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I

INTRODUCÎION

The Lmportar¡oe of the role played by platelet,g Ln haemostaE1s

ar¡d thrombosj.s hag been well eetåbllghed. Intensi\re lnrrcstlgatÍons
are nolt belng carrl,ed out by måriy workere to elucldate further the
¡reehanis¡nq by whLch platelete tat(a part Ln theee proceases. SLnce

It' ls lfkely l*¡at a complete understandlng of the role of platclets
wlll be at the molecular level nany of these studles have been

devoted to the lnræstlgatLon of tl¡e blochemj.stÌ:y of theee elanpnts.
sLnce Èhe early 1950 t s the derrclopuent of ¡rpthods for the separatJ.on

of platelcts fron whole blood coupled with the derrclopnent of nj.cro-
chemlcal technLgues suit,able for appllcatLon to small anounte of
biologloaL saqlle hag allorued the estLmatfon of a large nunber of
platclet sonstLtuents.

Or¡e er¡bstårice whj.ch exfsts ln a htgh concentratLon Ln plateletE
{e ascorbic acLd. ttntll recently the only report of t}re ascorbic
aaid content of ptatelete wae by Barkhar¡ ar¡d l{oward (1958) who

estLmated that the aseorbLc acld coneentratLon Ln plateletc was

sone twenty tl¡nee as hJ.gh as that Ln tt¡e plasma, Tfj.lson et alll
(1967) have now reported values whieh are aonÊ three hundred tl¡¡es
thoEe etated by Barkhan and Holpard.

Taken wLth ttre flndlng of a hf.gh concentratLon of accorbLc

acLd ln plateretg the se\¡ere purpura which occurs Ln eeurvy
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suggests that ascorblc aoLd may be lmportant fn platelet, netabolj.sn.
![hqt platelet functLon ls Ln fact abnormal !.n ecunry hag boen shown

recentLy by etudLec demonstratJ.ng an lnpalrnçnt j.n the abtllty of
platerets from humans and gulnea plge eufforfng from scurî\¡!, to
gtlak to a glass surface (Born and, litright, 1967¡ !{!.lson et allL,
1967) .

The essentlal rore whlch ¡scorbf.c aci.d playa i.n tLgsue

netabolLe¡n Ls emphasfaed by the fact that ar¡Lmals whlch cannot

eynthesfse thel.r o!ûn agcorbLc acl.d wfll dle of soul¡rr!¡ lf deprlvod
of vj.tamln c i,n tl¡a dlet,. yet, deepite an enormou¡ amount of
work devotcd to ttrl¡ subJect, the nature of thls role renains
tmknown. Àssorblc acLd doee not appear to act as a speolf!,c
cofactor Ln enzyte reactlons ¡s do the other vftamfns, and though

fts fiuretlon nay be reratod to j.ts aotlon âs a redox potent!.al
buffer' thlg remaLns to be proven. Br.nee tt, ls ltkely that the
functLon of ascorblc acld f.n platelets 1s efther re¡.ated to or the
sämg as Lts fiurctLon Ln other celle, stud,J.es of i.ts fr¡nctLon fn
platelete could errcntually lead to a better rrnderstandlng of lts
funct,ion Ln ott¡er tigguoe. Bocauce platelete arc rcadlly
leol'ated fro¡n whole blood and are eaolly handled ln vj.tro thcy
provLde a con\renl'ent model for the sùudy of asaorblc acld ¡¡etabolism.

An egsentLal tool i.n ttre study of ascorblc aal.d te a method

for tte cetlmatlon l.n b!.olog!.cal eamplee. å revj.ew of the



3

lLterature revealed that methode commonly used har¡e the dlsadvår¡tage
that they are not epecLffc for ascorbic acfd. Those nethods whleh
depend on a mêacutrement of tha reducing pow€r of the sample aleo
measure other raduclng subetances preacnt¡ nnthode which depend

on the folmatlon of ttre 2 r 4-dinJ.trophenylhydrazone darLvatLvE of
dehydroascorbLc acLd ara aubJect to Lnterferance from other
sr¡bstar¡ces !f,hieh fonr hydrazone derLvatLves, rt ls eurpriølng
that, Ln vie¡p of the obvLous import,ance of aseorbLe acfd Ln

nptaborfc procesðcs, beÈter methods have not, heen devLsed.

A property of ascorbLc aoid whloh lends ltself to further
inveetigatfon Ls lts ablj.ttv to enhance ùhe abaorptton of j"ron

from the j.ntestine (Moore et alíi, 1939). ft is uaually cLalmed

that this ls due t,o the reductÍon of ferrLc Lons to ferrous ions
(llEhn et, a111, tg45)¡ ferrLc Lons, unU.ke ferroue Lonsr rrê
Lnsolrrble at the alkallne pH ln the duodEnaL lumen from whleh
efte iron Ls abeorbcd. ThLs does not erçlaLn, hower¡er, tho fact
that ascorbi.c aeid also enha¡rces the absorption of ferrous fons
(Greenberg et allf, l9S?). It hae been shørn that Lron snn also
be marntalned in solut{on Ln tt¡e duodenum by the formatLon of
nÞtal-chelate corplexes between iron and agcorbic acld (Charley

et alli.' 1963¡ DavLs and Deller, t96?), and that subetanceg whlch
cân complex fron !.n thLs way can alter the ratc of tron abeorptlon
($tltt et alli , Lg6z¡ Davfs and Deller, 1967). rf eorap!.ex
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for¡nation oecurs when ascorbic acíd ís added to Lron, th1e could
e:rpJ.aln Lts effect on iron absorytion.

Because of the f,tçortance of platelete l.n haemostasls and

thronbosis and the funporùance of ascorbtc aeLd j.n rnetabolLc

ptrocessea, the LnvestfgatLonE descrlbed Ln thls theel.s wêre

devoted to the study of sone aspects of the aeeorbLc acid content
of plateleùs. trhe mal"n obJeete of thls work vretre¡

l. To develop a moæ speciflc method for the estfmation
of aecorbLc acld.

2. To determine the ascorblc acid content of normal

platelets and to compare theee results wlth the

values previously reported.

3. To etudy the effeat of varLatlon Ln the ðietary
intake of aecorblc acld on the platelat aecorbLc

acj.d eontent.

4 I To determlne whether the ascoribfc aÇid content of
platel"ete dlff,ers from normai ln diseasas ln whlch

the platelets âre thought t,o be affected.

lro study the mechanLsm by whfoh platelets maint,aLn a

hlgher concentrati,on of ascorbl,c aci.d than in the

surroulrðfng plasma.

5.
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6.

'l .

lfo rx¡rrere t]ro poartbttLty of ¡ nlrtLoarhtp brËrru¡n

arcorbi.a åcl,d rnd rdrnorlnc êi.pt¡esphrto lndue¡d
pletelct eggmgrti.on.

'l[o dooldc whcthcr rresrbl,c rai,û or üehyårorroorbts
aeld wltt lorm r rtrbtt eoqrlox wfth Lron.



CH.ÈPTER 1

HTSTORTCAXJ REVTEW
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P¡[R:[ A. rHE N.ATURE At{D cHEMrcAr, couposrrroN oF pr.ATEr,Ers

I. EART,Y HISTORY

The first pergon to recognfee ttre platelet as a forrned elenent
of the b100d was Donná who, rn 1g42, reported that rn addr.tj.on to
red globules ar¡d whlte globures, there werÊ r.ått,lc globules ,,res

ELoburlns du chylen. slmirar Emall bodles whleh tendeð to form
clumps ltetre deecribed tn 1846 by [fnrnerman and Ln 1g65 by schultse.

rt wae soon raalieed that platelets mlght har¡e an importa¡rt
fi¡¡tsti'on. rn 1878, Hayem suggested that platelets may accelerate
blood coagulatf.on and Bizzozero (lgg2) shotred. that the white portLon
of a thronrbue consLeted almost entlrely of pX.atelets. Hayem (lsg2)
obserr¡ed that pratelet aggregatLon was responeLble for haemostasLE
ln the Jugular r¡eLns of dogs and both he a¡rd Bl.zzozero fotmd that
pratelets wourd correct at, a sr.te of inJuqy to a veeser warl to
forn a thrombus. In 1883 Kraues descrdbed a reduced platelet
count Ln a caae of haemorrhag!.c purpura showíng that platelete arê
important Ln malntaLning vaseular LntegrJ.ty.

At' thlg time nany workers ettll belLewd that platelcts were
mcrely artefacts produced duri.ng eollectlon of blood. BLzzozêro
(1882) removed many of theee dor¡bts by obeervatíone on platelete
actually circulatlng ln llvLng anLmals. He notLced that plaùelets
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whlch had aggregated htere more stlcky and had changed ln appearance,
and he saLl"ed these changee "vj.scous metamorphosis,,. E\ren after
thts publlcation nany workers sttll claLred that the plateletg were
nerely efther fibrln deposlts or baeterÍa. The maJortty of these
workers were basl'ng thelr conclusLong on drLed Bmear' of blood.
later the fntroductLon of new ataLnl.ng teohnJ.ques enabled Donrlniql
(1900) to deeorLbe platelets as formed ele¡nents wLthout a nucleug.

Early workerE oonsidersd that the platelets lvere derived from
the red cellg or the normoblasts (Tocar¡tLns, lg4g). DomlnLcL
(X900) tåought thêy Ítere derLr¡ed from mononuclear ce1le. rn 1906

and agal'n in 1910 lrrlght publlshed work whlch dcnronetrated elearly
tùat platelets aroÊe from nregakaryocytes. He was abre to ehow
granuleer wfth etaLnLng charaeterj.stLce Ldenticar to pratelet
granulee, ln the pseudopods of megakaryocytes. Clusters of theae
granules could be s€en to be separated frorn the rest of the cell by
a zone of hyall'ne cytoplasm and platelats could be fdentlfled tn
tt¡e viclntty of the pseudopods. The procesg of platelet formatfon
from nregakaryocytes has now been folloved by electron mLcrosco¡ry
(Yamada, 1957) and by mLcroeLnematography (Klnoslta a¡rd ohno, Lg61).

II. STRT'CTURE

Plater.ts are \rcr? small eells wlth a dfameter of only abouÈ

Ustng light mJ.croscopy lfrlght (19I0) reeogmfsed that platclets2I.
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contaLned granures, and eone workersr for example, DeetJen (1901)

and Perronclto (1920) clalmed that platelets possessêd nucleL.
DeetJen also obserr¡ed ttrat plateletE have pseudopodia, and thls
has sLnce been conflrrned by many workers.

Early ln lts development electron mLcroscopy was applled to
plateJ"et's rfor the abtltty of ptatelete to apread out, on a membrane

to form a flattened dj.ac, whJ.ch was more transparent to an electron
beam, facllftated the use of thls technlque (Davtd*Ferralra, 1964).

lllolpas a¡rd Ruska (1939) were the fLrst to degcrj.be the eleetron
¡nLcroecoplc appeârances of pLatelete. BesgÍs (1950) and Rabuck

(1949) sholüed tlrat platelets flxed as soon an poselble after
collEctlon qrerê dLse shaped., but that as the tlme betcreen

collectj.on and ffxation Lnçreased protopJ-asrnJ.c processes or peeudo-

pods appeared. The pseudopode "by progressLve enlargement are
tra¡¡¡fomed fnto ttr!.n aheete (t,ransftfonal form) , whl.eh coalesce

to form a tl¡l.n vel.l of hyaloplasm (epread form).. The ffnal
spread fo¡m hae a'ttround, ofroLdal, or polygonal øhape, wíth elear-
cut edges devoid of proeessêB or having only a few ttps eorreepond-

ing t'o regts of pseudopod!.a" (De Robertis et au.i, rgsg).

The full elucLslatLon of t?re ultrastructure of the platelet
was not possJ.ble prLor to tåe fntroductJ.on of ultrathLn sectLone.

The flrst' obaervatfons uslng thfs technigue werê by Bernhard and
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Ieplus (1955) , by De t'iarsh et alll (1955) , and by Rlnehart, (1955) ,

Since then many ottrer pubJ.icatíons har¡e appaared descríblng the

ultragtructure of plateLets (reviewed by Davíd-FerreJ.ra, 1964).

Electron nicrosoopy of tùln eeetLons (Plates I and II) has

shown that the platelet doeg not poaeeso a nucleus, A lintttng
membrane whLch conslsts of tlvo dense layers separated by a lesg

dense layer surrounde the grourd cytoplasm whLch Le homogensous

and fLnely granular. suspended in the cytoplasm are the clense

granules whlch correspond to the azurophilic granules ceen by

light microscopy (Rlnehart, 1955). These granules are oval in
ehaper ¡.20-300 mu lottg, ftnely granular l"n appearance, and are

gurrounded by a ltntÈtng membrar¡e.

.âlso Ln the platelet tt¡tn secti.on are one or two snall

mftoahondrLa. Som€ authors, for example RLnehart (1955),

bell-eve that the dense granules are darJ.ved from the mitochondrLa,

but thLg is denj.ed by ilones (1960) who hae follorsed the proeess of

formati.on of ùhe denee granulee J.n megakarYocytee.

Clear elernentg or vasuolea aro Eean Ln tåe cytoplasm and,

depending on the nettrod of flxation, mi.crotr¡bules are vj.sLble

(gandborn et alll, 1966). David-Ferral.ra (196¿[] concluded that

some of the tr¡bules and vacuolee reeult, from pf.nocytosLs and t!¡at

the posstbtllty that others arlse from t*re GolgL apparatus ea¡rnot

be exüluded.
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rn some platelets \rery dense granules less t*¡an 200 Â rn
dfarneter are seen in the ground cytoplasm. The work of ilean and

GautLer (196f) and Davld-FerreLra and David-Ferrelra (1962)

supports tl¡e contentlon that thece arê glycogen granules a¡¡d not
rLbosortþg.

rTI. FT'NCTION

'if,tre maLn physlological fr¡netfon of the platetet ls lte role
Ln haemostasLs ar¡d the maj.ntenance of vaseular Lntegrlty, a¡rd

Ltc maln pathologlcal fturctLon is its rolc Ln throunbus formatj.on.

1, Eaemoeúaele 1s largely attalned by the formatlon of a

plug of aggregated platelets at the aite of the break ln the
rÞeEel walI whcre the platelctE are bound together by a flbrln
rneehwork (lrtarcr¡e anrd Zucker, 1965) . Thl.s was orLglnally
d€monstrated ln the nesentcry of an e:çerlment,al anLmal by

Bfzzozero (1882) and j.n the Jugutar veLns of dogs by Hayen (lgg2).
rù haa sfnce been eonfLrmed in sinrllar e:çerlmental rnodels by

zucker (1947) 
' by Berman and Fulton (196x) r âr¡d by Roskam (1961).

ilorgenøen a¡rd Borchgrevink (f963) ehowed that platelet plugr ware

responsLble for haemo¡tasLs after sma¡.l cutc J.n hr¡nar¡ skj.n.
tÌecently ilohnson (f966) reported enperfmcnts on haemogtasl.s Ln the
emarl veeeels_ of gulnea plg nrcsenteey. Hêr technfgue was more

phyei.ological than that of other workerg for she dld not wash tha
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effluent blood äway fron the site of tnJury by eontLnuous LrrLgatLon.
She showed that'rj.n arterLolee g0 to 160 u fn dLameter bLeedJ.ng was

arrested not by a platelet plug but by a red cell oapeul€." rn
tj¡ta capeule , however, werê r'rarge pratelet, aggregates frorn whLEh a

fdbrln net¡vork emanated entrapplng lndtvj.dual red blood eElls.',

åft'er plateletE have aggregated at a si.te where haemoetasLE or
thromboeLs i.s Ln progrees thcy rurdargo vLscoue metamorpho¡Lg.

Durf.ng thic prooesg the contentg of the densa granuraa arê

ILberated a¡¡d tha platelet, ßcmbra¡¡e i.e ruptured, Thl.s process ls
probably raðponsible for the ll,beratlon of sÌrbatâncee requlred for
further platelct aggregatLon and for tha tntttatlon of blood
ooagulatÍon (Adelcon et a1ll, 196l).

(d PLdtelct et,f.ok,Lncce dnd pratalct aggtegaül,on A brealc-

through ln tho r¡ndErgtandlng of the neohan!.snr by whtctr platclet,r
adhere to a foralgm surfaee and to each other was made ln 1960 by
llelLem. He chüred that, a substance extracted from red eolls
caussd an Lncnase Ln ùtre tendency of pratelets to adhera to
glaca. Íhl! er¡bgtanae stas subaeguently tdentlfted as adcnoslne

dlphoaphata (A,D.P.I by Gaardar et alll, (196l). These studj.ea

havc atLmulated a large anount of work Ln many dLfferent
laboratori.ca to flnd out rnore about the reaetLon bctween platetets
and adenosÍnc dlphosphate. somg workers meaãuro platelat
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stiekiness to glase by countlng platerets before and after pas.aEe
of blood or plateret rich prasma through a col.umn of glaas beade
(Hellem, 1960). Others uee r,he technÍque of Wrl.ght (1941) Ln

whlch bLood Le rotated rn a glaes bulb wlth meagurements of plate-
let corr¡¡ts before and after a perlod of rotation. A wrdely used
technÍque for mqasurlng the adherence of platelet to plateLet ls
tl¡e turbldometrrc nethod de'eroped independentry by Born (1962)
and orBrLcn (1962) . rn thls al.rnple and reproduclble technJ.gue
the ebsorbance of stlrred platclet rlch plaema lE rnaaaured at about
500 mu Ln a spectrophotorneter, Àfter À.D.p. lg added the plate-
Iete aggregate Lnto nany small elurnpe and the absorba¡ree decreageg.

ueLng theee technfgues lt hae been shorün that there is
suffLcLent adenogj.ne trLphoephate (A,T.p.) ln normal clrculatlng
platelate to account for the amor¡¡t of A.D.p. whieh ís requlred to
cauge platelet aggnegatl.on (Kasar-Glansmann and Lusoher, 1962).
Thus lt ls thought by eonn people that platelet aggregation r.e
lnltlated by hydrorysra of A.T,p. in the plateret to A.D.p.r and
that tt¡ls u-berated A"D.p. trr.ggers plateret, agEregatlon. castaldr
and Flrkln (1962) for¡nd, however, that ltttte or no change oecu*ed
fn platelet A.T.P. ler/€ls for three nl.nutec after recarclfleatlon
of platelet rlet¡ placma at whlch tLme platalet aggregatLon had
already occurred.
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Johnson (1966) estLmated the total â.f.p. and A.D.p. content
of shed blood and found that tn whole k¡lood 90t of the adenl.ne

nucleotLdas were Ln the rad cells and only 10t 1n the platelets.
About one half of ttre total blood À.T.p. ürcle converted to A.D.p.
fffteen geconds after bLeedlng began and before ¡nuch platelet
aggregatl.on had occurred. rt appeaned therefore tåat much of
the A.D.P. Ln normal haemogtasLs could be supplled by red cells
rather than platelets.

substar¡ces ûñLch wi.rl inhlbtt å.D.p.-induced platclet i.

aggregatlon If added ùo platelet rieh plasma sor¡Þ mj.nuteg prior
to addlng A.D.P. arê aüenosfne and nany adenoefne analogues such

åa adenosine monophosphate (A.M.p, ), A.T.p., and 2-chloroadenoal.ne
(orBrLen' 1963). Bom et alif (1965) have compared the effectLve-
ness of 30 analogues of adenosi.ne as lnhlbltors of A.D.p.-Lnduced
platelet, aggregatlon.

other subEtanees whl.ch cause platelet aggregati.on in vitro
are S-hydronytryptamlne .(serotonfn), norepLnephrLne, eplnephrl.ne
and thrombLn (Of BrLen, 196{a} . Serotonin J.s an Lmportant

conetituent of platelets (Born, .1963) and thrombin ie generated

by tha coagulatlon ¡¡echa¡rLsm at sLtes of haemostaEl.e. luclcer
and Borretli (1962) for¡nd that collagen flbres j.nduced platelet
aggregatLon, and tåat the aEgregated platelets adhered to the
colX.aEen partlclee.
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The effect of A.D.P. on platelets in vivo has been investi*
gated. using rabbits it was shown that when A.D.p. was apnlied
to a bLood vesseL of the cerebral cortex after a mínor injury
to the vesseL the formation of platelet emboLj. was índ-ueed

(Honour and MitchelL, L963). Durinq an adenosLne infusion Lnto

the carotid artery a sligirt,ly higher concentration of A.D.p. hras

required to prorìuce the saìne effect (i3orn et alii , Lg64) . The

intravenous administration of A.D.P. causecl a transient thrombo-

cyto¡:enia in cats (Born anel cross, l-963), rabbits (Regoli ancl

clark, L963), humans (Davey ancl Lander, 1964) , and sheep (Lloyd

et alii, 1965). This effect Ís usually considered tcl be due to
a transíen{: ad}¡esion of a proportion of the platelets to vascular
endotherium, probabLy in the splanchníc an<r" pulnonarv ar:eas

(Davey and Lander, L9641.

