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The Effects of L-Carnitine on
Cyclophosphamide-Induced Oxidative

Liver and Intestinal Damage in Rats

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Cyclop hosp ha mi de (CP) is among the most com monly used an ti-can cer and
im mu no sup pres sant drugs. The ef fi cacy of this agent of ten is li mi ted by se ve re si de ef fects and to -
xic con di ti ons. The pre sent ex pe ri men tal study was un der ta ken to de ter mi ne whet her L-car ni ti ne
(LCAR), as a po tent an ti o xi dant com po und, co uld ame li o ra te CP-in du ced oxi da ti ve li ver and in tes-
ti nal in jury. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  Thirty-two Wis tar rats we re di vi ded in to fo ur (con trol, CP, CP
+ LCAR and LCAR) gro ups each con ta i ning 8 rats. The an ti o xi dant agent LCAR or sa li ne was gi ven
to rats for 5 days af ter ad mi nis tra ti on of a sing le do se of CP. On the sixth day, rats we re sac ri fi ced
and li ver and ile um tis su e samp les we re ob ta i ned and sto red to me a su re re du ced glu tat hi o ne (GSH)
and ma lon di al dehy de (MDA) le vels, mye lo pe ro xi da se (MPO) and su pe ro xi de dis mu ta se (SOD) ac-
ti vi ti es. RRee  ssuullttss::  CP dec re a sed GSH le vel and SOD ac ti vity and in cre a sed MDA le vels and MPO ac-
ti vity in the li ver and in tes ti nal tis su e ho mo ge na tes. The se chan ges ex cept in tes ti nal SOD ac ti vity
we re sig ni fi cantly re ver sed by LCAR tre at ment. Alt ho ugh in tes ti nal SOD ac ti vity in cre a sed with
LCAR tre at ment com pa red to the CP gro up, this in cre a se was not sig ni fi cant. CCoonncc  lluu  ssii  oonn:: Our re-
sults de mons tra ted that, LCAR co uld ame li o ra te the dep le ti on of GSH and SOD ac ti vi ti es and co -
uld re du ce the ac ti vi ti es of MPO and le vels of MDA in rat li ver and in tes ti nal tis su es; this ma kes it
a po ten ti al proph ylac tic and pre ven ti ve agent aga inst CP-in du ced oxi da ti ve stress. In conc lu si on,
the se da ta in di ca te that LCAR may be of the ra pe u tic use in pre ven ting he pa to to xi city and in tes ti -
nal in jury in pa ti ents re ce i ving che mot he ra pe u tic agents.

KKeeyy  WWoorrddss::  L-car ni ti ne; cyclop hosp ha mi de; oxi da ti ve stress

ÖÖZZEETT  AAmmaaçç::  Sik lo fos fa mid (SF), en sık kul la nı lan an ti-kan ser ve im mü no süp re san ilaç lar dan dır. Et -
ki li bir ilaç ol ma sı na rağ men, sık lık la yan et ki ve tok sik et ki le ri ne de ni ile kul la nı mı kı sıt lan mak -
ta dır. Bu de ney sel ça lış ma da, güç lü bir an ti ok si dan mad de olan L-kar ni ti n (LKAR)’in SF’ye bağ lı
ok si da tif ka ra ci ğer ve in ce bağır sak ha sa rı na kar şı et ki le ri ni araş tır ma yı amaç la dık. GGee  rreeçç  vvee  YYöönn  --
tteemm  lleerr::  Otuz iki adet sı çan, her grup ta se ki zer sı çan ola cak şekil de 4 gru ba ay rıl dı (kon trol, SF, SF
+ LKAR ve LKAR). Tek doz SF (100 mg/kg) uy gu la ma sı nın ar dın dan, se rum fiz yo lo jik ve an ti ok si -
dan ajan olan LKAR (500 mg/kg), beş gün bo yun ca sı çan la ra uy gu lan dı. Al tın cı gün de sı çan lar öl -
dü rül dü ve ka ra ci ğer ve ile um do ku la rı çı ka rı la rak, in dir gen miş  glu tat yon (GSH), ma lon di al de hid
(MDA), mi ye lo pe rok si daz (MPO) ve su pe rok sit dis mü taz (SOD) ak ti vi te si ni ölç mek için de po lan -
dı. BBuull  gguu  llaarr::  SF’nin, ka ra ci ğer ve ba ğır sak do ku sun dan ha zır lan mış ho mo je nat lar da GSH dü ze yi ve
SOD ak ti vi te si ni dü şü rüp, MDA dü ze yi ve MPO ak ti vi te le ri ni ar tır dı ğı göz len di. Bu de ği şik lik le rin,
in tes ti nal SOD ak ti vi te si dı şın da LKAR ta ra fın dan ge ri ye dön dü rül dü ğü sap tan dı. Tek ba şı na SF ve -
ri len grup ile kar şı laş tı rıl dı ğın da, LKAR te da vi si ile in tes ti nal SOD ak ti vi te si art ma sı na rağ men, bu
ar tış is ta tis tik sel ola rak an lam lı de ğil di. SSoo  nnuuçç::  So nuç la rı mız, LKAR’nin, sı çan ka ra ci ğer ve ba ğır -
sak do ku la rın da azal mış GSH dü ze yi ni ve SOD ak ti vi te si ni dü zelt ti ği ni, art mış MPO ak ti vi te si ve
MDA dü zey le ri ni ise dü şür dü ğü nü gös ter miş tir. Bu da LKAR’ nin, SF’nin ka ra ci ğer ve ba ğır sak ta
oluş tur du ğu ok si da tif stre se kar şı po tan si yel ko ru yu cu et ki le ri ni gös ter mek te dir. So nuç ola rak, bu
ve ri ler, LKAR’nin, ke mo te ra pö tik ilaç la ra bağ lı olu şan ka ra ci ğer ve ba ğır sak ha sa rı na kar şı ko ru yu -
cu ola rak kul la nı la bi le ce ği ni or ta ya koy mak ta dır.  

