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which coneapoaded to the testontxva activity ga
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reportad by Mggina at aJ.. ‘ The same cycxic phenomnon

was obu:ved fo: non-adapted pareiauy hepatectouized
e X4 ,~,_ v B -

rats expesed u mm £:-s%) out 'Y wﬁoﬁ of : 7. days

‘et foz. Ahe adapsed paztislly hepatectomised gats |7

exposed to coid:ewer 2 period of 9 days, . . g
The revistance of partlally bepatectomizest
rats to <ald {=59C) mas feund to wary. according ta the
tine elapsed: betwees thy operatinn 838 .the nonent uf
‘Yxposure ‘to cold. :The omes that were axpoasd 48 hours
after opezation shewed & reaaskable survival (80%) .
28 conpared to the shra-operated (50%) and ta the noa-

operated ‘contrud s {10%) and siso 8. sonpared .to the

partislly bepatectonized ones cxposed to cold at any

otker chosen tind (3, 6, 12, 24 and 72 houzs) after

operation, mt end of 14 days in the cold.
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INZRODUCTION

It is Lnown that the liver of the white rat
undergoes restogation after paztial hepatectoay, zesult-
ing from partial or cozplete blocking of blood vessels
ieading to a definite lobe oz lobes of liver, or {ron
R chioroform and CG14 necrosis of the liver or from partial

B surgical removal of the liver under normal coaditious

e ag i {1-10), It is aiso eetablished that the restoration of
the iiver is the zesult of hypertropy and byperplagie

of the remeining part of the liver in the case of clumping i‘
of the blood vessels or partial surgical hepatectony
(1-i5). Besides, the effect of partiai tepstectomy on

the resistence of rats to cold has been shown by Desmarais
et al (11, 12) to be detrimental in the case of aninals |
not sdapted or preexposed to cold and to have compars-
tively no effact on the sainale preexposed to coid 48
Sours before operstion., Op the other henc Weiss et

21 (13) have recently shown that cold (59C,) has no

effect on the restoration of the liver and that pertial
hepstectony has 2o effect on the resistance of sniunls

(rats) to cold, In the literature no mention has been

given to the effect of partial bepatectomy on the levei
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of ascorbic scid of tissues which Das veen shown by

Dugal et al (14) to be important in resistance to coid
and beneficial for acclimation, The object of the
present investigation wus to find out if these various
effects of partial bepatectony on anisals could be
reiated to its effect on the ascorbic acid comtent of
tissues especiaily of the iiver. The {ollowing approaches
were adopted to test our objective or hypothesis:

i. 7o determine how the ascorbic acid content
of the zestoring liver bahaved during & period of i1
days at roos temperature,

2, To see if cokd (-39C,) Bes any detectable
effect on the restoration and on the escorbic acid
content of the restoring liver in adapted sad aocn-adapted
snimais,

3. To study the resistance of eninals to
cold (~5°C,) during the differeat phases of liver

gagtoretion,
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LITIRATURS REVISV:

1. Regeneration of tiver |

The ability of the liver to tegemerate or
cegtore was first obsezved by Cruveilhier and Andral
(1) and later by Calcucci, Carona, Togzoni and Griffini
(1) though the era of experimental pathology was first
opened for investigators according to modern standerds
vy Von Padwyssozki (2), The latter af ter vemoval of
wedges of liver from rat, cat, guinsa pigs and zabbit
noted evidence of restoration in adjacent hepatic cells,
The first gcientific description Qf regenerating lives
was given by Ponfick (3). By removing 75% of the liver
from rabbits and dogs he observed a threefolé imcreage
pf the resaining hepatic”gzéaue and dagcribed the new
hepatic cells as swollen, nore voluninous with paie
bright cytopiase and with somewhnt‘larger nuclei than
normal. Desides he detected the occurrence of mitosie
by the second 4ey. “Ponfick's observations were dupli-
cated and confirmed by Von Meister {6) in rats, rabbits,
and dogs amd by Heno and Hagati im cogs (4), Von ﬁeistar

observed that cells pear the centes of the iobules
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temained iz s latent stage due to pressuze fronm the
strong growth at ihe periphery. Hall (5) has confirmed
that ¢he xegenerativa activity startec at the periphery
end proceeded to the cente:‘ofthe‘Livcr.‘

The iliterature on 1ivet”regenetation up to

1929, revised extengively by Fishbeckt (6) indicates

that three main uethods were used to study the regene-

rative activity of the liver. The first method was by
ligation of the hepati; srtery and vein, Regenesation
of the liver was observed after ligation of the hepatic
srtery or after ligation of the kepatic vein or of both
(6). The second metbod usged was the production of
necrosis by proloaged chloxoform anesthesia, Resengf
ration of the liver after necrosis by the thloroforn
was observed to occur within 2 or 3 wegkt by Whipple
and Sperry and later confirmed by Schults, Hail and
Baker (7). Fishback (&) hiaae;f enployed the thizd
widely used nethod, the partial surgical removal of

the liver, By removing one-fifth to three-quarters of

the liver from dogs, he observed regeneration of the

reseining part of the liver by hypertropby and hyperplasie

starting from the peripherai romes,
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The fizat quantitative study of the regenera-
tion of the iiver was made by Higzias and Andezson (35),
According to them the restoration of the liver of the
rat started on the lgtte: part of the {izgt day after
opezation sné 8 more rapidé rate of restoration occurred
duriig the third and fourth days after paztial surgical
temoval of the liver in terms of liver weigﬁt per 100
gr. of dody weight, They have also observed that tﬁe
tegenerating liver gxhidbited a cyclic aétivity. On
the other hand, Brues et al (90) viewing the restoration
of the liver in terms of cell increment bave noted that
the increase in cell nuaber only starts 24 houzs after
eperation, The increase im cell mumber -no‘fouud by
then to follow the same rate as the maae increase as
ténnd by Higgine except that no secondary acceleration
wks observed,

The eifect of age om the restoration of the
liver after pa;tiel hepatectony was congiderad by
Korris et ai (i0), They found that the liver of zats
at all ages studied showed a resmsrkeble ability to
restozre after persial hepetectomy, However, the rate
and the total amoumt of iiver ;egcneration was cbaerved

to vary inversely as the age of the snimal,
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Dugal et ai (15) studying the effect of partial
hepatectony on the spontaneous activity of the white rat
have observed that the initisl apontaneous aztivity uas
regained $6 hours after opermtion,

Row the liver fegemerates has nct yet been clearly
understood, However, diffegent investigators have endes~
vonred to unwrap the mechanisn involved,

Nowikoff et ail (16) exsminiag the biochemical
chenges during Hver tegenezation found that at the time
of most capid growth the comcentratioa of pentose-nuciefc
wcid (PHA) assecinted with protein synthesis incressed
while no sigaificent changes ugcug:gc in the concentra~
tien of other sudatances ncgaslly éélitee.to grovth like
iactic acid, AP, abp,'q&auyzie scid and f:ce pentose
phosphate where the concemtsatioms are conpared with the
initisl concentratien, DBroes and co-wosters (9) Bave
obsesved that taé i&etcgéu concentration of the regenera-
ting iiver thougk low on the first day after operaties
(1.28) rapidiy gpp:olched the miteogen concentyation of

the norms! liver 4 days after opesatios thus corroborating

Howiteff's findings.

Norsis and his coiieagues (id) comparing the
serobic and saserobic giycolysis production of exdryonic, -

neonetel and regeaerating rat liver have shown that the
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rete of aneesobic glycolysis of regeasrating liver was
not iuncreaged over that of the normal gaatinp liver in
rete of conplable age amd wag independent of the leagth
of time after partial hepatectony and of the total
anount of regepezation, Om the other band, they dave
zeported that the rate of ansersbis glycolyais of
endryonic rat iiver was conspicucusly bigher than that
of the neonatal liver and that the rate for necnatal
liver was in turm incressed over that of normal adult
liver.

