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Protective Role of Vitamin C on
Histopathological and Enzymatic Changes

in Experimental Liver Cirrhosis of Rats

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Our aim in this study was to in ves ti ga te the pos sib le pro tec ti ve ro le of vi-
ta min C on ex pe ri men tal li ver nec ro sis, fib ro sis and cirr ho sis ge ne ra ted by car bon tet rach lo ri de
(CCl4) in rats. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  This pre sent study was car ri ed out on sixty Wis tar al bi no rats
di vi ded equ ally in to thre e gro ups. The first gro up (con trol gro up) re ce i ved only sa li ne (0.9% NaCl),
the se cond gro up was gi ven in tra pe ri to ne al 0.15 mL/kg CCI4 in oli ve oil and the third gro up was
ad mi nis te red CCl4 (0.15 mL/kg, i.p.) plus vi ta min C (100 mg/kg, by gas tric ga va ge). Af ter the tre at -
ments, blo od was col lec ted; as par ta te ami not rans fe ra se (AST), ala ni ne ami not rans fe ra se (ALT), al-
ka li ne phosp ha ta se (ALP) and gam ma glu tamy le trans fe ra se (GGT) enz ymes we re me a su red as the
bi oc he mi cal mar kers of he pa to to xi city and li ver tis su e samp les we re ta ken for his to pat ho lo gi cal
exa mi na ti on. RRee  ssuullttss:: Whi le the ac ti vi ti es of AST, ALT and ALP we re in cre a sed with CCl4 in jec ti -
on, the ac ti vi ti es of the se enz ymes af ter the ad mi nis tra ti on of vi ta min C we re sig ni fi cantly dec re -
a sed (p< 0.01, p< 0.01 and p< 0.05, res pec ti vely). The le vel of AST, ALT and ALP in the con trol
gro up was lo wer (p< 0.01, p< 0.01, p< 0.05, res pec ti vely) than tho se in the CCl4 gro up. His to pat ho -
lo gi cal exa mi na ti on sho wed that CCl4 in du ced nec ro tic, fib ro tic and cirr ho tic chan ges in the li ver
tis su e, which dec re a sed with vi ta min C ad mi nis tra ti on in the CCl4 plus vi ta min C gro up. CCoonncc  lluu  --
ssii  oonn::  Our re sults sho wed that CCl4 ca u sed an in cre a se in the ac ti vi ti es of li ver enz ymes in plas ma
and fib ro tic, nec ro tic and cirr ho tic chan ges in the li ver. Vi ta min C has an im por tant ro le in the re-
duc ti on of he pa tic cel lu lar in jury pro du ced by CCl4.

KKeeyy  WWoorrddss::  Vi ta min C; car bon tet rach lo ri de; li ver func ti on tests; fib ro sis; rats 

