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ABSTRACT

Hyperglycemia-mediated oxidative stress plays a crucial role in the pro-
gression of diabetic nephropathy. Hence, the objective of the present
study wasto explore the renoprotective effect of Centauriumumbellatum
(CU) by assessing renal functions, markers of oxidative stress and antioxi-
dant status in streptozotocin (ST Z)-induced diabetic rats. Administration
of CU to diabetic rats showed asignificant normalization of urea, uric acid,
creatinine, blood ureanitrogen (BUN) levelsand creatinine/BUN ratio in
comparison with diabeticrats. Theelevated levelsof renal lipid peroxidation
(MDA) and protein carbonyls (PCO) in diabetic rats were also reversed
without reaching normal values. Furthermore, CU treatment revealed a
significant improvement in catalase (CAT), superoxide dismutase (SOD)
and glutathi one peroxidase (GPx) with asignificant declinein glutathione
(GSH) and ascorbic acid (Vit C) levelsin kidneys of diabetic rats. Histo-
logical studies confirmed that CU effectively protected the kidneys against
hyperglycemia-mediated oxidative damage. These findings demonstrated
the renoprotective effectsof CU by attenuating markers of oxidative stress
in renal tissues of diabetic rats. © 2013 Trade SciencelInc. - INDIA
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Vascular complicationsof diabetes melitus (neph-
ropathy, retinopathy, and neuropathy) arelikely to be
mediated by the associated hyperglycemiainduced in-
tense oxidative stress, leading to increased protein
glycation and subsequent production of freeradicals
and reactiveoxygen specied¥. Rend impa rmentiscom-
monly associated with diabetes. The most common
long-term complicationin these patientsisdiabetic neph-
ropathy (DN) accounting for nearly 44% of new cases

at the end stage of renal diseasé?. However, in the
early course of diabetes, the presence of hyperglyce-
mia, norma urinary protein excretion, rena hypertro-
phy and glomerular lesions often indicatesthe begin-
ning of occurring DN. Infact, according to Mauer et
al.l¥l, these changes are characteristics of both stages
oneandtwo of DN progression. Although thesedistur-
bances might be self limiting and tendto improvein
responseto glycemic control with oral hypoglycemic
agents(OHA), acomplete normaization doesnot usu-
aly occur. In addition, OHA are associated with seri-
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ous sideeffectslike hypoglycemic coma, hematol ogi-
cal and hepato-renal perturbations”. Compared to
modern all opathic medicines, herba preparationsare
cons dered to be more cost effective and safe, with no
untoward sideeffects®. Thisunique characteristic con-
tributed to theworld wideinterest in herbal medicines
asandterndivetherapy tocommercialy available syn-
thetic drugs. Hence, the continuousresearch on herba
formulation with strong antidiabetic and antioxidative
propertiesisin progressto curtail these early changes,
and possibly preventsrend failure.

Centaurii herba (Centauriumumbellatum), be-
longingin Gentianaceaefamily, isamedicind plant used
in numerous countries combined with other plantg®.
Studiesin experimenta animalshave shown that plant
mixture extract contai ning Centauriumumbellatum
and other plantslike VacciniummyrtillusL. and Tarax-
acumofficinale Web. haveavariety of pharmacol ogi-
cal functionssuch as. antihyperglycemic, freeradical
scavenging and antioxidant activities™ . Phytochemi-
cal studiesonthisplant reveal ed the presence of phe-
nolic acidg®.

To our knowledge, no studieswerecarried out on
protective effects of Centaurium umbellatum (CU)
inearly diabetic nephropathy. Therefore, inthecurrent
study, attempts have been madeto rationalize the sci-
entificvaidity for theeffectivenessof CU extractinthe
management of rend abnormalitiesusing streptozotocin
(STZ)-induced diabeticmodd inrats. Our resultscould
serve asastep towardsthe devel opment of an effec-
tive herbal therapy for the management of diabetes-
induced rend impairments.

MATERIALSAND METHODS

Chemicals

STZ was purchased from Sigma Chemicals Co.
(St. Louis,MO, USA); dl other chemicasof andytica
gradewere purchased from standard commercia sup-
pliers.
Plant material

Centaurium umbellatum (CU) plants (family:
Gentianaceae) were collected from North Tunisiadur-
ing May and June (2009). Botanicd identificationwas
carried out by Emeritus Professor Abdelhamid Nabli,
botanist at the Faculty of Science, University of Tunis
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El Manar, according to thefloraof Tunisia. Voucher
specimen of C. umbellatumwas deposited at the Fac-
ulty of Pharmacy (Monastir, Tunisia).