Higging (17, 18) was imclined to think that
the factors iavolved in the‘:estazaiion after partial
hepatectony nmight be vascular ss welli as functicnal
(phy;io&pgicsx). Be observed 2 more rapiérinctecsa in
1iver weight in zats when pertiel bepatectouy was
accompanied by ligation of the commen dile cuct and
by spieszctomy, He slso observed that in the chicken
when the vena cava #e3 ligated above the Eidmey,
theredby incressing the vemous biood flow to the hepaiic
portal vein and conseguently %0 the reansst iiver, the
restoration of she liver occurred even afte:‘teacval
of the left lobe, Stephenson (19) by conbining

partial hepatectomy with partisi ligation of the portsl



y wdas
1 fex

. v
W s

=
o

5o

SN -
.y e

o

nons

vein in white rats, was able ¢o prevent to some extent
the gestozation that follows simple partial renovai

of the liver, Alsec, Peil (20}, in 1626, tas descrided
regeaesstion in the iivers of dogs after production

of atrophy by ligation of the common bite duct followed
by removal of the cbstruction causing atrophy. Accord-
ing to him, the degree of destruction of pirenchymal,
celle and the 2xtent of proliferation of connective
tisgue was goughly proportionsl to the dugation of

obstruction of the comnon tile duct,

dcjunken and Breuldaus (21) have Cemonstrated
tret in rats subjected to partisl hepatectomy, injection
of bonologous macesated liver grestly increased the
regenesation of hapatic cells and they concluded that
the protoplasn of celis (hepatic) contains a cell

formative stinulus.

The amount of reducing substances in tissues
during segonersiion was considezed by RAynmkina (22),
e seported thet the tissues of the extrenities of
axoloties contaia about & =mg. per cent of ascorbic asid,
The tissues of regenerated extrenitics contain twice
a8 nuch ascorbic acid even 88 105 85 60 days after

regeneration has besn completed. The sscorbic acid
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conceatration femained high aftor the proteolytic
activity had decresaed. There was ¢ direct relation
petween the imcrease in proteclytic activity and the

decrease of oxidized glutathione, The decrease in

‘proteolytic activity durisg the later stages of

regeneration vis related to the appearance of the oxi~
diged forn af glntﬁthione and indicated peotein syathesis.
At the same tine agcorbic acid incressed,

pavidson et al (23) have reported that the
total nucleic acid concentration asg nesgured by nucelo-
p:otciu phosphorus is high in pregnancy, very bigh in

the embryo, rises on faating‘and is not appre;iably‘

sitered in regencrating liver, while acid soluble nucleo~
tide was found unsltered on fosting &ad iacseased in

regenerating liver.

vy, Biosynthesis of Vitemin 2

iyer since the contrelled experiment by
Lind (24) in 1753 when he cursd scurvy oYy aépinigtea~
sion of orange and lemen juices, the agent causing
scurvy has bveen studied extensively. In 1907 Hoest

gnd Frolick (24) produced ScuUrvy experimentslily in

guinea pige. I8 1032 vitamin < was isolated from
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legons by ¥augh and Eing (24) and was found to be
identicsl with 8 compound obtained from ad:eﬁnl gland
snd from cabbage in 1925 by Sgent~Oyorgyi.,  The struc-
tural formuls of vitamin C was established in 1933 by
Ryworth and lirst (24). As far 2s the synthesls of
vitamin C {8 concerned it wasg found thet the vitamin
is synthesised by certain noulds, fungi, all higher
pisnts enc by animels except guines Digs, prinstes, and
ran (24),

The ability of the tat to synthesige vitamin
2 from cietary sougces hae been shown both im vivo and
vitro vis chemical titration and biozssay. The vitamin
is fonnd‘in ai: orgens of the rat with varying concen~
trations, 7The adrensls and corpus iuteus have the
highest concanteation followed DY the brain, the livez,
the testes, the ovaries and other glandular tissues arg
suscles, ©n the other hand Suttom et @1 (23) endea-

vouring to determine the site of ascorbic acid syntheais

in rats were inclined to think that.the synthesis of

ascorbic acid ig not & specific function of aay sisgle

glapd but more probadly & result of gemezal metabolism.

srom their experiments they have shown that though the

concentration of vitanin 3 is high in the overy {cospus
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futeun), pituitary and sdrenmal glends, the removal of

all these osgans did not enhance any significant drop

in vitamin  exccetion of chioretonestreated rats, 1In
fact, Buras {26) has labelled the microsomes of liver

as the probedie site of agcorbic scid syntbesis,

The vest knowiedge about the biosyanthesis 6f
ascorbic acid in rats has Dbeen the result of using
cegtain drugs like chiloretone, chioral hydrate of
certain barbituric acid derivatives which bave been
shown by Longencker et al (27) to increase the bio-
synthesis of the vitanin and aiso its urinary excretion,
Stisuistion of the intermediary metabolites of ascorbic
acid by the drugs Was offered as a probabie gole and
function of chbloretone and other similar drugs. Jackel
ot al (23) using labelled glucose and adninistering it

1ntp chloretone~treated vats of the ¥istar strain

obtained approziocately 0,.3% converstion of glucose

ol4 from glucose to ascorbic acid within 24 Nours, -

Theychave established that the total tramsfer of >4
froa gincosc to ascorbic acid within 24 hours was appro-

simately equivaient to the total conversion of dietary

carbohydrate to ascorbic acid; Smythe et ai (26) careying

a study of the syathesis of ascorbic acid by slices of
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iiver, Lidney and drain from normal rets and feow rats
that had beeu.ltiﬁclated to ezczete iarge amounts of
ascorbic acid tave shown that the tissues from treated
rats (fed chloretone) showed evideace of syathesis in
viteo whiie thaaglfzom norsal rats showed distinctly
less or mo cvidence of synthbesis. Liver snd kidoey
tissues exhibited 8 groater sctivity than brais or
suscle, _

6o the other band, Ruffo snd co-workers (30)
bave given evidence of the syathesis of vitsmin C {n
vitro. They obtained negotive resuit whes rat tissues
were substituted by guinen pig tissues., Also Guhka ot
ai (31, 32, 33) Hawe reported tue syathesis of Vitaain
¢ in viteo by rat tissues {spleen, kidmey, and liver)
imcubated with zsnnose for 3 heuzs at pB 7.4 at 3790,
Besides, thoy have duplicated thair in vitro findings
in vive Dy injecting mannose inetgveaousiy. In aizost
ail their prpers, Cuba and his collesgnes have Jogmati-
ceily beid that nenpose is the precursce of vitawin .,
This iesds us to the comsidaration of the precursor
and the mechenisn of vitazin U synthesis,

' Though different imgvestigators have diaputed
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on the identification of the precursor of sgcorbic

