF VITAMIN A 

averages of all the (leterminations were in good agreement (Tnble 1I) by 
the two methiods. The standrd deviation bet ween individual values 
Ineasured both ways was .5 -y per (i e for vitamin A and 7 -y per cent for 
carotene (one arilteine v lu oinitteti in (alculating the standard deviation). 
This is additionall proof (f the reliability of the )roposeld mie'ronietihod for 
ti(, Iiea:ulrienll t of vitamiiin A ill Sena'1li1. 

1'81' of l)il'Clrntl"4r,u11 I'olumcs and l'prodliwibilit--Although it is
 
remnm(meiidel that ('(0 to 10)0 c.lIl1. of seruill he u ed for analysis, it, is
 
possible to obtain vali(d data with as little as 35 c.1nun. if somewhat naore 

"1".I IKI.I] 

It c 3 ~o)- .3]lu 'rv It (I I all CaIIel(o titpa ', I(l, (it :ic I ll d l . ['i't(IIll'll A' ('I 

tesuilts arThe r' given in milrogramis per cent. 

Vitimin A Carotene 
St'rtLirnNo. -- * - - 

° Micro* Macrot (Carr-Pri ) iMicro, 
__ 

Macrot
____ 

10 118I 3 176 
2 7-1 6s M55 171 

3 66 69l1 104t
5I2)91 87 

555 (32 159 159
6 52 51 179 171 
7 51 51 131 122 

8 50 55 198 232 
9 ,I( .I3 s9 83 

1(0 -13 i I00 97 
1 15 123 12-t 

- I --. ___________________ 

Averag........t 139
.
 

*'rop)se.d mi timhl with 0.01; fill. )f seruill.
 
i Aedit ili e ri hId rocvdur l. (Of
t ihi,1y rit if,,rum..wih I1 
I.v }nelr(hille cl. I-\ 1 1-:14. O)f I Jill, o)f sez'11111. 

attention is given .) :lv*yti'al dhetails. A iniiiiiber of ser,. were analyzed 
in re)li at(e by the prol)sed lrocedure with :35, GO, and i (0 emm. sa)les. 
The sanilies w(( tv(tltd with v)ulliis f ahlh)li( .)I (Sliqal to the 
s(runi vll( illis :id \(,r( thein (xtni ,te(iwith -10, GO, and 1)111.li., respe.
tiv(ely, of k,,isele-.\hiue. Nine to tweltny-,ight milll(s wr( mctasred 
itleaeh volulme hvel. Th.e ,talla:il devi:atils were I, I, and 2 -y per cent, 

resl)ectivelY, for vitainill A. and I, I, aind toI fr :rclteia(. 
T:de Ill shi(ws tllt .(eiitily tll( sameill, I()lt(tvallies are obtained 

Whieii difierient a l iotiIlts (tf tlil't 115w(1for all i s . Threl'e se0 vre 
analyzed in tri)lite nteaclt volile level. 

lt. ct of SIoraf - In ilakinig azialses f(r iutritioni surveys it is most 
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convenient ifsamnl)lQs ion Ivaiolle'teid in the field, tramsportei to a central 
laboratory, ant ann owlze a:t lateir dnt. In this (ise One must l) ,tssIiied 
of the keeping quality if salles and of the storage voilitioms c(omlatil)le
with the stablility 4t the stil st :i'es ti t)eme:isuried. 1( obtain the noe.es
sary information, t\\ serum .:s l)ls were sto-',(l at various temperatures
ina number 4ifs,(alei tithes :mnl analyzed otater Iand 'fter 1.5 tintli:; for 
viiamin A "111l en"ttie lI thle lrip()p'l mliii)tflnthod. There wns no 
(letectao)le vh:inge afterI Imth at either -I,:'-20' ineither \italoin A or 
carotene. .t.i()oll telerature, l(iWmever, the Xitail:mil A had fallen to 
•tilttit
5 1per ient o its initial vahv atl the imoritemii to 10) rient or less. 
After -1.5 tomtils at. -20-' thiere ',nsnuosignitfiitcit ehiuinge il vifliin A 
anm the carotene huad (tilY fallen i3 aliit Giper vent. At -I"the (arotelle 

T.,i1 : III 
V ite(l it Ii .I dI, o n- So('1 I-f u/un (1(11 i)ijfi r, i Vi,i4 (i ' nim 

I4........ ............... Q ui7d 19 
 i a 51nM 

Ca t. ...... .. .. 32 95 . . i. 3N ms 

All IIwaislII'elIs ll irilplic.a'Iw :ide( ill e. 

Was aInttsi giomi in Iioi s"iils, ie 'itailin A\ vltie was uniehaged,
 
a.nd the (oth l lund 10 per Peent. Itseems permissible to eoelude
falleni 

that illserlii elliteell, isnuore uitust:i}le, than isv'itamin A,and that seit
 
may le shored t sever'al wks at 1-'or several mionths at 
-20' without
 
prejudive toi the results.
 

,.M .M. RY 

1.A ?nellhol isdeseribed fImtneastring the \-ittiin A and varotene in 

60 e.mm. f seofm, n amiiiit easily olitai:inble frm the finger. Since,
inadditiolt, one :tilslt 'ali
perfotrm al least 5(tdeterminations inaworking
day, it appeals 'ulfil lie reiluireetlmts for a ltoriltitial stlUvey method 
or for studies oil small alnimials. 
2.'Ili eliml has Ieen cotnal'd with :aioudified U'arr-lq'iee (antimony

triehloride) iiaerqwl ((lhre whi l gave e;settially the sltne caniotelle a11nd 
vitamin A v\aulut, as thleIttierooithol. 

3. l.ow \aihies for vitamin ,Awere obtaiied withI lie (art-l'rice metho't 
as usmiaiiy peroi rmed on settun. Several fietOrs whieh appear to be ic
spoisible for these lm results are diseissed.
 

4. Data are given On tlie keeping qualities of vitamin A and va'otene in 
stored sera. 
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Macro. and Micromethods for the Determination of 
Serum Vitamin A using Trifluoroacetic Acid' 

JOHN B. NEELD, JR. AND WILLIAM N. PEARSON 
Division of .':!F'ition,Departments of BiochemnistrM, and Medicine,
Vanderbilt Uii- rsity, School of Medicine, Nashville, Tennessee 

The main problems encountered in the 
use of the C- r-Price (antimony trichloride)
method ?or .,c d(terlmination of vitanin 
A have been well known since its original
description (Carr and Price, '26). The 
antinony trichloride-ciiloroforin reagent
dCvlops turbidity in the presence of trace 
amounts of moisture and the characteristic 
blue color formed by this reagent with 
vitamin ,Nis suhject to rapid fading. 1)C-
spite these drawbacks, the Carr-Price re-
action remains the method of choice for 
serum vitamin A determinations when suf-
ficient blood can be obtained. On the
micro-scale, however, the turbidity prob-
lcm becomes tnnianageahle and for this 
reason Bessey et al. ( ',6) devised a micro-
spectro])hotoinetric method that has been 
widely employed. I)ugln atid Fri gerio2 
have recently investigated the reactions 
of various Lewis acids with vitamin A and 
its derivatives. They found that triflhoro-
acetic acid (TtA) retained the sensitivity
and SI)eCi hcity of the SbCl:, reaction but 
did not exhibit the turbidity and film-
forning properties of the latter reagent in 
the preseice of moisture. TI is propertY
suggested to us that TFA might not only
be used to replace SbCl, -n the conven-
tional inacro-determination of serun vita-
min A buat migli also serve as the basis for 
a new simple micro techniqtie. Tlis paper
reports the details of new macro- and 
micro- vitamin A procedures developed
with the use of TFA as the chromogcnic 
agent that offer certain advant:age; over 
methods now used. 

MATER.IALS AND METIIODS 

Reagents 

Ethaol,95% . Reagent grade was usedwithiout further plurification. 
Pet'roh'nm ether. Bottled, reagent grade

benzine, boilin,; over a range of 38 to 

56.9°C, was used without further purifi
cation for the micro- procedure. A special
reagent grade petroleum ether,3 boiling 
over a range of 30 to 10C, was used with
out furthcr purification for the macro
procedure. 

Carr-Price(SbCI.,) reafett. A 20% so
lution of SbCI3 in reagent grade chloro

form was filtered repeatedly through An
hydrous Na...SO, until clear and thenwas 
stored in a brown bottle over inhydrous
NalSO,. 

Trifluoroaceticacid (TFA) reagent. One 
volume of trifluoroacetic acid' was mixed
with 2 volumes of reagent grade chloro
form just prior to use. This solution is 
stable for I hours. 

Acetic a nhydridc, Reagent grade was 
used. 

Sapooiificatio, niixture. Ninety per
cent ethanol was made 1.0 N in 1,KOH -v 
the addition of an appropriate weight of 
IO11 pelhes. 

t-Crotce standard solation. f-Caro
tene stored under nitro,.en was used as 
a standard.' A 50-mg sample of this wa-s 
dissolved in a few milliliters of chloroform 
atid brought to a final voum1e of 100 mi
with petroleum ether. One milliliter of
this solit ion was thein diluted to 100 iifl 
witi ptroleim ether to forn ali iterl :i
ate standiard. Thi,, .;ol ution is s,.able for 
onlV a few hours and should be nizade op
jtst prior to use. 

Vitaoi,i A staudardsoluiot. The USP 
rcl-creice standa rd solution of viaitnin A 

licccived 'vr piblication No eiiber 8, 1962.
 
Sttpplortcd in iart bI 'ntract 
 no. Nozr-2 1:'t)

(Ofitce ot Na ' ls c arc h) hvand resciih , ,int
AMand 025.305Meta ,l. fr,,n the National Institute of Arthritisulic Lisa s, U.S. 'ublic Heath Scrvi(c.

2 I". n, I I., and N. A. Frierio 1961 A.d S. 
o),Astracts, 160: 65c. 

3 izzroine, Baker Cheimical Coini,y, Phillipsburg, 
New Jersey. Chivmica:s no. G287,4,Llastimin On.anic 

:'Nutritional Biochemicals Corporation, Clevceland. 

.1. NUT1IIIION, 79: '63 
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455 NEW METHODS OF SERUM VITAMIN A ANALYSIS 

acetate in cottonseed oil' was used. This for three minutes. Carefully pipette offstandard contains 34.A rg of all trans 2.0 ml of the petroleum ether (upper)vitamin A acetate/gin of solution. A 100- layer and place it in a Coleman 75 X 100 mg sample of this standard (containing mm cuIvet te. Stopper immediately with a3,44 rug of vitamin A acetate) was dis- cork and read the carotene at 450 Insolved in chloroform and dilited to 50 ml against a petroleum ether blank in thein a volumetric flask. This solution is Coleman Jr. spectrophotometer. Remove
stable for at least two days when refriger- the cuvette and evaporate the petroleumated and kept protected from light, ether to dryness in a 35 to 40'C water 

Apparatus bath. An impinging stream of nitrogenA tmavie used to increase the rate of evapor-A Coleman Jr. Spectroph1otometer ation but this is not necessary. Take up10 ,.Xequipped with 75 mm cuv.ettes was the residue immediately in 0.1 ml ofLSeC for the macro- analyses. The micro- chloroform anld add 0.1 ml of acetic ananalyses were carritd out in a lBcekinan hydride. Set the Coleman spectrophotonmodel D)U Slpectrophotontitcr equippled eter at 620 mit to 7ero optical densitywith the uticro- attaclhnllcits described by with a blt :k coinsist ing of 0.1 ml ]of chloro-Lowry and ficssev ('.tG(L . 3lc rocuvettcs forn alnd 1.0 m,,l
of TFA rca ,,elt. Placemeasuriiu 10 252.5 '.: '%' nm were used. the sampie cirvette in the spectrophotom-For the lnlicroltethod cxlractiois a spe- eter, add 1.0 ml of T1EA reagent andcial nixer was used. Th hieh-seielW drill rcord the readilg t the pause point or
llixih dcvice d'scribed by hless(' et al. tcruately, exactly 30 secc'nds after addi('46) also pr'ovd to be sisifctorl' n tiOll thie rcag(ni tt. The formerof may bel.ev' consttriction lilttt , of' 0.01-, 0.05-, Ic elwo'distho maximal "liesitation" read0.075-, and 0.100-11l e ct les wert, st'edii, itoccurs after the halvanoneter hasin the Inicroluetlod. iwo-hr ithI-millIi ter tl I'illtn'ticv its iitial swilr. 'fhe


so.-ologicA t piK)iCts \v t'' .t'aIVl 
 <ti t to tii is to l)d f(n'rtd.
sltldtT tips foti us in lli i)i titub, p trottltlis
 
ether in i tuicro- p)romtfiitt. 
 Stlnd'ard curves atnd calculatiols 

7lat~riail or' aaly,.sis Til 2-c;Otell( interln tl'di,ie standard is 

htin pl~isuin fot ailysis wa;s ( tilut'ed With lti-orlt'tllll ether to give sohllinaitiliii til 0., 1.0. 1.5, and 2.0 tig

taied fro i the ilt cl cllabor'i- of -c aroii . resp 1.0 The optical
'arilder 5, 1.ctively.
torv or 1lod aiti. It w;Is u;lillv tieces- d 'n itit'. o)1ftlIUse solutious ,re read at
 
sarv to p ol A 1ilI'S f riom.the
l)Lii sMaclinical I ]silo II'Utry to obi iiltt elt ilih for ,t ) 1i l lil tlerlc n tlrba k
Ci'ellica]it)() r1ilotsis.t 'l~tiiOI ratl fr and I sta;ndard curve plotted. It shouldreplicate a lwdsis. 
]hparilli/cd rlt 
v s o lita i 1,Hood be nultioielltd that 21"-clroteneted by Ii w.utl tiilictlre. lolcc ,l, il ilnd t' is a niotori-eP eol ll\\' l(' tlreln 
arid boville Ilood w%%s tl l i Ifroill individ
tiil alin llsit a at tnual a1i eialc:lre is takn in its stoIae. Utitrt Oitl"ue dl th. 1n thtis tll- liboraitoty cotiditiolls, F (3.8 in lIte folstalice, se't;lliw s lised. !siniples 'w\ere lowing e tarioti
kept frozen unotii! ,wd. Ialy 0ll(;IFr leIi' ulll 

MlWr(')- l)r0:CCdllii', = optical density 

This Plcedurt is basically a tltodifica- Although it 11iglt be expcctctd that this
tiotn of' the et,blod'; of KlilniLb("'39) a rd fIicotr woill vlry siighltly from labora-Kaser ait(l Stekol ( 'T3 ) cxcep that T':\ is tory to laboratory, ally gross deviationsubhstittitld f(ci slIC. should be Callse to suspect the purity of

Tr'an';fr illdii lic(aue 2 nuil (f'serumll11 into tOiW standtatrd.
1(- 125 ill glass sto tippred Since olletstl ithes. -,ct'iii also reacts with tlheAdd, with rtiixiiig, 2 ril of tJ,( otiliu TIFA r'ageit tio!,ive a lu]ie color, it isfilhw,' h' It)tiil(if l)ctrtlll t lit ' CteCi'SS;ury to rlii a+ITFA - e.irlOtIn stanrd(boilin l".i, .30t o .10 C). Stopper alld - I ,7, ,. .,iCuve.i,, .16Pirk A,,me.shake f lFotwo'ilour isk ' liiiilttts to ill- Nuw Y,,rkI.-l1%rc~j-j,! (,.M lit,"'w k.iil. ()jjij;illjy,+Nt,w )'(irkk 28,slir collllhte C'.tiictiil of Clrotetine arid New Yrk.
 
'itailiti A. .ellrilufIgo tlit 
 ttlltt's slowvlv ,"vt..\lx'r (Styv..\t, ti.. Nw York t0, Nmv 

Y. rk. 
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ard curve to permit calculation of a cor-
rection factor. Make tup carotene stand-
ards in chloroform for this determination 
to contain ,t.0, 8.0, and 10.0 iginil. Place 
0.1-ml aliquots in Coleman ctivcttes, and 
carry out the TFA, reaction as previously
described. Under our laboratory condi-
tols D,. 0.300 = OD,;.0 

Vitamin A standards are prepared from 
the stock staudard solution to ,ive solu-
tions containing 6.8, 13.7, 20.6 and 3,t.,t 
ig/mil. respectively. For preparation of
the standard curve, pipetie O.1-ml aliquots
of these standards in to Col,, an cuvettes 
for reaction with the TIA r'agenL. Under 
our laboratory cotditions F - .19 ill the 
following equation: 

pc vitamit A tube
F = tc e 

From the forego g calctlations and the 
V0thu incs m"reagents used, t ile amounts of 
-carotene anid vita in A ii lie sample 

are calculated as 

(1) 	 carotene 
O1.,,0oX 1020 i-g carotene 100 nil se-

(2 1 xitaminOD2. -	 (l) .....>.o:;o. ) "2:37 =g vi-
tamin A '100 il serum. 

The factors shown 
 in the above equations 
should he dcriv'd by (acli operator, par-
ticularly in ie f ie fct tht a n ad 
relativelv tintested chromogen has been 
introduiced. We have, however, found no
differcices in TFA -.- vii tiii A color 
yields with 1-1 separate bottles of this tea-
gent purchased at different tiles, 

Micr'o- procedure 

The micromethod is essenttially the 
samne as the macromethod except that it 
has been adapted to a: tntcl smaller scale. 
Pipette either 0. 1 or 0.05 ml of serum i ito 
a 6 x 50 mm test tube. Add an equal vol-
time of 95% ethimol (Lang-I.evN pipette)
and 0.15 ml of pettoleuin ether (38 to 
56.9°C). Stopper the tuwe inmediately
with a cork and extract the vitamin A :ind 
carotene by agitatioi with the specia1l
mixer' for 15 secotds. Centlifuige the 
tube foi 10 minutes at 3,000 X g and 
transfer 0.10 ml of the letroletni ether
layer to a mnicro-cuvcttc bV leans of a 

Lang-Levy fine-tipped constriction pipette.
]lead the carotene optical density immedi
ately at 450 imi against a petroleum ether 
blank. Transfer as much of the sample as 
possible to a clean 6 X 50 mm test tube 
and rinse the cuvette once with 0.05 ml
of petroleum ether. Add the rinsing to 
the sample in the test tube. Evaporate todryness in a ,10 to 50"C water bath (5 
mitutes). Take upr the residue in 0.01 1i1l 
of chloroform and add 0.10 ml of tlie TFA 
reagent with vigorous shaking. Transfer 
rapidly as nmch of the solution as pos
silhie to the micro-cuvettc b meanus of a 
0.10-nl Lan g-Levy pipette. take the vita-
Inin A reading at 620 mji against a TFA 
reag:lt blik exactly 30 seconds after 
the addition of the TFA reagent. It is es
sential that this step le carried out With 
great care, particularly with respect to the 
timing because the color fades. 

Catlotenie and vitamin A standard curves 
are prepared using smaller aliqtiots of thesame standards used in the macro- proce-

RESULTS 

Trifluoroacetic acid -chloroform mixtures were tested for vitamin A color 
vieds in the l)roiortions of 1:1, 1:2, 1:5,
1:10 "id 1:20. The 1:2 and 1:5 mix
tires gave about the same color yields but 
te other mixtures gave considerably less. 
The 1:2 mixture Vas used throughout this 
sttdhy. 

The blue species pioduced by the in
teraction of TFA, and vitamin A in chloro
form was found to exhibit maximal ab
sorption of 616 i, in accordance with 

°tie observations of Dugan. Aftering 	 standfor about two hours the original blue 
color deca'ed to a pink with a maximal 
absorption at a)out 510 mit but of greatly
reduced sensitivity. No attempts were 
lade to use this color analytically. Vari

ous fat-soluble substances (cholesterol,
calciferol, vitamin E, vitamin K) gave no 
color ,vith TFA when tested at concentra
lions greater than these nornally found in 
sera. Ai Iinpore sample of xanthophvl 
gave virtually io color at concentrations 
deemned to lie within the physiological 
range. 

°D*aotn, It . 1962 personal comun icat ion. 
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Sb Cl3..

t TFA 
u) .4 
z 
w 
0 

-j< ..3 
UEL

.2 

0 1.0 2.0 3.0 

VITAMIN A ACETATE (,ug./TUBE) 

Fig. 1 Comparison of vitamin A standard 
trifluoroacetic acid. Readings were made in 
spectrophotomcter at 620 my. 

Typical vitamin A acetate dose-response 
curves neasured at 620 mp in the Cole-
man Jr. spectroplhotonmeter with TFA or 
SbCI, are shown in figtire 1. The color 
vield with T.A was also slightly greater
than that with ShCL with vitamin A alco-
hol and vitamin A acid. The yield of 
colored complex formed with vitamin A 
acid was less than half that with vitamin 
A acetate. This vitamin A acid -- TEA 
complex fe rmcd slowly and was a deep 
purple rather than a typical Carr-Price
blue. (3-Carotene gave less than one-tenth 
the color yield of vitamin A at 620 mip
with both reagents. The carotene color 
yield with TEA was slightly less than that 
with SbCl,. 

The stability of the colored species
formed with TFA varied clependinll upon
the type of cuvelte used. Representative 
time-decay curves with vitamin A acetate 
and serum extracts are shown in filgure 2. 

curves obtained with antimony trichioride and 
75 < 100-mm cuvettes with a Coleman Jr. 

In a micro-cuvette the color formed with a 
vitamin A acetate standard faded about 
12% by I to 1.5 minutes after the initial 
reading, whel as thm same reaction in a 
Coleman ctivette f.1 ed by approximately
20% . Under the same conditions the 
colored species fo.nmed vitli a serum ex
tract faded 10% in a micro-cuvette as 
opposed to 25% in a Coleman cuvette. 

The TFA method was compared with 
the classic SbCI technique using human, 
rat, bovine and porcine sera (table 1).
The two nctlhods agreed quite well when 
human, rat, or porcine sera were analyzed. 
Generally TFA values were slightly higher.
When bovine sera containing large 
amounts of carotene were analyzed, how
ever, the vitamin A valties obtained with 
TFA were markedly higher than those ob
tained with SbCL:. When the carotene 
values were low (bovine samples 8 and 
9), good agreement was obtained. This 
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.50-
VITAMIN A ACETATE 1,3,ug/ML. 

.40 

>- -. VITAMIN A ACETATE 1.3pg/ML.cn .3o, 

z 
w 

-J 

2 .20-- SERUM EXTRACT-COLEMAN CUVETTE 

(L 
0 

,0 SERUM EXTRACT MICRO CUVETTE 

0 0,5 1,0 1,5 2.0 

TIME IN MINUTES 
Fig. 2 Trifimrnacetic acid - vitamin A fading curves. Initial readings wereexactly 30 takenseconds after addition of tiit TFA and then at the time inteivals and in theinstrument specified.
 

implies that ile two chromogens react 
dif- Table 3 presents a comparison of v'itaferentlv wil the caroteinoids or the other min A values determined by the usualpigments normally present in bovine sera, procedure or after a preliminarv saponifior with hoth. Since scrum carotene levels cation of the serum. The vitamin A valuesof 300 1ig. 100 ml are lut en-rarely obtained after saponificationcounteretd in tle humM, this does not 
were slightly

higher than those obtained without samilitate against the routine use of TFA ponification, but carotene levels afterfor the analysis of human sera. saponification were distinctly lower inlleproducibility studi=s were carried out se\'eral samples.with SbCL and TFA by 
Our results sug.est,anayzing the therefore, that there is some advantage tosame serum sample repeatedly both on be gained by saponification, which is inthe same daty and on different days (table accordance with the report of Bessey a"cd2). In both situations TFA performed Lowry ('.16).,lightly better than did SbCI. This may Recovery experiments were performedbe a functiol of the S)CI:, moistuire l)rob- on a series of human sera using both thelem since amounts of turbidity, sufficient SbC, and TFA methods. These wereto affect the optical denity ieadin-.s, often terinined 

de
in triplicate by comparing theescape the analyst's evye and might there- increase in Carr-Price color resulting fromfore resuilt in greater variability, the addition of vitamin A acetate to sam
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NEW METHODS OF SERUM VITAMIN A ANALYSIS 459 

TABLE 1 methods are compared. The agreement of 
A comparison of Sb Cl3 and friflaoroacctic acid values was relatively good except in sa-n.(TFA) plasma vitamin A values in ple 24 Vhich contained an unusually large

various s)eciC amount of carotene. 
Vit,,min A Essentially the same values were ob-Sample ............
Carotene ShCIh 'IA tained when 0.05 and 0.10 ml of serum n., , Io,,, were analyzed by the micromethod (table6). In these analyses each senim was 
Bovine, analyzed in triplicate at the two volume1 8-18.6 40.9 55.2 levels. The amount of alcohol added was 

2 823.4 38.9 56.13 .176.3 21.6 35.0 equal to that of the serum but the same4 7.14.5 36.9 419.9 amount of petroleun ether (0.15 ml) was 
5 722.1 27.3 11.1 forused extract oll.
 
6 772.9 31.9 36.8
 
7 1116.8 118.5 129.1

8 93.3 19.9 21.5 	 DISC USS ION 
9 	 017.9; '00,1#20 

Mean 627.3 39.6 49,.5 1lie LoJ'lu It-aI i( 1 of Ti'izk with vitaminSDI 3'5.1 30.6 3'2.5 A appears to7N' slit able for the measure
l1-t Illlt of vitamin A ill s-1t1n since the 

1 5.6 303 31.5 V\iics ol)tlihd ill humn, rat, and por2 0.0 18,6 IG cine sera are similar to those found with3 18 .)9 -1. the Cart-Pricernaction. The direct meas.
4 12.5 38.6 ,13.0 uremet of vit IliiI A wvith HA in bovineMean 4.9 358 3. tSD 5.5 9.9 99 seta without the pritr retmovl of carotene 

to ie(Itlii(hS further study before its validityCall he( ;tSSe'sse"(.
1 115.0 38.l 39.2 The ise of TFA eliminates entirely the2 65.5 25.8 32. 23 106.1 (.6 2S.o moistire prolhem eneountered with SI)C,.4 136.4 1'.0 47.5 Tiw ErFA is also less toxic thatt SbCI, and5 71.6 9.7 39.3 ilike thin latter does not form a tenacious
6 11t6.5 ,I1t.7 32,1 El oit the c'ivette.7 63.5 37.2 39.A film 

8 180.6 33.1

9 1.1:.6 	

31.:t The iaiin drawlcks of the TFA method36.3 ,t0.: are the eatiescent nature of the bhte color10 7.4.8 39.2 -17.8 and the extreme volatilitv of the solventsMean 107.8 37.0 0.2St) 	 used. The former has been satisfactorily39.5 	 7.0 7A contro1led by reading exactly 30 seconds 
Porcine' aft th. additim of TFA to the serurr

1 -.1 26.6 30.2 extriict. The low boilit, t range petroleum2 2.5 29.3 31.2 etfer used iin the inacromethod was en3 6.9 39.6 38.6 tirelv too volitile for tle micromethod 
4 1.8 19.95 0.0 	 21.825.9 26.8 utt the hiidwr hoilitig petroleuni ether6 0.0 2,1.6 27.A proiduct (.10 to iO C) lroved to le accept7 0.0 29.6 34.6 able if the various manipulations were8 3.7 21.9 21.0 perforniid
9 	 rapidly. Ambient temlperature1.2 13 A1 16.2 -aer e d 21 to 23 C dur-

Mean 2.3 25.6 27.7 . -Si 2.3 7.3 6.8 il( these stutdies. IlexanIe was also found 
2Standardh. -- .to be a suitable extractant allIeitioti 	 possessedadvantage of being considerably less 

volitile thaii petroleum ether. It wouldples of known vitamin A content. Thec idou)tedv be a more desirable solventdata in tabhle 4 show that both methods for use at ambient tenperatures higher
gave good recoveries of the added vitamin tht:a ours. F:.vaporation of a hexane ex-Akacetate, tract in a ,10'C water bath took an undulyIn table 5 representative results oh- lonl pried of time, but an impingingtained with the TFA macro- and micro- stream of nitrogen froi a hivpodcl ic 
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TABLE 2 
Reproducibilit, of Sb C3 anad trifluroacctic acid (TVA) ralaes for human scrum ritamin A' 

Experiment A lxp~eriment B 
Sample SI(11 
 TFA 
 S.Iplc Sb (13 TFA
 

",v, 100 fil 
pq~/ 100 1111 

1 -17.6 5,1.9 11 .18.6 '15.22 -IS.; 51.- 12 .18.9 53.93 50.9 .18.3 13 .19.6 51.1.18.9 ,19.G -15.2 51.75 51.2 -19.2 
11 
15 -16.6 -19.66 50.2 50.2 16 50.2 52.17 50.6 -18.9 17 .11.6 50.58 .18.2 .19.2 18 -13.9 52.19 .1I.:) '18.6 19 ,10.9 53.610 51.2 *18.6 20 ,12.6 51.7 

Mean '19.2 .19.8 Mean -15.8 51.1St)2 2.0 1.93 SD 3.4 2.'4C I. %.8% C 7..l % .~i
l) X t'mn it[ A. 10) ,1lljtht of aIpoolc'd sc~runl samle[l were';io'dyz('d ,iD l 
!l'll.y ht exlpcrinlt t.I .11.l lh tlo tltdIt u .,,ll po.l.d So leh %vis aili uIllZdi ly for 10 con c('utive lays.
aCo~cilicwlelt of %ariation. 

TAB LE.3
 
Effect of Saponification uponril t a mi A.lcl11'1l ,sof 11l)OI(Lin S, rota' 

Sample Vitamin A Vitamn A
S_ CI, II'A 
 '-b I TFA 

'J ! U 'Iii~ rilI,'ll))t.y, ~ ~ ~ ~ ~ /]It0f)lm100 l It)0) tll. .. ......
11 76.7 -) 51.5 89.9 5G.I 
. 

50212 73.5 39.6 37.-1 63.5 37.2 39A.I
151.713 37.3 10q0.6 "3(6.51,4 
 1.25:. -19.3 1.18;G
15 75.6 50.2 7,1.8 

10.3 
,17.8 

I SzIpoai ~ction, w., crrid at )O. out for 20 IIt)itcl. %%ith I N a'lohol, NOMl 

Vitamin A reel 

TABLE 4 

r'r from SC r hut s(MPtIs 

Sample Vitamin AContent ofStur)i 
Vitamin A
;wt' te.ll',iladti 'it.l toiw A 

A(.
AiitiI;AViil.1l0lit) A 

. ... 
lr'vr 

16 
17 
18 
19 
20 

16 
17 
18 
19 
20 

pl, 100 ml 

.19.5 
25.8 
.19.A 
126.6 
,12.0 

50.1 
32.2 
55.5 
28.0 
'17.5 

jl 1()0o00'll I0o I'll 

S) C1351.6 101.1 
51.6 77..1 
51.6 101.0 
.11.2 67.8 
-11.2 83.2 

"'riflttr(acctic acid (TFA) 
51.6 102.0 
51.6 83.8 
51.6 107.1 
.18.6 76.6 
,18.6 96.1 

y, 1001 1 

93.7 
72.7 
98.7 
72.0 
8.1.3 

99.6 
82.1 
99.9 
73.1 
92.7 

92.6 
91.9 
97.7 

1 0G.1 
101.3 

97.6 
97.9 
93.2 
95.4 
96.4 

:31 



NEW METHODS OF SERUM VITAMIN A ANALYSIS 461 

TABLE 5
 

Comparison of macro- and micronzcthods for vitamin A analysis 
using trifluoroacetic acid (TFA) 

Mlacromuthod Mlicromethod 
Sample 

Carotene Vitamin A Carotene Vitamin A 

Ag,'O In0 Il g/ IOU nil AgI IO) Inl Ay/ 100 Inl 

21 109.3 44.0 112.3 42.4 
22 138.7 24.4 1,10.8 28.3 
23 116.2 40.7 113.0 41.1 
24 283.0 28.2 26.At 36.9 
25 202.- 35.7 191.7 41.3 

TABLE 6 

Comparison of vitamin A I't'ls obtIained with different amnunts of serum 

0.050 ml b,'rLini 0.100 ]1l sertim 
Sample 

Carotw'nt Vitamin A Carotne Vit.amiin A 

jug, 100 mIl pg, 100 ml dig, I0U 111 gy, IOU nil 
26 79.9 39.1 107.8 '41.1 
27 122.3 50.2 129.0 46.1 
28 107.2 '43.7 118.1 42.1 
29 1,5.A 38.2 171.1 32.1 

needle took it to dryness in ,abott one nornIally would not be sufficient for this 
minute. Ileptane, benlzene, and yle(I purpose. 
vere suitable extractants, but their higher Attempts to make the method more 

boiling points made them not useful. Al- rapid by the direct addition of undiluted 
though much has been made of the p)ossi- TA to seruII extracts were not success
bility of oxidative loss of vitamij A during ful. Althlough the TFA--vitamin A color 

the evaporation step, we have bee II unlable forIned readily with vitamiin A stand ards 
to demonstrate such a loss at 40"C even in both hexane and beuzene, some serumi 
by the use of an i llpilnging stream oh air. extracts gave no color with TFA and, for 

In our laboratorN saponificatioil re- t1l1kilow\i reasons, TFA was insoluble in 
suited in a slightly hilcr vitamin A value hexanc extracts of sera. Whereas CIICI, 
alt 110ghot of the Mulgnituode rcporte-d CCI,, and C211,Cl gave full color yields 
by Bess cvet al. ('46) and Sobel and Snow with vitamin A and TFA, they failed to 
('47). It would thercl'ore aP~pear to be extract quantitatively vitamin A and car
approp riate to carry out a Sal)ollification oteiie from the serum. 
prior to extraction. Oser et al. ('43) rec- The TFA method olfers its greatest ad
omllnt'ild the use of an internal vitamin A vantage over existing methods at the 
standihard to reduce the error introduced micro- level Th onlyV micromethod in 
by tile eflect of i ll iitory slIbstaICeS Oil common use is that of Bessey et al. ('46), 
color development. Bessey et al. ('46) which (depeldlis upon the measurement of 
found that vitamin A values were from tile ultraviolet abSorption of sermn ex
5 to 10% higher wheni cAl(1l1:lted by this tracts at 323 ]fil before and after irradia
procedurIJe than those taken from a con- tion with ultraviolet light. The ma in 
velntiollal standard curve. Accord if)gIy tile soUreT of difficIty with this technique is 
use of an internal stand:ard would incrle'aS( that ultraviolet light not only destroys vita
somewhat tile aecuracy o lhe Illeth(d, hult rain A but changes other substances that 
in practice this aproach would (dpelld a)sorb at 328 m1111 This mayaS well. intro

largely upoll the av:ilabilitv of srUll) ho' duce a serious error, especially' when low 
Call',(s duplicate samples are required. In vitanlin A levels are being measured 
nutritiom survevs the usual quaititv of (Caster and Mickelsen. '55). The obser
blood available flon filnger-tip piOcture rations of B ieri andci Schultze ('51) and 
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Sobel and Snow ('47) that hemolysis re-suits in consistently high values for vita-
nin A and carotene when measured by
thismethod were confirmed by Ut!cy et al.('58). These investigators reported that a 
rigid purification of the kcrosene-xylenc 
extraction mixture was necessary to in
sure reliable results and concluded thatthe Carr-Price method was the method ofchoice when sufficient strtll1 Was avail-
able. In addition to these shortcomings,
the Ihessey method is tedious and time con-
SUnliWg and requires an htdta violet spec-
trophotometer and a special irradia tion 
device. The TFA micromethod described 
here is about three times more scusitihe11an111te sp'ctr ll otoiilett ic itrCe'dllre,
does not require ('lhaoratc purification or 
dryinig of solvents, is not affected 1b, he-
ilysis anld desnot rie|quie the! rse 
of an ultraviolet spectro ototometer. A-
though an ultraviolet spectrnlpotnietit r was used ill this stud\, a few trials with 
the Beckman Spinco * Model 15 1 micro-
spect rophiotol~e r' suggest that this in-
strmnent could also used. TFAhe Themethod is considerably more rlpid thjan
the Bessey procedtirc. One Opei:itor can
easily analyze 20 samples in dulicate in
thre hours', It is, loreover, even more 
rapid thall tle llacro- procedture because 

the solvent evap)oration 
 time is reduced 

from :30 nuintcts (macro- ) to ± 5 

lllilLlt s (Illieo- ) .
 

SUMMARY 

A new method for the 	 ofdetermilnation 
plasma or serum vitamin A levels which 
uses trifluoroacetic 
 acid (TFA) as tle 
chromogen is described. This reagent pro-
dUces a typical Carr-Price color but does 
not exhibit the turbidity or filn-fornling
properties of SbC 3 ill tile presenceropriesur Thf ne, inro 	 ofeure'senceuosmoisture. Tile new procedure gives values
that agree vell with those obtailed lby thie 
Carr-Price method when rat, porcine, or 
hutilMan sera are analyzed. SignificantIy 

higher values are obtained with TFA, however, when bovine sera were analyzed. A 
micro- modification of the method permit
ting the analysis of 90 i1 of scrum is described and its advantages over existing
methods are discussed. 
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SUMMARY
 

Colorimetric and fluorometric measurement approaches are evaluated
 

for the determination of Vitamin A in blood plasma with and without
 

fractionation by alumina column chromatography. Results for forty-one
 

human plasma samples indicate that the two measurement approaches
 

applied without the alumina separation step can be adequate for broad
 

population surveys when properly controlled, but that the separation
 

step is necessary to avoid interferences when reliable results are 

required for individual samples, especially for Vitamin A levels below 

0.2 pg ml-1. Both measurement approaches give highly reliable results 

when preceded by alumina column chromatography. 

INTRODUCTION
 

The quantitative determination of vitamin A in either human plasma
 

or serum is important for the evaluation of vitamin A status of indivi

duals and populations. Although it is usually assumed that all 
of the
 

major methods available [1-8] are reasonably reliable when used with
 

care, there are few studies that systematically compare the different
 

methodologies to determine which gives the most acceptable results, par

ticularly in the near-deficiency range for humans ( < 0.20 jig ml- 1 

calculated in retinol equivalent).
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This paper presents the results of a critical evaluatfon of two
 

commonly used approaches, namely, a colori. ietric method described by 

Carr and Price [4] as modified by Neeld and Pearson [11 and a fluoro

metric method described by Thompson et al. [2,3]. The colorimetric 

method is based on the development of a blue color when Vitamin A is 

treated with trifluoroacetic acid (TFA) and the fluorescence method is 

based on fluorescence emission of Vitamin A with excitation and emission 

wavelengths at 330 and 480 nm respectively. Both methods were evaluated 

with and without alumina column chromatography [3] of plasma extracts as 

an independent basis for evaluating and comparing the accuracies of the 

colorimetric and fluorescence measurement methods. 

EXPERIMENTAL
 

Reagents 

Except as noted, all reagents were "analytical grade" and were used 

as purchased. Trifluoroacetic acid was obtained from two suppliers in 

five separate lots with no observable variations in blue color develop

ment or stability. Hexane (or its petroleum ether substitute) usuallv 

recuired special treatment [9] to reduce background fluorescence con

tamination before being used in the fluorometric procedure. Ethyl alco

hol (either 95 or 100') for plasma extractions and chloroform for the 

colorimetric procedure were distilled and stored [9]. Ethyl ether was 

treated with aqueous ferrous sulfate and distilled to remove peroxides
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and antioxidant stabilizers, respectively [9]. The purified ether was
 

stored in the dark over steel wool 
which had previously been washed with
 

solvent until 
free of fluorescent contaminants.
 

Activated neutral alumina (Al
203) in fine granular form and desig
r
 

nated "suitable for chromatography" was used for column fractionations
 

after being checked for contamination by the colorimetric and fluoro

metric procedures and partially deactivated with water as described in
 

the section on column chromatography.
 

Equipment
 

Time-dependent absorbance readings were 
determined with a recordina
 

Beckman Acta III sDectrophotomepter. 
Carotene values were determined
 

from absorbance readings at 450 nm with a Beckman SDinco colorimeter
 

using matched test-tube style cuvettes covered with aluminum foil 
to
 

prevent evaporation of the volatile hexane and chloroform. 
The colori

meter was periodically checked by comparison with the spectrophotometer.
 

Fluorometric measurements were performed with a Hitachi Perkin Elmer
 

MPF 2A spectrofluorometer with 10 mm x 10 mm square cuvettes used for
 

column eluates and microcuvettes with a minimum usable volume of 0.35 ml
 

used for unfractionated extracts. 
Care was taken throughout to prevent
 

contact of samples, extracts, reagents, or column eluates with rubber,
 

lubricants, and certain types of plastic to avoid fluorescent contami

nation. Concentrated samples of vitamin A standards required special
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handling to avoid contamination of apparatus and glassware w-ith the
 

resulting possibility of spurious errors in later determinations.
 

Samples
 

Human blood samples were drawn by syringe with heparin used as
 

anticoagulant. Rat blood was obtained from stock white rats by cardiac
 

puncture or decapitation with sodium citrate used 
as anticoagulant. All
 

blood was centrifuged 5-10 min and the plasma transferred to glass
 

screw-top vials with Teflon seals for freezing and storage in the dark.
 

For the analysis of methodological variables, plasma was pooled and then
 

subdivided into smaller identical 
fractions for multiple determinations
 

on each sample. 
No changes in results were observed as a result of
 

sample storage.
 

Standards
 

Vitamin A standard was freshly prepared each day by partial hydroly

sis of a retinyl 
acetate (ROAc) solution in oil obtained from USP
 

Vitamin A Reference Standard capsules (USP, Inc., 
Rockville, MD). To
 

about 0.15 ml of oil containing about 5 mg of ROAc in 
a conical glass
 

stoppered centrifuge tube, 1 ml 
of water and 5 pellets (about 0.5 g) of
 

potassium hydroxide were added. 
 Contents of the tube were vortexed and
 

placed in 
a boiling water bath, with occasional swirling, for 20 min. 

The hydrolyzed mixture was cooled, 1 ml of water and 5 ml of hexane
 

added and the tube again vortexed for 2 min and centrifuged 5-10 min.
 

The hexane (upper) layer, containing a mixture of ROH, ROAc, and a
 

yellow residue from the oil, 
was used both as a source of ROH or ROAc
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and as the concentrated mixture needed to determine the correct amount
 

of water to be used for deactivation of alumina.
 

To produce a vitamin A standard, a solution of purified ROH (or
 

ROAc) was obtained by applying about 0.5 ml of the hexane extract 

directly to a column containing 1 g of deactivated alumina. Chromato

graphy was performed by eluting the column sequentially with 10 ml 
each
 

of hexane containing 0, 2, 10, and 50% (v/v) of ethyl 
ether. Purified
 

ROAc appears in the 2% ethyl ether fraction and ROH in the 50% ethyl
 

ether fraction. The desired fraction was evaporated nearly to dryness
 

at 400C under a stream of N2 in dim light, then rediluted with hexane to
 

give a solution having an,absorbance reading between 0.20 and 0.30 at
 

325 nm (A3 2 ) with a 1 cm light path, (ROH equivalent to about 1.0-1.5
 

Pg ml- 1). The absorbance reading and an absorptivity of 5.464 ml
 

ig-1 cm-1 
were used to compute the vitamin A concentration. For fluoro

metric standardization, three 1.0 ml 
portions of this standard solution
 

were diluted to 25 ml with pure hexane and with 2 and 50% ethyl ether
 

in hexane.
 

Pure crystalline all-trans-o-carotene was carefully weighed from a
 

previously unopened ampule, dissolved in hexane, and diluted to about
 

5 Pg ml- 1. Concentrations were calculated either from dilution factors 

or from absorbance measurements at 450 nm (A4s o) measured with a Beckman
 

spertrophotometer and an absorptivity in hexane of 3.971 ml 
vg-I cm-1 .
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Col orimetric procedures
 

The procedure used in this study was a modified version of that of
 

Neeld and Pearson [I]. Duplicate plasma samples (usually 0.5 ml) 
were
 

extracted in glass-stoppered centrifuge tubes by addition of ethyl alco

hol (either 95 or 100%) and hexane in the proportions 1:1:2 (v/v/v),
 

respectively, followed by vigorous vortexing for 2 min and centrifuga

tion for 5-10 min. 

Carotene in the hexane extracts was estimated from the absorbance
 

at 450 nm (A45o). Hexane extracts and standards were then evaporated just
 

to dryness at 40
0C under a gentle stream of N2 in dim light. A 0.1 ml
 

volume of a mixture of chloroform and acetic anhydride (1:1, v/v) was 

added immediately to dissolve and dehydrate the residue and tho tubes
 

were recapped immediately and taken to a darkened spectrophotometer room
 

for subsequent processing. A 0.5 ml volume of a 1:1 
(v/v) mixture of 

TFA and chloroform (prepared within I h of use) was added to 0.1 ml 

sample with a Pasteur pipet. The reaction mixture was immediately
 

redrawn into the Pasteur pipet and transferred rapidly to a preposi

tioned microcuvette, in which A620 values were recorded either Corn

tinuously or at 15 s (t,
5 ) and 30 s (t3o) after the start of the
 

reaction. 
Blank values were obtained for samples, standards, and
 

reagents. 
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Fl uorometric procedure
 

Fluorescence values from plasma extracts when measured at wave

lengths suitable for vitamin A determinations must be corrected for the
 

non-specific contribution of other blood components [2,3,6,7,11]. In
 

the procedure of Thompson et al. [2), a correction is made assuming that
 

the carotenoid phytofluene is the only significant fluorometrically
 

active contaminant and phytofluene extracted from tomatoes is used as a
 

standard for determining the correction factor. 
In this study the pure
 

hexane fractions obtained from alumina column chromatography of human
 

plasma extracts were measured directly as an approximate phytofluene
 

standard. No differences vwere 
observed in the fluorometric charac

teristics of standards prepared from multiple human or rat plasma
 

samples in preliminary studies at the wavelengths used for the fluoro

metric procedure. 
The human plasma samples, however, contained much
 

larger quantities of the fluorescent contaminant.
 

In all fluorescence measurements the emission wavelength used was
 

480 nm, the excitation wavelength 330 nm or 365 nm, and the emission and
 

excitation bandwidths 8 nm each. A freshly prepared standard solution 

of ROH in hexane was used to adjust full-scale to be equivalent to a
 

blank-corrected ROH concentration of 100 ng ml-1 (in hexane) at 330 nm.
 

The fluorescence reading for the standard ROH (designated F330 ) was re

corded, the excitation wavelength readjusted to 365 nm without changing
 

any other controls and the F365 value recorded. The corresponding
 

F365 value for a hexane blank was obtained. After verifying the origi

41 



- 8 

nal F3 30 scale expansion with the ROH standard, the F3 30 and F3 65 values
 

for the phytofluene solutions obtained by column fractionation of human
 

plasma extracts, were similarly obtained. Blank values were determined
 

by using the pure hexane fraction from alumina columns eluted without 

sample. Because the ROH standard is unstable, a secondary standard of 

quinine sulfate (formula weight 782.96) of 10 ng ml-I in 0.1 N H2SO, was 

standardized against standard ROH solutions and routinely used to cali

brate the fluorometer at both 330 nm and 365 nm [2]. The observed ratio 

of F3 65 /F3 30 values for the quinine sulfate under these conditions was
 

1.23.
 