Prepar ation of Centaurium leaf extracts

Leavesof Centauriumumbellatumwere washed
quickly inrunning water, driedinan ovenat 40°C and
thenfinely powderedinaWilley mill. The powder was
extracted with distilled water (50 g powder/500 ml
water) by boiling under reflux for 20 min. The decoc-
tion obtained was centrifuged, filtered, frozen at -20°C
and then lyophilised (Free Zone® Dry 4.5, USA) to
yield approximately 10% (w/w) of thetansy extract,
and was stored at -20 °C until used.

Animals

Inthe present study adult maleratsof Wistar strain
weighing 230-250 g, purchased from the Central Phar-
macy (SIPHAT, Tunis, Tunisia), wereused. They were
housed in an air-conditioned room at 22+ 3°C with a
lighting scheduleof 12 hlight and 12 h dark. A standard
pellet diet (SICO, Sfax. Tunisia) and tap water were
supplied ad libitum. Theanimalsweremaintained in
accordancewith theinternational guidelinesfor Care
and use of |aboratory animal g and approved by the
Locd Anima Care Committeeat Sfax University.

Experimental design

Freshly prepared STZ (dissolvedin citrate buffer
of pH 4.5) at adose of 65 mg/kg was administered
intraperitonedly to adult rats. Threedaysafter STZ ad-
ministration, thefasting blood glucoselevel was mea
sured and ratswith persistent hyperglycemiaover 250
mg/dl were considered as diabetics and selected for
experimentation. Theexperimenta anima sweredivided
into four groupsof seven ratseach and detailed asfol-
lows. Group 1 (C) served ascontrol rats; group 2 (C +
CU) served as control ratsdaily administered with CU
extract (200 mg/kg bw) intraperitonealy for 30 days;
group 3 (STZ) served as streptozotocin-induced dia-
beticrats; group 4 (STZ + CU) served asdiabetic rats
administered daily with CU extract (200 mg/kg bw) by
intraperitoneal way for 30 days.

24 hours before sacrifice, each rat wasplaced in
metabolic cageto collect 24-h urinevolume. After mea:
suring urine volumes, samples were centrifuged at
5000xg for 5 min in order to eliminate waste drop-
pings. The supernatants were collected and stored at



60 Centaurium umbellatum attenuates nephrotoxicity induced by streptozotocin in adult rats

RRBS, 7(2) 2013

Reguler Peper e

-20°C until their use. Urinary proteins were assessed
by Labstix Reagent Strips (ref. Bayer 2810A). This
test was based on the color change of the indicator
tetrabromophenol blue. A positivereaction wasindi-
cated by acolor changefrom yellow through green and
then to greenish-blue. Proteinuriawas anaysed quali-
tatively. Itsamount was estimated asfollow: negative,
trace, 30, 100, 300 and 2000 mg/dI.

At theend of the treatment period, theratswere
fasted overnight and killed by cervical decapitation to
avoid animal stress. The blood was collected without
anticoagulant for serum separation. Kidneysfrom con-
trol and experimental groups of ratswere excised and
cleaned. Somekidneyswererinsed withice-cold sa-
line, homogenized in 10% (w/v) of phosphate buffer
(0.1 M, pH 7.4) and centrifuged at 10.000 x g for 10
minat 4°C. The supernatants were collected and stored
at - 80°C until analysis. Other samples were immedi-
adyfixedin10%formdin solutionfor histologica stud-
ies.

Biochemical analysis
(a) Estimation of renal biomarkers

Serum urea, uric acid and creatininelevelswere
estimated using commercidly availablediagnogtickits
(Biomagreb, Tunisia, ref: 20143, 20091 and 20151,
respectively). Blood UreaNitrogen (BUN) was cal cu-
lated usingthefollowing equation: [urea(mg/dl)] / 2.14.

(b) Estimation of renal oxidativestressand anti-
oxidant parameters

Theclear supernatant of renal tissuewas used for
assaysof lipid peroxidation (MDA content), protein
carbonyls (PCO) and endogenousanti oxidant enzymes
likereduced glutathione (GSH), superoxide dismutase
(SOD), catalase (CAT), and glutathione peroxidase
(GPX).