Juavil
ol deds acid as either nammose {Guba et al, 31, 33, 33)
rﬁwﬁﬂgﬁ galactose and glucose (Burag (35), ting, (373, lsher-
Y omigy wood et al, (34) yet esch invcatigntci,hns'snsgented
poae iy that tke carbom skeleton of-L-aschzbié:#eia-ia both
i BT plants and au&aazuvis fé:§ed»fron | hcxooe;augar. - The
CPLTIE aechanisn of biosynthcais of L-ascorbic acid in rats
nivamy bas deen ghown by Iakétgond et al (34) and snrua‘(353

to foliow the puthuay herewith: - ) |
% 2385 B-gxuccse--é bngncu:oaie atidoeny L—guloasc 2Cidened
LoyiiT u-galonozactano~~n# ‘Leascosbic acid.
i SR0K Bagas (35) hal ever shown that ascorbic :cid
;553'35 is an intgtnedinry;aaggbol&te in‘cgzbahyérate netabolisn
iy KO in animals. The inahtiity of nan,»nonkey and guiuekf"k
faguenl pig to ayptheaizé zsco;bl¢'acidxuaa expisined by Burns
£aa£aﬁa (33) as béiag 4&@ &0 the lack of a liver emzyee 8§stém.
ywiy ni reqniteé'Eog'the.éouvc:sioa of Loguleaolaﬁtone.to ;;:g;
Y23 bia asco:bic‘écié,4u$rozlaan et a8l (36) have conf&:éaQ‘ :
Pyiing dyras’ obse:vations that the enzyme (Znzyac III) #eéeosa-
v wid ry to convert sulonate to ascorbic acid is preaent oaly
croLas in the liver of anigals which are ahle‘to~synthenize

ascorbic scid, Prom their expetiueut'th¢y¥hlve recognis-

ged throe engynes in the biosynthesilyef'Léaaco:bic
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acid from D-glucuromic acid, the reactions being:~
8) Deglucuronste + TPNH & 0% ——
(Sngyse 1) Legulomate ¢ TPR*
b) L-gulonate ¢ DPH® (Sngyme 11)—3(3 keto-l-
_gulonate) e &°  DFNR
¢) (3 teto-L-gulonate) (inzyse 1115 L
ascorbate ¢ Rzo 7 ‘ |
They have ctco zepo:ted thnt gngauu Like the kidneyn.x
heart, lpzeen. aad the bxaiﬁ of aaim&ls ownthcatzing
a‘cotbtc azid and most of the orgaua 91 aaiwilc which
de not syntnaaine nscv:bic .cid onttim xurge ﬁuouhta
of . snsyna ¥ and anzyuc xx. rhey ¢onsquéed th&t the
;n:hiltty af these araans to nyutheulza aacosbic acl& :
ans due to the lcck of auzyme 13! rathvr thsa to sn
cxc lo;vely higb rate uf dest:ust;en ot u”&ﬂm@tﬁ&ﬂ azid,
Horowtta znd k;ng (a?) aaa Bugus &ad Evans
(38 hovz piupcimted zne precuioex 4? fRre ozbic asid
88 9«51weurcnolscteve or u-gulono»actan& using labalied

D-glucuronplactone (Horcwits et ‘al-egé Durns) and Le

glalenolactone {Buras et all,

Relation of ascorbic acié to resistance and acclimgation

to cold
The relation of cold scclimatigation and

registance to cold to ascorbic acid in mammals hes
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been studied by DSugal and his cc-workers {14, 39, 40'

41), 1n rats exposcd to cold over 8 period of 4 to 6

nonths, Dugsi amé Thérien (14} cbserved a consicderable

increase in ascorbic acid coatent of the tissues espe-

ciaily the adremais (30%) rogardiess of the diet, Taey

have slgo reported that the increage in sscorbic acid —
content of the tissues was nuch snaller if the rats
exposed to cold received ascorbic acid daily., In the
cage of the rats which died in the cold, they found

that the tissues dad a low content of ascorbic acid.

The importsace of vitasin C in resistance to
cold obsegved im the rat were confizmed in guinea pigs
and nonkeys (aninals which are not able to synthesise
vitamin C), In goinea pigs, Dugsl ané Thérien (14)
have observed that resistamce and sdaptation to cold
depended on the amount of ascorbic acid raceived daily
apnd that the animals needes uore and soge sscorbic acid
gs the temperataze of the surroundings was deing jowsred,
Greater reteation of ascorbic acid in tiasues, egpecislly
in adrenals at low temperature and failure to acclimate
20 cold due to decrease inm gscorbic acid comtent of

the tissues has been reported by Dusel and Thérien (14)
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vig tissue analysis and urimanaliysis (39),

Ag far as the nonkeys are toncerned, Dugal
aad Portier (40) observed that monkeys (rhesus macacus)
preexposed to mild cold (109C,) during six months and
recelving daily éSmg. of ascorbic acid do not resist
intense coid bettar than the controls kept at roon teme
perature receiving the sane daily dose of ascorbic acid, iis
On the other hand they have reported that ropkeys
exposed to the sane celd emvironment but receiving s
dosage of_335ag. of sscorbic scid daily showed & better
performance in resisting cold thea controls kept at
roon tesperature and sigo béttet than the group pre-
expoged to cold and receiving e daily dosege of omly
23mg. of sscorbic scid, The criterion for the resistesnce
to cold wes the abllity to maimtain their zectal and
intrazuscular tomperatures snd the sbility of the
zorkeys to avoid frost bite when exposed suddeniy to
~20°C, The drop in Respiratory CQuotienmt (2,0.) of
sonkeys (Rhesus Hacacus) exposed to coid was reported
by the sane autiors (41) to be independent of the dosage

of sscorbic acid adainistered daily,
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LN Over 800 mals albino rats of the Wistar
i?éﬂ? Strain were used, At the start of each experiment,
EERR rats 8-10 weeks old weighing 150-280 grams were used
b B since from these ages onm, the level of vitanin C of
Y the iliver wes found to be constant for ali practical
B pegposes, (42), The rats were individually ¢aged,
Bspol fed Purina Laboratory Chow and water ad libitum, All
Y =1 of the experiments were completed within @ yesr

SO starting June, 1989 and finishing June, 1960,
$eaus

o Technigues
L a) Partisl hepatectosy
:qafﬂ Partial hepatectomy was made under ether
::n.i anesthesia with the customary precautions, A nid;
:Ajfh line incisiou wag begun st the level of thke xiphoid
,?ﬁ;j appendage and extended 3 cms down, The xiphoid cartila~
:j ;j ge wag removed emabling the free protrusion of the
3‘;3 - nedian snd lateral lobes of the iiver, By applying

siight pressure on either gide of the incision the
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nedien and the lateral lobes were delivered through
the abdominel wall, After severing the bepatic
ligaments 8 heavy thread was tled around tie vessels
and the ducts of the two lobes and then the latter were
disected out, Amy blood spilied off during éissection
wae genoved from the peritoneal cavity by geause woige
tened with isotonic Nall soiution., The surgicsi wound
was closed with thread sutares, The excess blood from
the liver was removed by blotting using filter paper
and cntefullj weighed for determination of vitania ¢
(L-sscorbic acid), |

The coatrois underwent sham operation which
involved the zemowal of the zipheid appendags, the
delivery of the median and laterkz lobes through the
incision snder ether smesthesia, and the return of
theso lobes into the abdominal cavity., Autopsy was
pecformed under aimost the same conditions of anzgthesia
tn.;;ninize the enhancing effect of ether on the
vitenin < coatent of the liver; this effect has been
obaerved by Bowman (43) and Bayer ot al (44), Iz
fact, in our sttempt to find suitable snesthesiz, we

tried nesbutal in & prelieinary exporiment and found
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that it had enhancing effect on the level of vitamin
3 of the liver which imterfered with the normal vitasin
G content of the iiver. Besides, the recovery period
with nemdutal was considerably longer than with ether,
At autopsy the liver was rewoved while the
adinsl was s¢iil under ethéz anesthesia, This operation
included the aaéaging of the hepatic blood vessels and
of the vane ceve and the opening of the diaphrage which
eventually led to the death of the 2niasi and the removed
liver was weighed., The ahﬁm opere ted coqt:ols underwent
ila&ltr operative protocol as the patially hepatecto-
niged rats except that their livers were weighed in two

parts; (i) tde part correspomding to the remaining

liver of partiaily hapatectonized nirsls, sad¢ (ii) the

total liver, The non-operated controls were sacrificed

by breaking their necks, and their liyern vere vgighqc
the sams way a3 the shan operated controls. in doth
shan operatad snd non-operated coatrolbfaost of the

tine the part corzesponding to the teﬁnthiag liver after
partial bepatectony wes uqedvfor.deférginution of
vithin o |

b) Restoretion percentage

Yo determine the perceatage of tha remalining
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Heez aftar partial hepatesteny 35 asle aidise gaty |
velghiag 200 to 350 grans were.naed, . 18 waa found, that
tle 'rensining 2iver After surgusy sonstituted 2¢,9%%2.6.
The wiss of the:ldves 1efs At surgery in partislly