Attempts have been rnade to find a non*toxic druq whieh wiLL

inhibit pLate1et, aggrega.tion in vivo. rt is hoped. that such a
drug could act as a prophyl-actic against thrornbosis. Drugs

inyestígated so far are persantín with promisínq initlal. results
in rabbits (Emmons eÈ aLíi, 1g6sa), and in man (Eìmmons et au-i,
L965b) , and. gJ-yceryl guiacoJ-ate which produced decreasecl pl.ateLet

adhesÍveness in 22 i:.eatthy volunteers (Eastham and Griffiths, 1966).

(b) structuraL ehanges rluring erotting. The changes in
platerets during haenostasis (KJaerh,ej.nn and Hovig , Lg6zl , and
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durlng ln vl,vo thromboEls (Vasgallf et alff I LgGAl- are efrgentlally
t}ose of platelets Ln recarclfled platelet rlct¡ plasma ae

descrLbed by Rodman et alfl (1962) and CaEtaldl et altf (1962),

Four maj.n phases har¡e been recognJ.oed (Marcue and Zucker, 1965) .

(¿) Pneaggl'utl,natí,on: Tft¡en calcium ls added to cltrated
pratelet rlch plasma no change is obeerved r¡ntil Just prlor to
the onset of aggregat,fon when the dense granules çongregate near

the centre of the platelet and pseudopods appeâr.

(ii) Aggtutlnøt.Lou More pseudopods appear and the

platelete adhere to one anot!¡ar. Ehe conoentration of granules

at the cent,re of the platel.ets becomea more marked ar¡d flbrLn can

be geen at the perlphery of the aggregates but not between the

pJ.ateletø. The platelet Lirnlting membranes mortly remaLn intact.

(¿¿l) Ihtomboogtotthetle: The platelets losq thelr
grânules ar¡d the externaL membranes of platelete at the centre

of tt¡e aggregate dl.elntegrate. At the perLphery of ttre aggregate

the external rembranes remaLn Lntact and, fibrin becomea more

pronJ.nent.

(de) fhronboogtol,yel,e.' The plateJ.ete dielntegrate to leave

granular debrfs, eae-like protrusfons at the perl.phery, a¡rd fLbri.n.

lllhen A.D.P. iE added to platelet rlch plaema the platelets
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aggregate but remaLn intact, the platel.et granules do not
dtsintegrate, and flbrln ís not, forred (Hovigr 196a1 Rodma¡r

et aLiir 1963). tthuÊ the role of A.D.P. iB probably restricted
to aggregatlon. other substances, pooslbly ttrrornbln, must be

responeLble for üt¡ronrbocytorrhexíE .

Ithere ls sone confugj.on Ln ttre lLterature about the meanLng

of the te¡m "vlseoug rmtanorphosiso. Eberth and scl¡lnsnelbusch

uEed lt to descrLbe aggregatJ.on (sharpe, 1965) but Tfrlght and

Itlinot (f917) applled lt to the proc.ess wheæby platelets whlsh
have aggregated proceed to "fuse with one another" eo that nthelr
separate ldentity becomes Loet or obecure". Moet workers appxy

the term to tl¡e stages of thromboeytorrhexj"g onwards (sharpc, 1965)

but !{arcus and lucker (1965} recommend ltc uge for tha whole process
incLuding the lnitlal aggregatLon. xn thLs thesl,g the ùerrn
nvLeeoua netarnorphosis" wi.ll be used to appry to the stages of
th rombocytorrhexl s a¡rd ttrronibocytolye J. s .

2. rhrombocie, there i.s consr.derabre evLdenee that
thrornbosLe Ls tnitlated by the aggregatlon of blood platelets at
a eite of endo{:t¡eli¡l damage (Honour and Ross-RueEell, 1962} .

The platelet aggregate formg the whLto head of the thrombua and

the coagulatLon ¡¡echa¡rl.sm becomes acti.vated reeultlng in the red
ù,a11 whlch coneLsts malnry of red cellg trapped !.n flbrln
(Egeberg' 1965r o'Bri.en, 1964b) . Johnson (1966) consi.d,ers that
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ln experirnent'al throlnt¡osie ttre sâme reaetfone are Lnvolved as ln
haemostasLe: the formatLon of fibrLn, the gencratlon of A.D.p.
from A.T.F. ¡ platelet aEgragatfon, red cell lyele, ând the
adherence of rcd cclle to eash other. rn thrombosLa, ho\rever,
there l.s (1) more damagc to t?¡e vassel wall than ln haemostael.a,
(11) much Less flbrtn le formed, (itf) there ts a much greater
tendency for pLatelet, aggregates to adhere to tlre r¡essel wall,
and (fv) the importance of red celrs Ln the geneef.e of platelet
aggregatLon ls nlnlrnal (,tohnson, 1966) .

õ. Athdnogenee,te. Ãn i.ncreaelng amount of evid,ence l"g

belng gattrered to aupport the hypothesls that depositLon of
platelets on the walls of blood veesels Le reeponsLble for
atfierogenesís. Duguld (194s) for¡nd fLbrlnous enerustatLons on
no¡rnal i.ntL¡na but did not mentfon platelets. Movat et atfl
(x959) har¡e demonEtrated small platelet-flbr!.n thronbl on norrnal
Lnt{¡na a¡rd have suggeetod that theae depoelts beconte incorporated
i'nt'o tl¡e Lntima to form atheromatous plaques. fhis encrugtatj.on
hypothesLE whleh waE orLginally proposed by Rokftanaky (18¿2-1g46)

had been öåscarded tn favour of the llptd inbtbttton hypothesLs
untll Lt was revived by Ðugufd (194g) ?

Though tl¡o ltptd tmbtbLtton hypotheeLe ls sttll generalry
f,avoured consLderable evfdence has norc been acoumulated Èo support
the encrustatLon hypothecle and thLs has been revl.ewed by Mustard
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et aLil (196¿). chandrer and rrand (1961) have obgerved the
phagocytosÍs by monocytes of prateLets whtch arg rlch fn llpld.
llhe monocytes were tra¡reformed Lnto llpophagee sfmLlar to thoee
seen tn huma¡r pratelet {:}rrornbL or j.n atherosclerotLo plagues.
Theee workerE har¡e also produced atheromatous lesLons ln the
pulmona¡l¡ vessels by the Lntrar¡enoue LnJectlon of artffLclal
thronbl coneLstlng largely of platelets (Har¡d and Chandler, 1962).

Platelets have been shown to conp more neadily Lnto contact
wlth arterlal walls at sl.tes of turbulence (Itadfleld, l9S0) whLch

ocour near vessel orfgLne and blfurcatLons. tfhese anÈ also the
sLtes of maxi.mu¡n attreroma fornratfon (Mustard et alll, 1961).
5lm11ar flndlngs har¡e been obtar.ned in etudleg of patterna of
turbulenee and of platelet depooLtton j.n sl.lLcone coated ptastLc
tubes Lnesrtød Lnto tha ci.rcuLatr.ons of plgs (Mustard et alLJ.,
1961).

Thus evidence fg acsumulatlng to suggeet that not only doeE

tåe platelet play a prl.mary role Ln ttre fornat,ion of the thrombus
whLsh blocks an atheromatous artery, but that l^t uray also play an

l.mportant role ln the formatfon of the atheromatoue depopLts

tl¡emeelves.

4t Inørtepont, The platelet has baen regarded by sone as a
method of tra¡rsportatLon for certa{n subetances in the bloodstream
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(Humphrey a¡¡d ,Xaegues t LgSAi Maupln, 196l). ft may be lmportant
for a subsÈånce to be earri.ed Ln the bloodstream rather tl¡an Just
free In the plaøma for one of ger¡eral reaaons.

(a) The substa¡rce may produee unwanted effecte lf allonred

to. ci.rculate free ln the plaoma. serotonLn, for i.nst,ance, ls
aarried in the bloodstream fnelde platelets. Argulng

teleologlcally, ttrLe prevcnte ft from com!.nE fn contact, with
receptore I'n the r¡essel walle and caucfng vasoaonstrictLon.

(b) llhe plat'eJ.et may be required to delir¡er substances to
partLcular sLtes. (r) platelets earry plasrna coagulat!.on

factors, poesLbly adaorbed on the platelet Eurface (.Adelson,et

artl, 19611 Barkha¡r and silver, 1962), and pJ.atelet factor rrr
(Barkhan and sl.lrær, 1962) whlch te probably lLpoproteLn (Marcus

et alll, 1966). Sj.nce platalets are attracted ln large nunrbers

to sf tee of haemorrhage or tt¡rornbosLs, they may be. rerponsfble
for provJ.dlng a concentratj.on of coagulatlon factors at thle gLte.

(ff) It le probable that plateleta contrLbute to the lntagr!.ty
of tl¡e vsegel wall. Platelete are antlgenLcally elmLlar to the
endothelLum of blood veesels (Baldlnt, 1966) and electron nLcro_
grapha have chown pratelats wlth{n endothell.al cells (,xohnson et
alff, 1964). !{hen Cronklte et alfl (f961) labelled rat, platelets
wlth s3S and inJected them ínto thrombocytopen5.c rate, the s35 *ae
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later iletocted ín the bl-ooC, l¡essr:-:J- r,ral"J.ã. ¡iltstard et a.ltl
(1965) came to cirnilar eonelusi-ons after tnJeeting ri35 into
nonnal- pl.çs

5. Phagoaytoe'le. DavL<1-Ferrel,ra (1964) noted the LnqegtLon

of thorl"um oxLde by platelets. The colloirlal materf.al was

contaÍnecl ,Ln tul:r:J-es v¡hLeh roruded un lnto ¿.¡pieal phaqocS¡tic

vacuol-es". Ry a ¡lrocess of phagocytosis platelets can enqulf
sLLicon <lioxide (sehulz, 1961) r ferritin ($chulz, l96L; Hagenau

et a.1íí, 1963) anril l-atex partieles (cl:mn et alfl, 1965). After
fat infusLon and in patíents with hlperlipaemla, phagocytosís of
fat partLcleE by ¡:latelets oecurs (schulz and. t{ede]-l, Lg6Z}.

ÏV. THE SURVTVÃL OF ?LATELNTS TN CTRCT]LA?TO}.¡

This subJecÈ has been recently revieiwed (Mustard et alii,
1966; BaldÍnÍ, Lg66; Gardner and, Cohen, L966). In modern

techniques for the ilteasurenrent of platelet, survival the platelets
are LabeLled wlth a radioactive ísotope. Blood samples are taken

at daily intervals thereafter and the radioact,ívJ.ty of the platelçts
determined. The most conrnon}y used techníc¡ues åre (i) labe1J-lng

in vitro by chromÍr*Sl followed by reLnfusíon of the labelLed

platelets Lnto theLr donor (eas and Gardner, 1958; Ðarrey and.

Lürder, Lg63l , and (ff) label-ltng tn vivo wltlr D.F.p.32 (Leeksma

and Cohen, 1956; Barkhan, 1966a). Using these technfques platelet
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llfespan ln humane La eeùimated to be 9-11 days. The eurvlval
of platelets hae been thought by sorne workers ueLng the chromh¡n5l

teehnlque to be l,lnear ¡¡Lùh respect, to tlne (eaa ar¡d Gardner,

1958; Baldinl, 1966). Other workerE uelng D.F.p.32 h"* for¡nd

ân êrç)onentLal ¡¡elationshlp (Murphy et alfl , L9621 Àdeleon et
alilr 1963).' A lLnear curvo is conEl.stenù wfth removal of each

platelet from the cl.rculatLon at ùhe and of a llfecpan of about

10 daya and an elçonentLal eurv6 le sar.d to suggcst renoval by a
process of random destructi.on (Þar¡ey, 1966) . Muetard et altl
(1966) have proposed a nultlple hlt, model to e:plaLn the vari.ablc

reEults fou¡rd.

V. CHEMTCAL EO!ûPOSIÎION

The fj.rst chemlcal analyøes of plateletE were by åbdcrhaldEn

and DoetJen (190?) who lnvestLgaùed the proûG.ases of platelets.
Àynaud (1914) analyred plateletc from tl¡e horse a¡¡d donkey and

found phosphorus, l.ron, eulphur and ealc!.um. Calorlnetrl.c
ôeùcrml.natlon by HaurowLts and Sladek (1928) showed ttrat platelets
contaLn 7tt proteln, Lzt llpld, 1-7t choleeterol, and 5.5t of ash.

Other early workers arc menti.oned by llocantLng (1938).

, Most of the work on the chemLcal conrpoeltj.on of platelets ha¡

been done EJ.nce the early 1950rg when dlfferenttal ccntrLfugatLon
-:

teotrnLguee for the oeparatf.on of platelets from whole blood l,rere

developed (D1l1ard et alli, 19511 lrl"reeh ct, allL t L952¡ MJ.nor and
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Burnettr L952; 1[u11Lg, 1952). Orê of tlre maLn reasons that thls
aubJect received lfttle attentJ,on Ln the fLrst half of thls century

was that large volumes of bLood were regul,red to obtaLn Eufflci.ent
plateleta on whLch to perforn a crheml,aal egtlmatlon. In the

erçerLence of the auttror 30 ml of blood provfdes only about 0.06 nI
of platelets. Tlt¡en Bettex-Galland and Luscher (1961) extraeted

tl¡e oontractlle proteLn, thrombosthenj.n, tlrey used the plateletg

frorn 50 LLtree of hr¡nra¡r blood whLch ylelded 20-30 mI of packcd

platelets! Nolt, wfttt the development of mLarochcrnfoal rnethods,

ttre analytLcal chemietry of platetets hag recei,\red mors attentLon.

The publLahed work on the cheml.cal composLtLon of plateletE has

been revl,e¡ved by Maupln (1961) , Bettcx-Gallar¡d and Maupin (1961),

Barkha¡¡ and Sllver (1962), and Marcus and Zucker (1965).

7. Aaoonbio aa,ld. In the 1940tc eerrcral publLcatLong

appeaæd on ttre aecorbl.c acid content of the buffy layer of

cantrifuged blood (Butler a¡¡d Cushman, 19¿0¡ Beaeey êt alli,
19¿7). ThLs Layer contaLns platelets a¡rd whlte eells a¡¡d i.t was

not knotun at thle tise whcther ascorbLc acLd vras prêdomLnantly ln
pJ.ateleta, predomJ.nantly Ln whLte cclle r or whather Lt was aqually

dlstributed between the two. Cra¡rdon et aüi (1940) for¡nd that

when a vohurteer waa given a dict free of ascorbíe acld the plaema

coneentratLon of agcorble acl,d decreascd to \rery low lenelg over a
perLod of 3-4 weeks. The buffy layer content of ascorb!.c acLd
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fell more elowly a¡¡d dld not reach uero levels for sone months,

Just prLor to the onset of scunr,y. These fLndlnge have been

conff rmed by ttre Vttamln C Subco¡rmrlttce (1953) . Most workers
nolr rêgard the buffy layer aacorbi"c acLd eontent as a reasonable
Lndex of tissue stores a¡rd the plaena lerrel as an Lndex of reccnt
i.ntaka (Peareon, lgd6) .

ilorda¡¡ov et, atlt (f956) noted blackenLng of both platelets
and whLte celle after treatment of these cella wlth elh¡Er
nltrate. fhis blaclkenlng appeared to Lnoreasa after large doscs

of, ascorbic acLd suggcstLng ttrat both platelets and whlte eells
contaLn ascorbfc acLd. Barkhan and Howard (lgsgl ware the fLrst
to publlsh on tha coRoentratLon of aacorbl,c acid Ln platelete
whlch had bean separated frorn ¡¿hlte cells. usfng the 2,4-
df.nltrophenylhydrazine mqthod they for¡nð that the laræl in platc-
let¡ from sLx notrtal srrbJccte was 18.3 mg/L}A G whlch was eimj.lar
to tl¡at Ln white cells (16.s rng/r00 G). Expreseed as a
proportfon of cell eor¡nt these resurts ar6 2,gr mE/tolz qellg
for platelete a¡rd 14g ¡rgr¿1012 aells for whj.te eells. The

apparenù dlrcnepaney i.n thaee fl,gures ls due to the fact that a

pratelet ls vety nuctr emaller than a whfte eell. t[hey also
sstfmated the ascorbLc acl,d concentratLone Ln plasma (0,6g mg/

100 ¡tt) and ln rad eells (0.69 mg/L00 mI), and were then able to
calculate that of the total blood aseorblc acl.d about lot was ln
whi.te celle, lOt was 1n platelets, and 80t was egually dlstrlbuted
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between ¡¡ed eells and plasma. By saturat!.ng thei.r subJecta v¡lth
ascorbLc acLd t*rey were able to rai"ee the ascorblc aeid eontent
of the platelete by about 30t whtle the concentratfon in the whlte
cel}e was almost dor¡bred. They also ctudied three caaes of
chronlc rnyetofd leuka¡nl.a and two cases of ehronLc rlmphatic
leuke¡nLa- Though the ascorbLc acl.d content of lerrkocytes wa6

hlgher thar¡ nonnal j-n chronfc lymphatlc reukeml"a, the platelet
concentration of aseorblc aeLd dld not differ elgntfleantly from
normal in either type of leukemLa.

The only ottrer reported value for the ascorbis acld content
of platelete ls that gLven by r{lrson et aril (1962) . usl.ng the
d.lnJ,trophenylhydraaLnc techn!.gue they for¡nd a mean of gsg vg/Log
plateleta ln elght no¡rrral srrbJects. The mean conesntratj.on of
agcorbLe acfd i.n thc leukocytes lraa only 13 vg/L09 cells and, the
nean plaema level was 0 ug/100 rn1. rt ls generally aeeeptcd
that the normal plaema level Le well over 200 vg/L00 ml (pearson,
1966). These authors do not comnent on the fact that thelr
neeulte dlffer so greatly from tlrose publlehed by other workerg.

The fr¡nctLon of ascorblc aeld ln platelçte nas turkno¡m untll
Born and wrlght (1967t fow¡d that platelet adhesLr¡enesa to glaas

rneasured by the rotatlng bulb xrethod was sfgnlflcantly decreaged
Ln scorbuÈlc auJ.nea plgE. ThLs report wae soon folloued by the
paper of wfleon et altt (196?) daserlbLng reduced platelet
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adhesfvenees ac measured by the glass bead eolrrnr¡ technlque ln

two patlentE wlth scurrry¡. These reeults suggeet that the

purpura of scurvy may be due to a defeet ln platelet adhesL\tenes$r

Other posalble reasons for the htgh ascorbLc acld content of

platelets have been proposed. Maupfn (1961) suggcated ttrat

ascorblc aald Le rprely usfng platelets as a paeeLne r¡ehl,cle for

transport. It 1s eoncelvable that platelcts are nequíred to

delLr¡ar a htgh eoncentratl.on of ascorbLc acLd to a sfte where

haemostaal.s i.e occurrLnE, or that thay carry ascorbj.c aci.d to the

vascular endotheLl.un. Barkhan (1966b) hae po{nted out that the

conoentratlon i.n aecorbJ.c acLd ln platelets Lg slmLlar to that in
white cells and has suggested that, sLnee both platelets and ¡rhLte

cetl"E are capable of phagocytosJ.s, aecorblc aeld nay be necessary

for phagocytoef.e. ThLe suggestlon ls eupported by the findfng of

a reduced phagocytic actlvlty in the leukocytes of scorbutLc

guLnea ptgs (LrawrynowLen, 1931¡ Cottlnghan and MLlls' 1943).

tr"wo ottrer i.te¡ns Ln the lLterature relate to the ascorbfc aoLd

content of platelets. Denson and Richards (1962) publlehed on

tl¡e uptake of aecorbic acid by blood cells and Lncluded the reeulte

of one ercperiment on the uptake of ascorbl,c aeld by nlatelets.
Gíbson et alfL (1966) pofnted out t*rat the buffy layer ascorbLc

acLd content waE ltkely to be lorr ln patiante wlth thrombocytopenta.
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2. Other subatanoee tttrandportadtt bV plaúaî,eta. l]nder the
headLng of *gt¡bst&nces probablement non constitutLvee, véhiculées
par les plaquettes" Þtaupln (196U Lncluded the three amj.nee

adrenallne, hl"stamlne and serotonin, the proteíne of the

"atmosphère plasmatique", and ascorbic acÍd. This classlfl.cat,Lon
may be more convenient Èhan aceurater ås many of these substances

have gince been sho!'¡n to har¡e l-mportarrt effects on platelet
behaviour.

