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ABSTRACT

The present study investigated the effects of Centaurium umbellatum
(CU) extract on liver oxidative stress in streptozotocin (STZ) induced
diabetic rats. Animals were divided into four groups of seven each: a
negative control which received saline solution; a positive control which
received 200 mg/kg bw of CU; STZ diabetic rats and diabetic rats co-
treated with CU (200 mg/kg bw). The activities of antioxidant enzymes
superoxide dismutase (SOD) and glutathione peroxidase (GPx) were
decreased, while those of catalase (CAT) and the levels of reduced
glutathione (GSH); malondialdehyde (MDA) and carbonyls (PCO) were
increased in liver of STZ diabetic rats as compared to those of contrals.
Moreover, there was an increase in the activities of liver biomarkerslike
alanineaminotransferase (ALT), aspartate aminotransferase (AST), lactate
dehydrogenase (LDH) and y-glutamiltransferase (y-GT). Daily treatment
with CU improved all the biochemical parameters cited above. All changes
were confirmed by liver histological pictures. The results indicated that
CU possessed antioxidant properties and might be used in the future as a
protective agent against hepatotoxicity induced by diabetes.
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INTRODUCTION

Oxidative stress playsamajor rolein the patho-
genesisof diabetesand itsassociated complicationg?.
Freeradicalsareformed disproportionately in diabetes
by glucose oxidation, non-enzymatic glycation of pro-
teins, and the subsequent oxidative degradation of
glycated proteins, aswell asof unsaturated fatsinplasma
and membrane proteing?. Themechanism of B-cell de-
struction involvesthesecretion of cytokines, principaly

tumor necrosisfactor (TNF)-o, interleukin (IL)-1, and
interferon (IFN)-y, as a result of the oxidative stress.
Diabetes provokes damagesin multipleorgansand in-
duces several complicationssuch as coronary artery
disease, rena and ophtha mol ogic diseasesthat canre-
sultinthedisability and mortdity for diabetic patients.
Liver disease asoneof diabetic complicationshasnot
beenwell addressed, but it can beactualy very signifi-
cant™, Increasing evidence suggests that among pa-
tientswith diabetes, thestandardized mortaity ratefrom
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end-stageliver disease(i.e,, cirrhogs) ishigher thanthat
for cardiovascul ar disease®.

Although, many drugsaremarketed for themanage-
ment of diabetes, their continuousintakemay causeharm-
ful sdeeffects. Therefore, many studieshave beenun-
dertakentoinvestigatethepotentia of natura medicine
plantsfor theeffectivetreatment of diabetes. Centaurii
herba (Centaurium umbellatum), belonging in
Gentianaceaefamily,isamedicina plant usedin numer-
ouscountriescombined with other plants. Asprdiminary
phytochemicd study, thismedicind plant (CU) hasbeen
reported to contain phenolicacids, natura drugs®. Studies
inexperimental anima shaveshownthat plant mixture
extract contai ning Centauriumumbel latumand other
plants like Vaccinium myrtillus L. and Taraxacum
officinale Web. haveavariety of pharmacologica func-
tionsincluding antihyperglycemic, freeradicd scaveng-
ing and antioxidant activities™9. We have recently re-
ported that leaf extracts of Centaurium umbellatum
attenuated nephrotoxicity induced by streptozotocinin
adult ratd™®. While, the protective effects of C.
umbellatum on free radi cal s and antioxidant enzyme
activitiesagaing oxidativedressinducingliver damagein
streptozotocin-induced digbetic rats, has never been ex-
amined. Thus, toachievethisgod, thecurrent investiga
tion was carried out in order to study the possible
hepatoprotectiveeffectsof Centauriumumbe latumlesf
extractsin streptozotocin-induced digbetic rets.