HepatectoNines awinuie was calquinted by daploying the

Coruuie .uded Dy Weleg et 0. (8 .
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where:PoWil.L.: is She-pnsinated walght of liver pags

el

Left -t surgery, - and: i Ry the.peight of cenmoyed. liver.
A4 we-Dave- adreosy wentioned. the liver 3888 both at
cperstisn sud At SuROPpAy: M8 revomed under ancethesia
and Bence wedid ned-incinde;she corgection intsoduced

by Yelse ut s (13) for the sariagisn. of live

o nuestheniR, | . cupizivy with 5 prasizien
sSL‘Ll

ng:t due

g»:,"‘ " M‘ ,.-'-

?.U.L.L.

w2s ane . Thevefeze, AeAtQEation ;;a T T T % 100
whese Wilohou ks the LAveR SA38 A0 RUSADAY, .05 oot
wwie e 6) Deteratnasion of Nitanin.C (hooscerhic acid)

Fraghly wig ""i‘lﬂl aﬁu‘mmuﬁ-;ﬂt‘m& '." ﬂﬂtlﬁlﬂCd

usisg tho dye sethed:as qutdined by Bessey. and Ling

c4gYcubeh: s16ght -modifications,  Twenty tadbles of the

¢:8, 6 ddchiotophonoleindophonol were coushed snd

dissolved in 250 nl, of recistilled water,

The dye was



TRRHEY
2 DS
AR

s 0T

FrbIn

ey
s RS T & T

SEfe

sisadardises with 30 g, ‘ol Lidhcorble €614 hadstves
is 100°aL, ‘6f & atxtite ‘of 4% wotaspisiphoric acid and
3% trichlogosdetic ‘aeid uddd féf extidoeian of Li L0
Secotbie ‘Hoid feon she Yiyper;< lver &Y wpw TETLEY.
0TS TG TenONES SAvet, WO S OFérdtlon et &4
SUTOPOY, Was Pet 1 30 nE’ 6F 2 WiNture 6T 6% Ueta-
phosplioric ‘Seld wad B% riekivechdet!c seid, turee
to four bours elapsed iz evarp case before the liver
was raneved from the mizture to be grinded in a nostar,
A1l of the mixtere, that is 50 =1, was sdded to the
grindec liver and the suspension was cemtrifuged. A
10 al. aliquot was titFated with the standsrdised 3,
¢ dichlorephenc)~indopheno} nntii‘i‘fiin{'piak’celout
issting at least 15 seconds was observed, A micro-
burette of 10 ul, capacity with & précision of 0.0S mi,
was used, Proehly prepacred dye was used wost of the
time, ' Dye 1&7% over was kept in the refrigerator mot
more than 3 days eud was alvays standsrdised with
freshiy prepared L-sscorbic scid when usad,

With this acthod, only L-ascorbic scid is
deternined; comsequently ell our resuits on vitamin O

dateraination refer specificaliy to Le-ascotbic acid
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which is thought to be the state in which vitamin C
is nostly found in the liver of the rat (42},

Ia every series of experiments, the vitaain
¢ conc?ntration of the removed liver at operation
served ag the control, The significant varistion of
vitamin C concentration at any given time after

operation wag doternined using the "t" test,
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Pired Series of ixperinents

Introdaction

As plready stated, the purpose of our iaves~
tigation was to find out if the various and spparently
contradictory effscts of partial hepatectouy on
casistance of aninpls to cold could be correlated ¢o
ites effect on the vitamin C conteat of tissucs espacially
of the liver, To achieve this sin, it wag, therefore,
necessary to determine first the vitamin C content
of the restoring liver at room temperature (20220C.,).
Consequently the purpose of this firet seriecs of expee~
riments and our first experimest was to find out how
the vitsmin 2 content of restoring liver behaved over
& perivd of 11 days at room tempezatuse.

The ducation of our experiument was sct at 11
days because according to Higgins (8) the liver i3
essentially restored between 10 and 14 days after
ﬂyetatioa. Algo from our owa experience the level
of vitamin O, a3 we shall see later, was noraai at

abeut 19 to 11 days after partial hepatectomy,
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Twe-huadred~and-fifteen anle slbise zats of
the Wietar strain weighing 00-27G grame nc:n‘npod in
this experinoni, Hinetyfive of them were partially
hepatectenises, 40 shau operased xn¢ W ac:vid 88 RoOR~
eperated controis., These were diyiled Inve ¢ievan
greups cech group ¢omsisting ofy

8) 7-10 parsislly hepataectomagnc rete,

¥} 3-8 eham opersted rats, enf

¢} §-10 nom-operated comtrola,

The eleven groups wege snceificed ot an
intecvas sf 234 hours umtil the 11¢k Cagy efter operation,
In sxch case at opezation sud &t vutopay tha renoved
tiver was weighad cacefuily and used {or determimation
of vitauin C, end st sutopsy it was 8lev used for

detezminztion nf percentage of restaration of the liver,

‘Regulty ané Discupaion

The vitanin © (L-agcorbie ncld)'concqifritlon
of the restoring liver in ng/gn of wat of fbt liver at
geon temperatuze exhibited u‘cycxie vnrlatioi, a8 couid
be seen from Table I and Pigure 1, Twenty-four hours
after partial hepatectony, the vitamiz C cemcemtration

dropped abruptly; then sfter 48 hours it started to rise,
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Oa the 3Jrd day the vitanin C cencentration sasmed to
appreath the llttl.& vitanin C concentration which wao
found at the no-o;3 of suzgery to be 0,25%0.01 ng/gn
of wet weight of the liver, Oa the 4th day the vitsnin
C cemcentzation showed s drop and this level wag mein-
talned till the 3th day. The peciocd from the 8¢h day
till the 11th day shewed s further inssease in viteuia
C comsentration. Thc sham operated and son-eperated
controls showed no sigaificant change in vitamia G
contant dusing the whole duzation of the experiment.
The values of vitanin C conteat obtained fer sham opers~
ted snd non-operated comtrols were 0.2780,01 ng/gn of
wet weight and 0,33%0,00 ug/gn of wet weight of Liver
sespectively,

Figuze 2 shows percent of restoration, Maxi-~
nus regtoration seemed to oceur between the 2ad and
4th day and this is quite im accord with Higgin's

Cinding (8), After the 4th day the restoration stened

. %0 hit a platean sad reamained 60 until the end excopt

for the 10th day fer ualnown resgens,
The ¢yciie phencnenon exhidited by the vitamin
C concentration of the restering 1iver corresponded to

the cyclic resterative activity of the liver reported

\
¥
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by Higgins ot al (8), Accending to them the puak of
restosative activity was found to eccur on the tAird

day and the period from the fewurth till the sevenmth

day was descridbed g3 eytoxogically dormant except feor

& lsrge uptake of water. The period from the 8th siil
the 14tk day wvas narked by c?eontncy scoelezstion (n
roatorative nctivity, As we have already dclértbod

the undulating oy cyciic phensnesen of vitaminm C con-
centration of rastoring Liver follows the same patters

a8 the restorative activity., It is evicent, that there
upﬁcurl a cloge reintion Setween the restesative activity
snd the level uf vitamin © of the reptoring iiver, This
close reimtion suggresta & poesiblé rol2 of viteamin C

in liver restoration, most probanly aedintcd thzeugh

ite strong biologleai oxidativnwreduztisn reaction coupled
with cytochrone systaw (46), When sme coneidess Ssent~
Oyorgyi®s (46) theory of vitasim C action as a “"Hydro-
gen carries”, the contenpletion that vitamin C plays ﬁ
role in restorative activity of the restoring liver

daes not seern farfetched,
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Reagorpsasjon and Vitamin C comtengt of the
Rastering Liver at Rson Temperature
AT DPEBRATION B AT SACRIPFICESH ;
e g+ v -+ et e < gt e e ep—— — 1 )