(a) seroton'tn (í-hydnoæytrgptan{,nø). Almost all the
eerotonln in the blood is contaLned ín the platelets (Humphrey

and Jacgues, 1954) . T¡fhen pJ.ateleÈs lrere separated from blooct

¡¡ith nLnLmaL damage to the pJ.atelete, the amount of eerotonLn fn
the pLasma was onJ.y a,bout 0.002 vg/mL whereas the total blood
serotonÍn varied from 0.19 ug/ml in man to 5.2 ug/ml ln rabblts
(Humphrey üacques, t 954) .

Platele.te concentrate serotonin from the surroundl,ng medlum

by an actl.ve transport mechanLem whLch le lnhtbtted by enrlzme

inhíbftorE such aÉr sodLum nono-iodoacetate, potasslum cyanLde,

dlnftrophenoL (Born a¡¡d GtLlson, 195S, lg59; Sano et allf , 19Sg),

fluorlde, and cardiac Alycoeldes (WeLssbach and Redfj.eld, 196l),
There is evldence that, platelets do not contaLn serotonin when

they are formed from megakaryocytes, and that they take up thls
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subetance whl.Le they are passLng through the blood veseele Ln the

walls of the lnteetj.ne (fof¡, 195¡l¡ Erpsamer and TactLnL. 1959).

It ls possLble that serotonln Ín thc platelet le bound to

A.T.P. (Born, 1963). Davi.s and Kay (1965) trj.ad ùo determfne

the locatLon of eerotonLn fn the platelet by electron mieroscope

autoradlography ueLng trLtlum-labelled serotonLn. Fl,r¡n

eonclueLons were not poesible because of posalble movement of
serotonln durfng flxatLon, Wurael et alll (f965) found that the

platelet granules ol¡taLnad by separatj.on on a continuoucr sucrose

gradLant oontal.ned tlghtly bound serotonln. llhe platelet
rembrane fractLon dLd not conta:ln bound serotonLn, but, free

serotonLn waa probably present. Íhls free eerotonfn may have

orLglnated from dLsrupted platelet granules,

It has been shown that eerotonl,n Lg relersed from pLatelets

by tùronrbLn (ãucker and BorrelU., 1955) euggestLng that Lt may aid

haemostasLs by lnducf.ng vasoôonstrictLon, but Berman and Fulton

(1961) falled to ohtaln visible vasoconetrLctlon durlng the

e:çerLment,al productfon of thromb{ i.n arter!.olee and r¡enulea.

Undcr certaLn conditLons eerotoni.n hae a dLrect effect, on

plateletsr Lt, cauEes platelet aggregatlon both in vLtro (OrBrLen,

1964a) and ln vivo (Honour a¡rd Ml,tehcll, 1963) and J.n vi.tro thle

ef feet i.s tnhtblted by epacLfLc antLserotoni.ns, by adenoslne and

by A.M,P. (O'BrLen, 196{a).
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(b) Ep,f.nephnLne and nonepLndphrLne, vÍhett¡er epl.nephríne

arid nor€pinephrlne are prÊsent, Ln hlgher concentratLons ln
platelete than Ln plasma Ls contror¡ersLal. litreLl-S{alherbe and

Bone (195{) for¡nd that 70-80t of both epfnephrfne and nor-
epinephrtne tn huma¡r platelet rLch plarma could þe remoned by

csntrLfugatLon. Born et alíl (1958) eet,lmated that plg
ptatelete qontal.ned 0.2-2.6 yg epLnephrf.ne per 108 plateLets

but no datectable noreplnephrl,ne. unfortr¡natery they ãLd not

state the concentratlong fn pratelet poor plasma. They for¡¡rd

that ptg platelets would concentrate epLnephrl.ne and norepL-

nephrine which had been added to platelet, rich plaema. On the

other ha¡¡d Valk aüd PrLce (1956) detected no catechol amlnes ln
hunan pJ.aùelets and Sano et al"ll (1959) reported that the

concentraÈion of eplncphrfne in rabblt platelete was vcry lorr

(about 0.01 vg/mg dry wetght of platelete). Sano et allt (1959)

found that platelete would concentrate added eplnaphrLne by an

active transport, mecha¡rLem. Dog platelets sontaLned neEllgible

amou¡rts of epf.nephrine a¡rd norepfnephrJ.ne (weLaebach et aliL,
1958) ' but bl.ndlng of these eubgtenceg to platelEts occurred when

large a¡noturte t¡€re Lnf,uaed Lnto the bloodetream.

AII t!¡e cx¡rerfunents showLng that plateletr concentrate

epinephrLne a¡rd norepJ,nephri.ne have been pcrforrncd in the presence

of hlgh conEentraËíons of addcd eplnephrlne or norepf.naphrLne.
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The only work shorrrLng a higher concentratJ.on J.n platelet,e than fn

plasma in the abeence of added amorurts of these substancee fe

that of f{ef I-t*talherbe and Bone (1954) . It 1s only by eomparlng

the concentratl.on of a suþstance ln carefully lsolated frech

platelets wlth that in platelet poor plasma that, one ean determlne

whetÌ¡er platelete nornally contai.n a higher eoncentratLon of thlg

substance than would be expected to occur due to passJ-ve dlffuslon

from plasrna.

( o) HlEtam,lnc, The hlstamLne content of rabblt plateleùs

ls hlgh | 2-6.7 vg/L}g cell.e whereas only trace a¡nourts (0.002 ug/ml)

are fornd Ln plasma (Hwrphrey and Jacques, 1954). Schayer and

Kobayaehl, (1956) har¡e shorün that hlstamlne,Ls produced In rabbft,

platçlet" ly decarbo:rylatl,on of hlstldLne. glgnlfleant but leEser

amounts rúere aLsö for¡¡d 1n platelets of other specles lncludllng

man (Hrunphrey and dlacques, 1954) and these levels wêre all rnueh

hlgher tJra¡r those for¡nd J.n plasma, Hr:nrphrey and .Taegues (1954)

qoncluded that the hlstamine found in the blood of most specLes

ls almost all contrLbuted by platelets. lfttese flndJ.ngs have

been chaLlenged, hor¿er¡er, by Graherrn et, alll (1955) who for¡nd

tt¡at the hlstamLne consentratLon ln platelets wae the same as

that Ln whole blood and that rnost of the hLetantne 1n the blood

ldaa in tl¡e basophl"l"s.
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(d) t'Atnoephàte plaenatl,que", The platelet i.s also

Lmportant ae a carrfer of varlous clottíng faetors. Roekam

(L922) thought that plasma protel"ns fncludlng clotttng faetore

!úere adeorbed on the platelet eurfacç. Thl.s vl"ew has been

supported by nany ottrer workere and the evfdence ln favour of
tbe "platelet as a Bponge" whLch "adsorbg and concentrates

coagulatLon a¡rd other factore and earrLee tJren tlrrough the

eLrculatlon" fE rrvlewed by Adelson et altt (1961). Clottlng
f¡ctore preeent, fn (or on) platelets Lnclude calcLun, fLbr!.nogen,

prothrornbÍn, and faetors V, VIX, VIII and fX. fü is envLeaged

that when platelets are ättracted to a eLte where haemoetasi.s i.e

reguf.ned, the adgorbed eoagulatfon factorg are Lmportant ln
intttatlng flbrln formatLon.

The evidence that thase factors are adsorbed on to the

platelet surface rather than belng Lnslde the plateleù is tenuoue

and rests nostly on experl.ments showtng that these faetore can be

easlly removed from pl.atelets by washLng. More sophistlcatetl

techniques, suctr as those fnvolvl,ng the eeparatJ.on of aeLl

fraetLons by eentrl.fugatJ.on on â sucrose density gradient,, w1.11

be requlred to eettle thLe poLnt.

E. f'Lplde. In 1936 Chargaff et alll eaparated cholesterol

and phoephatides frorn blood platelete and LnveetLgated the effect
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of these Er¡bstances on blood clotting. lfhelr dLsoor¡ery thaÈ

platalet phosphollptils are ln'rporùant ln blood coagulatLon has

led to the deta!.led analysLs of these phosphollpf.de.

X,tpfd comprfees t5-17t of the dry welght of platalets (Marcus

a¡¡d Zucker, 19651 Barkhan and Si.lver, 1962). Of thle liptd 70-

80t fa phorpholtptd (Barkhan and Sf.lver, 1962) and the renaLnder

La ncutral llpld. Of the neutral ltpJ.d over a half Le sholcsterol,
noatly non-esterlffed (Barkhan a¡rd Sj.lver, 1962) . l6t of the

phospholtptd te ln the plasmalogen fonn (Zilversrnftt, et alll, 1961).

Many workere, Lncludlng aarkhan et altt (196f) a¡rd Mareus et
altt (1962) har¡e atùenrptad to dLscor¡er whLeh partíeular phospho-

lipld is lmportant ln thE i.nttlatLon of coagulatLon by determ!"n!.ng

the actlvlty ln the ttrronboplastin generatl.on test of each type of
phoepholtpld for¡nd Ln platelets. The actLvlty has been fornd to
reEi.de 1n eLther or botå of the phosphattdyl cthanolamLne fractLon

and the phoaphattdyl sertne fraetj.on (Barkhan et a1lt, 196I). llhe

actlv!.ty ln tl¡e thronboplastln generatLon test, horuever, depends

as much on ttre sLre and shape of the phosphollpLd mj.eelles as on

the parti.cular phoaphollptdl praaent (Barkhan and SLlrær, 1962) .

Mareus et alft (1966) have exam!,ned the actl.vLtles of platelet,

nembrar¡es and platelet granule¡ i.Eolatcd on a rucroae denefty

gradl"ent. Platelet nembrancs vrere more effective than granulea Ln
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ln vltro coagulatLon syatene but llptds extracted from granulee

lvers as effectfve ae platelet membranea, They suggceted thet

lipoproteln tn platelet ma¡nbranes may be norê avallable tha¡¡

that ln granules and therefore morê inportant ln the coagulatJ.on

maehanigm.

4. Inorganlo sonot'ltuanta. llhe lnorganLa catLong fn

platelets havc bcen studLed by MaupLn (1953) and by othar workatrg.

å recurþ of the lLteraturê on thl¡ top!.o La gLven by Maupfn (196U.

ltatals found fn plateXets fneLude sodÍum, potassLurn, oalcLunr,

magnesl.um, coppcr, Lron and nanganose. lfhc valuee for the godlu¡r

content glven by dtfferent authorc shors a wLde varfaùíon whf.ch nay

bo due to exùeneLve waehfng procedurea usad by eone of thaee

autl¡ors (Maupln' 196U .

The onl.y non-rnatala whLch have been preclaely determi.ned are

nftrogen and phosphorue. 80-90t of the nLtrogen la proteln bound

Far¡tl and ïitrard, 1956) , Of tlre phosphorul prcaentr 50t la acld

soh¡ble and probably comÉs from A.T.P.

5. A,den't'na nuoî'cotldc¡. Bolr¡ (1956) was the flrat to

demonstrate the prêoensc of large anor¡nts of A,lf .P. ({.4 yMr/G wet

welght) ln plateleùe. sohnJ.tz et alfl (1962) who reeently

reported a value of 23.6 vt{/G ¡ret weLght have also found small

anorurts of urLdLna and guanl,dine nucleotldes.
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The functl,on of À.T.P. ln platelats Lg controversj.al. It j.e

hydrolyeed durLng blood coagulatLon (gorn, 19581 Kaser-Glanzmann

and Luscher, 1962) and the A.D.P. go formed nay have a rolê Ln

platelet aggregatLon (see abor¡e). A.T.P. may be necessâry for
clot retractLon to occur (Bettex-Galland and Luscher, 1960) and

ita presênce Ls saLd to be reguÍred for the contraetl.on of

tLlrombosthenl,n, the eontractile prote!.n found ln platelete (Bettex-

Galland and Lugcherrl96l). More recently dotrbt hae been thrown

on thLe concept by ttre flndtng that platelets deplated of 60-90t

of their A.lf .P. by thronbtn ctlll produce nonnal clot, retractlon
(Zlerrc et alli, 19641 .

6, NuoT'eía aoldc. rt i.g now generally agreed that plate-

lets do not contaLn detectable amountg of D.N.À. (Maupln, 1961).

The trases found by øome workerg (Fantl and $lard, 1956; ldori.ta

and Aeada, 1956) were probably due to leukocyte contaÍifnatLon

(Maupfn, 1961) . Ífhese fLndlngs concur wlth tåe faet that elect,ron

nf.croscopy has dl.seloeed nelther nueleus nor nuclear fragrmnts ln
platelets.

Soare workers hane falled to detEqt R.N.A. ln plateletg (M:Lzuno

et a111, 1.958; ltaupf.n, 1961). Otl¡ers claim to harn for¡nd

slgnl.ftcant anounts of thls substance (Morlta and Asada, 1956;

Bestetti et, allt, 1956¡ Wagner et a111, 1956). These flndlnEs

must be consLdered ln the ltght of the i.nformat,lon that ri.boaomes
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havc not yct bocn dcffnltcly ldcnttftcd Ln platclctt by elcctron

rnl.cro¡copy,

7, Amlno aalils and pnotcl,no.

( a) Anino aal,dc. Thc frcc anLno aoLd contcnt of platelcts

hal bccn ¡tudLcd by l{cMcnamy and r.,und (1960} and by Grole and

G¡rok (19611 . BaeLdc¡ all tho anrl.no acLd¡ nornrally found Ln

protoLnr, thorc arG unurually largc quantf.ti.c¡ of taurins (tr[aup!.n

ct allt , Lg62) whl,ch ts probably dcr!.ved from eyrtcLnc (Frendo et

altl, 1959r.

(b) Pnaüa'lns, BaskorovaLny and Doherty (1962) havc

!.nveat!.getcd thc stnratural propcrtfcs of plaùclet protcLn¡ and

have found a full complcncnt of ani,no acldr. A contractilc
protcJ.n, thronrbosthcnln, hal bocn L¡olatcd from platclets (Bcttex-

G¡lland ¡nð Lu¡chctr, 1961). ![hi.s roprercntcd 15t of thc total

¡llatc1ct, protoLn and !Ías very rtnllar ùo aatonryorLn of ¡kclctal

m¡¡elc. It had two conponcntl, onc rL¡nl,lar to aatLn and thc

othcr to nyoeLn, and eontractLon occurrad ln thc prorcnoc of A.T.F.

end nagrnclium. FLbrlnogcn har al¡o bccn ldcnttflcd Ln platclcts

by ¡nrny workcr¡ (Maraus and Zucker, 1965). Coopcr a¡rd Flrkln
(196?) havc dcscrLbed protcLn rynttrc¡Lr by platelets.

( a) Entymea. A dctai.lcd aocount of thc work donc on plate-

lot rnrlmos prJ.or to 1961 L¡ avallablc (Bcttox-Galland and l{aupLnr
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196L). The platelet contaLns atl the enzymes necessary for
respiratlon, thoEe of the glycolytfc cycle belng guantltativery
more Lmportant, than Èhoee of the tricarboxylic acLd cycle. Also
present are the hydroLytJ.e l.ysomal êrrzynss acid phosphatase and

beta-glucuronLdase whLch are LLberated into the serum during

clotting. It hae been suggested tha{: these enzymes are l,iberated

from the platelet, granul-es Eome or alL of which rnay be lysosomes

(Marcue and Zucker, 1965).

8. Canbohgdpates. !¡troodside and Koeholaty (1960) ruho

analysed ther carÏ:ohydrates of human blood pl,ateLeta for¡nd a total
carbohydrate content of 8.47q (dry wefght). Many monosaccharides

fncludlng glucooe, galactose, mannose, and rl"bose were detected.

The aeid mucopol-ysaccharfde fract,Lon contalned galactoeamLne,

glucuronic acLd, gal-actose, glucose and ribose. They aleo for:nd

glyeogen and sLal{c acid. Madoff et alli (1964) for¡nd a large

amount, of Eiallc acld in platelet,s compared to erythrocytes. OdeLl

and And-erson (1957) laþeIl,ed huma¡r platelets wLth ttt0n fn vLvo and

subJeeted the mucopolysaccharl"des Èo chemLcal analysfs. They

found two fractlons: chondroltin sulphate and a uronlc aelel free

mucopolysaccharide .

9. Pl"ate\et netaboT,ísm. Grogs (196L) has compared the

pl-atelet to the Ju¡np muscle of the Afrj.can grasshopper whJ.ch works
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ln short burets wlth Long intervale of rest in betr¡een. The

pratelet engag€s Ln a large expendLture of energy only ons€,
that Ls during vi.eqou.e metamorphosLs and clot ret,raction. The

Jt¡ttp muecle contaLns very few nLtochondrLa as does Èhe platelet,
a¡¡d, Ln both the enzymeE of glycolysis are predomlnant over those
of ttre trlcarbolryLic acLd eycle (ca¡npbell, 1956¡ rrtaller, lg5g).
ce}ls whfeh metabolfse at a htgh contfnuous leveL, eueh aa the
fught muscle of tt¡e grasshopper and heart muecle, have many

rnltochondrfa, and the trLcarboryltc acLd cycle predominåtes.

VI. COMMENT

Platelets are small cells wh{ch Ciffer from most other cells
ln tlrat, they do not possess a nucleus. Thef r mai.n ro!-es appear
to be Ln haemostasl"s, thrombosis, and the maj.ntenance of vascular
lntegrJ-ty. over recent yeÊrs much progress has been made in the
determination of the strueture and chemlcal eompoeítLon of these
elements' lFhe work done so far Ls onJ.y a startLng poLnt ln the
unraveLllng of the way in whlch platelets perform their functl¡ons.

PA,RT B. THE STOC}TEMTSTRY OF ASCORBIC ACID

I. EARLY HTSTORY

seurrry wac first, adeguately desertbed at the tlme of the
renalssance when many saLlors eontracted the disease durlng the
long Eea voyagres which were being attenrpted at t?rat tlnre (Llnd,
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L753). .rames Llnd, a rnedical officer in the Royal Naw, was the

first to prove that, the Julce of, cLtrue frult cåuses a dranratic

cure in cases of scunrlz. The result of hie classical cllnlcal
trial on a group of twelr¡e saLlors suffering from scurvlz is
described in his "Treatlge on scurrry" fLrst publlehed ln 1753.

rt was many yeârs before r"LndrE Ldeas were fully accepted, and

even as late as 1912 Scott left for hJ.s fatefuL expedf.tlon to the

South Pole wlth ratione containing insufficfent vl"taml-n C (Stewart,

1953) . During the early part, of the twentj.ettr cent,ury the concept

of deficJ.ency diEeases derzeloped. In 1907 ltoLst and Frollch
accLdent,ally produced scurr¡y ín gulnea pigs whlle attempting to
índuce ríckettE. It was fortr¡nate that tlt.V chose the guLnea pig
a¡rd not some'other e:çerÍmentaL anLmal. T"tr observat,Lons made

possible the deveJ.opment of bioJ"ogLcar assay technigues which

eventually led to the isoLatLon of the vítaml"n by !üaugh and Ki"ng

(1932). lrhey found it to be identLcaL to a eubstance carled
hexuronrc aeid previously Lsolated by szent-Gyorgy (1948) from

adrenal gJ.ands. rn L933 ùt¡e structure of aecorblc acld was

finally determ{ned (Farmer, L933¡ Hl"rst and peat, 1934¡ Karrer
et alli, L933).

TI. CHEMICAI, PROPERÎIES

t*ascorbLc acid is a six carbon atom eugar-l1ke compound

(C6HB06) wtth a 1*lactone ring and an enediol lfnkage between the
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second a¡rd third carþon atoms (see bel,ow). It forms a white

crystalline eolid which ls very soh¡bl,e Ln water a¡rd alnost

Lnsoh¡ble 1n organfc sohrcnts. In aquoous solutlons it behar¡ec

as a dlbaslc acld, the hydrogen atomg on the eecond and thtrd

carbon atomg díesociatlng wlth pKa of 11.57 ând 4.L7 reapectLvely'

The most str,irking chemlcal property ls ítE strong reduoing

po\rer whLctr Lt owes to the èase with whiclr it is reversLbly oxldleed

to dehydroaEcorbic acid by loss of the hydroEen atoms on the second

and thLrd carbon atoms (see below) . For thts ¡ieason ascorbLe

aeid ls r¡nstable in aqueous soLutl,on befng readlly broken down

by reactíon rplth atmospherLc oxygen to dehydroascorblc acLdr whlch

Ls also r¡nctable because lt ls readfly hydrolysed LrreversLbly to

2r3-diketogtulonLc acl,d (xnox and Goewanì:l, 1961].
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products has not been properly elucidated, (Bakerr L967), but
und,er Êome condJ.tfons, such as Ln the presenee of sodium

hypolodlte, oxall.c acLd ls formed (Hlrst' 1953).