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: L-kar ni tin; sik lo fos fa mid; ok si da tif stres
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yclop hosp ha mi de (CP) is among the most
com monly used an ti-can cer and im mu no -
sup pres sant drugs. It is used for the tre at -

ment of chro nic and acu te le u ke mi as, mul tip le
mye lo ma, lympho mas, and rhe u ma tic art hri tis and
in pre pa ra ti on for bo ne mar row trans plan ta ti on.
Use of CP as an ef fec ti ve che mot he ra pe u tic agent is
of ten res tric ted be ca u se of its wi des pre ad si de ef-
fects and to xi city that inc lu des na u se a, vo mi ting,
alo pe ci a, he ma to po e tic sup pres si on, nep hro to xi -
city, im mu no to xi city, mu ta ge ni city, car ci no ge ni -
city and te ra to ge ni city.1,2

CP is an alk yla ting agent that pro du ces highly
ac ti ve car bo ni um ion, which re acts with the ex tre -
mely elec tron-rich are a of nuc le ic acids and pro te -
ins.3 In ad di ti on; CP tre at ment le ads to lung in jury
and car di ac to xi city, which are me di a ted by the re-
ac ti ve oxy gen spe ci es (ROS) and li pid pe ro xi de for-
ma ti on. CP tre at ment not only in du ces li pid
pe ro xi da ti on (LPO) but al so sup pres ses the tis su e
and se rum le vel of re du ced GSH, glu tat hi o ne pe ro -
xi da se (GP), glu tat hi o ne re duc ta se, SOD and ca ta -
la se (CAT) ac ti vi ti es.4 Li ver di sor ders we re al so
ob ser ved by the in cre a sed the ra pe u tic do se of CP.
Mo re o ver, re cent stu di es ha ve shown that CP dec -
re a ses an ti-oxi da ti ve ac ti vity and con ver sely in du -
ces the oxi da ti ve system in the li ver tis su e
ex pe ri men tally. On the ot her hand, the to xic ef-
fects of che mot he ra pe u tic drugs on gas tro in tes ti -
nal mu co sa and the ir con se qu ent si de ef fects such
as mu co si tis, di arr he a, na u se a and vo mi ting are
well known.5

Re cent stu di es ha ve shown be ne fi ci al ef fects
of va ri o us an ti o xi dant subs tan ces aga inst the to xic
ef fects of CP such as the ef fects of alp ha-to cop he -
rol, be ta-ca ro te ne and me la to nin aga inst to xic ef-
fects of CP on blad der.6 In ad di ti on, pro tec ti ve
ef fects of anot her an ti o xi dant, sgu a le nin, ha ve be -
en shown aga inst the oxi da ti ve stress du e to CP.7