ÖÖZZEETT  AAmmaaçç::  Bu ça lış ma da ama cı mız, kar bon tet rak lo rür (CCl4) ve ri le rek sı çan lar da oluş tu ru lan
ka ra ci ğer nek ro zu, fib ro zu ve si ro zu nun ge liş me sin de C vi ta mi ni nin muh te mel ko ru yu cu ro lü nü
araş tır mak tır. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr:: Bu ça lış ma ya, 60 adet Wis tar al bi no sı çan dâ hil edil di ve bu
sı çan lar eşit ola rak üç gru ba ay rıl dı. Bi rin ci gru ba (kon trol) %0.9’luk NaCl ve ril di. İkin ci gru ba
0.15 mL/kg zey tin ya ğın da ha zır lan mış CCI4 pe ri ton içi ne uy gu lan dı. Üçün cü gru ba CCl4 (0.15
mL/kg) ile eş za man lı ola rak C vi ta mi ni (100 mg/kg, gas trik ga vaj ile) ve ril di. Te da vi son ra sın da
kan alı na rak, he pa to tok sik bi yo kim ya sal gös ter ge ler ola rak ka bul edi len as par tat ami not rans fe raz
(AST), ala nin ami not rans fe raz (ALT), al ka len fos fa taz (ALP) ve gama glu ta mil trans fe raz (GGT)
en zim le ri öl çül dü ve ka ra ci ğer do ku ör nek le ri alı na rak his to pa to lo jik in ce le me ya pıl dı. BBuull  gguu  llaarr::
CCl4 en jek si yo nu ile AST, ALT ve ALP ar tar ken, C vi ta mi ni ve ri len grup ta bu en zim le rin ak ti vi -
te le ri azal dı (p< 0.01, p< 0.01 ve p< 0.05). Kon trol gru bun da AST, ALT ve ALP dü zey le ri, zey tin
ya ğın da ha zır lan mış CCI4 ve ri len gru ba gö re da ha dü şük idi (p< 0.01, p< 0.01, p< 0.05). His to pa -
to lo jik in ce le me de, CCl4’ün ka ra ci ğer de nek ro tik, fib ro tik ve si ro tik de ği şik lik le re ne den ol du ğu
ve C vi ta mi ni nin ek len me siy le bu de ği şik lik le rin azal dı ğı gö rül dü. SSoo  nnuuçç:: CCl4 ka ra ci ğer de, nek -
ro tik, fib ro tik ve si ro tik de ği şik lik ler oluş tu rur ve ay nı za man da ka ra ci ğer en zim ak ti vi te le ri ni
ar tı rır. C vi ta mi ni, ka ra ci ğer de CCl4 ile oluş tu ru lan hüc re ha sa rı nın ön len me sin de önem li bir ro -
le sa hip tir. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Vi ta min C; kar bon tet rak lo rür; ka ra ci ğer fonk si yon test le ri; fib ro zis; sı çan lar
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xi da ti ve stress in the cells is iden ti fi ed as a
com mon fac tor in the et hi o pat ho ge ne sis of
many de ge ne ra ti ve hu man di se a ses. An

im ba lan ce bet we en oxi da ti ve and an ti o xi da ti ve sys-
tems le ads to oxi da ti ve da ma ge in the body. Se ve -
ral subs tan ces ha ve be en de fi ned as an ti o xi dants
which inc lu de fre e ra di cal sca ven gers, exo ge no us
agents such as vi ta mins A, C, E and en do ge no us
subs tan ces li ke su pe ro xi de dis mu ta se (SOD), ca ta -
la se (CAT), glu tat hi o ne (GSH), glu tat hi o ne pe ro xi -
da se (GSH-Px), uric acid, bi li ru bin and al bu min.1-3

CCl4 can ca u se da ma ges in the li ver, the kid-
ney and the cen tral ner vo us system. The li ver is es-
pe ci ally sen si ti ve to CCl4 and thus is com monly
used as an ex pe ri men tal mo del for the li ver da ma -
ge in ani mals.4-6 Whi le the he pa tocy tes, acu tely af-
fec ted by CCl4, are da ma ged or des tro yed, the
chro nic pa rench ymal ex po su re le ads to fatty de ge -
ne ra ti on, nec ro sis, fib ro sis and cirr ho sis.7-9 This
well-known he pa to to xic agent pro du ces ha lo al ka -
ne ra di cals du ring its bi ot rans for ma ti on in the li -
ver mic ro so mes. The se fre e ra di cals pro du ce cell
da ma ge thro ugh co va lent bin ding to cel lu lar mac -
ro mo le cu les, par ti cu larly, to the cel lu lar li pid and
li pop ro te ins.10,11

The oxi da ti ve da ma ge ca u sed by fre e ra di cals
may be avo i ded or re du ced with an ti o xi dants in the
bi o lo gi cal en vi ron ment.12 Vi ta min C is known as
the most im por tant an ti o xi dant in ex tra cel lu lar flu-
ids and may sca ven ge many to xic oxy gen-de ri ved
pro ducts such as su pe ro xi de ra di cal, hydro gen pe -
ro xi de, hypoch lo ri de, and hydroxyl and pe roxyl ra -
di cals be fo re they da ma ge cel lu lar un sa tu ra ted
li pids in the body. It is al so known to ha ve many
bi o lo gi cal func ti ons such as col la gen bi osyn the -
sis.1,2,13 In de ed, its an ti o xi dant func ti on is re la ted to
re ver sib le oxi da ti on and re duc ti on cha rac te ris tics
the reby pro tec ting li pids and li pop ro te ins in cel lu -
lar mem bra nes aga inst oxi da ti ve da ma ge ca u sed by
to xic fre e ra di cals at early sta ges.14,15 The re fo re, the
pre sent study was de sig ned to in ves ti ga te the ef-
fects of vi ta min C on ex pe ri men tal li ver cirr ho sis
ge ne ra ted by CCl4 in rats using bi oc he mi cal me a -
su re ments of AST, ALT, ALP and GGT in plas ma
and his to pat ho lo gi cal exa mi na ti on of the li ver tis-
su es. 