_ wt. of Catc.wt. Ne. ; Sody . LIVER waw. T TL-ASCORBIC ACEP |, Heurs!
Body @ tiwver of liver of I oWk, w, e no.»ONInwOJ Mg/ga of wet af ter
removed remaining 4lﬂ0ﬂw SrES. | 0 wt. t ; welight Ovoﬁlh
siTn&Pi i.o»hm.P!!.ll,T.,, § BT e e LRY _tiom |
uuaudo~ 6.132. 34 _u 30%0.18 m 3 | »uamama.aon.waw 385.7%6.2 i 0.18%0.92 | o.;;& 24 |
21322 ;| sS.64%.14 wu.ouuooce w e nﬁanumm.nun.w»m 74.926.3 M 0.23t0.01 OoooJ as -
: : : i ! .
21223 m 3.072.22  2.73%0.13 8 % ° umu»ama.u»w.pow 131.128.53 m o.23%0.012 m C.%0 | 72 m
- ‘ : ; : i
21522 ! s.122.15 | 2.75%0. .08 18 m up&»umq.oo» nm* i1s1.627.3 = ©.18%20 .01 M e.ocon ce |
; t : i : H
az1ze | s_ 14226 1 2.7520.08 ® Qouww.gwu.un~ 207.0206.9 M 0.182¢.01 m o.@c¢ 220
230%6 m S.40%2,.19 _u.uo»c.uu. S m uaunqwo - 232, Aa_ 230.72128.7 w 0.1920,01 ! 0,001 144 |

1 H — i H i
23424 ; 4.9022_.37 . 2,042 .32} o , uunuoww.aan.um“ 221.7%12.3 m 0.1720.01 | c.oub 168 ¢
# : ' , ! , . M :
215%¢ | 35.20%.27 | 2,792 .a1a % 8 m u»uuuma.wuu.wAm a19.2%12.3 ! o.18%20.01 owoox 192 w
22323 $.302_21 .n.oan o 1 : 4 i uaowomu.aun.u.u 215.4%190_. ¢ M 0.2320,02 0.30 ] 2te m
a3e%%e $.302.20 , 2.84¢ .21 ? “ uaowoqu.0~n.now 168.3% .38 i ©C.as20. ao~. e, sa. ae0
as3ta 5.442_.20 " 2.92% .ari 7 m uﬂunawuoouu.un“ 207.9213.3 ~ 0.2620,01 ~ o.ﬂo 204 w
. I T T T L

* gstandard deviatiocn
*® L-agcorbic acid at time T ® 0.235%0_.01 mg/gm
of wet wt,
? Level of significsmce.
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Second series of experinents,

Ingredustien

- In oug fizst series of experiment we dave
already seted the close relation that exists between
the taotq;ottve activity as descrided by Higgin et al
(8) sné tke vitswin C content of the liver., Knowing
this, ¥2 wanted to see how the tesistance of pactially
bepatsctovined rats (r cold was affected duzing the
different phaasn of reotoxative metivity, sepecially
during ths fireat ¥ days, Heoce the {olinving experiw
weRts were ained at showing the rasistance of pareially
bepatectonized sats to cold during the perioca of 3, ¢,

13, 34, 43 and 72 bours followiny partial icpatecieay,

Hagerinie and ilethods

Cne~huncdred-and-eighty mai: 3ikine tats of
the Wistar straip wolghing 300-300 grams were smployed
in titi axperinent, One~bundred were partially hepa-

tqktoatlcd. €9 were sham operated and 20 gerved ap

general men-eperated controls for ail groups, The

partislly hepatectonined and sham operated rate were
divided imto 6 groups and each growp comsisted of:

8) 10-30 partially hepatectonined rate

b) 10 sham operated contrel
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These 6 groups were exposed to cold (-39¢,) 3, 6, 12,
34, 48 and 72 houss vespectively after operation, The
éxperiment lasted 14 days during which time the suzvi-
vel was recorded daily and the change in bdedy welght

Vas registered evary day of the fivet wesk and every

other day of the second veek,

A!!!l&!.&!!,R&!E!Q!AQE \il
8) Survival (Table 133, Pigs, 3, 4, 3, 6, 7,008 8)

A gquick look theough the results on the
Suevival revesls that at the end of 14 days in the
cold the partially hepatectoniged rats showed their
best pecformance when they were expesed to cold 48
houzs after operation; in this case especially they
survived much detter thanm the gham operated or non-
operated ceatrola, Ona the contzary for these aminals
exposed te cold 3 hours aftes operation the partially
hepatectonined survived mych less than the lhuﬁ operated
controle, the difference in survival being 40%, but
better than the fon-operated controls, Those partially
hepatectouined rats ¢xposed to cold ¢ hours after opeRa~
tion showed no significant change from the sham operatad

controls but much better than the absolete tontrols, 1In

. PR Tl
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the case of the rats exposed to cold (-30C) 13 hours
after operation the partislily hepatectomised though their
suevival was about 53%, showed & better porforunnée than

both the sham operated and the non-operated controls.

The saninsls exposed to cold 34 hours sfter opsration showed

no significant difference in survival with the shan opere~

ted controls and the survival percent im both cases wao
below 50%, although the partially hepatectomised grewp
wvas more resistant than the shanm operated up to the 10th
day (65% to 30% zespectively), But im the case of these
aninais exposed to cold 43 hours after operation, the
partially hepatectominmed showed & 80% suzvivel which is
30% bettar than the sham operated and auch better than
the nom-operated comtrols, The survivil of those snmi-
nals exposed to cold 73 houss after operation is almost
s depiicatien of the results we odtained for snimals
exposed to cold 6 hours efter oparation, It seemed that
even sham opesation increased the resistance to cold,
) Aversge loss im body weight (Tavle ID)

The average loas in body weight is given
{n Table 11, There geemed to be a genmeral trend toward
s relationship between percent of survival and average

loss in bdody weight, especially for the partially hepa-

\
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tectonised and shanm operated rats exposed to cold 3, 6,
12, 34 hours sfter operation, Maximum loss in body
veight occured on the 10th day. On the other hand, the

pastially hepatectonised and the shan operated coentrols

expossd to cold 48 and 72 hours after operation lost

vweight steadily, The non-operated controls also loat
weight steadily,

Glose examination of these results reveal that
the resistance of animals to coid is sffacted sonehov
by diffecent phases of restorative activity, Im our
attempt to find out s possible explenation, we theught
at firet that increased metabolisn associated with ges~
torative activity might account for better survival
observed in the partially hepatectonised rats exposed

to cold (-39C,) 48 hours after operstion. The oxygen

" consumption determined using Depocas' et al methed (54)

and corrected to STV of non fasted partislly hepstectoal-
sed rats in the periods of 34, 48 and 73 hours followiag
operation showed no significant changes in qu at the
tenperature of 28-30°C, This night have been due to

the lack of response of the other tisgues sa observed

by Weiss (47) and also due to the great tarnover the iiver

was known to possess (9),
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Q0g of partially hepatectenised
and sham opersted comtrols, im wl/he/B,%.0.3