LCAR is known to be an an ti o xi dant and pre vents
the ac cu mu la ti on of end pro ducts of li pid oxi da ti -
on.8,9 Car ni ti ne (β-hydroxy-tri meth yla mi no but yric
acid) plays a ma jor ro le as a co fac tor in the trans-
por ta ti on of fre e fatty acids (FFAs) from the cyto -
sol to the mi toc hon dri a. FFAs deg ra de to acyl-Co A
by β-oxi da ti on and the se subs tan ces en ter the tri-

car boxy lic acid (TCA) cycle. A lar ge amo unt of O2
is con su med in this re ac ti on and ATP is synthe si -
zed in the steps of the elec tron trans port cha in and
oxi da ti ve phosp hory la ti on. O2 is re du ced to H2O at
the end of the TCA cycle and the O2 con cen tra ti -
on dec re a ses. Thus, to xic pro ducts such as ROS and
pro ducts of FFA are cle a red from the cell.10

Sin ce LCAR has be en de mons tra ted to ha ve
an ti-oxi dant pro per ti es, the re is a pro ba bi lity that
LCAR wo uld pro tect aga inst the oxi da ti ve ef fects
of CP. The re fo re, in the pre sent study, we as ses sed
the pre ven ti ve ef fects of LCAR aga inst the CP-in -
du ced oxi da ti ve li ver and in tes ti nal tis su e in jury.

MA TE RI AL AND MET HODS

ANI MALS AND EX PE RI MENT PRO TO COL

The struc tu re of this study and ani mal ex pe ri men -
tal pro ce du res we re ap pro ved by the Et hi cal Com-
mit te e of Kah ra man ma raş Süt çü İmam Uni ver sity
Faculty of Medicine. Thirty-two Wis tar al bi no rats,
we ig hing 200-230 g, we re ob ta i ned from the 
Kah ra man ma raş Süt çü İmam Uni ver sity Faculty of
Medicine Ex pe ri men tal Re se arch Cen ter (Kah ra -
man ma raş, Tur key). They we re kept in sta in less
ste el ca ges in the ani mal ro om, which was ma in ta -
i ned on a 12-h-light / 12-h-dark cycle at 21–22°C.
The rats we re al lo wed fre e ac cess to fo od and wa -
ter ad li bi tum. 

CP, LCAR and sa li ne we re in jec ted in tra pe ri -
to ne ally (IP). Fol lo wing a sing le do se of CP (100
mg/kg), eit her sa li ne or LCAR (500 mg/kg) was ad-
mi nis te red IP for 5 days. Wis tar rats we re di vi ded
in to fo ur gro ups.

Gro up 1 (Con trol gro up; n= 8): Only sa li ne was
ad mi nis te red.  

Gro up 2 (CP gro up; n= 8): Sa li ne was gi ven fol-
lo wing the ad mi nis tra ti on of a sing le do se of CP
(100 mg/kg).

Gro up 3 (CP + LCAR gro up; n= 8): LCAR (500
mg/kg) was gi ven fol lo wing the ad mi nis tra ti on of
sing le do se CP (100 mg/kg).

Gro up 4 (LCAR gro up; n= 8): Only LCAR (500
mg/kg) was ad mi nis te red.
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On the sixth day, ani mals we re sac ri fi ced by
de ca pi ta ti on; li ver and ile um tis su es we re ex ci sed
and sto red at -80oC for la ter analy sis of MDA and
GSH le vels, and mye lo pe ro xi da se (MPO) and SOD
ac ti vi ti es. 

Li ver tis su e and ile um samp les we re ho mo ge -
ni zed with 10 vo lu mes of ice-cold 0.25 M suc ro se,
and we re cen tri fu ged at 14.000 rpm to me a su re the
bi oc he mi cal pa ra me ters in the re sul ting su per na -
tant.

ME A SU RE MENT OF GSH

GSH le vel was de ter mi ned ac cor ding to Be ut ler.11

The re ac ti on mix tu re con ta i ned su per na tant, phos-
p ha te buf fer and DTNB (5.5’-dit hi o bis 2-nit ro ben -
zo ic acid) in a fi nal vo lu me of 10 mL. A blank was
al so pre pa red by using pre ci pi ta ting re a gent and
dis til led wa ter ins te ad of su per na tant. The ab sor -
ban ces we re im me di a tely re ad in a spec trop ho to -
me ter at 412 nm be fo re and af ter ad di ti on of
DTNB. The va lu es we re de ter mi ned from the stan-
dard cur ve. GSH le vel was ex pres sed as µmol/mg
pro te in.