MA TE RI AL AND MET HODS

ANI MALS AND TRE AT MENTS

This study was car ri ed out on sixty Wis tar al bi no
rats we ig hing 200-250 g. Rats we re supp li ed from
the Cen ter of Ex pe ri men tal Ani mal Re se arch (İnö -
nü Uni ver sity, Ma lat ya, Tur key). The ex pe ri men tal
pro to col was de sig ned ac cor ding to the Prin cip les
of La bo ra tory Ani mal Ca re and et hi cal stan dards
for ani mal use and was ap pro ved by the lo cal et hi -
cal com mit te e. All rats we re fed with a ro dent pel-
let and drin king wa ter ad-li bi tum. The ani mals
we re ran domly di vi ded in to thre e equ al gro ups
each con ta i ning twenty rats, ho u sed in ca ges at ro -
om tem pe ra tu re thro ug ho ut the study.  

The first gro up was used as con trol and was in-
jec ted in tra pe ri to ne al (i.p.) pla ce bo (0.9% NaCl).
The se cond gro up was in jec ted i.p. CCl4 (0.15
ml/kg) dis sol ved in oli ve oil (1/4, v/v). The third
gro up was ad mi nis te red i.p. CCl4 0.15 mL/kg plus
vi ta min C (L-as cor bic acid, 100 mg/kg-body we -
ight, gas tric ga va ge). All tre at ments we re ad mi nis -
te red thre e ti mes in a we ek for se ven we eks. 

Mor ta lity ra te was 5-20%, which was si mi lar
to tho se re por ted by in ves ti ga tors using this mo -
del.14 Du ring the study, one rat from the first gro -
up (5% mor ta lity), fo ur rats from the se cond gro up
(20% mor ta lity), and thre e rats from the third gro -
up (15% mor ta lity) di ed.    

The blo od samp les we re ta ken 24 ho urs af ter
the last do se un der et her anest he si a. Sub se qu ently,
the ani mals we re sac ri fi ced and the ir ab do mens
we re im me di a tely ope ned. The li vers of all ani mals
we re re mo ved by dis sec ti on and we re fi xed in for -
mal dehy de (10%, v/v) for his to pat ho lo gi cal exa mi -
na ti on. Vi ta min C (L-as cor bic acid) and oli ve oil
we re pro vi ded from Sig ma Che mi cal Co. (St. Lo u -
is, MO, USA). CCl4 was purc ha sed from Merck AG
(Darm stadt, Ger many).

ENZ YME ANALY SIS IN PLAS MA

Who le blo od samp les we re col lec ted in he pa ri ni -
zed tu bes, we re sub se qu ently cen tri fu ged at 1500 x
g for 15 min (He ra us® Inst, Me ga Fu ge 1.0 cen tri -
fu ge), and the ir plas ma was se pa ra ted. In plas ma
samp les, the ac ti vi ti es of AST, ALT, ALP and GGT
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we re de ter mi ned by an au to a naly zer (Tech ni con®

RA-XT, New York, USA). 