Appropriate equations relate the F365 and F330 values of samples,
 

corrected for blanks, with those obtained for the ROH and phytofluene
 

standards [2]. As determined in our laboratory, the F36 5/F3 30 ratios
 

=
for ROH and phytofluene, (desiqnated A and P, respectively) were A 


0.33 and P = 1.97, with the corresponding constants P/(P-A) and 1/(P-A)
 

equal to 1.20 and 0.61, respectively. Considering dilution factors in
 

the extraction procedure, vitamin A concentration can be calculated for
 

a plasma sample as: 
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Vitamin A (ig ml-1) = (0.012 x F330 - 0.0061 x F365 ) where the 

F330 and F365 values are from the unfractionated plasma extract
 

after correction for sample blanks.
 

For vitamin A quantitation by the fluorescence procedure, unfrac

tionated plasma extracts and blanks were obtained in duplicate as in the
 

previous procedure except that the proportions of plasma (either 0.05 or
 

0.5 ml), ethyi alcohol, 
and hexane were 1:1:10 (v/v/v), respectively.
 

The larger pr ,n,'tion of hexane was necessary due to the lower detection
 

limit of the fluorescence procedure as 
compared with the colorimetric
 

procedure. Additional dilution of the extracts of 
some samples with
 

very high vitamin A or phytofluene levels was required. Extractions 

were complete under these conditions as shown in preliminary studies by
 

second extractions.
 

Alumina column chromatography procedure
 

The procedure was essentially that described by Thompson et al. 

[3]. Alumina columns with a bed di3meter of about 5 mm and a height of 

about 4.3 cm were preparedby adding 1 0 of Dartially deactivated alu

mina to columns oartially filled with hexane to 
prevent formation of air
 

bubbles.
 

The amount of water necessary for appropriate deactivation of alu

mina from different batches varied from 0.04-0.06 ml g-1. To charac

terize each new batch, a precise quantity (usually 20 g) was weighed
 

into each of six tightly stoppered tubes and increments (0.04-0.065 ml
 

g-1) 
of water were added to give a graded series. The tubes were sha

*I3
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ken, equilibrated for at least 24 h, again shaken, and finally made into 

columns as described above. About 0.5 ml of the ROH-ROAc mixture ifl 

hexane from hydrolysis of the ROAc standard capsule was applied to each 

column and the columns were fractionated with hexane containing 0, 2,
 

10, and 50% (v/v) ethyl ether as described earlier. Each fraction from
 

a column was viewed under ultraviolet light. The partially deactivated
 

column that produced the milky-green fluorescence of vitamin A exclusi

vely in the 2 and 50% ethyl ether fractions contained the proper amount
 

of water. 

Excess hexane was drained from columns before sample extracts were
 

applied but at no time was 
the unoer surface permitted to qo dry.
 

Duplicate hexane extracts of samples were obtained as 
described for the
 

colorimetric procedure except that 0.5 ml 
of ethyl alcohol and 1.5 ml of
 

hexane were used. Extractions were coniDlete under these conditions.
 

One milliliter of the extract was evaporated just to dryness (N
2 , 

40°C), the residue immediately redissolved in about 1 ml of hexane and
 

applied to the column with a small following rinse. Fo.r hexane frac

tions of 10 ml each, containing 0, 2, 10 and 50% ethyl ether
 

respectively, were collected in 1O-ml volumetric flasks. 
 Evaporation
 

losses were replaced to volume with the appropriate solvent. The 0 and
 

10% ethyl ether fractions were regularly examined for vitamin A as 
a
 

control of column operation.
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Interfering contaminants either to the colorimetric or fluorescence
 

measurements were found exclusively in the pure hexane fraction of
 

plasma extracts. However, these hexane fractions did not account in
 

either procedure for all of the contamination observed in unfractionated
 

extracts, some apparently being retained permanently on the alumina.
 

Vitamin A in fractions obtained from column chromatography was most
 

conveniently quantitated by fluorometry, a method which allows column
 

fractions to be measured directly without further preparation. For
 

these measurements the fluorometer conditions were as 
described earlier.
 

A freshly prepared solution of vitamin A of known concentration (between
 

40-60 ng ml-1) in 2 and 50% ethyl ether was used to standardize the
 

fluorometer for the corresponding column fractions. Blank values were
 

obtained for each column fraction. The fluorescence yield of ROH was
 

1.09 and 1.28 times greater in a 2 and 50% ethyl ether, respectively,
 

compared to ROH in pure hexanp. 
 No correction for fluorescent con

taminants was required because spectral characteristics of 2 and 50%
 

column fractions were indistinguishable from pure ROH in the respective
 

solvent.at wavelengths used in the fluorescence procedure.
 

The colorimetric procedure described earlier is an 
alternative to
 

the fluorometric quantitation of fractionated plasma extracts. No cor

rection for 0-carotene was required because A4,0 values for concentrated
 

solutions in hexane were zero, and time-dependent losses of A62 0 values
 

were identical to pure vitamin A of the same concentration. However,
 

though vitamin A values were identical by either the fluorometric or
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colorimetric procedures, evaporation of the two 10-ml fractions required
 

for the latter was time-consuming and only the fluorometric procedure
 

was used for the data reported in this paper.
 

RESULTS AND DISCUSSION
 

Preliminary results of an early exoeriment designed to select the
 

most suitable TFA concentration for use in the colorimetric procedure
 

are shown in Table 1 for a pooled sample of human plasma and for a stan

dard. It is clear from the data that results for the pooled plasma and
 

standard have different dependencies on TFA concentration, and experi

ments were designed to determine the origin of these differences.
 

It was observed in all of these studies that A620 values decreased
 

linearly with time from the earliest measurement observed until at least
 

30 s after the reaction was initiated. Thus, initial A6 20 values were
 

readily estimated for each reaction by extrapolation of A vs t data to 

t = 0. 

Figure I shows that the greatest initial values for A620 using a 

retinyl acetate standard were developed in reaction mixtures containing 

the lowest concentration of TFA. However, A620 values developed by 

vitamin A become increasingly more stable at higher TFA concentrations. 

With 0-carotene, A620 values increase both with increasing TFA concen

tration and with increasing time of color development. Sets of studies
 

identical to those represented in Fig. 1 were Derformed with-three addi

tional (lower) concentrations of vitamin A and B-carotene. From these
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studies it
was seen, frr any fixed interval of color development and any
 

TFA concentration sele:ted, that A620 values were directly proportional
 

to the concentration of vitamin A or a-carotene. 
 Thus, standard curves
 

of A620 values for both standards, would always be linear for any com

bination of TFA concentration and measurement interval 
selected, leading
 

to the impression (shown below to be false) that almost any set of con

ditions selected should function satisfactorily when applied to plasma
 

extracts.
 

A similar set of studies was made using unfractionated plasma
 

extracts. 
 Results were completely reproducible for any one sample but
 

highly divergent among different samples. All plasma samples, however,
 

exhibited certain characteristics in common. Changes in A620 values
 

were linear with time at least to (t30 ) for all 
but the lowest TFA con

centration used, thereby allowing ready extrapolation of the A620 values 

to (to). The A620 values were directly proportional to the quantity of 

vitamin A in the sample reqardless of the time of blue color development 

or TFA concentration used, as long as 
both the time interval and reagent
 

concentration were constant. Nevertheless, wide variations in stability
 

and even direction of change of A620 values with time were found for
 

different plasma extracts. The most common observation was that A620
 

values faded faster than that of standard vitamin A although A620 values
 

of some sanples increased with time in 
a manner similar to those of the 

0-carotene standard. After subtracting the changing $-carotene correc

tion point by point over the life of the reaction, the residual A620 

47
 



- 14 

values, usually fell far more rapidly, and never less rapidly, than
 

values of pure vitamin A standards at the same TFA concentrations. The
 

outcome in almost all cases was 
a large and unanticipated bias toward
 

low quantitative estimations, with the bias being reduced proDortionately
 

as the time of development of A62 0 values was shortened toward (to).
 

When vitamin A values for unfractionated human plasma extracts 

determined using (t o ) values in the colorimetric procedure were compared 

with values obtained for the same extracts after alumina column frac

tionation, a marked improvement was noted over values determined using
 

(t1 5 ) or (t30 ) for all TFA concentrations. The values determined
 

colorimetrically now clustered about the column values. 
 However there
 

was some residual dependence on TFA concentration, and there was always
 

a large residual scatter, apparently sample-dependent, of up to + 0.10
 

Pq ml-1 compared to the column value.
 

We find that rat plasma contains essentially no carotenoids that
 

absorb at A45 0. Rat plasma extract, therefore, offered a means of eva

luating the degree to which inadequacies of the 0-carotene correction
 

might be contributing to the discrepancies noted. Three pooled samples
 

of unfractionated rat plasma extracts were analyzed by the colorimetric
 

and fluorometric procedures and compared with vitamin A values obtained
 

after fractionation on alumina columns. Consistent results were
 

obtained for all three pools, the principal difference being the total
 

vitamin A present. For the three, colorimetric values for vitamin A
 

under conditions of 42% TFA and (to ) were 0.220, 0.275 and 0.345 og
 

ml-, and the corresponding column values were 0.225, 0.290 and 0.345 Pg
 

ml4 
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Results of the detailed colbrimetric procedure and the alumina 

column fractionation for one such pool 
of rat plasma are presented in
 

Fig. 2. These data reveal the same relative instability of A620 values
 

in unfractionated rat plasma extracts as was seen in human plasma (Table 

1). However in all 
three rat plasma samples, values for vitamin A in
 

the colorimetric procedure with TFA concentrations above 40% were similar
 

to values obtained after column fractionation. This finding has since
 

been confirmed in many routine studies of rat plasma in 
our laboratory
 

using (to ) colorimetric values and 40% TFA. 
The fluorometric procedure
 

consistently qave slightly hiqher values for vitamin A than were obtained
 

after column fractionation, a consistency which may be the result of 
a
 

dietary 
or genetic factor affecting the ohytofluene correction in this
 

highly controlled population.
 

Figure 3 presents the results for 41 human plasma samples in which
 

vitamin A levels determined by the colorimetric procedure are compared
 

with values obtained after the column chromatograohic procedure.
 

Similar results were obtained when the fluoroneLric and column proce

dures were compared. Both the colorimetric and fluorometric procedures
 

have roughly comparable characteristics for the quantitation of vitamin
 

A in unfractionated extracts of human plasma samples, as 
long as the 

necessary precautions are taken in the colorimetric procedure. The 

regression equation relating vitamin A values (in ug ml-1) obtained by 

the colorimetric procedure to corresponding values obtainedr after chro
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matographic separation for these samples gave a slope = 0.860 + 0.064 

and y-intercept = 0.059 + 0.026 while the equivalent values for the 

fluorometric procedure, for the same samples, were slope = 1.05 + 0.042 

and y-intercept = 0.015 + 0.018. The 95' confidence limits of both
 

slopes and intercepts overlap. Standard error of estimates for these
 

data sets were 0.047 and 0.043 respectively.
 

A s'ightly higher slope was seen in the fluorometric values from 

human samples compared to the values found after fractionation. This
 

was consistent with the results observed for the rat plasma samples.
 

A similar bias, of approximately the same magnitude, is seen in the data
 

of Thompson et al. (ref. 2), providing a level of assurance that our use 

of the pure hexane fraction of human plasma extracts was equivalent to 

the use of tomato phytofluene in the original procedure of those 

authors. Certainly the procedure for obtaining the pure hexane fraction
 

is more directly applicable and appears more appropriate. The slight 

observed upward bias in the fluorescence procedure would be relatively
 

inconsequential in population surveys. 

Of greater consequence for the use of either of these procedures 

is the scatter of both the colorimetric and fluorescent values, presum

a 'ly introduced primarily by i5,dequacies of the a-carotene and phyto

fluene corrections, and which seems to be relatively independent of the 

vitamin A content of 'he plasma sample. The four samples having colori

metric values for vitamin A of between 0.170-0.185 Vg ml- 1 had column 

values of 0.130, 0.135, 0.175 and 0.250 vg ml-i (Fig. 3), and 
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fluorescence vitamin A values between 0.145-0.200 mg ml"1
 . .A similar
 

conclusion may be drawn with regard to the fluorometric procedure by
 

reference to Fig. 4 of Thompscn et al. 
[2]. This scatter may well be
 

unacceptable, where the analyses are to 
be used as an indicator of vita

min A deficiency in individuals. A reasonable solution in larger stu

dies to the apparently inherent inability of either method to give
 

sufficiently accurate vitamin A determinations on individual unfrac

tionated plasma extracts at low levels of vitamin A (below about 0.25 Pq
 

ml-1) is to subject the expected small number of plasma samples exhi

bitinq these low levels 
to the more extensive column fractionation pro

cedure. Awdeh [12] also reported a bias toward low values for vitamin A
 

determined colorimetrically on unfractionated plasma extracts which was
 

corrected by preliminary column fractionation to remove carotenoids.
 

CONCLUSIONS
 

The results presented indicate that the colorimetric procedure
 

using TFA to determine vitamin A should contain a 
TFA reagent concen

tration of 40% to develop the full A620 values in the presence of
 

natural plasma contaminants. This concentration is higher than that
 

described in the original procedure [1]. In addition, A620 readings 

other than those obtained at the first moment of the reaction (to) pro

duce lower than expected values in unfractionated plasma extracts after
 

correcting for $-carotene, because the color decay rate typically is
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much more rapid than that of pure vitamin A standards.
 

To solve this problem A620 readings for all samples and standards
 

are taken exactly 15 s and 30 s after the TFA reagent is added, (At=1 5 

and At=30, respectively) instead of the usual single reading (either at 

a pause point [10] or after 30 s). These values are extrapolated to the 

start of the reaction (At=o) in some appropriate manner, such as by the 

equation At= 0 = At=is + [At=is - At=30]. All standard curves are con

structed using At= 0 values also, and calculations of vitamin A content
 

of samples are based solely on At= 0 values. Otherwise no changes of
 

procedure or calculation are required from those previously suggested
 

Ill.
 

The problem of the inadequacy of the carotene corrections for
 

unfractionated samples remains, even after taking the preceding pre

cautions. In practice it is likely to he critical only for vitamin A
 

determinations which fall below 0.20-0.25 Vg ml-l.
 

The fluorometric procedure exhibited, in this and other studies and
 

in that of the original authors [21, a slight systematic bias toward
 

higher vitamin A values in unfractionated plasma extracts than was 
seen
 

in the same extracts fractionated on alumina columns or determined
 

colorimetrically. A fluorimetrically active fraction obtained from
 

human plasma extracts after alumina column chromatography (the pure 

hexane fraction) used in these studies as the phytofluene standard 

simplified the original procedure and gave results indistinguishable 

from those obtained by Thompson et al. using a phytofluene standard 
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isolated from tomatoes. Deviations on unfractionated plasma extracts
 

from those obtained after alumina column fractionation were similar to
 

those observed for the colorimetric procedure.
 

In general, the alumina culumn fractionation procedure was lengthy,
 

expensive and time-consuming for general use in surveys with large num

bers of samples. Its use appears necessary, however, for those studies
 

in which apparently low plasma vitamin A levels obtained from colori

metry or fluorometric determinations 
are to be correlated with the
 

clinical vitamin A status of individuals, or where plasma retinol 
levels
 

must be distinguished from plasma levels of retinyl 
esters.
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TABLE 1
 

Effect of TFA concentration on at 30A6 20 s for a pooled plasma sample. 

TFA: 
CHCl 
(v/vI 

TFA in 
reaction 
mixture 
() 

Sample 
extract 

Absorbance (620 nm) 
a-carotene Difference 
standard 

Vitamin A 
standard 

ADparent 
vitamin A 
content 

(jg mIl-) 

1:5 14 0.065 0.033 0.032 0.161 0.17 

1:3 21 0.089 0.040 0.049 0.190 0.22 

1:2 28 0.110 0.045 0.065 0.219 0.25 

1:1 42 0.132 0.053 0.079 0.223 0.30 

3:1 63 0.138 0.060 0.078 0.191 0.35 

1:0 83 0.142 0.065 0.077 0.121 0.54 
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FIGURE 	LEGENDS
 

Fig. 1. Effects of TFA concentration on A620 response. Curves a and b:
 

Retinyl acetate (0.5 jig ml-1) at t=o (a)and t=30 s (b). Curves c and
 

d: $-carotene (1 Pg ml"I) at t=0 (c)and t=30 s (d).
 

Fig. 2. Effects of TFA concentration on the apparent vitamin A content 

of a single pooled sample of rat plasma. Curve a: values from A620 

response at to. Curve b: values from A620 resoonse at t30. (--- ) = 

vitamin A determined after fractionation on alumina columns.
 

Fig. 3. Comparison of vitamin A values obtained for 41 samples of human
 

plasma by the colorimetric procedure (b)with values for the same samples
 

after alumina column chromatography (a)of their extracts. TFA concen

tration 	was 42%, At=o values used in the colorimetric procedure. 

(0) 	 = a single plasma sample analyzed in duplicate by both procedures. 

) = ideal line; (- - -) least-squares line. 
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HtIplil~tcd Irll IllolI.lie Xl. Mt<rnll[, \ hInijll* 5. Niilwr 1, I'Xhiiaii- M1 

Fluorometric Determination of Vitamin A 
in Human Blood and Liver 

fN. T1i IOPSON, PAULA ERD]Ol)Y. 11. 1311IE7N, 
ANI)T. K. NIUBIIAY 

ApoI11ilof ."atioiiul I ellil t~i1land'Ii. (lica. Caiuidi 

\T itaii A (Itiioi) di/il its fI'stis Iille-c- inlli1tralviollt light, anti 
analytical iii IjlthIeleitilititobiu'simple,ttiiids h)asedl/l tihis 
specific, anli 5illsitike (1-W).Aithoiitji tile 1i1lllllltlje IsiS ceill to 
heC itlcalii suileit to icll, ~e i Iiicidicc uets, Sit!c as si!rcy ofNv!\ji
iil1inA h(,1\c iisill1111m Wooda] I lw\ 11,1\( i iot bei widely o1setfor these 

coered, sup b idth asit. tile ' itibiie fioniiitie p irs11.( il 

vitamoin A\ v;J11i' \\ic iiiallii [nIt(I 1overj~sh illortlciiIt! Sol liimcs MlOIe
 

v(st gral d ;11(it 1alimitsiiice of itcehrn ci illtllt , aisaht i(;l meithtods 

wsas itiiiit Mmtiliriel! for A\ analysisificed. pn'nntluIins taikii ill bld nd~i 

Of 1)1("'ioIllS iiill/i1l'iC M iielitoislil andlt iitis."55111 itctsted. 
It is ctlilillion ki hlmdd.'. lltin tiijjIli il \ihitiillilltl(1. that 1llS 

(lC'iviilk-si lilt]hlt~kthoml l-l'likt ()f O taiiiii A fIllornst-c'ntt. TIlc finn
leclc 'Cpit I f Siseritl SIII)StiM-'S Stltll'11'Sl' YLutted [tiSitaniiii A 

base OiSetA(i [to t-Sdlil 111itli' nietiods forb iI iU ilirolnectriL' 
S'itaii A an, trllY\iiiei' sp cilift Iii i'rpioccdiIIcotl~) 

petiohiui (tie (Ias(itici' qulity,. Matiitsmi (adeinai i& 13(11) Sver 
(listili- efoiiloise. lFtii iiiui (9'") wa~s (distilled froil K0II pellets, and 
ilii] iothr (;alii\ tilills. NIZliiiCki'idt ) \\ 15 (liStil- oVer le(dClict Hil. 

wsI wsvhiid \\ iti distilled tiaiiii f()iii)Sd by5 (istillti ether and( dried 
Overnigh t at 120) . Si! itic acid (silicAll CC-7, Mallioickrodt ) was uiscd 
as obtained. 
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Ct'ntrifit.c nb' CO thiim'rx-, rg.i solvents wca!'andlw,'(11 firSlun). 
fOtn1d tO CXt rde(t Iii inreS('i t So Iitai lCi S 1f1011 fl I.Stit' caps, tidies, id 

' (1 (vecsse'ls wc'(Iv cljli 1111 dur l i i iil sk AplrilIl' i iildc iiitiiil\, ol, 

"h-s) wis :, .:. idfin 2m' idrw \ (I.2 :3, Ali. I )kiil ,1lii Hitiuiiii pie 

il'\t'j wit h aIll i \\i i m \il t I iiii i i Idi S i" 2 i iii ( t hit i witit 


a ii ii tiircc l -c iiiia ii l i~iiii IP2 ut uto I Itit . r . S i i th, (1111w e
 

tii)
('Vt sL il (' C\1111ii ilul iSliij ill ill '.51 i tr' lr d li ii M iit 551 Ii 

l Iii.li ii Ilwi i i i dil _- fiSislliiitp i i h.\i'I 1000 ii w iii t)Iu :hii i ilt 

I)1(11) 11 11 pl(r 

'OIlli toIl(tin' Hiuhisiu 11~lm -iiii'tiiii O w \(. d \il IH tch 

l'tI'i~t-ciliii, Ap 0S -1sni t i' 1)1t i scila At i 4111 ip Ill(1 ;1t'at Ofiit'u'taiuuil 

d c , iv ti (.-)l( .. m ll , l ti(Ii h --k l F im l.i st u mn61o~l 
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\'t liii'i I l t 2i (I 'INw\\asI c ta iic itt i I 'l tjlt)1h iti iii tiltl II i c
 

Pidtittf tsii] I hrariti,ii II it i I/ i.n Lii'. I l 555 )i it( ol i it 4
 

rtri.lli tc \(.I (.llt' t ulto t I o 1)1ii itt ittw tit:I it. i 'sit 1 1s-ai t c i t i'teit lli-


i it l'tn ftr, P ift iii 1,111
 

sti'(UV tt [tt t2I t i t' Produ t"iii .
 

~ii lii t0 I)!li I s' its itt'F I It\i it i atm \i itil\'li i 


it s'i . )iA5t'''itttt'Ji ()1 , 20 (.11'in ilt 

.c (.. i~ t i l l si ll 1c62t f ;thv , Il m il 1 111 (. .1( 7. 1: 1 cl 
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c.'s('it 01liv as lildtl ijI('('llifli illth 
 mII' l papers. HoIwevecr, ill the 

5 A " wt'ir ( 'toill'l] r i o f' tll l i .' tco m p l te T cf.:sl p- fl a s t ii it' 
l'luoronu'Iric :ilAys. of Ji it(Old( 11(1 iinl EyU'ry in Blood by,

Cotlumn (Jitniromaogphy1 Pliasi a'or s']iil in slaliy I fil) was sli;Akei 

andS'i (rlwiiit il'ih 
(m lii 5t 111(11ill' di(li . i ;I c ( l ask ' iii l a of il('' 


WCAiiistui wt 5" ut Tlnisiillntith fitc 
 il 
s tclite ini ifth1011 porions 

at io 160 ii ~I t~il wl li3ffl ( S tl i of Jdl111('trtiiii ill tii ofslt' ' l't~L~ It' i '5Jsc 


ll(IIS 1,0 \% re ila c i t e 0 111 lu l us S m63ds 011lts 
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tively. Solution of the sinlliltaneous e(juations gave: luor(scencc at 330 
u11 (1u0 to v'itanin A 

" = - - - - 7 _.] - () 

-I+-. I., /K (2) 

where K,, K.., and K, were constants. 
The readinuos had to he coiretcd for day-to-da' 'iriations ill the 

sensitivity of til(' Neictiopliotofhiiroineteric 0l1r retiniolNeither phytotlufi 
was cNiVeliielit is atstaii(lrtl ltilse of instabhility. Instead, filuorescence
'cadims (175 ili atll:330 III1 ( Q,) and 3(0(1 in0 (Q) excittion wre 

11a(e Oil :1 so1t1tliii of (fi \, siil* it' ill 0.1 N ]I S() at tie saili time as 
tile purified standatrds otl h'tiiol iid p)ihitofiumein Wcrle exaimined in d'
rivinil tii c iistaill t l".tilt, iioi]it. At s.ilbsetlleilt iiialv t'st, lht reading~s oil the' quilidllu solitioll ((/, :111d (11') \\.(.I'e repleatedi.: Th']e \vitallin A 
11luilrC t,;.,lltLV \\'its t(1,'ll Ci. alt c d from 

lIi1Ii - . I I XiP Iff,-

Appl ict iIiit of till- tt 'l l ii il i nii ihlt itin'a,ia)i n of 1lood was as 
follows. ii:isi r(m11 (.2 iII fIii li fti*t 11 m s iit etd r :30 s'condS with 
I l1 waitter. I ml i ltlaio. :nid 5 ll] l i n it' ii a 25-I tteitril' t tilel)(
ulsiil,_ it \Vltc,\ Illiwti..\Allur tcclit il -illMi~oli :ill) :d~iqlU of' tll' ]lic.u.ltn 

lav' r w\vaLs l fiI t'si c , .175 iit iitas ired att () an(dli t i IIof it \\ias , : 
i ita \\ill t tifiicr 

tin, fo iii iLt. i I:td i stt' to) 'altll i ,ttit lll(ii llt i(f7\ittiiliil A ill llictro
rills (Iiitm' lI . ii ;iia.t ( l tistl (tIr i.'.ii li l ltti':ii , i ti'fl ill 

0 11111'iiLoi l tile Itktl l i ,wt at 0.0(01. In pra tic ', 

itc ) r 
ptinI a d\,i ilili) a Wi3'i 1(1 ( obtani lttcl ri'3t;iii1 0 1.6 as d 
:325 ii a 141.1 i iiltt iii r. i it (C /iiil)wii' i (iii utratioll ,, \aVs C i
t'uiiat i Ili<' V ( T(I. '.\is't lli /F ii d ' .st'(diu iill dilit id ftiild w ith 
it,.aiiit'. illi ii liiit.ittv i idiir si l .T7: iiii \ ie tAk ii at :330 1iii (d) 
ua iti :1() l i (') e titatutii \\:Ii liti iii'h'r 1liii lit~r St't lt 0.01. 'he 

wa [rlniivill! o. tiatt' fri i <dii/d i i a factorl foi' coliv'erti fhlores

't'll' t Iiiit'il l. ills (if\itaiii .\ p It' 1()0 tii ,t'i'iiiii lw as calculated front 

1) wits ibi aii't25 ('l ). . v.', Itro siiiiiar\ii imiiit fi',shi chroiliato

' Ahtillih\c) tilt ili tiuliilt u.i\ 1w l: l'l wad 0i \Oth [iht, bl ik andlto rel~ad4
ll. i lliil, l. t ii i i T ht, u siiii to100) w ith ill( u allh( d 11. .;11( lilati(iiIl 11,1i lifics 

(i a tiadt llil;iwc, (Il ll,lc holu , Ilil)\ \ t I.i i lh,i( l rioli,; tchili 's ill Ilit. per'f l leclitt 

oif tie ill .trml llt-lit itlt,. ]iil alw a (Il\.'ii llis. 
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graph(cd solution of phytofluzm'. A value for 13 was obtained bi measir
ing the fluorescence of a blank analvsis usiin water in plaee of scrum.
A working formula was then obtained as: vitanuii A (/ 100 ml serum 

or plasma) 

.+... B R):/1 2.) (4) 

=KI '. __ 1 ' -+ l (5) 

'heKre K K,K,,andI; \\ert' cmistits.
Separation of Rclimil anld IP]ytoffhi'ti inll qlyPatition Between 

Solvents. Rtllo-~l i, ',pprl-m ulv e'qually' solluhh, ill ,SO"' tliall and 
l(icu( wheretas plh\ttIlhii, is alimist inaquteous "'buinsIlulblle alcohiol. 

differcliet'l ill soliiltlv \ ias 
 Iasis for a 
tion of reftiltol ii hiitia ll bhtni. PIlisima mr seuuitti (0.2 nil)was homoreilized with I fill t+thlh. wl :111d I ild heuxall. imd u(.c ir ll ,cd. 'The, ]wexlm 

istd(las tlit' fllorollctric deletermia

lay'. w\hi1 a'eordi,., ho) tal dds uoltaiit'd all of t e phvlofI llt, anl,ql)proximlllv .10g",)f retm, il\s, rvillovcdiid ofisciardcd. Tlc re
iiuaiiuillt. atiiet<oiis ctlitlil pliast' , \ s 11)1it) eIii/(,l witli I tfil water itll~:5 fil ]icXatt- :tll(] ccf' lrifuw,cd. lFht101,S('01, flow( to the, 1'cmiilll r'tillol 
\\ils flill+;ll-cd (mI alll illiqlwt~ ofI []t. Sepax rated( ]l<'ic ll(e Li~ur..'A ('orrl '(+tiOll

for"the' loss ofI rc'ti]. lm uill" thc first (,\tritlctioll wils obtatined by" lssim,
 
a saiiipl!' (I l'slt.shl', Ittttgraplt'tlliio etr'iiiol thrttuigh the pitroctdur.

1)'cl'rmilattli of lef0inol in Blohd i'ilh Shc'I:. l)]sll o)] st'rlin (lsl
allh :3fil) was sliat ith allu
'tj ittliit' ii t'tliaiol anI :3 (t i]i.eso)f ptetr)hlum c'thir..\ A l i(Ilu(o ilf thlc p r()l w',ts (-vilptoriah , the' r(,siduc, 

\.;s ta l'i.1t) iiiI ifil it1liliit ttrnlit, 9 111125' SIt(: if) ehlroforil was
aiddhd. lt'e t svas ttiretdIuc otr' iilsi inilictliat'ly iln Il'Elvciill ulor

riictir, iisii at62a(-iii filh'., anid comlpared with tlat of stadards. \'hel 
a etiri'r'ectioi for ('"ii'tift'liiitsw'as to fit'lit' lpplied, pt'ttl ('ixtra't was
 
first evapotra d t 5 fillinidflit' ' -150
absoi-liw all 
 um11was mlitasured ill 
; sl)tet'trttthtottit'. ilie co'titl caleulatcwias tssiit,,estel b\ 
Motoret (15). Sotimt saiipls 'w.i't ailyit'dl ilf(itr saloniieatioi :is ('
scribd i Rttls and \ltlit-vait (16.1F7uorollictric .ki.al/piy of 1alh Ind.mliat Liccr, Samples ofhun 
liiver (0.5 wt'it' s;pttild by1lictii ill tilii'', fora wat'i' lafli 
15 mi its ii 15-tl et'iciriitt' tult's with 0.5 60''fi] itpitots KOII ail 
I fil I', ethatlie pyr ;tllol. (I was th'l added and the\\'at'r il\] 
unsapliifi'tblt' lipid was t'\fxi'trml,(I v hlotiiiit'niziiig the ig(st t\\'i(.t'
with 5 til ht'aim. The twi t' a'cts w'r ptoled and made ill) to 25 mill. 
This solutioi was dillit'd ftr diit't flitoitti 


In order to test fhe, proe(liim'e the umltrti'ioet albsrptin spectrum 


ric oieast im'emltiis. 

of 
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aud chroi atog.rtipliud oil ;1I -~ 1)1 tinmoif'~uiin as ill the allal)'sis 
of blood1(, mal fliiiiii51(1 l ii and iltsoptio lsuiei'lsuiltraioleiiI(t lollI were 
11ildc oH ile itates.
 

Ihlc iltloli 
 was ills() tested by appiiis it to liver- tissule oiitiilc 

fromi 12 rats whi ch had hivei ieviieil (ii ;I vitainillc dle(ict.Hi'ese 
anhlia is had iow N~siivi of' 1-etinll Hw le n i Sll ! SD)was51 


12.9 -± 7.0 (r/!]()() oll )hot tiit.\siiiwli ]Io ovit 5it~iis of,(leiie 
disejise. Sali pies of' liv ((.5 1"im crcli iliiszed flinoroii ietricalivcach (e 
tifti i. 5apoii ificeat mu is (leseril 11( for 111iiinii s 

H 1.1 ,SI IS 

to titipuih ed~~procedIii- (2,:3,5,W) , 4l( .- witailii \aiiiej(s 

i.\Imttt s i 1 tliii hi 'uii Iii tiit Ihi( t lliltc ithtn ic iii51)ltod.al i ii ii~ t 

('Iligsil'- thati(15i11i1at Hoo.d tin clctinmudii filio-us fiids eilliiiiito. 

vitamillA.T ~w/onsc 'A c .1i'o p cr fc rlccoi~li i 

cxtl-acts~~~~~~~~~ofHolA d cn! /.1b-u l-1 h xiiilsct~ 

-,avcii5liiill i Sfialiiiiit Itilrlluilieiwiii li inditd Nil JKmita2 kSpeti
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:300 alnd 400 nin. (.)n columins wc.kencd with 5% water, fluorcsctlicC Was
 
obtained from retinyl 
esters ill the 2,, (thier iii petrol fi'actions and from
 
retinol in the 20 and 100',' tethi fractions. Floorescence was also obtained
 
from the petrol ftactit t. It had all (i tlissiotl Sl)c.I'll similar to that of
 
retittol. but the cxcitation Slectim had twin maxina 
 It :350 and :370 m
 
with ;a souldctr at 335 n ( FIig. 2 1. Thlt excitatioi spectrul and chro
tIatmLFrilphie l)r)pctic's of th pt tol fIractiol \vemr(, LL to of
Olar tllose 
phyttfliett (see below), a carot:ioiid wide distiilotd ill vegetable

foods (14, 17-19 ), and t(tttparisoo of the telursc.ticet, spcettra with those
 
of pI)htofluetie extracted from tomatoes t(lvtlahd close i reettetnt (Fig, :3).
 

lint:*.SCIeC't('( of 'hulhoflclte. 1l1 Saltlphs of phvtoilli ieisolatud It*oti 
totniatoes \'(i( obtained as cotlmtih, , stolutitls havitig Iltrt\'i<olet ahlsor)p
titit spectra sintitir to tiltise (lsotrilm 'd h previotis itivestigal~ors (II,
 
17-19 ) with tmaxtma at :31. :).19. tnd 3( 11111.TIlt flttore(sIIC' of
 
ph'tofllunt (It t-ot aippe,, to htavu ] t, 't tedicd hithtrto. ItIthe Atmiact

60 ,0. / 

i C I 

° I 
5000 
2O00 00 ..30-::.... ... 

/ 0' '": 

ICrrIDO / 
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i1. 2. Unt rrtcu ed xeitatim lsptia of fhit, I7t-ni 1tltln scttice 'iission 
(iti1 11IIl(d ill ]lw",;Ine ill the l \) i] im -, 1'.11 ) h-rr i culah s from im allulill, ci<>h lil 
tchromictmom l 111 c)[ i\h t 2) l1mm1mi l~.4 m of ml phl "I'l' difllcltit Scales hlvc't 

beelnct h(.'s I o sh+ x t il , ,ialp' *oft t' 5) -ttta. allo(t iIl lhjtuii u' inttin tius werv 
tCilt'lculatcd fr(nl IOw hot.i wlcu ' llt'', ujil, ( (.' tc\t) ill I ] tlatticm . T11hId1 lh t . fiI l . . ( . \\ ;I, 1%m7ostm. h .ill( , I M 'rt ,l h'~h. * , "2l wlt iny ] v"ter , 2 0)', a nd 
10 0,'Y t h t r ( r tvt i l l ol . ,S"ma ll . m. l .fl w t )I , 1111r t t n . )pu.r ih a ps a r ti fa cl , ts, r 

dt h't'.l hh, ill tll(. r t ilill. Irm~lim .'. Th11. ,kl\ 'l,, \\t, r t'al.'udlah, d i{ (ll il.b ht 
appq-rtoximt t-hly 20l lhim. v.r,., inil, t<. t.;wh Imuliti.. 
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Bowman, with slits set up as described, tie excitation spectrum was, as 
expected, similar to the ultraviolet absolptioil spectrum with loss of file 
structure (Fig. 3). The enjissi(m specrdum had a broad maxi num at 
470-50() nm with poorl] defined peaks at 47(0 and -S7 nn. 
I| toniatoes, phytoflueu(T is apparently malily il a CiL' '",:11 which 

very readily undergocs isomeriz:tim to all trans (1-1, .17). Ithas beci 
reported that this chawrie increases the ilitensit)t of the fluor'scencc, (17) 
and alters the shape of the abtSOrptioli sp'ctriu1 (1-1). Our preparatiolls 
from tomatoes were colisidcred to initialh, contain the cis form 1)weuase
irradiation produiced an increase in fluorescence, lbut this increase wias 
less than 2(Y and thus prol)ably resultd in part from the increase in 
al)sorption (1.1). 

The fluorescenc properties Of pliVtOflue.He and chil)",!; due to isoun
erizatilu were studid primarl-ily becaulse of their relevance to the 
correction forlnhla for vitlnim A (Aclet'riuliittions. fluiorescenelnc'recases in 
intensity, Iowex(.r, ha(ve 1( ('ll,toil the Constants used iIlthe forurnula 
unless tihey arc adcoulli)anied byw ('hanges in' the 'clit ive fluorescence 
inltel sitis at th two excitation waivelitlhths sc'ted for leliv measure
ments. The ratio of the "Itoresceumvu intenisities at :360 and :330 nin (xci

20,000 / 
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o05

w / I 

- O, O 100-0404 ,I Ii 
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E-1(;. 3. Uct'otT'hd C.Wjt'dtin (heft) aid 'nission ( right) sl)et(cra of plotvhflct'ni 
fronl tnlatocs (solid linte) colipnd wili th ;bsovption spechm (l))okell line).
The Illiorescence spectra were wiatlld illthe Aiuinco-]towimi ising ; solution) 
diluted to contain 130 lnioresc(.nc( liit/1n,. Suulv''nt ;hu'xluu '. 
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tation (i.e., 1) was thcrefore (Icte,'Illilld before and after isonicrization 
with light. During isoicrization the ratio with our instrument changed 
from 1.38 to 1.42; As it has Oot bcci possible to identify the confilguration
of lhyto.lielle ill blood, a rouiiided valn (1.-t0) was used for P illthe 
coreTCtioI formiila. 

lluore..-'nice (i \ itamin A and R(1l'd Sub.,lanc's. The florescence 
data for the sobstanlecs examined ar. silIII)iarjzed il Table 1. 
The VxCitatioii spectra w(re viirtiiailh idIcIticil to the ultrav'iolct ab

sorptio)n Spectra ('.'-eept il]at low wilvei-') th " iid a! sorp ion'" was a)sent. 
T1w oidy other nWtu()thlv feat t ir(, p1)1'('s'ncwS th' of thlr-e C0I.spicIIoIIs 
pcalks at 250. 2(). 270 um il the excitation speetruii of anhvdrovitanii 
A, which aeeniplmnid the hetter knowii on s at longer wavclengths. 
']hes. i11a\ haive l)(e, (is peaks al)hogotis to those ]nown to ocecir in 
carotcioi(]s. 
The cillissioll imaximu So il(tii(,s indlicted fiile structIr, (Table 1),

sug!usti.ig mirror rclati )i with th excitationin ae whips spectra, al
tf!.)bIgh t]. ,iissin)p ,,we,'e ill d(fi('d.1 

The rY-lati\'e fho rtescelue iiitci sitii(edepe(d upon the iistrinelit set
tihls and are thi s to a certaiu degr(ue ar)itrar. Ill Table I. the ilitlesi
ties ale 'elated to the ultraviolet absor)tionl at the 'xcitatiou wavelegth
and are then Cni)l;m'. This proe,dur(, mVOids the use of E. vali(,s. 
which SOIIl('iI(5s ale Ililetal'('illor liiinoknei. The Iloost intenS fluorescene( 
was olbtaiiiod oflhi \\Ioereasfrom p]lyt he, that from nethvl retinoate
 
was lim'ilV (hetect,ilhe. Ill eIln(l. the fliiirseite was strong in the
 
.il)5staces with fi'e doule bonds.
 

Efc( of Irradiation on l1etinli Arct/e. The fluorescent substance 

I"ouorL NITv. (W VIT\NIINA.\ AND HoI.eIn SiNco:s 

C'hniim,- lI II)re, ev(,., E'mission maxi

lHelhnvl 'venfi 5(' Ifhmalw 1.0 .17o) 
IletiI l (,I ctl]1tvi 5-) xoi(: e 0.9-I .175 
Pe(trovnioin A 
bIrodi:al in po)IllJt 
Illht, 'il,no 

5 
.5 

1lexalle 
1exae 
I (':xiI u1.1. 

0.17 
:10. 

,165, 

525, 5015, 
.500, .IS0 

.490,520, 
Aloll'v ioo',oivui.A II.x:1 Ili 530 
lH tioi 
.\hioIo)hy 

acil 
0 ii.,:O 

6 
II 

1ll:o1(d
Ii:, l ) 

0.0 
lr.( 

.470 

Numbe(r ~mijug'd (h4)1111h. 1)111..Fbitiher(...,iI a f l, - :1)..z,I1l Il,,(; . d r(,hlliv'( (,':live v.xp~r(. 14)ri-thl /l'v)I 
'41hm)uhh'r.
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prolduIcd by ii'I'diiatiohi of, r'ltnh'il aiutatc \\ith tiIit\.littlt't anlight had 
identical fli1 Il l ct'o'te.\itittiolt spctri llttto that of tiit'blooild lipidi in 

to thitt Of Piith tIll'it' ithp('.lk'IA :3'9, :311), itid :)(i lht'ilt)11. ithe
 

111010 pIlR. hitits,11fl t
\\ o i iII' 1(1(1pi ' liut i atit pcAJ alti500as h' 

Iol sf twhe/1(fO l \'it ti~ti (i~t'xaofltmid t~ito! a loipi had ttf \'IIiat 

475 1f 2.~. *IIO]it r ffll Owto(I 'v5()i c'5111(1.mlo.rtl ass tfu-cmcti'"ol]oipand 

liltot'(lium. ha itt Itt .tItRh t'illc', tobl [ ts f ttf. 1151i itt the ('Nct\\.tts 

Vclopill,_rSol\ ~ ~phIfil~ ~ ~ m111i Ilt ti 111 'iid i mtt (4 a l, OS tt'i 

radaton prdut, ]27( it RI 0. t'lt thl1.11 41.2\\lc 

Imityl th(I! t
 

foutit
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]"m..A. C(-i'Ollisoll of the, results of %\iil. A\ c'Stlations 11"irng tll(! correction 
formilla with thosc ob)tailw(d alll"r Chroulatoilrap '. oil alluoin., Ilt",slls \v.eex
pressed ill arh'itrary flu.sct., ,t unitls (Soe h(.xl: Ili tllo] is (pqiva;vilt to ap
proxin'atlY 1610 uis). 01p(.1 i(:lti \WC~r'r Aslts t OhW rlille prcdure. Filld 
Circles w,,c lu.. 11A sc. I,,ll . Vt, ila:S 01f 1~,110( olhttai. ,- jj.i. lhc mii
 
ailloo.t f watri l-l"Ihd f. m..laiollo tt- plidam's ( , hxl).
 

tailcd wvith n o,'mal amomts Of phytvhihw,.. The lpirpos,' ofthis pr]ocedure 
\\as to c'xc'id tl,. rallt: of tile rn'sults alld to simlllat, retllo] hlevels which 
conce ialy mi'-dit he(, '11coulte.red ill samples from vitainl A-dletciellt- 0

(dOllOl'S. 

Ill thcse lt'sts t]i' r(c sults wcrv c'alc'ulah'c ill mHbilrary fth.orcscellc, units 
at 33 0 nin excitation. Ili the coIlumn1 mel(thlod the fluorescence of tile 
retinvl cstcr frictio)n was added to that of the. fivte l'ctinlol fr'actioll as the 

752 

o 5,00 -

CORREC7 "(,' F CPMUJL A M ET OD 
Fic. 5. Compa rison of (lie results .ft: he palrlitioil Ilud With thoSe of the cor

rection formula nwthod. 
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correction Coil'nlili does not distinguish between them. The contribution 
of the ester fraction, ho\Ve'r, was small and, for nutritional strve-y 
purposes, negligible. 

The separation of phiytoflhiene ai id rctiiiol by partition betweel sol
villts was dovised ill am attenpt th pr idc a rapid fbiltaillet te' det(hri1i
nation of blood rtiul that c1old he doiie witl less e'Xpleli\e- filter 
hillr'licthrs. Tilt ltll;d insiialv g;tve satisfactor" results hut sniitliies 

the aOls\\c'i. \\(.I(. it lc Iligl.r thai ll ohtiil I t l cS d eneectiol
 
formula ( l"ig. 5 ). Exminationn of theh( of
fbresce(nle spctra tI'fiial 
extracts reveahd(evidelie of phytiufblhloi i the' ofei-idil ig sa llpes vhic 
liid tnt I ent'1rii ed diiigt first li\i ii, ixtiattion. 

The SI Cl assy.s dilred ir(lm thn se 1v tilteern'c-tiom) fni tliimlila ii od 
6Fig. had those by 'hlcohim chromatography metliod.) more tlihan 

Saponification or correectini for (aroteioids (Fig. 7) did tiot improve tle 
correlations and. on the conltr.rv, exaiiiation of indliv'idual results re-
Veahed that the earotenoid corlutioi ftn iiiereascd the discr'paileits 

Anialsis of Liver. Tieh 1ltraviohit abisorption Spectra of' iisaiol iifilale 

lipids froi t nlil i1ma livi.r had peal~s near 33) 1im but ol'tei thei 
vas too imuih ('icil alsorptioii to pl'riiit an accurate estimatioi of' thec 

ret i, l co hitcit. "'TIIis. it \\as ilec..essat,\ to) (' i to'r.ip thi(, 111tsapl),ifi
able lipids in order to estimate retiiol hIyll.sorptiohl speetroseopy. 

In contrast tile fluorescence (xcititiol spectra of flilcilitidte iiiisalpiifi
ahle lipid s didlot have a im \\aiSlciill'h ionipoiiwt eitivaleilt to "elid 
al)sorptiou ihroiiitigratphyi \Vl' is io,1n ,(eessar ': the retinol coltet 
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could be calculated directly by use of the correction formula. Column 
chromatography of the unsaponifiable lipids confirmed that fluorescence 
was (uc to retinol and relativeIv small a tolniuts of phytofhlene.