AscorbLc acld is most gtable at pH 3 becomlng Lnereaslngly
unstable as t*re pH Ls ralsed above thls value (Uprety and Revls,
1954). At pH 7-8 ln aqueous solutLon lt ls extremely unstable
(Uprety and Revls, f96¿). It ig more tu¡st,able in the prÊsence

of tracas of Lonl"e eopper or Lron. These Lons probably ald the
tra¡rEfer of electrons from ascorblc acid to orygen (noer 1954).
Htgh temperatures and ltght also enhance the lnstabfllty of
aecorbic acld (Prochazkar 1963).

rTT. FT'NCITION

If prJ.mates and guLnea pigs had not loet the ablllty to
synthesise agcorbic acid. the Lmportance of tltl,s substance Ln

¡ætabolLsm may not have been realLsed today. llheee a¡rfmals dle
of scurvy Lf l-agcorbi.c aef.d (or dehydroaecorbic acLd) 1e not
supplled i.n the dfet. Other animals whLch have lost the abtltty
to aynÈtresi.se agcorbLc acLd are the red-vonted bulbul (Roy and

Guha, 1958) a¡rd the Indla¡r fruit bat (Chattergae et altl' 1961).

Desplte Lts great fmportance ln ¡netabolLsm anð d,erpf.te the

large number of publfcatione whLch contLnue to appear on the

subJect of ascorbLc acLd, lts f,unctLon fn metabolLe proqesoes Le

Ettll unknqrn. AseorbLc acld f.s exereted ln the url-ne aE ascorbLc

acLd and Lts breakdown products dehydroascoçbic acid, dlketogulonLe

acl,d a¡¡d oxali.c acLd (Baker et altl, 1956). It fg not knolrn

whether ascorbi.c acfd ls metabolLeed to form these breakdown

products or whether they are produced by spontat¡eoua braakdorn ac

occurg Ln agueous solutLon (Grlfffttt' 1967).
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7. Redoæ potentùal and aeoorble aa,td, The biologlcal
functLon of ascorbic acfd may be related to lts etrong reduclng

po$rer. rt enhances the actLvlty of many Ln vftro €nzyme systems

(Knox and Goswarnf., 1961), but it can be repLaced in these systems

by one or more reducing agents. Thus J.t doee not fr¡nctLon as a
cpecifJ.c coenzyme. For l"nsta¡rce, ln the oxLdatton of para-

hydrorryphenylpyruvic acLd fn vLtro, ascorble acLd, could be replaeed

bir hydroquinone | 2,6-d.Lchlorophenolindophenol, D-ascorblo acld or

D-isoascorbic acidr but not by gLutathlone or eyeteLne (La Du and

Greenberg, 1953). This suggested that some reducing agente

provide an optimum redox potentLal- not provf.ded by othere.

It has been sholiln that many enzyîþs operate most effeetively
at an optimum redox potentlal (Reise, 19 42-43 and 1943-44). The

theory of redox potentlal ls deecrlbed fn most textbooks of Eeneral

bloctremlstry. âDd a detafled treatment Ls preeented Ln Zleglerts
monograph (1955), Predlctfon of the redox potentlal of a system,

ln whleh both redueed and oxidLsed forms of a molecule or ion arê

presentr cår be made by applylng the Nernst-Peters equation:

E-Eo*#ror" 
[ñ3ãl

whgre f, r thc gBð conrtant
I r abe ol.uts teuperaturc
o - valency
f r the Faraday

IOxl r conccntratfon of oxÍdf¡cd forn
[Rcd! - concontr¡tlon of reducad forn

Bo - th€ potcntfal rolatlvc to the hydrogen electrodc ¡¡hcn

equel ¡uouatt of the rcducad and orldfccd formt arc prGacnt.
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Thls eguatJ.on Le of sLmirar form to that reratlng pH to
coneentratLon of base and acLd, pH = pra * tsge [*iål . rhe
maxi.mum bufferlng actLon of a pH system occurs when lbasel =
lacidl. sLmLlarly the maxfmum buffering effect Ln a redox
potentLal system occurs when [Oxl a lRedl.

Untll recently i.t has been fnposslble to meaaure wfttr any

accuracy ttre redox potentLal of an ascorbl.c acidr/dehydroascorbLc

acLd eyetem (Eewttt, jgso) . past Íeasurenenta srere fnadeguate
besause of a ftLm of sr¡box{de which formed uon the surface of a

platinum electrode, impafrLng or toÈalIy annultúng lts lnertnese
towarde badly poLeed, solutl.one,' (ZtegLer, 1965) " This effeet haE

also Lnterfered wi.th the measurement of the redox potential of the
blood.

Ziegler (1965) has made a maJor advance in Lnst,rtmental desLgn

by. gently polarisíng the electrode. This prevents deposftíon of
o¡rygen on the platinum r¿hlch then remains ínert. uslng thís
Lmproved method he has been able to measure accurately the redox
potential of tl¡e blood in vLvo i.n animals and ln humans. He claims
{:hat ttre redox potential of hr¡¡nan blood can.be accounted for by the
agcorble aeid/dehydroascorbl.c acj.d system.

"The ¡retabolic pool is maintained fn a constant state of flux
between the force of reduction, gienerated by the matabollc processea,

and the oxLdising force of the ublquitous o¡(ygen. lthe fntensity of
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t¡reee'opposLng Lnflueneeg determLnes the redox potentlal of the

Lnner envLronment. The reversLble redox system of the blood anð

tlssues whlch, under aerobic condLtLons, guaranteea the lndlvfdual

organLsn a definite redox potentLal ls the ascorbLc acfd/dehydro-

aecorbLc acLd, systernrr (Zleglerr 1965) .

g, Specif,lc dcf,eote ln mctabol,lam ln aeu?vy. A requlrernent

for ascorbLc acld hae been clafmed Ln several dlfferent ¡netabolLe

pathways I tyrosl.ne metabolism, foll-c acLd metabollsm, and eollagen

eynthes!.s,

(ù Tynoelno netabollen. Tyrogine !s metabollscd vLa

p-hydroxyphenytpyruvic acLd to homogentiEi.c acl.d. Scorbutfc

gu!.nea plgs fed tyroslne excreted, large anrountg of p-hydrolryphenyl-

pyruvj.c acLd Ln the urLne (Sealock and StlberateLn, 1940). fn

vitro studles by ta Du and ZannonL (f961) harze shorrn that j.n the

absence of aecorbLc aeLd the enzyne p-hydroryphenylpyruvLc aci.d

oxidase fE lnhtbited by Lts substrate. Íhls tnhlbttion was

prevented not only by ascorbj.e acld but also by other reducfng

s¡¡bstancee sueh as hydroquLnone, D-Lsoascorbie acld., and D-ascorbfc

acld ln vitro, and by 2r6-dlch}orophenollndophenol both ln vltro

and in vj.vo. lltre defect in this enzyme has also been reported in

Lnfants a¡rd adults sufferLng from scurvy (lfoodruff , 1964). Pa!.nter

a¡rd Zflva (1947) har¡e shü¡n that, the defeet Ls demonstrable only

when \tery large doses of tyrosfne are gLven, and that a larger
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amounü of assorþLc acld is necessary to rer¡erse the lesi.on than ls
required to cure ãcurlrry. For these reasons a defect Ln thls ênzyma

pathway is probabJ.y not responsf.bLe for the plcture of scurvy.

(b) Íoïl.a aol,cl metaballam. llhere Ls evldanse t]rat ascorbl.o

acid fg rcgufred for the effLcfent convereLon of follc aeld to lts
actLve form teÈrahydrofolLc acid 1n sllceE of rat lLrrcr (Nlehol and

Vtelch, 1950) a¡¡d Ln vLvo Ln man (Ga.buzda et aIll , L952; Jandl and

Gabuzdar 1953), ThiE haE been thought to erçlain the megaloblagtlc

anaemj.a whlct¡ ocsure in many casea of ssu¡rvy. In experlnental

huma¡¡ Ecurr4!¡ whEre no¡mal amor¡nta of follc acLd. are supplled tn the

dlet, anaeml.a does not occur (Crandon et altt, 19401 Vitanln C

Srrbcommfttee, 1953). Sl,mJ.larly, monkeys on a dlet devold of

ascorbfc acld but contalnLng normal amounte of, fo1l,c aeld do not

beeome anaemlo (Proehl and May, 1952) . lilhen gu!.nea plge eatLng an

ascorbic aeid free dlet îrere fed f,ollc acld Ln emall a¡nounts

(aÍror¡nts Just suffi.clent to prerrcnt a¡raemLa 1n gulnea plge on a

normal dtet) megaloblastlc anaamLa developed (May et allf, 1952).

Thls anaenl-a responded to elther folj.c acLd or to aseorbLc acld
(!,lay et a1lj., 1952), It appears therefore that the defeet Ln

follc aeid netabolLsm ln scunrl, doeg not becone manLfest r¡nlegs

follc acld lntalce Í.e aleo restrlcted. The clÍnLcal ei.üuatlon ie

mor6 conplex a6 nas shqrn Ln a study of sLx patLents with anaemLa

aegocfated wl{:Ì¡ scurvJ, (Cox et altt, 1967}. In these patLents
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the a¡raemia did not respond to tetrahydrofollc aeld, but dtd

respond to large dosee of aecorbLe acj.d. Asquith et al{i (1967}

have aLso ¡eported a case of rnegaloblastLc anaemla whleh responded

to ascorbla acid alone.

õ, Collagan ayntheale, AEcorbl"e acld fg required for ttre

fonnatLon of collagen (üIolbach, 1933) but the exact nature of the

defect Ls unknown. The collagen moleeule contaLns a large

proporti.on of hydroxyprolLne whlch is not derl.ved from dietary

hydrorryproll.ne ($tetten, 19¡19) but fs for¡rred at the site of collagen

synthesie by hydroxyl.atlon of proline (Green and tov¡ther, 1959¡

Roberteon, 196L). It, has been suggeated that ascorbl-c acld may be

t"èe""try for tl¡e conversj.on of prollne to hydroxyprolfne (Gould,

1960; Roberteon, 1961). ThiE suggestLon is baeed on experlrnents

whlcf¡ aho\tr ttrat, the amount of bor¡nd hydro:ryproli.ne Ln granulatlon

tLEgue does not increaÉ¡e ln the absence of aseorbi"c aci.d. Theee

e:ç>eriments âre really measurl.ng the lack of collagen synthesj.s Ln

the absence of ascorbLc acLd, and they do not prove that lt le the

hydrorrylation of proline which Ls speclfically inhfbLted.

fn sununarT, t t appears that ver1l llttle good evÍdence has yet

accumulated to eupport ùhe contentlon that a defect ln one or more

entyme systems ls responsLble for the cllnl"sal pLcture of ecurrry,

Further work on the effEct of ascorblc aeld on redox potentLal rnay

lead to the demonstration tlrat ft ta thls effect whi.eh is partly or
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wholly recponrLble for the frnportance of ascorbLc acLd ln metabolLgm.

A further possible role for aecorblc acl,d(ft th* t,ransport of lrcn)ls
dj.¡cusseð ln ehaptar 7.

IV. DISîRIBUTXON

f . In thc tl,asuee, The concentrati.on of ascorblc acf ã ln all
tlcsues ls higher tÌ¡an Ln plasma. It Ls dtfftcult to compare the

ooncentrati.ons found in one organ wlth those for¡nd in other organs

beoause of dlfferencce in methodology between laboratorJ.eE and

beeause of a scarcl.ty of reporta on estLmatLona by tha sâmÊ laboratory

on dlfferent tigsues. Yåvorsky et aU.l (X934) stated thc conc€n-

tratLon for¡r¡d in nLne dffferent human ül¡aucs from varlous âgê

groupe. They foru¡d a \r€rT htgh eontent of aacorbLe acfd ln adrenal

glands and brain, wittr lesser concent,trations tn pancreaa, llver,
aplcen, kfdney and lung. Kuether et altt (1944) conpared the

eontent of a number of tLsgues Ln grulnea p!.ga fed varTtng doses ot

aaaorbl.c acl.d. Furttrer lLterature on thi.s subJect ean be for¡nd ln

¡¡evLews by RalX"t and therry (194X) and by ßnox and Goswt¡ni. (1961).

In general, very htEh EoncentratLone of aacorblc acld are present

ln hypophycts, aärcnal cortex, thymus, and Eor?uÊ luteum (0.5-1.5

ng/Gl. Inte¡'srcdLate concentratLonE are found Ln white cells,
plateletsr braln, pancreaar lhnr, and eplecn (0.1-0.5 ng/G), âDd

leEcer anrounts f.n kldney, Xung, a¡rd skeletal, emooth, and cardLac

muecle (0.02*0.1 ng/c) .
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Z. In the ocl,L. The dLstributLon of agcorbfc acíd wlthln

tlre celt has been studlEd by hietochemLcal technlques and by

estlmatfong perforrned on cell fraatlone after lsolatlon on aucroae

denaLty gradJ.ents. gtaLning tf esues wittr sj.lver nLtratc eauced

blackeninE Ln the mLtoahondr!.a, the Golgf apparatuer and the large

granulee of the adrenal and pftultary macrophagêer but there ls

lfttle evLdenee that thls technLque Le specLflc for ascorbic aej.d

(Pearae, 1953). Àscorbic acfd estLmati.one on separate cel}

fractLons showed tt¡at most of the ageorblc acid was ln the mLcrosome

fractfon, and that aomê wae pregent ln the mltochondrla, and that

Ltttle if any wae i.n the nucleus (Gcro and Rouxr L958) .

V. NUIRITXONAX, REQIIXREMENTS IN [t{A}t

Àscorbr.c aeld ls absorbed from thE gastrolntestfnal tract and

equllLbrated ln ùhc tf.egues Ln lees than ¡t hours (Woodruff ' 196¡l).

The placma levels whl.ch ean be attaLned are lt¡nl,ted by the pattern

of renal excretl.on. Ilrlnary excretfon of o""botl4 aecountcd for

97t of a¡r oral dose oe Cl{-labelled a¡corbi.o actd ln a normal

errbJect (Balcer et altlf 1966). Ascorble aci.d pasÉes lnto tha

glomerular flltråte a¡¡d ls then reabsorbed ln the proxLmal tubule

(Fri,ednan et alll, 1.940) . Reabsorptl.on fs incomplate at all plasma

levels, but when the plasma level exceeds 1.{ rng/100 ml the

neabsorlptLon rnechanism f s workLng at Lts naxirnum rate r and any

furtl¡er ascorbLc acLd to reaah t?re plasma Ls very rapldly excreted



ln the urLne (Friedman et aliL, 1940).

In adults an Lntake of 60-100 rng

reguJ,red to produce tLsgue saturatLon

plasma ooncsntrat.lon of ascorbic acid

I,tt ngr/100 ml, and the content of the

blood haE been varLousLy estimated ag

L956) a¡¡d 0.18 mg/C (litoodruff , t96{}.
probabt y nethodologLcal .

¡[6

of ascorbia acLd per day !.s

(Goldemittr, 1961). The

Ln saturated aubJects Ls 1.0-

buffy layer of centrlfuged

0.34 rsg/G (Morse et allt,
These dlfferences are

It fs generally agreed that ttre buffy layer contant of aecorblc

acLd provJ.des a raasonable Lndex of tfesue gtoree, whereas tþe

prasma level fs a reflêctLon of recont fntake (woodruff, 196{).
E:çerlnental depletJ.on of hr¡man srrbJecte (Crandon et alllr 1940¡

Vlta¡n1n C sr¡bco¡nmlttce, 1953) ghowed tt¡at plasna levclg approaoh

Earo after about 6 wceks on an aasorbl,c acLd free dLet, whereae

the content, of the leukocyte-plateLet layer reaches ml"nimal velucs aftcr
15-20 weeks, Just prior to the onsEt of scurvy.

The mLnLmal amor¡¡rt of ascorbLc acLd requl.red to prevent scurly
Le I rrrgr/day (ilohnstone et altL, 19¡t6) and l0 nrgrlday wtLl produoe

healLng of the dLseaee Ln 10-14 wesks (Vlta¡ntn C Sr¡bco¡runLttee,

1953). Britfeh and canadlan authorl.tLes rêcomnend a dally
lntake of aeaorblc acLd of 30 mg, but tÌ¡e UnLtcs States NatLor¡al

Rcsearch cor¡¡rcil recor¡nends 75 rng (!{oodruff , 1964) . 'tfhê

lattar r€corunsndation is bascd on the beU.ef that nGar saturatLon
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leveJ.s in pLasma a¡rd tÍssues are deslrabLe. lDhis partly stena from

the teleologLcal view that saturati.on may be desirable Ln man becauac

the tlssues of a¡rLmals whictr eynttreaf.se theLr otflr aacorbLc acj.d arc

saturated with this substax¡oe (Goldsnlth, 196U .

There have been reports that saturation of the body with

asqorbLc acl,d confêrs sonÞ protection against coLds (RLt,zel, L961)

but a resent study by Walker et alii (f967) does not substantlate

thLs. Some Ruseían authors have suggceted that high concentratj.ons

of tLssue ascorbLc acLd may help prevênt atheroma forrnatLon, but

theLr evLdence is queetl.onable (see below) . Itt srunmary, there is
no good evidence that eaturation of the tiscues wLth ascorbic acLd

ig ¡nore or less deeirable tÌ¡ar¡ a sornswhat loner level.

VI. ASCORBXC ACTD IN HA$MOSTASIS

7. thc purputa of souroy. One of the main clinical featureg

of scun4tr Ln adults fs a aevere purflura (Lindr 1753; Vllterr 1962).

Early ln the course of the dLEeaee petechlal haemorrhages appear ln
the halr follLcles of the lower llnrbs, arorurd Joints, and ln those

atreas which are exposed to trar¡na euch as pressure frorn belts and

brassLeree. The petechíae later coalegce to form large eeehymoacs,

and haemorrhages aLso occur j.nto mueclee cauaLng palnful lumpa, and

into Joints caueLng haemarthroses. Swelllng of and haemorrhage

from the gums may occur, but thege ehangee are usually nlntmal or



48

absent Ln patLents wLth good dental hyglene. Fetechlal hae¡norrh¡¡ges

of tlre brain and Lnteetlne arê common but a sevêre i.ntracranlal
haemorrhaga J.s rare, even in fatal cases. HaematurJ.a Ls common and

a haamorrhagic perLcardf al effusi.on oecasLonally occurs. lfhe

tournJ.quet test doeg not ueually demonstrate fnareaeçd caplllary
fraglltty, though new haemorrhagee around hair folllcles may oceur

about half an hour after the teEt.

2. cauee of the bl.cedl,ng tendenog l.n eouroy, The blcedlng

tendency Ln scurvy rnay theoratlcally be dr:e to a defect ln the

caplrlary wall, the pratelets, the coagulation neehanism, or a

co¡nbinati.on of t¡ro or more of these faqtors.

(d Rol,e of the aapLL'|.ary ual.î,, prior to the demonetratr.on

of a defect Ln platelet adhesLveness Ín eourvy (Born and WrLght,,

1967; llfileon et ax.ll , L967l Lt was thought that the purpura ln
scurvy, was due entj.rely to a defact in the capfllarT wall (de

Gructry I t964,, The capLllary wall has three Lmportant components

(Chambere a¡rd SweLfaeh, 19 471 2 the endotheli.al cel!.s which are

bor¡nit by intersellular cEment,, the endocap!.rrary layer whlch ls a

eoatlng of blood proteins on the lumlnal surfacee of the endothellal
cells, and the connecth¡e tLseue perleapJ.llary eheaùh whlch surrornds

the vêsseI. The perlcapll"lary sheath of whlch collagen la a maJor

component seems to be the most likely layer to be defectj.ve ln
scurvy. Psnney and Balfour (19{9} have shown that ascorblc acld le
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required for the formatLon of the perLcaptllary sheath Ln ne¡¡

granulatlon tj.seue. Ascorbf c acLd is not necessaty for tt¡e

malntena¡¡ce of collagen whLch has been formed for sor¡Þ tlne
(Robertaon, 1950 | L952) but ln the absence of ascorbl,c acld

collagen is not formed l.n new granulati.on tLesue and hyaluronLc

acld accr¡mulates (Robertson, 1961) . Nen capLl,larl.es have been

obserrrcd, around. hair fo11icles in experlmental scun¡l¡ (Vítarntn C

subcommlttee, 1953) a¡rd it therefore seemg ltkely that the

haemorrhage occurs from these capttlari.es.