HIS TO PAT HO LO GI CAL EXA MI NA TI ON OF LI VER TIS SU ES

Li ver spe ci mens we re em bed ded in pa raf fin for an
or di nary his to lo gi cal exa mi na ti on and we re sec ti o -
ned as 3 to 5 μm se ri al sec ti ons using a ro tary mic -
ro to me. The sec ti ons we re sta i ned with
he ma toxy lin and eo sin (H&E) for his to lo gi cal exa -
mi na ti ons and with Mas son tric hro me sta in for
eva lu a ti on of the fib ro sis. Mic ros co pic stu di es we -
re re vi e wed by an ex pe ri en ced pat ho lo gist blin ded
to the study. The deg re e of fib ro sis and nec ro sis
wit hin the pe ri por tal tracts and lo bu les we re as ses -
sed ac cor ding to Zhang et al.14 His to lo gi cal gra ding
was ma de ac cor ding to fo ur se ve rity gra des: 0 (no -
ne), no fib ro sis and nor mal li ver arc hi tec tu re; I
(mild), fatty de ge ne ra ti ons aro und por tal are as and
cen tral ve ins, fib ro sis in cre a sed in por tal are as and
si nu so i dal spa ce and re gu lar li ver arc hi tec tu re; II
(mo de ra te), thin fib ro us sep ta e pre sent con nec ting
por tal are as and pse u do lo bu les se en fre qu ently; and
III (se ve re), thick fib ro us sep ta and col la gen bands
ac com pa ni ed by pse u do lo bu les.

STA TIS TI CAL ANALY SIS 

For sta tis ti cal analy ses, non pa ra met ric in de pen dent
gro up com pa ri sons we re ma de. For mul tip le com-

pa ri sons the Krus kal-Wal lis test was used. Com pa -
ri sons bet we en the gro ups we re ma de by the
Mann-Whit ney U test. A le vel of 5% (p< 0.05) was
con si de red sta tis ti cally sig ni fi cant. Da ta we re ex-
pres sed as me di an and ran ge.

RE SULTS
Plas ma AST, ALT and ALP le vels we re sig ni fi cantly
hig her in the CCl4-tre a ted gro up than tho se in the
CCl4 + Vi ta min C tre a ted and con trol gro ups (p<
0.01 for AST and ALT, p< 0.05 for ALP) (Tab le 1).
Whi le the ac ti vi ti es of AST, ALT and ALP we re in-
cre a sed by CCl4 in jec ti on, they we re sig ni fi cantly
dec re a sed by the ad mi nis tra ti on of vi ta min C. The -
re was no sig ni fi cant dif fe ren ce bet we en the GGT
va lu es of the gro ups. The re sults we re sum ma ri zed
in Tab le 1. 

His to pat ho lo gi cal exa mi na ti ons of the li ver tis-
su es re ve a led that CCl4 in du ced nec ro tic, fib ro tic
and cirr ho tic chan ges. In ad di ti on, ani mals tre a ted
with vi ta min C sho wed sig ni fi cant at te nu a ti on
com pa red with the CCl4 gro up (Tab le 2). His to lo -
gi cal analy sis of the li ver spe ci mens of con trol an-
i mals sho wed no evi den ce of his to pat ho lo gi cal
al te ra ti ons (Fi gu re 1A). The chro nic ef fect of CCl4
on the rat li ver spe ci mens usu ally oc cur red as typ-
i cal fib ro tic and cirr ho tic chan ges. So me are as sho -
wed var ying deg re es of he pa tic de ge ne ra ti ons.

Control (n= 19) CCl4 (n= 16) CCl4 + vitamin C (n= 17)

AST (U/L) 112 ± 80 369 ± 154 a** 131 ± 34 b*,c**

(79-159) (273-427) (126-160)

ALT (U/L) 79 ± 57 115 ± 46 a** 79 ± 5 b*,c**

(30-87) (105-151) (76-81)

ALP (U/L) 242 ± 120 263 ± 358 a* 227 ± 121 b*,c*

(163-283) (32-390) (172-293)

GGT (U/L) 2 ± 2 3 ± 3 2 ± 2

(2-4) (2-5) (1-3)

TABLE 1: Clinical parameters in the plasma of control, CCl4-treated and CCl4+Vitamin C-treated groups.

AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, ALP: Alkaline phosphatase and GGT: Gamma glutamyle transferase (GGT).