No fluorescent artifacts w('e obtained 
 from the alkaline pyrogallol in 
blank satpoifications. 
The cxitat ion spectra of the saponified lipids fron livers of rats de

pleted of vitamin A had maxima niear 330 ri, but the peaks wcre broad 
and according to the corrcction formula approximinately one-half of the 
fluorescence was doe to retin ol. The retinol conce]ntrations were calcu
lated to 0.25 -±- whm),/g(iall--I: SD); these 'alles are nothe 0.15 
claimed to be accuratelbutt they imlicate the scnsitivity of the method 
using a 0.5-gin saml)le. 

20i7 
 ,[. ,tI-VITP[ A{MDA VITAM,!iNNA
00 1 

4-t 

40 Co 
° ° 

* 

00 

0 

2 0- o; o, 0 0 
00 

KCP) ,FCTI0?g F (]FTM1I[A MCl It0!) 

Fir. 7. h'leresults of the correction fornliht lmethod sh\1n it) Fig. $ conpartd
w\itlh those of the antiollV ri'lloridle proc(dre CoIrected for the p)rTSeln Of 
cirotlenoids either with (0* ) or"\tiloitt (C ) Sipolliflcatilnl. 

DISCUSS I()N
 
Florotoletric thlo(lds (deterttihihi A
for vitanmin arc more sensitive 

than otlher procedurcs, but the\ (aln -ri\' e(roneots answrs when ap
plied to hlinoan bhlocd aid liv'er Icauise there is a lipid in these tissueswhich flhoresc.s stalnoe ias lill Theat tIe wavelength vita A. interfering
substance was identified as the calrotenoidl phytoflene (I) by its fillo
rescence alnd chrounatog'raphic beha'ior. 
The excitation spectrum of the fluorescent lipid was identical to that 

of phytofhlnec and it corresponded to an ultraviolet absorption spectrum
with three peaks near 3:31, 3-19, and 366 nin. Thus, the chromophore 
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N JN OR 

~ N'N 'N 'N OH 

- -~"N ~ OR 

1 )ossesscd live t.oiijii"titu( doublf 1 )"I lds Mid \\.is Hot (iC1.I'MIld IM tii 

illthet~ Sj)('(t- of iitiiiiil dlii itsdcikii\itsl (11 H :11 ,0C1I..1' ( 

iwsidcs ph\ toiiihe ( 2!) but ti lood10( lipid coiild b(listi~t fromiI,Iisiilt'( 

-111 etios dliis ii Ii' \\(it ;\s ciuhijrtl-euib\ i rilit-1-p iFulsl c 

F01u CXhIf)iC. ;,-Vitiliiii A (III1) chiiiiilt0Uaphis siiiIii toi ittiiioi. 
.Fhhtll(iciliot', it is \urS iuistait :iti( it hias ]lot hucn1 oiihiiiiit othik-r thii
 

w~lctliiu or nt1 it is fiioooscuot. (22~ 

COriiig tc.i) aret I-ildi\tai111 ifduidts a 15ltic frot rttily' andits citt~~ 
ari" dstojl-itt~, c anS liiil 1iltuitettiltl sfh tiiiusihli l L) ill 

ether Lk petitil. 
lihyoitain A.- is aiso 1iorelliali (2:3) 'ila it is thoiu!'ilt to bc( all 
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cilhxvalcolhol 
-II);IVY X OC I ; B hovter, ()I chromatography

it also isItore p)olar thati the blood lipid and phytolliie.
[soahiliydr'itaimi A is the only substance known to us which ]has

IroPerties .s ptIrficially' similar to those of tie blood lipid, It was firstproduced front ritinlol ly pionlad treatn'tint with anhvdrous uthanolic
h vdrocloric acid (9). Two StrItt-tIrs have b('e suggested (2.1), both

h ix'lchar(e 'thers \with an lk)x, group on 'ither tile tcrininal carbon
(I.; X II; It: C, II,) or the (oe adjacent. Prcviolns ptlublications (o
not lilmerntill \vwlctliwr the (oipoiund is fluorescent, and unfortunately our 
attelipts to prttan it usit., alcoholic hhIvdoi-,i clhloride, in CoMinnoj withthose of other "wiirkers ( 1:..), have lot be'en succ(essful. This substance was at one time thowil,t to be formcd als.o ¢lirill irradiation of, retin\'lcsltrs ''it iltt;'iviolt 1i'.it, althui l doubts arose after stibse(loieltimcstigatioiis (12). A, t rtrovitamnii A ctlr 'ould chroiatoffrapih
closel top\ ti llwinl tiiimiim i\estigatd thltr(]11 u(,t..a)f colinm+s, \\ eOf1 irr ldiiati<ll (d' l' lh C.LT th,. ])urII-I)W'rr';'\ithl t, 0I Colon illrilly them ithl 
the midentified lipid. ( )Ill cxpcriits c(.ihllii((l the o(riyinil suim!gtioi
(12) tlat a ret i\itaulin A cthcr isproduced d rifii irradiatin. This
silistmaic, \\;as ]litcd r(iti lilluil a c(c'ihl l .; i tit ' petrol iractioI with 
I)ll i't) flci. but it wa,; asily I cimnstrated to be more. polar than theblood lipid and 1)l.()hlliri, byl hill-ltt\er (hl.)imltograpliy, ;In(d it had

the saiii hr ;asr'thiiiI 11'
ili\l- ('tItr. Alhio(dl its exeitatoil spictruimn
\\ s i isins L rI totlcat it) plvtotlclli," tilt cqllm \\-ii at iiS l a a 11 .i \vit\(q
mI cii t11it ll it,von thilli laytr .cIroliatotrapliV and
gtli (Tablhe 1). From 


tI,(i
emissiolispin un. tinI lipid inliii m baItloiod was cinielmdalid liver 
i I a h t.l.te rbtii a i( ) taret r ititinill A ethelr. 
.ith u htl , If\droceirlci ut thl'e)ruticalh' possiblev tirstlet were


for the ltoIrnscmitt 
 lipid, 1itritical 1a 

iolns stroi iy supol)rtcd 


tneiil ( ldhiochllical conshidira-
Ilit vhii Iat t1 i silstance, \\.ts phytofleice.

The littr occiuirs ill ftods \\itlIli tir t'iriiteiiicilsi1ian," Ofiwhich are

found 
itli) iliail a imal tii-,,ls. iior()t utricitalil,sis Of a larel , nmii -her oifsai plts of 1ii iialililtll IlScr'i'II ildiicitcd tihat" IhinMithtr en(lct'lin

fliatthe deter I ill )f vitiliill A could icxltidbe)( by phytofhnlle leveis
)ilu]\ cmt-,eini 2))20 / 1() iil; this would lie coipmatile with the nioriiial 
mca'fll total cm-roh-tl()h]d. o)f ].10) , 10+0 fill 15). 

Thi, possibility of intedrference in the all\isis for Ailail frlromflllres.lit lipid othtr lia tptllt(ne' iohs also clm(xailled,. Ihtro
v'itailnin :\ d(irivittivcs at, 'tbviotlssct-rcs a.s thei\, acoimpany retillol andrelinuv esters 1i1lipid +xtriats of' lifissus, alithioui th(y" are probably 
cultirely ait ifaits. l (i., 1itt01t hrivatives O(l'tr il C(IlnltrCial svynlhtlipl)tpitits of iitin(l ani rtinl'l (e'stArs. tAhve fllores e almost asittll(, and sotlime1s llore thanl, the co)I'rr'.'s,)(lnl ii retimtrl de(rivati\'(s 
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('al1e 1 ), it is im portant th at staindards () I In latter for fluoresmcn: 
cletei'intions shiou!ld be 1 )irific't iiiie(Ijiatt'I before, lse. Thbis precan.

pblished ii I t ll S. ciil" t~ lIICC IIv ( cim Ils e vv e 

4I'11144'Ttillt' c(II(I4 4411ithlii. i n I Icit' ly tt)')( )h( l - hs'ighl flunri sce lic 

re111111 .\ 114iilc 'lit'S ac ttoli t' R(1)1l ill s:Ir-id 'lnill' 

fill I 141 lit 
lthee f' ti'r s 141'ititi'1,.) 4111hatimtlIS( ti Iss'i li k d ifor 

lit' ctl h I I]itlt'.m1'111 Itllit s 111is ImtI 0llri hl(dvl (stiu 

c I m 

ttl aI)lictweI) '[ I t ( .( ithe ittif pcalt l'o hito(filip dilletrats 

I'-m l I-I;1 (1 1111:1 1 li .,i (s d ic 1t m t-~ l c l. -50 5 0 Jll\76,l v 
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analyses of a variety of tissues. We ha\e found the fluoromictric assay
to be superior to the alitimony trichloride and other procedures ill its
convenience, sensitivity, sp(cificity, aUd accuracy. It is not Colm)letely
imillune to ilnterferenice, however, and the cOllmoli preliiilary purifica
tion steps, such as chrolnatglal)hy and saponification, Cannot always
be bypassed. In the alhilvsis of norala liver, simple extracts with ethanol
etll.r MixtrIes 'ould Ibr used for directthe cstilation of, vitamii A.Ifowev(,, the c'ilde extracts colitailedt iiterfcrintl ftilorescellt material 
(probably l)yridloxilic, dherivatives ) whiti could be reiiovec by washingwith w;itcr. 'fhis aid ii!l i. iitlh'r!f'rni it \as als)tasilv iliilrited by
sitpollificatioll, ali(d c.hroeiilt raiy)i of Ithe ill Isaponlifial)l, lipids delniol
stratcd that rtilli itand tratv of phytoiftlule accounted for most of therenlaillilg n'esc'cl ice. S:i 1ml ificatiol 

prel iniiioiry step ill th( 


ithi is. therefore, reconmm]ided as t 
Tlt',( ,lirnin al hsis ()f Iiaii livr.ti()ln (df tll, illkh'r vltl,, (Fic( h()iph l(llj, is nllc'fssir\" inl 

the ;.ilIVifsi (d' I)1()()(Im iditissi;ilitilii's (h(silabl, illIt(1alllil'-sis of liver. 
It tail bhe\"atll ] Icsi ](.'l l Chimaii"airapiv Sstcins. We havefolnd l)ii].v',tivlf(i i].vs.il-ttdli( '(tilhis (:27) tohe tht motst convenient 
ais tht'v caillli t( itf \Vli ti()n Ii' miditctt i(- te) wci,,l,
illtiliiattd. 
A ltliill a ciiillll \ ('u r t " l \\]- i11 ll \ u iic .i 1(' li . retiii ill l ritinyt 
t'st(is wer to) lie,iliiasur('td siil,
 
Th , m1st rilliltilii it for ilit
ii lf illittmI rfl'ire duc to p ytofllllt


Illa( iSt'e of it im-litI lh flf()]llaa. II (e]iiral. taut ioiii is IecI(ss'a'v with

col'r(c'tioll fi( ilthis as .s 
lli t\I,,i rlat, ('rr)rs \' wtii the's ar, ;ilplied 
to 1)tctia C i(iltii uiiiill eXpi e'tf itl it;. 'm.ti tli)()l h'lis hi ppull I , l'exailph.,
ws'itl the \ltrtoi-Stihdis cmtirro'itcl er, titi(1). Ih)t'\ t'(listructiin of ourfo()l111la is slic.'] thil c ''l, n iIlidfclitificdf\hc l intu''[rllic' arIisvs, the' 

forlrlilla rarilh" aoila\'iatts the irrfor. Thuis tfie rtliill() Ihilt)rsetllc,calculate~d froml I'q( 2 alld. wi'lc'il is 
. ilitlT'(l'fli['(, is p'sc',(li! ha\'hll fluo

r'sc(lc i, A ti first' v 'tlllthl's atll( i. i.ttihtsectntd, Itit errol ini tilt'
corrected t(lferll .iatil is K,i, -- Ki. The iril()1 w'llll,hi' l'ormila is 
not used is i,. The fl)rmlia tht'rt'ft)rc 'tdilces f, ('rrf)l 'liliver 

( .) -1 > /. > I(' A./1-

which in practice is the m(st probatile 'elationshi).
The gcierraizations we have lilath Conct'rnim. tilt flulrcsecence of 

isopre oid la'e, a1)olcVelis llh)mortarnt beiarilng oil Ihit f itrllletric anal
ysis for vitamin A because tihiey iln[ply that serious interfereice, if present,
is most likely to arise from peitatnes. Fuldanim tally, our correction 
formula is based oi1 the existelice of all atypical peiitaei, chiroilophore 
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ill 'ttiioi d'rivtii s. all1 oiie"' of its Virtules is that it corrects, at least 
a proxiliittllv. fI* th presell ce, oist pent d.lis as thi'have e.Xcitatioln 
spetra \'which d lifle.r mi hitlf'ilmiitILn (4 piivtiifluti 1 1C.sli v 


It wi'ts , ttdirv ilss,.s th
cm>lsidl-'cd Itll I tct to) ,atc'curita-v (d the c+ii-rr'ctio~ll 

f(rilllila illt) l " iil itwith tsilhx c ipitili2 tilliisied 1priCiC(ilires, such 
the SIi( A n,d the BeSsh-] iiwrv ttixlillile. I 'ii'is,thecse Intiois are
thlis ck cs. itlltm'cill-al,uIlrtIliitlh Sb>(l rea;ctioni ri lil-rcsiltld t.Thet c'artcfi, 

rltliill i llit i fll- it (l1limtmif tillSri Iiii h iti I.S. pp. c. 9-6'3. 
( pll i c idiIl;t i liii ic f thes ihei iftilli iii[, cr t i ihu t It l t:1uL lipitdi 
S*iI(Itit:I t I I lx i I, Ii ficII I !t riII c1 rnI t i ri \\ 2tl lli liifi ';i lili i t 11l(liII\Veiihipo rIc,i-lImIIdiith Iiim I Ici it(ithIIt,5 1 -1£llf'tet I.,p 

li \ hNI \i Ihr I i I r 

It S ill i dt L tlI1If 1lI I 1 lNif I*( hntI II ilit ' Ii t
 

tl I I I ti nll.I I, t 1ii 1it\ fh r i ,(I"Il!iIlIt lo-ito 
lI, 1 2 I \ t111)I ll n t I c H It lli 

lit(n11 IifI1' I(h ' IIlI IIttI ill 11it t ,n w I iti('s 'Ildi-SM 1 it-s III t 

' . "itII I l iI I i lTh;if tI'lI,I-lIf)"I ri I ll1 I111 Il II i;ll sit I )11ls lil I Iif 
ill til t ' , ItIft. r I s
 

Tll1t l m I ffl , iI Ii t ll LlIII tif1II id' ll
 

i'tlni r 1- f I' )IIl it 'vi IIl iIIi;itlt i ih.t 
tii 1'sllI h 1I( (1 N%i'I1I,'llN;II \ ix 

wasi i IcI 1 IN. I i ?.(ic Ii1I1 Im , V\ Ir l NIv1211 Ntu I \ li It1 I tiiirl I lit 

t i 't hII I l at~ "IIf l it ,(1 tTil \ ',tl \ )l" ilN\ 

n I IIIri I111III It 1 1 I-fIi 


Itlllit;1 11 IIif II vt <~IiI','~Ito1w.ll ' 1 d -III'lllIirrIf irI )I ,ls IIIll, III 'rIIt llItliIcill 
doist111 (I 111 " i'I ff1 11I II III Iiii \\1I)1111 l 1 tI I iIItS ( 

ill ii 111 I , if1fi I Il I I\ if I(t t Ifr, llllh.ilt l i I II litis n t Ifd I I I (1111'1I1]y 

i11Ii11miIt i IIIi, Iit I*( Nl \tII II,I iel(1 (;I\ IIhI I III it I tihil BesI 

frlce tI III (11111 N IWyII(' Iiif Ilim 1 1 sIa i t \I.til II lt)ki liiI II II n 'a lisI 

ry1 Ii t1 it t II I I t, ii, 1IfT l\i III llI It i )lII ItI 1v .I ll ii; t exiiirlxx 
I ch,,,, (,lliN ilt -,O t~lllr utht,,+t, f'1+ ;Ir, wd .ImI,it l( ( i ,.1'prlil l vll 

i,(('ll l' \\, ]w w m, l+r ,.t (,;tlul I t~r ' ll' 'v(r'It 4111i ( (It. () {l']')l'.
 

h trthe Ill)I I i'ir II i' 1( I r If,tIIf I I II',I I ill if e)rlri.illi I l II + 


I1 :r.1 i)1 f ,ItI)] "s~i V pr w+lt I I ts11 Irt ] it , :i ld l rsis8
 

"Il'ofalim llt Id v filwo m~ri ilu lsll llw lt It t e Alats7Th 
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The answ(Ies 1o Hit 'orrctioln foi'i'lla corlrclatcd well w\'ith lliose
ol)ta lnl l\ 'ohlui li'ronmtogi.aph' aili(l tlis ati'e'nlit is eonsidcred tobe coli\Ving l'vl'\'ihic, 4, the va lilit\' eofIit winiie'.Thi, in ouparisons
with othcr fro(lul' hrs, it a'nii ll, at-;. lld that the,discepaicies are d(h
to errs's llif) I 'r illinith, impi ii ll]. f ililthai the rell'e('ct loi folin'ilh.7l1, tol'lcctionl Iolllllll1a \a dvii' sc\d<<Ior vit-;, w\ithi ;i . letlrop to offuo

roniitc'i.', 1)ul1 n .ihlii iir flit vdiii, (',ii1d pit if il li h ,ch 'vis'd for a filtcr 
instrmleiit Iisiui af)f)rpi i)pi.a,it eri'tl'lt'. filters will i I oiii'\\"pass-biiinds.
As ii ititcrati lii , ill ( piar\iiitflailiitioni \)teiIli t-;(.hll\' \e\tswas

t'sted as a f)wiiiillV I pi-mll ,'ll.Irc fori]llt illi,halysis Ilsill it silipih
filter insti'linili. "fie i'Theii!ts (i<iri'fittf ]'';tSht,;iallh. w'ell xx'iti thiosc' (of
the ciiriectlI oiiiI ii il tit( atill'l'i \vwasjulctved tio ' Iatleast asW((( as dudil oft Owth mil~v triuhhwidc, p)l-mi)((lll., flhwcr,\. it did nIot. 
ilways ef itililtit' all oI tfhe iiilf(rlilli. ;ltid( with it few samples the 
resilts \\tt 'it ill) iliji: Iii IlltIX \i ' l\h( il J ' t( fit(' n li'deh il'' )X\ 

11t e of rh'olivu~s. LI, \ li, ed hwlli, 1)f' ipli. olhlcill, oir p] t)fIl l (Iic ill the finial 
e'xtrat.. Somcl( difflihl\ , \\ !, cy\ l-lwlil(vd wi~ !t"h i qll ll t!h "Inll fir'st 
hiexai 1'di, \ll 'li ft iitt ili\t \ a iltI I(i1 (1\klfaii tli 1' iniiiilplet ,1'clilloval () pll ()Ill[( mi'. Tlll(, .< ll (lillt;[ f!',ihl i 'tch of1 Ow( fiin l~ 

c'xt'a(tls I \\f hiiilIt llI, ta i' h lc, (Ii 't1''ilh ht rilloftcori'ck-dc for t' i \ dltIiei'iIttr,re"'l )(v( d< tlla c's () pll~ lict til(-d1 oc~ lisili , f()rli111a 

1i'ni'icall!\,ampics \\ lill i i5h(os 'Li IiLiift ';tfill'. \\'t'i, Ii)',wfhichttl
we'tre, ulterud illoitt by\ dIlia: t'ir( tiolli lI( All./ , "lTiwse adlushcd iv€ading'.s
\\eri'c th(i 'ull cl.( fm-u Iiw r1.)(. \ l I(,,;i~) I l~l Cle (.\t 1-!cthuis and~ 
i c 'lhIc'tii ,vl l w('lllt w\its €o~~ht ild \\illi tit(. um ctll' Jiii fo)rmiula miiuthod( 

appieil '(1 thlieto tti'igfilifl fplit Slt iillfh,' (Vig. 8). ''his ca illati(ii, af
loiillhtdi
of It pi't' lialt ie as a ittitel of atllhsis, pIltvitef aditiialtc\'dch licc forll Ow \alidlil\o (d Ow, ri+'~~ lImilililla. andl i rl)h'i,( icdha 

5 aftterFc. S. T11he datal sito\1i ill F'ig. tfie irsitlts (Ittit- pattin inethtic had
been corrected for tie ittittitte t'.'ttvaifit ofthtifiiee (Sit text). 
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the high 'al cIs obtn d b\ tlhc prt ittlit ll tIlic wi c (clueto inlcolltpIctc 
removal of citllt'r pl\tloflhIcle l,'lc a simtilar spectitlr ll.r al.,t lst,lb with 

Previous ",\olLr]. ns f'ililed to ]( t thri llhdril.. cnK(, (Itic to) phjytlcl ic 

i the uoro'lli'htic all',.'.lialtiof i mill . i t iuall Wo1 el ('caLlSetiW 
flicpIc lt.c toitl ' ticll ali proccit , alid \\':itarot'eicleal (d t II..ii lsi i sl i 


w ick (3, A)t laimc ] to ], tvi Ill ltil-tl .Ot, iiiy (,I italit t
t ) 11 


chdlo tstcro], %illtc,)l'i tic' )tIt ti ( , lildl ,dritltl il' (jtI llt'i trtI I t hi
 

to ratiom ilize,: altlio i ,, I l d l tjlwm tlw, I lli iloi l ly] am! ])ilc.]le. ic.-dl v 

I11,Nihli
n11 and oly ,d .,'.s. I I ,,(i'l 2;1ll * 1 ic' I'im il 11cC1a 

' vc'phli (11 I( i. lai 'ti'rfal t'otilt-lab IIN ASI1I \ '11w 10 , 00 11t2 rc,,was
their re'sults ", n, lva,_(, I~v:ml l, w ()f plI ,lu . 

asa. T~'il(e icl(dll lil 11 ;11 it ieal 11 utmtii Nw, Iiih~il'(I" t 111111 \WIit t i 

Iblood Isaillpl(.. lit'l l IPS ,illtl' i;ll\l'' ltil,,ll ls llwi s l w( r thatfimp1 o tit t It to~cl~2:1 itt l f i ll0111 ssNi ill 1111111 N t i111 ab 3tS10 
ustie h \If1NtIl \ ili l \ (I'lit tiltf 1.,l ct.l till' \ 1I h.v )Il . \\.Is al
.scut. TIl ,ry (it( Im(t l ,:' clh((omlp ;mm", w itl, (,Ill,,] au{ceptc l cl ( lhocl 

Woodthereusi)it isc ill tsl II it'i'ci ah i (d , (l 6Ilil*iil Ii 11('cl h 'ittsl th lil ii'etu'a~illod I , N13 th N'('Si Aitt ils. ('(lions.ich 

ir'ic'h ,wid , ;mll(.d 111l ; Ijl(.l .,l~pt i iw l :,I ;111(I ()ltille. cl(:sollabl 

agr'e l; '.,,n[; i c(.(r.IllwA, ()I' O1w{ H ',md I1,w,( ill tlic"-,c hI,,s NWa, olbLaillcc 
frill) dlo rs pruvi ,uldy (lh)w(d \\ ilh ;,',. !lil(lill,." il as ao'\ ilh .A. all 

DSlu i t 'U iQSI i L lt (3),'dcitniui ti ii~il hg lt ICi(, l Ihosc i IlItl]'s Ilvila, \ l ii ,Aliii5'lf101 tI 'aii''ntvtlilt Imfouundhe IIIaI niI'I,lii'e'"lut 

other fat-s ,litble, xil miw ; c.\ i((,l c,. Im, sl ,c,8ificily. 1fc also c1lai)ccl
that "carotelloi(Is'" 11;(1 l l appnitllmc ] , fx ,(s.,~.. ',hdl l-h cleal']: 
with]out juslific:afiill. I ,st lluc( iol of' \itaill A\ ill H )1d( extracts b l i'lh'a
v'io]lt irrai l i il I(.It ]ittic r',sidw il flin -m,.,.vc.c : h mv) (.\'cr, illul sit]
sltallc(us nar c llve'd by\ irradiation, illdhx! p] .vtoflh (-I.u 

(lest Ieli\(,l iv' rra~iatiltl :ill( s;,1poIifi(.%I tioII ill Ih1c nilysis of" bloo)d. Thelch" 
P.--oc clurce would cort.ailily bc .sll~i 'vt to il hlcl inv'.. from phlytofluvile. 
Ilowc,,cr, exc lclf: cm(),'rclatioll witll t1,w licssic.-Low\r\' me(thod wa.s ob
tained. It i.s po,,sihl , pu.rhi;is :is ill tlt, ",t dcli,.. ill VC11Cz11'a (5), that: 
tile phy, ofilu ll, v el] ;(,It thc, d(li, ()ftle dolor)vs \%as ]o\m,. 

St'\I.\ \It)* 

The fluorece.(ncec spect'ra of" vitamin A. cdri\'ath'cs Ili(] relatxcd sub
])(,(,tc (xamlindc 1'Ol founlld he'stances ]ha'( mlid tron tin'escence, was to 

80
 

http:all',.'.li


88 THIO."I'SON 1ET1.Al 

associated with tie chromophore contaminng five conjigated double
bonds. Simple fluoronmetric assays for vitamin A in human blood were
found to C inaccurate because of ilterfcr].z'ce from a tllorescent lipid,
identified as the carotenoid plhvtoflune. A new rapid fimorometric 
method, which corrected for this intrf'erenceliw, means of a formula,
has beenl devisid. Th e answ'is olbtained )y tile in,\\ metithd crredlated
satisfactorily \with thiose Ol)tailed byli use of, (hc anitiiiomly triehoride 
proce,dur, am1d correlated even letter withl detlrminlatioms mImade afterisolation of the vitailuin A lw chrmoiato(yraph oil (olimills of alimmnima. A 
iluorommietric assay, involving prlimimarv saponification" has ln'imlm de
veloped for the, analysis off human liver, 
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Analysis of Liver Vitamin A 



NUTRITION REPORTS INTERNATIONAL 

A SIMPLE DUAL ASSAY FOR VITAMIN A
 
AND CAROTENOIDS IN HUMAN LIVER
 

James Allen Olson
 

Department of Biochemistry and Biophysics, Iowa State University
 
Ames, Iowa 50011, U.S.A.
 

ABSTRACT 

Samples of liver (Q g) are 
gently mashed with anhydrous sodium
 
sulfate (2.5 g), 
covered with a given volume of chloroform (5.0 ml)

and stored for 8-24 hr in tightly closed vials at 4'. Aliquots of
 
the chloroform solution (0.02-0.3 ml) 
are analyzed both by a spectro
photometric procelure, using a correction formui 
 for nonspecific
 
absorption, and by 
 the Carr-Price reaction using trichloroacetic acid.

The time spent per assay is short, saponification, extraction and
 
solvent transfer are eliminated, 
health hazards are minimized, and
 
sensitivity is 
high ( 1 ;;g/g liver). Disparity between the two values
 
-btained indicates the presence o1 extraneous factors in the extract.
 
In a group of 37 human liver samplrs taken at autopsy, the median per
centage difference between the two values was 7.71' over a range of

retinol concentrations from 11 
 to 395 hg/g. In only 2 cases did values
 
differ by more than 20X.
 

INTRODUCTION
 

Assays of vitamin A in tissue extracts are often affected by the
 
presenc,- of reactive or 
inhibitory contaminants (1,2); e.g., phytoflu
eot in fluorescence assays (3) and -carotene in 
the Carr-Price assay

(4). These contaminants either can 
be eliminated by chromatographic

purification of vitamin A, or 
their effects can be minimized by the use
 
of suitable correction formulas. in nutritional surveys, however, the
 
former procedure is time consuming and costly, and the latter is often
 
not applicable. Thus, in the routine use 
of any single method for
 
vitamin A analysis, some values will be significantly in error.
 

Both to identify aberrant values and to minimize their effects in
 
surveys of vitamin A concentrations; in liver, a simple procedure has
 
been developed in which two different properties of the vitamin A
 
molecule, spectrophotometric absorbancy 
at 330 nm an-i the Carr-Price
 
reaction, arc measured in every sample. Inasmuch 
as both assays can be
 
quickly carried out on the same extract without need for saponification,

filtration, centrifugation or solvent transfer, the described procedure

offers as well the advantages of rapidity, simplicity and high yield.
 

Journal. Paper J-9420 of 
the IowA Agriculture and Home Economics 
Experiment Station, Ames, Iowa: Project 2178.
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METHOD 

Sample Storage. Samples of liver (5-10 g) are taken from the 
central portion of the right lobe at autopsy, placed in small snap-top 
containers, frozen at -20' and stored until analysis. Samples are
 
usually analyzed within one week of collection.
 

Saqpe extract ion. Approximately I g of frozen liver is quick.ly
weihed on a t ared piee of al,uminum foil to the nearest 10 mg, placed 
in a 9 ml screw-top vial, gently mashed against the side of the vial 
together with2.2.5 g of anhydrou.s sodium stulfate by use of a spatula 
and covered with 5.0 rl:l of chloroform. After gentle mixing, the vial
 
is hermeLicallV sealed and placed at n' overnight; i.e., 8-24 hr.
 
During this period, th, (loroform phase forms a cliear 1-2 cm ];iyer
 
above the caked reidue.
 

of \'vi ini A I).v, 0 ilc,,ljt s, ec t ro-lctcol et V ,\A aliquot
(0.30 ml) Of the chlormo p'tract is diluted to a total of 3.0 m] 
with ethanol, :ii.cd :ind read in a I-cm CetteL (4-mi capacity) in a 
Zei.s s PMQ-111l a nv[ctrioone r at 280, 30, I( ad n5(m. Contam in
ant absorpLtion in the ult ra'v le' r'-- I-.o 'i :4 of urbidit" in thL
 
sillnpe dtl,-caroLtene in-,:boiopi((l1 are curlcLtd by the formula:
 

Corr. .Ao() - .5 (2.27 x A330 4-IH.17 x A450 -A280 - A180) 

(Eq. 1) 

Then, ;.g retinol/g liver 

corrected A330 x dilution factor (e.g., 50 in the cited case) 
.15x iit (Eq. 2)sampl 

And, g ca roto.leo[s/; liver 

445()_x di lut ion facto (e.g,., 5n1in the cited case) (Eq. 3) 

0.25 :-: .,; mplc v ilhi (g') 

-ii~s i,,s of vital A j, tlh ( arij r-Price reac-ti n. An aliquot 
(0.20 ml.1amiof t1 clilocfem ':tract is 1)1ced if aI -cm cuvette, 
1.8 ml of freshlv prepared IM" r-ichlronceLic acid in alnydrous chloro
form is quickly ald forcelollv i i pettedL into the cuvette, and the 
absorbancy at 6201 no is mincs(l'.d it its maximum, usuaIlly 10 see there
after. If lit , lbsorbanc': is vr' I'l ( 0(.0 ) and oes not decrease 
over 20-30 st,, the .' iti A cnten is takhen as zero. 'lhei amount of 
vitami n A in the test i; t. - frm a at;andaIrd curve run at ilte 
same i tm ' v.with reference rt t A c,eai lit- l n appreciable amounts of 
ca 'oteLroid.; ar.e prestlit, .',it. in :A is;correvted in the following way: 

Corr. ru tinol (ag/g) = observed retino. (../,) - caretenoids (- )
20 

(Eq. 4) 
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Comments on the proceduv e 

1. 	 The method requires approximately 10 min for the preparation of
 
each extract 
and an aw'rage of 20 rin for conducting both 
analyses. Duplicates invariably agree within 1%. 

2. 	 When f, esh samples of human liver are used, gloves should he worn. 
Frozen liver samples should be weighed quickly, and all materials 
in contact with the sample should be decontaminated in ethanol 
before disposal. 

3. 	 Mashing should continue only 	 to a point at which the sodium sulfate 
is reasonably well mixed with the E'ver paste. The mixture should 
not be ground to a fine powder because: a) some of the fine 
powder may escape as an aerosol and thereby pcse a health hazard,
and b) the chloroformi layer becomiies cloudy with fine particles,
which adversely affect the assay and are difficult to remove.
Ideally, thp liver and sodiu. sulfate should cake together in the 
bottom of 
 ie vial during extraction with a crystal clear chloroformi 
layel above it. 

4. 	 Man alnapipetters are ised for all transflers, never suction by mouth. 

5. 	 Fresh solutions; of tr i'iloroacet ic acid are warmed to rDom tempera
ure before use inismuohlis Carr-Price readings are about 50:
 

iigher with the col! reagent. 

Ia"t
l'_i als . Reagent giado (A.C.S. ) chemicals (namelv, anhydrous

sodium; sulfate, lhlorol-or 
 :tabi lized with 0.757 absolute ethanol,
absolute ethanol and whitn and dry crystalline trichlioroacetic acid)

were aliways used. Cry tll inv all-t ra.is 
 ret inyl acetate was ob ta ned
 
from IDistillai ion 
 Products, inc. (Eastman), and Arovit, a loffmann-

LalRoche formal ation of 
 retinyl palmitate in an aqueous micellar solution, 
was used as a secondary standard. Red palm oil (Tropi cana , Oldesa) was 
a commercial Blrazilian prodtict. Solvents were 	 not distilled or further
purified. Trichloroacetito acid was stored at 0', and vitamin A products
 
were kept urder nitrogen at -20'.
 

Reagents Vitamin A stlidard All-trains retinyl acetate (5.0 nig)

was dissolved in 1(0 ml absolte -t anol. After 
a fuithor 1:10 dilution

with ethanol, the concentqt inn ,o itamin 
 A in 	 op retinol per ml was
calulated by use of in E, -M of 1- 5 at 330 nm. A first dilution of
retinyl aceta te (50 WOp/nl), when stored in a refrigerattor at +4°C, could
be used as a saniidrid for about a wee' . Nonetheless, the concentration
of retiuol was calculated Pac-ih day from tlieabsorhancy at 330 nm. The
stock solut tions, upo appropriate di lut ion with chloroform (not ethanol),
were used for det iningp at least "3point.s , the Carr-Price stiindard 
curve. 

30Z Trictloroacetic acid 	 (fCA) in chlorofo m. frielI oroacetic
acid (6 g) was dissolved in 12 ml chloroform, warmed to room temperature,
and diluted to 20 ml. As noted by others (5), the concentration of TCA 
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is not critical; identical color yields were 
found with 22-35% TCA.
 
Because TCA solutions deteriorate rapidly in the light (4,6) and lose
 
10-20% of their chromogenic capability per day even when stored at 
0'
 
in the dark, fresh TCA solutions were 
made up daily and were shielded
 
from light before use.
 

RESULTS 

Extraction method. When comparable 1-g samples of frozen bovine
 
liver were finely ground with 5 g anhvdrous NaSO4 and left ur'der 10 ml
0
of a given solvent overnight at ', the yields (mean + S.D.) of vitamin
 
A in n.g retinol/g were compatable; namely, diethyl ether (414 + 25 
 g/g),

petroleum ether (429 + 17 ,g/g) and 
chloroformn (420 + 15 g/g-). By

just mashing the sample gently in 
sod:um sulfate, the color yield was
 
95% that of grinding; indeed, the 
c, lor yield was about 80% of maximum
 
when the liver sample was just covered with Na2SO4 and a solvent for
 
18 hr.
 

In mashed samcples, the extraction of vitamin A was -957 complete

in 8 hr , and of carotenoids was nearlyl0{7 complete in I hr. There
after, retInol cono Ltrations rematined cons tant for at least 24 hr. 
These extraction rates are roughlv comparabtv to those reported for 
direct ethyl ether extraction (7, 8). In keeping with these past

studies, a weight ratio of Na.2Sn, to lver samples of 2 to 5 pave the
 
best results. Since 1-g samples of 
 lit were normallv used, a small
 
glass scoop was fashionedt, which contained 2.5 p 02%S) whn full
4 


To avo id loss of sio]vent during the 8-24 hr extract[Oc period, the
 
vials must be hermeticallv sealed. Class screw-top vi'ls (0.4 cm I.D.
 
x 6 cm or 2 cm I.D. 
x 5 cm) equippecd with conventional plastic-coated
 
cardboard gaskets.; 
 in Baikelite covers plrovedl satisfactory, provided that

chloroform was never 
in direct cictact with the gasket. Ground-glass
 
stoppers or pcptop contaicertrs 
 were leaky, even when taped. Essentially
 
no change ittthe relative voluicscc of the phases occurred during equilti
brat ion.
 

Standard curves. Tie aIborhancv itnethanol at nm was
330 linear
 
with tile conceittation of vitacin A at Neast to 1.0 under those condi
tions of assay . A slight downward curvature occurred 
in the Carr-Price
 
assay, however, at retinol concentrations above I ng/ml. Consequently,
 
standards of 0.5, 
1 and 2 'p retinol/ml were run with cach set of
 
samples. The Carr-Price color vield varied slightly (+37) 
 from day to 
day, with an average "Ec of 440 at (2( c:n, abcit 122 Icelow uaxital 

(2).
reported vales 
4
 

Correction fcrnula for setsrcccr otoce Iic Ilnastmcuch as
 
liver extracts contain aivariety of compounds that absorb in the ultra
violet, the absorhancy at Musct
130c nm bci_suitably corrected (9). In
 
the spectrum of ptre vitamin A in ethanol, 
the absorbancv ratio of 280
 
nm to 330 nm is 0.21 (designated as a) atnd 
of 380 nm to 330 nm is 0.06
 
(designated as b). Witi :-carotene or red palm oil, 
the absorbancy

ratio of 380 nm 
to 450 nm is O.17 (denoted as c). Retinol does not
 
absorb at 450 am, nor does c'-carctene absorb appreciably cit330 nm 
(<5
 
of 450 nm absorption).
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Sample turbidity (T) is most easily detected at 
380 nm, where few
 
lipid soluble constituents of liver absorb. 
 Since turbiditv values were
 
small, the same corrc7tion was made at all 
four wayglen1,ths. Caroten
olds were expressed as og v-carotene by using an Elr at 450 nm of 2500
 
in ethanol. Inasmuch is 
the absorption of ultravialet-absorbing com
pounds other than vi.tamin A is assumed to increase linearly from zero at
380 nm to 280 rnm,the nonspecific absorption (NSA) at 330 nm would be 
0.5 that at 280 nm.
 

At each of the wavelengths selected, the 
observed absorbancies
 
consist of the following components:
 

A280 = a x corr. A330 + NSA + T (Eq. 5)
 

A330 = corr. A330 + 0.5 NSA + T (Eq. 6)
 

A380 = b x corr. A 130 + ; x corr. A450 + T (Eq. 7) 

A450 - corr. A45() + T (Eq. 8)
 

Use of tie oh served abso rbaucies at 330 inn and 450 nm in equations
5 and 7 in place of the corrected values had only a marginal effect oil 
the calculated values. Al though different assunptions might be made
 
(e.g., changing the slope ot tlie nonspecific absorption line between
 
380 and 280 ni), the above formulas have worked best over a wide range
 
of liver retimnl conceltrations.
 

Equations 5-8 with the abov-cited s implifications can then he
 
solved for corrected A330; namely,
 

(2+ 1 +_) A0 1- c x A4i 5(0 co rr . A\33( . . . . . .. .. A280 - A380. ........ . ... .q (E... 9 ) 

Substitution of the Jeterinined values of a, b and c yields Eq. 1.
 

Correct ion for. car t ii(ids inli arr-Pr,2ice assay. Carotenoids
 
react rather sLowl.y with lewis acids 
 to give a sonewhat stable blue
 
complex with Iimiximal absorfion at 
590 nm (1). Under the described
 
conditions of :ssay, 4 mg nixel carotenoids in a snmple of red palm

oil gave an optical densit, 
 62(1 rm, which was equiivalent to 0.2 wg
retinol.. Thus, itamin A concentrations determined in this assay were 
corrected by equation 4. This correction of 5- is sinaller than those
(10;' and 12;) usvd ly others (1, 4) because vitirniii A readings were 
takenr in the assay at a maxinlun and before the caro-enoid color was 
fully developed. 

ecovery e rneiinlets. lhen retiril acetate (177 ;g as retinol) in
 
a tiny volume of chloroform was 
added to a liver sample containing 5.0 
Iog retino just before mrash ing, the recoveiy of added retinol was 
99. 6Z + 0.51 (n3). 

COE.'9ir'2so iti saponi if lt ion prceires_. Essentially equivalent
liver sample,, containing approximately 12(1 g retinol were either 

JUNE 1979 VOL. 19 NO.6 811
 

88
 



NUTRITION REPORTS INTERNATIONAL 

extracted directly by the described method or were homogenized iniwater,
saponified in 97 KOH and 90" ethanol at 60' for 30 min under nitrogen,
extracted thrice with petrol.um otlher, et'vaporated under iitrogen itand

dissolved in chloroform. The ratio 
of retine obtained by the direct
extraction method to that obt ained livysaponification was 11 4 + 4.4%,
in accordance with the experience of others (7, I). 

(nt'l aton retino, atlties obtained by the sJt'troplotometrioand Crr-P'l'ict a ., In a group of / autopsy specimtens of huitin

liver Inalvy:ed by tile duil assay proctduie, th range of values 
 was 11
395 "g/g. dThth meian prcoltitmag dil Itri-et- btLween tLe two valunes,
relat[ve to the lairgest value, wa; /.7. liht distribution of percentage
differences was: . , 14; -Ill , I; 10-15", 6; and "15, 6. Two of
the samples gavt vsalues tit dif 
ered greatly, ,7 and 28 g/g in onte
 
case antd 6 iitd ] .g/g in tin-
 othtr . 5 both cases, anomaotis peaks
were found that grossly afitfected th spect riptlhotometric value. The lil-an
ratios were not demons-;triblv infIlntinced by the absoluite coneat Lration of
retinol in the iVtr. Excltlui tlie two ;ltioma bus casse, the mealn 
pelcent'cage dii 'ec ';'c re:" 10(-20 y/g: 7.6n (In=7); 20-50 .g/g: (.4%:'(n=12); "P-IM q/q: Y,/5- (nl0); and -Ion0 g/g, 6.0: (n=6), with an
overatll loftt All"o ". tie 17 eases, tie ;lectriphotlit Lrio va lue
 
was high r t hin tl- UaiiI-} ici- v vatue
iiti iiin An.) ;as, lltwer iin I15and iden
tical in 2. 

Liver c til ntraLt io i t i ol below l10 g/g must he coil;idered
septar.itt ly. In 12 samitle; aualy::ed by this prtticl lilt, 5 had no detect
able vitamin li b e th, r assay Ipriocedirie. rtlie of
Ilnt hie 7, the range
d if'fu-reics betiteti the two assays was 0.8-4.1 g./g, with ia iean differ
ence of 2.5 g/p. In all but otto of these lIattti cases, however, the
 
(ir-Price valilt was igiher tia 
 le spectrohoton tric viilie. 

D} -ISCUSSION{ 

Snovel Ipttct if tthe pIrte tt pirocedlie is thiit two assaVs of
 
different kinds ar, 'to oil taie xtict 
 l. Inashtl l as any single assay

of crude extrictst is lag)iuted bv 
nonsplecIt ifireactionts or by inhibitotrs,

the duiail as;siy !ives a g'ood indicatioi of tle v'ariability produc d by
 
extranteous fictols. When the alretmnt between valiles is clou, (ole
feels confident 
 that the v alue obtalined hls validity. In the other
 
hatid, whttn tht 
 vales rtidlsparite, othel- techi]iniqu ell Ight lie usaed to
 
obtaill or ptrt e cit e inilirmation. lhe 
 ii 1v :ilte native to dtal I ailyIlvsis
is careftul ,lirlh-reisollt ci'hromatogirail prl'oitceidl-es , arewhich liothl
 
cost ai dit im coIul ing.t
 

lh pl-t'.';t pIoced rllt. ias t e loped at tieool for ilt u t ilnalI
 
surveysa, for which re;soIable-, es;imtes It I c
]nl toflt lt It tns ill

liver sat l ft nttiedsi at;tidv .
o" the he de ined spctropholoetri

c 
procedu 'e llll t ionabl t l l si;{ iv a111'en;tsi iiI e 1 Itiiuch it th ilthnature
 
of ultti' i in ti
Liolt -t- tsor o op unidlsfiouldsapll~)es will unquesytionaibly in a widte vs clle ,,, ot liverdiffetr. Nonetlttheles.q the sqptctrolphotomqetric 
estmatlite g-enerially veryglrI-eted with Cclol v th, arri-Price vsalue over 1
wide range of liver- ltln itolt-elnttiol otto. lii iagretmelnt was5 partic
ularly gratifying at very Iow retinol values wheire niximital error In the 
sl)ectrpotomet ric readin would Ito expected. 
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The principle of the method (i.e., simple extraction and dual anal
ysis) can be readily modified to meet specific needs. Since petroleum

ether, for example, is fully as effective an extractant as ethyl 
ether
 
or chloroform under the defined conditions of extiaction, a dual assay

Involving absorbance spectrophotometry and fluorescence rather than 
the
 
Carr-Prire assay might also he developed.
 

ACKNOWIE)CGIENTS
 

This study was supported by grants-in-aid from the U.S. Department
of Agriculture (CSRS 616-15-173), by the Iowa Agriculture and Home 
Econimics Experiment Station and by the Rockefeller Foundation (;A-!S
7521). I am much indebted to Mrs. Robyn Tilton fr providing invaluable
 
technical assistance for parts of this work.
 

REFERENCES
 

1. 	 Moore, T., Vitamin A, Elsevier Pub!. Co., Amsterdam, 1957, p. 40
66.
 

2. 	 Olson, . A., in Newer Stethodq of Nutritional Biochemistry, Vol. 2 
(A. A. Albaneso, editor) Academic Press, Inc., New York, 1965, 
p. 348-357.
 

3. 	 Thonson, J. H1.,Erdody, P., Britlen, R. and Murray, T. K. Flneoro
metric determination of vitamin ,A in human 
Wid and liver.
 
Biochem. Mod. 5: 67-99 (171).
 

4. 	 Neeld, .J. B., and Pearsont , W. N. Macro- and Micromethods for the 
Det cruiiLt ion oi Seritm Vitamin A ":ilag "rifluorotcetric Acid. J. 
Nutr. 7&: 45J0-462 (163). 

5. 	 Bayfild, K. r. Colorimetric etrmftnation of Vitamin A with
 
Trichloroacvt ic Acid. Anal. iovht.n. 39: 282-287 (197 1 ).
 

6. 	 Subrat yaivam, GC. ., .td i shrrit,D. B. Coloiteriric reagents for 
determinuin; vitamin A in feeds and fods. ,. As;oc. Off. Anal.
 
Chen. 5 : l129-ll io (107h).
 

7. 	 Ames, S. k., Ki:;le., H. A. and Hiarris, P. I.. Simplified Procedure 
fior Extract iont antd Deermination ,tf Vitamin A in L.iver. Anal. 
Chem. 26: 1378-13 1 (154 . 

S. 	 litis, F. C., Peter, A. I'.and Richards, G. I. Methods of Extract
ing Vitamin A from liver. J. Anit. Sci. 	27: 1678-1681 11968).
 