MPO AC TI VI TI ES

MPO ac ti vity was de ter mi ned by a mo di fi ca ti on of
the O-di a ni si di ne met hod.12 The as say mix tu re, in
a cu vet te of 1 cm path length, con ta i ned 0.3 mL 0.1
M phosp ha te buf fer (pH 6.0), 0.3 mL 0.01 M H202,
0.5 mL 0.02 M O-di a ni si di ne (freshly pre pa red) in
de i o ni zed wa ter and 10 mic ro li ters su per na tant in
a fi nal vo lu me of 3.0 mL. The su per na tant was ad -
ded last and the chan ge in ab sor ban ce at 460 nm
was fol lo wed for 10 min. All me a su re ments we re
car ri ed out in dup li ca te. One unit of MPO was de-
fi ned as that gi ving an in cre a se in ab sor ban ce of
0.001 per min and spe ci fic ac ti vity was gi ven as
U/mg pro te in.

MDA LE VEL

Li pid pe ro xi da ti on le vel in the su per na tant was ex-
pres sed by MDA. It was me a su red ac cor ding to the
pro ce du re of Oh ka wa et al.13 The re ac ti on mix tu re
con ta i ned 0.1 mL tis su e samp le, 0.2 mL of 8.1% so -
di um do decyl sulp ha te, 1.5 mL of 20% ace tic acid
and 1.5 mL of 0.8% aqu e o us so lu ti on of thi o bar bi -

tu ric acid. The mix tu re pH was ad jus ted to 3.5 and
the fi nal vo lu me was ad jus ted to 4.0 mL with dis-
til led wa ter; then 5.0 mL of n-bu ta nol and pyri di -
ne mix tu re (15:1,v/v) was ad ded. The mix tu re was
sha ken vi go ro usly. Af ter cen tri fu ga ti on at 4000
rpm for 10 min, the ab sor ban ce of the or ga nic la yer
was me a su red at 532 nm. MDA le vel was ex pres sed
as nmol/mg pro te in.

SOD AC TI VI TI ES

SOD ac ti vity was me a su red ac cor ding to the met -
hod des cri bed by Fri do vich.14 This met hod emp -
loys xant hi ne and xant hi ne oxi da se to ge ne ra te
su pe ro xi de ra di cals which re act with p-io do nit ro -
tet raz li um vi o let to form a red for ma zan dye which
was me a su red at 505 nm. As say me di um con sis ted
of 0.01 M phosp ha te buf fer, CAPS (3-cyclo he xi la -
mi no-1-pro pa ne sul fo ni ca cid) buf fer so lu ti on (50
mM CAPS, 0.94 mM ED TA, satd. Na OH) with pH
10.2, so lu ti on of subs tra te (0.05 Mm xant hi ne,
0.025 mM INT) and 80 UL xant hi ne oxi da se. SOD
ac ti vity was ex pres sed as U/mg pro te in.

The pro te in con cen tra ti on of tis su e samp les
was me a su red with a Spec tro nic-UV 120 spec trop -
ho to me ter by the met hod of Lowry et al.15

STA TIS TI CAL ANALY SIS

All da ta we re ex pres sed as me an ± SD. Gro ups of
da ta we re com pa red with an analy sis of va ri an ce
(ANO VA) fol lo wed by Tu key’s mul tip le com pa ri -
son tests (ex cept MPO). Sin ce the va ri an ce in MPO
ave ra ges was not equ al, Krus kal-Wal lis test was
used for in-gro up eva lu a ti on and Mann-Whit ney
U test was uti li zed in du al com pa ri sons. Va lu es of
p< 0.05 we re con si de red sig ni fi cant.

RE SULTS 
CP tre at ment dec re a sed the GSH le vels in li ver and
ile um tis su es sig ni fi cantly (p< 0.001) ac cor ding to
the con trols, whi le LCAR tre at ment fol lo wing CP
pre ven ted this re duc ti on in GSH le vels com pa red
to the CP gro up (p< 0.05) (Fi gu re 1A, B). 