Houwrs after operation
initial a 43 72

Partial, hepat., 29,43%1,47 23,20%1,70 24.812&.91 24,320,608

Shan opersted 28.32%2.423 23.06%0.90 29.6022.03 27:42%1.17

On the other hand this dess not eliminate the possibili-
ty that there night be an Lacceased metaborisn of the
liver associated with restozative activity after cold
txpooutc; You et al (49) have ceported incressed neta~
belic activity of visceral tissue iz cold exposad animsis.
Weiss (48) has labalied the liver as & target of incressed
netabolion im cold exposed rats, It is alco knewn that
gestoration activity Lo at its peak on the thizd day
sftes opezation (3), Comsequentiy as tha partially heps-
testonised rats exposed to cold 48 hours after operation
were actuslly going into the period of maximum restors-
tive activity, it is probadle that the restorstive
activity night have been involved possibly as a "metabo-
1isn-stinulating” (i3) factor, However the contribution
of the liver in overall heat production in cold axposed

rat is very little,
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Hogzeover, the results peint out that 4be
survival of the partisily hepatectomised rats exposed
to cold veries accozding to the $ime elapesecd between
psrtial hepatecteay and the begimning of exposure,
The repost of Desmarais et al (11) about the effect of
partial hepatectony on the resistanmce of the neu~adapted
sats and the observation of Weles et al (13) that paztial
hepstectony has no effect on resistence of rats exposed
to cold seemsd apparantiy contradictory. Altheugh the
sovarity of coid used by both iavestigators was mot
the mamo (Dasuavais ~39C, sad Weise ¢30C,) yat their
d4fferent observations cowld be scceunted for to.s:eeriain
cvteut by the time alapsad before thoy exposed their
op2ested rats to cold, Desnucais et sl (11) enposee
tlec operated rates 3 to & henrp efter oparstion while
Yeisa st 1) enponod their animale 3¢ hours aiter opera-
tion vlen the pastosstion of Livey hed alrend? stdcted,

for 3 f)lf.i(g(} of © weeks.
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TABLE II

CHANGE TN 30D QF_PARZI HPATECYONIRED_(2,8,)
SHAX OPARATED g’%u'zga)% uonﬁrgi’i""; ‘Lgc,)‘giﬁ%ﬁvo:“"‘ r0_cotp «8°C,

e R UL Y L T gy e St D Il el A i
iFi.A?tor ltdv‘wt.at 1!0 A!Otl'l lose in Bedy WS, tn tho uoxd Aftd:q;
Homent of cold .- i e D
Operatien !n.u.. , ‘l'.*“ - 10“"“." 13 d"‘ B
QW 80 W80 __pM__ 80 W T
3 205849 21022 ~18.3 10,5  -1l.3 7.8 8.8 440 |

¢ 20083 2083 11,3 13,6 10,3 =17,1 ¢0,8 6.4

12 20382 211%  +0,0 - 4,8 ~13.4 237,85 -B.4 ~11,0
VR PR 11 VR T RS PR TR RN B LR S
@ 3755 30821 -8.3  -20.6  -14,0 <300 17,3 -43.4 |
73 20627 21824  -5.1  ~12.3 10,6 = 9.3 <=i1,0 =178 ¥
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* gtandard deviation

** body we. of non-opezated centrol (C) » 33327g2e.

TABLY 1K1

SURYIVAL OF PARTIALLY HIPATACTOMIZED (P,H,)
SUAM OPBRATSD (8.0.) AND NON-OPURATED RATS EXPOBED Yo COLD =5°C.
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Thizd geries of exparinents

Intrody

Introduction

In our previous two seriss of exyperinents we
have reported how the vitanmin . content of the resto-
ring liver and the resistance of animals to cold were
affected by the restorative sciivity, of the liver,
noted by Higgins et al (3), It was logical, therefose,
to see if the close relation that wags found to exiet
between the vitanin < content &nd the restorative
8ctivity at roon teuperature held true in the case of

Boa-adapted and adapted animals exposed to cold (-59¢C,),

The following series of experinents wore designed to
this end,

Haterfale; and Methods

About 540 male albino rate of Wigtar strain
B weeks oid and weighing 150-200 grams were divided
iato two groups aceerding to theis weights,

Geoup_1

Two-hundred-and-thirty-four rats weighing 180-

18U grans were kept at rooa temperature (300220C) for
& vonth before they underwent o}crltlon. After a

nonth, their weights were between 450 and 330 grans
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approxisately, HNinety were partially bepatcetonltgd.
72 were sham operated and 73 served as men~-operated
controls., These were divided into 9 sudgroups, Mach
subgroup cemsisted of;-
8) 9-11 (most of the time 10) partially
hepatectomised rets,
b) 7-9 (most of the time 3) shan operated
rats, and
¢) 7-9 (most of the time 8) mon-operated
controls.,
These groups were exposed to coid 3 hours sfter
operation and wete'lacrilicad 13, 24, 48, 72, 9%,
120, 168, 216 and 264 hours after operation respect-
ively, The periods of 144, 192 and 240 were skipped
&8s we did not see any significant change in vitamin
C dusing these periods at roorm tamperature, The
time of autopay in each case included the 3 hours
elapsed before the rats were put in the cold after
operation,
Group 11
Two-hundred-and-seventy nale albino rats
weighing betwaen 200 and 220 grams ware kept in the

cold room (20220C,) for & month, the ssme duration of
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tine 28 the animeis of Oroup I were kept at room tem-

perature, Seilers ot g (30) have feported that the
degrer of “acclsuatllatian' Appears to de maxinun

between the periog of 4 to 6 weeks aftar exposure to

cold, Concoduently the aninals that survived the coid

temperature 29030 0. nontk and showdd Snecrengec

10 body weight are referred to ag “adapted® anivals,

luring the experinmentation we had to discard nany

animale which did not fit the above fequireunents,

especinlly steady increage in body weight, The raty

of Group Il underwent the Sane experinentsl protocol
8ad at the sane time as those 6! Group I,

Both at operation tine and ot sacrifice tine,
in the two groups, the removed liver was weighed and
used for the determination of vtt;uln C, and at

Rutopsy it waa used for daternination of the testora-

tion percent . _:

Results and Discussion

Refore wo give highlights of the results we
would llke to bring into sttention two points, Pirat,

88 we btave aiready stated, all the animals were

¢xposed to cold 3 hoyrs after operation (tine considered

FT A
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after operstion a drop ia vitanis = was meted aimost
to the sens Javel aw 48 Lewes afeoy epagation, The
188¢h kouze after epneetion, She viteuim O comcentrae
tion geomed 0o ploe up egeim, The date afger Qhisg
ting Shouwgh Qabuinged were mot comsidered ap he
suevival of anivals was below $0%,

The vitenin ¢ content ef ghe Liver of ghen
eperated contrels showed a gradual dsop ¢iil ghe T3ng
hour efter which they mainteined einest the same
lovel of witamin C except at 188 hours aftaep epegation
when the vitamin C ievel aimost serpesponded ¢o ¢ko
initial levei, (Pig, ©, and Tabie ¥ii), ©Om the ofher
waa@,.eme fen-oper8tad control showed & sudden gige
is vitanin C centent © hours after bSaing im the coid;
them the lovel of witeain C drepped o 8o Level of
0.30 og/gm of wet weight of Lives, {fig, ¢ amé Tabie
VIII). Thim lovel was aizcst maistaimed throuzhout

the esperinent with slight veriations,

11) Afaptes Asinaly
The adapted pagéially hapatectonised
r£ts showed nn eipnificeat c¢kanges in vitanin C comces=
tration 12 hours after apearation when compared with

the initial vitanin U Level st the moaent of surgery

A
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nanely 0,2820,023 wg/pn of iet waleht and of Liver,

Tweaty~four Neuxs after, the level of vitanin

' suddanly deoppad ¢o a Lgwsl of 4,15 ng/gn of wit weight

(P 6,001), (74g. 40, Tasie V1), Then o zdwe in
vitanin C comsemtration was cbgcpved 4% heuss afgar
opecatien followed by a 81830 rige 73 sad 90 Hours
8feoz oporetion, but 88441 siznificantly belay ¢he
inigiel vigamdm o concentration, The perded from 130
hovrs wdeli 336 Nours ghowss 89 giprificant éaesstﬁana
8ad ¢he lovel of witenin C wag ngintained juee 8lizhely
below ¢he ome meges for 96 Bowro after osrration,