9. 	 Morton, R. A.,,atd Stubbs, A. L. Studies in Vitamin A. 4. Spec
trophotometric determination of vitamin A in liver oils: correc
tion for irrelevant absarption. Biochem. J. 42: 195-203 (1948).
 

Accepted foirpublication: March 8, 1979. 

JUNE 1979 VOL. 19 NO.6 

90
 

813 



III. 
Separation of Retinol, Retinyl Esters and Carotenoids 

61/
 



Separation of Vitamin A from Carotenoids 
in Micro Samples of Serum 
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CLIN. CHEM. 24/11, 1920-1923 (1978) 

Simultaneous Determination of Retinoi and Retinyl Esters inSerum 
or Plasma by Reversed-Phase High-Performance Liquid
Chromatography 

M. G. M. DeRuyter and A. P. De Leenheer 1 

We propose a single-run liquid-chromatographic deter-
mination, with ultraviolet detection at 330 nm,for serum 
retinol and retinyl esters. The vitamin A derivatives are 

extracted according to the Bligh--Dyer procedure. With 200 

pl 
of serum, the lower detection limit is 50 ,pg/liter for 
retinol and about 100 pg/liter for retinyl esters. Within-run l
precision (CV) was 2.3 'X for retinol, 4.3% for retinyl
palmitate. Day-to-day precision (CV, n = 20) for retinol was 
4.9% during a month. The method can be used for the 
assessment of vitamin A absorption tests and for the de-
term inatio;i of serum retinol (norm a, subnorm al, and 
above-normal concentrations). Serum retinyl esters call 
only be measured inlconditions where concentration 
exceed 100 pg/liter. 

Additional Keyphrase: vitamin A absorption tests 
uI'lle~ ~ ~ ~ ~ ililru~e(ftcsfliloeldtrlillli hespe'l roplhotniter (1),'e lInic'n SP 1800, 

~ 	 ~ ~ ~~~~~~ule ll r11avi(I'hfl ''
im)rl m
'snl~~ m' llsdt'h rmimti~~d'h ' 
free,and lesteritild hir nil ,Iv l; ii .,\ i;il,ihI ill s e'riii has
I).eii shownI n (;,,idmih I al. It,21, 'l'iie xh-dmolistraltt that 
hlvtit'r''itaiiilos .\ il Ilii iilht(imig, isi hliirt,,ry aini ls,
Was ('ilrilterizeild y ivn'r,(-, si'riiill ielt rat nols if retinytesters, even il m ki, ret in ](lo itio wwre- lit r, iiIlls 
nornial. 

Yh, (hlermitizil mi(it r tinol ;til retizuvl isters is usuallh' 
erfrrmed 1y lououi-orruatigrajihii.etirptrol thwllmvt'

hv tluoroivtlrv (1,2),rhv alh separt iiin (iflumiia i.-
lotW il hv i'.horiii rv wit h itriIluOii;ivt I' iI i.\\c (1ch i hut-c l i ll~pleil'r /il'i liquid clin' illah )lliVieiliirie liihi -petruuuie ltiuli'i-ui~i,, 
gralilli- nlilh l t1-siillili miio ielv ilt liliiillg I-ri ll ;nd
ri-tinuvl 	(,,thrs ,rc ,,, hase i(- rihrmlatorilllv.' with on-line 

rlviulltl K 1h0
et na,'tl l i111. \ siniilir iltll was rl(-'utlv 

ret ried l \'\ ('et( ii. i Ii, usiiu tlinirIliiietr. o()ro 1n-1 liIf lilm. \ ritiirl t d;i iiiintl Im' the specific tieteri..hintl 
( ifs'rillil itr(, ilso~rtitillnl i\'>hv hiz,il- rfor luail'i, t uuiihri uia rei) l)i ).v !,7 

Materials and Methods 
Chromatographic Equipment 

WVt ti~cd ;i\'ariani -l1rapih If 

ai\'ari- i-r]iilliitli'.w ivil. itll h d elel' r )\'ariun ,.\ssi ciahi ,
;ilt Ahh.. I';lil.) ;111l1 \'alc'i I 

Ill100 liqulid ch itlru equippellld wit h 

'-b-I i -l'-NOliiii'ctiim valve 

l.uihriiullriai yHr Nt-*.dii-t'h,, I0,-)i.hinilu, ill N'lubrtll"am-ltijii Nll h ii' - ,illi,i-	
hl.,l lit\,-,eilrlli . h('(l1n-' -ik~if l 

Zic'tk iuillii. tol. n Rn: ). 9(100 ( ll.!i-vll.i'. 

I ;lliddrv h cr1rtl ut ,t
I.o/i'o.ivi,' .hih' l, 19-,': iu'cvliu-t \ll 9'; Sil',. 
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with a 5.-pI loop (Valco Instr. ('o., ttliuston, 'Tex.) All analyses
were performed on a 15 x o.:32-cin roltiin packed with i0-pin
i11,('s1 oetcia1,(1 ecYlsilica with I18', hoinded organic ma

tirial. ''lo, rlunn luhin ,I,ihrmia SS) and Ia('king ma
I'rial were ohtainui lri 1{SI1,St. Marlens-Laterm, Belgium. 
I'lit, .%aspm'kd illolunil our lahoratory' hy a slurry tlih
iiiii, I;t mier th(,t',ollowinm, conditios: slurry liquid, te

t rathhl riiiitimi:sllirry conieint rat ioi .10 g/liter; Ipacking 
t~rc'-Sui'., 20.7 ,Ia (:i()()() psi): puml. Varim 850)); lir('ssir
iill liquid, iil halol. coitii l had an inita'lh iale'ficiency 

' -
 I es al fel wce-rate o1'((.1i i /iiiim I ri red,' Jtplat('
.7 iietl 

th" = 0.t) ilh mnlhi.ellnt.Itwasore:tedat ahi
('ut()lhlert il eqIiitioeiit 

hi = \t r 'tii'ilt it ,w liert(l t rlil 

irre.i m ent iletlilied ii ]hotlir,, I'vaj))-Mix (tBue'hler 
listlruiieiil I)iv., I)iv. Scearli !)iagnostics lIn'.. Fort Lee, N. .1.071)2-. , an ulraso ic )al i, aheith-tiij Cei rifoge, a (d le

t Itiswiirk were ii't('riiilni'i frmil their geierally aicepted
i mioi;ilrabsorptivity values (,9).
 

Procedure 

iNp[,
.- 1 /' '.itrctii n,.''ranst'fr 2) i serunl (or plasla) 
lo;ietl ritli'soilli i hll.,frnail
standlard, 137, Alliher,and 1.0) fnifl(l-oI, 	lii'e; add 0.6 fil ilwati'ir, 2.0)illi if ilethaiiili(.(H:j.
 

.\ller tliir ilgi n iuxig I'r Iin lli an(1s tl iig f r .5n in,add 
I. filit l ;,;i'iold i fI)lmlif( tI('l. M ix getilIv" mil 'itriflige 

11(I) . 'i'alsti'i'!, 5 ;iin). Ill('-('l- (lower) phiase to ;in 
s'.atoitiii aiu olirilteie anld ' uliludr re(iu ed pruessure.i 	 Dllu)issilve the residue in t100 Ail iif('lI-:t ti/( ('l. 1t/I lv Nol).
,\fter sonic lo lfor tl0 inin, injt 50l)loIft'the soluutioin oiltill) 

tieh' collll l. 
("roni (toiiraphv. M etlianol is used as tIhe nohile piase at 

9;)
 

I)Y,'
l.nic'ain, Canlhrid,-v, I 1K:), aw l 141.100l111i11l'elloln-lilled 
iscv'' -ca iii, (-u ihriige tI u ea - X 
.i'' ';lltied i'l rifug toho:. 
Reagents 

MerhMllianol;iiil 'lllarof'orln were lilllilh iat-lgrade reagents

from Merck, )armstadt, ('erinii, 
 and were used withiut
 
torther Iuriiication.
 

All-tr i s-retinlol and all-tra.-retinvl palmitate were of'('rvstlillin, Iurity fro SMigiia ('Chemical (o., Mt. Louis, Mo.
tacid7,;. IRet iy tirlloonate, the internal standard, was ohtained,\]]( )llil !llll ii v }rli(t.l e i y ',e~la efruui\n ( . 0:160)) ('ouinieotry, Fraince. lRetilnyt stearate,
rih o kle~ate, r itiiYl oineate, retin v mYristate, and retinyl
('irate ,ere sthill esdZ(lhv react iiii ut retinsl with tlhe cur

resllonihg atyl i'hlriles (7). '[he reaction products 'were 
tiii(-e(luri oai ,haI r '. 'olllilil (M 'r'k). with ilnetlhailol as 
elm tit. '['h- c('lceot ratili tille Vilnui A Soilitions ,use(dill 



1.5 Table 1. Analytical Precision 
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Fig. 1. Calibration curve for retinol (peak-height ratios vs. mass 
ratios) 

S ... 
6 . . 

4 

/ 

2 4 6 

Fig. 2. Calibration curves for retinyl palmitae (upper) and for 
retinyl stearat . (tower) (peak height ratios vs. mass ratios) 

a flow rate of I mil/iin, and t he elfhbent is monitored at,330 
rm. Variabule detection sensitivities are used in order to reg-
ist(: the peaks in-scale. 1he most frequent settings were 0.l 
A full-scaie or the first .1rain (*tection ofretiii' and rel inyl 
lropionate) and 0.)1 A full-scale to c motie the run (delc,
tion ofthe higher ret inyl esters). 

Quantitation. 'lhelprocedure is stirndardized by adding 
retinol, retinyl palmitate, and retinyl stearate to samples of1 
a serum pool and taking these through the entire procedure. 
Peak heights of retimrl aid retinyl l)roprionate (internal
standard) are measured arid recalculated toi a 0.1 A full-scale 
setting, whereas the peak heights of the higher retinyl esters 
are measured and( covverted to a 0).)1 A4full-scale setting. 
From values ohtained, the peak height ratio is calculated 
[analyte/retinyl prorpironate (internal standard)j. Working
curves tFigures I and 2) for each analyte relate peak height 
ratio toimus, ratio. The working curve ftrr retinl (Figrire I 
is used after subr:crtirn fthe intercept with the '-axis. This 
intercept represents the endogeneus retinrl cncentration 
of the serum pooluf used for stland;ardizatir. Nr significant
intercept is frund foir retinyl pahnitate or retlinyl stearate 
(Figure 2) because the ornimal co( cen(ratirns in sertn n are toor 
lw to be detected. Serumu cirucentrartions in the tnkn wn 
samples are eorsily lehturruiir( after measurement f the peak
height ratiors ly use (f these working curves. 

96
 

% n i, Mg/lIter 
Within-day 
Retinol 2.0 11 720 
Retinyl palmitate 4.3 11 6460 
Retinyl stearate 6.0 11 A150 
Day-to-day 
Retinol 4.9 20 650 

Table 2. Extraction Recovery 
"i, SD, CV, Range,Substance % % % n ,ug/liter 

Retinol 97.0 6.1 6.3 8 160-1300 
Retinyl 96.6 7.0 7.3 7 160-3200 

palmitate 

Table 3. Serum Vitamin A Concentrations of 
Three Normal Adults 4 h after Ingestion of 
200 000 int. units of Vitamin A Palmitate 

(with a Meal) 
:ietinyl Retinyl

Ret'nol palmitate stearate 
Sex- -_g/liter760 
 1820 800 

6 710 840 500
 
9 540 1000 700 

Results 
Peak height ratio and mass ratio were linearly related over 

the range of (u-0.93 for retined (corresponding to concentra
-ions of' 0-984 pg/liter) and 0-5.8 for retinvl esters 1,corre
spo(ding to concentrations of(- 5.50 mag/liter) (Figures 1 and 
2). 

Repro(cibility. We determined within-day precision of 
the method Iy performing 1I replicate analyses on a serum 
simple from a suliect to whom :300 0)00 int. units of vitamin 
A was administered. Day-to-day precision for retinol was est imated by analyzing serum samples from aserum pool (stored 
in darkness at -18 °C) during a one-nmonth period (n = 20). 
The results are shown in Table 1. 

Extraction r('co ery. This was estimated hy analyzing 
serum samples supplhmented with retinol (in amounts giving
concent rat ions ranging from 160 to 1300 pg/liter) and with 
retinyl p)almilate (Ii6) to :120) tg/liter). The internal standard 
was added to Ihe (H('I:i layer after extract ion. Results are 
given in 'alle 2. 

AsSSS',rt [ofa v'itafriii A absorption lest. To three 
srib.j(,cts, 201)) 0)1) it. unrits of' vitamin A palhnitate was orally 
administered toigether with a light meal. Biclr( was sampled
.1Ii later and tli,' Ilasma itnalyzed according to our procedure 
(Table :1). A t luical chromalogram obtained froim such an 
experiment is shrwn in Figure 3. 

ldvi't't 0/thc cl'rior peas. Peaks were identified on tlet 
basis of their relentirn characteristics. R¢etentin tirres ofthe 
serurra peaks matched those trorm a standard mixture (on
laining the different vilarin A derivatives. A crmatrrgran 
of' such a standard mixt ure is sliwn in Figure .1.Capacity
ratios (1k') of retiril ard retinyl esters are given in)Table 4. 
Alsorption maxima [t"the se rumn peaks were alsi rdetermined 
1)y injecting a fixed amnontrt, with a fixed-volume (1t) l) loop,
(rfa serum extract at different wavelength sett:ngs and re
cording the peak heights. The absrrption maxima (325 ± 5 
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Fig. 3.Chromatogram of a serum extract from a subject 4 h after 
icceiving 300 000 int.units of Vitamin A palnitate 

=
O.RCHO"! retinol;= retinyl piopioriite (litst ):u,, retinyl hrolaeite. 
oto i, C,6 retinyl o!,ate, retinyl plminiate. C ull retinyl stearite 

._ 


4 .
 t i ( i 


Fig. 4.Chromatogram of a standard mixture containing retinol 

(RCI ,O-), retinyl propionate (C3) retinyl laurate (CI2) retinyl 

niyristate (C1.1), retinyl linoleate (Cr8, retinyl palmitate (Cr 6 ), 

retinyl oleate (Ci 1 ), and retinyl stearate (Cr1) 

.. 

Table 4. Capacity Rat;os (k') of Retinol and 


Retinyl Esters on a 10-/im RSIL C18 HL Column," 


k' 

Retinl 0.'7 
Retinl pro1.89Retinyt propianate 1.89 
Retinyl laurate 7.17 
Retinyl myristate 10.13 
Retinyl linoleate 11.11 
RetinyT palmifate 14.28 
Retinyl oleate 14.49 
Retinyl stearate 20.27 

,isthe ratioof the weightofthe solute (sample)inhe statlionaryphase to 
that in the mobile phase ofthe column. Itis a retention paratnuler 
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nin) were identical for all peaks and agreed with values re
ported in the literature for retin)l and retinyl esters (9). 

Discussion 
According ti work!irevious on retinyl ester composition 

after vitamin A intake* (7), four dilfferent e:lters should lie 
found i lynih.With obt method the chrimatogramn (Figure 
I) (d a seroni extrra't , c(iI;tkininig retinyI esters hormed in V Vo,

showed only lur peaks with ahsorpt ion at t,1:1 ni. The first 
peak (I{('H-,()1i) is also preseit in iseruim extract olra tasting 
person. and is retinll. Apart rrnt I, propionale ((:) used 
as intiernal .tsill(ill-i' t liree ret invl ester peakls are found. The 
first ester peak (t1,) is very srall and iy,probalrty retinvl 
lirrileati.. Thre econd! t (~I kI is a -omprjosite peak con
tailinlg' retilivpidinitate a( relinvl idehale. These two esters 
cannotlI separaled hv reversed-iiase chroratography on 
,'ctalec'vI silica withIrit haold as eleil. To resoilve theor, a 
rlore select ie sYsteii should he Isedl. Reversed-phase chri
natograjdhv with AgN() 't.ll.()1l Ilismooile pihase is Ireing 

investiraeil hiour alrator anid seelis quile pronisiig. The 
third ester peak 1(',,) isreliliv stearale. 
The use (d heavily loaded ;ilic;i (18' ,, organic tirat rial 

lmided t is nirjrative for the sinitillaneoris determiniation (If
retiri)d au(i retiiv istrs. It ;lhed 1i II pul11re Ire,'ise .ian!tA 
as mohIile, phase. II werIli)d os (if irg,;aiic phase are used, 
wter Iist lie rided iiilieiehl t icIsereteitionidretihail 

li'wever, t li ii(r;i-,ed watehr clilt eiit i It Inliuile phase carn 
calse preciillli (d Ilfelets. lurtherr ore, the residue of 
the seril (xtrit will ii ilissil iiia ('I:,)t I/.,() lixtuire. 
E\: er witi purit lniiiwl. the residie is iot clliletely dis
solverl anild ire ll()ltthe iralvti- (ilalittativelY hrrrug-ht into 
solo tion. 'Therchiri, wl dlilierately id 201",t the(C'(:l to 
injectior solvent iad siiiiialte f'r t0rirn. This results in 
cormpllete d issililt it'll th1*1le but (ecreases t iittrlrlrisidul 

efTiceuicv 'r earl eiit itn leks, a dhecreis i 
 hart firturriately
 
dries mit rilter ri-ilution ltil irrcl.
theo 

Abie I al. ~hulls re(1) llrvliijd two ril for deterririrrirg
tir il arr(l relinV lialiiltito, oe hasd(ln reversed-iphase 
(hromtrailgrplihy ;il t(,()Iher in idsoirp!ioir chroiraora
pihbY. Io overcllnrl-, theljir(hhlers tinreversed-phase systoernsJionedllilol iihliSI. t hv isql a inixt rre (i'isiitirolprrr/eht lIa _
rol/water is ni hile i sllls(ii hIl rfiirie trv 'or ilet(tion. )ue
 
to t he slecil'iil (dItl detector, retinol has
tIc Iluoresu-erlnilprob~ab)? lYnot th ref~hihl imlIhiecohlnnnl hial'f'Orrl slpecifivitlv. 

' 
Jrfor hriir
..nI i itlly, p;ili n[ilvruliorts reterti n rilnes ind 
Iut , -valt'S. :rriol hlis ITire Irie flillrisi(icilteitr'lirhis ;Issrlllitiiral~so alliweulcanrnt hIthen(ut' thIe e verified.lilirse 
;I'iIsrrll u i nisos'te i fur iheTnirlualtinna t hwlicrtrtoins 
,ifretirnv satiiilte. \iart trii re !atact thailct ctrahritate 
I ritrall iirite. t re run nu tr l te in te 
isprohahlY ii .h did i,l inc'huIc reienlion times 
'or ph'vtifluere, a highly t r,rescent ciitniiund that interferes 
with fluironiviritc issas, is reporrted hY 'T'homipson et al. 
( /t) . 

We Idtii use tire IPlig Iiyer (tit exlactiolr to getlahigh
extraction recivery for retinyl es,;ters. We friiled to achieve 
repro(hicile ii quantiativt ext ractir with i hlean pro
cedlure as rejirirtoli)v(ither workers (2- 4).
 

For tiw rssessiiurt if'vitanriln ., disrurtirn tests, this
rnie li~ll. i tie "ldvaitage it (Ir,s ird require a ibloodla. llrat 

sairplle hel'ire irigest liht th vitaiini. S rlrri retinil (,(ii
ientrmtions are uinaffet(l wheli ror not vitaini A has beenr 

ingistid. The ilgesi(d vitairill A is presit {11the serum only 
ii the sterified Iliriii. li seliu rrn noirmaril asting prersons, 
the ciriceit rl in (i rilirvl estirs istiil)w irhe rmersured,
 
sri the test ciil1 irterlprtel bY Iliv i'ciritllratuiiro o'retinyl
esters treseint itt s-rti aller ingestion. ilih adva irge of 
sinlt, venpirrl i i arn (lllv.\i (-ri(,anal vsi.; (over lysis ift iw 
s .liils tak en it I- iriterv l is oblivio is. 

i 



In summary, reversed-phase high-perf Ormanve liquid 
chroniatography for (letermnatioin of retinol and retinyl esters 
offers several advantages over other assavs now in use. The 
colun,1 chroniatography with on-line ultraviolet detection at 
330 nm provides specificity aild permits the delermiiat ion 
of' both free and esterified vilanin A lin serum. The methd 
is rather sensitive, hecause only 20)) pIt(If serum is uoc-essary 
to obtain detection limits (f'50 g/liter for retinol and +L10)0 
pg/liter for retinvl esters. The addition ot'an in~erial standard 
(retinyl prolionate) lefore the extraction inipiroves tlle pre-
cisi(on and ctmletis-tes Ior Io(ssible losses during niiptla-
tlion. Use of' a ftuorescence detector woluld imlprove I fthe pro-
cedure, because a fivelfOld increase in sensitivity together with 
a hetier speci !icit v ()i le exlected. However, flhiiresceice 
detection is more :cclbject to lrlblems than is the t.-;I abI-
so)rltion detection techlltiue. 
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Abstract 1. h \ ltl oluhflci'll~ illl~o ci!Lf ll .olt,N ,ISh( ilid10iu'OIlIlIill proteinIll"1hiH11nttdin 


IRBIP) and lhlIro\lllt'-l ill1 Iing p I'l;ll Illill IIII \I Inllllllnoe ll ;ii ll illli lhit( iiUlll plirls'ri indoni c fool bIlJoo.Yolk 1tkill ' 'lli l0n1011it bh lok halllIthaItl plaslili. M mih', Iill.\ COllenCI
tIr t iiin , ;l titlti i llll.11 to I 

to2 Lesnsillaill4" 111\ lk i itiJl , ill'idicd tilntIholo il l ( l ildol1pl ot e; l io ntitc li ittedtleitof hal l ' h,t eIllllh-1e1 i 
A( 0% elti \'lk ll' Iuil hi l i3ip .r rti2 ill lOllelj I . 

C I.'.Ulll oll IllII1lool ,l l~ 
ol l t l olol It 1 %,J ,o lu'It rited i li dlReill 

INIR(iInIr ( thNn .i theii tlile n illllii, ben il a llibleratioIt comRPlla
glollL OI I i l'll l oo itc,, iC"io\ilat lin from tileIrapo.vof t ilielel-so (lielili)dhle fploci
egg )olk resemlble InIll egg \i ,1l1 t'llt Ilh'ill(')llllochliilliilI boo d II\Iilgid 'CCC'II )- IlhieCil uUlili iitil thocirlicer protein-inioni : ild itsicep lt]]ll i hololflil) secretlion 

phoretlic pr evrl illIt iih l ll tt ,illils Ill blil d 110111tleli\ lal(tlill & (t iiler. 19791. T lhe ectI cI Ofll]ornl.i l l0 tir g ltIL iHt)illle 110. irillill. MO tlocesscs is Io n.it se a_'- slO_tlhC t'C llcl rlielof apoRHPbulnll id Ir4nsll 
 t hil%C CCln tl[I0und 1) leRllMkcwlloIi ll tile il Moiolldhht alo t il eoupeake
glOdllS iSei 
 ICt ulhdlt,RChid' lIQ Q, flo'i d ll1 ! lIo- ICIIlnOlh\ tilel LlU;illOOC\I' is Slill it o faliehal ile
hraph i'Aliti Bi 'inof dom letic1o i Liiolk.',l( ti 1Mui0 I I rLhlch is ilpolortdloducl egg-rolkiheniior protin constiuents of ain plaillt found tih alltide \iltannllieAt iiChC io theiMIlP TBPAIllo'r. I Ilellrce.ll olk tct \ l iC tag i tlhw llll lt ' Cpt a e il t'it' , tle7 .Il aill llctl nwa ition of apo eRimi ernalI Ill Ai illNO rh Ill tile ood IClilOIA - ll dl tlct edii tli lh oteqaila iler ttndo th rhobinlding 1ioicin tRlIP)o iit ll.\t It'tiiC-lindin pleil rnil- du111 lllll iiiitoa i ltlus c b\ alnialttt : proceess.rnul inl Ill tl irt lhs Ostl I dOIIIli.lCOilhlCd 10 t lp l, eW h iii rl ttti h lti liidt t il iCtii t in tled' 1efow6l(Heeatte 1 il andtl976)law i f'o duck (hl' 'killill, A& i di ittheli l la i ll filelt m it Ad 1i.i, /i8l). Th tiiuptaki l w iiii lt\iux A lhset tit kc loes Illtilee Illillildit il\io liH oclte Ixpcrimateittrnal Wlood CIhClIitioli ho 1hC dC\ClOlliiI C nt ,\\c cilcd O illo 
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441 Retinol, RBP and TBPA inquail egg yolk 

Table I. Reti'al. retinol-binding proicin (RBP( and thyroxine-binding prealbumin ITBPA) in the 
blood plasma and egg yolk of Japanese quail 

Blood 
jimo I . plastma 

Retinol "7.07 ± 1.9 1(18)
HoloRBIP 7.07 + 1.9)5(18) 
Total RBP 10.5 + 266(9 
TBPA 5.26 4 0.911101 

Egg yolk
n moliyolk n nol Vyolk 

120 + 48(27) 33.2 + 2.1 (23) 
4.93 4+1.95(25) 1.25 + 0.52 (25) 
9.28 _+4.93(10) 2.35 - 1+09(11) 
11.9 ± 2,06)(K)) 3.06 + 0.33(10) 

pwol yolk water 

69.5 +251 123 
2.57 ± 1.06(25) 
4.75 ± 2.34 (10) 
6.31 + 0.67(101 

"
Plasma retitol alue:, were calculated from corresponding holoRP ValiCS (see tetO. 
Values irt:man . SI) wlth the number of quail used shown in brackcs. 

and that a form of R 1 1P is present with retinol 
attached, 

The thin-layer chronatograph., s\'st onetl used 
yolk lipid extracts to separate retinol frot its esters 
with fattv acids (Kahanu, 1967) sho\,,d single spots 
which had the characteristic green u.v. fluorescence of 
retinol and Miich migrated tilesame dist;me from 
ie origin tas tile pure tetinol standards. These obser-
vations prosi(dCLI tile basis for the pcecilic assayv of 
retimiol and it aS [ot possible to riil1 estersi dtctCCI 
oti the ticplates. No atttempts %vere niadc to increase 
the setisitivitv of tile ss stetii demonistrateto the pres-
ence of retinyl esters ili quail eggs because the frcc 
alcohol comprises about 9("',, of the total retinol i 
asian eggs befoire the are incubated (Nell' etal.. 19491 
ani d (lie esters thierefore represent on l a ntiinorpro
porotio, as is tileCase it blood plasmiia Ilth & 
Iloch. 1946). The retinol eoitett of quail egg )olk 
(TIable I) was fouid to be \ers simtmilar to iltat of the 
dOtiiestic fowl (Moore. 19f7). Some of this retiniol 
remains attached to RIBP but it cali be calculated 
from the hololR lP content of quail yolk (Table I 
assumiing tilemolecular Ncight of' quail R1I31 to b" 
similair to the valuc of 20.5)) tound for domestic fowl 
(Abe tq al.. 1975). that tilts accounits for omily about 4". 
of the total retiltol presetit in yolk. ]:urtherniore. bN 
using Triton X-t 0illi the extraction of' holoRItP. 
which has been sliowni to be ellectivc in releasing 
membrane bouId RIP it livcr extracts (Glover ti at.. 
1974). a %aloc of 31.7 (_ 3.9 SI pig til was found for 
the holoR ll Collnitraioi of yolk hloIzellatC 
supcrtii1tiant coiipared with a %alue of 32.1 .±t.3)
 
pg nil\%ithlout Tritoi. This slhows that additional 
RIP bound retinol is unlikcl to be present ii associ-
atiti w\itlh the globitlar memiibraens foUtld illasian 
egg .olk (%'adcliri etal..1971. Iti addition, the total 
miluroreactiC MPI (Iablc II,which was almost 

double the vale -e 
ilifor holoRHIP quail egg yolk. indi

cates that if a' RIP entered the yolk originallv in thc 
fori of holoIlIP this would onl\ accott for ahout 
8",, of the retinl present. It therefore aippears that 
tore thIan 9)",, of the retiriol iniquail egg .olk occurs 

without its plasIita carrier protcini. 
The retiiol COtClt of egg yolk is strongly depen-

dent oiltilea\railabilit\ of vitattlii ,\in the diet 
of the liei (Parrish er al.. 19)50),( aid tills mostis 
Ikely to be mediated by the comicelltration of 
holoRlP ii the blood circulation. This lypotiesis 

was tested by tmIeasuring the holoRlP coitem.t ol the 
maternal plastiia oi the same day as the eggs were 
laid. Figure la shows the highly significant corre-
lation between maternal plasmia holoRllP conceri-

tration and retinol content of the egg. However, there 
is surprisingly no correlation between the concen
trations of holoRIP in both plasma and yolk water 
(Fig. Ib). This indicates that there is no coupling 
between the uptake of retimiol and that of its carrier 
protein. A comparisin of the plasma concentrations 
of retinol and RBP with those of yolk water (Table 1) 
flurther supports this %iew. The plasnri. concentrations 
arc close to tile corresponding concentrations iil 
terms of plasnia water because plasma contains only 
about 5",, of dissolved solids, and the %alues for 
plasma can therefore be compared directly with those 
for yolk water to determine whether a change in con
centration has taken place during Uptake into the 
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Fig. I. Relationships beteCti tie total egp yolk content of 
retinl (a) or holoRll (b)a,)nd the concentration of 
holoRi' i ml the blood plasma sarnpled froni the correhspoldiing l hr ofICos \lh 2-1 tle eggs IIastg been laid. 
Paicl (I suhos lineal iegrcsioo of solk retinol oilplasmia 
holoRIll) for all birds iibtoken linC. 0.8.I' . 0.01)() 
amid for all e\wept tie bid sili abinrmall, lom\\alucs foi 

plasma antl \olk (brokel hne. r 0.h . I' , 1i0)Mi. 
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yolk. Whereas retinoi was about 10 times more con-
centrated in yolk than in plasma, the concentrations
of holuRliP and total RBP were less than half those 
of plasma. These data indicate that either retinol 
alone is accumulated, possibly by a process similar to 
that found in other tissues such as the retina (Maraini 
vt al., 1977) and serosal surface of the small intestine 
(Rask & Peterson. 11076) or following uptake of the 
intact retinol R13P complex, retinol is selecti ely
retained whereas tile carrier protein returns to the 
plasma. Whichever is the case. the developing follicle 
must l c al acceptor systemNwith m aflinity for 
retinol similkr to RP' itself. The form of retinol sto-
age within tcwkls folltmd yolk. whethlier in association 
vitll the lipoprotciti itt will, another specific bindittg 
protein. has not heen ine tigated. 

Inl colltrst tilellicail ofto R ill'. .tillcelltratiotn 
lTB., Muchi conplees o1' 1 Rithill'i plaisma \Nis 
fIutd ito, pproxnttateh the intic concentratiotn in 
.ilk watcr s in plasunt (lahle 1).lI)flu ices ii the 
rclattisc (f oilier protensuptlkes plasIl ll',,tlcll, 

albutlnl tlld.thlulil+ha'.c been reported prvousl 
fot the dollc',tic fOs lil'ttlIOl Ctoi.. It)(12. fh (fl- genesis Until a supply oi the proteints from the 
felnce ill IIrclatix" uptake iating a patial C\-
elui sion ol RIll' from \olk mtay result fromltils -
t1114ei11the pIll trtiCC b01 It0olt' tl upt kc i tssily 
bitldlill Ml Rill' recCpiotto \Icteas Il p~lasittia fhe 
molar r;itlooflIH A to ItloRlHI was :lhoti t0.7. in 
yolk it uas ;thosc t \tVit ,1value of 27. 'hIc i to,, 

intlicate thalt iIn olk hltil Ii lai.n t ilt il ;1il the
hlohR B ll lotI n a :tI1 ,w: llilcxwoith 'I lB..\In tile 

pla tita of the l ti hitll it is ipossihlC Iiht tlealitimty, bttliitg Lw,". . .sites' t Ill P's nayl particip~ate Hicotplet\i1g ,ll' 

A\lthotlgh t~ ll' il [Itl'\ alc' present il dtonmesticg 1' ll Ii 
fowl ,olk tllcllci. 1 71h tie uptake of these c iiIt 
prot.llis illrllatioitllto fetl il 1 ,\et ll CCl Ileet t tI 
tuantitatiCe, illthi, spc)CiCs I is ieret.'rlC 1-osS-tot 
ible at1iiscnt to ;a\ whether qt;til Auid d teCstic fowl 
differ significantly ili respect of the retinol ti attsport 
system ftott blood to yolk Ilosscser, ;iclt a diffci-
ence is unlikely in sic\w Of lheir close ieLationslip in 
Colhltion. 

'[lie nortitl fre tlnclicof egg laying of q iail kept
itde l the contdilioits described il' \litt 'als iil 

Melhods i, oie egg per day. This thcie'forc inteais 
that thlse oluail shtowed : daily los, of retiiol front 
the hottv of abilot 3-1 1t. This tinoitti of teutl)] is 
about 2 3 tittle ptreclilt Jilly tie tiile ittthat at Ie tile 

blood circulatiion. itt n iet added the ictinuol
wa t to itil-

isatil ho, otlicr of the
lisstcs hodv itdicates that tite 

httl" ofl" scetcc tue
life hulo Iilt' bs iil Iiseris sotiwta 
less, it thtcuaing ulill thtini ihe ,attic of' abot i 
tepotrh.'tfu the ' itniiiolgi, tioikey itl i[i it(\'ail-

7 luhfitlal 
etsteul ClsewherC II eafl& (ilor I1979) that it 

Uit.11I N17 &- (iloscr. I197.1), \ c h \cs L 

i, tlte 
Ipt -e ' Ito itsI1.coitl es\ %ii Rill' h) olkoC
ilIetllliOl 


that is ihCep1iiilalt ' cl l;I t I hihe tIlI tistels high 
ipot Ill' toiCt'itr;ition plic t lei p!',inia ofci iI til 
lyi.ig tiiil. the lcarilict ll t itai itietabolisi 

kidnc ha,;a 
,, , 

apoRiIll' h, tilet piestitnahl scoii.ar 
role il th ait "
lit proce i IdCe timeC Io keep the lito-
portion of aliipoRI it phistiti produceid o t f' th 
brecdin , s'astm IS,, filei 1 1 of totll kill'. btilts 
Itnable to dCil 

SUMMARY ANt) CONCLUSIONS 

The Japanese quail egg yolk, like that of domestic 
fowl and dtuck, was found to contain the two proteins,
RB3P and Tl3PA, which are involved in the transport
of vitamin A. Although they are present in all three 
avian species studied so far and ar, likely to be 
present in the yolk of all avian species, their role may
he of lesser importance in yolk than in plasma for 
se era reasons: (I tn,.'st, if not all, livetin proteins 
have been shown to originate from F'asma and in 
tl.i ilyolk there was ito)cidence for a specific concen
tration of RBP or T3PA all !he(2) rctinol in plasma
is attached to IMHP whereas in quail yolk less than 4",, 
was present as the comlplex: 13) the total yolk retinol, 
hut not RIP. wts found to be correlated with the 
plasina R13P cotlcentration. !hus indicating that the 
specificity of tie uptake process is for retinol and not 
for its carrier proteitn. 

A possible function lot the small amount of RBP 
and THPA present itt yolk may be to prime the 
reltinol transport system i the carly stages of embryo

embryonic lier becomes available, 
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MICRO-IMETI101) FORl F'LIORIN E'FRIC ASSAY OF RE'FINOL-BINI)ING
 
PROTEIN IN BLOOD) PLASMA
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Bm1cmjOhCC I).parlowat, I of Live'rptoo, 1'.O. Box 1.17, 1. urtpool L6i9 3IL'str\ C)ucs~ 
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( Re~cvd sci~lCihcr 9 197 )7 

Summiary' 

-1 1 fI() retinCol-lbill(Iilig proCteill %%'itassayed by ili-nijilting thte jpherograiln
of' the phlisliin with tilt riviolot lighlt alldt nie~tstring its yellow green fluoresence 
inl the (I -gICCI Ctll /0)11(,. 

2. Tlw level (4I tiC ) rIet inl -h illding 1)101)111 ill iiotl-1 adulits wats Ifund to 

()IC il3. ht'li IHCUII1 ot rkilCC-hllninllCtoill ill (CII glC-tilC oCt 10rill 
w,11 toI .12,.; AIItlnilt Iolts, wi, 8. I~IlcC li(ao For lt-11 hll) plotci indicat ing 

that Smile) iIICCCCI(Illl is u allYhl l)1lC5C(,l ill hllmill jplaistlia. 

ICm lc (tertViliIItl 
lI1t ltil ll1lil 1) V lld iCoilltlI0iU5l\ Ills hcCII (IOC(1itle(4 llrexiOUISly by Sliith et 

.ille i-nlmdC deth ilofCit rtitHII-hHiI(ting" protein1 (IMPHI) ill 

isto~ BP 11 ' Tueall. I II . hIliis u1515 slC(Cit it' llIbhit :1111OR11 ICC Mid ' h-hdthettu IMP~I. 

(dures but h C (1 (ICCdnot 

The 11111iko-1nln illk() rcilcts %(I hP, llc 


H nCiIl-elt5 tilkc >01111 tillie h~)ilprep keepi illdeftiitety. 

\\ith) ;191C- il.> vlt" IIltol~ddfl ill cases ol, 
letillol dehticw(CfCv witite >C iC llnocCill Ilay* Ce ICseIQ5(I the ;lIl()lt of' 
retinlol hCilznI [to Ille pl Chin %Willh still hlkct 1C) ICw (tertillnedi Separaitely. 
Althw1 tetally ICICC'CurC.S 12 1'(li dchti-miining rethnot inl the liplid extractCille 
from 5e.Ilt by ilntiinonv irlchlortf h 1 i rltwlj~i 1. l. have heeil 
((111llillraly imIpC CCC il Sclsitlivii V thi) Clol the useotd li(c-cetls ill tIltheit 
r'apidh lec)rdtilg sltt(~U~I tels,Illr[I illhlCIl\l 5lut~ject 1() lapp eiahhe 

(IIIoil ziccouilt idt Ill ltjst jI itit ,v (d, the clCiVmoglis Co)IIltC(I llnC t ltack of 
specificity oft t he rC:1-oilts aildt illre, thIi )lrtolC nt leliale Cli l lllmiCrCC-scale. 
(requliritng less I han 5(1l plaillil I. These (liclt Csa olCveI-Colil ICo it collsi(,r'-
Ilhlie extenit by using thIl lC CIio t ()ivlt01-CC~tCr 1 I-Prtilmo] 

ltllhCStn al. j5 but is aiftect elyl~sl oV et I this assay1 y soillie ilterteenc 
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froni the IIhllrtsc, of variale a .ultnS 01' WIthIr suhstances such Is phyto
I'ltlle ati1 1)111 tlo (quenching by (other c'aroteinoids which may he present 
inl the lilid extracts fromlr the serum St) that ('orrections have to io, applied. 

Ihe llc I(,\ lrutllre descriCed lcIhXV is S)eciFic for the plhysiologicall
active form (I retinol attached to) IXI. Ill (t'visillg it, advantll'( is takeln of 
thrce main features (o' holoR I): (i the10 fluoreve(nvc. ()f retinol attached to its 
specific carier protein it more tI) n I li)nes rr',itlr than that of f'ree retinol in 
hiyr(twariknI eIi,l t(,71 .I (ii) tlhe 1vw lilthet lar Weigiht of I PIIallows it to be 
,';paratel dt d ' Itlhi'tl't lly ill gLSt i'( f(Mf l lg'',1 'h ,1i1er nolt larX,'('ight 
liplopoteills wlich would inter,rfe with tilt' fhlorescence eiitted by it and. (iii)rntln(l noteil! ito its dallirii lo(llif iS n11ut'h Iiore. stale thtan fr'ee Inlat(,ri~l [7]. 

'nsAII1,nt lyI ly ii'i sl , t,):r: I ll from othe r sru iipr teins I)N (Iisc,-
I(l eletphr(I)I ssn(,I IItr l)'( )ll '. it is I)().-;SihhO t fluori-Ionl l 'VaWIrylnlich Iassay 

liltr'i(-all tIllet,rftIll(dttidt.lcd toI its 11*1'ri,p1. tin with coni1sidhIera)le accuracy. 
ini vtry [ SIelIilitl re'( cP withliifi ;llll f I laISmaII aI ' quire(d (I)Iaralle) 

Illose tlI l ill do(l'IillI''lll( fIl t h()l.;.
 

E'x )ver i IelIfI a 

l)is Ic-,)l ' I/)to'l 'n .(lsis
ITIis iS I'i( t i iI 'l LmrI. l €) I I st inidilrd (IisC'-1 uth s G; Il l it. 1,rn 1 dia,11 t(T 

\vhicI il, file t itwitv hiI 2 111 (1f lit, t(l) wit hi 5 w/v )o)lvacrylnlide resolv
lin, , cittmmcl l 75ii \;I T)75'Iris 1I(l )uff(r, Ill18, and 5< w/v sutcrose. A 
futher" (In ;t) ; w ,ili (XVv') ,entrating-.el('oIl (itiiji ).25 NI Tris- Ih(l at the 
.,;illl tl i' is ;)li'ildld mi to . A k IMl '' lV(A1111' (td' S.rci {in illa ll Saill Il(s(W ) 

I)It utlI 
10I lletdtrol)ihtor(,iSk Illt10st, _,els ill tile Shanldolm aplnir'4tiis, witI ( mstilnt cur
rent att 1 

(25) at I )l'X'i PlI'tl(r)al(l It) '(l) iil I );I( %v), t(,rs(, is the0n subj('ted 

In.\ tillm'r 9) mill ill ti(' (irlk. Tll', OIs ar subseqUnt ly remlv(I 
aii ilic. l II 111111 ill I 1 c1( Itufirt / (,]t f the ('hlrtill ' II ('d, )imscaii ilstru
111en1 flort'-;cadnlili2 Xitii \' ligllt 1:100 100 111111. TIe gel is 'overdT(I XviLh1 
(listilci' \%.IItl'.. It Ik il~lIpotalit to thlsferte els (nly illltmediately hefooe 
assay ill (w cl'i'rthil ll' UP m ayi ll()tIhe 1(), It c, iiiffl.Sios l. 

's/''.,'slialloro ( f/ / Tl 

'l'i4 (oI 10 il'grll'lwll t (l' til, stli(:ir0l iIntru(11101t ill tl f'luolrscei'en. 
llmdle (1: Ilp(rtioll is n1)1 sufTficieinty "()()dl to dirfelllitiltte th( hov level of' 
fluorescence d1u t ) to I , tlI)XI' tlh'ihlll'k()llId fluct (llti0itns OIftil)ephotomuiti
ipli(,r atlid ir('m'drin sy.trll "('htI'()nic IMIOi". T1h('1(4htio)n (df thO fluoi'(,s
r e( l l c et f ' (l m l l't s ( )l \ '(e. c m(l l l lits ll . i l l t h e' ( d wi l i l it p'l't mv(, h y. i nl s ts e ' t i n g al l1a d d i 
t io n al l elli ;11(1 , n (,iv ll (, (. ( W5 n1n )111il~t e,r h et t w e ln (th e, c ell h o lther a nd t (

pllto ultipli'r' t'(lllfliil'tIll'llt :Is iidiat(1ed ill Fig. 1. This rmoclificatioll nsurt'd 
a Inre t'ftddlritnl'I)lhtitl ot l ill. fil'SlItIMl( I tilt' IPM tuit' 5() thlat Ill'Ih'vl 
o) f" c i'L eItI ( ( : 5 l i ll [ ( ) l t e c', p a t(' 3 , r:l' l g e ( df l' I t'te' ( ) l l i c'I I ' , Ih rm''N ht 

c~ i.) y In se;(rtio n (d ' th et a d t r ill t hi , 
nllem, Ihmt tilt lI()ri,)iitlly n ce\i ll tcal'iagwe has to he(setl at :1 I'ixedc heig~ht. 
It \vt. , arll'l,~ ,e that lHwtgo' I nll('l'Sted ill d.istilled \\Wattei" withinl the' qut cel'lt 

alni~ifi , I'l(,l). le n s e~~ S;al )I h e~a l -n also 

z 
(8' nmnl w ith,) was irradltiatedI ,)ititniallv, is it lrlvfrse,, t(, 'elntre( , l the fixe{1 

lniral'I 1101 ()f' I\' liglt c'(Illinlat ,l hy thl slit 1 wide). '[he(1 ('ill Iong , 11ill 
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zone, corresponding to a protein with 22000 molecular weight, (a) in the 
ul1Itracentri fuge, (b) in dis('-;.'I1 ('eCC'rophorsis When Colnj leXed with sodium 
dodecy! sulphate and (k')on a stand:ardised ,el ha fex G100 colu in. The degree 
of Satuoration 0f th(' protein with rthnol was invariably greater than 85, and 
(iualitatively the .eptaration cont ain.,,d h'lh last and slow moving holoprotein 
components ,91. The 1 I1 was storel in l if'hr at pM S,. and -20'.1

lMlct'tratim, ofanlti-scrion to hmwn~ IMP 

IP lissolvtJ in ! ml tu l'r at p11 8 (concentration 0.5 1.0 mg/ml) was 
addt titon , l \otlu (tt"*reun d'as :itivalnt with stirring and the premix 
en,ul.,ifit, bfo' inrejection ioto rahbits at five sites (1 ml/site) at monthly 
iiiterv;ls is decribedl I Kirh. 1101..\ reasonahle specific antibody titre was 
olbserved aboLt 2 week ; allr the first tlost, :niid small amou1nts o 1l00d could 
be drawn as ril('tjir'l' from the animals it suitale intervals aler booster doses. 
The Ilood was allowed t clot and the strumn separated (O ' for isolation of the 
)-g!otltilii ,raictioii. This :iiitiserum was kept a .1 and used for the various 
ttsts,. lhat' ,istrill I(o ireta!lmnin was obtained floml I'hlrh'ingwerle (I loechst 
Ilba'rnlaceiti al.S), This, Ito . was r:ised ill the rabit. 

1111111l o-, 1 (/,'€,ict' / t11 '10 


lininiunttljfllsion \ai calrrif'd Mut atcorlding to tfht pOweClur of ()'UChtel
hny lI I I in I% a'Iga st ,1 (ontining 0.05 M1Tris-- IWIbuffer, I1 7.A. Quan
litatliye estimlititto of 1 B in str.mnl, chroinatograph i fractions etc. was tel'r
niinutllLS lit' Iod)lure, of Mtlancini ei al. 112!. Assays were carried out in 
duplicate. l', basic standard INH solutions contained approximately 
.10 jpg'in. \Wholeh seru'm \'ae utStd withbMt dilutionl. 