(A) Lipid peroxidation (MDA) level

Lipid peroxidation was estimated colorimetrically
by measuring thiobarbituric acid reactive substances
(TBARS) inkidney tissues by the method of Draper
and Hadley!™2. 0.5 ml of tissuehomogenatewastreated
with 1 ml of TCA reagent (30%) and centrifuged at
4000 x gfor 20 min. 1 ml of 0.67% thiobarbituric acid
(TBA) and 0.5 ml of clear supernatant were placedin
water bath at 90°C for 15 min and cooled. The absor-
bance of sampleswas measured against blank at 532

nm. Valueswere expressed asnmol/g of tissue.
(B) Protein carbonyl (PCO) level

Thismethod depends on the formation of a Schiff
base from thereaction of dinitrophenylhydrazinewith
protein carbonylstoform protein hydrazoneswhichwas
measured spectrophotometrically, as described by
Reznick and Packer*3., Briefly, after precipitation of
protein with 0.5 ml of 20% trichloroacetic acid, the
pellet was resuspended in 10 mM DNPH in2 N HCI.
Next, after the washing procedure with 1:1 ethanol-
ethylacetate, thefina paettewasdissolvedin6 M guani-
dine. Thecarbonyl group was determined fromtheab-
sorbanceat 370 nm. The carbonyl content was cal cu-
lated intermsof nmol/mg of protein.

(C) Reduced glutathione (GSH) level

TheGSH level inthekidney was estimated using
the method described by Ellman*¥ modified by Jollow
et al.!*¥, Briefly, therenal homogenate wasmixed with
4% w/v sulfosalicylicacidinratio of 1:1 and centri-
fuged at 4 °C for 10 min at 3500 x g. 0.2 ml of the
obtained supernatant was mixed with 1 ml of 0.1 M
potassium phosphate buffer (pH 7.4) and 0.4 ml of
10 mM freshly prepared DTNB [5, 52 -dithiobis (2-
nitrobenzoic acid)]. Thereaction mixturewasincubated
for 10 min and absorbance of yellow colored complex
was noted spectrophotometrically at 412 nm. There-
sultswere expressed asug/g of tissue.

(D) Ascorbicacid (Vit C) level

Ascorbicacid (Vit C) determination wasperformed
asdescribed by Jacques-Silvaet al .19, Proteinin kid-
ney homogenateextract was precipitated in 10 volumes
of acold 4% trichloroacetic acid solution. An diquot of
supernatant (300 ul) was adjusted with H,Otoafinal
volumeof 1 ml and incubated at 38 °C for 3 h, then
1 ml of H,SO, 65% (v/v) was added to the medium.
Thereaction product was determined using color re-
agent containing 4.5 mg/ml dinitrophenyl hydrazineand
CuSQ, (0.075 mg/ml). The data were expressed as
umol ascorbic acid/g of tissue.

(E) Catalase (CAT) activity

Theactivity of CAT wasdetermined by themethod
of Aebi™. Thereaction mixture contained 20 ul of
kidney homogenate, 1.880 ml of phosphate buffer
(0.1 M, pH 7.5) and 0.1 ml of 0.5M hydrogen perox-
ide (H,O,). Changesin absorbance wererecorded at
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240 nm. CAT activity was expressed asuM of H,O,
consumed/min/mg of protein.
(F) Superoxidedismutase (SOD) activity

SOD was assayed by the method of Beauchamp
and Fridovichi*®, Briefly 0.05ml of kidney homoge-
nate was diluted with 1.8422 ml of potassium phos-
phate buffer (pH 7.4). Theactivity of theenzymeinthe
supernatant was determined by adding 1 ml of
Na,EDTA-Methionine, 85.2 il of NBT (2.64 mM) and
22.6 ul of Riboflavine (0.26 mM) to 50 ul of superna-
tantinatotal volumeof 3 ml. After incubation at ambi-
ent temperaturefor 20 minunder light, theintensity of
the col our wasmeasured at 580 nm against blank. One
unit of enzymeactivity isdefined astheenzyme quantity
which gives50%inhibition of NBT reduction under the
assay conditionsand expressed as specific activity in
units/mg of protein.
(G) Glutathioneper oxidase (GPX) activity

