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ABSTRACT

The aim of the present study was to explore the anti-diabetic activity of
Centaurium umbellatum (CU) in streptozotocin (ST Z)-induced diabetic
rats. Diabetes was induced by a single intraperitoneal injection of STZ
(65 mg/kg bw). Normal and diabetic ratsweretreated with CU aqueous leaf
extract, at adose of 200 mg/kg bw, for 4 weeks. Serum glucose and insulin
concentrations, hepatic glycogen content, serum lipid profile and glucose
tolerance test were performed. CU treatment significantly decreased serum
glucose levels and improved glucose homeostasis in STZ-induced dia-
betic rats by stimulating the few surviving beta cells to release more insu-
lin. The hepatic glycogen content was markedly increased by CU treat-
ment in STZ-induced diabetic rats. The hypolipidemic action of CU leaf
agueous extract was confirmed by a significant decrease in the levels of
triglycerides (TG), total cholesterol (TC), low-density lipoprotein choles-
terol (LDL-C) and anincreasein high-density lipoprotein cholesterol (HDL-
C) in(STZ + CU) group compared to ST Z-induced diabetic rats. The present
data suggested that C. umbellatum leaf agueous extract has both hy-
poglycemic and hypolipidemic effects which can help the cure and man-
agement of diabetes. © 2013 Trade Sciencelnc. - INDIA
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Diabetesmdlitus(DM) isachronic metabolicdis-
order that constitutesamajor public health problem
throughout theworld. Current estimation indicatesthat
approximately 4% of thegloba population suffer from
DM, apercentagewhichisexpectedtoreach 5.4%in
20254, Thisdiseaseisamultifactor disorder associ-
ated with chronic hyperglycemiaand somedisruptions
incarbohydrate, fat, and protein metabolisms emanat-

ing from defectsin reactive oxygen speciesscavenging
enzymes?, high oxidative stressimpairing pancreatic
betacellg*4 and deficienciesor disruptionsininsulin
secretionl®,

Themgor roleof insulinin digbetesisto maintain
thewholebody glucose homeostasisviaglucosetrans-
porter 4 (GLUT4), expressed in adi posetissue, skel-
etal and cardiac muscles®”. Duringinsulinstimulation,
intracellular vesiclesthat store GLUT4, trand ocateto
the plasmamembraneand facilitate glucose uptake®.
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Under diabetic condition, reduced expression of
GLUT4 causesimparment of insulinsgnaingand simu-
latesglucose productionintheliver. Thesedterations
lead to high glucose concentrationsin blood.

Severa therapeutic strategiesare currently avail-
ablefor thetrestment of thischronic metabolic disor-
der, including the stimul ation of endogenousinsulin se-
cretion, enhancement of insulin action at thetarget tis-
sues, inhibition of dietary starch and lipid degradation
and treatment with oral hypoglycemic agents*¥. The
limitationsassoci ated with those therapeutic strategies
haveled to adetermined search for more efficient and
cost-effective dternatives. Thistrend hasbeen further
intensified by increasing doubts surrounding current di-
etary and other lifestyle behaviorstogether with grow-
inginterestsin functional foods and nutraceuticals*2.
Complementary and alternative medicineapplications
haveattracted specid attentionin recent researchwhich
they offer new promising opportunitiesfor thedevel-
opment of efficient, sideeffect-free, andlower cost a-
ternatives than synthetic hypoglycemic agentg*>19,

Of particular relevance to this argument,
Centaurium umbellatum (CU), belonging in
Gentianaceae family, isamedicinal plant usedin nu-
merous countries combined with other plants. Aspre-
liminary experiment, thismedicina plant (CU) hasbeen
reported to contain phenolic acids, natural drugs?e.
Studiesin experimentad animalshave shown that plant
mixture extract contai ning Centauriumumbellatum
and other plantslike VacciniummyrtillusL. and Tarax-
acumofficinalehaveavariety of pharmacologica func-
tionsincluding antihyperglycemic, freeradicd scaveng-
ing and antioxidant activitieg'™1,

To our knowledge, the potential protective effect
of C. umbellatumon hyperglycemiaand lipid profilein
diabetes has not been explored. Based on the above
information, we hypothesizethat CU canreducedia
betic disruptions. The aim of the present work isto
study the protective effects of CU in streptozotocin-
induced diabeticrats.

MATERIALSAND METHODS

Plant material and extractspreparation

Centaurium umbellatum (CU) plants (family:
Gentianaceae) were collected from North Tunisadur-
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ing May and June (2009). According to the flora of
Tunisabotanica identificationwascarried out by Doc-
tor Abdelhamid Nabli, Professor Emeritusat the Fac-
ulty of Sciences, University of TunisEl Manar. Voucher
specimen of C. umbellatumwas deposited at the Fac-
ulty of Pharmacy (Monastir, Tunisia). Leaves of the
plant (CU) werewashed quickly inrunning weter, dried
inanoven at 40°C and then finely powdered in a Willey
mill. The powder was extracted with distilled water
(50 g powder/500 ml water) by boiling under reflux for
20 min. The decoction obtained was centrifuged, fil-
tered, frozenat -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

Adult maleratsof Wistar strain, weighing about
240 g, were obtained from the Central Pharmacy
(SIPHAT, Tunis, Tunisa). Theanima sweremaintained
at 22+ 3 °C, 45-75% humidity, 12 h light—dark cycle,
and kept to acclimatefor 1 week beforethe onset of
experiment. They were fed acommercial standard
pellet diet (SICO, Sfax, Tunisia) and provided with
water ad libitum.