The adeptcd shan opesated contrels ohowad e
oudden gloe A3 hours afger Cperation follewsd by
coturn to the imitisl Lewel 34 bouss aftes eperatios,
(Pig. 10, Toble ¥iI), Tho peziod botwsen 43 mad 72
boure af¢ap eperation exhibited g geesnal decrease in
vitanlin © followed bY 8 praduel eige feém the pepliod
of 50 boure afger epagselsm 88843 31082h hour after
operation, The data for 400N houp wers discarded sg
the survival was balow 309,

The sdnptad RoR~opereied controls shoyed g

sudden but mot e greet a rise ag the sham operated
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T sfter 9 hours in the cold, (Fig. 10, Table VIIL).
mpanewl dwenty-ane hours in the cold reom breught the lavel
Laeibae of vitarin O to the iaitial lavel, They showad a
w9 drop in vitemis 3 coscentrstion sfter 43 hours in
Bristiv tie 208, followed by an Ancrease ievel on the 69¢h
SRR hour aftex eold enpesaze. The petiod from the O9tA
RS 131 tBo 2170k kows in the sold indicstec s gradual
RILREE decrepne i3 viltemin O conconiztion foilowsd by &
M REnel oudgon £482 oftes 148 Bouss im She cuid, them droppiag
stk 8leeeg 80 the lowel of vitsnin ¢ obsvrved sfter 117
RS kowrn, Tho date ofter ¢his wake discarded sa the
survival wag bolaw $0%,
1 4G28bye
} P ®) Restecation (Tebles ¥ ane VI, Pig, 11)
L) Batd ¢2e edepted and the mon-adapted rats
i 1 saposec to cold ohowved gemtoratiom, (Pigure 11, and
s i Tables ¥, Vi), ‘Mamiwwn restoration occured between
89 o ‘ ' 43 and 130 heurs after operation ia both cases, The
oty sdepted rate showed & higher restoration tham the
cave 1 aon~-adapted rate; the differences in restozation between
the two groups being 14.7%, 29,5%, 20.1% and 13.1%
—— for the poat-operative pariods of 48, 73, 96 and 120

hours respectively. Figure 11 illustrates this,
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The pesults indicats txai tbé vitausn
Soaccateation of beth adapted and Ron-adapted ratrs
foliowed simoat the same general pactecn we have
ob8esved in the first series of dzperim@nts, The
vitenin  goncentration of vae vestoring liver of
8he adapied rats though iowesr initiridy was uore than
of the nen-ndepted rats during the restorative parieds
88 the cold, The resuits point oui that the varige
tdon of vitamin O somcemtration sviii goes band in
hend #ith the restorative ravivity ss obsstved by
Nigeins et ai (8§),

The restoration of the iiver im the adapted
rets uds found to be faster thaw in the non-adapted
oned €Pig, 11); in botk Cases, however, the restors-
tion in the coid was iower tham the one oisc:ved At
£00n teuperature s Slg, i4 imdicuyes ospecinliy efter
5 deys of operstion., Thig particwlar results is in
direct dissgrounent with the one of Weiss (53) wha
feperied an cohonced restorstion in the cold expogod
partiaily hepatectomimed rats byt aorrovorates Gix

observation with milder coid (#500) (13),
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RASTORATION OF THE LIVER OF NON-ADAPYED (NPHC) AND ADAPTLD
CAPHC) RATS EXPOSBD TO COLD -s5°0
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GENARAL DISCUSSION

The purpose of this resaarch wag ie find out
i thé variows effects of partisl hopatastony on the
resistance of anivais to sold seyld o gesatod So the
veristions in the viteuid ° condentration of the tisoues
2¢pecially that of the irvee during geatoration, This |
hypothnsis has been testec oy carsying out three gerics
of axperinents, iuring thege experinents usny obsegva~
tions were sade, Since nogt of the observations were

Reted for the Firmr tize, their bearings on the resto-

tation of s .iver of the rats after pactial hepatectony
need to 2 areumit smt,

Picst o xil, 8 close relatien between the
vitawin O zangeheration nn& the reaterative activity oo
reported by izgins ot a1 (8) after pastial hepatectony
Wis obaervac st ruom tenperature (Tadle 1 and Pigura 1),
{itiz eotation vas alse feund to be tsue, dering the whole
perind af aur coperinant for the riOQOttl. Liver of the
sdapted nnd aon-acapted partially hepatuctonised rats
¢xpoged to esid (-377) J hours sfter epezetion (Zables V and

VI and Pigures 9, 19, and 12, The relation of the
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vitanis ¢ concentration and the rostorstive activity
of the restoring liver under il conditions ot our
experiments has been imterpreted as sugyrstive of g
peRsibie role of vitanin O im the regtoration of the

tiver poasibly mediated through its stromg oxidation-

tedaction reactions,

Due to technicsl error, we warc nnibxe to
observe variations in dry wt during restcration note(
by Higging et 21 (8) anda Dugel ot wi (39),

The maximun restoration acewred batwesn the
dnd and ¢th days after partia; hepatectony hatn at
Toon temperature and in the cold (-$%3) (744, 4,
This was quite in Agreenent with Higging 2t a1l (@)
thouph they found marinus restoration Letween the 3ra
ARé 4th dey, They caiculated the rastoration iw
terns of 145 gn of body weight while we calcuiated
it in terms of the remaining iiver after surgery,
tnploying Heise' method (13), The waristions i» body
welght, especially in the cold, did not juetify the
exprossion of restoration in terme of body weignt.

A% indicuted in Tables I¥ and ¥, beth tae mon-anupted

sud adapted partinlly hepatectonised raty dig not ever
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regein their imitial body weight dueing the whele du-
cotion of the experiments and thia wez 2lgo observed
vy Meiss (131 with milder cold (%30}, 19 yag evident,
therefore, that of tiw testorstion wka ueoprassed in
terns of body weight, the true prcturs of the rasto-
retion would not be given, On the other hany, the
partieily hepatectonigzed rats st rowx tusiperatyre
gradually attained their initini body WeLENt abeut

the 94th hour after operation ani thursafter suoswed

4 mteady incresse in body weight (Table 1),

Ghromic coid sxposure appesred nut to affmot
the restoration of the liver of uth the adepted and
the non-adapted rats up to § days ¢fter opsration
(Rig, 14) anc this has airesdy been reportad by Weiss
ci i (15) with nild cold (#5°2), 2y nfter the period
of 5 days the restoration seemed to be affacted by
chroniz ceje sxposure amd the retsrding zffect of
chroniz cold appeared to be lessun by coid adaptation,

“ate axposed to cold (~3592) after different
pest-operstive periods (3, 6, 12, 24, 48 and 78 hours
aftar apesntion) showed variations in tieir resigtanca
(fig, =, &, 5, 6, 7 and 3), The survival was very low

for those exposed to cold 3 hours after opsration

*

|




¥ migye:
a “‘“"“ the the survivel graduslly increased through the
s '
. ;’?‘ post-cperztive pexlods of ¢, (3, 24, 43 hours when
u;a w# the survivel was mexinge (80%), and deeceased 73 hours
oV 1.
?a 92?”’ . after operation, in our attempt to sxplain this dcs-
O T T
J nfﬁﬁx matic behaviour of partisily hepsrectronised rats, we
"g“é‘*f’ theught at firet that increased serabolise avsocicted
RETE LT with restorative activity might sccount for this,
Liswhagy
| :wﬁuih There wAS no vAFidtion iw ng, of non-faztad partially
b IR
IR i hepatectonisec rats whether its detornination wes
oot asde 24, 44 9r 72 hours sfter operation 2t tauperature
| of 28-3(0. (Taui~ 1V), -n the cther hand, when eae
T compidess that a-onry othzr thimge, the ability of ‘
e the rat tc produce and maintazm heat i very important
R |
‘ F*‘i{ in the resistance of gats exposed to coid, these
o Sesmad to D¢ & possiuility that partisliy hepatecto-
b e utlod.rltl tvposed to cold (-39U) 43 hourw after !
Per s opsration might ave & grester sbility for heat preduc~
R tion, This, of :owrse, needs to be assegsed by duter-
aining the setavolic rate of the animals af interval
¢ N of tine Bfter caing exposed to oA,
g