/m ill11n cioct' rop[,t ion-si's'[ 

In i't'r ttt> t gt eiaie:Ut'r st'isiti\ity and molrme inteist' rtpr ipitation lines. 
ti' letl,)w inlg iw(t ttluri, \v;is :idttpttl, for (ttalit:tively d'tt'ting RI 11and P.\ il 
eht'ctropl!)rt'togr;n I0t.. t'lt't't)ll,,t't) t\1 a Wii-' '10 SCIom WaS Ie'paitl- in a 
staii(landrdl disc- ',,,l_' polyiry!aini(h,. The l (ge 111mm(liimtter) was then laid
 
:tiI1 nS itr'o' Iplait' }eivetn two parallel ltt (it 12 15nun apart.
1)ll 

tOnt, slot was fillet with a s4otlt tof rat l)it anliserun to IMP and the other 
with that PA. )ift'sion alltwed to vt'enight as before. Theto t was tliki, place 
Zo!nes o l' pr'ciltit:it in wtit clarly visile in the ag rts'e gel 2.1 h latir. 

Resul t 

A typ)ical llutrsc'c scan or adult human serun is wesenteMd in Fig. 213 
alongside a similar trace for a Itank el ( Fig. 2A ) and a photograph ( Fig. 2() to 
Lhe sal e scale I thet gel staiiitl fr Ipr"teins. Foulr peaks are present, one of 

which at tlit' origiil arlses fin'r1, fluorsct'nS'ICe 1' colnionentSt (including possihlty 
r, iinyl esi'rs anid phYtoflutne) iln high molecular weight )'-li toproteins and 
chyloniicra which do not pinotrate tasily into the small11poes (41 the gel. This 
flo.re.TCnc'' usually his a luhish tint. The se,'ond peak from the oigigin is due to 
yello'w-gre(ti, fhl rsence typical of' U1P, which uns in that position. This zone 
hts an ehtctrolpior'tic i,lotility corresponding to (12 -globulin. 'it' third peak 
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Fig. 2. ]lolI :- Scans of dtsv-)!' , nrgrai.s:(A) CoItrol bllnikiandl (13) hlimnn sterum shown along
side the latter gel slhmeri f,)r priotei ((). 

arises from matelials associated with a!lhum in zone. This also has a pale green
tint but does not conitail retilo1. The f6 'rth l)eak f loresces lright hiLue and
has the highest mofilli ty running close to the huffer front. It has not heen 
investigated yet hut the fl uor(,s0eneC (ierives from an ipl)urity in the gel and 
not the seru in. It serves as a useful marke r for preal)umin whose mohilitv 
corres)onds closely to it. I etin 1 is als-) a)sett from this zone. The i(lentifica
tion of the seOCO)nd flu,)re,10 .(,tI-0 peak wil i 1 BlI was made hy examining qualita
lively the malterial oxtracte, from the aove zon.es in a set of 16 gels. The 
a, -glohulin .l tiS weTre cut out of the gels, kelalihd aid homogenised in a small 
volume of hllysiololgical saline, lhnwed to stand for an hour and the mixture 
centrifugeld o preiTpitate small gel-fragmentls. 'The fluoresvCence of the supeVr
natant extra.ict Na; examine(d in an .\1i'2. I[itachi-Perlkin l'lmer fluorospectro
photometer tlsing th, se n sitive il icro-t'ell assemhly. Tile ma. of excitationI 
and emissi)n slpctra were foiunt] to he 332 nm and -156 nm as shown in Fig. 3. 
and identical with those ohtiai net f()I ure IMP. In order to have more material 

Excilation Sihcir
4 

Cit Ermw 00 51)P0CAILrn

e(niSSiOfi at 5jG rim VXclt'tmll at 332 rirl
 

302 

S20 

0 100y
0 

0~ no-,.34 PI! 

A -rr 1I 

Fig. 3I. E-xcitatiiin andmeliamii s.picra iof relnmol-binimng piroiteini extracted from a 2 -globhi zone of
plierogram of hunmnl liasia proteiml. ixctatmit X max 3:10 n] with shiouler at 293 nan. Emnission X~ 
max =.156 tntn. 
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for this type of analysis, 2 ml of human serum were first chromatographed on a 
small column (5 (-1m ".'S lm) of the dipolar ioln-exchange support arginine-
Sephar'ose GlH ( lWorath and F(orstedt 13 I. The I{1 cont ailning fraction was 
eltited f ll Itl ()ncentratert to al)proximat ely 0.25 tofit(,colunt 0.2 VOIlm(
of the origillal serumi. 'lectro() horesis of this concentrate e(n(aled a larger 
amount of tiw material in i , -lollin z"( w(ontaining tei, yellow green filuo
rescence to hei) separatei andI (l'NtIeI (' 'o1 (1uialitatiVt 'xalliiatioln ill IthOl1]uo
rosi)('c(ttplllio()tonl(ttir. Thw (xcitat ion anlld emission sictrra ohltaiedi are those 
shw)%n in lli. .\,ail) a Seplrate swt ()fS g el-('lect ropho1()rIt ()grails of serumll 
W'(T 1111 aiiil1 l10 ,xCis('(I l'li)'IMse't P).q'- examined f(or retl as reviouly
descrited. Only this lipid ('xtract f'lI tIl'0o, -Z/Olc g:ave1 )()sitiv( grTen colour 
with triflur()acetic acid iageit iiidicative ()f rtiiiil. No olour was given hy
similar i)rti'ns ()r the .e I'll ('ither the allumil irpreallunmin regions. 
A\g~lill. tIe t -4ln -Ciilt lllit(rial is alhselit flomll lrzralns of plasma from 
retinuul-i'icint clhildll Suft'riillg from kwashiiorhor. 

lutl-t't r iuiitii't nea that lh , irtitl Ii rti ll ()fl lI \\,:Is pllus it illthis 
Lk:-i'lli' W\i ()ht'h01it I Mtui, thi, u'(I i it.s ;I ,i'ic aliltis('ri'll.Twi) disc-gel 

['f't riI'I) I'( t iil ,I'ti >, )I l i sam I <k'I'H \%(1ii(,pr'' 'm. ()1''iw as, tained for 
Irottills :lii It liw ('Il ,r was (ill t f , artlact I) ai plato iltoi which theri'si()v il()i cmli)l,lll lllllts old i ''s :,,i;iillst the, specific antisera to lI Pantd 1).\.rislui'i,lv. !l;liiI ill ;(ijii'iit . T'iii imlnnloi-i,ijlitis. formed 

al wIIin1 t I .'ar ae'.slI ahiigsi(lc t [i st;-tuIt)in ,d ' i.-, ii ig. I. It is larI that 
there is one t zoloonly I I.I aIil I I .\ l(I' in the ,lect1.)l1h()rt)rail and 
that the former has the, same n-litive Ind)iility tiithe latter as tIh(yIl ow gr(,n 

b 

I , -- AP 

Fig. .|. F"]u,rec enc cn.((', i ) of dis,-gvl jilhicl'))'r;lllof hunlli~i lainalll svI alolgsi( p~re'(ilitin /olets 
fo)rnold inl a$.;irlnislalte (1) %%len he' w niv~kl p)roI~lt-in , as %id %lt... inl he silair statine(dget (c') wre
 
a;It.hl%% idt liffifst. , e giro njg:,ii I lit- sp i ii *ii.tit, a toI i l' (lt ilter ind PA (lowerslot-A I?) 
sIot-..P).
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TABLE I 

ll)I:NTI'ICATIiN ()I' VI11I II'N'ILU )II'sCI*:NT II.AND IN C12-G II I.ULIN RII}N OF 
IOR, N 4,,DISC- IL I'I,CT IIIOINIIII)' , I l'\C 

't sall it.~l Distancel frlll orilglll(1v111) Retlativ e 

mno bililties, 

Srum I 255 .7 M5.1 
268
2 .T9 (155 

IIIII'/PA vmNtilllrdlt I 2.8l i.1 .56 
2 2.85 5. Il 

Str in : .:2 
 5.8 0.57 

I I"litit'4U)4 Ia\ . \ilion N it,,\:133215 ; in NI ion. 

IFlorISOFet Zoilt, to PA. T'' valis olItailled with 3 diftfIre lt Samle1S of seRum'l 
are given h,en.iitw) result F*flr (('ntr;ates oJH I' with PA in TableI. Ill 
the quantitati', work, all asay, wr ,ai'ried mt1 in duplicate and the almout
 
of lhe, HIi' i i amlseternIlneId
presellt in lividlual r li m tih meanara (of the 
ll1' tIliolcs('en, Peak., (IItilld inltlh l,t\wo scanrs as descriel Ihove. The 

B11lean (Ii t'erence hchvt wica tol tat te. lue IIm a lar w Il~llI(d Samp~les waS 
0l'ln to 1W 5'; 0.8 .... T0 linartitV( toll' el1\ j)Ir(C(ltIc Was el eke(d
I)) iilcr(l sjiin\'(llI 1,l I0 to GO f 4l in~tia iht11:n1 I'.s(flv(,d ill ltl elhectro

litm illof' p llaI1 IS(I , 11\ I i,-. .5. Tlis I11lnrecelics' I((oIml((l ill thelro 
-1IMtsC:all is ' v lilt\'i.lrclatell to \(Lit)( of plsma Up to 50 p1: beyond that 
the yield(1, fIhlOimir(Mne i5 l mIlIrtholi]tely less le littlr to self alhS(rl)tionl 
ettects M) I~ln (Jf tie tllisil'SS ofI th ll( or to less ('fbi(Iet JeIC'tr~Iation ()of 

E r

0400

200Ov 2 

L 

0
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LI-

C 20 .10 t)
 

Plasmo )Lury,.
(p)
 

Fig. 5. (raplhof rl4i14 wN1 l( hvtI\s.in tIIt lla.init% of 1 BP1i It i i4as ia(Imelsur'(I I rvel of fltuores ec, 
pea4k illthe4 "c44ll4f tIi Illirolailll iiglillst ollUlli, sa.m ilsiubj 'te(Ithl' of toivIhl(4 i4iih(4ro iv 44(4 Ipiii v ervl
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TAIILE II 

lt:IPnOI)tLCIIIIIATY OI'ILILUORtI:SC:NCE .. SSAY OF FEiIE ItETINOL IN'SEtUNI 

Sample) 'oi. No. of Filuorescence Peak Arca (A) Itetinol
No. l.lI gels (jg*'0 nl) 

..

2) 

\ 
A (min 2 

(Mean _4S.I:.) / I(III p1I 

1 20 8 278 -1.5 1390 51

2 -I0 8 370! 10.4; (25 3.1

3 
 .10 i 15.1 _ 14.. 1135 ,I.
 

'Ilis sample was dilutld I 1-fold before analysis. Tl area )t.itw, IS iPl)roximatvlv I 0' lower 
2
thatll t(he alut ( 127 0 ll ) f iln Mfor tie llihoted saLnlth'. 

the U V light inltothe iflrreasing ilm(,uilt of prote(in within the nar)ow hand 
ahoutt 2 to :imiii \wid(e. 

ThO rprodtililitv o" the t,'hnique was testedi Iy determining the 
nimouiit ()CIt BI' il tllsm lSIu11l eight stccessive times using 20-pl portions 
F)r mw sanllph. ilid 1)-pl poltiois 1*()railother. The,results art'presented in 
luilt, II llld sloiw that the tt'hIniI(,LI isrelrO)(utilfle to within 2 --3T S.E. 

A sri,,; ()frtistilts ()litine(d usint 2 0 -pl )(1rtions ()f huml1l1an1 plasma were 
pl~hltted iu tillstl1 hi '(,('lnti It i(Ills o)ffre'e rfti lvf l restilt ill the plasma samples 
as (hlet'rnli(.i mn lipid ('xtracts frl-ml 1ntcih llrlr tlloulntS (20 ml) chromato-

Oilml 'ilW ~hE.(,we:h1 atltllii1 lac'()liil 1t)the prllednre of' luang and Good
mnni I I11 The ret inill-c( )It iilimii 1ra(till from 11til' ('()Iu was assayed using
tiou at',i(.(~t Ill stlialrd cur've' shlown in 1"i.G was obltaillel. The slope of 
thi hs fI)Sthekf )ift 1('iiif fixed 'OilI 'tl'\()ftIt' light 'sourceand cell carriage 
tI , v v S"1l of the isllrulu ct, all whichisiI i\it et 9) f()I have to he main
tailli. Ami Iimd ifii('t.in of h,.c,- o01(fthiCknesl gel usegl Od a Curve0 (If S wold iive 

with slightly (liftirellt
sl). S0me,ofl'the lower values on the standard graph 
were ()lti,(lv lplasma.ly assiying ditt'(l The average value of retinol for 20 

E 
0 75C 

500-

L 

O- - 

250 

L 
0 

20 40 60 
Relinol concentration (pg / lOOmi) 

Fig. (G.Standard 
cures, limwing the direct relationship between the area of fluorescence pvak an't the 
dalliotnt of 11i IllIn la,11la. 
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TABLI: III 

TIlE CONCIEN'IRiiATUlN.S (IFTITAI.T iTlIP AND IIO)Lti-IiP IN NORMAl ADULT HUMAN PLASMA 

Sanit. Total It BP (a) Ih o-Itlii (h) Apo-ItlIl
 
No. ybv 
 (a-- ) 

I ilt FluoritititrvIII IInli SSty 

(pg '11) 
 (!g oil1) (/pg/jnl 

1 ill ,tt 0
 
2 50 
 .10 
 'I
 
3 
 47 :37 10
 
4 541 52 2
 
5 .17 31 	 I6
6 412 .*I3 0
 
7 51 36 
 15 
8 	 .16; .. 2
 

Meian 18.3 12:1 T.O
 

Samp les which included pilasma I'rtm both Sexes but mostly male, w\-s found to 
Ie 417.7 pg/1i00mil. I't valt's for R 13[ (o)tained in the ahoVe fllresteX-e assay 
a.e compared with thl vallues ol)tamitI I'mr the protein nloiwty l)v tilt'imnir:u.lno
assay mitlith(l ofl' Manciiii vtial. 1121 in Tahie 11. It can he seen that there is 
usually a small amomnt of the apo)protein i'senti in normal adult plasma. 

)iscussion
 

lFtw 	c('oioiieric j)retetltires 3-mil samnnle: od' plasma are, utstall' taken in 
order to ( )taii stfl' icient lip~id extract hmr chrmatography and to provide
reasoltahly t..,pt;,ltlt, oi)tical density readings with stanlarl ]-cm civettes. 
Some s('nli-micrn'pot'wutns have' lil developed illreent y'ars to ('nalible the 
total rt iiod (till 0.5 In] (il sertl to e assaye l 'olorimetrically ;wdl a fluorescent 
procctlure I1 has renltl" Iheen dhescriledl which requir,. only 0.2 ml.
these iflthiols, hovWevel', art, subje('t to considerable irror in view of' tht 

All 
lability

of free rtinl (Io t( ort'Il (xpstire air light durling the extraction and assay' 
process. Thus. fIo"(l(,Iit'it'y cases where thet- levels (o'villin A iin pllaslla ar, 
ttf i'tei ]ver thai; nt-fitflh the iornal adult level, the al)ov'e initro-prot'clurs 
are, ajtjtrt'iily limileI in their uselful application especially it tliroinlit1ography
of' the liptid 'xl rmn'i i, also) dlone. Yet in ianly nutritional investigat ions, the 
colmriint'ti'i, tittnt.(,urt, hav' l ill hatl to te u.,',d.
 

I t hl lw the'tjiitl
', -tthi. ,durt relains attachtd 1(t its cairier pioein 
thrtiglllt Iht, aual\isV Whire it is InVtn to In' Hme statI)' and iess SLIh.jCCt to 
unconttlht', ttxidatitl. \(,ain sIlh)ar,,ition tlt' 
kept in thewik at I rt'udiun hlirthr ti 'hinttll of Spuriolls losses and in the 
final assay is oily ll(iliilltiarily txluo;l It lihtl t(l tmltei 

dLurinu it, ;tige ()' analysis, it is 

';lt

l'h' 	 stilsitivity d'ilht' pirt',durt, is twh that i 1() pl sanitlt 'ofllisma 

cmiitaiiing as litht' as 1 i 2 ng i ,in , i.t,. ,tqu ivaht'i-t to 2.5 It I 1gretlintl/
100 nil iliflam ('.g. trttm aIitt'X i'lvllly dt'fitiut sujcal t It' ltd withsils 


as cli It ll lht 
1(i-fold diluted sermi li:hd,. ii 

less 	 ihan 10'; ilt u ta s(t';it in stIit's tfl, rtesultis ohtained with 
. This is ofl,t' saivo' (d'hr td, sensitivity as that 

of the raditInntin tassayiu thtscril'd Iy Slmitlh anld ctlitlaguvs Ill aInl o'r the 
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direct immunoassay of IM3P by the simpler diffusion procedure of Mancini e 
al. 1121. 

Insl)Pection of many filorescence traces of the RBIP zone ill the disc-ge
electroplhoretogram andi the ItV-irradiated gel itself shows that, the R13P is 
single normally (listrihuted [and and not a (Ioul)let such as one finds in similar 
ly prepared traces of purified IBtP which contains a mixture of' fast, and slowe 
moving components. It would seem that mainly one ty)e of hololrotein i 
present in the original serui1 antd that the faster mloving coin po nent's detecte(
in the purified IBlP are artifacts of the isolation t)rOcdiUre as has ieen Slg
gested by aaz et al., 19. ()ccasio(nally, however, small shouhlers can be seen or, 
Some of the fluorescence paks lnd in these cases )erhal)s a small percentage of 
the I ll may have been present in a forl with higher electrophoretic m1ohility,
but ePally welf these c('U1 l)os:ilV het CatSeI y lole Ineveness in tl(
application of the 1lasma samplh, to the gel or in the electr(phoresis I'ti. 

The results in Tal le Ill show that there is usuallv some apolfll present. 
Ilowever. whn 10 .ach samples were shaken with a 5-fold excess of retinl 
dispersed on(C'Clile, there was no increase in their allounts of' holoRlIt ) inli
cating that flitapo-r)cillponent was unbili, to iind rtinol. 01n 1hW otlhe hand, 
in other outrol txlerinllnts to be retlotel ,1fully later plasma was extracted 
with leptael o Ito rinove retlinl alnost coipletely fromil the RilP. Whel the 
plasnia was shakeln with retiinol the holoprotein was readily regenerated. Clearly
iflost of' the a)o rotei l circtilating i ormal l)snl mutI e deillatured or 
partially netabolised rendering !t incapable OF tarrying the vitamil. 

Tho above rapid assay procedure whi('h is spetiti' fIor holoretinol-hindling 
proiiil hould pi'ove is(ftll Clinic'allV. This )rot'in has a rapid turnover rate 
1151 ni)( of the, livei and kidney affect steady state leveldisordhlrs the nol'mll: 
marked lV I1(I] . 
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Retinol-binding protein in serum of 
xerophthalmic, malnourished children before 
and after treatment at a nutrition center' 
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It L l , * , ,, t , ; ~ ' IIIftih,\ l I.NI ;,I'Il I I]I i-IlI i t 'P I l it ) I!. k~rl 

q 1 L'c'I\Iql - ,' IIII \~i I'l hl i~ II L; ' , ! .Il i 1 ,, II I1 1L, , II I~I~hI Ct l! , 
CIIwI Illk , \I t.I \I h d I,'Ii I l III h II I 1I t.~, t ' b I 1 1.1 ! 111l ,I1 JIT Il 


+
'h.1 1 1 1 -1h , l tI' t lit\ ~ ~ + ,_ l +' h lI l 
 lh l l,I , t : iI i lr ,I , l * i d h "
 

ILd -IlnliI''ll+I~ iqI~II I I iti~1-) 1X 1),1. 11i~ NuI ( ) NI ulI ;
 
31h A~
c,, ldi _\ '+'.11
11 ,ml d IL i c ,IIIII C c'C It ";tL,.-l'~ ml_'l.,im \ hI\I I I I I ;i lld,h1( l

.+i h cu 11 I \ I.ti, p , !IIIIIII~hu ) ,,, I C(lI \I\Lc'; 0 Isia11~ i n I P,:1M u ttll (1;I. Ri ll 1)1 11>-\
1 1 CIi'i Itt .I!Ilk1 11 ,C ' It\,'i,,t\ CI 
 l~~n I~ti ;lI ndi Ite,II t l c t~C C IIC C IIIIIR I,RIIII, Iint , I \ ~ 1 11i1 11Lt i h i ii i, 1] ' %, tIIC , -kill,~ 1 1 t l I11;111 l I I W *ic'lt~I "'II l IIII 1 lht. 

Rth1 1 1d , ",' Ic1 :11I ItlIIh, tIliJ,I l k( 1 p ill;lI11n1l i Il- iiII ,C'!l I tll k, I III tII InL111l'(1 li-1 

. I,) t 1i,tZ, 1, l1 lcI,11 1 'li l: i 1,ici1 1- .. 11,t-. h11t;,llc .i 27-1 t.;l1c llI 11uclItn1 II
 

Ill" th I 1 1l'l I l I I 1: ,
PlIIilI I 1!1 ,1 '1 ">;In
i t11 i nh ll Ii,lidi' i n ili + t l ;l ',l ,i . ill', li l
 

'!:/2]c~~~ h ~,
 I'..
~~IiII~Ii~illI..
1 1,1 lL1 ' \'A I ItI,I, I+ IL lI ll + II i ' I llt . 'l l
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I.'I.li
tcli..t' 
 ;1 l ' I,h!+!", I~+ .1111i~, , ifc,+Iw,:t,I.l, 11 lo 1,L'! II 11~11 i.t I 11 
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Mfter. The qu.estions set initial!v I , ere: what to rcttutl c,,ticcntr.!?,,,i olI i - ,,' I R' ict ol) Ilt) 
are the le¢cek of R,P nd P.\ in such Ill
 
Children and c -S . 01 ltnt , l)ttcrlm ii tuitt,' ttiti i.1 ciitc \1; ti;,.Ii .


•~ ~ ~ o a L I II lp tlln '~ \ %~i'l It+"l (I") ]Ile l'\llktl\III1 
Ilitate raise tlhe level t I P t Int)rIlI'llI tlt' tht C\II.IC h.i \iCli',ir t - SIti 
"thin 24 hr as it tnight be CX CItcd to l it
 
there \vere no lifilitin lit t ,.,) other Ihian
 
retinol delicienc\. FlrtIeriHI . dOC, tht-' Rtsults
 
Cht- l, lOCll-\ at\alalhl and,.Cultt11r:tl V IC- OI 'Ch 
 dr I l CI S1 R P ilt er 
ccepta le \ tUi-hidiet s+iplie at les,, irt hli.e hI ll' in ther 

Hlittit spits. had R!P le\elh ill thir sernni'il 
Alehl1ds tif 35. 26 35 py'm und 10 (0 I45 180, 

11) I iht-'ctc are. irlhtot 1 thi ofIhlt !,til JIli,, titt' it 2 \t. indlI \ ll-nlttiiSht'd Ilsl l ChilIren.
III(tlill \l' tic' I\" lllh.tl 11' 'V MillC'i Ill I\ ,I '111dl,.it' kMI '"lidFT ~the HI- , ,tlil t '' l,, hf CII~urIA CIrI1111111thuC JllIM l c h llc ~ .X tn 

ili 
n~ 

~ 
t ;l 

l +lM dldd l 
\1111. HLi' <, . tI'jIkck'I Vil) + I+ It Ill i- \\tVCIC 

+ 
all IIAl IIlli ,hit. , lhilICC., \\ere' ICY, 

, ' ,*+ii itnd ,ll iii! theiall .11,1c'IOw \Cx ttcoil' l tli l dt.eie lt a the 
I , , ,'.'L lhL\ CT, thei ltIit,I ( tl)o! t/ <,t IC 5.). 14 \%(,rc h mt\e n li I 

LIt ItIllIJ Ill O IL 1 '. 1 t . Ill "1klc , ,''l :' . ., i ,t l i:" !' l!t'-,f cI 
1 1 

l 
at1 

l \ I C ' ' h l ll a d ' I IltI I , 75'o; , . tt:' 1.1 :" 
l! 

P , , , , 11' , I'I C \\Cl-tj t het. \ l I f 

' ll 1 :ll , , ' ' '+ Wi.'l, .11c'l-hIIIuIk~!k '< ',l !'+ ll N '11 tI. 'L +'l3 t ill Iwil . J \IUClm i ()" t: 
!t~di<,!, -ll,, ,, n qu till, 1 1'f :,il " n!,II I '11)( Ci Xll Ct \ tO hChl' l\C I hi lM olt. IlL-J l 

:,'ri<ti,l h t N 'oll l 'd" i,t 'kt' , $"kI II", rl ." ll 1 , !, l ' litil"-'c l " , t il l t' ll \ C l + + ill Ill \, c 't llX tI 

I IM '11 :1 P II Ii I h illIIt' 

0, 1,1 .,i %k- N L i' 1 'i"t crHt; !1+t1 , 111, .1 -+ ' ' I p l+ ItRh13. )ill l dN iI\l . I ill l IC 0tc' h ' i t 
I I ' ,li <;t,,' , II '.i l It'll\ l l',it., t i, hIll- r ,,; d l\lll l c l ; l \c' ill "1 1 1J M (X,],ll,1t)>it~ 


-Il pl.1, \ I m th .1
1L 11 ;I1,1,11 'llt I~ -tl2 lt3t' 11\ 'a 'd ill !'. + Id C l % i 

'lilt1 11, ;- \, " C11 hichd1 ,![ timlli t ) i. +, h~l11 .TIl l l i d ' I~tI , - I I h L.IIrI I \ii r I5I r ,;!li~i ,I . ,-i I I I~ .I %! 

,,,~ tit' tl~n... ~ .;\ i 11t~ I T < ,h [ 1.... Li ) .WIhe d , l !J.d I
'I"i., ' I \ idl'ia I n +c id t 

' k+i l,<< 1111.11 Ill ,, I I l!I! i Il<Ii~ I ll .t l i n ' l, q l~ l n~ )t .it11 111,111r h.1\,1,1i ,li mi !.i,;tA " 1' H I \ : ' 
, r i ,itC \ ,iI .1 i.6 0 lul I II Cl , it I hIL I i'll l1,111 ."i ++ M .- f l i l l in I c ~ k i. n \ i l 

Ill!+ It!,; , m L114I 1!"+ ntlh!l lil ' i \j ll~ ; ' 

l' Phl;Ir~ .,I h,,Ih "1 11.1cd hl k I lic, I\lk-il .I 1 ,+ ! ld t l n ' l l, I ) ( ~ , l ,, r. 
,,l~~ ~. ~l~~'l II,'.l , m ,i t ' , .IrI i lk lt ' tl t'llti vhu 3n1; i ll c~ ~ . ,iiIi [I I hI 11 

11t i J l,1m +lc I ,1t 'I ilt I I lo111 11ti.~ t! (h;, I111. m a-

I1 1111'\11 I ,I h'q , L'Il1: \h C l "C I 'l l 2 0, l 111 l 

,! 1tR 1 11' 1 it tIl lI .11111~ ! 11111I 1-1lll +'te ll1711t l I 

l lec;! Ili' jil; ' I 1111, 11, t ll I hitl\i.
. t (",It~u"hll 10 ..
 

ltII I 11(i IjhH
it I:! " l''h ', ~i l ll ~ Ic,,
 
\ rIllil11-d i.lt 11 1 ,i I I
I ,+ _ 111 ' C i t 1 1k L1 ' Itd 

-WI h I~ ll I 0, H I ln lt ili ll ll h It 1 IIAI .I I ' ll 1 Il\ ", ; t t ] 11 

it. 1 1 IT-1 1 1 1 I i W ( 1 2 1 I lT. o P 
11751\1htJl1it1' perl ' l hI I111II I. I I I i ltl~ll 

l ll I l illtl~ IL- " l l l I 1 I(l-'I CL ,,>11)l I t 1.ll I I I• c +, !I, ,II . t i l I l . ) I h l l l k l 

OILt dLIII klIlt+i Itllt'- ll l I l]. t l. ,l Vl i i .:I 'l A-111'. , \ 3 I " ;, × 3 

h,, , ~t lt <1J il, ,1 i ~lt ' l'u' 117+,,~ t l c'It,, hc 
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The riS, 'in l' 11"Ir Ln,II'tul+ ltII- l]M Ai IMt,P. \,,hCthCI L..',lIIl;h.. I fc ,tNEL~it~lmll[I at The N l'( '"I ,, h \'.t.+ l 11 1 m l,.. . . ~ t .~ ur la .i+u .+I, . m . it) I;,;,
F!,t'h tI .,'tCII'mt t - the+R HII" III 1ht+C;I +,+'Clnt.'II dt 111ltIrnuL iI111'," Hlk . . _., hS,;M ,L'('h1ildt.'I. ,11 tht+ '.,t;+il d.I :O(Ltu thIC lilt I. , h .) I,lltkh - lil' IIm.'IC+;r-U
',lIt+CC ih-d Mile . 1t Cilt' lid l,,.'Il II ;Ik 11. l, ,,+'<- I11n . \%,;II the. w 

i t 
m jt I l it. (III,. u11 u.+i I Clllhltitll tMC'Ikil) hIu ;IL,.' Ithit Idt+'iltit+,I hC, t,t+1 \II PN'L-,.,:thI;Id M~u B ' ;11I' d ITO II ))()11

\\';[. Ilo~t ;i1I Li,., t,) tid'1 111,:1 1111)( 

S';I11l'11 I llU L I.'II('1i dhl lili,' C.'It+d l l tt 1. 

p "..~I-I d 1,, ;111(1 I ,.,,. Ilhi ,,WLOu r+iT + d +ru x ;'
L'ld IM .u ;h t t+(IIIIld('iH :,' lH t IM~i.l, l h 

k11);.I%,( H1 " t '1 ',, 1 1 1 .1, ICtIII+.I Il l ,I lit it - (1 1 11~:11R'IiI' W C\ L, 11 , ' 1111h'iI 
Hllt ill, 1 kt+'\L I ( I! ' . I ;IlI C IP. I II Lt+ ' I It-1 C It ' I IkhIIl '( it I I t I -'.( ia I P It I ; I (tI /(. h l II ,-I"l II, )

lI t j I l( It t 1 11 I.I~u ,. I I I U11 . I l ] I. 

iq 1t,t1 IIII+ I;Ict' I ; c (dl p lt,Illu Ili ll "t. 
lU+ ..'i ,' I , r ItItx ', I lt'L,'I . ' I~t' ,i ;II: I II I Id I I(Lu111ti ,I AL-,.h(.111'lIlt 1~u 
d;II11 l 1 'IIl .,II, I~ I I+;' L.' 11, CI-I Cl.l It' L , , Itt ht. .
 

I ' l ht'(I l I I I h lI 1W t I I 1 ' I v, ll l 

u \kl L tii1 tr c i I. saiil l ~ hi. 

v I, , \ I; U.~lI I l t ,t t r. l l+ s ill I 
uPhi. c .'hi ,.t .'l 1 i I t'I I 1l1111 I ,II, i ("In I1 11 1.W I I IC l Mi I, : , l l ~ ;u IM,,I IIm( II , mI .IIII,, \( CI, \V . II nII; ,IIIII III' )('l IC;II ( im )IIt . I . I i r.\ I ;I ..
 

IV,..',.U I 1!, I111 ., 7 , ..... I I I I It hI 
 d c l i , l ,\ (0r). 1I ,.' Lt, II.t.:n trM h )I ()I I .'.C ii' C.W1 
 . 1 11 1 1c Il n , ( 1 1 1 1 " tI l
", I, I 1~"I11 I I I ' t ht I ; I,,h III ;LIc, I 11\1t1it+l l11Cu I II;l nII, ': . , ( LhI .\,c
tict~. i I,(I+ :: i .l Ik,IicL, I); .I , o . I111, iIhi. I, A '; i 'i ., I,'t,)II III 1 1".Ilill) IIIlv ch l 

-, t 1) ]."I.It'\I..t I t ' [I , I\ i.;+ ; ]l +n ) (1 ,; II II'. ,tII%I 1N I 1 n 
l'I Jtu~~~n l q I,, ] l 

( 1I 1 t+I l I 1 h + '+uI~ t 7 .0 i 
,.Itii IuIt~ ih kIt, l In 'I ; I llI h l ctk't\lit iX., (). ,2 +, 

\ L'III.; , . Iu1,111)tI~ u i t t I. Ih 1.. 1 i , 11k I' IC' 1 L : I. C1lu ,I I, t I I+,I I 'I I. 
t. c\~,.I I o tl t I t111I ' t I, j i, .l 1 I i 't.t III L 'I -'1JIL '.' tCCII I \'l , ill'-' ( ITtu li d 1 IIhtL hlt i 

In~~ ~.l ~~C C.t.tI+L'Lt'1,u I~il+ I.'.. l~ 
~].. ~ , I,~ :1t. Ct lI Iit+ I u CIICkI u IInI- tIlI.';tIIl,I 1: 

I~lItdIl lt.] " - " t ' 1: 1I I 1 11P,111, 1 I Ll,+t.1 ihilk: t c\ ;\I I-"I-' , ll NI ( n I llT\kIT 

Ct,,t,, t + ] )t+kI~il l Ij 't1Ill Il k),.,'tj I IL . ' . ,I; MIIt.!;l ",I Il11C 1111f t I. , C-h, d ,J 1 1ll..i i1 
,tttH.' -1 It) h+ ],' J:.' -I IiI L , I t, d qI% t 11) "[ ,,; I int I._' k - Iil th,.' Ili,,' m ont~th . I il, r'a.te+ 
Ili ItL' 10 1 [ lh_' I t tlI:11 , I ti lh ' I.)t+'t\\k+C C 11 1)1 !'..1tit '., t )\ 'd (1()'\%IT () l !111.l' li l l ct. . ' I I
I lid i;I d il,+ J.I I II IIII,II l )+ 1 1C l L lIhr.+lc..u rI , CLt.,I I1 -+r),,11tc IIn 

, I a tl seu CI I[llI+ .II ; It r-
h:1 ,.C ;It1+' h1,,h1 ,- 1 1 ,,,.i+I I I CI I I L, I,.';I, IIIt1t C ICt ' L i SNtM . ',111C.'kIIII

th mtIc m)lt L; II I II \ 2'.1t LIluI n If) 

V.,,+,_,,lc' 1ll , tit.-h il 1 cfl(':C( I~ 11"cII 
+, rI I I L.111 1 IH \ i~ l k\ i , il l i ,tIl l J S 11 ,1II\ 0 I f il e 

CI'IidI I C..I ..,(;I\. d )11\, ;I ',11MIt .ttm uIL( I file. 
40 _ d il tn) I.' \\ ,,\i ; lrki thd \kill) w .;l 

=..: . t,Ill. . LA l,.uC'., l;Ihlqu 2 -. t IIIHIC-. ClI,+_C' 

': -':1 --- - 'h.- i rIld 1)(1t m..' 1h;1, "(1 Ilu l ,, I TIMlI,I d Vi',it IT 
tr ~~~ +,'-W ~ ;1tl ut' l W It', Pr l, I Itl ll (.)IL.' Ck,t.. 

Al -. . .. .. ..M1; L .11C+ .1I!.._i I 'l.....r , ; ( 

1)llt Ll IIII I 1th11C*lt+\.t, WilL' hc l IMlAIM 1,1 i ic i l 0hlh \tuqmlA Ti \ h 

m,~l i; . ,, ,]r HhI It b ' ; m: l u h +' + ., I +' h u 8) I h r , t ' , ' +LL+,t _,.I d I11 h It ; 
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T\IIIE I 

I, - 1 -olt :i :.1 

NK' 20)25 %1" N.'A 7 14 25 28N 1 5o 53 48
5 I[V,.,. X3\ 71 V 15 is I ( 2,) 24 23 

2 111"\I. X 2 
2 lI . \".\ 2 I I( 2, 'if I (1 4,1 53 58
2.5 111,i.. N)V1 23 23 4Q 111 31 
2.5 I\'' \2 15 11 ' 21 22 21 2q) 37 33
2 I' %iK. N .A II 1 i 5 Is 21 55 5o1 
I, Nol 1e.l 35 3o 21 3s 3 ' ,
 
lh1 1 1, :1111 icL'C\ L't %I MI 1 1i OICI CJ:. Il l, ' II Ie
l d I 111 A r 1''~ N tll it1 ii .'.'il + +"u tm rad e 1 %.i,,.,ST ; andl 

'.
+'lade 111 1, I'll'; *t+ ,. lilt]h aft! " %lh ia',iUs. k\..t,lhwiko+ \ 2 11,CO W -'llWtltill,.,\.;e\ jS 
-LII rl', \If " 1111 Ili.C1;111 111 l lhli~m ,ji filI.'It IN %k .c.' 115 
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13 - -- -5# 

* 12 

- At Centre 

II - At home 

lN 
 Kg 3 It° .4,,, 

H( 3. R-LIIi1 1 r 


I~caI (~iM.i W_Ictc I cx (l) 1 11 L.\f i 11 

--- --,,'------- - --------I ;. ,
-'--- h\ 

100dl. 11 11112 Ii\'l it,11U11 Ii Ih I I I)i I 1 I I 
0 4 6 I '0 2 14 .6 

'il i,,li _ 1;t'.1l(~lt.t mt NI;k,., iac1d tllliln fi tn,,-.I, M 11 11C 

InL1tu ll U', 11 \\lII KIW'M M . Mill l ';i I
 
2, . Si cc1 1h,11hd I II \iIIIII('N I A.Il It I
 

t ; 9 "ll(uiWlc \ ',h 1 C, 1l,ll n i ll t11 I l .111d 
llltn',,'I ' -,
.l ih till)RI AIllt, J\ ,l\-CIM il i-0M,,. ,, it.+t, !.,,,, , ,h, 
l
 

Illlt , III r il~ult tIl I lti It' ,,tI) Il Ill d iit. 
,
la ll l I\. , It_",tilt Ill lk, N( ilL. +( Iiw I, '+l ll V.1 U 7 ;wli l,l ' 1, 11h(, l ~liw 11,11 

l iIti 1 10 1iIt'llJI e IV.if ',Itlic" ii dili!,'10ilCo 1)tl lilt' 

;1,ic'll.'Ck' I ll~t1i!1Ill )ItII lI ' t,11IIli['lI] X ,\ I 5 1~l ,ictc, ~ r,~i 

Vth () Ilk hA~' , , ll t lt il lh;Ic A 1(ILA CL -1i1 .1l + ] l' .',l ' + c !-. € 
'H Illll 2. til icti!
 

I ]( )vl 11,illt l,' lllItluIt-- II 'AOiIIWI'ahItl IIIl~l R~P
ui ' ill, l '('~ n
 

IliOIL )ltI!! II. R I W tchNC (11)I ,. I,, il l'1 ll 1 ' lll iI \
l~ ll i 'lll " I' ~ I'll I'\- h iillii 
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ruiil L'CpeLCtco I m ciI1 IlI u()[IL M t ICI[CiL'IrI 11-i 11iIiciI It, %I[ V' SiilrI'i-ili -iid .Iv (wNiri.~ I,
SOF~FI i~iii.A III~ c I 1FF1k FI!(MLIlit'CIl \1IinIC 1k I~i~~~i IS'ai iI(iir1iiIChild LlhiLI F100dL1, I'LCLNNS:II \ hIld SoIL 1111 Ilk"fI ic~I\ kidihLpi 'il IniniL;IJicho-101C Ill- hili Ih11I" (fl PHPF~ll 

to IIIlL i 11\'LIM \ I)I LTiHF 'I I I I'ii Ill)- 1 ( m % ' 

OffI FI(IIIn1LiL!lkIrII 1 I;II. 111;11 ;11 1(2151t 24~ F11 
Ci'.It ILIIIICIIF 1111ii l ,i11 , IllCFI ,ii ii\LI sll :Ili ,' .I s N .Iiii. 

5
tIlL' LIUM ill L1111,11LI ;It I~II \I ;liIIi if J~ hlnl i \liI ' in hlii I IiLN \

11 11l,I II I,\L ilI W1i Il)1111l I; I(IIt I CC In11 W, I fil I IilI It N ' 

liilst I\5 ll\ III 1111tIi ll Of lLi~l' ilL" s11C M K I, Lm \ t 1 Nh \ 

lii!l FF~F JiI~hhhlIhF\F~LII1IL IIL icii .inII IL.tIlIIii~ " n ihil ihIII'
 
cLIL I I
hIhlh11 .\ 1 1ihl cdhI~tIIC ICICPC i11ii(f It,5 II 1 ilhri 1( kl I Am I tihll I fILI

I~ II\ RuhFP illc Ii\ L illwIi IlI ii' 
No~~'i FI R\lh~IFI :IIILLF\t~ i Ill . hl.I I ~S ~~ ) jiN\iiI
 
C IIi1t11 i11I 'Cj'hhh
M I ~uuI i I111tI11ii1j'cLF. Il/iN 1 5 ('lI N N, 1 

)duii
ICIIII 1W C1 )1 1LM C ;I,;iFl 

Ih FIlin,I s~ii' I I Illlk il~Ict hlI; I~'i lhiI II 1.i N i loiiiih1i I 

I -11dl' Lri I I nIC I r liilh h~ 

5 crI 1,1;1I) I . A 'I llI I IL ;hL.I,cn tollIFup . "mili I hi I ifi N Ili
(I onm II Ihit" hiLL1 1IJIIIL\L Fdh\CC d
ILL iI~ (1 II is n i1121'ITiinilh~hi 
hlhhl l Id~rI 111l I II I it iF l i- 1rill ' \11i M1l11iA\ ,11U i Il ic) i.1 .I f~in (ll' , 

h 1hnt 

La2II L Il IIdIc[I I II IliFI I I I I) I 
I~~ ~~IL1 % ~1 IL 1 hs IIIr\ - 1 .\nui1 -ill rnir I'llL II 11 Nilill Il, 

LuhIpit IhiJ 'lhl 1 L t 1Ii I I\IIIids'h 1~ in I 111 \ iri i 

' hI cILlhF, Iik; I rI I I II It.' 1LI1I cn~ IIILi I); Ihihhl .IL~1th~cNR(l ich;lrll/h I ii~ ciF LIliFLi%i t licii A~lr Ku I'm Ii ALi~h~tlui ALi~ 
FuN\-1I ~~~hI lI)l1 ii tlL ~L IL ~ I flt ililhls IiiL-11 II'l I t-lr ils l, L111i1n 1 i%Jll 

hlL 1"~lIj L Fhh2L L'\kIii iiiill 111t2ILlS ! 11 LIi(Milii hlliiilnulisnih Illihnl~I 

NIIIIIII \1L' kil LL itI Iii~c (il: p[2IF 1'L )f 1d (nL'lkn tllk \C1 ()J.Sil s1 Ptlni *si Si 1111 N 
ItmI -1i 1)iI ld thcIL ColIIF 11rLUl I ill t nit I th Iital I It MI I ci-i~ h I nnI~ii ~ r i 
110 1LIC I. L IhlC t2ILII( III-1L, hIIIll ( I C-1 hm ii- riin liihi i I n nsi: Ii"i Ilii1(11L. I'licil " 01CI' LIL''I S Ofi 1111'L' ul 1IL ' nnI~~tll ii tr li 5 
illii l A~ hu\~L111II I iI l s INA ii PlS.i 4 S il I I ( \ I I \1i frs 1 \ I) si 

childrenc mid I SIILin. si I'l tI 01 t 111Iumfis\lcl 
kl* C~ illL11111 pl )- ISIIii~ rriuiilllll I + 1lt : IL ! !Mi ('11111 Aurulsd 

i I n \S1 hrn1;1ll!u!!,,IIf,h I. I I ifi /t 'i tu lhl i 

lli T h iIS5tT n! hli ihll Iii hi i h ll \N r I L 1.' 11 1 Il l s'll hi:j~ ~Il\,t l I j 

120 



Nf~ ~ I ~ ~ii I I)INO P 1)PKtj) N I Ii~~J I,\o i rc ' rc~r 

7. Mtii \I. I I ).1. , I I L"t I ~u HI..;I, 'it I\IIIIti Ckil IC() R 1 ()1011 NC
tfclICWItIc0c II IIOICI .111d cin lIL1 On1- ic1 I'Ii1rii. 'i k: \CI!LIIIcL lICN 19',1) 
\ tcI I ;n2n irI-i~Jiij i *\IIin ii Him I I , 11111 - I\ I i I cII N i ii c o 

121 



V. 
Carotenoid Analysis 



Reprinto-d fioi 

Journal oJ"Chromatography, 120 (1976) 457-464 
j)Elsevier Scientific Publishing Company, Amsterdam - Printed in The Netherlands 

CHROM. 8900 

I)I3TIRFIMINATION OF THI" CARIOTINOID PHtYTOENE IN BLOOD BY 
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SUMMARY 

A sensitime and specific high-pressure liquid chronatographic assay was de
'eloped for the determination of piltocenc il !ood with an overall recovery ofl86 

6.0,, and a limit of detection of 50 100 n per nl lf blood. This 1eithod provides
for rapid aid simpIC qual'titation of phytoeCtne using I ml or less of blood. 

le \ssii\as, the dcterintlation of phytocne blood levels in the dog'IS .d ill 

f,0s'. ing tio!ra\Cno S ndlild of' 10-mg/kg doses.
oral administratiMo 

INTR0)t! (I tON 

Ph\toCne. a iatnrtlly OCCtrrintt earoteno idi, is an endogenous precursor in 
tilebios\ilthesis of' /;-Carotte11 2 , an1d is reported to be under investigation as an oral
 
suIIIscreeI. 
 p-CarotCnC has been used successfully in patients with erythropoietic pro
toporlphvria to redunce hie photosensitivity associated with 4 .this disease Studies 
\ ith//-caroteie to determine its effcts on a normal individual's response to sunburn
 
radiation WV-li. 
 280 315 n1) indicate it is somewhat effective a ainst sunburn
 
radiation. TheSe lirdin, prompted the ins estigation of' phytoene 
as an oral sun

" sc reell' . 
Ihei mtjor Structural diltereiCtCs betsveen phitoCnC and j/-carotene are the 

prCsencC o' toIree co:inca tCd (iiotIN.' bonds in phVtoenc coilmpared to tileniine con.iL
gated don1ble [bonds of,;-carotcne aid tilecyclization of the terminal ends of phytoene 
to f'orm the t.,-iollolle rings il ll-carotene (Fig. I). The biosynithesis of Vitamin A 
from /;-carotene is knoin to take place mainly in the intestinal mucosa during ab
sorption il an il liro reaction sequence in olving (aI)cleavage of'/l-carotene into re
final (aldelyde), folls0sed h\ (b) reduction of retinal to retinol (alcolol). Retinoic 
acid is fIormed by o\idation of the aldelhyde (Fig. I). These conversions can be ef
f'ectcd either by s\ utinetric or a fyilietric fission or by terminal oxidation;. 