MATERIALSAND METHODS

Plantssour ceand extractspreparation

Maturewhol e plantswerecollected in North Tuni-
siabetween May and June (2009). According to the
floraof Tunisia, they wereidentified as Centaurium
umbellatum by Professor EmeritusAbdelhamid Nabli,
botanist a the Faculty of Sciences, University of Tunis
El Manar. A voucher specimen was deposited at the
Faculty of Pharmacy (Monastir, Tunisia). Leaves of
Centauriumumbe latumwerewashed quickly in run-
ning water, dried in an oven at 40°C and then finely
powdered inaWilley mill. The powder was extracted
with distilled water (50 g powder/500 ml water) by
boiling under reflux for 20 min. Thedecoction obtained
was centrifuged, filtered, frozen at -20 °C and then
lyophilised (Free Zone® Dry 4.5, USA) to yield ap-
proximately 10% (w/w) of thetansy extract, and was
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stored at -20 °C until used.
Animals

The experimental protocol was approved by the
Loca Anima Care Committeeat Sfax University. All
the experimental procedureswere carried out in ac-
cordancewithinternationd guiddinesfor Careand use
of laboratory animal Y.

Adult maeWistar ratswei ghing between 230 and
250 g were obtained from the Centra Pharmacy
(SIPHAT, Tunis, Tunisia). Theanimal swerehoused at
22+ 3°C, 45-75% humidity, 12 h light—dark cycle,
and kept to acclimatefor 1 week before the onset of
experiments. They werefed commercia standard pel-
let diet (SICO, Sfax, Tunisia) and provided withwater
ad libitum.

Experimental diabetesinduction

Theexperimenta animasweremadediabeticwith
anintrgperitoned injection of streptozotocin (STZ) at a
doseof 65 mg/kg bw diluted immediately beforeinjec-
tion in citrate buffer (0.1 M, pH 4.5). Diabetes was
contrmed in the overnight-fasted rats by measuring
blood glucose concentration 72 h after injection with
STZ. The rats with blood glucose above 250 mg/dl
were cons dered to be diabetic and they were used for
the experiments. Treatment with plant extract was
started onthethird day after STZ injection and contin-
ued for 30 days.

Animalstreatment

Theanimasweredividedintofour groupsof seven
each. They weretreated asfollows. Group 1. (C) nega
tivecontrol ratsreceived vehicleonly; group 2: (STZ)
diabeticratsreceived STZ inasingledose (65 mg/kg
bw, intraperitoneal way); group 3: (STZ + CE) CE-
treated diabetic ratsreceived by intraperitoneal way
200 mg/kg bw of CE extract; group 4: (C + CE) CE-
treated rats, received only CE extract (200 mg/kg bw,
intraperitoned way).

At theend of the experiment, overnight fasted rats
were sacriticed by cervical decapitation to avoid ani-
mal stressand blood was collected without heparin.
Serum sampleswere obtained after centrifugation at
2200 x g for 15 min. Liver tissue was excised immedi-
ately from the rats. Median portions were drawn,
wei ghed and homogeni zed with phosphate buffer (0.1
M, pH 7.4), centrifuged at 3000 x g and the superna-
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tantswerecollected. Biochemicd estimationswerecar-
ried out inthe homogenates.

Biochemical assays
Estimation of AST,ALT, LDH and y-GT activities

Aspartate aminotransferase (AST), alanineami-
notransferase (ALT), lactatedehydrogenase (LDH), y-
glutamyltransferase (y-GT) activitiesin serum, used as
biochemical markers of hepatic damages, were esti-
meated spectrophotometricaly usng commercid reagent
kits (refs. 20043; 20047; 20012; 20022 respectively.
Biomaghreb Diagnostic, Ariana. Tunisia).

Assay of lipid peroxidation

Lipid peroxidationintheliver tissuewasestimated
colorimetrically by measuring thiobarbituric acid reac-
tive substances (TBARS) which were expressed in
termsof mal ondial dehyde content according to Draper
and Hadley method™*?. Briefly, aliquots of liver
homogenates were mixed with 0.5 ml of 30% TCA
and centrifuged at 4000 x g for 10 min.1 ml of
thiobarbituric acid reagent (TBA, 0.67%) was added
to 1 ml of supernatant and heated at 95°C for 15 min.
The mixture was then cooled and was measured for
absorbance at 532 nm. The MDA valueswere calcu-
lated using 1,1,3,3-tetraethoxypropane asthe standard
and expressed asnmol of MDA/g of tissue.