Reppert et alii (1951) produced evl,dence from erçerLnents wL,t¡h

rabblts which suggested that the Lncreased capiLlary permeab!.ltty

Ln scurvy could be due to the inhibitory effect, whLch ascorbLc

aeld exerts on tÏre hyaluronLdase-hyaluronj.c acLd reactLon, ft is
dlfflcult to Justlfy theLr use of an e¡ç)erLrnental a¡rLmal Ln whl,ch

ttre tissues are normally eaturated wlth ascorbic acid.

iøl RoLe of the platolcte. "There has been a regrettable
tendency to irnpllcate a 'vascular factorf whenever a bleedlng

diathesLs ie rrne:qrlained" (lfareus and Eucker, 1965) . ThLg Lg not
entLrely true fn scunryr whe¡¡e there 1s aome evLdence that the

caplllary wall may be defectLve (Penney a¡rd Balfour, 1949) , but !.t
Ls true that a pl.atelet defect, has not been excluded as a poeeLble

cause for ùhe bleedLng. The fl"rst lndLcatLon that the platelet rnay/\
be trçrlLaated in scunryr came from the flndlng of a hfgh aecorbLc acld
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content ln plateleÈs by Barkhan and Hourard (lg5g). If thlE
substance rs concentrated by platelete lt ls probabre that lt ts
regulred l-n platelet ¡¡etabolLsm. Cettngll et alll (l95g) found
a defectlrre platelet thrornboplast{e fi¡nctLon Ln one sase of
Ecutr.rl¡, but thls regult eould not be conflr¡rpd by Hart et alfl
(1964) in three cafres of seurvy. Recently, howeyer, it hae been
ehown that platelet adhesl.venof¡s i"s decreased in scurxnz (Born and
Ûrrlght I L967; lrlj'lson eù alit , t:967, and lt noril seêms probable tbat
plateleta ar€ recponslble at least Ln part for the puryura of aeurvy.

(e) RoLe of the oaagùtl'atlon neohdn¿,em, Barkhan and Howard
(1959) studled the blood coaguratl.on mechanLsrn Ln scorbutfe gu!.nea
plgs. Thege a¡rLmare had an i.ncreaged ptateret eount, a rong
plasma one stage proùhronbln tl¡ne, and funpaLred blood thrornboplaetLc
actfvlty' The clot retractLon tl¡re and the thromboplastLe actlvlüy
of platelats wêre normal. The defeete 1n Èhe coagulation mechanLsm

appeared to be multffactorial, but theLr exact nature was not
astabl"j-shed. Extensl.ve erottLng studl_ee by Hart et, alll (r96d) fn
three patlente wiùf¡ scurvy rer¡ea1ed no marked a¡romalLes. .âccording
to recent revLewE (Nutrltl.on RevLewe, 1960 ¡ Dayton and Ïltef.ner,
1961) t although deflci'enclee of varj.oue eoagruratf.on factors have
bean demonstrated Ln scurir¡y, the degree of magnLtude of thls
alteratLon a¡rd lte c*,þtfteance remaLns conùroversLqr. trhe purpura
of scurvy reeembleE that of platelet or eapLllary or!.gln, rather
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than a deflctency in ttre coagulation mechanism.

rn gummary, the brood eoaguratlon mechanj.sm ean probabry be
excluded as a maJor factor in the aetLology of the purpura of
scurvY. The evLdence ln favour of a defeqt ln the connectfve
tlssue sheath of the capfllary waIl lE based rnaLnly on ttre falrure
of fibrobraets to form this sheath in nerq granulatfon tlseue ln tt¡e
abaence of ascorblc acfd (penney and Barfour, 1949), and on the
appearanqe of new capilrarl.es around halr folu.cles in scurvy
(Vtta¡ntn C Sr¡bcomnrittee, l9S3). A defect Ln platelet adhesLneness
J'n acurnryt (8orr and ïilrl.ght, 1967) suggests that a platelet defeat,
may well be reaponsr-bre at reaet in part for tl¡e purpura which
ocsutrt ln ttrls condition.

VII. .}\SCORBIC ACID AI\TD ATHEROMå

rt, ls generarry accepted rn Ruser.a tÏ¡at aEcorbr.c acid
admLnistratLon acte as a prophylactic against coronâry artery
dlgease (sr.nonson and Keysr,196r). since depoaJ.tr.on of platelets
on arterlal waLls Ls conslderêd a poeelble meclrar¡isn for attrero-
genesie (Muetard et alli, Lg64l lt la approprLate to rEvlew the
ll'tcrature on tr¡e reratr.on of ascorbr.c aci.d to attreroma. The
Russiari lLterature !úas revLewed Ln 196l by sLmonson and Keys.
Expêrl'ments j.n Rugsia (Anr.tehkov, 1959¡ Myasnlkov, t95gi zaitsev
et alLl'' 1964) have ehown ttrat the ad¡nLnlstratLon of large doses
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of ascorbLc ac{d to rabblt,e fed atherogenf.c dlets lowers the serun
cl¡olesterol content and reüards the developnent, of atherosclerosls.
Â' report ln the weetern lLterature (Flerc¡rer et alll, 1g4r)

lndicated, however, that large intravenous doses of ascorbLc acLd

failed to affect eltt¡er the serum eåolesterol or the development

of atherosclerosLs ln the aorta.

Sedov (1956) ln RusgLa reported the resulte of a cllnlcal trLal
ln whlch 106 pattents recel.rzed a course of 0.5-1.0 G of ascorbic
aci.d dally for 20-30 daye, ThLe course Ìras repeated after an

Lnterval of 1-3 months. rn thoee patiente wlth ¿r serlrn

ctrolesterol concenÈratLon greater than 250 ng,/I00 ml before
treatrent a signlflcant fall ln serum cholesterol occurred (p,. <

0.001) and cll.nlcal lrçrovemcnt was claimed, samuel and Ëhä,Lck¡i

(196{) l.n the Unlted States of .ânerLca for¡nd that l-6 G of aseorbie
acLd per day for 5-16 weeks faLled to alter the serum choleeterol
concentratLon in 1{ patlents.

The cllnl.cal trLalg conducted ln RusgJ.a are crftl,cl.sed by

SLmonson and Keys (196f) because dotrble blind studLee with
placeboa wetre not ueed and statletj.cal evaluation of the reeults
lras fnadeguate.

Sone eupport for a roLe for ascorblc acfd ln atherogenesis

can be fou¡rd Ln the weEtern literature. Frillj.e (f953) reported



53

hypereholesterolaemia and an f.ncreaee ln the degree of athero-
sclerosLs Ln scorbutj.c aul.nea prge. King et alil (rgs3) found
that gulnea plgs fea cl4-labelled acetate showed a progresefve

l,nerenent ln the flxatLon of aeetate rn cholesterol wlth the
onset of scurvy.

lfhether or not ascorbl,c aeLd a&nLni.stratJ.on wtll lower the
serum cholesterol fn Ëome patj.ents wi.th atheroecleroai.s, the
fact remains that there are easier and more certal.n lrcthodg of
producLng thte effect. Most weetern workers remaln sceptlcal
of the value of ascorbic aetd ln the prophylaxfe of atheroscleroglE.

vrrl. cout{ENT

Aecorbi'c acLd Ls egscntlal for tLssue nptabol.lsm, ^ãlthough
a large amor¡nt of work hag been devoùed to thls substance Lts
role 1n ¡netabollc processea haa not yet been elueldated. of
partJ.eular lmportanee fn thl.s thesj.¡ le the regul.rement for
ascorbfc ael"d i"n the rnaLntenance of vaecular íntegrfty where it
may be reguLred Ln the for¡nation of caplllatr wall¡, ln platelet,
¡net,abolLsm, or bottr of thege.

PART E. It{ETHoDs FoR THB Eslrr}lÀÍroN oF AscoRBrc AcrD rN BrorrocrcÀL

SA!'ÍPIJES

I. BTOIJOGICAL À$SAYS

The fj,rst egtj.mationE of ascorbj.c acj"d were carrj.ed out by
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blologicar assay (Bllas and Gyorgy, rgsr). Theae srathods were

of two types, based or¡ the abtllty of thl.s substance eLther to
prevent the appearånce of Ecur¡ry¡ Ln guLnea pJ.gs o¡t an ott¡e¡r¡rl.ge

scorbutlc dlet,, or to affcct a degree of cura of ecurvy already
Lnduceô Ln the test anLmale. Such methodc were tedLous, dlffl.eult
to nake quantJ.tatively accurate, and comgumLng of bottr tlme a¡rd

guLnea pigs (Bllee and Gyorgyr l95I).

TI. CHEI,ÍTCÃI" METHODS

chemlcel methods are based on one of two main prLnc!.prea.

Some [þasure the reduc!.ng pow€r of the sampla¡ othcrg measure

the coloured 2 
' 
{-dLnJ.trophenylhydrazone ücri.vatf.ve of dehydro-

ascorblc acld (Gyorgy and RrrbÍn, rg50¡ Roe, 1954). !¡lethods

baeed on ttre reduclng polter of the sarnple freguently rnalce use of a

coloured dye which ca¡¡ be reduced by ascorbLc ¡cid to ite ler¡ko
fo¡î8t. llhe amount of rsducLng subetancs prosent in the sample can be

determincd e Lther by tLtration or by colorf.netry. llhe dye ¡nogt

comnonly used fs 2 ?6-dlcltlorophenolLndophenol (D.c.p.I. procedure,
Gyorgy and Rubln, 1950) . other Er¡bstances vrhich are Sometlmes

used are methyrene brue (Lund and tl,eck, 1936) , iodLne (Gyorgy and

Rubln, 1950), and mercurLc chlorl_de (tee and leong, 196¿) . In
tt¡e 2, 4-dLnltrophenylhydrazfne (D.N.p.H. ) procedure (Roe and Hall,
1939¡ Roe and Kuether, 1943) the ascorbLc acLd La oxldisad to
dehydroaecorbi.c acLd ¡shi.eh LE then coupled to D.N.p.H. to fo¡m a
hydrazone. On treat¡rent wLth sulphurfc acÍd this yle1ds a deep
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reddÍsh-orange colour whích can be estímated by colorimetry (Roe,

L954) .

unfortur¡ately, neitt¡er methods based on reductlon nor methods

based on hydrazona formation ar. speclfic. The Ð.e,p,r. method

aLso meêsureÍ¡ other reducing subeÈances such as oystelne, gluta-
thione, cuprous and ferrouE ions (Gyorgy and Rrrbin, l950i Roe,

1954) ' The D.N.P.I{. ¡rettrod may be interfered wlth by srrbstanees
sucl¡ as 2r3-dLketoguronic acid (Fenney and zllva, rg43r piJoan

and Gerjovick, 1946), pyruvlc acld (sealoek and scherp, lg{lr Lu,
1939) and phenytpyruvLc ac{d (Penrose and Ouastel, 193?} as theee
subetanceg also har¡e carboxyl groups capable of formlng hydrazone
derlvatl.r¡es (Gyorgy and Rub!.n, 1950) . The rack of specJ.flclty and

r¡nsati.sfactory nature of thege methode Le evi.nced by the rnany

modj.fl,eations which have been publlshed si.nce 1940.

7. 2, 6-dl,ohl,onophenor,tndophanol. (Ð.e.p,r. ) nøthod. Many of
the modLfLcatlone whLch are claLmed to render the D.C.p.I. rnethod

more specLflc are based on the aseumpt!.on that aeeorbLc acl.d

reduces the dye almost LnEtantaneouely whereas other reduef.ng

eubstanceg ðo so morê slorly. rn ene such ¡nod{flcatLon tltratfon
readLngs are taken at Lntervale ar¡d extrapolated back to têro t1me

t,o determj.ne the true ascorbLc acld concentratlon (Bessey, I93g).
In another nodlfteatLon thc unreduced dye J.s rapfdly extracted wltt¡
rrylene to remove tt from contact with other reducLng gubsta¡rses
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(Robinson and St,otz, 1945). TheEe rnodlflcat,ions do not completely

ellnui.nate fnterfer¡ence because the aesurçtion that other reducLng

subgtances reduee more elowly than ascorbic acld 1g not al.waya

correct (tugg, 1942).

In 1943, I€vy pt¡bLlshed a modifLcatlon ln whlch the extract
$tas aLlo¡red to react wlth hydrogen peroxLde before addlng the dye.

This redueed lnterference due to sulphur dLoxLde by convertlng lt
to sulphurl,e acid. The method was not valld, however, J.n the

prescnce of iron and eopper salte. otherg (KtrkpatrLck, 1941¡

Mapsonr 194U' ueed acetone or sertaLn sugara to preyent the dye

reaeting wlth eulphJ.te Lons. Lugg (1942) carried out ttre reaction
in tåe preeenee of formaldehyde clairnLng that thle reduced inter-
ferenee from substances such aa cysteine, suLphLte, hydrogen

culphide, and H,S-treated pyruvLc acid.

AJ.though all these modlfleationE reduce the degree of inter-
ference' nene ls htghly specLflc for aecorbfc aoLå. CampbelJ. et
altl (1951) for¡nd gcrious errorß in the presence of ferrous,

cuprouEr or cuprLc Lons when analyeing pharmaceutical" preparaÈlons

by seven dlfferent nodíf{cations of the D.C.p.I. rethod.

2. 2, tl-dlnittophenyLhydnaalnt (D,I!,p,H, ) nethod. Roe (1961)

elaLns to har¡e answered obJectLone ttrat, ùtre D.N.P.[I. npthod fs not
specLfLc. H€ shoïred thaù LncubatLon of oamples and controls at
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15oc for 18 hours Eave gLmÍlar results to fncr¡batlon at 3?oc for
3 hours. H€ saye "rf fnterf,erJ.ng gubsÈanceg that coupre elowly
wlth dlnltrophenylhydrazfne are prÊf¡ent Ln tJre tj.ssue oxtracts
ùhey would be erçected to ylerd more ohromogen at 37oc than at
15oc.u This e:çerinont doeg not seem to be an adequate method
for the determl'nation of the pres€nee or absence of epaclflclty.
Hls contentLon Ls correet only lf t*re rate of hydrazone formatLon
wlt!¡ Lnterfer!-ng substances wae affeetad by temperature ehangeø l.n
a different manner fron hydraeone formatÍon wi.th dehydroascorbj.c
acLd' Roe (1961) has shol'rn that fructose, glucose and, glueuronLc
acl-d do not fnterfere wltå the Þ.N.p.H, method, but there arê
other substanceg ln blologlcar samples eapable of fonufng coloured
derlvatÍr¡es with D.N.p.H. (see abor¡e).

Another disadva¡¡tage of thc D.N.P.H. procedure Ls tï¡e d hour
lncr¡batlon period. Schaffert and Kingsley (1955) shortened thfe
tfme to l0 ml-nutes by incubatr.ng at roOoc r.nstead of 3?oe. Thi.c
sras subseguently shovrn by Roe (1961) to inerease the ltkellhood of
Lnterference from other substances.

E, uee af the urtpauioret abeorptr.on of aeoorbr.o aord,,
Aecorbfc acLd absorbs strongry rn the urtravi.olet range. The
wavelengttt of maxlmum absorbance varLes wlth pH and oceura at 221
mu when Èhe pH Le 3 (Figure 1). Dehydroascorbr.c acld at thrc
concentratLon doeE not absorb Ln the urtravfolet range (F!.gure 1) .



WAVE LE NGT H (m¡r I
o
o
G'

o
o
e{

oI
GI

o
rt
Cì

o
c{
c{

-l r-

.-l

t¡¡
CJ

=
@
E
ct
u)
@

50

40

30

20ascorbic acid

dehydroascorbic
acid

t0

FI6URE I: Absonbance (x tOfi) ln the ultravtoret of ascorblc
acld and dehyd¡'cascorblc acld (8"CI ug/ml) tn a cell
of 1.0 em llght peth"

-{-
-l-

,l +

++

I
I

#
. i.1.

l{,1

r iI



58

Tha dlfference between the abgorbance of a solutLon of the extract Ln

L:50r000 potassÍum cyanLde and thc absorbance of the same solutLon

after deEtructlon of the agcorbLc acid by ultravlolet Lrradl.atlon

gave a neasure of ttre aacorbLc acfd concentratl.on (Robertson,

1934¡ Chevalller a¡¡d Choron, f943). ThLg mathod haE not gaLnad

acceptance bccauae of the unpredfctable effect of ultravLolet
lrradfatlon on a complex bfologLcal sarnple.

4, Chromatognaphlo nethoda, ft is i,ntereEtLng that chromato-

graphfc npthode gl.ve lower values than volunetrfc prosGdurês,

presunably because of tÏre gæater specifLclty obtaLned by chromato-

graphy (Proqhazka, 1963). The prlncLpal method used has becn

paper shro¡natography. A ltet of referencêa Ls obtaLnable (Maeek

et atll, 1957-1960) a¡rd tÏre aubJect has been thoroughly revLewed

(Proct¡arka, 1963) . Usl.ng paper chromatography Mapron and

Partrfdge (19¡t9) separated ascorblc acfd from reductone, reduetfs

acld, hydrorrytetronLs acLd and dlhydrorqmaleic acLd. They

suggested tåat si.nee these ¡ubstances ca¡r Lnterferc wlth ascorbi.e

acld estímatÍons, paper chronatography ntght Lnereasc the

epecLf!.city of theee procedurea. Hafnann et alLi. (1953)

prrbllshed a paper chromatographlc metl¡od by whLch all the

substanceg whieh usually i.ntcrfere wfth tha eetl,matlon of

agcorblc aeLd sucl¡ aÊ cysteLne, glutathione, and ferrou¡ a¡rd

stannous lone can be ecparated frorn ascorbLc acLd. Estfnatl.on of

ascorbl,s acld by paper ctrromatography has been perforrned (Chen ct alLL,
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1953i Herrmann and Zobel, L962r. The asaorbic aoLd wae eluted
and subJected to eetLmatLon rvlth D.C.P.I. Paper chromatographlc

technlgues har¡e the dleadvantage that becauge of the tengthy

nature of the procedure (about 24 hours for development of the

chromatogram) 1t le dtfflcult to prevent a coneLderable loeg of
ascorbLc aoLå by oxldati.on (Prochazka, 1963) ,

lf,he posslbiLLttea of tl¡ln layer chromatography havc not been

adequately e:çlorcd (Bolrlger, 1965). strohecker and pi.es (1962)

allwed the blologlaal extract to react wtth D.N.P,H. and

eeparated the hydrazoneo so fomed by ttrln layar chromatography

on sLllca geL. Thc spots ererÊ elutad wfth surphurLe aeld and

estinated spectrophotomctrically. A seareh of tlre lLtcrature
has revealed, no other publleatLone or¡ the uce of tlrln layer

chro¡natography j.n the eEtj.matfon of aEcorbLc asld.

III. COUMENT

"Agcorbfc ael.d, ls of vLtal funpprtânce Ln tlssua retabol!.srn,

yet lta metaboXle fr¡naÈlon remaj.ns unknow¡r. ån eecsntl.al tool ln
the searcl¡ for a eolutj.on to tlrLs problen Ls an aecurate nrethod

for Lts estlmatlon. ft le surprfslng theref,ore that none of ttrc

nrethodg at pneaent ln u¡e âre satl¡faetorlr. proceduraa co,runonly

uged lacik specifJ.clty, for no attempt Lc nade to separate ascorble

acfd fron fnterferlng oubsta¡rces. trhough methode for the

eeparatlon of ascorbLe acl,d fron interferl,ng aubatanceg by paper
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slrromrtogrephy l,rrvr Þcrn publfrboû, thr¡¡ hrvr not galneü

reaptrnec. Th!"r 1r probably boceurt of, t"Jrr lrngtlty n¡tun
of ttre precrdun rnû þ¡oautc of tlto â!,fffeulty ln pnwntfnE

tlrr Lor of ueo¡blo rcfd by oxlårtlon duri,ngr drrnrlopmnt of
tlr¡ ehroanatogtrrm.



CH.nPSAR 2

DEVEI,OPIi{ENT oF }r NEw uarHoD FCIR rHE EgrrMATroN oF

ASCORBIC ACID IN PT,ATELETS
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I. INTRODUCTTON

The first requirement in ttre project clescribed in thís
t}lesís $¡as for a nethod for the estimatlon of ascorbíc acíd in
platelets. A review of t.l-e literature revealed that methods

presently avaiLable for its estimation in biological. sampLee

lack specificity (Chapter I, part C). Thoee whích mêaaure the
reducing pcr$rer of the eample arê interfered with by other
reducing substances preeent (Roe, lg54¡ Gyorgy and Rubin, 19s0)

and those whLeh depend on the formation of tt¡e dinitrophenyl-
hydrazone derlvative of dehydroascorbic acid are interfered wfth
by substances whldr also forrn coloured derivatives wlth D.N.p.H.
(Gyorgy and Rubin, L950) .