Theactivity of GPx was measured by the method
described by Flohe and Gunzler!*9. Briefly, the reac-
tion mixture contained 0.1 ml phosphate buffer (0.1 M,
pH 7.4), 0.2 ml of tissue homogenized in phosphate
buffer (0.1 M, pH 7.4), 0.2 ml glutathione (4 mM) and
0.5ml H,0, (5 mM). Thecontentswereincubated for
10 minat 37 °C, 1 ml 5% TCA was then added to
precipitate proteins and centrifuged at 3200 x g for
20 min. The supernatant was assayed for glutathione
content usng DTNB (5,52 -dithi obi snitrobenzoic acid)
reagent (10 mM). Theactivity wasexpressed as umol
of GSH consumed/min/mg of protein.

(H) Total protein level

Therenal total protein content was estimated by
Lowry’s method® using bovineserumabumin (BSA)
asastandard. Briefly, 0.2 ml of diluted homogenate
was added to asamevolumeof Lowry’s reagent. The
mixturewastreated with 0.2 ml of Folin—Ciocalteu re-
agent diluted to 4 and then incubated in the dark for 30
min. Thestandard curvewasplotted using BSA. The
protei n content was determi ned spectrophotometrically
at 500 nm.

Assaysfor renal histology

Somekidneys, collected from control and tested
rats, werefixedin 10% formain solutionfor 48 h. They
were subj ected to standard routinetissue processing
technique and embedded in paraffin. Sectionsof 5 um
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thicknesswere cut from each block and stained with
hematoxylin—eosin (H&E) for histological examination.
Six slides from each kidney were studied by light
microscopy. They were examined and scored for se-
verity of histologica changesin kidney sectionsusing
scores on ascale absent (-), weak (+), moderate (++)
and intense (+++).

Analysisof data

ANOVA, followed by apost hoc Fisher’s protected
least significant difference (PLSD) test, wereused to
test Sgnificance of differencesbetween groups[(STZ,
STZ+ CU, C+ CU) vs. (C)] and [STZ + CU] vs.
[STZ].A Pvdueof <0.05wasconsdered significant.
The procedureswere carried out using the statistical
package program Stat view 5 Softwarefor Windows
(SASInstitute, Berkley, CA). Vauesaredisplayed as
means=+ SD.

RESULTS

Changesin renal function related parameters
(a) Urea, uricacid, creatinineand BUN levels

Rend functionwaseva uated by measuringthe se-
rumlevelsof ureg, uricadid, cregtining, BUN, and BUN/
cregtinine. AsshowninTABLE 1, streptozotocintreet-
ment produced asignificant (p<0.001) risein serum
levelsof urea, uric acid, creatinineand BUN in com-
parison with control group. Interestingly, thirty days
treatment with CU extract reduced significantly
(p<0.001) the elevated serum parametersin diabetic
rats and reached control values for some ones (uric
acid and creatinine). No statistical differenceswere
shown between CU treated control rats and control
rats.

(b) 24 hoursurinevolumeand urinary protein
levels

Wefoundtha 24 hoursurinevolumeindiabeticand
CU treated diabeticratswas 4 fold higher than that of
controls. Protein appearedintrace (<30 mg/dl) bothin
diabeticand CU treated diabetic groups. In control group
treated with CU, these parameterswerenot sgnificantly
changed, when comparedto controls(TABLE 1).

Renal lipid peroxidation and protein carbonyls

TABLE 2 showed renal MDA and PCO levelsin
diabetic ratswhich wererespectively 3foldand 6 fold
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higher thanthose of controls. Treatment of diabetic rats
with CU extract for 30 daysresulted inamarked de-
crease (p < 0.001) in kidney MDA and PCO levels

compared to those of diabetic group. No significant
changeswere observed in control group treated with
CU comparedto control group.

TABLE 1: Serum levelsof urea, uricacid, creatinine, BUN, urinary protein, 24 hour surinevolume and BUN/creatinine
ratioin adult rats(control and experimental groups).