In order to assess the phairmacokinctics and oral absorption characteristics of 
phvtoene, it \ Isnecessary to develop anil assay capable of detcrininrng phytocne in the presence of /;-ca. rotenle in lood. The cl;assical coInLnii cliromiatogral)hic--spectro
photometric assays f r the determination of carotenoids are time-consuming7 , while 
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N PHYTOENE - C40,H, 

MW!1445 

II I s-CAROTENE (C40 H56 I 

~K N N MW. 5369 

CHO 
RETINAL 

N N O 

RETINOIC ACIDCH OHN N 

Fig. I. Biosynthetic pathway for the conver-;ion of phytoene to retinol (Vitamin A). 

the spectrofluorometric methods are non-specific and prone to errors due to endogen
ous interferences'-'". Gas chromatographic analysis has been used following deriv
atization with silylating reagents, but this method is prone to error due to thermal in
stability of the derivatives'-''3 . High-pressure liquid chromatography (I-PLC) ap
peared to be the method of choice, since these compounds can be analyzed at ambienttemperatures without chemical derivatization and exploiting their differential spec
trophotometric properties for quantitation. This technique has been successfully
used in the analysis of vita min A in bulk chemical products and pharmaceutical 

.formulations 
The method presented here quantitates phytoene using its ultraviolet (UV) ab

sorbance at 280 nm to advantage, since neither /V-carotene (2: 445 nm) nor vita
min A (2:... - 325 nim) absorb significantly at 280 nm. Furthermore, they are all
chromatographically resolved, thus imparting further specificity to the assay. 

EXPERIMENTAL 

HPLC analvsis of phvtocne in blood 
Col/un,. The column used was a 0.5 m :< 2 mm I.D. stainless-steel column

containing I",,ODS Permaphase chemically bonded on Zipax (DuPont, Wilmington, 
Del., U.S.A.). 

Ihisfrtuuenta/lfpararnte.. A DuPont Model 830 high-pressure liquid chromato
graph equipped with a Model 836 multi-wavelength UV and fluorescence detector
foperated in the UV mode at 280 nm) was used. The isocratic mobile phase used was 
a nixture of Nater-n- ethanol (5:95) at a head pressure of 500 p.s.i. and a flow-rate
c[ C. IT!,I1in. Ilee ccltnn %Nas cperatcd at ambient temperature. Under these con
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ditions the retention time of phvtocne was 2.5 min and that of /i-carotene was 4.9 
iMin. Tvpical chronmatogranis Ire shown in Fig. 2. The detector sensitiviyiv was 4 . 
10-- t.... and the chart speed on the I .0-mV It oneywell recorder (Model No. 194) 
was 30 in.,h. Under these conditions 100 ng of' phvtoene per 10/l injected gives 
nearI 'll-Sca e Pen respon se. The i iin detectable amount o1"phytoene is S0
100 ngiml of blood. 

' 100 ng PHYTOENE 

CL 
z
0 

o 25 PB-CAROTNE 
U 

"--2 5nm -,
 
4 9 fl', ----- *,
 

Fig. 2. Relative sensitivii y of ph) tocoe and ij-catotene at 28) im. 

('alibruion t1 yvtocnr,l . A calihration (external standard) curve of 
the peak area of phtoene wrmio concentration in the range of'25 100 ng per 101d 
of' standard Solution is prepared. The lincar rangc of' quanitation is from 10-1000 ng 
of" compound. A frCh calibratlion curx, ofi the external standards and ol the recovered 
internal standards arc prepard f'or each day of4analysis to establish the reproducibility 
of' the -IPLC sNt,ic. 

,ssi'/lin blood 
Preparation /'.stad,rd .%/ ion,. WeighIot0t Ilg of phytocne and dissolve 

in 10 [il of isopropalol to ,ick a stock solution (A) containing I ragniml. Make serial 
dilutions of solution A to 'icid sorking solutions B I 14 containIng the I\olhowinrz 
concentration, of" phvtocne (per 0. 1 ildor iskpropaniol): B, 250 ng: 1l, 50) ng: B.s, 
750 ng and 13,1000 ng. Aliquots (1t) /1) of' these sotlutions are injected as external 
standards 'or c tabis',hinu the liquid chronmtographic parameters. Aiquott, (0.1 ml) 
or, the same Solutions are added to blood as the internal standard calibrttion curve 
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for the determination of the concentration in the unknowns and for the determination 
of percent recovery. 

Reagents. All reagents must be of analytical reagent grade (1.99'i(' purity).
Normal saline is prepared by dissolving 0.9 g of NaCI in I00 ml of deionized distilled 
water (0.9 ",,solution). Absolute ethianol is used to deproteinize the blood, and a mix
ture of n-hexane (Fisher, 1-1-301) and isopropanol (ACS grade) (95:5) is used as the
solvent for extraction. A water- metlhanol (5:95) mnixture is used as the mobile phase 
for HPLC analysis. 

Proceudrc. The flow diagranm of the extraction procedttrc is shown in Fig. 3.
Into a 50-mil centrifuge tube (PTIl No. 16, stoppered), place 1.0 ml of' whole 

blood, 2.0 nil of normal saline, and mix well on a vortex mixer. Add 2.5 inlof ab
solute ethanol, inix occasionally, and wait for complete deproteinization (approx.
5 min). Extract the entire mixture with 10 ilof' n-hexane- isopropanol (95.:5) by
shaking for 10 min on a reciprocating shaker (Eherbach, Ann Arbor, Mich., U.S.A.) 

I nl Blood 

2ml Normal Saline 
MIX 

Add 2.5ml ETCH 

Mix 8 Wait 5 min. 
For ComIlee 

Deproueinizolion 

Extract Entire 
MixtureWith
 
10m; 95-5Cmi ~.H oa n o'2 - P ro po no.1 

95,5Aqusouc 
hlxone 2- Proponol 
 iCr
 

Wash With Iml 

H20
 

8 ml AhquOa 
Residue
 

Dissolve Residue 

In I00)1 of 2-Propanol 

J5-C MIl 

Fig. 3. FIov diagram of extraction procedure. 
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at 80-100 strokesimin. Along with the samples run a specimen orcontrol blood and 
four 1.0-ml s;ccimens containing 0.1 ml of standard solutions B, 13, B3, or B,. 
Centrif'ue the samples at 2500 rpm (1500,g) in a refrigerated centrifuge (Model 
PR-.I, rotor No. 253: l)amon, l C, Needham, Mass., U.S.A.) at 5 'and translrr a 
9.0-nil aliqttot into a 15-mi conical centrifute tube. Wash tis aliquot with 1.0 ml of 
dejo01niICd, ii,,tilled vater w shak in.c_ on a reciprocating shaker f'or 5 min and centri
fuging it 2500 r1n ( Il) O.4,) in a ret'ricrated centriutge 0 ) for 5 min. Remove and 
discard the Io\Cr LquCIus, hlpcr ' ith a hyvpodernic s\ tinge fitted with a 20-gaIge
6-in. cannLa (BCcton I)icki son, Rutherford, N.J.. U.S.A.). 1f'a heavv lipi la)er 
remain, at the intetrasC, a NCCOd I.0-m \,ater ;aIsh is necessary. Transfer an S.0
ml alilut into a 15-1l coHnical centriflugC tube anod evaporatc to dryness at 60 in a 

K 

o 

0 

0U) 

I zA 

inject : 

- 2.5 rnin 

Fig. 4. Chromatograms of 1I PLC analysis of (oIt, blood hexane- 2-propanol (95:5) extracts of (A)
control blood, (11)control blood containing adde( authentic standard, (C) dog blood post 10-tug/kg
oral tl,;c of phylocnc, and (t)) authentic standard. 
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N-EVAP evaporator (Organomation Assoc., Worcester, Mass., U.S.A.) Under a 
stream of clean, dry nitrogen. Dissolve the residues in 100/l of isopropanol and in
ject a 5-10-jil aliquot. Typical chromatograrns of blood extracts arc shown in Fit. 4. 

Calculations. The concentration of phytoene in the unknowns is determined 
by interpolation from the calibration curc of the internal standards processed along
with the Un knowns, using the direct calibration (peak area r'rsuis concentraticn)
technique. The percent recovery of' the internal standards is determined by compa;.ring
the slope value (cm2 peak area per ng of conpound) of the intcrnal standard curve 
to that of the external standard curve. 

RESULTS AND I)ISCUSSION 

A sensitive and specific HPLC assay was developed for the determination of 
phytene in blood using the principle of reverse-phase partition chromatography.
The extractiou procedure used is a modification of' a previously pulblishcd a!say for 
phytoflunene and retinol determined by spcctrolluorometry', and provides for rapid 

5 0 _ 

30

20

0 
9 
J 

0A 

-

0 

zo 3 o 

a, 2 

0 

:" 1,0 -" ' u 

0.5
 

0.30
 

0.5 

S.---- Sensitivity Limit 1 00 ng/ml ) 

0.1 
5 10 20 30 40 50 60 70 80 90 I00 

TIME IN HOURS 
Fig. 5. Blood levels of phyloene in a dog following 10-mg/kg doses by intravenous (A) and oral 
(u, encapsulation; 0, suspended) rootes. 
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and simple quantitation of phytoene using I ml or less of' blood. A typical chromato
gram of phytoene inldog blood after a 10-nl/kg oral dose is shown in Fig. 4 and a 
tvlr ical chronlcgrain of authentic phyt oene and ji-carotene (Fig. 2) shows basel ine 

o\\o 

tween tilei\o is approxhmately 20:1. Therelore, ,;-carotene will not interfere illtile 
quialititation of" pIvtocne, even it' present illvcry large amounts. Under these condi
tions Vitamin A (A 325 im) will not he detccted at all, thus imparting f'urlher 
specificity to tile ,',Si\. are ill use 

resolutioi, between the compounds. The ditfterenc.: illsensitivitv at 280 in be-

St t.dies progress to inseslr.eattlre of muhi-wave
lengith detection s.,,tems ard differential extraction procedures I'ortileselective
 
determination of j;-caroteie and retinol produced endogeiiously follosirg the ad
ministration of 1,lte as a bios\IlIhCic precursor 4' . No er.IogenoLS phytoeine is 
measurable in colnltrol bhood (lie. 4,A). 

Reco0' i an Nt'l 't iv , {.iivI / I h ' (" iksu' 
"Itcr rcralr r,ot lihytoeniC is of" the order of 86 6.0"., (S.).) from
 

blood. The ',cs,iti'\i 11 100 1112
li1its of delectionl aie 50 per" ni o1fblod. These limits
 
can be iicre;i.cd b cit1l etr.act iinglarger volumes 
of blood or by increasing the
 
detector scniti\it. It creater -eisiti.it,is required, extra solvent washes must be
 
carried out illorde..r 
 to eflect a better clenup of the saniuple so tllt biological inmpuri
ties are minilir/ed.
 

100- 100 mg or Arrows 

60

40

0 2.0 

z i0 

2 06 

0 

U 04 
z 
0 

02

0 .1I I I I I I I I I
0 I 2 3 4 ,5 6 7 b 9 I0 II 12 13 14 IS 16 17 lB 19 20 

TIME IN OAYS 

Fig. 6. Blood levels ildogs following multiple oral adminislraiion of 01)-mig doses (at arrows) of al 
experimentlt formularion of phytocne. , Dog No. I 0, dog No. 2. 
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Application ofthe method to hiological sp'cinicis 
Blood levels of phytocne were determined in a pilot study in a single dog foI

lowing the administration of 10-mg/kg doses by both intravenous and oral routes. 
Following the intravenous dose, a biphasic blood level curve was observed over the 
96-h sampling interval (1:1ig. 5). The blood level measured at the 96-h time point (6
pg/nil was about 2 orders of magn itutde over tie sensitivity limit of the assay, indi
eating suflicient assay sensitivity to measure blood levels over another 100-h interval. 
Followring Iwo dilflercnt oral loses. the blood level curves indicated slow and prolong
ed absorption. 

SttldiCs following chronic oral dosing wcre carried out in which two dogs re
ceived 100 nig orally per day for 14 days of an experimental formulation. Blood 
samples k.crc collected daily for 20 days. The re'ultanlt blood level curves (Fig. 6) 
suggest that the drug appears to haxc reached a plateau ranging between 2 and 4 
pg/nil. These studies conlirm oral absol otion of phytucnC and allow for tie investiga
tion for its intemded clinical application as an oral sunscreen". 
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SUMMNARY' 

fori" it 

piill ient I spelrolmlooc, 


lh]'e LtiSal methods i1i0\ in A evlluilion of food0Ls convert the lolal 
amouti, de:ermineC d lricaill\,. into vitamin A units. Since the 

total' inaclivc Icopelnc iS tile mlalJor ciroctIoid in the tomllto, SUch readinus result 
in er ollcosly hiLh lro\iitillitl A valucs. 

III view of the recent dceclopnle, of' chetlicIIlly' bonddCL. ie\Crsed-phise,
microparticulat' paICkinsLlndthCir Use in high -perl'ornrnI Iiqliquid1 chromatography

\\hitch eombIlltc' hi,,h1aCcr'Ite Ilntl reCproduciblC resolution \itlh !ihe SpeCd atid ease
 
of' opetatima~l. at lie\% method Ll511112 'suchl aitemNII \\its de~eloped to isolate caroteiioid 
)illlellls 'rom tofldlill() salipl,1,.s 15-rainm olum.11n separation \\as thus aclhieved, 
drtlmailtilv tlcaisImILu alnil4'sis classicalc14 , the litne of the open column chromato
eraph1)lic pr11oceduresC 4IIn ou'ChI result III utires'ofcd( and altered frtions011 dlt, III 
ln-(erm"ll C\ptslltrIC to O\\ Llen. 111t, SolI\Cllt 1nd o11ie1t.M S adtlsorbent. 

i;-(llrotelne andieopI)CiC \Cr dtedined iL ulltiilCL in M,.xtomato 
samples. ;-,"lrotc, 0c. ,t,, itain ,,A-aclhe,\a, e\prCssed in International Unis of 
vitain in A. The ne\vly d ,opCd Methol gies met)r reliable CVa1.iltion o'theh'ruit 
potency in vitlalin A thin the metiods of' the Association o1' Official Analytical 
ChemIiliSts cil'renltlyIiset !Or food Ct1mp)OSitioni tables. 

INTROI)UCTION 

)ilferences in hiopotency carotenoids as vitamin A precursors resulttilie of 
fl'oii their i diVidul.aI stRIiltures. The j;-ring present in retinol is essential for their 

R.I. AgricuhIura i IExperinlent Slation ('onlrib tlion No. 1839. 
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activity. j/-Carotenc, having two such rings, is considered 100',, vitalin A-active. 
u-Carotene is only one half as potent while acylcic carotenes such is lycopene, also 
naturally present in foods, are totally inactive (Fig. 1). The determination of pro
vitamin A levels infoods hence requires tile isolation and accurate qua ntitatioll of 
those carotenes with biological signlitficancC. Few of tile 1et0hods availableanalytical 
are suitable for this purpose: open-coluLil Inchromatography, besides being tlie
consuming and Illo\ing long-terll exposure of carotenoids to oxygen, light, adsorb
ents and solvents, oftll fails in resolving tile nmost potcnt vitamin A pAiccursor, all
trans-p-carotene, 1'rom its less active geconetrical isoner, at-carotene (I); both this 
method and thin-layer chromatography lack inreproducibility and accurate quan ita
tion- 2: gas chromatography provides the latter advantages but cannot be used with 

4the thermally labile carotenoids1 , . 

I- RING K, RFTINOLR

- CAROTENE 

e- CAROTENE 

Fig. I.Imporlance of fl-ring in carotenoid activitv as vitamin A precursors. 

The advent of' high-perforiance liquid chiroliiatography (HPLC), which made 
available rapid, reproducible, quantitatlive arid accurate analyses, opened up new pos
sibilities for tile study of carotenoids. The Use of this technique together with the 
recently developed microparticle packings has resulted in f'lastcr sOlute distrilut lions 
between tlie mobile and statioiary phases, hence slhrper el utloln profiles for inrdividual 
com pouLInds and tile increased resohiLtioni capacity for a given separation'. 

Although some carotenes could not be separated by tlPLC on silica ,.1,a 
carotenoid mixture was resolved on both nlagnisituIni OXide and aluiniia colilnlrns' by
gradient e ltion: however, long re-equ iIi bration periods at initial conditions were 
necessary for subsequent analysis'. lhe isolation of' some isoprenoids and polyprenols 
was also successful on chemically-bonded, reversed-phase packings'... These non
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polal tatioinrvN' phascs prescnt se eral advlltagcs over tile nornal-node polar ad
betlls: thyc are nculrtral to t11salnple Onid Lunallected b' the presence ofwater orchanes 
in the mobile phai.c i irhl reillt slabilily renders them m1ost suitable for routine 
samplC alalx ,is. I he separation ol carotelcs ISt1, thu llllat lte 1 tele use o" organic
eltiin,! socllts it rex rscd- phase, aid the resolution of' ;-carotenc frol other caro
teitoids \as soueht for Cs tilatiou of provitaittin A \liCs in tlatO Salllples. 

MATIRIAt S AMt) NI HlODS 

Slan/ar,/ Aw/ilion)I 
\Il 'slutildiud xxcre pulChasCd 'rOill Sigirta (St. Louis, MO., U.S.A.). Crystal

ilne !-clrotclc is dissol\-.d in1pctroletllm et..her; the I'Csultille solution Contained
333.73 to iml (I.21(, 1n1n'lc!, I). 'rystallhile ji-carolene ,-as dissolved in pelroleuim
CelhCr Ibp.- 4tt 11 1lhe r1110 t,,Ul sialulion conlltincd 1541ugml (0.2869 mmoles/l). The 
colc lriition of lw',C,rn lisslxcd in diclhlornethane Wis I66.60 1g Ill (0..3104
nmm11hole, I. solutionI): I nl o this sotlution in _ w! ,lichloroltI.thare constituted 
solution 	II (t0.01 14 irintolet I).
 

The1 ICtCninitlelCs (ol"I',copcnC. t,- and ;-Carolcnc 
 a\CiaeCd 7.N2, 12.4 and 
13.2 rmin., ire pCilkIspcIil\. rCeas \\tc itcLsn'01d 'or Clunrlitalion. 

Liquid ( hr,,mwao,:ra1: 
A \\'liter,, Modlo ot)t ,\ Solierllt dcli er\ sx ste (\Va;..r s AsSoC., NIilfllrd,

Mass., l.S.,\.) ivs u Id.l'hi', is a rciproCrtllhlg thing r purlip which periits digital
sclection ol'i consitan lo -rac \Vateirs U6K injector s.stcln allowed loadin, of tlhe 
samrtple atill 1itnhtslri prCs,,ure arnd assure.d Iccurlte .. Ijctcions (no Saplleph loss due to 
oack pressreontilic Alcirt)..,\ Model 450 Variable \Vavclcnuth Detector \asWaters', 

set at 470111n. 1 his clcrit \,, Ilunil
Ii'M 11ost suitablC for tihe siltanlileous detection 
of -ca rolelic. ;-ClloCllC andl Icopecnre. 

A SF' 7710 Speletrollo\ Nloniltor x'ariablc-waxelelith deteclor equipped withSI:A 33) \V\'lclietlr dri\c lid MN 700 Melrory Module, all from lKratos Inc., 
SchoCllel irlltllrrCut I )i isiont (\VcstwooL. N.J., U.S.A.), \\as used for obtaining 
stoppCd-Ilo \ \si blC spCdll. 

('hiron~r~i plthie pIeCilk, s Cc recorded on a I lotiston ()inriscribe recorder.
 
The Ifollo\\ ie Clrruorltoarlr[iC columnn 
 crc used in the courIse of this study: stain
less-stccl (31irr 3. rtnmln
I.I).) /-Ptr' sil (W atcrs): stainles-stcel (25 cil ,. 4.6

mill I.I).) packcd 
 \xilll I r( lrosorb RP-S (Blrownlee, Santa Clara, Calif., U.S.A.);

stainlcss-slecl (30 cmt 
 3.2 nll I.I). tilondapak C,1. (Watcrsl ) stainless-steel (25
cim • 4.6 rni I.I).) Iilrtisil-I>NS-It 250D)S-2 (Whatnan, Clifton, N.J., U.S.A.),
stainless-steel (25 cii 4.6 mnt I.I).1 Partisil-PXS-5,0))S (W\hatnilan). 

IsOOCiIC, chlorof'orm arlid CCtonitrile (liurdick & Jackson Labs., Muskegon,
Mich., U.S.A.). dictlhyl iether (Mallinckrodt, St. Louis, Mo., U.S.A.) and methanol 
(Matheson, ('olderi:ri & IdI-, Norwood, Ohio, U.S.A.) wer all residuc-f'ree and suit
able for chironmatography and spectropholonletry. Solvents were filtered through a
0.5-pim glassliber filter (Gelnan, Ann Arbor, Mich., U.S.A.) and degassed under 
vacunin prior to use. 
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Prparationof./od.samle/,'. 
llxt(cliOm pro"'cdu'c. Si\ tol atlo s lll]s (r'e.d-ripe MaSsachuseCILttS 2l'Ct11

houSC tomatoe,), ci ,cighinICa. 160 g., \Ct',' IMlI,di iduall, cut into small icccs and 
]nllOcl!tciCd indCr a Stl'r;llli of li[I'roiic ill acctone: I'bf I 2 min in a hlendcr. ' lie 
initial hoio.,enatc \,t, filtcred t11l0.1!lt a siIterCd 'lss1unnel0. pore si/c 20 30 um 
(\IhatMNanI). tuindr reduced pressure,' l nd the residuc rcco,cred 1or extraction. ihe 
procedure \\as rCpcatCd t.111! Coiplete extraction o1" Ill pigments ,u, ahic\ed. The 
iCCtOllC Cxt'act \I Iin addL to il eqaIl[ \ oltllC ' 'ffrs',,hly distldllC, IPCrO\idC-'rce. 
petrolcuni ether (01 1 in a ,cparaory IfluncI. 1i' .Cd and dliluted \ilh atcr. Ipolln
l'oriatiot of t,,,o OIr.the Ic'r alue.ous phas, 'A:I,r-CItactcd once , itlh ITiI nl 
the bulked IT soltion,-s ',ilod three times ",,ith \'atcIo ciito\ ilcctonc *. 

Sapol/ilic'atiol 
Sa poltlilicailon i,, ,ciheral]i licce"'ar\ in caotcioild analysis to t'cio\ c utnralntcd 

lipid itiatCiil \AliicI could intrlecre \\ ith the chroltiatouraply of compounlds of in
terest. 

iLmIat., \\erc. C\apolate. to dr\i i", at ' r' aporiitollor, and a ,Olultioll 
of' 15",, K()ll in methano,0l \' ddcd t, the.. rotind bottom tlak. Ihe, alkaline miiltu',es 
\\crc Ilt't in the lark Cu I'Ih at 1-oo0 teilpCeralurC. I tC\ ',C tl(\i.+ld, ,-"MILually
aIddCd to r ,h,litilled CtrolumC therlllill : ,parator\ Iunllel. \Vater ,as sloMlv 
poturCd ilto the f'till so is tot to lornl aI Ciliul i'li. \\lInl i No pltiiCs :,|ipeirCeI, tile 
IO\ ;]lleOUls ot lo andr li phasW 'A ll's ,ll e\tractl d itc Illti , \\ilh I'l'esh \otlllle ol 
I. The ethereal solutions. vcrC tleii hulked in a ,cparatoiv I't incl and vashed frce 

from alkali hv repeated addition, of \,ZatCr. followd bh dsea rdini the rCsultlnt 
aqueous li\ ci.S. FlacIt sapoitilied extratct 'Ai thenllconccntrated to 100 atrotarylIml] in 

eVa lpO aItIOr ;ild ShteL tittdIC tiitl' oLCII ill ' olIutllt n..tri k'. '.
 

Removail of 1'id 
The dilleIrent StipfCs \,crc kept in the freezer oeritil'i.1t, it I) . and the 

sterol, prcipitatedtl the bottom of the contier' 

Aliquot o /0/ I1'1.C" 
Tln itl frotm cach llak,', ctc lttered th'ouLI a 0.5-11t la,,-lihCr Ililter hefor
 

injection. (are 
 'Aa,,il\\,is taken not to CXlosC a1P. olft he sailiphcs to li.ght. All Samples
 
wcrc stored tilnder iitog.,n ill the 13r0cr.
Foth t-,l MnilI l(-,PI stmp.les in petroleum 
ether 'ere injected, the ['0rltI to determine ttnlv ;-C;aotlk amounts and the latter,
lyopene. Concentrations ofeach conpIotAt "ci detCrminCd 1'fon1 the shlopC of the 
calibration plot,, in v,'hich peak arC \',as plottCL a.ainst amount injected (nntoles im-
Carotene or lycopenc). 'Ilie Itcctor esposes \,crc lound to he linear over the entire 
WOI king raIn c. 

Id'nti/ication !/p/ea] %in 111+I.( al;s' 

Initial peak idCntliiCtio \'as hascd ol retention tilus and CotIIparison with 
the sta.lndarfds Is well a, co-hronaogralphy itll the statdalrds. Since retention times 
aone are not ,ttllicient bor positive identiliCattion. stoppcd-llow \,isiblc Spectra of the 
chromatographic peaks were also obtained. The SchoefltI variable \avelenth detector 
is equippCd with a memory module which automatically stores the spectral background 
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caused b chaii.nes inI the optical properties of solvenls, flow-cell light path and mono
chrolator, and later Subtracs it f'romlthe scans of the compounds. Ini order to obtain 
a stopped-flo\\ scail, the flow is arr,:stcd at the top of each peak aId the corrected 
spectruin scannled o'.cr tic desired \uaelcntltli range. 

' RI£SU I AND )IS(t SSI()\ 

()It/imi-atijo f li r condilions 
A Watcrs ,,Iorail (10-/1m silica particles) \was firsttried. Pure isoocta ne, used 

as a mobile pha . resulted iinloin rctentlion times (large V, ,allCs) a1d did not 
resolve u- and j;-carotciIi (c'i I'l'. 7): \%ith addition of,chlorol'orin to kooctane both 
/ 1-Caroten1 and lyolCneC \, +\',ith aIMC i'CtCntiOl time.CrC clutCd tltc (radients were 
fotn,d to be ir),acticaIl sie',.the column re-cuillibration ncc+ssitatcd ilore than 3 h 
inder a11) 'lCl1t1cond itions1. 

All other columns n,,cd had ion-polar packings and \\cic opcratcd under 
reCeiC d-phieC coMditions. 'Ilie Bro\ nIllce coluin packed v.ith Ii('hro ,orb RI1-8 (C,
cieniicalil bonded to silica. ho1-.rn particlhe su) rcsultCd inl t0< rapid ClUtiions. 

Ihe imiireased "thickness of the stalional\ phase ii"the .',,-o\cr the (is
coated paekings, i., to incrace tihee\pected V ,aluI This \a, indeCd 1'nd to bC 
trtit\\Vitl, 'atrs londapak ( " (l0-1rn tparticle ,i/c) and \VhatMM Partisil-lPXS-
I02-01)S-2 (a Io l0-,1 p:rtiele si.,c). l.tCr and i ixture[lIe oluiiiii of'8.3",,
clloroforml In acctonitlile as a tnuboile phase gaec the best eparatioi for a mixture of 
(,- standards. altho olution (R, 0.63) \as Still inMlCquatCand j;-c:Irotcnc hi rsc 

TABI I I 
.(iONS (I ;-'AI{(I [N F. -C'ARl(INI .\Nt) I.(AD INI S'IANI)ARI)S (N

PARIFStI -1) DS-2 \N) PARt IStl-5 ()I)S 

IPaitod/-10JM)S -2 IPli~il+5 ()S
 

y m('l/1rlO'n illtl((lo/lllrf nCj a( hlliill/
1C ill 


/,,.6 'S", I 1. .o",, s ",, 
/it/ mill) ( // illin) (2 il nit} (2 ml,muin) (2 ml, i ) 

l;-Caroicne ,.O, 8.48 5.84 7.90 8.84
f-CiroIc 5.57 7.2 5.5o 7.413 7.92 
i ., tpne 3.23 4.63 4.313.21 4.84 

1I 1.05 1.06 1.11 

1.72 1.64 1.73 1.72 1.63 

k;,.,.,, 

1.85 1.83 1.82 1.83 1.82 

2(I .t.,. -

R, 
 0.63 1.0 1.2 > 1.5 
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Increasing the efliciency of the column by using 5-yin particles" in Whatian
Part isil-PXS-5/ODS improved the resolution of the it- and /-carotene standards to avalue of 1.2 (Table 1). Samples wvere then chromatographed usink, this column and a
mobile phase contaiin 8,, chlorofOrIll in acctonitrile. F ig. 2 shows a chrolato rai1
resuIlting from iniccti n, the three stanodar'dS sin lIanouiCsly, the geometric isomers, i
and f'-carotene. \,,crc rcsolved. 

2 

z 

0 

, 3 

0 5 IO 15 

TIME (mn) 

Fig. 2. Separation of slandirds: I kvcopenc: 2 (e-carotene: 3 (I-caroten¢ (R, for peaks no. 2and 3, 1.46). Chronmato raphic conditions: colun n, Partisil-5/(l)S, 5iin: clielt, 8.' ,',, c "lorofonutin acetonitrile: fo .-rate, 2.0 il min: tc..m 'pcrat .re,amlhicni" detection, 470 rim sensitivity, 0.1 
A.U.F.S. 

Peak ident.;icaion and qualitilalion 
Under the chrom1atogtaphic conditions ,.ed, the lower detection limits for


lycopene, at -carotene and /-carotene standards were 
found to be 0.00395. 0.0372 and
 
0.0285 nmoles. respectively.
 

Chrotiiatograt is of tonlato extracts run 
under tle conditions dcscri bed in the
experiment are sho \n in Fig. 3. In rcversCd-phase chromatography, more polar
compounds elutc first . This, together \Nith classical literature oit tomato pigmnents::,i7 
indicates that lie early elUted peak. N is probably a xanthophyll whereas peak Y.which elutes hcen Iycopene andi/-ca rotene, iniglt ihe ;'-caroletle. c-Carotene is not
prominent in any sample. As expected , the tna or components of tonlato extracts,
lycopene and /j-carotene, were FOInd to be in a ca. 9:1 ratio. Identification of these was
done by comparing both the retention times and the visible spectra (380-600 nrn) of the
peaks from the extracts and the standard solutions. Close agreement between
electronic absorption spectra (stopped-flow scanning method) confirms this identifi
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SAMPLE No I SAMPLE No 2 

a; 
 o I 

, L j_ 

0 0 * 0 . I0 15 0 10 55 0 I ,5 
T IM E I - ) T I M E U- n ) 

3. to g) (bC0 (b
F~ig. 3. (i' Il' , lingl'iills of"i 3,o ioiua;tol e'\L.ii .'ci: (a I ) ''ll iujecied :(h) It0 i/ injecctd .(.hi oniaiographic 
,eondiit , a\ in Iqg. 2. 'uak,, I and 3 me Iviopcnc and -carilelle, lespeclily. 

caton since the absorhalce iS a function of the chIiomophor. - , thus a characteristic 
of cach carotelnoid (Fi. 4). 

The chro atourapic pcak , of',;-carotciic and lyCoCllle wcrc Ijualtitated using
the .teal41 calihiation Method: the \,alues obtained for the tomato samples studied 
\wirC slhoen in lable II. 

A report 'roni the National A (l'Scinccs estimates that only one sixthad of\ 

of' le /-e-aroltellc 1l",ll a diet iS actUal' con,.CrtCd to r1tinol in hhllun,1s'8
o . T-he average 
p-carotne ,ale of Ise ,amles. ecluding samplc No. 5. amoted to 1.218 tig/g or 
1.2186 0. 2031:' u retinol cLt[,1211nt,. Since 0.3 Yg retinol is y definition equiv
alent to I Iitcrnational tinit (I.ti.). of" \,tamlin A, the toliatoes sttdied contained 
0.203 ,0.3 0.0771 I.IJ. g. 

The actual notc:vc, of' the ample maN he a little 1itmdeesLiitMlCd since -caro
tet1e, asoa ,itain \ rerct'- i. \\ not acoutCd for. Tle resdthine diflerences,
hovevr, should 1o 1 Itoo im1porlant since -'ca rotcee is kno\I n to only inoccur 

tvertV sinai quanLities in tolllatocs . " and has only one half"the bioacti\,ity ol'/-caro
telle'. 

On the other hand, including inactisc pimcnts, such as IyCopeCe, which is 
present in laige atnountt, in the tomato fruit, s,ould ovcrrate the provitamin A content
of' the sample. The mtethod of' tile Association of Official Analytical Chemitis (AOAC)

'which includes this carotenoid as well as others , results in e r ioneously high values 
(Table Ill). 
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f7-CAROTr NF 

SAMPLE No 1 

-PLAK No 3 

400 450 500 550 
WAVELENGH (nm) 

Fig. 4. Comparison of visible absorption spectra of fl-carotene standard and peak no. 3 in sample no. 
I. Scanning rate, 100,i/lmin; sensitivity, 0.02 A.U.F.S. 

TABLE II 

QUANTITATION 01: LYCOPEINE AND /;-CAROTENE IN TOMATO SAMPLES 

Sample Lycopene ,1-Carolcne
 
No. (/1gig sample) (p g/g samph')
 

1 3.840 1.196 
2 9.926 1.209 
• 8.981 1.270 
4 9.985 1.205 
5 9.295 0.805 
6 10.72 1.212 

TABLE III 
MEASUREMENT OF PROVITAMIN A VALUES IN TOMATOES: COMPARISON OF THE 
HPLC AND AOAC METHODS 
In each case it is assmncd that one sixth of the measured pigment(s) is converted to rctinol. 

Meilhodologjy Av. value (itg,g) Retinolequivalent (tg/1g) 1. U./g 
fl-Carotene as obtained by HPLC 1.218 0.203 0.677
fl-Carotene and lycopene obtained by HPLC 11.001 1.833 6.111
AOAC method 18.063 3.010 10.035 
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It 	 is herefore of interest to quantitate vitamin A precursors only and to imi
prove literaltire al-,LiS \\ Ihich \wero obtained by using classical chromatographic and 
spectrophotometric techIIiqies. 

In SnIImIar\, a lie\% IIPL.( rC\creI-pshease lethod \as developed for tlie Sep
arti )n of carotelnoids using a 5-,rn particle column. The analysis of the saponified 
an( a%\tshed extract is, performed isocratically in less 15 With theIhan Imin. mobile 
phase of 8",, chloroform in acctoritrile, the coluiiin pressure was found to be 2000 
p.s.i. it how ner. incrCasCd beyond uahle range over period o lime. The newly 
dieveloped 5-tm packings. alhliouch more CliciCet than the regular 10-iml particles, 
have a shorter column life. 

Repeated injectionS of standalrLs and sample No. I wCre used to demonstrate 
the rIproducibility of pcak arcas ind retention times. The rcvcrsCd-phasC packings 
possess greatiabil ity and the abilitv to separate isocratically conpounts of a wide 
poarily rail ge (the aevCliC I CopCc ieil lillcrentllfron tihe bivel ic d onble-bond 
positional isomer and,;-.arotlle).
 

In addition, ia1om rai LlU~iititiCs 
or COmp otunds Under slud 'Call 11CandClected 
and since the atlalsis ic i, short tie pignlint dcconiposition allf fornation of 

.artilats lie ilimiinlicd .,\ll this ll lke, the dcescribCd IIP ,'sstlll suitable for 
rotlliCiaa ot pro\ italin A'\C0eonlt in na.tural products. This is only a preliminary 
sttdv and morc \\ ork is nc,,ssary to ill,'C the significance of qiamtiative data. [his 
method can esil b applieLid to the anale'Cs of ,arious other vetClablcs and fruits, in
 
order to delermile the bCst natural sotrces of provitamnini\ t'L. their growth
eiotlra 

alnd prollolc, tIei r daillColl ,illlition.
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Carotenoid 

Aleuriaxanthin 
Alcuriaxanthin 
Anhydroeschscholtzxanthin 
0-Apo-2'-carotenal 
O-Apo-S'-carotenal 
03-Apo-10'-carotcnal 

Astacenc-..\po- ~-carot enal 

Aurochrome 

.\uroxanthin 
Azafrin 
Bisdehcvdro.(?carotene 

Bixin 
Canthaxanthin 
Canthaxantiin' ' 
Canthaxanthin 
Catpsanthin 
Capsorubin 
0-Carotene 
a-Carotene 

C-Carotcnc 
0-Carotenc 

0-Carotene 
O-Carotene 
3-Carotene 
O-Carotenc 

. crn 

E '11m ,X (run) 

2600 -160 
2-1-10 -163 
3018 -199 
2730 498 
2640 -157 
2190 -135 

2 16 0 4141690 498 

20- 2 409 
1850 102 
2200 -109 
2-100 471 
4200 -156 
2200 466 
2'200 -169 
2092 48(1 
2072 483 
2'200 -189 
2800 l-i1 
2180 -177 
2592 -153 
"2592 -153 
2620 453 
2505 457 
2337 -165 
2396 465 


TAIi.- XXVI1 

vaies for carotenoids 

Solvent 

light petroleum 
Acctonc 
llexane 
Light petroleumn 
Light petroleumn 
Light petroleun 

Light petroleumn'vridinc 

Benzene 

E thanol 
Light petrolcurn 
Light )cttolcum 
Light petrlteum 
Light petrl1um 
C(vcloh xa lc 
i clclzle 
BLcziete 
Oicnze,: 
Ligimt 1Ctrotlcum 
Carbon disuljphide 
L.ight iCttolcumt 
Ilexanc 
L'tha.tol 
Cyclohexane 
Benzene 
Chloroformn 

Reference 

Liaaen-jensen (19651)) 
Arpin el al. (1973)
 
ZcI h-neister and Wallcave (1953)
 
Ruegg et al. (1959)
 
Riicgg ct a1. (1959)
 
Ruegg et al. (1959) 

Rucgg et al. (1959)
Islcr and Schudel (1963)
 
Barber c at. (1960)
 
Karrer and Rutschnan (1942)
 
Da-ics (1965)
 
Islcr ct al. (1956b)
 
Davies (1965)
 
slcr and Schludel (1963)
 

Surmatis et al. (1970)
 
I'at rctniand Wccdon (1 958b)
 
\Natrcn and W\\'edon (1958a)
 
' a.ticn and ',cedon (1958.t)
 
St hwictcr ct al. (1965)
 
(;uodwin (1955)
 
St hwicter cI al. (1965)
 
Isle," ct al. (195a)
 
isler et al. (1956a)
 
Islcr et al. (1956a)
 
Isler et al. (1956a)

Isler ct al. (1956a)
 



TABLE XXVII-continued 

Carotenoid 

j3Carotcne 
O-Carot cie-5 , ieoxi(Ico. 


"-Car'Itlei 
,-Calrtenc 


4- -CarotcnC 
C-Carolene 
C-(ar)otcne 
C-
C'r ttcie 

- t llc 

(.hi yasat elicraxanthin 
(:itrallaxalthin 
('rocctin 

CI occtindial 

Crvptocapsin 
0-Crytl-roxanthii 
fl-Cryptoxanihin 
Oj-Cryptox;athin 
l)epoxyneoxanthin 
3 ..- li)eiidro-O-carotene 
3.4-)ehvdrolvcopene 

2,2'-l)iityroxy-O-carotcne 
Echinenonc 
l-chinenone 
Echlinetiotte 
Esclschioltzxanthin 
Flavoxarchin 
ltucwxanthir, 
Fucoxantlinol 
Gazaniaxanthin 
Ilelenien 
tlelenien 
2-1 lydroxy-a-carotcne 
2-Ilvdroxv--carotcne 

1 tijReernc
 

2008 
239.1 

2760 
3100 

3290 

3120 

2890 
2555 
1626 
2100 
21-15 
'1320 
3970 

1972 

2636 
2355 
2386 
2350 
2330 
3000 

2060 
2158 
2110 
2091 
3269 
2550 
2036 
1453 
2580 
1394 
1254 
2330 
2290 

,\ (nn) 

-18.1 


-151 

462 

4162 
156 
110 
.t-tt 

100 
-190 
.121 
-163 
.t50 


-115 
-186 
-16 
157 


-152 
4,15 

461 
492 

.t52 

-158 

461 
472 
.172 
432 

478 

452 

462 

445 

457 

447 

452 

Solvent 

Carbon disultlhide 
Blczene 

1lexane 

1.ihtpetroleum 


l.iOt ptetrolcum 

iughi petrulcum 


Cyclolicxane 

liecxc 
Cl:loroforin 
LI hanMo 
liqht petroleum 
Light petrolerl 
Bienzene 
Benizene 
llcxane 
Benzene 


Tight petroleum 
t.tianol 

Light petroleum 
Light petroleum 

Acetone 
Light petroleum 
Cvclohexane 
Benzene 
Ilexane 
Benzene 
Carbon disulphide 
Ethanol 
Acetone 
tlexane 
Benzene 
Acetone 
Acetone 


Reference 

Isler et al. (1956a) 
Barber et at. j1960) 

Bindl ct al. (1970) 
Schwictcr et al. (1965) 
Schv'ieter ct al. (1965) 
Schwicter et at. (1965) 
Isler and Schudel (1963) 
)avis c al. (1966) 

Yokoyamna and White (1968) 
Ka:rer and Jucker (1943) 
Yokovam a and White (I9 65a) 
lsler and Schudel (1963) 
Iugster et al. (1969) 
Cholnoky rt al. (1963) 
Cholnoky ct al. (1958) 
Cholnoky et a!. (1958) 
Isler et al. (1957) 
Krinskv and Levine (1964) 
Isler and Schudel (1963) 
Liaaen-Jensen (1965b) 
Kjosen et al. (1972) 
Davies (1965)
 
Surmatis et al. (1970)
 
Warren and Weedon (1958b)
 
Entschel and Karrer (1957)
 
Kuhn and Brockmann (1932)
 
Bonnett et al. (1969)
 
Bonnctt et al. (1969)
 
Arpin and Liaaen-Jcnscn (1969)
 
Cholnoky et al. (1958)
 
Cholnoky et al. (1958)
 
Kjosen et al. (1972)
 
Ki,sen Pt nI (1 Q791
 



4"-1ydroxyechinenone 
2-I1ydroxyplectaniaxanthin 
Isofucoxanthin 
Isozeaxanthlin 
Lutein 
Lutein 
Lutcin 
Lycopene 

Lycopene 
l.vcophyll 
Lycoxanthin 
Methyl apo-6'-lycopenoate 
•Mutatochromne 
Mutatochruie 
Myxoxanthophyll 
Neochromc 

Neoxanthin 
Ncurosporaxanthin 
Ncurosporaxantlthin 
Neurosporene 
Oskcillaxalthi m 
Philosainiaxanthin 
I'lzys'sliel 
'hvsoxirlthin 

Phytoene (1 5-cis) 
liy toene (all-trans) 
Phytofluene 
Plectaniaxanthin 

2250 
24-5 
1600 
2400 
2550 
2236 
2100 
3450 

3370 
32-10 
3080 
2600 
2260 
1989 
2160 
2270 

-13 
1715 
2'21 0 
2918 

750 
2555 
1310 
2-400 

757 
915 

1577 
2505 

454 
476 
453 
451 
445 
458 
475 
.172 

487 
508 
-171 
-471 
-128 
-137 
-178 
*124 

4139 
477 
486 
-1-10 
.190 
-4.16 
152 
*1.15 

286 
286 
347 
474 

Light petroleum 

Acetone 

Ligit petroleum 

Light petroleum 

Ethanol 

Benzene 

Carbon disulphide 
Light pt trolcum 

Benzen,: 

Aceto.lc 

Acetone 

Light petroleum 

l)icthl ether 

Bcluzene 
Acetone 
Ethanol 

E-thanol 
Light petroleum 
Blenizene 
llcxanc 
1t',, P'yridinc/MeOil 
-th.iml 

Light p.troleum 
llcxame 
flexane 
Ilexane 
Ilexane 
Acetone 

Liaaen-Jensen (I 965a) 
Liu et al. (1973) 
Jensen (1966) 
Isler and Schudel (1963) 
Strain (1938) 
Cholnoky et al. (1967) 
Kuhn and Smakula (1931) 
Schwieter el al. (1965) 
Surinatis and Ofner (1963) 
Nlarkhain and Liaaen-jensen (1968)
 
Kjosen and Liaaen-Jensen (1972)
 
Kjosen and Liaaen-jensen (1969)
 
llertzberg and Liaaen-jensen (1967a)
 
Barber el al. (1960)
 
Ilertzberg and Liaaen-Jensen (1969a)
 
Cholnoky et al. (1966)
 
Cholnoky ct al. (1966)
 
Aascn and Liaaen-Jensen (1965)
 
Zalokar (1957)
 
Davis et a/. (1966)
 
lertzberg and Liaaen-Jensen (1969b)
 
Chino et al. (1969)
 
Isler ct al. (1956d)
 
Bodea and Nicoar-5 (1957)
 
D)avis et al. (1966)
 
Davis et al. (1966)
 
Davis ct al. (1966)
 
Liu et al. (1973)
 

http:Aceto.lc


TABLE XXVII-continued 

Carotenoid 

J'ri'lyCopeie 

Pyrenxandhin 
Retrodehydro i-carolcune 
Ietroldchyttro-g-carotenc 
Rhodi xanth in 
Rlidoxanlthin 
Rhlbi'.antlhin 
Scrili-o-caltcliolic 
Scni - or,tcn one 
Sinl xtXa.inin 
[a.'iriFimc 
'Iaraxanthin 
TInaxut Iii 
7'.8', II 2I-ctr,hydro--y-carotene 
7.8.1 1,12-1ct rahvdrolycopene 

1l'nrultin 

"']oi
idarhi(otin 
l'nrnlarhinliililehiydce 
'Ioriilarh,din nethyl ester 
loridene 
'Iriphasiaxanihin 
Violaxanthiu 


Viilaxanthin 
o-/cacarotcne 
(v Zacarotcne 
ji-Zcacarotcne 

-Zcacarotcne 
Zcaxanthin 

Zeaxanthin 
Zeaxanthin 

'c, 


1920 

1763 

3205 
3 130 
2500 
2386 
2909 
1-131 

1850 
2588 
20"t5 


280i0 
23 73 
1800 
2519 
20.10 
1932 
2840 
2950 
3240 
11G54 
2550 
2240 
1851) 
2-1t)5 
19.10 
2520 
2350 
2340 
25-10 

X (n) 

-13.t 


'15-1 

,172 
- 73 
-190 
-191 
-162 
50)0 
167 
-162 
"432 
.12 

155 
378 
395 
507 
515 
51-1 
197 
-80 

480 
443 
15.1 

121 
121 

427 
.128 
-152 
'152 
450 

Solvent 

Light petroleum 

Chloroform 

Light pctroleum 
Cvclohcxane 
1Iexalle 
CyHohe 

Atctonc 
CIlorof(frin 

1llx.nc 


lenizune 
l'enzic 


lthanol 

Benzene 
Light petroleum 
1 
Light !ieroIcui 
Chh'r,fo ill 
L.ight lpctrolem 
L.ight petrolem 
l.ight petroleum 
Chloroform 
Ethanol 
Benizene 
1lexane 
Light petroleum 
llCxanC 
Lig t pet rolennm 
Light petroleuni 
Acetone 
Ethanol 

Reference 

Goodwin (1955) 

Yanlamoto et al. (1969) 
Isler and Schudel (1963) 
Surmatis ct al. (1970) 
Isler ard Schudcl (1963) 
."aic et ai. (1970)Surmatis 

Arpil and IliaCl-.lcnscn (1969)
 
Yiiknvama and Gucrrero (1970)
 
Yuknyama azd White (1968)
 
Yokuyania anid White (1 965b)
 
l'ugstc, Karrcr (1957)
e:nd 
Kuhn and Lederer (1931 b) 
i:ugstcr and Karrcr ( 1957) 
lDavies and Rees (1973) 
l
Daviseta!. (1966) 
Ies:r and Schudel (1963) 
Simptoin ct al. ( 1964b) 
Schwicter ct al. (1966) 
Isler et al. (1959)
 
Ruegg c al.( 1961)
 
Yokovaina ci al. (1970)
 
Karrer and J ucker (19.13)
 
Eugst er and Karrer (1957)
 
l'etzold ct al. (1959)
 
Davies (1965)
 
Petzold et al. (1959)
 
Riiegg et al.(1961)
 
Isler and Schudel (1963)
 
Aasen and Liaaen-jensen (1966)
 
Strain (1938)
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SUMMARY 

A number of factors influencing the accuracy of human serum and foetal liver 
vitanin A and carotenoid analyses have been investigated. 