Values are Median ± SD (Min -Max)

a: Difference between control and CCl4-treated groups

b: Difference between control and CCl4+Vitamin C treated groups

c: Difference between CCl4-treated and CCl4+Vitamin C treated groups

**    = p< 0.01

*     = p< 0.05.
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Col la gen bands brid ged bet we en the por tal are as or
ex ten ded from cen tral re gi ons to por tal are as. Bro -
ad fib ro us sep ta e was of ten se en as sur ro un ding
pse u do lo bu les. Col la gen bands we re ob ser ved with
Mas son tric hro me sta in. Por tal are as we re ac com -
pa ni ed by a va ri ab le deg re e of hyperp la si a of the
bi li ary epit he li um and bi li ary duct pro li fe ra ti ons.
The se bi op si es we re con si de red strong sug ges ti on
of cirr ho sis (Fi gu re 1B). 

The li ver sec ti ons ob ta i ned from ani mals tre a -
ted with vi ta min C sho wed con sis tent re duc ti on in
nec ro tic, fib ro tic, and cirr ho tic pro ces ses of the li -
ver. Col la gen bands con nec ting cen tral re gi ons
with por tal are as and pse u do lo bu les we re not se en.
In ad di ti on, cell in jury, co a gu la ti ve nec ro sis, inf -
lam ma tory in fil tra ti on and cen tri lo bu lar fatty me -
ta morp ho sis we re al ways ob ser ved. In tra lo bu lar
nec ro sis, com pri sing all sing le cells and cell gro ups,
inc lu ding pi e ce-me al and brid ge nec ro sis, was se en.
Fatty de ge ne ra ti on wit hin he pa tocy tes was pre sent
es pe ci ally in the cen tri lo bu lar zo ne of the li ver. Va -
ri ab le num bers of inf lam ma tory cells con sis ting of
gra nu locy tes, ro und cells we re ob ser ved in the pe -
ri por tal tract and in tra lo bu lar are as. The se spe ci -
mens sho wed mo re re gu lar li ver arc hi tec tu re, in
which only thin fib ro us bands we re se en to con-
nect por tal are as (Fi gu res 1C and D). 

DIS CUS SI ON
Vi ta min C is known to ha ve an ti o xi dant abi lity to
in hi bit oxi da ti ve pro ces ses of li pids and li pop ro te -
ins in cell mem bra nes.1-3 An ti o xi dant func ti on of
vi ta min C is re la ted to its re ver sib le oxi da ti on and
re duc ti on cha rac te ris tics. Its ef fects on the to xi city
of CCl4 may al so be at tri bu ted to its an ti o xi dant fe -
a tu re by which it sca ven ges su pe ro xi de ra di cals,

hydro gen pe ro xi de, hypoch lo ri de, and hydroxyl
and pe roxyl ra di cals at early sta ges of oxi da ti ve da -
ma ge.1,2 Thus, vi ta min C may par ti ally pre vent cer-
ta in types of he pa tic cel lu lar de ge ne ra ti on.4

In this study, we used vi ta min C as an exo ge -
no us an ti o xi dant aga inst oxi da ti ve da ma ge ca u sed by
CCl4 in the li ver. Li ver is an im por tant tar get or gan
for CCl4 with he pa tocy tes da ma ged by ha lo al ka ne
fre e ra di cals pro du ced du ring its bi ot rans for ma ti -
on.4,5,8-10,12 The ha lo al ka ne fre e ra di cals such as 
trich lo ro methyl fre e ra di cal (CCl3) and trich lo ro -
meth yle pe roxy ra di cal (CCl3O2) are in mi xed func-
ti on oxi da se system uti li zing the ni co ti na mi de
ade ni ne di nuc le o ti de phosp ha te (NADPH)-cytoc ro -
me P-450 elec tron trans port cha in. They may bind
to sub cel lu lar mac ro mo le cu les and can re act with
fre e ami no gro ups on pro te ins.8-10 Hen ce, the mac ro-
mo le cu les may lo se the ir physi o lo gi cal func ti ons.
Ha lo al ka ne fre e ra di cals we re held res pon sib le for
CCl4-he pa to to xi city and we re re por ted to ca u se the
oxi da ti ve da ma ge of un sa tu ra ted li pids in so me cel-
lu lar com po nents of he pa tic tis su es. Da ma ge of the -
se com po nents may be an im por tant fac tor for li ver
cell in jury.8,9,11,12 Thus, AST, ALT and ALP may be
mo bi li zed in to the blo od and the ir plas ma le vels 
in cre a se, which is usu ally in di ca ti ve for li ver de ge -
ne ra ti on in ani mals.9,10,16-18 The re fo re, in this in ves -
ti ga ti on, using the se enz ymes as bi oc he mi cal
mar kers of the oxi da ti ve he pa tic da ma ge, which was
de ve lo ped by CCl4 in jec ti on, we tri ed to find out the
pro tec ti ve ef fects of vi ta min C. Our re sults sug ges ted
that CCl4 led to in cre a sed ac ti vi ti es of AST, ALT and
ALP, but the ac ti vi ti es of the se enz ymes we re sig ni -
fi cantly dec re a sed by the ad mi nis tra ti on of vi ta min
C. The le vels of AST, ALT and ALP in the con trol
gro up we re lo wer than the le vels in both the CCl4
and the CCl4 plus vi ta min C gro ups. The se re sults
we re con sis tent with the fin dings in pre vi o us in ves -
ti ga ti ons.4,10,16,17,19-23 Vi ta min C dec re a sed the se va lu -
es ne ar to the con trol le vels and pro vi ded a strong
evi den ce for the pre sen ce of oxi da ti ve in jury ca u sed
by CCl4 and for the pro tec ti ve ef fects of an ti o xi dant
vi ta mins li ke vi ta min C. Alt ho ugh our re sults we re
si mi lar to and in ag re e ment with tho se in the study
by Ha lim et al, in which they used 50% smal ler
amo unt (50 mg/kg) of vi ta min C, they are dis cor dant