In the search for a mor6 epccific method some authorE have

proposed the separatÍon of ascorbLc acid from Lnterferlng
eubstances by paper ehromatography (prochazka, 1963) . lfhe

ascorbic ael-d can ttren be eluted and estLmatad by one of the
standard methods (Iterrmann and Zobel, 1962). Chro¡natographl.c

methods give lower valuee than volumetrf.c procedures because the
former are more epeciflc (prochazka, 1963).

fn the method proposed ln tåis chapter thln layer chromato-

graphy was uÊed. The disadvantage of paper chrqnatography ls
that 24 houre are requlred for development, of ùhe chromatogramr

îhts tfme factor is of partlcular importance ln the cas€ of an
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unstable substance such as ascorbic acÍd, for the more lengthy
the procedure the greater the llkellhood of conslderabte loss of
ascorbLc acid by oxldatlon.

fhln layer shromatography, on the other hand, takes only one

hour and therefore offers a possLble means of gul.ckly eeparatfng

ascorbLc acÍd from lnterferf.ng substances. The only prevLous

attempt to use thln layer chromatography for the estLmation of
ascorbic acÍd was by Strohecker and pLes (1962) who treated the
biological extract wlth D.N.P.;r. and separated the hydrazonês so

formed by ttrln layer chromat,ography on eLLica gel. The spots

were eluted wlth sulphurlc acid and eetl-mated spectrophoto-
retrÍcaLLy.

fhe method descrlbed in thls chapter nade use of two maln

prlncLples:

x. rhln lager ahnomatography. rncrEased epeer.fleity was

obtaLned by f,ùln layer ehromatography of the platelet extract by

whlch means assorbLe aeLd riras separated from other redueing
substanees present 1n the sample. Íhe separated aecorbLe ael.d

was eluted from the cl¡romatograrn ar¡cl tl¡e amount of aecorbfc aej.d

1n tt¡e eluate estinated by a gensltlve eolorj.rnetrLc method.

8, Estlnation by a senaltlue eoT,orlmetníe meþhod. À very
senefti've rnethod for thc estLmation of ascorbLc aeLd l{as devlsed.
Thls ltas necessary because thin layer chromatography lnvolves Loss
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of sengl"tivityr 1t waa posEtbre to apply only a small volune of
sanpJ.e (such as 20 uI) to the orLgLn of the chromatogråm, and

after dcvelopmcnt of the chromatogram the ascorbl.c acLd wae

eluted Í.n a much l.arger volu¡ne of eolvent (eueh as 2 mI)

effectlvely dllutlng tlre aseorbt c acl.d by a faetor of about 100.

ÏI. DEVELOPIIENT OF A SENSITTVE II'ETHOD rOR ASCoRBTC AerD Esrr!,farloN
¡. GeneîaL prlnolpl'c. Before atternptfng the regolutlon of

ascorbic acid by thin layer chromatography a geneLtLve and rapld
nethod was neguired for the estimatl.on of ascorbfe acLd. It can

be predlcted from redox potentLal theory that ascorbLc acLd should
reduce ferrLc ions to the ferrous form (IlewLtt, l9s0). rf
ascorblc acld wore added to a molar axcaas of fsrrfe ahlorLde
solutLon, t'he a¡nount of ferrous Lons lj.berated ehould theoretieally
provLde a mêasurê of the amount of agcorbfc acld present. For
the egtimatlon of the lLberated ferrous Lons ü¡ro naln prfnclplee
offerLng the poesibtltttes of rapLdLty and great sensltivlty were

crçlored. (t) xf radLoactir¡e Lron (Fe59 cl3) wera used the
feffioue Lons could be estLmated by thelr radloactfvtty lf a method

could be found for ttre eeparatLon of ferrous from ferrLc fons.
(tf) A number of ehromogens äre avallable whleh form Lntensely
coloured derivatLrrcs wLth ferrous lons but not wlttr ferrLc i.ona.

2. Uee of, *adl'oaotî'ue dnon. f'no poasJ.ble nethods for the
eeparation of ferrous from ferric ions !{6rê eonsl"dered.
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(a) It ls poasfble t,o aeparatc ferous lonE from ferrle
ions by råln layer chromatography (personal obserrrationel . 1[hls

possLblllty has the dLsadvantage that, ln addltLon to the

separation of e¡corblc acLd from other reducLng gubstances, another

chromatographJ.c procedure ia raquLred whtah would i.nvolve further
losg of eengl,tivlty.

(b) lthc soltrbtlity product of ferrous hydroxLde Ls 1.6¡l x

10-14 whereas that, of ferrfc hydrorcide Íe 1,1 x 10-36 (Kotthoff

and Elving, 1962) . lttrus whLle at pH 7 ferrous hydrox!.dc Ls

appneciably soluble ferrlc hydroxLde Ls extremely j.neoluble.

Becaues of the loes of sensLtlvlty Lnvolvrd the flrst
poeslbllLty wae dLssarded a¡rd the aeparatLon of ferou¡ from

ferrj.c Lons wae atterqrted on tlre baaL¡ of ttrei.r dlfferlng
sol.r¡btlttl.as. Thê test was set up as ln fable 1. trêrrLs

chlorlde, rad!.oactLve lron, and rample ¡olutlon sontaLni.ng varylng

amounts of aecorblc acld were pooled Ln a 50 rnl bcakcr. Blånk

and eontrol eamplea (O and 100t values) Eontelning no aseorbLc

acLd !Íere included. The pII of the aontênts of each beal<cr was

aðJusted Xo 2 wlth hydroohlorLc acid a¡rd thcn all except the

eontrol (whLch was left at pH 2) !Íerq brought to pH I wlth a¡wnoníunr

hydroxf.dc. lFhe flnal volure was brought to ¡10 ml and 10 nrl

alLguote !üere cent,rf.fuged at 1300 g for 30 mLnutee. lFhc ganrma

actlvlQr of the supernatant wae deterrnLned by øclntLllatLon
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cor¡r¡tLng. Rosults were êrçrressed as

Percentage radfoactlvlty of supernata¡rt -
Sanrple activJ.ty - blank actfvlty

x 100t
Control actfvLty - blank activlty

Ae erçrccted ascorbl.c acLd, by maJ.ntalnlng radloaetLrrc l.ron

l.n solutLon, Lncæased the qriount of radLoactfvlty i.n the ãupcr-

natant (flE. 2, . lFhe relationehip between tl¡e ascorb{c acl,d

eoneentratl.on and the radl.oacttvlÈy of the supêrnatant lraa non-

lLnaar however, ürd an adcguate meaaure of aecorbfc acLd

concentratLon was posstbLe only over the range 0.05 0.X rnt{

(coneantratLon of ascorbfc acLd ln the 10 ml oanr¡rle). It was

LntereetLng that 100t Lron eolublli.ty wae attaincd when ttre nolar
ratLo of lron to ascorbLc aeLd wae 4:1. The elgrnlflcanee of
tlttc flndlnE in relation to poaoLble conplex fornrati.on betwecn

dehydroascorbic acid a¡rd farri.a iong w111 be dleeussed ln Chapter

8.

though thle rsthod could probably be nade \rÊry eenaLtl"rrc by

the use of, nore dLlute ferrLc ehlorLde of a hlgher spcclfJ.c

aetlvlty, lt had tl¡e great d.L¡adva¡rtage that Ít wae ecnsLtLve

o\r€r onLy a amall concenùratLon rånge. It wag thereforc

dLscarded fn far¡our of the follolulng mcttrod.

6. Ueø of, ü?t lpan ohtomogen. (Fc-f .P.lf .2. nethod).

Ferrous lonE react wlth a nr¡mber of i.ron chromogena to forn
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intensely coloured products wall suitsd to spcat,rophotonretrj.e

eEtfmatLon. So¡ns of tl¡ese chromogens are specl.fLc for ferrous
lons and do not react wlth ferri.c i.one, lrhe most senslùi.rrc of
tlreee i.r trJ,pyrf.dyl-$-trla¡Lne (T.p,T.z. Xcarawayr 196r¡ Ffscher
and Prl.ee , 196{) whlc}¡ forms a vLolet feruous derlvatl.ne, Fe

(T.P.fi,z.l 2r with a molar extLncÈion eoefflcLent ot 221600 fn
aqueous solutfon at 593 mu (flg, 3). At pH 3,{-S,g the colour
fo¡rnation {s conplete, ctable, and followE Bearrs lalu (Flscher

and Price, 1964).

5.0 mr of ferrLc chlorlde (0.16 rnM in 0.ol M Hcl)r 5.0 ml

of r.P.T.z. (4.0 ¡nM) and 5.0 tì¡tr of aacorbLc acl.d (of knov¡n

coneentratLon Ln lt acetl,c acldl wera pooled Ln a beaker. The

pH was adJuatcd to lese than 2 with hydroahlori.a acLd and then

to ¡lr0-4'5 wLtlr anmoni.urn asetate. The flnal volu¡re was made up

t'o 20 nl wlth dlettlled water and the absorbance of the resu!.tLng

solutlon ¡noagutred fn a spectrophotoneter at 5g3 rnu uslng a gl.aae

cell of 1.0 em llght path. A range of coneentrat{ons of aseorblc
acid from 0-0.12 ml,I were tegted.

Beerts law was follo¡ved over the concentratLon range g-L¡t.?

¡rgTrnl of the 5 nrl sarnple (0-0.021 mltt 1n the ZO rnl flnal volume)

(flg, 4) . In those samplee i.n whfch the accorbLc ae!.d

concentratLon exeeeded thls range no further colour waa generated.

At the uPper l,lmlt of thls rar¡ge the concent,ratlon of aacorbLc
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acld was half the concentration of Lron (0.40 mM Ln flnal volume).

when 5.0 mr samples of dehydroascorbLs acld aontainlng t0 vg/mL

were tested the absorbancg was equLvalent to that ln blank

samples

lilhen ascorbLc aold is oxfdÍaed tt llberates 2 hydrogen atoms

each capable of donating an electron. rt would therefore be

erçected that I molecuLe of ascorbic acLd would reduee 2 ferrlc
Lons to ferroue ione. lfhLe hypotfresf s Ls consLetent wlth t*re

fact that concentratione of ascorbj.c asl,d greater than 0.021 mM

(flnal volune)' whLeh lc haLf the conqentratLon of Lron (0.0,10nM),

faLled to generate rnore colour. The ¡eactLon ca¡r ttrerefore
probably be represented ae follows:

ascorbic acld + 2 Fe*** + dehydroascorblc acld, + 2 Fe++ + Z H+

2 Fe** + { T.p .T.2. + 2 Fe (T.p .¡,2.12

4. Adoantagea of, thc Eo-T.P.r,z, nethod olrer othor mathode.

(a) The Fe-T.P.T.z, ¡nettrod fe more geneltLvc than other methode.

Thls ca¡r beet be ehowr¡ by corçaring the molar extinctLon

coefflcients. The molar extLnction coeffl"cl.ent can be calculated
from tl¡e formula

t=å- bc

where a - extinction coefffclent
A - absorbance generated

c - moLar concentratLon

þ I lengttr of U.ght path
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rn the erçeriment irlustrated !.n Figure 4 the exttnction
coefficient for ascorbr.c acr.d was 36, g00. rn rater e:çerr.ments
under srfghtJ.y dífferent condÍtLons 42rg00 was obtaLned. Thls
can be companed wlth z3rz0o for the D.N.P.H. procedure and g1770

for the ultravLoret abeorptLon of aseorbic acfd at pH 3 (both
values determlned Ln thls laboratory.

rt Is more difficult to compare the eensLtivi.ty of other
nËthodE for ascorbic acld eetLnatLon as extinctfon coefffcLents
for these are not guoted in the ll.terature. The Fe-T.p.T.u.
proeedure when modifled for use {n a d.0 cm cell (see þerær)
requirae a sample eoneentratíon of lese than l.zs yg/mL of.
ascorblc acr-d. The D.c.p.r. method, whÍch requfres a sampJ.e

concentratfon of 2-r0 vg/rîL appearg to have about the same

sensLtfvLty as tt¡e D.Ìit.p.H. procedure (Roe, l9S4). lfhc lonrer
rfunit of sensitlvity of the method of ree and rcong (1964) ,
whLch utLlises the reductfon of mercurLc to rnoreurous ione, ls
I0 u9^n1. Îhe Fe-T.P.T.Z. method ls tTrerefore the most seneLtLve
yet descrLbed for the estimation of aecorbi.o acj.d.

(b) The Fe-l[.p,rf.z. ¡rethod takes only 2-3 mlnutee per
sample and La tlrerefore nore rapLd than the D.N.P.H. procedure
whlch lncludee a 4 hour Lner¡batLon step.

(c) A dl.sadvantaEe of the D.N.P.H. method !.e that ¿LL

neactions are carrLed out Ln a hlgh concentratLon of sulphurLc
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aei.d. The olly hfghly acLd solutLon Ls diffÍeu1t to handle and

r:npleasant to work wl.th.

(dl) Àn advantage of the Fe-T.P.T.U. rnethod over the D.C.P.I.

procedure Ls that ín tl¡e Fe-T.P.!f.U. retÌrod the blank has mlnLnurn

absorbarice and solour Lntenslty is dLrectly proportj.onal to ascorbLc

acid concentratLon. In the D.C.P.I. procedure tl¡e blank has

maxi*rum absorbance ar¡d eolour formati.on ls Lnversely proportional

to ascorbls acLd cor¡centratlon. Thls increages the lower limtt of

eensitivlùy of the D.C.P.I. method, for a small d.L.fferenee between

trro large valueg cannot be meaeur¡ed as accurateJ,y ae the same

abeolute dlffcrenee between two small valuee.

5 . Eunthct, dcvelopment of the Ee-l .P .lI, Z . method. Because

of tl¡e advantages of the Fe-T.P.T.ã. method o\t€r exLetlng methode

it was cl¡osen for tl¡e eatLnation of ascorble acLd which had been

eluted from the chronatogram. Further derrclopment of the method

rúås tlrer¡afore undertaken.

(d Contnol, of pH. FuIl colour developmenù dld not, occur

and the lntenc{ty of colour rras not reproducl.ble r¡nleEe the pH of
tl¡e mlxture of aseorblc acld., ferrLc ct¡lorlde, and T.P,E.Z. !,ras

reduced to less than 2.0 during thc procedure, Thl.e Le because

ferric Lone at a pll above 2 aggregate to form nultl nuelear

complexeg which are chemLcally leee reactLve than free ferrLc l.ons
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whlsh cxLst, Ln acLd solutl,on (Elchorn, 1964) ,

Fischer and Prl.ce (1964) stated that maximum colour formation

was obtaLned at plf 3.4-5.8. ThLs waE substantlated ln thls
laboratory. Furthermore Lt wae for¡¡rd that ff f*re ptl !ìtas raleed

to above 6 losa of colour occurred, and thls could not be

recoveried by further nanLpulation of the pH. Íhus Lt was

f.mportant to avold overtLtratlon. Anmloni.um aeet,ate (10-30t)

proved to be a gultable buffer for ralelng the pH frorn 2.0 up to

4.0-4.5 .

(b) Stabll,'Í.ty of the bl.ue oompleo. lrwo sanr¡rles of
absorbance 0.495 w6re left on the bench and teeted ln the epectro-

photometer at 15 nLnute Lntervalg. A gradual Lncrease Ln

absorbance to 0.52 occurred o\rer an hour, after whlch ft remalned

cor¡etsnt. No error resulted tf aLl samples rúere tested at the

aame perLod of tl.¡ne after tltratLon. Xt wae customatY to
deter¡rLne the absorbance lnunedlately after titratLon.

( o) Støbl,Ilty of aeoonbia aol,d soluülonc, At flrst
oonsLderable dtffteulty was ex¡rer:lenced Ln the preparatLon of
¡olutLons contaLnLng a known amount of agcorblc aeld becauee of
logE of agEorbfe acfd due ù,o breakdovrn by oxldatfon. It i.s

known that aecorbLc acid Ls unstable j.n eolutLon tf {fie pll fg

not near 3 (Uprety and Revle, 1964) or i.f traqe ¡etal J.ons such

as those of Lron or soppêr are prêsent (Roe, 195{). !ühen
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ascorblc acLd (10 ¡¡g/rnl) lras prepareð ln dlstLlLcd water gt wae

lost over a perlod of two and a half houre, Lrrespectfve of
ruhather lt wae kept, ln ttre refrlgerator or loft on the bench.

BubbLJ.ng o¡(ygen free nLtrogen through the colutl.on dld not
Lnorease the etablltty of the aseorbj.c acJ.d.

The problem of aacorbie aeld brealcdown was parttally o\r€r-
co¡no when Ít vras dl.seovered that tåe stabLllty was greatly
onhar¡ced 1f Èhe aseorbLc acLd was prepamd fn a solutlon of lt
acetLc acld whLeh has a pÌI of 3 i no deterloraùLon oecur¡:ed ov€r
half a¡¡ hour at room temperature, thouEh 5t wae lost o\¡€r 24 hours
at 0-¡loC i.n thc refrLgcrator.

Another eauae of agcorbj.e acj,d breakdown at tfils etage of
the proJect, wae {:,}re Lrçurlty of the dlettlled ruater whieh waE

slgrnfflcantly contamLnated wlth Lron to the extent of 0.2-0.3 vg/
ml by the ¡rcthod of FLecher and prLce (1964) . When accorbLc
acld eolutLons j.n ttre concentratlon ranEe 0-1.25 vg/mL lrerê uaed

(see bclo¡s) tl¡ls degrac of conta¡ni.natLon waa aufflcient, to
conei.derably J.ncrease the rate of brealcdown of assorbLc acLd.

Later Ln the proJect disttllad water whlch had bacn eubsequently

deLonLged ln a mÍ¡¡ad-bed lon exehange resin dernLneralLger becane

avaíLable' Ascorbi.c acLd solutlons prepar'ed ln lt asretlc acld
uefng thlc water dld not deterlorate when left at 0-4oc for 2{
hourg.
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( d) Attainment of naærnum ecnc,ltLtlüy, tthe seneltLvity
of a epectrophotornctrLs method ca¡r be enhaneed by LneraasLng the
lengttr of the ltght path through the sarple, and by decreasfng
the flnar volunc of the rcacti.on mLxture. rn the epectrophoto-
nster useð (Beckma¡r DB) Ûre maxLmt¡m light prth avaílable was 4.0
Gltl. The ¡rrlnf¡ru¡r volt¡¡rp whtch could be accor¡unodatcd Ln suoh a
csll was 3,6 ml. spacers 9.0 mn htgh wem thcn requfred to
raLee the lower part of the call Lnto the path of the ltght, bean.
Reproduclble resulte ¡ûêre obt,ar.ned lf a volurne of 4.0 ml. was

used, Prerlnrlnary testg wlth slllca gct ehoncd that 2,0 ml. of
lt aaeti.e ae:ld was suffleient for eluti.on of aseorbfo acLd from a

sl,lLca gcl tlr{n layer chromatogram. rf r.0 ml of Fe-T.p.T.E.
reagont wac addcd to thf e ?.0 ml earçle the adJustment of pH

could eacily bE carri.od out wlthout exceedfng a total volune of
4 .0 ml.

6 , Pnoaaduo.c f{;nall,y ueed fot Fa-T .p.![, g, r.eaaù,lon,
(d Scagcnto, (fl Ferrlc chlorlda etock solutl.on (0.01 !t

FêCl3 !.n 0 ,2 tq I{Cl}. (lt) Zrer6-trlpyrtdyl-S-t¡rLarLne, C3N3

(cultolt)trr (T.P.l[.8.) r 0.004 M stock sorutlon. rFhl.s wae

preparcd by d!.ssolvlng L2a.g mg of T.p.E.B. j.n I ml of L,0 M Hcl
and dllutlng to 100 ml wlth delonLsed water. Thc solutLon was

stable lndcfi.ni.tery lf kept tn a well-stoppered bottle ln the
dark (PLceher a¡¡d prlce| 1964). (tfL) Fe el3-T.p.T.z. reagent,

*G. Frederi.ok Smltt¡ ChemLaal Co. OhLo, U,S.A.
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5.0 mL of Fe cI, stock sorutLon waa addad to 25 ml of T.p.tr.z.
stocik solutLon and the volume nade up to F00 ml wlth 0.05 M Hcl.
The solutLon ttren sontained 0.1 mr,i Fe cl, and 0.2 mM T.p.T.z. in
0.05 trt Hcl, îhle ¡ol.utLon was ctored in the dark Ln the
refrfgerator at 0-4oC. (lv) AscorbLc acld standard soX.ution

11.25 ¡rgrlnl fn tt acetl.c acídl . (v) Hydroctrlorj.e acld 3.0 M.

(vt¡ AmrnonLum acetate A.R, lOt w/v.

xt was egsent,Íal that alr reagents ehould hayc a mj.nimal

degree of i.ron conta¡ni.natl,on. Acfd cleancd glasawarê w¡ß ueed

both for preparatLon of reagentg and for earryl.ng out thc Fe-

T.P.8,8. reaetLon.