The le vels of li ver and ile um MDA, as pro ducts
of li pid pe ro xi da ti on, we re in cre a sed af ter tre at ment
with CP to le vels that we re sig ni fi cantly hig her than
the le vels in the con trol ani mals (p< 0.001). On the
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ot her hand, LCAR ad mi nis tra ti on to the CP-tre a ted
rats sig ni fi cantly re du ced the MDA le vels com pa red
to the CP gro up (p< 0.05) (Fi gu re 2A, B). 

Tis su e MPO ac ti vity was me a su red as an in di -
rect evi den ce of ne ut rop hil in fil tra ti on. CP ad mi -
nis tra ti on sig ni fi cantly ele va ted the li ver and ile um
MPO ac ti vi ti es in com pa ri son to con trols. Supp le -
men ta ti on of LCAR on CP-tre a ted rats dec re a sed
the MPO ac ti vi ti es com pa red to the CP gro up (p<
0.001) (Fi gu re 3A, B).

Da ta in Tab le 1 de mons tra te that CP ad mi nis -
tra ti on sig ni fi cantly dec re a sed SOD ac ti vi ti es in the
rat li ver and ile um com pa red to con trols (p< 0.001).
The ad di ti on of LCAR to CP tre at ment in cre a sed
the SOD ac ti vi ti es in li ver tis su es com pa red to the
ac ti vity in the CP gro up (p< 0.05). Ho we ver, even
tho ugh SOD ac ti vi ti es we re ele va ted com pa red to
the CP gro up in ile um tis su es, the dif fe ren ce was
not sig ni fi cant. 

DIS CUS SI ON
Our study de mons tra ted that CP ad mi nis tra ti on ca -
u sed oxi da ti ve tis su e da ma ge, as as ses sed by in cre -
a sed li pid pe ro xi da ti on and dec re a sed GSH le vels
and SOD ac ti vi ti es in the li ver and ile um whi le
LCAR tre at ment pre ven ted the oxi da ti ve da ma ge.
In ad di ti on, CP-in du ced ele va ti on in tis su e MPO
ac ti vity was res to red by LCAR tre at ment.

Re cent ad van ces sho wed that oxy gen ra di cals
and hydro gen pe ro xi des we re lin ked with the de-
ve lop ment of se ve ral pat ho lo gi cal pro ces ses as so ci -
a ted with an ti-tu mor drugs. Cel lu lar mec ha nism of
to xi city is me di a ted by an in cre a se in fre e ra di cals
thro ugh in tra cel lu lar phosp ho ra mi de mus tard and
ac ro le in, the prin cip le alk yla ting me ta bo li tes. The
ma jor fac tor for the ra pe u tic and to xic ef fects of CP
is the re qu i re ment of me ta bo lic ac ti va ti on by he-
pa tic mic ro so mal cytoc hro me P450 mi xed func ti o -
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FI GU RE 1: Re du ced glu tat hi o ne (GSH) le vels in (A) li ver, and (B) ile um of
con trols, L-car ni ti ne (LCAR)-tre a ted, cyclop hosp ha mi de (CP)-tre a ted, and
CP + LCAR-tre a ted gro ups. *p< 0.001, com pa red with con trol; # p< 0.05,
com pa red with the CP gro up. Re sults are me an ± SD; n= 8.

FI GU RE 2: Ma lon di al dehy de (MDA) le vels in (A) li ver, and (B) ile um of con-
trols, L-car ni ti ne (LCAR)-tre a ted, cyclop hosp ha mi de (CP)-tre a ted, and CP +
LCAR-tre a ted gro ups. ∗p< 0.001, com pa red with con trol; & p< 0.05, #p<
0.001, com pa red with the CP gro up. Re sults are me an ± SD; n= 8.



nal oxi da se system.16 He pa tic dysfunc ti on was the
most com mon re gi men-re la ted to xi city re por ted in
pa ti ents tre a ted with CP.17 Re cent ex pe ri men tal
stu di es ha ve shown that CP in du ces the oxi da ti ve
da ma ge in li ver tis su e and va ri o us an ti o xi dants ha -
ve be ne fi ci al ef fects aga inst that da ma ge.4,18 On the

ot her hand, few stu di es ha ve shown be ne fi ci al 
ef fects of so me an ti o xi dants such as an drog rap his
pa ni cu la ta ex tract and vi ta mi ne E aga inst the oxi -
da ti ve da ma ge of CP on in tes ti nal tis su e.19,20 Ho w-
e ver, the an ti o xi dant ef fects of LCAR ha ve re cently
be en disc lo sed in many stu di es. Furt her mo re,
LCAR has be en shown to ha ve pro tec ti ve ef fects
on oxi da ti ve in jury in the in tes ti ne and li ver.21,22