Groups Control (C) Diabetes(STZ) Diabetes+ CU (STZ + CU) Control + CU (C + CU)
Urea? 2950+4.50 160.76+9.16 40.83+6.69 " 25.23+3.64
Uric acid® 4.07+0.16 12.21+0.15™ 4.10+0.06 ** 420+0.11
Creatinine ® 707+0.82  1357+1.18" 7.57+1.04™ 7.11+0.62
BUN ¢ 13.78+210 7512+4.28" 19.08 +3.12" 11.97 +1.70
BUN/Creatinine 1.98+0.37 5.56+0.48"" 2.59+0.76™" 1.67+0.20
24h urine volume © 75+0.8 30+1.2" 28+15" 8.2+06
Urinary protein ' Negative Negative Trace Trace

Data are expressed as mean + S.D. (n = 7); Treated groups (STZ); (STZ + CU); (C + CU) vs control group (C): "‘p < 0.05; ""p <
0.001; (STZ + CU) group vs (STZ) group: **p < 0.001; > df (mg/dl); & (ml).

TABLE 2: Malondialdehyde (M DA), protein carbonyl (PCO), glutathione (GSH), ascor bicacid (Vit C) levelsand antioxidant
enzymeactivities(CAT, SOD and GPx) in kidney of adult rats(control and experimental groups).

Groups Contral (C) Diabetes (STZ) Diabetes+ CU (STZ + CU) Control + CU (C + CU)
MDA 2 65.25+ 6.95 182.80+21.16™" 82.38+16.54*" 63.66+ 7.18
PCO® 2.12+0.18 13.13+ 021" 3.32+0.07 217+0.14
GSH © 110.55+ 11.92 75.90+ 12.13™ 99.50+ 17.01*" 109.13 + 10.52
Vi 163.47 = 10.91 118.72+9.11°" 146.11+ 6.69" 165.75+ 15.47
CAT® 94.58 + 11.78 74.31+ 552" 86.02 + 6.22" 91.90+ 13.06
soDf 500.72 + 31.75 184.00 + 31.22"" 330.85+21.3277"" 501.24 + 36.82
GPx ¢ 7.26+0.21 1.49+0.13™ 4.90+0.33"" 7.55+0.34

Data are expressed asmean = S.D. (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 < 0.001; @ : (nmol/g tissue); °: (nmol/mg protein); % (ng/g tissue); :
(nmol/g tissue); © (umol H,O./min/mg protein); . (U/mg protein); ¢ (nmol GSH/min/mg protein).

Kidney histological sections in adulk rats {(confrol and expenimental groups). Oplic microscopy; hematoxylin—eosin
stain; magnification A, B, C1, C2, D: {400x)_ {A) confrol group, {B) CU treated conftrol group, {C1, C2) STZ diabetic
group, {D) CU trealed diabefic group.

— _ reduced glomerular space, '\ vascular congesfion, mm): tubular vacuolization,
leukocytes, Jj - glomerular lesions.
Renal GSH and ascorbicacid (Vit C) contents
Asreported in TABLE 2, the contents of GSH
and Vit Cinkidneysof diabeticratsweresignificantly
(p < 0.05) reduced by 31% and by 27% when com-

pared to those of controls. CU extract treatment re-
stored partially GSH and Vit C contentsin kidney of

% infiltration of

diabetic group without reachingnormal values. CU ex-
tract, administered doneto ratsduring 30 days, did not
change both GSH and Vit C kidney contents.

Renal antioxidant enzymeactivities
TABLE 2 showed the activitiesof enzymatic anti-
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oxidants (CAT, SOD and GPx) inkidneysof different
groupsof rats. CAT, SOD, and GPx decreased signifi-
cantly (p < 0.01) in diabetic rats by 21%, 64% and
7% respectively. Administration of CU extract Sgnifi-
cantly (p < 0.05) improved the activities of these en-
zymesin diabetictreated ratsand did not ater enzyme
activitiesin control group.

Renal structural changes

Upon kidney histol ogica examination of both con-
trol and CU treated control rats, rena tissuearchitec-
ture showed norma glomeruli andtubules(Figure1,A
and B). While, kidney in diabetic ratsexhibited: are-
duced glomerular space, glomerular lesions, avascular
congestion, atubular vacuolization and aninfiltration of
leucocytes (Figure 1, C1 and C2). The severekidney
damages, shownindiabeticrats, Sgnificantly decreased
when CU wasadministered to digbeticratsfor 30 days.
o, histologicdl patterninthelatter group became simi-
lar to that of control groups (Figure 1, D). The histo-
pathological changesare graded and summarizedin
TABLE3.