(b) Proocdupe. 2.0 nI of the unknovrn sanr¡lle a¡rd 1.0 nl of
the Fe-T.P.T.z. reagent rúere pooled in a l0 ml be¡ker. The pH

ïraa momôntarlly adJuetad to L.7-l;9 wlth HC!, and then brought to
¿.0-{.5 with a¡nnronlum aoetate. The flnal volune was adJuctrd to
{.0 ml by trhe addj.tLon of digtllled watçr and the absorb¡nca lras

then nea8u¡3åd ln a,spectrophotoneter at 5g3 mu usLng a glaee ccll
wltlr a {.0 cnr Ltght path. 2.0 mr of r.2s vg/ml aecorbLc acld Ln

lt aoetLc acLd and 2.0 ml of tt asetLe acld erGtre treatcd ln thc
aåmG manner a8 the unknown eanrple to deternLne the eontrol (100t)

and blank values.

(a) Resulte. When knoy¡n concentratfons of ascorb:lc acJ.d

were t'eetcd by the above procedure there was a lLnear r,clatLonrhip
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between abeorbance and concentration of aseorbLc acld ln tha 2 ¡rI

sample over the range 0-1.25 vg/mL (Ftgure 5). For concent,ratLons

of ascorbLc acid greater than thls value ùhe proportLonallty no

longer occurred deepS.te &ri excess of the æagcnte (fc et, and

T.P.T .Z.l .

In the ex¡rerJ"nrent lllustrated Ln FLgure 4 the faLlure of the

relatLonehlp between abgorbance and ascorbfc acLd coneentratl.on to

remain linear above a ccrtal,n eoncentratl.on of ascorbl.c aei.d was

probably due to e¡úraustion of the ferric chlorLde ar¡d T.P.T.ã.

In thLe instanco, however, the reagents v¡e¡îe ln execsa and the

loss of llnearlty lraE probably due to a faflurc of the Fe- T.P,lf,.Z.

cornplex to contLnue to adhere to Beerrs law above thls eoncên-

tration.

?, Rcprodualbt,Ll*g of, the Fc-!,P,r,2, meühod. lfhe method

waa reproductble only ff Etri.et precauùLons !úere taken to ensu¡¡e

ùhe absence of iron contamLnatj,on ln all rçagents. ThLs was

beaause the reactLon detectod not only aaeorbi.c acLd but also

any eontami.nati.ng ferrous Lone i a ferroue i.on concentratLon of

only 3 parts per 100 mJ.llLon Ln tha flnal volu¡re produced an

abeorbance of 0.05. For thi.s reason all glaas!{are was acid

oleanad ar¡d be alcêre rúer6 capped wltl¡ paraft lm rmti.l ready for use

to guard agaÍnst oontam:lnatLon from atmoøpherLc dust, partl,cles.

Reproductblltty was enhanced by rlnsLng the reactl.on beakers fn

1.0 M IICI Juet prfor to use.
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1[he reproduciblltty of thc teehnLque was ehown on 10 2.0 ml

canpler from a solutlon contalnlng 0.625 Ug/nI of ascorblc acLd.

The nea¡r LnoreaEe 1n abgorbancê above the bla¡¡k was 0.323 û 0.008t

a Eùa¡rdard davi.atLon of 2.5t. In 11 blank dete¡mLnatLons a m€tn

absorbtnce of 0.0{3 t 0.008 was for¡nd.

III. DEVET¡OPMEI{Î OF Â IIHXN I,AYDR EHNOM.AJITOGRAPTTXC MEIIHOD FOR THE

SEPARATION OF àSCORBTC .ACTD FNO!,T OTHSR REDT'CTNG SUBSITANCES

7, Gone ta,l, pnlnolpLe . Thtn layer chromatography provfdes a

si.nrpX.c, \retrsati.le, and rapld tcchnLque for the rc¡olution of

blologleal samplce. Separat!.on talces about I hour whlch lE much

morê rapld tha¡r the 24 hours rcqulred for papcr chromatography.

Rgsolvlng powar Le graatcr tlra¡r with papcr ahromatography, partly

beoauee fncreaced epeed leaves laee tlne for dlffucLon to oocur.

Rapfdtty ts al¡o Lnportant, when an unstabla substånee such ae

aacorbLc acld i.g ugcd.'

The vematlllty of the nethod lg greater than for paper

chronatography. å wi,ds rång6 of adsorbent materLals Ls aval.lable

for use aË a thln laycr and the separatlng characteri.gtLce of the

adaorbent oa¡r be srodlfled by varylng ei.ther the eolvent ueed to

nalcc thc alurry or thc degrce of heat Lnduced actLvatfon of the

resultånt, thln layer. Larger volunes of sample can be

accorn¡nodated stnply by l.neraaal.ng thc thlckness of the adeorbant

layer.
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An advantage over cohxnn chromatography 1s that tt te
possf,ble to rr¡n 11 eamples sl-murtaneoualy on a 20 ern x 20 em

p1ate, whereae orily 6¡¡s sample at a tLme ean be resolved on a
ej.ngle coh¡nn, Ànoth.er dLstlnct advantage whlch t*rln layer
ehromatography ghares wtth paper chromatography ts that mogt,

substances can be readlly detected by ultravLolet fluorescence

or by specJ"fic ßpray raagente.

lfhe mai.n dlsadvantage of thln layer ehromatography compared

to col,t¡¡¡ur chromatography le ttrat lt ls possible tc âpply only a
small volume of aanrple (euch as 2-20 ul) in a sLngle spot. ThLa

i.s a drawback when elutLon of a suþstance followed by lts
volunetrLc eatlnatLon ie requl.red. lfhe amount of aarnple whLch

ca¡r be applled ca¡r be Lnereased by uefng a thl,cker ai:lsorbent

layer, by prior coneentratLon of the eample, by repeated

applJ.catlon of the sample to the same spot wlth drytng between

each applf.cat!.on, or by applLcation of the sample as a long streak.

DetaLls on the ¡nethodology of thfn layer shromatography are

avaLlaþle (Bobbtttr 1963i Stahl, 1965).

2. Appanatue.

(a) Glaes plates 20 cnr x 20 cnr and 20 em x 10 em lrrere used,

though ln tl¡e thln layer chrqnatogram scanncr z0 cm x 2.5 cm

werê regu{red. PrLor to epreadLng the plates warê eleaned by



serubbing wltl¡ a m{ld abrasÍ.va, dlpplng brlefry ln aeLd, and

rl.nsLng Ln dlstllled water. Àny traces of greaee whl.eh still
remained warc removed Just before uge with ethyr alcohol
f,ollowed by n-he¡(ane.

(b) Thln layer chromatogram epreader (Ca¡nag) .

77

(Canag)

(Agla)

(q) &¡plfoatlon of the eample wae by rnLcropipettes

capabre of dellverLng 1-10 yl or by a mi.cronster syrLnge

whl,ch dellwred volumes as lorr as 0.1 ul.

(d) Devrrloprnant was aarrLed out J.n glaaa shamber¡ (Desaga)

whl,ah had been flllcd wtth eolvenù to a deptå of about l.s cm, A

glasa spaeer 20 cm x 6 om x I qm rsdueed the amor¡nt of eolv€nt
requLred. Saturatfon of ttrc atmosphe¡¡e lnside thb ehamber wLth
golvent vapour was faoj.lftated by lfnLng the wallg lrl.th fllter
paper whteh wae wetted wlttr goh¡ent by drtlng the tank.

(e) ViEuaLÍsatlon of sr¡bctancos separated by chromatoEraphy

Itaa aided by an ultravfolet lanp wlttr pr!,nc!.pal war¡elangtha 25{ rny

and 350 nv and by spray reagents applled wlth a prrêrsure pack

spray apparatus (Camag) .

(f) ^ân Actlgraph III thLn layer chromatogram açannêr (Nuclear

Chlcago) waa used when the dctectlon of beta ernltting radLoaetlw
Lsotopes was requlrad. bhe apparatua wåa operated wlttr a 2II mylar
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thin wLndow arrangemênt and prO (tOt methane, 90t argon) lrag

used aE countJ.ng gias. rrhe corrnt!.ng efff c!.ency for c14 was gt.

3. Choiae of dn adaonbent medlun The flrst requLrement lrag

for a combinaËion of adsorbent and developing eolvent, which woutd
produee a separation of ascorbfc aeid from other reducing
substår¡ces Ìúit¡ÀouÈ excessf\¡e breakdown of ascorblc acid by

oxidatlon. Adsorbent materials commonly ueed tn thfn layar
ehronatography are elllca gel, eellulose and, KeLgelguhr (Dlato-
maceous earth). SLlLca gel Ls the moet extensLvely used, ft
produces a hlghly actLr¡e rayer whleh is eapable of aeparatLng

both hydrophtltc and hydrophobJ.c sr¡bstancea dependlng q¡ the
solvenùs used (waldt, 1965a). Ce1lu1oee and Kefselguhr are hoth
J.nactLrrc media (waldt, 1965a) wh{eh r.n combLnatLon wlth a pol.ar

solvent can be uged to aeparate a mixtuæ of hydrophtlfc
eubstances (st,ahl, 1965) . sl"lfea gel was chosen for aseeesrnent

as a poss{ble rnedium for the separatLon of aecorbLc acld from

other reducing subatanees.

4. Aaeeeement of all.Cod gel aa a ohromatographio mcdlun, slllea
gel (Merck), HF254 (wlth added fluoreseent indlcator) or H

(wft!¡out Lndl"cator) r was used. g0 G of gel were thoroughly mfxed

wltå about 160 ml of water to form a thi.n elurry. A layer 0.2 mn

thLclc was applled to the glass plates, alrowed to dry overnlght,,
and actLvated by heatlng for half an hour ln a¡r or¡en at llooc.
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(d sepanat'ton of aecotble aeid fron otheç neduolng

eubatanoea on ellloa gel, rn the searoh for a sohËnt whlch

would separate ascorbj.c acLd from other reducf.ng substancea on

sL!.Lca gelr 5 ul alJ.guots of the sorutl,ong listed in Table 2

lrere appl.Led as separate spots to thc orJ.gLns of thín layer
ehromatograms (slllca gel HF2S4) whlch lrere then developed ín
the test solvents, The eolvent n-propanolsacetic acLdswater¡

etåyl acetate = 80:B¡10:20 prod,uced a suLtâble eeparation of
¡soorbLc acid from other reduclng Er¡bsta¡¡ces and from dehydro-

ascorbLc acid (Table 2,. rn addltlon lt was found that, sulphlùa
ions, rendered vi.sfble as whLte spots on a blue background by

sprayLng fLrstly wlth 0.002 N lodlne Ín methanol and then wlth
0.5t starch solutLon, remaLned at ttre orlgLn in this system.

(b) Method of cl.utLon fnon the ohnomatogo?*. Two different
technJ-quca lterB triad for the elutj.on of ascorbLc acLd fron ttre
cÏrromatogram. In the fLrst technLque the adsorbent contalnLng
tl¡e aecorbic acl,d was scraped Lnto a beaker and mLxed wlth lg
acetLe acid. After centrifugat!.on of the resultant suspenslon

ttre eupernatant contaLned the eruted ascorbd,c actd. The

disadvantage of thls nethod waE ttrat Lt was dlfftcult to transfer
tl¡e fJ-nely polrdered ecrapLnge quantLtatJ.nely lnto the beaker.

rhls dlfficulty was soh¡ed by adopting the follor^rlng rnethod

(Malinek, 1965) .
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Elutl.ng pipettee r¿vere constructed from L0 cn lengths of ? n¡n

lnternal dla¡neter glass tubing whieh were constrLcted at one end
and plugged wlth glaes wool (FJ.gure 6) . The area of ce11ulose
containlng the ascorbic acLd was drav¡n ínto the tr¡be by tap
suctfon and allowed to form a layer over the glass wool prug.
ElutLon of the ascorbLc acÍd ¡rae attained by passing the elutfng
flutd t'hrough the cellulose layer, a proceas !ìrhich was hastened.
¡¿Ltt¡ the ald of compressed alr.

UsLng thls apparatus t0 mg of ascorblc acLd was eluted from
a cLlLca get thin rayer wlttr 0.zs ml of Lt acetl.c acid. Thls
was well wltt¡Ín the Lfntt of 2 rnl required by the Fe-T.p.T.?.
nethod.

(c) ÐLff,l.oul,tl.ee enoountered urth el'l.loa gel.. r0 uL
oamplês from eoLutions contalning knorrn amor¡¡rts of aseorbfc acld
!úere applied to a thln layer ehromatogram whLch was then deyeloped
Ln tl¡e soh¡ent n-propanolracetlc aeLd:waterlethyl acetate - g0rg:
10¡20. After dry{ng the chromatogram the aseorble acLd spots
werÊ located (see below) and then eluted. The aEcorbLc acld
eoncentratLon ln the eluate wag estLmated by the Í'e-T .p.n.z.
raactLon.

rhis e:çeriment was repeated many tL¡res but, no reproduelb1e
relatÍonshiþ was obtaLned between the known amount of ascorbLc
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FIGURE 6: The elutlon of ascorblc acld f rom col lulose"
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acld Ln eaeh 10 uI sample and tt¡e amount detected ln the eluate
by the Fe-T.p.T.ã. reaction.

Analysíe of the results suggasted that the lack of
reproducrbJ.líty was due to the forlowing causes!

¿. contøninatLon of eltioa gel uith íron AB stated
prevíously the Fe-T.p.T.z. reaction deteets 3 parts per 100

nlllion of ferrous Lons. Aeeord{ng to the manufacturers (Merck}

the sl.lLca gel used contaLned 0.03t of i.ron. ThLs relatLrrcly
large amount of Íron inpaíred the eetLmation of ascorbLc aeLd

for two reasona. Flrgtly 1t caused a htgh and varLable blank
value i.n the Fe-T.P.T.E. reaetfon. For i.nstance, when Èwo

aftlas of sLlLca gel 1.5 cn x 1.5 cm contalnlng no ascorbLc acLd

Itetre eluted a¡¡d the eluates estfmated, absorbanees of 0.lS and

0.30 vtere obtaj.ned. Secondly, at ùhe concentratlons of ascorbj.c
acf.d used (0-2.5 w/Lo ¡rl sarnple) Lt consl.derably enhanced the
breakd,orm of ascorbLc acld dur!.ng chromatography so that lfttle
or no ascorbfc acLd could be detected Ln the eluate.

,1,r. Fluotceacnt l.ndl,oatoî. when 2.5 ug of aeeorb{c aeld
wag eluted from sLllca gel (Merck) to whLch fluoreecent indlcator
had been added an absorbanae of 0.30 was obtaLned on eetlmatLon
of the aecorblc acLd, in the eluate by the Fe-T.p.T.z. reactLon
(rúean of 4 estLmattor¡s) . When silLea gel (Merckl wj.tt¡out added
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fluofescent Lndicator was used the urean absorbance !.ras 0.sz
suggest{ng that the fluorescent lndlcator eitt¡er enhanced the
breakdqn¡ of aseorbLc aai.d or interferad wlth tl¡e reaetion
between ascorbLc acLd, ferrlc Lons, and T.p.T.U.

4¿l- Looaü'lon of aeootble aoLd epote. sorp of the
Lnaccuraey obtalned when ascorbic aej.d wag estLmated after
ehromatography on eLll.ca gel was due to error j.n the loeatLon of
tt¡e aecorbLc aci.d spote after development of the chromatogram.

When slLlea gel wlthout fluoregeent LndLcator was used there was

LnsuffLcÍent ascorbic acl.d Ln the spote to allow theLr vLsuar-
ieatlon by ultravLolet light. The posf.tron of the sampre spot,ø

lüas therefore deduced from the loeatl,on of control spots contaJ.nLng

a larger amount of ascorblq aeLd. t'hough this method was

succeeeful in most fnetanees, sllght dlstortfon of the sohrent
front someti.mes occurred and altered the Rf valuee of the sample

spots {n unpredlctable fashlort.

(il Pun'f-floatcon of ell,loa g6l - rcmooal of bon The

puriflcatJ.on of sllica gel was carrLed, out in the hope that the
lack of reproducfbllJ.ty was due maLnly to lron contamj.natLon of
the thln layer. rron can be remor¡ed from stlLca gel by washJ"ng

wittr hydrochlorle actd (Bobbftt, 1963). A maJor dleadvanùage of
the procedure as descrtbed ky Bottbttt ts that the stlcky eludge

obtal'ned Ls dtfficult to wash by filtratlon and lt forrns a cake
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on oven drying which must be ground and regradect for partísLe
size. For theee reasons an aLternative process was devised.

The sLLi-ca ger wae washed by suspendlng ln an equal r¡olume

of 5 N Hcl. Th.e stlspensl"on rvaa centrLfut¡ed and the supernatant,
whLeh luas dark yellor,r¡ d.ue to Lron contaml,nation, dl.searded.
Thls washLng proeedure was repeated. 5 tLmes. The slr!.ea gel
was tl¡en rvashod wlth dlstllled deionfsed water B-10 tLrnes after whLch

washLng once Ln 0.05 M potassfwn phthalate brought the pH to 3.2.
The sludge was then resuspended fn a small amot¡nt of 0.0s M

potassium phthalate and applled Lmmedlatoly to glass plates
thus obviating the problem.s whfeh occur on drytng Ln the proced.ure

descrLbed b:¡ Bobbltt. Thls proceãB was sttll tedious, hourever,

and took about 3 hours.

using thfe purified thfn Layer reproductble and Lor,¡ brank
determLnations were obtaLned on a series of 2.0 nl eluates
estimated by the Fe-T.p.T.Z. procedure (0.0?Z * 0.023 on 7 2r.0 ml
eluates compared with 0.055 û 0.009 for g 2.0 ml samples of rt
acetie acíd). Shus a conslcerable degree of purÍfieation had

been obtained.

(c) Eetlnatl.on of aeaorbro aald aftcr ohromatognaphg on

purlfLed eá,l.l,oa gel. To agsess the suLtabLlity of purlfled
eLlJ-ca geL for the thin layer ehromatographLc estimation of
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ascorbic acid the following experl-ment was performed. Known

amorurts of ascorbic acid (from 0-2.5 ug) in lt acet,Lc acid $rere

applíed as L0 yl spots to a purifLed sllíca gel thin layer
chromatoçfram. Marker spots contaLning a larger amount of
ascorbLc acLd were also applled. The chromatogram lras developed

ín tl¡e solvent n-propanol:acetie acid:water:ethyl acetate -
80:8:L0:20 and then partíalIy drLed in a cold afr stream. The

locatfon of the ascorbic acid spots was determfned from the rnarker

spote which !úere rendered visLbLe by spraying with sl-lver nitrate
while screening the rest of the chromatogram to prevent contamin-

ation of the sample spots. ELutíon of each ascorbfc acid sample

was earrLed, out with 2.0 mL of lt aeetic acl.d and the absorbance

generated by each eluate in the Fe-T.P.f.Z. reaction was measured.

A linear relationshíp was for:nd betrryeen the amor¡nt, of ascorblc

acLd origfnally applLed to ttre orLgin of the chromatogram and the

a.bsorbance of the blue Fe (T.P.T.z.r2 complex (FJ.gure 7l . The

eluate corresponding to the sampJ.e containing no ascorbLc acLd

yielded an absorbance of 0.10 and that correspondlng to the sampLe

contafning 2.5 ug an absorba¡rce of 0.55. 2.0 ml of lt aeetic

acLd and 2.0 ml of lt acetLc acLd containlng 2.5 ug of ascorbLc

acl,d yLeJ-ded an absorbance of 0.04 and 0.68 respeetively. The

recoverl of ascorbLc acid after chromatography rvas therefore

ffiffiååxloot*?ot.





















































































































































































































































































































































ÀPPENDXX B

CI,XNICAT, DETAILS A!{D RESUTJTS OrP ÀSCORBTC ÀCID

ESTI}ÍAITONS IN ABNORIIAI¡ SUB.TECTS



b.d.

BêT.

B.U.N.

Chlor.

r.s.
6 M.P.

Myl.

n, d.

Pred.

Rad.

t.d.!.
V.å.M.P.

19{

ABBREVXATTONS USED TN åPPENDIX B

twLce dally
betamethazone

blood ur€a nitrogen

chlora¡nbucLl

lntramuccular

6-neraaptopurt ne

mylerar¡

not datcr¡nj,nod

predn{solone

radfothcrapy

three tl.mce dally
vLncrLetLne, anethopterLn, 6-marcaptopurÍnc, pradnl¡olo¡re

NORMÀT, RANGES

Fl.atclct count¡ L501000 3501000 pcr c.trûn,

Blood urar nLtrogcnl X.cgg ttren 20 nrg¿/100 ml.

Rcd cell rnrai¡ 25 32 rnllkg.

![san eorpuscular volune - g0 - 96 cr.



APPENDIX BI : UR.AEIÍIA

E.U.ùi.
(ms/

L00 mU

PI.ATEI,ET
ASCORBIC

ACTD
( i,g/10 s

CEITITS)

PLÀSIIÀ
ASCORBIC

ÀCID
(ng,/100

nI)

PI,ATELETT
cot !üT

(x 1037
c.mn.)