Serum vitamin A, when estimated by the Carr-Price antimony trichloride re
action, apparently increases after frozen storage and the serum carotenoids decrease. 
At 40 serum vitamin A and carotenoids were stable for 6 days and at room temperature 
for 3 days. Liver vitamin A was found to be stable during storage at -20' for at least 
24 weeks. 

LXposur,1 of serum to artificial light did not decrease vitamin A levels to as 
great an extent as sunlight. 

Neither haemolysis nor heparinisation of blood appreciably affected the vitamin 
A levels. Carotenoid levels were decreased in the presence of haeniolvsis. 

Precautions are suggested in order to obtain reproducible results with the anti
mony trichloride estination procedure. 

INTRODUCTIO.P 

In experimental and industrial research involving analysis of vitamin A in 
tissues or foodstuffs, it is relatively easy to keep specimens under optimal conditions. 
In clinical research circumstances are not always so favourable, since blood samples
often have to be transported or stored before investigation and thus interfering factors, 
such as small volume, haemolysis, exposure to light, various storage temperatures, 
etc., are frequently encountered. Valuable or irreplaceable samples are often discarded 
because it is not known %%hether there has been any vitamin A deterioration in them. 

The effects of some of these factors have been investigated in various studies'-, 
in which differing methods of vitamin A estimation have been used or compared, but 
the quantitative evaluation of some important factors has been overlooked. 

The Carr-Price antimony trichloride method of vitamin A estimation is still 
widely used in research laboratories in this country and is also the recommended 
method for the determination of vitamin A in foodstuffs'. It has been found com-
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,
parate with other procedures3-, ,,,and is therefore used by man% laboratories with 
no ac ess to expensive spectrophotometric equipment. 

This study was undertaken to evaluate the conditions possibly affecting human 
serum and foetal liver vitamin A results when estimated by the antimony trichloride 
method. 

METHODS 

All chemicals used were of A.R. quality or spectroscopic g;ade. Only freshly
made reagetits, kept in amber glass containers, were used since optical transmission 
of solvents used for vitamin A analysis can vary with age and purity'. Crystalline
vitamin A acetate and f carotene (Roche Products Limited) were used for the calibra
tion curves whic', were (calculatcl in Pg 'nl. Optical transmission was measured with 
a Unicam SIP. 13oo colorimeter. 

Estimation proccdurc 
The sermni pro,e Ir -,d was ha,,ed on Yudkin's- modification of Kinmble'st 

method. The standard procedure now generall,. adopted is that described by Moore" 
and Sharnan ', which we further nmdified by the addition of a reagent blank sample 
to the extractioin and bv neasu ring the blue colour prduced when extracted vitamin 
A aliquots are added to ant in lnv trichloride at a stanidardised time interval of 1o sec. * 

The method used for ihver was lx.sed on that of losic and Moore"3 with the 
addition of usinii a reagent blank. 

The experimental error encomtered in the serum estimatiion co vers a wide 
' range , ' .'. In this tud_ , variations greater than -. I0 , have been considered to be 

due to factors other than experimental error for ,,h serum and liver estimations. 
All estimations were carried out in duplicatt. 

Description of tie experinent al mth ,ds \\ill be included together with the re
stilts for each of the factors studied. 

Storage of s'rum ,tit ,th'rnttmperaturcs 
Pooled human serumn was stored in the dark at various temperatures and the 

vitamin A and carotenids estimated after different intervals. 

Vtoon-

Increase SO

-0
 

°/o

d cr Corotinogds

ease SO[ 

.2 4 6 6 , i0 12 

Duration of Itorag (Doys) 

Fig. 1. 

• Precise details of the estimation and calculation procedures are available on request. 
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too

0/4
 
Increase so 

04 Vtmn A 

Carotgnolds 

2 4 6 8 10 12 14 
Duration of storage (ways) 

Fig. 2. 

Vitamin A
350 

300

250 

200 
0/0 

Increase
 

ISO

150
 

-0 

0 
decrease 50 - Carotenolds 

100 I I I ! I I 

4 a 12 16 20 24 28 32 36 

Duration of storage (Weeks) 

Fig. 3. 

At room temperature (240-280) signs of deterioration were observed after only 
4 days storage (Fig. i). 

W\ith chilled samples (at 40) a decrease in both vitamin A and carotenoids was 
noticeable after 8-9 days (Fig. 2). 

Deep frozen samples (at -20') were estimated after i, 2, 8, 12, 24 and 36 weeks 
of storage. Increases in the vitamin A content and decreases in the carotenoids were
observed after only one week (Fig. 3). Variations in vitamin A and carotenoids in 
Figs 1-3 are expressed as percentages of the initial readings. 

Different lighting conditions and exposure"to air 
Pooled human serum samjples were exposed to sunlight, artificial light (plus

noimal daylight) or kept in total darkness for periods of 2 and 4 h, and changes in
vitamin A and carotenoid concentrations recorded. The effect of air on the same 
samples was additionally ascertained (Table I). 

Clin. Chim. Acta, 40 (1972) 83-90 

148
 



86 PARKINSON, GAL 

TABLE I 

CHANGES OCCURRING IN SERUM VITAMIN A ANT CAROrENOIDS ON EXI'OSITRE TO VARIOUS LIGHTING 
CONDITIONS AND TO THE AIR 

Lighting Vitamizn .A Carotenoids 
condition and Ceed txpisrd to ar Co,-red Exposed to air 
length of e'.posure 

Su'nliglt

2 I.1 1Sl decrease 24 .3" decrease 0 
 3.0''. increase 
4 h 55 5% d'crease 72.00,, decrease 5o increase 132 increase 

Artificial light 
2 h o0, 2.o declease O°0 2..0, decrease
4 h o.5",, ducrease 120'), ,hcreise .t lSa increase2,0 ilcl 1.1), 

Total darkness 
2 h.3 o',. increase 4 7", lecreise 5.-', increase j.o% dcrease
4 h 1.53 decreaem , ', In.crease 1.7 a incrt);ot: 1.7" increase 

Haemoh/isis 
1 intoBlood frolli one source wis divided 2 equal -c11n1le-, n wasl shaken to 

cause imeniol ls, whilst the ()t her was4 separated intniediatelv. ll vitain A and 
carotelidit coic. 'itrations olf ), thIsorun siiniples were determlind and ie llpail(I'd, ill 
there was f nd t) )e no diffiriine ill vitamin A COltlent tweeii haenl %acv.edand 
non-haII Illv-ed erln, an I ' ".7' decrease in carIotv oid; in pl'ence1 but the of 
haeniolh sis. 

.* nit -cl) gtdi/all ., 

We ilIve-tigateil the tlfe ts If treatment with lithium heparin o vitainin A and 
caroteinoiI levels since th po ssibility exist.; that plasili and s'runi vitamin .A and 
carotelnoi,is Illight neniv to he lCol parcd. There Wa.- no significaInt difference between 

I'olupl of si'12uf 
In order to test whether different \ltdlmes oI serllut give interchiangeablle re

suits, the vitamin A and carotenoid levels If 1, 2, 3, 4, 5 alit! () 1il of pooled serum 
were analysed. 

As shown in "tl)[e II, voll ihs of between 4 and ( nil gave reproducible results
and 3 111iwas of bor i,.line .acurav. [it the absence of a reagent blak the excessively
high values obt;lined with I Mild 2 I,11 samples were even iore exaggerated. 

We also tried to 1,0dif the prcedurele b reducing tie volume of 

TABLE II 
VARIATIO.'SS IN VITAMIN A ANI) C.\ROTENlID VALUES OBTAINED WITH CHlANGES IN SERUM VOLUME 

V"olioe oj .serion VitIamion i Crote ids 

6 inl Stanllard Sttnudal (I
5 In] 4.5,, dlecrease 1.0',, threase 
4 lil II t lecrease 07.1',, ccrea ,e 
3 nil I .wl, ilcrease 5.9o decrease 
2 til 38 o% increase 3 Q.8"o decrCase 
I Inl 35 38", incria.,v 33. 1",, decrease 
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antinionv trichloride to 0.5 nil and using a micro-cell, but tile restilts were not satis
factory. 

Dilution of struin 
Some workers dilute smlall serin sa itple, with (ist ilt ii water in order to achieve 

tile recoinended volume of 0 ml. In t similar series of expernivrints to the previous 
one the vitamin A and car()toioid contett; were analysed in r, 2, 3, 4, 5 and 6 ml 
samples of pooled seruni diluted to give startilf vl(dunies of 6 till !in .;tci ca.e. 

TAIt.I- III 
EFFiCTS IILUTION S i 101-OF Till: o'F i ON \ITAIIN A ANt1CAROiLN )II VALi S 

Vel/umrt 	 [It,:inI .'4 (" I~t'id.s 

5 nil er llllI fill water 1.3'), S i
 
4 till vrmin 2 till \atcr 1to 2.1 ) ,
 
3 ill .riIII 3 Il \%, l , So I,
'il 
2 ll] scrtmi .. i N tler -h ' Q 7 3 ,

I fill tvrlll fll11 %%,aeir 7" S I ot) o() 


'll wa- fouind i tffct ,il tht vitiltitil A ain d ar ten,)id vah x ,- ith tscrun 
oihiintte (f -I iill mid h,.I (liu l. I ). In ti J)rt1.,ii (4 iiddt j oilti itt r, Ihi -serntnprott-~in %tult[ ilw com plitt-tely prc it,it itct ,ill athlititm (if r~thn.ii It v, -ih :tkpfptar, 

tltr.fe(rt., h it flti, vit iti iit.vAit iti i iiioti uintl aind x t th t liti t n':itpletel , 
ext racted. 

Si' I 	 , of h7','. SI,t ,-II,' t t I to ' ,!Uir.s
 
Ihuii)uteictlIkd htititii f, 
 tal livers \%vre stctred in the lark, in -tcrii c(',ntatiiirs, 

."hM;I c.'It 4 'ant - 2"cr1t1" it . wint iither frslil 'v 0l taill,( ,i hil lie' leriiusl*.
 
stored it -2to Aftr ,t ,Ilk'> stiriage at -t , toie wals;Ia itll hcri.,re tf -. Wc' iii the
 
vitamin .\ contt if firh 1iv 
 r and a iiiit d'irei;t( of .t(i)', iii \ itiiiii .-\Acoiiten't
 
of the livers pritvitu.,
nv st, Iecd it -o". At -2t there wre no sigiilicatit I'liages in
 
vitamin A ttiitclit lvii aftet 2.; wvks; !.tro.e ([ie. -t).
 

l01 

eh,
 
53
Increoif 

so 

100 4
0 4 12 16 20 24 

Du- f~..	 of zItu .I (WtIks) 

Fig. 4.
 

Sam/lig tc/,niqueftrfoital livers 
The vitanin A c,)ocentratitn in, the hunan foetal liver is reported to have a 

consilerable lobar variation which is closely related to ge.,tational age"1.
The vitamin A concentration was therefore compared betw,-:; right and left 
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liver lobes of 13 human foetal livers between 18 and 28 weeks of gestation, and 26 
livers of over 28 weeks. There was no significant lobar variation between 18 and 28 
weeks but the concentration was significantly higher (p < o.oi) in the right lobe 
after 28 weeks of -,'station. This factor could affect results if a standardised sampling 
technique is not us.ed. 

DISCUSSION 

Reports on the stability of serum vitamin A on storage have been based mainly 
on other methods of estimation of the vitamin. With Iluoronietric' and spectrophoto
riietric3 techniques, it is apparently stable for up to 41 months at -20'. During our 
own investigations at -2o there was a progressive increase in apparent vitamin A 
content of the serum with length of storage, accompanied by a decrease in carotenoids. 
Sera showing large increases in vitamin A content gave a slate blue colouration in the 
antinmny trichloride reaction. 

The degradation products, isoanhydrovitamin A and retroanhydrovitamin A, 
which are formed by dehydration of vitamin All, both give a violet colour in the 
antimony triclilride reaction". Hickman"' described these isomers as being "formed 
whenever the vitamin is mistreated". It would seem that the most proba)le explana
tion for the erroneously high vitamin A values observed by us after storage is that 
these products are interfering in the antimony trichloride reaction"s . 

Of the temperatures tested, chilled storage can be recommended as being the 
most suitable, a serum vitamin A and carotenoids were found to be stable at 4' for 
at least a week. At room temperature, we found the vitamin to be stable for only 
3 days and the carotenoids for 6 days. 

sIt has been suggestced' ' that compounds chemically or otherwise related to 
vitamin A may either inhibit or potentiate the blue colour produced in the antimony 
trichloride reaction. We have found that synthetic cholesterol, ethinyloestradiol and 
norethisterone acetate when added to serui, did not affect the reaction". 

It has been known for manv years that vitamin A is sensitive to light2-0,1, and 
is readily oxidised. In our experiments, the destruction of serum vitamin A when ex
posed to bright sunlight was as expected, as was its potentiation when additionally 
exposed to air. The effects of artificial light were, however, minimal (Table I).

Haenolvsis of serum samples has been reported not to affect the vitamin A 
level when estimated by the antimony trichloride niethodl 1. The iiltra-violet absorp
tion method is reported to give erroneously high vitamin A7 and carotenoidS values 
in the presence of liaemol'sis. \Ve found that haeniolysed serum can be used when 
estimating vitamin A by the antinmony trichloride method, provided that one is not 
using the carotenoid value for anything other than correction of the vitamin A 
reading. It is a consistent finding of our laboratory that the greater the degree of 
haemolysis, the lower is the carotenoid value. 

One of the main disadvantages of the antimony trichloride method is that com
paratively large volumes of serum are required for extraction. Kinible' recommends 
the use of 3.5-5 ml plasma; Yudkin2 used 3 ml; Moore"' I ml to 6 ml and Sharman" a 

suggests 3 ml to () ml. A's large samples of blood are not always obtainable, valuable 
specimens have been discarded because they are not of the stipulated volume. 

Since we have found the method employed applicable for volumes of 3 nil or 
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more we use, in practice, a standard volume of 4 ml for all serum analyses and avoid 
any dilution of the samples. 

Since the effects of saponification of serum samples before extraction of vitaminA have already been thoroughly investigated I,o,.,1,s2-24 this factor was not in
cluded as part of our study.

There seems to be no problem as regards the storage of liver specimens, -2o
being the temperature of choice. Our results also indicate that sample, taken from
the deep freeze should be thawed and estimated immediately as those placed first at
40 showed considerable loss of vitamin A. 

As our findings regarding the distribution of vitamin A in the foetal liver further
confirm those previously reported we wish to stress the importance of standardising
the sampling method or utilising whole liver homogenates in human foetal liver studiesand also suggest that the pattern of vitamin A distribution in the adult liver, and that 
of other species, is also clarified. 

In view of our findings it would be advisable to pay attention to the factorsdiscussed when using the antimony tricloride method franalysis of human tissues 
or serum. We would particularlv stress the need to standardise the storage period, or
if this is not possible, to consider applying correction factors. In addition, amber, orsilvcrfoil covered bottles should be provided for the collection of specimens. Duringclinical trials, involving the determination of serum vitamin A, it is essential thatcontrol and index samples be kept under the same conditions and a standardised 
procedure used ior all analyses. 
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liltAWL YSI S AND)RA X PURITY AS FACTORS 
C:AUSING; E1UHATU' RENULTS IN THlE 

MAGARE 11.UTLN1 RI'U\ 'pjj, 1-1LE IMY 

IDirision of N\uti tion, lbp~art St,~of' ]Uiol isi..iry andl McAl ci4, 
1,IJntI, bill IS .u Schooil (if'.!lu i 

(Ructeivei for 11uillivat on MaI~rchi 12, 195S) 

Th~e Il1cr1iCT411((1(Iof liessey et if. ( '46;) h)1 I lhe ileteniiiiaf

tioll of itamn andeN1Isleie 111,11 ofiV(h~l)0Pnvo ill it(1111ite '. 

r(sllls, vt it c(4 lt\(iw he reslI111 il id I ( 1(41Ias adoption)1 

Sevor'lI I414ilsa:114euteiried 'xilli the 1ei)l-i44i~ility ofi re

141':itiolli 14(4sar to4 4)141ijli valiud ullto ( S-i1,1 1mill Snow(4\, 
'-47; llieji :ajl1 Schiiltze, '.-) : Caistor and1 Micke41541i, '55;) 

Mt (X lIwlil\lo j5 Iiis l44(Iheo metioniedi 14\ two*( gitill ps of 
Nv()1k(1s (Sobel anda Si4w, '47: Ilieri 11101 Schlltze, '541), 
a 10111hugnoi de(1iled stildy (d i ti appe1ars 1t) 11:1W 144(11 ililate. 
Soho] anid S'-iiuo ('47) Sttll that Qliolvmel 141od 1111 beei 

'rliis, xt vml, siop(,rt-1h 1 91-:111 the Valleyt Auithiorityis I il-on 'ielile.-ce 

:[ll ugou,-lteI Ii ly I\ i \V ; I :uI IuI.1,-Wi I r I I 

N54: 
('pv i diiI 5 

The, Wistiir Inoimm, of .(raomiiv andiI Idmorv 
Mll ridi s rvserv ,i 
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])l'encle of lcilinlys is they noted alOl i l(icrease ill cl otciie 
v'aliws r'ang~ing Ir 2:3 to 11 7§: ( Althioug~h tile incease ill 

Bliei'i anid Schlitze ('51) i'i'inited tha thet obi'0servait ion of' 

exained('t ag.aiilst a1 white 1iil(kgr!'0iildI ild d1iscarlded it' thiere 
was evidlele of, heiililiIysls. Ac('('Oii g to1 lll'ill ' lieilyv''ed 
S('i1i5lllll v'Iliii' FtnI vitailiiii A, Siince th-ae t'il~sisteiltly higli 

1)rOIhlles oft l('iidIV"S aret parltillyI (listrioyed hil lilti'iiviolet 

le Condsiion tIl hl,stu diiitiig' i'illt- anl diiie cie 
IlletISill iit'ti(Iilul ' ailes Intliii l';I'(nhh l isilliti il i e 

deledmii el tn5ii '.. Hi ilwlc. (ud i'X l t0is 

In thll('i ln ilsio a Ysdaizln fbti' ell 111itilte ws uese 

ap'redII toupiesc,1 I tat it ill A ev~es (f l(ilohnvis rl 

1,111(1odasinn Ii flu I 1 11m11( '50). (id Iin1iA an d sera.(hl 
(leeihiiull ~lstudy'( lcmii'fo'uil('(thiis i11seruutiin fillos l)Vte 

fileorsre"m~lild , a d had15 Il e miiln a io 'p e 
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Carr-Priee (antinom trichloride) method (Carr and Price, 
'26; Dann aiid Evely, '8S) as well as bv lhe Iiicro-nIethod 
of Bessey ct al. ( '4(). Tile data, sulhrll:I1vizet in table 1, indi
cate a iion-]ilear i ilenrase ill appjarent setriii vitamin A eor
responling to tile illclease ill Seul-llli I.lioglobill whli the 
13essc,.v-l4wr.v method was used. llemolYsis (]id not havo a 
collsisteht ilntllelice oil the vitaiinii A levels as 1ne(asnutred by 

TAMA(.: I 

l'italitin A and varotn, lables of Nera xh'libitng raryijq de'reirs of hcmol/sis 

1 2 
Sc llnl hvnioghlbili 0l!il(.112 (I.ois 0.28 

Vjtliii A, llivro' 216 277 :112 :1661 
M Vit:imiiz A, (arr-l''i 1-5 154 153 140 

Carotline, niic 13 90 1 90I 19) 1 ,I 
Caroilue. (m r-l'ri, 169 1 11 188 178 

Sertium 

Vitini 

liiuiigli n 

A, licrao 

(1.0(i 

31)) 

0.0)7 

.122 

0.2.1 

.11 

(.43 

441 
SVitaini A, Car- Price 16.4 229 187 190 

('arol'ile, licri 
(.atrill.llw,(':i rr-I'ricv 

]Dl 
97 

is 
10 Si 

Ill 
97 

11-1 
94. 

Serum liviii glil ((Ill -- 0.22 0.59 

T 
Vitaumin A, 

Vitamjin .\, 

nicro 

'airr'lit 
293;) 

213 
- -

-
368 

217 
450 

217 
(':i ria i, mi 'r, .2,1 -- 209 209 
(nrOl,,l, mIrr i- 18810 201 

I-i'rlnlil ,illg ljil - (. (.22 0.78 
Vitamini A, .nioro - 063 3-13 502 

SVit:aimin A, I arr-'rivt - 192 174 168 
('arilt,,, niar 
Cirothii,, (':i rr-ri 

-

--

103 
1.51 

151) 
164 

186 

1.5 

Seriuin livniogi!liii 
Vitinmi Ax, nivro 

0.(000 
286 

3 
310 

0.(10 
3166 

0.27 

418 
[ Vitainhi A. (";irr-'riee 1.19 - 158 142 

('aroteyn,, uioicra 303 303 302 268 
(' i Illilo, (':i rr-l'ri'e 255 271 286 308 

Seriim liiogholin, guuin'l Jill strulnzi. 
2Vitnlin A, T..'l ill])mn scrum. 

'Carotone, pg.II OJl nil serinn. 
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the (Amii'-'zie react ion. Ev'en inl the ahseiiee of' Ieiolvsis, 
the OWlaNi A valueins olta ine byi tile in ieio-inc'thod wr 
ighier ill eachi instance tlal wVere those t'olnin by uise of the 

('alr-h )jj proedur[ei. ( a lottilt' \alli('s were iiuii1T(Teteil by 
he(iill 'sis, a:1itl 14 two4 i114t lis ofI ainil'sis- were't ill irelativ'ely 

)4)4 lLgood g 4elll Il 

\\1lsI(ea ,' ll serl uivlvlu'u'\trs fr xvel' tos lotvz( Owt I l( a 

r114ated by \\41k'l red'l cll4\''l( \('1-rel twile wa'i'f l bvi1 

t'eltl'11,11&!: S \4l'aal i lls with 0.9' saline. I )stilletl water 

the mlixturle as tilled \i!!ollIslv. AlIiIintOs of t his red cell 
Ill o , sl(t, 'Is \\('11 as Ille l'4)ll14'tld S411,0, \VeIe aIilvlzed bY tile
two tIdwi15 pr\imolslv indica'itedt. Tlti i, sit Ill l'1MtIt'1 
ill 1aI414 2. T111,~ v:11111., (Itilw'h l)v 111o' "lrr- 4 I ice 11I~l(m \vt)'e 

iinom. Z~en (ImI m l visllila'44l A11111 l ia14ll( llicroproellleh'i l 

0,111i ri \\1( cnk rilI I t p 4 a1141i l 114 11 anIll' A111(4141 arote1 

11tlove 41 541h1i, 41 44 :4111d i Ilcn'4 ilil A14 and14144141cm-t'1' 

as lt 4)1 (ItlS.i 1 I111 \(il ii i vIhtl4\das 54 e hhwItld ii(st 

hut ll1the p1 ll) e (,'1 il1111s (dli4IItha nilli A t4111ii4le t ll by4 j
]i('lis~4 wiiloul I ihrp t44'ime., 111 tlle'1 4 dil utc(re ha stili
Iioiig(i 14441mii4'Ilii' l'1iiOlwd hY ~iv vitaminala *Nvni 11l values. 

rbital eptlslyk l iuill,4'1i *111. d 1 )v 1- lit odIm ill anlz ni'v e1lii( 

1?,uvtml : itli, s (,Iir 11:uifit' 1,1il :1d Iel 'd d il w 
Studied's':4ul, P.00lm al molar)4lI 

01 Iviln, 11( I,,l gI)h l : w re1 1 lw ' djll\\(li5i t 
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Values Olbtu iuid by hie (iu rr-Price met hod are Consist ently 
low. 

Vili lIin A aind ralf-ne- ralucs oif washil dc ils aind scrumlf 

SAM IllI. I:__ 

I Red (.4.1 lceivoi'nte 15 923 252 
St -1I1,137 8.Yi 88 42 

11 Evil evil liviil.1Satv is 165 S ) 318 

'l*.1 li1 

VI ccc N A1itcIN

Cai-P v CariNevn 

at I4,( :ie1 it it hat iiis S Ixit ii 5)a1 

0i0001 Ni Ifelligisl tli imiin:Itlc1 1 lt9 5lstlmu 8~l 

tatlIh1( 1111(1 hstanl yIIIl(i "' I ltII la sc 111~I~r(1i'C-d 

iai.'(lt Iii~l)I N KIM (ki-pt II ill (mo n -- hiss bottle with a 

ot, ktiuseiii aind NYvlet, slimetl ill I lI14t.Olt hoatl 16111 
&iiuuiiiitl-flmSs 'liitIndt inot jc:ttlet'('( IUloIII Iiojil. \ ll tis 

' Jlitile ofl Nui tijci of (Civtc-iil .Aalir o:i d hiul iil~ai (I N'AP), Guntci1:iia1 

Fislher odoless.
 
' c!ink nevagehif
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210 UTLEY, BlODOVSKY AND PEARSON 

study was undertaken, K(0I111and keroselie-xvlene mixtures 6 
monlis o1( wro avihla ;n1 oliol whi h ha(d been redistilled
1012 1mo111hl)rvviously was A11m0 available. In addition to 
these "'ged" sointiu" s, I'es Ii rea.oit s were re)lpared. Keiro-Sell(, ald xyh(il, w\(,rv, liso, without spetciall purifivatih), and 
u)(,wly opel)(1e rea1'ielt -]rao a ollhol \;Is used without relisiil
liha'. All possible collilhillailols of tles( three ragelits (8
co1li)illatiols, ('ode(d I to 8, (eslile,(l ill talble 4) were employe(l 
in the flhl!.s, of'}willovzel 1a(lnioli-hoiii)olyzel aliquots of 

TABL I. 

i 
b .forr aInd o~flqr" hemolps.i. 

Th' trlt of agid r,a i t ,.oil 'iffinsit .A uind e aot fie1A.lu,,,08 of Strnir 

IRV.\(ENT 
 Vl:\' I"N
 

',M IllN.TIlN 
 No h niolvli s ll,liinlv vsk,* h1., 3,lj(isi 'tioll 
A l e' Z( h oi K (i l l K , / floi./ . 'or . ol)od ] " 
 lid 
 1/1 t
/ :l~ m U Y / 1 0 0 ll 

I. age) aged agel 1IG 5G 12) 6 
Z frxsh fmes f'esh 174 2)30 122 120 
3. aged fKesh :igeil D o) 955 119 (6 

aged fresh lrsh 18t 235 124 120 
5. aged age l 2S4 24 120 
6. fresh :agell aged 211 772 12.1 4 
7. fresh igi frk 1 197 279 125 124 
8. frlksh frs'll :igell 178 762 122 6 

on( 0ll'ili lsa)le w\ith lhe results wii i )(pplarseum illtable 4. 
witilven all l'eslly plepal dlea('liits (conthinatioii 2), 4ho 

vitaiiin A valme of seiu, i tiooli ,iio\v7yzet bloo(1 was ;(.l1e
what higher thal the (orirspolndinge iililllolvze(l salml)le.
Sowever, inl 4 (1a1(,s(igeaiit (.olil)iialimiis 1, , (6 and 8)

vitaiiini A values wer 1 lhee to 5 limie(s hiiher w\hin ti( seruni 
was ]eiolyzed ;tle (,irotelle was rediucedliarlv to Zero. This 
ilarke(l redu tioi iii carotelle is illcol'ast to tlie areliiOlt 
oil ieliolyzeI a li(] 110-helioyzed sail es shown in table 1. 
h disei ( tol)nliy ill ('arotene valeII(s is (I10(, (iffereinees il tile

keroseno-x vle lixtulres; the ago iixtutre deserilied above 
was not fle sali1 batcl as was ised in ohl lahiin the data in 
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II vita m 
vl,es on lieiiolyz(l sIiplltes aro (llt' to theit'aged ]t'loseie
xyleIe nmixture, lii tHant agmd IK0I) (combinations 5i and 7) 

lso .gives a high vii.miii i A va lue. 
T1o ob tain hii lher illl'liiati(I (netieelill ' th et'evt of' the 

1't'iii~' olr ](,r(osii xvltii, illixtlli's,(411 \i I'mor 

talh, 1. It 	is exiIIt thai tI Iie 'i A h)\" eIa'otene 

vahhi,.s lieolvzet 

n lsili g 
Illixtii'r s \'liiili varied ill l tii l fre..illv preptaredl to :),s 
vttks (hi. No tiia (d1-Ita ells 's ('wastllployl. Ihl(i 

aliqiotts tlit' siiiie elil( tlti kti'tollt('i(V-Xtlie~ 

Uliir ofll 
],(,sulsi r i taileh t1h' o" leiolvsist ', sst'tei ill 51. Ill rlel.'s('ll(o' 

"'lb t I 4,1 of ! in!iof P , i" ./l (, itam -I and 7(a4'o(I ral4 .1f I 	 lf, on r 
o,1 , llfr. (rt 1, 11,moly,is 

1-:
\I: N
V\ 'I I 
,
KER:IOSNE- X'I'.K'NE- 4ol l)], i I 

'k( F II 	 l m l.:i N,) hlllwly is ]|vlnolysis 

38 11]5 ,S26 l.10 9 2_ 
'11; ll0 S33 1.t"2 47 

23 138 S 12 l-1 1.14 
I lt 27 ) 11; 1 78 
11 171 291; I-is 17)I 

the older (2) to \\(,(,ks) keroseiie-xyhvii mixtures caused a 
striking ilietast' ini aq)larenit vitainiiiii A ('Attn'tn anid ill three 

tast's aof 4 11 aei('nit reduct ion illca lroltw. A 4-week-old 
lixltiir' gave siii ilir results as did a freshly pr(ltarid one in 
uoi-li('i zd t,~h+)blood, but )0o11 h,e 1toa ilailv two-fold increase 
ini app]arent vitlillill contenlt id slightly t'vl'vated caroterie 
lev'ls illllltlyzetl Samll(s. Sillce evell a freshly prepared 

e'(oseiie-x V]'ii ' 'or ll.,s -Illixturo pir'ove'd lllisiitahl' iii n' ie 
Oe(itde of lliolysis, 14111i that ion of' t lieso Nt't\.as stulied. 
( 'liaiigesiii the soe llal absorptini characteristic; of this 
lcalit hae'' ])li rct'('od'tiedIty lie ri t a]. ( '51) w\h) Stated 
that the absorption (iifkei'oSeiie-xyvtiie iii th region of'2310 to 
400 lip grau(lliv iinc'retas('s a't(er Standtii' tttr a)oult two 

160
 



212 UTIMY, I, HOIOVSKiY AND I'EAISON 

ionths in a ginss-stolqw4red 140 tile Uhpl(,lect(d from light. 
They sugg'st that errors (dle to chang(,s in this so(vilt ''1ll 
be avoided ]y sioriny' the kerosene-xyvlene mixture in lhe dark 
and by fIeqetil chocks ()I' its a ,sorption il the region of 
310 to 400 iiq. Karmiarkor el al. ( ')2) advise hllt lietkerosene
xvle heietluxed over Ilu,)'tli(' sodlin flor soernl hours, 
t'ollo.i by disiition (i' Iixyh ,n' atI) (C1 and the .(,rtsen e 
-it 180 tIo 195 (C to clistIl'm4 implurities which inler''e wvith. 
IiIe l 1 I ] 1)t l ()lvya 1i'f m'ti(ov 1..'lt ,l )(' \rI , 7 ni) stlll:kerosenle hy\ shaking, with activ'atedI charcoal and ilierill" 

(hrnmgh li Wshn'(,.h5 11elill. ilsstrl iil 184 )itnlss Th1Wl)(,eoxylkn(, us (.()nlma e vmi A th water' is 1(,s,([~ who'] ll n,\\- h le((l_ is 

8( Iti(e l o(,l nKt(s Wsy.and it is redistill(et wA\ still( (, Ille illtlh (ln (( ()I* pulrilhcati,,l o)f xylllo,-1,oroselle 
oil the, Ih.'lzlilenlll 1'dlm'n,.6 was llira l.,a, f,ollows:' sis 
(1I) Xylpiw. was r(m lislillodl in an :Of .ass still and~ til 134- to 
137 (C'1frac.ti()n ('()hwiml ; (2) Knr).s(one was shlok,ii with at 5', 
soluiion (d) - ititii I ic.ar)) nate, wNasl ,1 wi li (listiihe(I w 'ater,e 
111111 st()'(d ov) niL-Ilit o)V't-ul-i( sh ('fth ittll clr)ide. Th( k ro-S01( ) HI)(Ild) was 111,11 shank(,), with app))r)i)ima (,y : l , f 
activated, chlarco(al", and( ltl,(,od 11oll '-d~l\Vhal) min --;I filler' 

1l4,4' (:) TI' r andstxylt'om, w'n, tiixed4 Just l4('f4'(e
lising iidI stred it) u diark 14a1.4,. The i)triti4,l korf).sti' anlxyl(elle wo're ]l()t stl) ,of(r ani v , .i (df liIl(w hl),f()re mlixin'. 

A\' (tt4usWo1od441 sli)i.ldo was divilel inlo two) lttioltiS()s onei 
was alloe\\(I t4o ('110 )ol')t4 ('o'ttlril&'l ali, 11n Ili' sel'ttremoved and~ th(, seco'(nd lplaced'( illillicoinl ,v 

and 
ill a 1'reezer" 

at -25(' fr tut.e hiauts. The li'mool(lhiii (')o(n4l 'ation(of' the 
lttel' was hdet(rtitea(l aal aliquots were added to knowno11, l )ion))-h(ilolyz,(l s(lrum1 to obtiain ira.).'asin/ u(con()f 
(c(niratiolls of,' 1:eq no']do)ll) 111 to 1.0 g-Ill pe(r 100)) il . Thes 
Sampqles, alo)ng, willi a "('(illilteh , y" h(iellil ,yzed( samleh w ,ro,, 

mm!.zaw( fror 'ilan A\, u. n,.,ge, haie(. o)f' ker'osen(-xN*ole
 

I''l it'el as ll ail.4l in tale . wasThis exl )(,iie t r'el('ated 
"Ao.rroy).v e\ , (;,., p~rkal(,tc (l~llli~ lo 

I arco (;-;4, :i'tiv:,it 41 ,):in':4 olt:nihwtI fromu Al\ias Pwvr ('omlInny, Wit
miligtonl, ]Dvl:w:11. 
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Th" effref ,/ po ri/if! Ui o]" ' rof ,-,,'-.rql, ,.on t1, r,liability of ,atl ( obtain, d o o1,-it,mol.z,4j fan ,' nedllz, 7 a li,qmots of Fc-rn m 

TI.IA
 

TRAL
 

*r l l,- ],.l , V ii:,mirl
.211 0-.\ i9 2. 1-4l -- 1 71 -5 . -1. 1: 015t21 -- ! 157" 121 401
 

fr-.1hlv !jr,.t:i
ri,,
 
n r il V Ut , 12 9;tin1 ... 114 .i. 4 2 1 1 .---fir t 11 . 11 ' 112 4 01
 

] : : 1 .... .. .. ..
. . . ... . . . . .... . . .... . ... . .. . . .... . ... .. 
 . . . .2 

K I-,. - . Vi:lrminl A 2'2 2' 7 monih 1, _. - - 512S9 144 1 s - 2I 2i 2 f1li1 1661 V 
l ull ielit 140 1- -- 1 1 '1'9- - 29 125 1212 - 1' 15'' 152 425N 1 

I-14rt-,' Vitamin l 4211 4t;f' 4St; --- - I'l1 S 47, ... 17 512 -52 16;2 1
 
| purili.,l (': roune 
 14'l 2; 22-.-- --- 1"2 12i 27  22 29l 25 2.36; 

l,:,Ile-il i. li,,i I1ti'I) 41 2 t, ''.52 (.7S 1.29 12.94 I.I1iI 0'.12 I.21 'i.45 '.72 1.17 11.7 > 

' rl--hll
--r\ , .j?,. V it:r X 1 112 1-19 1 -'S 442 125 151 15 1-4'; 15 1 149 2 Sf) 
lil Ca,( irttcm, 115 Ill; 12:! 122 1:'16 159 29-1 1 s I 11; u ; 1i1; 112 111 S2152] n1-ii, ," 

" '!s'i'x1, i. il Apiirith I'M ,lU7 Vlitnllini 1S2 2Jifl -;I . "19! 2-54 !S 

lu r il h ,' C: o e 12 s> - 2 6 -If 1 2t1> 12.... 1 9 1 2 i 1 1 25 1 m 

G I S"4 ]! 21 _.5- 2 -11 2 19 51tIq 

no t l 'ii-Il 1 2 1 1 11l 1 231 12ii I1 ;: 12 4 

V.t:.n..A 1'' 9-4S 7! 701 1 2S 4 2 39 1 -11" 
not, pl'rii,-l ('lr,,I ele I2s121 12 14 17 12 11-2 121 12 11 1i 12 211 

1 I I .1 . ,0 of f 1 : 1 1 1 o , f o 1 - m o n o d ~ fr t 

I :t Iif -fir t tilines. Ili-e ,sjlg ,i- r,- I -IleIIsis tt ,lf is indilj-lc, ))%- till. buillog ilI V:1liit.g -I,bin. gn1 p-r ]i0i fillscruml. 
Vitainh A, I.V'. 1,r 100 ilnl -*rumn.
 
U(-"rt 't- /l jwr lI00 fill sv'ri-m
ug !. 
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4 times on ser i! obtained fromi the sanie douor on differentdhys. The keroqste used in at was agai treael AMreagen A 

activated charcoal Just prior to trial IV (Ihis had wt lwii 
done since a)lroxima.tely a w,ek ptrior to tiiil 1) hill this 
apl)arentlyli ((ot alter the resuit.s. The ial'i sllhliullariZed ill 
table ( show Ite, vari(edI results whic'h iliv lme eb'taijied unless 
ext reme car( is takill il tltt l)l iei(.iition (' reaenUlt. Consider
ilg trial I\, onoie may ('()ni lh , tilat it' hl k(l ros'll(-x\v-t lt' is 

espiecially )urifid andi ilrshly 'elpar(d, thll (:r)tolle Va~lii 
will not lt afftetel hy iliotihrat( ilnol, Sis. l'(vlt the 115( (ilsp~ecia)lly p)urified( andl l'ro¢sly, prepared[ hor(selo-xyhole Ilix

tlure (lot, ]loit el(v t a siiall ii.rte ,l, ill aplalrent vitaillii A 
Conitent ill slightly hm)lyzd((i samplli s. Ill the ilersel(e of 
a v'orv (ldl, 111lurilh,,l k(or()s-e(le.-×yl(eno mitill-o h lt ' also 
increase in vitailita mi (ontenjit. reSullt_ frni hiiolysis is 
,t-rikinq', aiti the earoleo is rt(iueei to a lvol appiroxili).iing 
Z(Ci1). :It ; also (vidl t that lilt relialti (,!It"i will result front 
lit) -homol vt(,I sailjv, iit ")hl or 1nli'iht ie ( igtiit 5 are used.

ra(,i(.al impl (di thi.s stuy(v oliviols sin'e 
nutritio)n ,'l< wv s whvlich e')ll lli( , Ill W)hrO)-I (l )loo,Il ( -ess 
and(Lwr], 11,:0 1 U'nder con)dition)s, the 

Th ae Iatio ' aret 

1r)MHO,011,,.4. silrvov 

s,,amles 11ii1sA ot lhe t lrsp(rtedti I'ro lielid to ial)()al(ory as
who(lh l h)((l, mid .,oe(' ilil V,,si, isno)t ul eoimiuio . It 1]su(11 
i(itolyzdi sail l)hs aIe(, ah laz/(l witho(ut tihlptrecautioni of 
llsinlL- a cmaihillv ptili(i' k('')so(']e-xyeno lilixlur,, riulse 
results will It' oltaiiltt. T'he l,('itt(l(, mid xvleie shouldi be' 
liixodl iliiitiat',ly plrior to using, aimt it' it is iieeessaiy to 
keep this solveit for sh)rt l('rio(s of tilli(, it liluist lie pro
teet('l front liht. 

SUM MARY 

Heniiolysi. auses a raise ilicrease in sernm viiamin A values 
when th I iie'o-Iiieth) or Hws's(,v and L()wrv is used. An 
es)ecially )Iiiiiihelandi i'(shvly tpreared kv'roseiie-xylelie mix
lure milimizes he talse in('rease in vitalil A 'anse(li by 
heiiolysis aild avoi(Is eiors in the (arotene measureunents. 
An ili)urilied l'rosune-xyh(le mixture l)erilited to stand at 
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roomt temp1)rat ire unp rot ected froni lightI may caulse as mluchl 
as a .10-fold imnrese in the( apparent vitain A coiuteii of a 
heiilovze d100( sanilpI am! a. ([(IPHA dinflnntioui in the 
apparent (olltM or eaioteiie. III tile abseiice of heinolysjs, 

th'0e aroeneievlouiseu ii y .1es' am!~oV~ )oeondY4 nicI 

shoiOVill" evidellce (d nIore thian a tace or lnolvksjs should1( be( 
dIiscardIed. Tho( CaI-lPij(e reaction)1 is relatively 11lll11'fecfer
 
byV liiolyNsis aini is ther(nIore thIll1et110d or choice ill er
('illistallcvs w\lwe suifficient h)100) callib hoItaljl,(
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Immunochemistr,. lP.,rgamnon Press 1965. il. 2, pp. 235-254. 'rintcd in (;rit li'itain 

IMMUNOCIIEMICAL QUANTI1TATION OF ANTIGENS
 
BY SINGLE RADIAL IMMUNODIFFUSION*
 

(. A I. INI, .\. (). C(.oA.-R- and J. F. I h'R:tANiits 

Research I)tpartment of Inictrnal iatiloih)y, CIiniuncs Universitaires St Pierre,
l~MIVain, litItsI1urn 

(lRccild 20 _7 tar.' 1965) 

Abstract---WhnI1ani tniiliownll nlit of .nltitt'n is allowtd to diffuse radialh" frnln a \\'ell 
in :a uniformly thin i;1Vi L aofti* dv-eontaiin '(t"r 2'i1 SufliCitCit thn 11 :a f allow aill antiL.ll 
to coialin,, tile final aICa IdahtI l thit prccpitatt, is diretly pIopiortional to tihe atlntint 
Of antig l nlo1vt1\d, itiinverselv proportional to th, conceItratin c antibody. It is also 
ShoWt\ thilt tilt till-lIrtntre ai whiCh tit plattes drl, i1ltIIdtiii hIs I)pIrcIptilft inf1Ince 
upon tilt rcsTts. lV stMILIirdiziin tihi te'hnical Conditions of" tilt exprnIilent it is possible 
No usi this principl, for thte iilUoCIL-Tcllic ditCtirnintiornIof antigetns. In iV texpirinental
aluin-n-ialltnlilrl ..\Stll ilTc dtlscribcd, 1t it" lit ()f*tilt nethotd was 'ond to 
cotrspotnd to 0-0(125 of indt I liltint(iLt ;ntiei.n, mi coctiritiit" 1of25 jg pir old.
lhe staMLiaLti iCVidtii 1 (f tihi ltigicll dtClrtoinatills 05S iess t1111 2 pitr Ltit of" tht, Ilcal. 

I 1NTROI 1 "' l' 0)N 

:\.ION(; the various inmtoilIttMiCi pteCipitin tllethinIs etllpIO\ilg difttsiotn itl 
in agar gels, tile technique (d single radiaIIl illtlltlOdili'tsiot has been the least 
studied. BV dfIlnitiOIn tle sit1le-di'FItsijOn type of litecipitin r'eactiOn is perfottled
by itICoTOratinglnc ,ftile tit partners Of tile reactiotl, usltally the antilbov, into 
tle lgitgel, it f titi rtl C ctrttiot, wileS tile Othiet teIacltnt, tlstllihv the 
antigetl, is inttitt'lduccd itto It \ell tt lil it is allwed to diffi'se itlto the gel
Where it will react \,itll the 'intTrtll tclItallt'. lhe s\stetl is tetmeil 'lil-ati if stiIC 
dilfision takes pliteC itl Ot ditlnCttsilOl, as is tile case itl tile tecilliqtte of ()udittll
which narrow glass tubes ate etihlived. lh tett traditl' ittnodilh'ston is 
applied to svstettts i wihM tile gel is sptead nut otl :fsurfae, with dihiusion taking 
place radlially, starttinlg rotli a circtulLr well.Single radial ilttllt odittsiotl 11as Itpprtetly litst ieet etllpil-ei 1y Pettie 

in his studies ti the gtolth I1 bacterial coltmies Ott gelifieI tMedia eContaining 

seCCiliC antsraI.Ie ohseVCk titat sttcl]ctltites itcMtlle surroundIed i\'one 0t 1l10ore 
ilg-sllaped eCltliiitltes, which Iliglh eveitualh" colesce w'ill sitlilar precipitates

for1-1ned If(lllid nt'ighlbolurhi/L C'uhureIS 01'"tile ',;tileC stir<hI 01f Org;iiiiSliiS. 