Thete scens %0 be s relatinn betwesn the
rostorative activity of the liver any thd renistancs

shown by rats evposed Co caid, It §{s snown that the
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1iver of the Tat starts to Tedtore adout 24 hourg

after pageia} hepatectony ang that the peax of the

seotorative Setivity is foyad sbout the 72ad hour

after operstion (8)., The Survival of pagy exposed

to eold 3, 4 ang 4% douce after Operation night be dye
6 the effeet o cold on ohe restoration of yhe liver

Sulle thy ragy €XPONNS te cald 24 hours after opere-
tion shawea 4 detier SUTVival than ¢he breceding

i8iesis since the liver na¢ dlready stragteq to restory

byt the retarding effect of cold 88411 seenag to ba

these, “n the other hand, im the S3¢0 exposec to codd

48 hours after operation, the testoration way weli

URACIWRY anc 1t wag Roing tato the pepiog of pesk

restorative Betivity, In thyse chse, cold expoguse

tpparently seerpe to have no effect ag the 2888 ghoweq

8 renmpka)ie RERVIVAL,  The raty exposed to calg 13

hours after operation ¢ie pet SUIVive o0 wely, This
last reouit 1¢ not too swrprising ¢ o8¢ admits that

the navinygy resturative Sctivity does net colneide with

the points shows tn the gygpn ("$g. 30, »sut tather

preceded thao,
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Ferthernore, fReugh the exact relation of

the level of vitanin C of tne Liver ang¢ ¢he vitanin ©

"Poel” of the rat iy ey knows, yot (4 appesrs that

the level of vitanin C of the restoring tiver night

have besn benefiatal in those taty *1posed to cold 3

houre after operation since theae rots were actually

saing fato the period of mogmal whan the 1¢vel of

vitanin C &pproached the initiay lavel, nanely 73ad

hour after operstion,

80 we see that the offact ol Pastial hepatege

tony on the resistsnce of 38%s 10 cold involves nany

factors, Asong thege various factors, the tine elapsed

between partial and exposure to gelg 10 very ispertant,

Any utteugt 8t this tine to correlate the varigyy

effects of partial hgpatcetony oA the roatltnace of the

I8t to cold with the level of vitanin ¢ of the restoriang

liver, even though there Seens to be & direct Felation

betuween restorative sctivity and the level of vitanin

2 of the teatoring liver, would be prentture; thig con

oRlY be veatyred when the exact rnlltlou boiuncl the

1evel of liver vitanin ¢ And the vitamin o "peal” of

the a4 wili hs¥e been LI LTTTT



wf§n

o

VITASIN O CcONTINTY Lo RESTORING LIVER IN ANTS zrey
AT ROUM TEMPERATURES (PHR) ANE IN NON-RABAP T
(HBPHCY AND ARAPTSH RATS 3¥RQRan TOLE -0

0.3 M
e R~
§ AT
u % \\. ) &
L *\- ’ ”
° \\ e, e :
- N III — * n
- AR w— """ N yd H
» /./ oo B e oo O At
<o H . \l./ — . / S~ ) i - 1
o Ve . . - :
b~ \\\\\\
-
LW .
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RESTORATEGN 3% CAIVER IN RATS AT Bt Taspr, (DHKXS
28D XOR-ADAPTED RATS (NPIIZ) AND ADAPTSEER 24TR CAvyD
AXPISHD . TC TOLD-S3%0 = lirg, ABTIR OPEIATISN

2404
—_ PHr
T —x
20 0~
x
1 8O-
1 Q0=
80
- APl = adaptad Partially hepatectomised
o . exposed to cold
7/ L ]
s P
40 .dﬁ/ \“\\\\\ NPHI = non-sdapted pexrtislily hepatecto-
4 X mised exposed to cold
\Q \
~M\. PHE = partially hepatectoniged at
.\. roorn temperature
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1% A% reon témperature (205200, the vitanin
¢ content of the restoring liver of the rat over a
pesied of i} days exhidited o cyclic phenonenon 24
hours after operation it dzopped foilowed vy 8 rige
49 hours after operation; approache the initial walue
after 72 hours; on the 24 houss later dropped agin to

the level found at «3 hours after operstion; remained

constant from 96th to 168¢h hour; stertec ¢ increase

efter 192 hours and Sttained the initia! leyel on the
340tk hour after operation,

3° The witanin conteat of non-ndapted
partially hepatectoniged rats exposed to cold (~593)
3 hours after opexation showad the gane seneral pattacn
88 those at roon tempezature over o period of ¢ days,

3% 1t was observed that the leyei of vitawin

< of restoring liver wag lower in rats exposed to ¢olid

than in their controls at roon temperature during the

first ? days of coid exposure,

4 in the cage of sdapted prrtiniiy hepateca

tonised rats cxposed to cold 2 hours after operation,

the vitamin ¢ tontent of the restoring 1iver fellowed
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the sane pettecn as the omes at roon temparature ana
o8 these of son-adapted rats expesed to cold (=300},

$° The vitauin C comtent of the restoring
Liver of the adaptes rats exposed to csld was (i)
slightly higher than the one cf the noa-adapted rate
kept Im the same condition at all tines during the
reotorstive period, and (ii) lower than the level of ?
vitanin U of the restoring liver of the rate kept at
seom tempersture for the first 3 days after partial
hepatestony,

6% The waxinue restoration of the liver of
the zat ia terxs of restoration percent, calculated
after Weioe® foraula (13), was fowsd to eccur botd at
roan temperature and in the cold room Detween the ind
and 44D dey after partial hepatecto‘f.

79 The adapted and non-adapted rats exposad
to cold (~39C) 3 hours after partial hepatecteny had &
slower restoration of the liver then the ones at roon
teaperature especialiy aftesr 8 days of operation, This
does not support Weiss® observatien that cold did not
effect liver restoration (13),

§2 The adapted partially hepatoctonined rata
showed & fantay restoretion tham the aon-sdapted rats

exposed to cold (-$%C),
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¥ The resistance of the pactialily hepatecto-
nized rats exposed te cold («39C), was observed to
Yasry actevding to the tine ilaﬁlca bétvocn partial hee
patectony and sxposure to cold (-300); The partlnily
hepatestenined rats exposed to cold (-3°C) 48 houge
sfter oparstion showed & rexarkabile survival of 80%
4t the end of 14 days in the cold and in comtrast te
the other groups exposed to cold 4, 6, 13, 24, 72 hours
after partial hepatectony, The pattially hepatecto~
wised rats exposed to coid 3 hours after operation
wegre nmuch legs resistant to cold than the shaw opera~
tedd (survival 80%); if the partislly bepatectoniged
were exposed & houts after operation tke difference i
survival between partially depatectonised and shan ope-
sated wae less but still shan opexated showed better
pecforasnce; 34 howrs after operation vhe partisily
hepatectonized began to shoy incressed resistonce as
the sham operated ones; 45 hours aftar operation the
partinlly hepetectomiszed rate were decidedly mere
resistant than the sham operated rats and 73 hours
after operation their sesistance 02ened to decrease.
In all casen the partiaily hepatectonised snd shan

operated rais were uore resistant thaa the Aon-opasated

controls,
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3102 There was no verintions in aoz of s
non-fasted PRreially Repatectonined zAts whether ity
deternins tion was wads a4, 48 o 72 hours after

Oparstion at the tempesature of 83~300C,
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