In ad di ti on, LCAR has be en de mons tra ted to
ha ve an al le vi a ting ef fect on the oxi da ti ve in jury of
li ver ca u sed by va ri o us che mot he ra pe u tic agents in
many ex pe ri men tal stu di es.23,24 Mo re o ver, be ne fi -
ci al ef fects of L-CAR ha ve be en disc lo sed in an acu -
te li ver de fi ci ency mo del.25 Alt ho ugh the ef fects of
an ti o xi dant subs tan ces such as N-acetylc yste i ne
aga inst the to xic ef fects of CP we re de mons tra ted
in dif fe rent stu di es, the ef fects of L-CAR aga inst CP
to xi city ha ve not be en in ves ti ga ted suf fi ci ently.
Hen ce, this is the first study to exa mi ne the ef fects
of LCAR on CP-in du ced oxi da ti ve li ver and in tes -
ti nal in jury in rats.

Re cent evi den ce sug gests that re ac ti ve oxy gen
me ta bo li tes play a ba sic ro le in the he pa to to xi city
of va ri o us xe no bi o tics and me di ca ti ons.26-28 On the
ot her hand, it is in cre a singly ap pa rent that li pid hy-
dro pe ro xi de may play an im por tant ro le in me di a -
ting cel lu lar and mo le cu lar events in de ge ne ra ti ve
pat hoph ysi o lo gi cal pro ces ses that le ad to in tes ti nal
di sor ders.28 Va ri o us stu di es ha ve shown that li pid
pe ro xi da ti on pro ducts and con se qu ently in cre a sed
oxi da ti ve stress ha ve an im por tant ro le in the to xic
ef fect of CP on the li ver and the in tes ti ne.19,20,29 In
ad di ti on to the ir di rect da ma ging ef fects on tis su es,
fre e ra di cals se em to trig ger the ac cu mu la ti on of le -
u kocy tes in the tis su es in vol ved and thus ag gra va -
te tis su e in jury in di rectly thro ugh ac ti va ted
ne ut rop hils. Ac ti va ted ne ut rop hils lo ca ted in inf -
lam ma tory fo ci sec re ting MPO in to the ex tra cel lu -
lar spa ce we re shown to be ab le to con vert
hydro pe ro xi des in to fre e ra di cals, ini ti a ting li pid
pe ro xi da ti on.30 MPO is an enz yme fo und pre do mi -
nantly in ne ut rop hils and has be en used as an ef fec-
ti ve qu an ti ta ti ve in dex of inf lam ma ti on.31 In our
study, ele va ted MPO ac ti vity and MDA le vels in li -
ver and ile um tis su es may in di ca te that ne ut rop hil
ac cu mu la ti on and li pid pe ro xi da ti on con tri bu te to
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FI GU RE 3: Mye lo pe ro xi da se (MPO) le vels in (A) li ver, and (B) ile um of con-
trols, L-car ni ti ne (LCAR)-tre a ted, cyclop hosp ha mi de (CP)-tre a ted, and CP +
LCAR-tre a ted gro ups. ∗p< 0.001, com pa red with con trol; #p< 0.001, com pa -
red with the CP gro up. Re sults are me an ± SD; n= 8.

Groups Superoxide dismutase (U/mg protein)

Liver Ileum

Controls (n= 8) 8.71 ± 1.72 2.43 ± 0.55

CP (n= 8) 3.72 ± 1.57* 1.05 ± 0.30*

CP+LCAR (n= 8) 5.87 ± 1.34** 1.59 ± 0.39

LCAR (n= 8) 6.75 ± 1.35 2.26 ± 0.49

TABLE 1: Effect of LCAR and CP on SOD levels in the
liver and ileum tissues of rat.

Da ta are pre sen ted as me an ± SD. Su pe ro xi de dis mu ta se(SOD) le vels in li ver and ile -
um of con trols, L-car ni ti ne (LCAR)-tre a ted, cyclop hosp ha mi de (CP)-tre a ted, and CP +
LCAR-tre a ted gro ups. ∗p< 0.001, com pa red with con trol; **p< 0.05, com pa red with the
CP gro up.
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CP-in du ced oxi da ti ve li ver and in tes ti nal in jury.
Hen ce, the re sults al so sug gest that LCAR has a pre-
ven ti ve ef fect thro ugh the sup pres si on of ne ut rop -
hil in fil tra ti on and li pid pe ro xi da ti on. 