1l tile()tuCieCrlonv.i \\as fhtst tot CxilIt Sitlgit radial hitnutnltttldifltusiOtl f'or semi
(ttutnititatiVe pui , itn hiis stuliIl sItti the toxitl-ptndulcitg abilitV Of difterent 
strais of ( or ilhTIu'rD. I Iis int11ethItoin lDnch W isha sed on tile Obsetvhation 
that flhere existed it irclatioIttsii bIet\Vcetl tite Width t0f tile ptecipit:Ite tild tile 
alno~unt Of 1' 1iti,14In l)IOduc'ed bV thI Clll'uhur, ai~ :11 HiverTse reClitions'llip) between 

tile size of, the precipit;ate lld tile coItCentli;ftiont if0 tite Itntisetlttln eIpiloVed. Ut
fortunttateiV these studi, s Wete tnot fuitrther l tsted, i"Cthllie-g(l, iIvw:ttd anId 

* This wirk was supputtd iby ( ;llllt No. 461 fi'lnil thei0tlis (iC LI Rteltcrceli ScientifiquC 
Milicale, Blrussils, Ih.iul; an(I IbvP.1.S. Grant No. .\in 04263-0t4 firti the U.S. 
Departlint of Ilealth, ltllultiltiill ;d111\'elfart. 
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230 (. MANC.INI, A. (..'.\RI'IN \lI.\ Miud J. 1". 1 hI .\,.S 

Augiustin,G("' and Croxwlc ( have described a scm i-quialititative imlodification of the
single radial iiiniinlodifftisim method, in which use was made of, the end-point
principle. Serial dilutions of the sanie antigen solution weie tested in the same 
antisermIl plate, and the lihL-st tlilitioi, still giving list to a visihle ring of pre
cipitate ;1ioiiid the ailtigci well was taken isthe end-point. The latter technique
has also been cmiicd Out olnccIIIIloS ace:tat.' foil soaked in antiseruniI..s 

In :apreliou iavlpoit fl'othis liibat11vI(I it was SlOl-i that a linear relation 
existed het\eLI the rCeaof the pre'cipitalt and the concentration of the antigen, 
l)IOVidcLd that difliion w\as :11owetld to l)roceed coitil all
iltigCn had been Comnbined.
'lesingle 'adial diflusiol 1etlhld istherefore suitalh 
 f' VerV aiCCiirIte Ipiantita
tive d,'tcrmioatislls wilhout al\ "esort to nid-point methods alld the interpolations 
the\ retilire.
 

-
The prt'CsCIt Ilpc isCtICCrnCI \vItll wN 

aspecvts o1" 


the technique, as Well the qIlintitaitiVe
 
single radial inuuunodifhusion.
 

MAI.I'RI.\I. \NI) MIRl'."I)S
 

I. IrcparaI,wl / il /,,Ir 
I W11lill" itt ifd Imillit lm cr ll1 86 :11iidIOtiC StlCength fI (iade b' dis

solvirg g d ' 4111-,lii1di-thvlhlbihtIra itL', (5 io ofI I II)N I1( and, as a preser'vative,
0.5 g oIf S1,di111 \\atir,uitdc, indist ilh.ed ind ;d.jIustiiig the ',olunc to 1 I.)isadded 
3 g (If ,p-ti \,ar-Nobe( )f','o). '1Ihisi Slisprilsion isplacedl ina hoiling water
bath Antd stirrTd ,ntil All
the agar has tliss ld. l)istillhd \\Itt'r is
iadded to replace

iosses doC to e\:ll, rati:i. fi'h. tck S(,]litiol of atfar isdistributed over a number of 
\\w llstlppCrTckltt't-tUlle-; tilt(]51 ,It •4 C'. 

2. Pre/plr/lloit o/ Me,' lflr- llli/,t'IT M) M IIl on,
l'he ,t'(llinIl A of" Solidified lC'I i ;lr-etl 


watcr-bath It :llhomcd to ctoll tlxw 

) ctnt is incltcd on a boiling 

('. antisteril, 

Of it tiMtlt in birlit~liatt bul'r, is brllMiht to 55 


tol 6f 'U,'h, or a siiitAlile dilution 
C, after Wlich CIiIal Vidunies of
 

bo~th soltitios :..il\ctl, iS t.1IrI ly as P 
 buthsill VOidiing blbbling, With theaitl
of'a piptte p't'-htCat' t(,tf .'inthe water-bath. 'Thleantistriim awn' mixture 
is c \\ithltiit dtlaly ititI the MldIlitC'tftt'T th'stribcd, uSing the s;int' heaited
pipette.
 

3.Pt'ttarc ti of th' a.iscrm-,:,wr plal.s 

I trtlit'rto btbltiil litiscIrii-a;i' lavers.,fstrictly unifrm thickness, use is 
MILIC Of ;I lold. 'Ihc bast' plate w\hit-ll xill havt to silifplirt the gt'l consists 
caref1k'Lh" ch'Macd ph tlia)plli' 

Of a 
glass pla.,)[;Itt., 11 into hie, [Iasuiring f) cm.i Upon

this is placld a I'-shaped f'riitC (Ii. I) otde 'cf 1 tiii thick brass, whose three 
bl'anc'hes ti,.ait 1111 in \\ilth, tlir higtis c,,IrCsploidiig tic thit' tliincnsions of' 
thte Iist platt'. l' faItiL' is tct\ ted I) attlithi' glass p)lait' O Sitli"ls ill)neniolns, 
whose lO( ci"sIifact'c is silt'COizecl. lhi base plate should not he siliconized. The 
thlree pit'tc'ts
of the IMld Arc tightly behd togllther bytilcms of Clamps lll ig. 1).
 
The framc is ill)\\ held in a slighltly slanting plsition 
and the tip if' the heated 

pipettt' cotlaililn<ut itntisctiI-a(,,r !ci\turc is applied tocthe loweri corner of the 
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237 Method of* inigle Radial Imunodiffusion 

slit. Fillinig the mold in this wvay prevents the inclusion of air bubbles. After solidi
fication (10-15 min), the clamps are removed and the siliconized top plate is care
fully slid off from the gel, after which the brass frame is in turn removed. The 
bottom plate is left to support the gel. 

4. Applicathn of he anuhqlil samples 
Circular wells are punched out in the gel, using a needle of 2 mm bore. '[he

small cylinders of gel cut out by the needle are removed by suction. Each of the 

5ml 

I00 mm 

7~/L70mm 

Imm 

IIc . . reparation of' an immunodif usion plate. 

wells receives 2 /ul of antigen solution, which is delivered by means of a needle
mounted on a microsyringe (Microliter Syrinige 701-N, Hamilton Co., Whittier,
Calif.). The plate is now kept, in a strictly horizontal position, in a moist box, until 
the antigen solutions have been soaked up by the gel (10-30 min). To prevent
drying, the autiseruml-agar plhtes are stored under a 2 cm thick layer of paraffin oil.
A few crystals of thvmol are dissolved in the oil to prevent the growth of anaerobic
micro-organisms. It has been found practical, though not indisplensable, to incubate 
the oil-covered plates at 37 C. 
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-5. 3Ieasurwement of the size Of /he precipitates 
As will he described minder Results, the ring-shaped precipitates which form 

around the antigen welis grow in size during a few days, after which no further 
increase in dinlctsions is observed. A tvpical plate with Seven antigen wells is 
illustrated in li,. 2. 1 ial rcortls arc made \ Ih-il tile preci pitates nfia he assumed 
to have iCahed l flcir 1ihrial size. .\fter rinmoving the oil by a short rinse in petrolem
ether, tile ioal'nflicld silhottt s of the precipitate rings are projected on strong 
paper and their contioIrs arC !,1citlcdiiiIout. lhe correspondling antigen wells are 
similarly recorded. 'I'h. circles are cut out and weighed. This method of recording
sirf'aces has bTel foun1d advant'aet.OuS beClUSC the form of tile precipitates may
occasionillv depart froiii the ideal circular shape. 'Merely recording tile diai meters 
llay give erolu)sISi Its. 
Weak precipitator of inslfficint contrast can he brought out by staining. This is 

aISo ;ldv.ntageous wh it is dsicRd to StoR the preaC)riationS for later sttdv. IFor 
this te plIt\s IasIIctl l saline, i etri dishes, for two to 

tiIICs ; are with nrlIi 
three diys, with s\Cril daih ChlilCs ofl the \V;ishiilg thiid 'ldh iepreparations are 
then so:lkcd fior ole' dIy ill distilled \\ill (rciCwcdl 3 tiiliCs), in order to reiiove tilesalt .\l'tcr drviny l'lroiit tclilperitr or ;it 37 _, the plates are iininrsed f)r 3fi 

uti 0i5miilil i aitj )liitiou containing I g Of Alnido Black, 4"1 g of sod iuu acetate 
allld 3Hi uil f ;icetic' acid per liter. '[ie back(ground color is rell(vTd Ib three SuC
cessive blutlis o)f anll aueus soltition containin{ 51 1ml of acetic acid and 5 11.1of 
gIycerinc per liter. 

RE.SU ITPS 

:-\11 aI ucs for prvciphiatC areas lentioned inteie present article include the areas 
of the criirresp intl in i antigcn \wells. 'T'hey arc expressed in lug of paper weight, as 
obtained bv cuttill oit and wcighling tile disks drawn in pencil on cardboard paper 
after prjection of the nlmagnificd silhouettes of tile originil precipitates. 

A. IFia1de/,mh! l tit ti ' rea i o.jsI 
I. (;rTh.'ti of I/he precipltats as a aimclion of tirMe. Tihu alrca of the precipitate,

illuhldil thle antige(n wCll, iliodlcL IW the difFUsion of 101g f" an seruill 
albUin Agar1 c'iIt~ihlilg a twel,'-fold dilution of' rabbit antiseruloin li an plate *> 
\Is iSue rcpLtdly during incubation ;it 37 (ig."g 3). The siz.e of the pre
cipitlte cc;is'd. to Imciease after an initial period of rapid growth. \s with the linear 
single tdiffini) of ()idin, the increasc oft" tile precipitate was roughlv proportional 
Io thc stliArt, root of tille diuring the earliest pCriod ot diffusion (lig. 4). 

This type of growth curve \w;s f'oundl with all aintigell-antiiod v ssteillis tested,
but marked variation \wis found :Is to tile time rcquhied b" the recipitates to 
reach their final size, als will be discussctl ill the followng sectis. 

2. Relation ctweuven tile antige, eofe'iitratdii (l the final sloe of the Preciptates.
Serial dilutions of a solutio ciintailhlig I S tg nil ofithllilan albulin \\cire allowed 
to ditlilse In a plat containing i twlve-fold dilution of rabbit antiseruim. Thie areas 

* This ;oici'uii1i pitCipitaitcld Ol the' :muoigtie fi' 1il1 alo U(eUal voilmet' of an1)1 per cent 
solutiioIti 'd iiio S -iii att1iom iil. 
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239 Method of Single Radial Immunodiffusion 

of the different precipitates were measured repeatedly and the values were plotted 
as a finction of tile antigen concentration (Fig. 5). It was thus found that there 
existed a direct relation between the time required for the attainment of the final 
size of a precipitate and the corresponding concentration of antigen. The most 
striking finding, however, was that of a linear relation between the antigen con-

AREA 

100 

//
/ 

50 

5wIL . TIME 

5 10 20 30 40 

HOURS 

F;. 3. Growth of the area of a precipitate as a function of time. 

AREA 

100 -/ 

/*
 

50-

VT 
l';. 4. (;rowth of the area of a precipitate as a function of the square root of 

time. 

centration and the area of the r cipitate at the end of the diffusion, In the case 
illustrated in Fig. 5 this relation was explored over a concentration range of antigen
extending from 1.125 to 180) mgin., but larger concentrations of antigen were 
found to order themselves on the straight line it' longer times of incubation were 
employed. 

Statistical analysis confirmed the absence of any significant non-linear terms in 
It 
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the regression line relating the terminal size of the precipitates (S) to the amount 
of antigen (Q),,) 

S - So ;K.O,, (1) 
The significance of the intercept So obtained by extrapolating the curve back to 
zero concentration, and of the slope, K, of the line, \%illhe examined later. 

3. Reltion el/weer the concentralion of/the antiserum, the size of the ainten well, 
and the final siw"e of Hit- precipitate. Ralbbit antisrm* against hitan serum
albumin was diluted resp. to 49, 35 and 16 per cent of' its original concentration,
and each of these dilutions was employed to coat three diffusion plates. In each of 
these nine plates, twelve antigen wells were punched out. Each set of twelve holes 

AREA 
h 

h 

150 
8 h 

h 

1 

h 

50 

2!25 4!50 90 18.0
 
ANTIGEN 

mg/mL 

Fi;. 5. Relation between area of prccipitate and amot of antigen after 
different times of diflusion. 

was composed of three series of four, whose respective diameters were 1.5, 22 and 
38 mm. Each series of four wells received respectively 18.00, 900, 450 and 2 2 5/4g
of human albumin dissolved in a standard volume of 2 /d.Irsumimary, each set of 
antigen dilutions Was tested in three types of wells, against three concentrations of 
antiserum, all tests being c,6ried O'jt in triplicate. 
The nine regression lines c:ilculated from the data charted in Table i are shown 

in Fig. 6. The origin of the variation of the regression coefficient K in these nine 
experiments is analyzed in 'lable 2, whereas Table 3 is concerned with a similar 
analysis of the intercepts S0. 

Statistical analysis of the variance of the slope valule K demonstrates that this 
parameter is indelpendent of the diameter of the antigen well (Table 2). 
* This antiserum precipitated all the antigen from an e(u'-il volume of an 01 per sent 

solution of ;unan scrum-a lbturin. 
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In fact, aside from tile small experimental error, tile entire varia1tion of K isascribable to the effect of the alitiscruin concentration, (a. The data indicate that
the slope K varies inVerselv with the concentration of antibodV, and this relation
ship is well brought out by plotting K against the reciprocal otfC(il, as shown in 

lAIiL. I. INI. IINUP o. .:ANTIiO)DY "oNTNT.VIIoN ANI SIZE OF:.\N 1 WLViL1I'1')N 'll: SIZE O" TilE iiIPHAi'I.I'j 
I WN 

AREAS A] TEI,'iIN.AIjoN 1 DIFI.I"VSIN 

Ant- I)Jarotitr of .\rir vellco certi onl (rugt! fill) .n111I tllr ssion
 
scrlmr alitigern well
 
conw. (r1) I 45 2 25 1 125 S S. I ( 

21o 112 Of0 35 S W-12 25.40 CI,, 
1-; 215 108 2 36

211 110 011 36 
217 115 08 4216 2.2 214 115 00 42 S 17-09 24.90(',g 
210 12o 66 42 
235 137 84 58

3'8 2.12 135 86 61 S 34.58 25.31 (.!l
234 135 86 60
 

87 48 29 20)
I.5 90 50 31 21 S 11.17 9.51 (',,

85 4 31 21 
90 54 36 2o35 2.2 93 56 35 27 S 17.67 9'2S (';, 
92 54 37 27 

1)8 71 ;1 43 
3.8 1W) 73 53 44 S 33.)) 9.50 C;,,

112 74 52 44 

63 37 24 18 
15 02 37 23 17 S 10.82 6.47 (C,

63 36 23 16 
7() 42 3) 2349 2.2 71 43 31 24 S 16,25 •664 C:,g
68 44 2) 22 
y) 03 4() 413.8 
 89 (1 47 42 S 3453 6'77 C,1 
87 64 47 40 

]Fig. 7. 'hlie ct'cct (If the a ltibodV concentratioin oil the slope of the straight line
rClating tile si.e Of the prccipitate to the colcent ration of the antigen mav therefore 
be written as: 

K1
IC m-! n--- (2) 

Statistical analysis (f, the variance of the intercept, S1, demonstratcs that this 
parameter is independent of'thre antibody, concentration, Call, and that its variationis entirely ascribable to tile ctcct 1'tle cross-scctional area of the antigen well, Sw 
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(Table 3). The linear character of the latter relation is demonstrated by Fig. 8, in 
which So is plotted as a function of S,. Therefore: 

So =--p-q. Sv (3) 

B. Reproducihte o/"the method 
1. !"ariation dc to the use o/"di/ferent plates und different positions ctin a single 

plate (Experimental error). A volume of 5.2 ml of rabbit antiserum against human 
serum-albiumin* was mixed with 5.8 ml of barbiturate buffer. This solution was 
heated to 55 C in a water-bath, and thoroughly mixed with 11 .0ml of a 3 per cent 
molten agar solution made with the same buffer. Four immunodiffusion plates, each 
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Fm,. 6. 1nilutncc of conctentrationl of antibody and size of the antigen well 
upn the final size of the precipitate. 

1 mm thick, werC pIepar ed from this agar-antihody solution. A different brass 
frame was cimployed for each plate, so as to provide a test on the reproducibility in 
function of possible variat ions in the thickness of the gel layers. 

Sixteen antigen wells of 2-2 nun diameter were 1,unchcd out in each plate, using 
tie same instrument. The pattern of ar:angemennt of the wells was the same for all 
plates. Each antigen well received 2 Il of a 0.911 per cent solutiont of crystalline
hu man scm rn-allu III in. After 6 days of diff'usion, i.e. at a tiene well after termina
tion of the ditision for this paillntclar intignC antibody system, the areas of the 
precipitatCs were recordel from the un1lstai ned preparations. 

* This antiserum101 precipitated all thc antigen from an equal volume of an 0'1 per cent 
solution of h0unmn strui-mallumin. 

I Determined 1)\ tile biuret method. 
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T.It.i. 2..-\N:XI.SIS 11, "'iiE S.OII V..xI.ITt J," .\s A 	 ,'i'NCi"'I(oN OF TlE ANTIBODY 
(ON(TNIR.VrION S

AND THiE- IZE Oi" E ANTIGEN WELL 

Concentration l)iallcttr (it, aiticel well (nnT)

of arttiscruni 
 15 2-2 3"8 

10 25.-40 24.90 25-31 75.6135 9.5 1 9.58 9.50 28.59 
49 6.47 6.64 677 19'88 

lotal 41'38 41'12 41 "58 124-08 

Analysis of variance 

Item SLt11 of l)irts Of Variance Variance 
squares freedom raitio (F) 

Antiserum concentration 599. 1752 2 299.5876 7701'4807

Dianter of antigcn well . 354 2 0(0177 014550
 
Error 155S - 0'0389 

'otal 599-3664 S 

In this ra:udolnliztle-ili)tlh exptlerifjltIlt the slope Value, I,, proves to he indepelndent

fron the diameter Of* the antigen %Ncll (/ tin-signilicant), \hereas the tern) eorres
pOnlding to ilte anti ldy concentration is highly signiicant at the 01 per Cent level.
 

'A.E .3. ANL..YSIS oTIl: INTE-E('tPtT VAIIT ., AS A NC TION ()F .ANTIBIOiDYTIlE 
CONEINTRATiON ANt) SIZ: ()IilETHE: ANTI(IN WEI.I. 

Concintrtation )iametetr of attiiti %ell (tllll)
of antisrull '.5 2.2 3.8


(",) 
 .
 

16 10.12 17.09 34.58 61-79 
35 11-17 17.67 33.-90 62.71 
49 1).82 1l. 25 34'53 61'60 

Total 32'11 51.11 103.01 186'13 

.\nalysis of, variance 

Itern 	 Sumt) of I )egrees of Variance Variane, 
sqiares freedion rat in (1F) 

.A'tisertln CotllCetratilt) 0-248(0 0-1243 0-3051
I)ianIetcr of antigen well 898.688 2 449-3344 11129317 
Error 1-0299 4 0.40(74 

'lotal 90105473 8 

Thle ttu' eorrespotditnV to the antihldv ColCcenration is no0n-siigliicant, whereas
tle onet eirrsTpINIr(liIg to thIc dialCttr Of file ailtiVcge Well is hilghlyv sigfnilicant at 	 the 
0.1 per Celt level. 
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The results arc prcsented in T'able 4. For each plate tihe data are grouped in 
blocks of four, corresponding to the four qliadrants of tile iininlodillusion plates 
(Fig. 9). Th1is nitlliod of presentation was intended to pro'ide a test oilthe influ
ence of' the position of the wells withil the platcs. 
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/cc m.n 1 

2 4 6 1 

COP
 

sl f tile lin ILs ifoCiI OfI(;. 7. (Uhai n of tIlIC Ope i'g'ssi.l 1 iteMnt6bid)I 
(lit ct ;l(ll,r I 

The statistical analy;sis of iltedata is prseTSV d i 'laieIb1C 5. 'lie iestlits ildiclte 
that: () tIlei' Was iperceptible Vaitiof the reslt fr( 1s oIle plate to another, 
obviously bcalse, of" slli! diffCrecTs inl the thiickness of til fri'e's eilIyed; 
(2) the amount of Variatlion (illl till positiol (eCUlpictl by th ilalite wells in the 

So 

30 

10

10 20 s. 
. geSi1;.(ini tOfthU inItLCCpt Oft l'I'j-l't'ssi(ll ill, I ' litill t Of tileC SiZet' 

Of"li1yaiilivrlil
'l
 

plates (tllildiantS aid interaction bei\\te plates an ltlliiatiits) was insignificant;
rtsidiii variationll, 

to 1'7 per ceIt, \\hiH Cp')r'sstd ;Istilt stndad deitioll illperF ce-nit of the meall. 

(3) tilt' \\hich ii'iv be' Tie tl e ehxperiliental error, anlillilted 

If the tot:ih ViiaiiCC Of :ofill6-1 obser\;itioIns \a s isedUL to calculate tile stldard 
dLviation, the laitter becamiie 20 per Celt 0 th' ICl.tile 
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FIiw. 2. l'1 i,+L~d tuitaiIntd r t fl+i(J pltc. 'he agar containtd rabbit antiIj;tijls itllstrU ll; lItillu mlifll I,'THllss-luu -,Il 'lht, :mitm _,r Nkere filh+twithscrzi l(i1tlt11tls(d a I lltalbuinipet it l solution, s inldiCattd Ofntilt-phot()ograph. l't phitt. N%&,phIitou.raphti on I dark Iackgrmirnd, Using indirectlijht. 'his picture \ Itn%%I, taken t _ent,the 3th tIv of tht, 'pvritm vheni diInsio1 
had t.'taseid. 
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.)ii; ;ilIuJllI;lueiut ,%ixtCti.11 lhtCCIi;Itliti_,li ctIs h a+
ltittgp'+jpih ti ilt'siti plate.aIplate' ,tained ultter ttlliill;Itittl itt djiltisiuti.thu, 


Fac'ingp'.2.11) 
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Fic. 13. Relation btwcen the area of the precipitates and the logarithin of 
the antigen concentration. 'This figure represents a rearrangement of the data 

from Fig. 5 
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TABLE 4. INTER-PLATE AND INTRA-PLATF VARIATION 

Plates
 
Quadrants 11 III 
 IV 

135.7 137(1 136-6 139.3

A 141.0 137.0 139.0 1405
 

133.4 133.8 138.5 139'0 
134.2 135-2 138'3 140.5 

544'3 543-0 552 '4 559.3 2199'0 

141.8 135.7 137.4 141-4
B 137.8 142.0 135'7 136.0 

143'0 139.0 138'4 140'5 
136.7 136-0 137.5 139.5 

559.3 552.7 549.0 557.4 2218"4 

138'5 134.4 138.5 141.0

C 137.4 132.4 142'5 
 132.0

134-0 135-0 137.0 137.6 
135-3 134-5 139.6 138.4 

545'2 536.3 557.6 549.0 2188.1 

137'0 132'3 136.1 137.3

D 132'3 137.9 137.4 139.2
 

136.4 132.0 137-8 140.5 
134.4 139.0 138.3 142'4 

540-1 541'2 549.6 559.4 2190.3 

2188.9 2173.2 22(8.6 2225.1 8795.8 

TAIIII 5. STATISTIC'A. ANALYSIS OF TIHE IDATA FROM "AIII.E 4 

1)egrees Sum of Variance Ratio 13 
Item Of frectlIDnc smILlares variance(.v) (F) 

Plates 3 96-3131 32. 1044 5.7489 00{1-001Quadrants 3 3560781 11.8927 2'1296 (0-1(1
Inte raction between plates

and quadrants 9 81.9182 9.1020 1 6298 0-20-0.10
Lrror 48 268-0550 5.5844* 

Total 63 481'9644 7.65(02 ' 

* Standard leviation: \ '.544 2.363 (i.e. 1.7194 per cent of the mean). 
t Standard deviatiotn: \ 7.6502 2'765 (i.e. 2-0112 per cent of the ncan). 
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2. 1tnititon ulue l/icflC'lSn'. l'ut o/ , solutioO it/'flig ti¢timuU)olunisto dto 7in 

ofalmlti,vn. A\ ()]lit, of' 0'6 111 of rahhit .lnt]selluI t hum1lanl scrall-albuhili
av<_,iin l*
 

Was tI ix'td \ith1I.) 1il I d, d lttr ll.tatil., with 2-5 nil (f a 3Int per ceInt agar 
silutio. ( )no' dii'ision pAtC, I HIM thick, \\As sCt uip with th11 Mi.x'ture, anti sixtCel
antigen Wells of 45 mm tiiter V'trt pitnehetit aiter slitiitiii o th5' gedl. 

'l'IC' wells \ec ilerr'llgctl inI ri)\\: ,d itir, with ilchrow re,'\mn rspe.ti.(:l 
5-80 t,2 900 1 -1t,,1 ill W125 /I'(d1 I">tilit !e It i allui U .' li e ll(an (ifliltis 
anltien wtTr appli inla \)itlii (it' 2 141 l iiiat, 4 thl. 4 \ ells ()I* theI hullr '()r 


first t(Vi, in 4 p lotl the S'iltti i'lw, S d 'or the thiird row, anid 1pl for the fo'jltli
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0~,j ag 

0.725 1,50 2.900 5800 j-g 

(l llliCS~ll" l1
 FI.0.Hl-t t'1ITli'I) ()t1"HIllit1IL-.1t 

lut h '
• tils , t of liirpi 5tl t 'Xlt'riiln t waI i test Wllither Allliint idhiit'0

t' restltl, itl t il il1111i1ti )lIllI d'liuj Cl 1 ll is oh\ ions"tdtTht 0. It 
thilt: hi o <t lilt i(' lliit(a) tie',Lt:-st Ltli silllrUMthuesll tilittlit hut 11(11~ ili dl'is~(iIlxtli (",!+u 1illi t A ll t iiC'\ o()li lnt tance alhongsi; It ,; ,Sloll, 
,I . ',,l l; (/CIitl o Ilui thvi ti 'ni t ii (i /i i. ' i -''Ll

) 
' ( ill Il ',,I i/p'/l'ilCs.;Icri ,<<S l 11t,,<C t() ltlt hill SO)li t ill lil-sic 

• 

(3+)thtc I'miur im 11")I1,0 ll~ 1.1111lit ~ ,,t;IIC 
IRt T I I 'L T ISC ih t~lc'i . )1 .\o ) i o f tilCi ld ) 1t . I'h :1, Sil c t wtllI++ l , l i iilc,s l \ cl' n)i1-tl t c c 

is ;il+,st frl'l11a l 1iip pm clitt lii <ttll (it i' Ill. 

Il.rt' inliitivi'u/siin plantcs 'le,1 st't tip i thet' ii '-1 ;.1ilth ililt' ailitl sme tihiit " 

nixtuire, i(d inculiti d at tiiit'rlutt ttll riituis..\ v\iiuttiue o' () () ml iif rabbit 

SSi ain tis, ni s ill tiit.rit ~lt :i in ttet ill tX pt'rimen t. 
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247 Method of' Single Radial ImIil1iulodifi-jonl 

antiserun against human serum-albumin* was inixed with 7.2 ml of buffer and 
7.5 ml of hot 3 per cent agar, Three difi ,sion plates, 1 mm thick, were poured, and 
in each plate five antigen wells of 2.2 mm diameter were punched out. The five 
antigen ',,'ells in each plate received respectively 0.625, 1.250, 2.500, 5.000, and 
10'000 /gof crystalline human albumin, all samples being applied in 2 /dof solvent 
l)uffer. Thc first plate \was inculted at 37 C, the second plate at 21 C and tile 
third llate at I C. 

The sizes of the precipitates were estimated repeatedly during the incuLbation.
 
It was observed that the precipitate corresponding to the largest amount of antigen
 

'iAiu.I: 6. INI I O:ioN TIE VOII 1 OF SOLVENT I'P N TiHl" 

AREA 0t- TiE 'ttEit'I. 

AoInt (d SoVoltlt' ,o'ot
antigen* 2 pl 4 id 8 ,I 16 l 

1 8-1 81 8 96 
2 11) i8 13H 135 
4 193 199 202 219 
8 352 303 36 09"1) 


Individual re,rssion lira's
 
For 2 /iI S 42.87 38.43 . 
For 4 Id S 38.52 40'40 (,,
 
For 8 /I S 47.90 3).88 (:,
 
For 16 /I .; 5S.31 39.05 b) .
 

Comparison 1,/the.l11 individual r,'ressiis 
Mea]v S1t.1I t"diftlrcnce's 
\toc'l I'cV'rtssi0 t icicitits 

Errr 1.841)8 / -0.20 

stleUllI f.difflifettt'uccs 
btwcvtll 1.Invll s 

rrr SIT 02.09.26 1) -0.001 

* For the purposc II simplifying the statistical collp uta

tions, the smalcst illllctllmlt id' iatli.t'tl (0.725 1,g) is gi\en 
tilef'ritrur'v vlull' I. 

attained its final size after approximatclv days inthe 37 plate, 10 days in the 21 
plate, and 14 divs in the 4 phltc. All restI Its \\ere recorded together on the 15th 
day, and these data are listed ilTable 7. 

'lhe resuIts clearhv indicite tlt the three regression lines mli be regarded as 
indistInguIishable, both with respect to their slopes and 1o their positions. In other 
words dif'Treuces in temelratUre had al1soleeh 10 perceltiblle cifect on the final 
size of the precipitatos. This conclusion is also illustrated by Fig1.11. 

C. Snsitivit ' (1/' /he me/'ihod 
Tle following experiient was unItdertaken in order to assess the lower limit of 

the amount of htu11an seruint albltntii which can aecturately be estimated by the 
single radial inmmunodillusion method. 

* Same antiserum Its in the preceding experiments. 
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Rabbit antiserum against human sermn-albumin* was diluted respectively 5, 25, 
and 50 times, by means of barbiturate buffer, and from each dilution 2.5 ml were 
mixed with 2.5 ml of hot 3 per cent agar. Each dilution was used to prepare one 
immunodiffusion plate. The final antiserum concentrations in the three plates thus 
corresponded respectixely to 1.110, 1 510 in(1,100 times the strength of tle un
diluted antis'-rum. Eight antigen wells were punched out in each plate, and filled 
with respectively ().()1,0.02, 0.04, 0.08, 0.16, 132, (.64 and 1.28/-g of human 
scrum-albumin (in 2 Id of buffer) for the first plate, \\ith 0.005, 0.01, 0.02, 004, 
0-08, 0.16, 0.32 and 0.64 /igfor the second plate, and with 0(0025, 0.005, 0.01, 
0-(2, 0.04, )(),', 0.16 and 0.32 ng of antigen for the third plate. 
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FI;. 1I.Effect of temperature on the size of the precipitates given by constant 
anounts of antigen. 

It was observed that the precipitates in the plate containing the highest dilution 
of the antiscrum\were so faint as to be unreadable, even after staining with Amido 
Black. Since previous experience had indicated that an appreciable fraction of 
the precipitate obtained in this met hod consisted of nio-specifically co-precipit
oIted proteins from the antiscrun, it was attempted to increase the strength of the 
weakest precipitates by incorporating scrum from a non-iminune rabbit into the 
agar antibody mixture. Practically, the barbiturate buffer employed to dilute the 
ant i-scrmIn was replaced by non-imnne rabbit serum which had been shown, b\ 
a previous test, not to react with luman scrun-albumnin. B using this artifice the 
preempitin areas of tie third plate now became perfectly recordable after staining 
with Amido Black. 

*Same antisurum isin the pl'eceding experiments. 
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The results obtained by this modified method are indicated in Table 8 and the 
corresponding regression lines are illustrated in Fig. 12. 

Considering first the plate with the strongest antibody mixture (1 :10), it was
 
observed that the precipitates given by the loVest amounts of antigen (0.01 and 
0.02 /ig) hardly extended beyond the rim of the antigen well. Since it was felt that 
their areas could not be estimated with the desired accuracy, it was thought pre
ferable to exclude them from the computation of the corresponding regression line. 
However, after this line had been calculated from the remaining six points, it was 
found that the value obtained for 0.02 itg did not significantly depart (P: 0.10-
0.20) from the theoretical figure, which was 23.36 ing of paper weight. The value 

I|'AmILE 7. INFI.IENCE OF TIE { tE ON'IT'.MiPERATUti TIIF AIEA 
OF THiI PREI I'II'IATF 

.-\Mount of Temperature 
antigen* 

37 C 
(Plate 1) 

-1C 
(Plate 11) 

4 C 
(Plate III) 

1 
2 
4 
8 

16 

16 
24 
34 
54 
90 

17 
23 
32 
52 
90 

17 
"3 
34 
52 
92 

Individual regression lines 
For 37 C S 13.58 4"84 Q.., 
For 21 C S 12-79 4.84 (,
For 	 4 C S 12.96 49.1 

Comparison oqft' three indi'idualregressions 
."Mean sq are of dift-rences 

between regression coelicients 
mean squareL'rror 

Iean 	square of differences 
between meallns ,0.8315 P>0.20 

Error mean Fqware 
SFor the purpose (it simplifying the statistical computa

tions, the smallest amllOLn1t o)fantigen (0.625 itg) is given
the arbitrary valt I 1. 

for 0.01 /ig, in contrast, was signifi,:antly diffterent (P :0.01-002) from the ex
pected value of 2449. Jtidging hron1 thItis set of data it wouId appear that the lowest 
amount of antigen which can accurately be estimated by this method would lie 
between 0101 and 1.112 1g. 

However, this limit can be lowered by ising amore dil,,ted preparation of anti
serum, since it was shown bcforc that fo' itgiven amotit of' antigen the size of the 
precipitate incretsed in function of the reciprocal of the Mtibodh" concentration.
Indeed, theW).(1l tig point, was b1t readablC withI\',ic the I : 10 Itiluted antiserum, 
perfectly fell on the regression line whert the attiseruIt it was diluted 1: 50 and 1 :100.With the latter dilution, the point correspond ing to 0-.0105 /Igfell exactly on the 
corresponding regrCssion 1li1e, 	 but the 0.11025 /igpoint scented to he somewhat 
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erratic and was th'erefore discarded from the coputation l. lowcver, statistical
analysis pr ved that even this experimental gutire coulId have been trusted, since
its departure f'r'inmthe expected value (24.11) was tot significant (P 0 -1-21)).

'he lowCr limit of sensitivity, as inferred froml the resu~lts with the 1 IN)Ilanti
serum dilttion, should therefore lie at about 1)'(H025 /tg of' antigen. 
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ilYd 111\t 1.1s(1'thh c tll .(.. cliti( ), CS hY 1 /100CX~ lt (II 'l. ......0cr ltill' tVC '% i imi ricil Sixc IdIrlt liil IbLclmS ;IV ',()I i l('d iti l'1ol . 1 ()I d i \l Iii.Ii;H uCCII/Tlt' Jll(c,>u'JVI~IVItSt ~ ~ d V M 'S IL-11 111~ trt,,il 

icae c vUigl .4 t lty (d t r tl 01 S IS I I' I~t oll 01*11 %;IS Ih;I~d I)C l A to/ 

2 mliil. Srl\ , I, h e th (L ta IYof l IIt( (A )CI-111 ~lt S11 VII ll ig . wc, re 
oif I1S l H, Iit 11 1 C -1- I h 11 )( F V L ), t e o n t f, tie/ol oo c 

()dnRticeVVV rtl tht1* VI klI~,(to .tttige was Clln1d tef tljILtieaon iiitn 
5100in fcliitin oII aI a . dhLIlI, 1)61t atotirlnnich te11tlittrto rat 4 the [leadndIteuf the priitae :1hetltro,III 1)(11 asIL1I(Tk opotiona tthe('If)A.Pipra o t concentration sqdiuar t] o 
b I OR' lllt'duIcII IlltC/d syste tested;IM(2)CI to the garh. oproportiona 
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obtained at 1 hr fell on a straight line, except the one corresponding to the highest
antigen concentration. At later times this relation was progressivey abandoned 
until at the termination of diiusion the -traight-linc relation illustrated in Fig. 5 
was obtained. 

It is significant that each precipitate ceased to grow as soon as it had reacld the
size which was directlV proportional to the corresponding anmu itt of antigen. This
end-point of' growth was not attained siiih1tileotisV for the different precipitates
given by serial dilution of the same antigen. In (iact, the time reqtuired for each 
precipitate to complete its growth increased as a functi ot Of the final size to be
achieved (lUi". 5). Il one patltienlzar (xperiment a plate was stored at 37 C for 4
months; at tlie end of this time toetheorecipitates had retained the size which they
displayed at the t,ment when tile st'raight-line relation had been reached. 

It would Als, seem that the time required for a precipitate to achieve its final size
increases as a finttion of the oidecoula" \Veight of the antigen. 'his aspect of the 
qjuestion was ncot studied in detail, hut it was noted that disk sizes of about 1cm indiaieter were achieved in less than 24 Ihrhv Hence-Jones proteins, itt 3 days by
lbuniin, in I week by y(;-imuitioglohtiis, ari in I ) days by .Al-ilnitno
globulitis. 
The linear charaicter of the relatioM letwCet the :mount of antigeni and the final 

precipitate size on 0ine hand, and the teroperaturfe-itiependencu of the systemilthe other 11and, indicate that the final plrecipitate size in single radial itumuno
diffusion is not prioirily dCterttiineld by the diffusion rate of the antigen. In this
respeci theimcthod here described shltrpi," contrasts with that of Oudin, in which 
the eic un ttation Of the ailtigLeT, .s evaluated fronl the rate of migratiot of the
leaditg edOf-othe 1rcipitate. '"'he fact that diffusii~ should tapidh" come to I 
stop in tile tadial nietliod is of c'mrse due to the great disproportion bween the
 
smill amouit of antigen used and the pralcticallV riilinited antibody', spalce available
 
to it. It would seetii thait the single radill diffusion method, insofar as it is based on

the nmeasurenieit of final precipitate areas, isimore related to the clasF;ical irhinUio
logical precipitit itetlods il which the amount of precilitate formed by thtc coln
bination off an ulnknown quatntit\ Ofil antigen aid a lit itless SUplyh of atntibody is
measured. \Vht i,e\auated itnthe irtotiridiff'isien ntetohd he're described is
essetotiallV tile VoluneC Oif antibody-cOttaiti t1 a;1gr geul wi icI is enCIged ill cori
binltioti with the sample of atitigeti, after illantigetn has been cotisuiMed. Tlhe
noiient at which the latter situationn Iis achevedh is he.'alded by the cessatiott of the
growth of the precipitin area.. At this tiioltenit the sv'stetvi has reached the state in
which no freely ditflisille antiti, o possibly siiall ;ntigen- antibody complexes,
aic left availalIe to enlalgC additiolnal atitibod'. ()e tuIlv assifie that at such time 
the Compositiot of the pi-ecipitate reseiihles that ut ai 2.ntilid"V anitigenir
cipitate fotrmed at equivalence.

Il agreetttettt \%itlh the explanation g iver ;fihoVe, it is found that the area of the 
precipitaite at tertiiiatio of glr~l+th is mituchiot so related to tie aitioint of antigento 'iltio tle ;tolltllt of' ilitigell to/(r s.as Ite of the Co,t r.'eiitration of antibodv 
itbibirig the plut. Inideed, b\" ciotibinilig equtaiotions (1)aMd (2) one obtains: 

S;- /oo aQ Cab (4) 
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B. Applicability and reproducibilitv 
The applicability of the single radial immunodiffuIsion system here described to 

the quantitation of proteins in mixtures such as serum, has been verified for a large 
number of serum proteins, viz. prealbumin, albumin, al-antitrypsin, ai-acid
glycoprotein (orosomucoid), hapti,, lobin, U--macroglobulin, transferrin, /tA
globulin, and the three immunoglobulins, yG, yA and 74I, as well as to Bence-
Jones proteins and isolated light chains from immunoglobuli;is. Other species of 
serum proteins have been determined with this method by Storiko and Augerer,(1t 
whereas Riiinke'll2 has applied it to the quantitation of a prealbmuin component in 
thc serum and urines of mice and rats. A more or less similar procedure has aLo 
been used by 'l'omasi and Zigelbaun(". for the quantitation of yA-immuno
globulins in various human secretions. 

It should be stressed that in order to obtain strict linear dependency upon the 
amount of antigen, readings should be postponed until there is no further growth
of the precipitate areas. Of course, if only senli-quantitative results ire desired, the 
precipitate sizes can be recorded at ally time after the diffusion has started, pro
vided use is made of a sotilicient number of standards in order to allow for the non
lincaritv of the S vs. (),,, curve. It must also be pointed out that, even if readings 
are made from the final straivht line, a mere application of the slide rule for the 
purpose of interpolation is not justitied. Indeed, only i rare cases will the curve,
when extrapolated to zero concentration of antigen, intersect the S axis at the value 
S\.. In other words, tile curve does not usually start lron he point corresponding 
to the rima of the antigen well, btit from some point situated outside this rim. The 
value of the intercept will in fact depend upon inumlber of variables, among which 
the size of the antigen wells (equation 3) and tie volime of fluid introduced into 
tile well (Table 0). 

When the 64 data from tle experiment described in Table 4 were summarized 
over four diflerent inmmnodiflusion plates Made with the same antigen-antibody 
Mixture, the total standard deviation barely exceeded 2 per cent of the mean. 
Naturally, the error due to the use of different plates will depend upon the care 
with which the different frames are constructed and adjusted to uniform thickness. 
When large series of determinations impose tile simultaneous use of different 
frames, it is advisable to carry out a test for homogeneity in the manner here 
described. 

When comparisons are restricted to the data obtained in a single immuno
diffusion plate, tile experimental error of the method is decreased to 1 7 per cent, 
when expressed :Is the standard dcviation ill per cent of the mean. This accuracy 
is of the order expected from reliable chemical quantitation methods, and is 
certainly one of the attractive features of this technique. 

As to tile influence of the position of the antigen wells within a given plate, this 
item did not significantly contribute to the variation observed in the present series 
of experiments. Of course, a test such as the quadrant analysis here employed, 
would be useful if dott1t existed as to the regularity of the thickness of tile frames. 

It is further shown that the resuilts are not influenced by the temperature at 
which tihe incubation is carried ot. This feature completely distinguishes the 
method here described from the single linear inmmunodiffusion of Oudin(') One of 
the advantages of this independence from temperature that the diffusion plates 
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need not necessarily be incubated at a constant temperature. For instance, there 
is no inconvenience in storing the plates, without any special thermal insulation, at 
room temperature, even if the latter varies markedly during the day. The only
restriction to be made is that sudden important changes in temperature are liable 
to cause the formation of conc ntric striae in the precipitin disks. This was ob
served more frequently with proteins of small molecular weight, i.e. high diffusion 
coefficient. If pronounced, the phleiomenon May give the erroneous impression
that more than one antigen-antibody system is involved, but this difficulty is rather 
theoretical when n-onospecific antisera are employed. 

''ABLI.E 8. LOWR\V,LIMIT OF THE MIETMO1) 

Size of1precipitates ( - S)Amount Of
antigen 

(in ILg) 
, I 10 

Dilution of 
1 : 50 

Dilution of 
1 : 100 

Dilution of 
antiserun* antiserunl* antiserurn* 

1'28 
0'64 
0.32 
0.16 
0.08 
0'04 
0.02 
0-01 

136 
77 
52 
37 
32 
27 
24 
21 

not tested 
indistinct 

185 
100 
63 
39 
30 
27 

not tested 
not tested 
indistinct 

260 
139 
80 
49 
38 

0.005 
0.0025 

not tested 
not tested 

not visible 
not tested 

27 
26 

Size of antigen
well 19 19 19 

* Final dilution in the antibody-agar gel 

Regression lines 
1 :10 Plate St -23-62 i87"01 Qag,
1 :50 Plate S - 20-19 512'44 Qag,
I 100 Plate St 2038 1494.39 Q),g. 
f"Complited from the six 7.ighcst figures.
' C,mputed from the six figures indicated in this table. 

C. Sensitivitv 
As shown in the present paper, the lower limit of the amount of antigen which 

can accurately be measured with this method approaches 0.0025 /tg if highly
diluted antiserum is employed. Since this amount was contained in 2 /l of solvent,
the lowest measurable concentr:.tion 0f antigen would l)e 1.25 jigiml. Although
this conclusion was reached from exp,:rinicnts with human serum-albunin, there
is no reason why it shoutd not apply to other antigens as well. Indeed, the principle
which determines the lower limit of sensitivity is a quite general one: (I) a pre
cipitin disk ceases to be accurately readable either when it becomes too faint to
be observed or (2) when its dimensions do not sufficiently extend beyond the rim 
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of the antigen vell. The lower limit of dimension which can safely be accepted 
has been indicated in Fig. 12, and should theoretically be the same for an antigen-, 
antibody system. As to tile density of the precipitate, this parameter depends on 
the concentration of active antibody incorporated in the gel, i.e. on a parameter 
which can be changed at will, irrespective of the nature of the antigen against which 
this antibody is directed. 

The critical dtimlnlsion of the precipitate is not liable to improvement by artific
ial means, but the density of the precipitin disk can be enhanced, both bv staining 

inld b' the addition to the system of some non-specific co-precipitating agent 
such as non-immune serum. Both artifices were employed in the present study and 
helped to bring down the lo\\cr limit of sensitivity to as little as (025 jig of antigen. 

Further improvements upon the sensitivity can probably be obtained by in
creasing the volume of antigen solution introducCd into the wells. If the use of 
larger antigeri welIs :rW or complete filling of such wells as a means ofd a more 
increasing tliv snsitivitv of the method are contemplated, two important precau
tions shouhIlI bC kept in mind. One is that all the samples to be compared to a given 
reference solution of antigen, as well as the standard solution itself, must be 
applied in idcntical volumCs of sovCnt (Fig. I0). 

The other restriction is that all samples, including the reference solutions, should 
also be appliCd in antigen wells of identical diilensions. 
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