TABLE 3: Scoresof thehistological changesin thekidney
sections.

Control Diabetes Diabetes+CU  Control +
Groups

(C) (STz) (STZ+CU) CU(C+CU)
Reduced glomerular space +++ - -
Vascular congegtion - +
Leucocytesinfiltration 4+
Tubular vacuolization - ++

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

DISCUSSION

Withtheincreasing number of diabetic patientsand
limited therapeutic options, diabetic nephropathy (DN)
isalong term complication of diabetesmellitus. The
precise mechanism of DN isnot yet fully understood
and the effective blockage of the progression of neph-
ropathy remainsas atherapeutic challenge. Fromthis
point, our attention has been focused on Centaurium
umbellatum, a medicinal plant known for its
anti hyperglycemicactivity indigbeticanimals. Wedem-
onstrated that CU attenuated early diabetic nephropa-
thy syndromein STZ induced diabetic rats character-
ized by normd proteinuriaand rend impairment.

Thefirst finding of interest in our study concerns
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the effects of CU extract ontherena biomarkers. In
fact, we demonstrated that STZ-induced diabeticrats
exhibited higher serum ureaand uric acid levelsthan
thoseof control group. A significant elevationin serum
ureaand uric acid levelsindicated, according to Shinde
and Goyd™®, animpaired rend function of digbetic ani-
mals. Thus, it would appear that CU treatment lowered
the serum ureaand uric acid levelsby enhancing the
rend function. Our resultswerein agreement with other
previous studies using mesocarp extract of Balanites
aegyptiacal?,

Besides, both BUN and creati nine were accumu-
lated in the blood when the kidney function was dis-
turbed, and theratio of BUN/cregtinineincreased d o,
indicating that dehydration was present. In our study,
serum BUN levelsin STZ induced diabetic ratsin-
creased above normal reference values. CU treated
diabetic ratsprovoked asignificant decreasein BUN,
serum cregatininelevelsand BUN/cregtinineratio, show-
ing thereturn of BUN levelsto the normal reference
range. Theseresults confirmed the protective effects of
CU extracts.

Furthermore, inthe current study, protein appeared
intraceintheurineof STZ-induced diabeticrats. The
low amountsof proteinintheurine, determined qualita:
tively, indicated theearly stage of DN. Asreported by
Sinhaet al ., mild proteinuriahas been observed in
experimental ratsfour weeksafter STZ induction of
diabetes. DN ischaracterized by anincrease of urine
protein excretionand rena dysfunction. Many studies
have shown that the magnitudeof urineproteinleve is
associated with agraded increasein therisk of pro-
gression to end-stagerenal diseaseand cardiovascular
events®!, Administration of CU extractindiabetic rats
had no effect on urinary proteinlevels.

Thesecondfinding of interest inour study concerned
theeffectsof CU extract on the oxidative stresswhich
wasakey pathogenic factor inthedevelopment of dia-
betic nephropathy!?. It has been suggested by our pre-
viousstudy'® that high glucose-induced tissuedamage
was associ ated with excessive production of reactive
oxygen species(ROS) under hyperglycemic conditions.
Inthiscontext, lipid peroxidesand protein carbonyls
arethe secondary products of oxidative stressconsid-
ered asaresult of thetoxic effectsof ROSduring dia-
betes. Our results showed an enhanced production of
MDA and PCO in STZ induced diabetic rats. These
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changeswereimproved by Centaurium umbellatum
extract indicating that thisplant had arena protective
roleagainst oxidative damagein early stage of digbetic
nephropathy. Thisnormalization might beaccomplished
by the presence of phenolic acidsin CU extract, as
previously reported by Hatjimanoli and Debel mas®.
According to Soetan?1, these compounds have anti-
oxidant activities.

Theinexorable generation of reactivefreeradicas
and lipid peroxidesduring diabetes mediated oxidative
stress could be correl ated with the decline of non-en-
zymdicantioxidantsleveslikevitamin Cand GSH. The
latter ismainly involved in the synthesis of important
macromoleculesandin the protection against ROS?%.,
In our study, a marked decrease in renal GSH was
observed inthe STZ-induced diabetic rats. GSH isre-
quired for therecycling of vitamin C and actsasasub-
dratefor glutathione peroxidase (GPx) and glutathione-
Stransferase (GST), which areinvolved to prevent the
del eterious effects of oxygen radical§. Thus, the ob-
served decreasein GSH leve inkidney of diabeticrats
might be dueto either itsenhanced utilization in order
to scavengefreeradica sand toincrease consumption
by GPx and GST or to theincreased oxidation of GSH
formation. Upon CU treatment, the content of GSH
wasincreased in diabetic rats. Thismight beafactor
respons blefor inhibition of lipid peroxidation and pro-
tein oxidation through GSH redox cycleandfor adi-
rect detoxification of ROS generated.