GSH with its sulfhydryl gro up func ti ons in the
ma in te nan ce of sulfhydryl gro ups of ot her mo le -
cu les as a ca talyst for di sul fi de exc han ge re ac ti ons
and in the de to xi fi ca ti on of fo re ign com po unds, hy-
dro gen pe ro xi de and fre e ra di cals. The pro tec ti ve
ro le of sulfhydryl com po unds was de mons tra ted in
the in tes ti ne and li ver.32 GSH plays an im por tant
ro le in the de to xi fi ca ti on of xe no bi o tics and va ri o -
us che mi cals. The dep le ti on of GSH by in tra cel lu -
larly re le a sed ac ro le in was sug ges ted as a ma jor
mec ha nism of cyto to xi city of CP.33,34 In ad di ti on,
GSH has be en re por ted to be an ef fec ti ve pro tec tor
aga inst cyclop hosp ha mi de-in du ced uro to xi city in
ex pe ri men tal mo dels.35 On the ot her hand, re ports
ha ve shown that glu tat hi o ne mo no ethyl es ter can
se lec ti vely pro tect the li ver from high-do se CP.36

An drog rap his pa ni cu la ta ex tract, which is an ati o -
xi dant, was re por ted to dec re a se the to xic ef fects of
CP on li ver and in tes ti ne vi a GSH.19 The pro tec ti ve
ro les of glu tat hi o ne and GSH-de pen dent enz ymes
aga inst no xi o us com po unds in the gas tro in tes ti nal
tract ha ve be en do cu men ted. In our study, CP ad-
mi nis tra ti on ca u sed sig ni fi cant dec re a ses in GSH
le vels in li ver and in tes ti nal tis su e, which was res -
to red by the an ti o xi dant LCAR. 

On the ot her hand, SOD be ars a vi tal sig ni fi -
can ce for pre ven ti on aga inst oxi da ti ve stress. Dec -
re a se and res to ra ti on of SOD ac ti vi ti es with
an ti o xi dants in li ver da ma ge ca u sed by cyspla ti ne
has be en do cu men ted by re cent stu di es.37,38 In our

re cent stu di es we ob ser ved that met hot re xa te had
oxi da ti ve ef fects on li ver and in tes ti ne, SOD 
ac ti vi ti es dec re a sed sig ni fi cantly and ef fects we re
res to ra ted by a strong an ti o xi dant, N-acetylc yste i -
ne.39,40 Be si des, Ha gu e et al sho wed sig ni fi cant de-
c re a se in SOD le vels du e to CP and res to ra ti on of
that dec re a se by Aqu e o us ex tract of wal nut.4 The
pre sent study in di ca ted a sig ni fi cant dec re a se in
SOD ac ti vi ti es by CP in the li ver and in tes ti nal tis-
su es and an in cre a se by LCAR tre at ment in both
tis su es; ho we ver, this in cre a se was sig ni fi cant only
in the li ver tis su e. No net he less, sig ni fi cant in cre a -
se in SOD ac ti vi ti es in the li ver tis su e was ma ni fes -
ted by LCAR tre at ment com pa red with the CP
gro up. The in suf fi ci ent in cre a se in SOD ac ti vi ti es
in in tes ti nal tis su e is tho ught to stem from its con-
sump ti on whi le de to xif ying the ex cess amo unt of
su pe ro xi de ani ons.

CONC LU SI ON
The re sults of the pre sent study de mons tra te that,
LCAR ame li o ra tes the dep le ti on of GSH and SOD
ac ti vi ti es and re du ces the ac ti vi ti es of MPO and le -
vels of MDA in rat li ver and in tes ti nal tis su es. The -
se ef fects ma ke it a po ten ti al proph ylac tic and
pre ven ti ve agent aga inst CP-in du ced oxi da ti ve
stress. In conc lu si on, the se da ta in di ca te that LCAR
may be of the ra pe u tic use in pre ven ting he pa to to -
xi city and in tes ti nal in jury in pa ti ents re ce i ving
che mot he ra pe u tic agents.
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