Assay of protein carbonyl

Protein oxidation wasdetermined based onthere-
action of the carbonyl groups with 2,4-
dinitrophenylhydrazine (DNPH) to form 2,4-
dinitrophenylhydrazone, as described by Reznick and
Packer*3, Sampleswereread at 370 nm and carbonyl
content was cal cul ated using the molar absorption co-
efficient for aiphatic hydrazones (22.000 M-t cm) and
expressed asnmol carbonyl/mg protein.

M easur ement of reduced glutathione (GSH)

Hepatic GSH content was determined by Ellman’s
method*4, modified by Jollow et al.* based on the
devel opment of ayellow colour when DTNB isadded
to compounds contai ning sulfhydryl groups. Briefly, 3
ml of sulfosalicylic acid (4%) were added to 500 pl of
homogenate tissuesfor deproteinisation. Themixture
was centrifuged a 2500 x g for 15min. Then Ellman’s
reagent was added to 500 pl of supernatant. The ab-
sorbancewasmeasured at 412 nm after 10 min. Total
GSH content was expressed asmg/qg of tissue.

Assay of antioxidant enzymes

The catalase (CAT) activity was determined ac-
cording to the Aebi method!*®.. Therate of H,O, de-
compositionwasfollowed by monitoring absorption at
240 nm. One unit of CAT activity is defined as the
amount of enzymesrequired to decompose 1 umol of
hydrogen peroxidein 1 min. Theenzyme activity was
expressed as pmol H,O, consumed/min/mg protein.

Superoxidedismutase(SOD) activity wasestimated
according to the method of Beauchamp and
Fridovich™. Thedevel oped blue colour inthereaction
was measured at 560 nm. Units of SOD activity were
expressed asthe amount of enzymerequiredtoinhibit
thereduction of NBT by 50% and the activity wasex-
pressed asU/mg protein.

Glutathione peroxidase (GPx) activity was mea-
sured according to the method of Floheand Gunzl erl8l,
The enzyme activity was expressed asnmol of GSH
oxidized/min/mg protein.

Protein analysisin liver

Protein concentrationswere measured using the
method of Lowry et al.*9. Briefly, 200 ul of reaction
mixture (NaCO, 2%, Tartrate double of Naand K 2%
and CuSO, 1%) were added to 200 pl of liver homo-
genate. The mixturewastreated with 200 ul of Folin-
phenol reagent diluted to 1/2 and thenincubated inthe
dark for 30 min. The absorbance wasmeasured at 500
nm. Bovine serum albumin was used asastandard.

Histopathological studiesin theliver

After fixationin 10% of formalin solution, liver por-
tionswere dehydrated in an ascending graded series of
ethanol, cleared in toluene and embedded in paraffin.
Sections of 5-6 pm thickness were made by using a
rotary microtomeand stained with hematoxylinand eosin
(H&E) for microscopic observations. Six dideswere
prepared from eachliver. For degreeof liver injury evalu-
ation, dideswere examined and scored for severity of
changes using scoreson ascale of none (), mild (+),
moderate (++) and severe (+++).

Satistical analysis

The datawere andyzed using the statistical pack-
age program Stat view 5 Softwarefor Windows (SAS
Institute, Berkley, CA). Statistical analysiswas per-
formed using one-way analysis of variance (ANOVA)
followed by Fisher’s protected least signiticant differ-
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ence (PLSD) test as a post hoc test for comparison
between groups[(STZ, STZ + CU, C+ CU) vs. (C)]
and[STZ + CU] vs.[STZ].All valueswere expressed
asmeans= S.E. Differences were considered signiticant
if p<0.05.

RESULTS

Hepaticbiomarkers

Intraperitoneal administration of STZ to experi-
mental rats caused liver injuries. In fact, specific
biomarkers of liver damages such asaspartate tran-
saminase (AST), daninetransaminase (ALT), lactate
dehydrogenase (LDH) and y-glutamiltransferase (y-
GT) weresignificantly increased, respectively by 57,
71, 64 and 82% in diabetic rats when compared to
controls. Administration of CU extracts countered the
significant riseinthe activities of the parameterscited
above. Treatment with CU extracts alone did not
changeLDH, y-GT,AST andALT activitiescompared
tocontrols(TABLE 1).