Another non-enzymatic antioxidant, ascorbic acid
iscong dered asan important component of thecd lular
defense against oxygentoxicity and lipid peroxidation
induced by freeradica potentid. Asreported by Samuel
et al ., reduced level sand atered metabolic turnover
of ascorbic acid have been shownin diabetic patients.
Inour study, the observed decrease of ascorbicacidin
thekidney of STZ-induced digbetic ratssupported these
findings. It hasbeen shown that the high extracellular
glucose concentration in diabetes may further impair
the cdllular uptake of ascorbic acid and accentuatesthe
problemswhich are associ ated with its deficiency™..
Ontheother hand, the enhanced kidney ascorbic acid
levels, caused by CU extracts, brought aconsolidation
of kidney antioxidant statusanditsprotection fromfree
radical damage. Thiscorrelated with theobserved re-
ductionintheleve of lipid peroxidation and protein
oxidation. We suggested that theincreasein ascorbic

acid content of CU treated diabetic ratsresulted prob-
ably from the high ascorbic acid content of CU.

Chronic hyperglycemiaoften associated withano-
tabledeclineintheleve sof intracelular antioxidants
and an el evation of theformation of pro-oxidantslike
ROSeventudly resultedinrena dysfunction. Thereare
numerous enzymatic and non-enzymatic sources of
ROS in the diabetic kidney, such astransition metal-
catalyzed Fenton reactions, polyol pathway flux, mito-
chondrid respiratory chain deficiencies, peroxidasesand
autoxidation of glucosg®Y. Such glucotoxicity ispossi-
bly rel ated to the vulnerability of kidney tissuesto oxi-
dative stress. Dueto these events, animbal ance of oxi-
dant/antioxidant defense systemsresultsin aterations
intheactivity of antioxidant enzymes, such as SOD,
CAT and GPx. In our study the activities of the key
enzymatic antioxidantswerereduced in kidney during
oxidative stressin diabetic ratsand improved after CU
treatment. Our resultswerein agreement with previous
study of Kuhad et al.*? who reported the protective
effects of sesamol, anatural compound with antioxi-
dant activities, against oxidative stressinducedindia
beticrats.

Therenal tissue defensive effectsof CU extract in
experimental groupsof ratswas ascertained by histo-
logical studies. The diabetogenic potential of
streptozotocinisresponsiblefor aprogressive devel -
opment of therenal tissuelesions. Consequently, the
major morphol ogical abnormaitieswereobservedin
diabetic kidney tissueslike: aglomerular spacereduc-
tion, glomerular lesions, avascular congestion, atubu-
lar vacuolization and leucocytesinfiltration. Such dter-
ationswerenot foundin kidneysof diabeticratstreated
with CU, confirmingitsprotective capacity during dia-
betes. There are no such studies available on the pro-
tective effectsof CU extract onthe structure of kidney
tissueduring experimenta diabetes. Hence, the present
investigation should becons dered aninnovative assess-
ment for the protective effects of CU in kidney of
streptozotocininduced diabeticrats.

Centauriumumbel latumatraditional herba medi-
cine, may be used as an adjuvant therapy in thetreat-
ment of diabetes and also may be helpful to prevent
and/or delay the onset of diabetes-induced rend injury.
Further studieswill berequired toidentify themajor
active congtituentsof CU which areresponsiblefor the
beneficial rena effectsobservedin the present studly.
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In conclusion, Centauriumumbellatum showed
an anti-diabetic effect via reducing hyperglycemiain
order to regulate antioxidant protection syssemandto
attenuate aterationsobserved inglomeruli and rend tu-
bulesof STZ diabetic rats, consequently thereareless
damagesinrend tissue. Besides, theanti oxidetive prop-
ertiesof CU for dleviation of diabetic nephropathy could
not be excluded.
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