PI,ATEI.ET
THROI'ÍBO-
PI,ASTIC H.AE¡{ORRHAGIC
FT'NCTI ON T'TA}ÏIFEST.àTIONSAGE

PATIEN1r (YE.ARS) SEX DTAGHOSIS

H.B. 65

t{.G. 80

R.R. 39

B .L. 23

F Chronic pyelo-
nephritis.

Hypertension

.ì{ Chronic renal
failure.

Itlultiple tel-
angiectasia

!,1 Chronic pyelo-
nephritis.

Quadriplegia.
Prerenal
element.
B.U.N. = 25
after treat-
ment.

M Chronic renal
failurer oû
haemodíal)'sis.
?Congenital.
renal hypo-
plasia

61 0.3 n.d, 3s3

0.3 n, d. 243

3.8 1.3 t23

88 1.6 2.0* 248

42

1t_0

n .d.

n. d.

¡r. d. Nil

n.d. Nil

Spontaneous
bruísing for
one week

Chronic anaenia
due to tel-
angiectasia

*On 45 ng of ascorbic acid daíIy.



ÀPPENDIX Bl (CONTINIIED) : t R,AE!{IÀ

ll.R. 56

c.g. 49

c.D. 61

s.l{. 28

D.lil. 41

¿t.1. 65

F Chroníc pyelo-
Dephritis.

Preænal
elenent.
B.tt.!l. = 30
after treat-
neDt.

F Chronic renal
failure.

Eypertension

!t Chronic pyelo-
nephritÍs.

Renal cal,cull

F Chrøíc pyelo-
neptrritis.

On haemodialysis

F Chronic
glærulo-
nephrítis. On
haedid.ysis.

ll d¡ronic ¡¡enal
failure.

Hlpertension,
congestive
cariliac
faiLure

F Chroaic
glonerulo-
nephritis. On
haenodialysis.

90

67

54

6.5

0.2

n.d. 485 50

70

72

73 1.5 0.70 228

30

Ëad always
bmised easLly

Had always
bruised easily.

Had always
bruised easlly.

Severe nelaena
2 days previously
Bleeding tl.æ >
18 nLne.

1.1 1.20 388 60 Nil

0.20 200 100 Ní1

0.7 0.95 190 100

2.5 0.75 158 100 Nil

H.R. 57 132 {.9 1.40 433 80



.rPsHDIx Bl (Cottn ItBDl ¡ ltaå$tä

s.!. 13

Ir.V. 12

l¡ Cbrwic
glænr].o-
neptrrítLc.

ll Cbreic ranal
fatlure.

EyæerteaBioe

u¿6 0.5

135 1

0.95 313 tl .d.

a I D.ð. 315

Beænt scyese
a(}se bleed

85 uil



APPENDIX B2 : LEttKEMfA

PAT- AGE
rElflr (nEARs) sEx DTAGNOSTS

ASCORBTC ACID
CONCM*IRATION

ffivs( rs/ w/
lO:' mq ml
celLs

PLATETET
EOUNT
k La3¡
c.mm. )

WHITE
CEI,I.,
COI'NT
(c.m. )

PI,ÀTEI,ET
THROIì{BO-
PÏ,ÀSTTC
FUNETION

(r)
SPECIFIC
THERÀPY

EAEIIORRI{.AGIC
tftAt{IFEST-
ATIONS AT
TII'18 OF
ESTIIIATION

ir.B . 17

K.B .

Itt Actrte myeloid 1.7 0.11 D.d.
leukenia in
haematologíe-
al renission

423

n.ð. 58 141000 tl.d.

60 4 r 900 ¡1.d. V.A.!{.p.

6 ,500 D.d. v.A.l{.P. NíL

I rL. 0.25 2L6 22 1900 n.d. 6 !{.p. Nil

a.c. 65 u Acute myeloid 2.L 0.04 0.35 64 281500 n.d.
leukenui.a

Pred.
6 Ir{.P.

Ní1

23 ![ Acute myeloid 1.9 0.06
leukenia

19 U Aeute myeloid 1.3 0.06
leukenia

37 F Acute
aleukernic
uyeloíd
leukemia

0.? 0.02 t¡.d.

1t

v.A.t¡[.P. Bleeding
tooth socket

Bruised
easily

Bett.
mIo

K .O. F Àcute L.2
aler¡kemic
nyeLoid
Leukerria

!4 Àcute alet¡k- 0 .3
etni c lynph-
atic leukemía

0. L0

0.02

n. d.

0.3

84 7, 800 n.d. 6 !1.P.
P¡¡ed.

Ntl

Bnrised
easily for
several
yearE

A.S. 79 83 3,000 33 Chlor.



.ÈPPENDIX 82 (COÌ{TINUED) : LET KEMIÀ

!1.s. 37

Beat. 61
ñl¡

J.G. 70

J.F. 61

tr.D. 63

J.D. 50

A.!Í. 69

À.w. 37

J.S. 60

F Acute aler¡k- 0.3
erric myeloid
ler¡kemLa

F Chronie 6.8
L1q>hatic
ler¡kenia

F Chronic 5.5
lymphatic
ler¡kenria

!{ ChronÍc 3.2
llmphatic
Leukem:ia

F Chronic 2.2
llqrhatic
leukemia in
haematologíc-
al remission

U Chronic myeloid 0
leukemia

ll Chronic nyeloíd 1.6
ler¡kemia

f ChronÍc nyeloid, 0.5
leukemía

0 .02

4.22

0.15

0.11

0.06

0

0 .10

0 .09

n.d. 110 5r500 n.d. V.A.M.P. Nil

0.45 90 63,000 100 NiI- NiL

0.55 2L3 83,000 80 È¡iI Nil

0.75 1,20 19,600 80 Chlor. Nil

tl.d. L76 51700 n.d. Pred,. Nil

0.35 65 49,000 100 Ittyl.
Pred.
ù¡i1

Nil

0.20 It 8 13,400 100 Nit

n.d. 2 r7LA 79 1900 n.d. Rad,. Occasional
bruises

f Chronic upzeloid 4.8 A .29
leukenria

1.3 512 256 ,000 100 ![y1. Ni1



APPENDIX 83 : ÀTHERO!'ÍA

PIÀITET,EÎS
vgll}e vg/Írg
cells " I :

PLAS!{A
ßg/

100 ml)

PI,ÀTEI,ET
COT'NT
(x 1037
c.trm. )

SII{OKER
(s)
OR

NO!{-
SI{OKER

(N)

ASCORBIC ACID
CONCENTRATTON

PATIEIIT
AGE

(YEARS) SEX DIÀGÎ{OSIS

E .P.

J.,t.

A.G.

A.W.

L.K.

c.P .

A.B.

R.E.

s

N

s

N

s

16

53

66

76

82

![

s

s

56

60

12

$ I'&'ocardial infarct 5 days
previously

F !Íyocard.ial infarct 7 days
previously

!l &lyocardial infarct 6 days
Previously

F lttyocarðial ínfarct 7 days
previously

It llyocardíal Ínfarct 3 days
pr:eviously

Inte¡mittent claudícation
of lower limbs

U liyocardial infarct L0 days
previousLy

td lrryocardial infarct 9 days
previously

H llyocardiaL infarct 11 days
previously. Infarct 3
years befoæ

l{ l,tyocardial infarct 15 days
previously

L.9 0.08 0.70

4.7 0 .28 0.75

0.8 0.03 0.65

2.5 0.12 0.35

2.L 0.10 0.40

2.4 0.15 0.90

4.7 0 .08 rì . d-.

r.L 0.06 n. d.

343

323

213

180

183

200

188

513

sL.G. 56 1.5 0 .14 It.d. 343



åPPE!{DIX 83 (CONTI}II ED) ! ÀTIIEROIIA

å.F.

G.Ir.

.f .K.

A.B.

r.ù[.

r .!1,

B.D.

g.A.

B.W.

78

50

54

7L

72

70

17

55

41

0.5

3.5

0 .05

0 .15

tl .d.

n.d.

302

L25

198

288

2to

ls5

288

218

L25

!t lQ'ocardial infarct 10 days
pævloualy. Past history of
aerebrovascular agcídent.

1,1 Peripheral vascular
insufficiency Iæer linbs

Ir,I Peripheral vascular
insufficiency ræper and
læer linbs

F Peripberal vascular
insufficiency lorer 1i¡nbs

It Peripheral vassular
insuf fieiency' :læ¡er linbs

E Perípheral vascular
insufficíenc¡' Iower llmbs

!{ Peripheral vascular
insufficíency læer Llubs

l,t Hyocardial insufficLency

¡1 l{yocarðiaL insufficiency.
Previous infarctE 4
months and 3 ruonths
pæviously

1.6 0.12 n. d.

2.6 0.10 n. ð.

2 .5 0.10 n. d.

5.2 0.19 n.d.

2.5 0.18 1.05

1.9 0.11 0.65

0 .2 0.02 0 .3CI

S

s

s

l{

lt

¡¡

s

s

s



APPE}¡DIx 84 ! PoI,YCYTH.âEMIA A}¡D TTTRoUBoCYTE.AEHTA

AGE
PATrm{T (YEARS) SEX DTAGIIOSIS

.ASCORBIC ÀCID
CONCEilTR.Af ION

PLATET,ETS
vg/Los
c-ells vg/mg

PLÀTEI,ET
COT'NT
(xLos ¡
c.rnn)

WHTTE
CELL
cotrNT
(c.m)

T1AEHO-
GLOBIN
(c,/loo

nl)
SPECIFTC
lIIERAPY

J.F. 50

F.V. 51 l{ Polycyttraenia vera 2.7 0.07

198 9r900 16.2 Veneseetion

258 51300 13.4

!l Polycythaemia vêra
(red ce1l mass =
39 .4 rsg/kgl

Iti PolycythaenÍa vera I
It{ Polycyttraemia vera I

witrh th rornbocytlrae¡¡ia
(red sqelL mass = 29.1
mgÆg)

M Post haenrorrhagic 2
ttrronbocytosis, haema-
tenesis (P.T.F.= 100t)

tl Thronbocythaemia, I
llnaphadenitis,
exfoLiatir¡e der:natitis,
cause r¡ncertaÍn (P.T.f .
= 50t)

ü Throuibocyttraemia, 5
anaemia, myeloproLif-
eratíve disorder (P.T.
F.= 70t) . Large
platelets

3.1 0.20

a 0.05
0.06

I 0.06

I 0.13

lil.F.
R.R.

55

58

2

1a

220

586

7, 400

11, 900:

Venesection
P32 Lg
msrths ago

Venesection
1{í1

L7.1
20.6

¡{.8 . 82

P .C. 56

440 10 r 300 17.3 Nil

608 15,600 L7.8 PrednÍsolone
L0 mg g.i.d.

w.u. 59 .4 0.30 790 8,{00 7.8 ñil



IPPENDXX Bl (@MIffirSl) ¡ POLYC-YTHãBUf,â, åDID TmOüEærEtErI.ã

E.n. 65

F.Ít. 33

f &ú*o¿?tbâelfa,
eânBG EAgeftålE

tl @a,n¡elofibræLa.
Platelets var¡' t-a
síse

3"9 0.20 7gû 81600 13,2 All

t.8 0.3? 2rggo 261000 ul.l nil



APPENDIX 85 3 PATIENTS CIN STEROIDS

AGE
PATIENT (YEARS) SEX DIAGNOSIS

ÀSCORBIC ÀCID
CONCMITRATION PI,ATEI,ETffi counr

ts/Loe vg/ @s/ ß ta? ¡CEIJ,S ng 100 nl) c.sm) SÎEROID DOSÀGE
HÀEI,IORRHAGIC

UANITESTATTolIS

!1.c. 60

A.ll. 58

À.![. 58

F Dlalabsorption
syndrome

F Rheunatoid
arthrítis

F Repeat estiqa-
tlon after lG
ascorbic acíd
daiLy for 4
days

1.3 CI.08 0.35 440 (1) Pred. for 2 years. purpura Ín
Present dose 20 mg response to
day. slight trar¡na
Ãscorbic acid 100 since corenc-
ng 3 times a week ing pred.
I.ll[. Tourniguet

test negative.

(2t

2.9 0.11 0.50

6.0 0.¿11 1.9 198

155 Bet. 0.5 ng b.d. for
5 years

Purpura in
res¡ronse to
sllght trar¡ma
sincecorenc-
ing betaætha-
zone. Tourrri-
quet test
negratJ.ve.
Bleeding time
nomal.
P.T.F. = 100t.
Large aæa of
PUA?Ura On
forea¡m in
response to
reeent slight
trat¡nta.



APPE!ÛDIX 85 (CONTTNUED) PATIFNTS ON SIrEROIDS

P .O. 24

P .O. 24

lil.F. 5T

l{ Acute
nephritis

ll 13 days later
after reduced
anor¡nts of
steroids

F Disseminated L.7
lupus erythema-
tosus

ll Chronic
bronchitis and
erryhyserna

400 Pæd. l0 ng a
day

Rash fad.lag.

R.N. 64 F A.sttrna

D.E . 41

343 Pred. 10 mg a titil exeept
day for l0 years; positíì/e tourrrigrret
40 ng a day for test.
the lagt 11
rreeks

1.0 0.10 0.60 438

1.9 0.Lg 0.65

3.9 0.26 1.20

0.09 0.25

{.3 0.17 0.90

Pred. 35-60 ng a HaercrrhagLc rash
day for 114 developed"on d.ay oldays, 35 mg a day estimatiør. Tourn-at present igræt teet, bleed-

ing tine, thrombo-plastin generatio
screening test were
alL nomal.
P .T.F ' = 100E .

260 P¡ed. 30 ry b.d. Ni1
for 70 days

160 Pred. 15 ng b.d. HÍl
for 9 ðays



.APPENÐIX 86 : UEGÀLOBLÀ-qTIC .AÌì¡AEMIÀ

ÐIAGIÍOSIS

PI.ATET,ETS
vslLae vs/
ce'Ll.s mg

PT,ASil1.e.
ms/

100 m].

PL.â,TB1,ËT
COUNT
k ro3¡
c.mn. )

HÀtrMO-
GT"OBIN
(G,/loo

nnl)

!!EÀ!q
CORPUS-

CT LAR
voLtn{E

c.u TP.EÀT¡{ENT

ASEORBTC .ACID
ñ frlTarE¡ltlmt¡ 

^ 
m T ara'rv\.¿rv!¡r ¡¿Ê¡ ¿!rÀ\

PAT- .âGE
TENT (YE.ARS) SEX

[.t{. 73 M Scu¡1/.v

(1)

(2',,

on admission ll.d. n.d. n.d.
23 days after.. ù.5adIIüLgSt On

Since 4th day of
admission
(1) ascorbÍc acid
250 ng t.d.s.
(2) folic acid 20
n-g daily
(3) vitamin e12
200 sg f .H. daiJ.y

2 G ascorbic acid
ctail-y for 2 days

2 G ascorbíc acid
daily for 5 days

(3) 28 days after
adnission

64 7.3 LLz

0.01 0.95 6g 10.4 103

1.3 0.06 0.70 70

0.01 0.55 77 7 I 125 Nil

t.5 o.ol rr.d. 53 5 3 L28 Nil

).!{. 76 r

l,.w . 76

Pernieious a¡raemia
pretreatment 0.6

Pernicious a¡raemi
pretreatment

M

Treated. foc 7
days

Treated for l-4
days

0.5 0.03 n.d. 320 L0.6 100 l-'000 u9 812
daily

5 .2 0.11 n.d. 376 12.3 rl.cf. 1,000 ug 812
daily



APPEIIDIX E6 (CONTINIIED) : II{EGALOBLÀSTIC ÀNÀE}[IÀ

G.I[. 56 l,l

R.S. 51 U

Folic acid
deficiency

Postgastrectotry 1.6
Ê}¡ndrüne (also
on phenytoin
for epilepsy)

2.4 0.09 0.30 275

0.10 0.40 590

L2.6*
14.21

10.0r
10.g+

LL7*
a.d. f

\rltenl ¡ BLZ,
folic acj.d,
pyridoxíne for
7 days.

No ascorbic acíd

118r ViÞnin 812 11000
n.d.t ¡gi I.M. tryioe

vleekly for I teek.
Folie aeíd 10 rydaíly for I day

fPrior to treatænt.
+Orr d"y of eetimatl.on.



.A,PPESDIX 137 : YOUNG PLÀTELETS

PATTE}IT AGE SEX DIÀGNOSIS

ASCORBIC ACID
CONCg!mRATTON

PTÀTEI,ETS PTJIS¡{A
vs/Lae vs/ @q/cells ng L00 ml)

PTÀTETET
cþtrNT
b tol¡
e.a[rt. )

L.W.

P.L.

FD

J.ll.

R.l!.

B.K.

70

57

69

11

45

38

f,f

¡rt

!{

F

Ibt

ll

Haemate¡æsis, carcinoma of stonach. Transfused 6pints of stored blood 5-6 days ago.

Ilaematemesis, cirrhosis of the liver, ?peptic
ulcer, ?oesophageal varices. Transfused 6 pints
of stored blood 6 days ago.

O¡leration 10 days ago for gangrenous toe. No¡r
has postoperative thronbocytt¡aeroia

Thrornbocytoeis after splenectomy for spheroc¡rtosis.(1) 2 days postoperatively

(21 5 days postoperatively

Idiopathic thrombocytopenic purpura.
(11 7 days ago platetet cor¡nt was less ttra¡r 101000(2', 7 days _ago 508 survival ti¡ne of d.onor plateLets

TÍas 2 days (chrmíumst platelet surnivãf)(3) Plate1et-count rose to 2lZr000 since pLai,elet
tra¡¡sfugíon 6 days ago

Thronbocytopenia probably secondary to dexchlor-
phenirarnì ne (polaranrine)

a .2 0.0L 0 .05 4L2

5.9 0.30 1".5 208

8.6 0.{3 rt.d. 47s

3.1

4 I
0 .11

0.21

0.3¿

0 .40

0.30

11 .d.

666

619

273

a

7.4

2 .O 0.16 0.65 370



APFã}¡DIX B8 : T$RCI.{3OCYTOPil:íIA

PATIÃNT AGE SEX ÐIAGÑOSTS

À,SCORBIC ACID
COI{CENTRATION

IJLATETTTS
ug,/10 vg/
ælls mg

PI,.q,s¡4A
ns/

100 ml)

PL.â,T3tET
cottr'TT( x La3/
c.!nm)

F.D. 61 F

lf .H. 31 F

v.t{.

J.W.

24F

72u

F9lty t s syndroíres rher¡matoid arthritis, anaerria,leucopenia. Also diabetes urellitus and aorticincoryetence. Ilaemoglobin = 9.8G,/100 nt.
White cell count = 32r000/c.m. p.T.F. = 67g.
(1) first estimation (day 0)(2'l second estimation (day 5)(3) after I G ascorbic acid daily for 4 days

(daY e)(4) after I G ascorbic acid daily for 3 more
days (day 12)

Disseminated h¡pus erythematosus. Cerebral,
tl¡rombosis 3 days agfo. P.T.F. = I00t.
CÍrrhosis of the 1iver, ?hypersplenisn

Pancytopenia¡ recent eourse of butazolidln
{of pglynqralgia rheunatica. Haemoglobin =9.3 G/100 nl. White cell eount = 4rg0O/c.nun.

0
0

I
5

.5

L.7

2.1

2.2

1.5

0.02
0.03

0.06

0 .05

0.06

0.19

0.02

0.25
0 .45

1.90

1.60

n .d.

I

93
130

163

115

95

74

6
a

2a

tl . d,. 95



¡"PPII{DTX E9 : I.iISCELLA}¡EOI]S

ASCORBIC ÀCID
CONCENTRÀTION

PåTIE¡¡T AGÊJ SEX DI.AG¡{OSIS

PÏ,4îELETS
vs/Loe vs/
cceLls mg

PLAS}1A
tü.g/

100 mL)

PL¡ITELET
COMTT
(x Lo3 /
c.nm)

A.W.

!l[.8.

D.E.

R.D.

ir.tr.

S .8.

D.S .

!i.8. 39F
94F
64 tr

72 r{

7LF

56F

64u
48M

3.2

1.4

1.6

2.r
1.0

4.1

0.7

2.1

0.08

0.09

0 .0{

0.16

0.06

0.19

0 .03

0.09

t!.d.

fl .d.

It. d.

11 ,d.

0 .075

n.d.

fl .d.

n.d.

185

363

190

230

450

198

413

208

&lalabsorptíon syndrorÊ

Iiypothermia. Neglecteé old woma¡¡.

Severe duodenal ulcer. l1Íld iron deficiencya¡raeeia. Haemoglobin L3.1 G/100 nI.
fron deficiensy anaeria. Deep veín thronbosis

Iron oefÍciency anaemia. probably nutritionalin origin.
Haenrochromatosis

Haenochromatosis

Hodgkints disease
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