TABLE 1: Serum activitiesof AST,ALT, LDH and y-GT of
adult rats(controlsand experimental groups).

Grouns Control Diabetes Diabetes+ CU  Control + CU
p © (STZ) (STZ + CU) (C+CU)

AST®  84.87+7.40 19720+20.76 12568+1020" " 77.00 £ 19.82

ALT® 110.83+18.17 382.80+32.48 " 251.06+23.83" "+ 112.75+7.04

LDH® 13828+8.26 386.74+24.67  138.62+17.91™" 139.63+15.30

y-GTY  912+122 51.04+194" 7.43+0.76™ 9.32+1.10

Data areexpressed asmean + S.E. (n=7); Treated groups (STZ);
(STZ + CU); (C + CU) vscontrol group (C): ""p <0.001. (STZ
+CU) group vs(STZ) group: *p < 0.01; **p < 0.001; 2><d: (U/1).

Liver oxidativedamageand antioxidant status

Liver malondialdenyde(MDA) and protein carbo-
nyl (PCO) levels

Intheliver homogenate of diabeticrats, MDA and
PCO leve sincreased 5-fold compared to those of con-
trol group. Administration of CU extractsto diabetic
group decreased MDA and PCO contentsintheliver
when compared to diabetic rats. In positive controls
(control group treated with CU), liver MDA and PCO
contentswerenaot sgnificantly changed, when compared
to negative controls(TABLE 2).

Liver glutathione(GSH) levels

A sgnificantincreaseof GSH levesinliver (+28%)
wasevident in diabetic rats. Administration of CU ex-
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tractsreduced GSH levelsreaching control vauesin
(STZ + CU) group when compared to diabetic group
(TABLE?2).

Enzymaticantioxidant statusin liver

TABLE 2 depicted the activitiesof enzymatic anti-
oxidantssuchasSOD, CAT and GPx intheliver of the
control and experimental groups. Compared to con-
trols, SOD and GPx activitiessignificantly decreased
by 26 and 54%, respectively in diabeticrats, while CAT
activity increased by 11%. Treatment of diabetic rats
with CU extractsimproved significantly theantioxidant
enzyme activities compared to those of diabeticrats,
without reaching control values. CU extract, adminis-
tered alonetorats during 30 days, did not change anti-
oxidant enzymeactivities.

TABLE2: MDA, PCO, GSH levelsand antioxidant enzymes
activities(SOD, CAT, GPx) intheliver tissueof adult rats
(controlsand experimental groups)

Grouns Control Diabetes Diabetes+ CU Control + CU
p (©) (STZ) (STZ + CU) (C +CU)
MDA?® 3256+ 1.65 16204+9.25  8877+3.02° "™ 36.92+0.94
PCO’ 261+0.01 13.05+007 489+003" " 271+0.02
GSH®  82.38+1.58 11532+2.59 86.57+090™"  82.21+599
soD!  117.59+9.94 86.17+3.97" 91.16+4.63"" 11883 +8.38
CAT®  5663+245 64.15+744"  60.87+7.60°  56.70+6.40
GPX' 460+026 211+0.197  355+0.71"7 4.40+0.76

Dataareexpressed asmean + S.E. (n=7); Treated groups (STZ);
(STZ + CU); (C + CU) vscontrol group (C): "p <0.05; " p <
0.01;""p<0.001; (STZ + CU) group vs(STZ) group: *p <0.05;
*p<0.01; **p<0.001; 2 : (nmol/g tissue); °: (nmol /mg protein);
¢ (mg /g tissue); ¢: (U/mg protein); & (umol H,O, /min/mg
protein); . (nmol GSH/min/mg protein).