Histopathological grading

Groups n 0 I II III

Control 19 19 0 0 0

CCl4 16 0 0 5 11

CCl4 + vitamin C 17 0 8 5 4

TABLE 2: The histopathological grading for fibrotic and
necrotic changes in liver of control, CCl4-treated and

CCl4 + Vitamin C-treated groups.
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with the da ta of anot her pre vi o us work un der ta ken
by Türk do ğan et al in which they fo und vi ta min C
to be inef fec ti ve in oxi da ti ve li ver in jury ca u sed by
CCl4.4,5

His to pat ho lo gi cal re sults of our study sug ges -
ted that vi ta min C co uld re du ce li ver in jury, fib ro -
sis and cirr ho sis in du ced by CCl4. The pro tec ti ve
ef fects of vi ta min C aga inst CCl4-in du ced chro nic
li ver da ma ge and cirr ho sis we re con fir med by con-
ven ti o nal his to lo gi cal exa mi na ti on.7-9,12 In de ed, vi-
ta min C ef fi ci ently traps fre e ra di cals, which
da ma ge the li pids and li pop ro te ins in the cell mem-
bra nes be fo re they can ini ti a te li pid pe ro xi da ti on.
Thus, it can pro tect the bi o mem bra nes.1,2,14,15

In the light of the se fin dings, it is pos sib le to
conc lu de that vi ta min C, a well-known an ti o xi -
dant, is qu i te ef fec ti ve to avo id he pa tic cel lu lar da -
ma ge, and for the pre ven ti on and cor rec ti ve
tre at ment of CCl4-to xi city. Ho we ver, mo re pre ci se
com pa ra ti ve work is re qu i red to ve rify this conc -
lu si on emp lo ying ot her an ti o xi dants li ke vi ta mins
A, E and se le ni um.
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A B

C D

FI GU RE 1: Sli des of H&E-sta i ned li ver sec ti ons. 1A: His to lo gi cal ap pe a ran ce of a li ver spe ci men from the con trol gro up, with no his to pat ho lo gi cal evi den ce of
he pa tic in jury  (H&E sta in, x100); 1B: CCl4-in ju red rats gro up shows a typi cal cirr ho tic ap pe a ran ce, with thick sep ta e of ten sur ro un ding pse u do lo bu les (Mas son
tric hro me sta in, x100); 1C: CCl4 plus vi ta min C-gro up, pro mi nent in tra lo bu lar inf lam ma tory re ac ti on con sis ting of gra nu locy tes, ro und cells and fatty me ta morp -
ho sis in he pa tocy tes (H&E sta in, x100); 1D: pe ri por tal and in tra lo bu lar de li ca te fib ro us bands are se en (H&E sta in, x100). 
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