Histological studies

Thehigologicd examinaion of liver sectionsstained
with Hematoxylin and Eosine showed anormal archi-
tecture of hepatocytesin control group (Figure 1,A).
CU extract did not show any remarkableeffectsinthe
group treated with CU a one compared with the con-
trol group (Figurel, B). Liver sectionsof STZ-induced
diabetic group showed aterations on hepatocel lular
architecture, evidenced by small foci of hepatocytes
necrosis(Figure 1, C1 and C2) and numerousdilated
snusoidd spaces(Figurel, C3). Thesedterationswere
partialy improvedintheliver sectionsof theSTZ dia-
betic rats co-treated with CU extract for thirty days
(Figure 1, D). Grading scores were summarized in
TABLE 3toevauaethehistologica changesafter CU
extract treatment.



140 Corrective effects of centaurium umbellatum against diabetes

RRBS, 7(4) 2013

Regular Paper =

Fig-1

Histological observation on liver sections from S$TZ-induced Ever damage rats with or without CU exiract
treatment. {(A) Control group. (B) CU freated conirol group. {C1, C2, C3) STZ diabefic group. (D) CU treated
diabefic group. Optic microscopy; hematoxylin—eosin siain; magnification A, B, C, C1, C3, D: {200x) and C2:

(400x).

- Sinusoidal diatation spaces; = : small foci of necrosis.

TABLE 3: Scores of the histological changesin theliver
sections.

Control Diabetes Diabetes+ CU Control + CU
Groups

(©) (STZ) (STZ+CU) (Control +CU)
Sinusoidal dilatation - +++ ++ _
Necrosis - +++ + _

Scoring was categorized as none (*), mild (+), moderate (++)
and severe (+++).

DISCUSSION

Theonset and progression of diabetesresulted from
the chronic accumulation of freeradica sin the pancre-
atic B-cdlg?. Antioxidant compounds present in natu-
ral sourcescould scavengefreeradicals, when supple-
mented inthediet of diabetes?!.

For the assessment of liver injury, serum concen-
trationsof themost commonly used biochemica mark-
ers, AST,ALT and LDH weredetermined®. Injury to
thehepatocytesin STZ-induced digbetic ratsdtersmem-
brane permesbility and affectstheir transport, leading
toleakage of enzymesfromthecd|s?® . Therefore, the
marked releaseof AST, ALT and LDH fromliver cyto-
sol into circulation and an increase of y-GT, a mem-
brane enzyme, found by previous study?? indi cate se-
vere damagesto hepatic tissue membranesin type 2
diabetes. Our results corroborated this study.
Centauriumumbellatumlesf extracts, when adminis-
tered to STZ diabetic rats, were ableto preservethe
structural integrity of the hepatocellular membrane, as
can beseenfrom theevident reductionintheactivity of
theseenzymes, dueprobably to therichnessof thisplant
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inphenolic acidscons dered as antioxidant compounds,
asprevioudly reported by Hatjimanoli and Debelmag®.
Our resultswerein agreement with thosefound by other
researcherswho have demonstrated that resveratrol
and quercetin? could conservethe membraneinteg-
rity of cellular organellesinthediabetic state.

During oxidativesress, auto-oxidation and thepres-
encein excess of hydroxyl radicalslead to carbohy-
drate damages. Theinjury waswell evidenced by the
production of malondia dehyde (MDA) and reactive
carbonyl compounds (PCO)?", Lipid peroxidationis
frequently used asan index of tissue oxidative stress,
where oxygeninteractswith polyunsaturated fatty ac-
idsleadingtotheformation of lipid productslike MDA
and 4-HNE, and increase generation of freeradicals,
causing damage of membrane components, cell necro-
sisand inflammationt?®. | ncreased generation of free
radicals can also lead to theformation of protein—pro-
tein crosslinkages, oxidation of protein backbonesre-
sulting in protein fragmentation, and modification of
amino acid side chains, which including oxidation of
sulphydryl moietiesand formation of PCO. Inthe present
study, we observed the enhanced formation of MDA
and PCOinliver of STZ diabeticrats. C. umbellatum
leaf extractstreatment potentially abrogated hepatic
MDA and PCO concentrationsby its antioxi-
dant capacity. Thenormdization of these param-
etersmight be accomplished by the bi oactive constitu-
entsof C. umbellatum, which protected the cellsfrom
injuriesasreported by Amat et al .1,

Another important aspect to be discussed in our
study wasglutathione (GSH), which wasthe essentia
compoundinmaintaining cell integrity against freeradi-
ca g%, A significant increasein hepatic GSH leve s of
STZ digbeticratswasobtained in our study. Thiscould
beapart of acompensatory mechanism against oxida
tivestress. Theincreasein hepatic GSH levelsindia-
betic rats was normalized by treatment with C.
umbellatum|eaf extracts. Similar resultswerereported
by previous studiesin diabetic rats treated by oil of
Eruca sativa seedg®V.

In addition, to avoid oxidative stress, antioxidant
enzymesfunction asfreeradica scavengersandinthe
repair of freeradicals causing biologica damage. CAT
and SOD arethetwo mgor enzymeswhichremoveROS
invivo. SOD catalyzesthe dismutation of superoxide
anion (O, ) into hydrogen peroxide (H,0,). Thenitis
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degradedtoH,O, by CAT or by GPx. A decreaseinthe
activity of these antioxidants may lead to an excess of
availability of O, and H,0,, generating hydroxyl radi-
cas, whichresultininitiation and propagation of lipid
peroxidation®. Inlinewiththis, weobserved adecrease
intheactivities of antioxidantsenzymeslike SOD and
GPxinliver of digbeticrats. Thismay beduetotheinac-
tivation caused by the excess of freeradicasand/or by
non-enzymetic glycation dueto the persistent hypergly-
cemia, which hasbeen extensively reported to occur in
diabetes®. Ontheother hand, our study demonstrated
that CAT activity increased indiabetic rats. The excess
of antioxidant enzymes activities has been reported by
Tiedgeet al .*4 asan adaptiveresponseto protect cdlls
againg thetoxicity of freeradicds. Therefore, theoccur-
renceof uncoordinated activitiesof theseantioxidant en-
zymesindiabetesmight imply that thedigbeticratswere
not protected againgt oxidative stress. C. umbellatum
leaf extract prevented the reductionin SOD and GPx
activitiesinliver of STZ-induced digbeticrats, indicating
apossibleroleof thephenolic acids presentin CU ex-
tract infreeradical inactivation and in the antioxidant
defense. Theseresultsare cons stent with areduction of
oxidative stress found in other studies, where the
resveratrol treetment grestly ameliorated antioxidant en-
zymeactivitiesand prevented theriseof lipid peroxides
intissueand blood cdllsof diabeticanima g%,

In the present study, the histopathol ogical exami-
nation displayed small foci of necrosisin hepatocytes
of diabeticrats, aswell asdilated sinusoidal spaces.
Thiscould beexpla ned by theincreased production of
highly reectiveintermediatesof STZ asreported by Blum
and Fridovicht®. The pathol ogical changeswere par-
tially reduced in diabetic rats treated with C.
umbellatumlesf extract. Thus, inadditiontotheblood
olucose-lowering effect, histopathol ogica observations
al so supported the notion that CU produced asignifi-
cant increase of antioxidant enzymesand partialy pro-
tected the hepatictissues of digbeticrats.

Inconclusion, thefindings of thepresent study dem-
onstrated that Centaurium umbellatum treatment
might provideeffectiveprotection againg oxideativedam-
ageinliver of STZ-induced didbetic rats, Sncethisplant
wasableto ameliorate enzymatic and non-enzymeatic
antioxidant defense system and to prevent thelipid
peroxidation inthistissue. Moreover, itisimportant to
point out that thisisthefirst study to investigatethe
effectsof CU in streptozotocininduced liver damage
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demonstrating theimportant role of phenolic acidsas
the potent anti oxidant compounds. Teken together, these
resultsmight contributeto abetter understanding of the
hepatoprotectiveroleof Centauriumumbellatumand
other medicind plantsadministered inthediet for hu-
man hedlth, possibly preventing hepatic complications
associated with Diabetes mellitus.
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