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

I nduction of diabetesmdlitus

Ratswere made diabetic by asingleintraperitoned
injection of streptozotocin (STZ) at adoseof 65 mg/kg
bw dilutedimmediately beforeinjectionincitrate buffer
(0.1 M, pH 4.5). Threedaysafter STZ injection, dia-
betes was confirmed in the overnight-fasted rats by
measuring blood glucose concentration. Theratswith
glycemiaabove 250 mg/dl were consideredto bedia
betic and they wereincluded in the study. Treatment
with plant extracts was started on the third day after
STZ injection and continued for 30 days.

Experimental design

Theratswererandomly divided into six groups of
seven animaseach asfollows: control rats(C) received
vehicleonly; diabeticrats (STZ) received asingledose
of STZ (65 mg/kg bw); CU-treated diabeticrats(STZ
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+ CU) received daily CU (200 mg/kg bw) for aperiod
of 30days, (C + CU) CU-treated control ratsreceived
daily only CU extract (200 mg/kg bw) for aperiod of
30days. All injectionswere made by intraperitoneal
way.

Onthelast day of the experiment, animalswere
sacrificed by decapitationto avoid stress. Blood samples
werecollected without heparin for biochemical estima:
tions. Liver tissuewasremoved, cleaned and washed
inice-cold saline solution. The median portionswere
drawn, we ghed and homogenized with phosphate buffer
(0.1 M, pH 7.4), centrifuged at 3000 x g and the su-
pernatantswere collected for biochemical assays.

Biochemical assays

(a) Determination of glucose and hepatic glyco-
gen levels

Serum glucose level s were assayed by an enzy-
matic method, usingcommercid reagent kit (ref. 20121)
purchased from Biomaghreb (ArianaTunis, Tunisia).
Hepatic glycogen content was determined by Ortho-
toluidinereagent and measured at 620 nm using aspec-
trophotometer(?!,

(b) Estimation of insulin concentration

Seruminsulinlevel wasdetermined usngrat Insulin
enzyme-linked immunosorbent assay (ELISAT) kit Ref.
RIT-461 N_ AKRIN-010T (Shibayagi Co., Ltd., Ja-
pan).

(c)Analysisof lipid parameters

Serum lipid parameters such astotal cholesterol
(TC), triglycerides (TG) and high-density lipoprotein
cholesterol (HDL-C) levelswere determined using
commercid reagent kitsfrom Biomaghreb Diagnostic
(Ariana, Tunisia) (ref. 20111; 20131; 20113, respec-
tively). Thelow-dendty lipoprotein cholesterol (LDL-
C) fraction was determined according to the
Friedewald equation?; LDL-C =TC - (Triglycer-
ides/5+ HDL-C).

(d) Glucosetolerancetest (GTT)

GTT wasconducted in control and treated rats,
24 h before sacrifice day. Blood samples were col-
lected fromthetail vein of control and experimental
rats, which were fasted overnight to obtain baseline
blood glucoseleves. Subsequently, rats of both con-
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trol and experimenta groupswereinjected intraperito-
neally with glucose (2 g/kg bw). Blood was col lected
a aninterva of 30 minupto 2 hfor glucoseestimation
using aglucometer (Esprit 2, BAY ER, France).

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 significant differ-
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 signifi-
cantif p<0.05.

RESULTS

Serum glucoselevelsand water consumption

AsshowninTABLE 1, serumglucoselevelsof the
diabetic ratsremained high throughout the experiment
period compared to those of control group. The ad-
ministration of C. umbellatumto diabetic ratsreduced
serum glucoselevel sby 59% without reaching the nor-
mal value after 30 days. Treatment with CU donedid
not show any changein thisparameter, when compared
to control group.

Oneweek after STZ injection, water consumption
sgnificantly increased by 58%indiabeticraiscompared
tothat of control group. It continued to behigh through-
out the experiment period. The administration of C.
umbel latum countered theri se of water consumption.
Thiseffect wasmore pronounced at oneweek of treat-
ment. Treatment with CU alone had no effectsonthis
parameter when compared to that of control group
(TABLEY).

Insulin level and hepatic glycogen content

Insulinleve sin streptozotocin-induced digbeticrats
werereduced significantly by 65% compared to those
of controls. The administration of Centaurium
umbellatumagueous extract to diabetic ratsincreased
sgnificantly ssruminsulinlevel sby 44%. No Sgnificant
changes were observed between control and (C +
CU)-treated groups (TABLE 2).
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TABLE 1: Blood glucoselevel (mg/dl) and water consumption (ml/day/rat) at 2, 7, 14, 21 and 30 daysafter daily administration
of CU aqueousextractsin ratscontrol and experimental groups.

Groups Control (C) Diabetic(STZ) Diabetic+ CU (STZ +CU)  Control + CU (C + CU)
Blood glucose ?
2" day (initial state) 91+6 255+4 """ 250+5"" 87+3
7" day 87+2 285+1"" 188+ 3 " 90+4
14" day 94+4 302+7" 129+ 5+ 97+ 1
21" day 110+ 1 341+5" 141+ 6"+ 98+ 3
30" day (final state) 98+ 3 344+ 47 139 £ 5™+ 97+2
Water consumption®
2" day (initial state) 21.34+2.61 40.67+3.247" 3152+52" 26.63+ 7.84
7" day 2415+229 57.11+214"" 37.08+2.80 " 2413+ 1.07
14" day 22.33+2.70 60.21+5.69 " 45.03+3.17 7" 21.74 + 3.44
21™ day 19.65+0.80 64.34+2.60 47.05+1.90 7 23.08+4.13
30" day (final state) 2023+ 1.13 67.12+1.447" 49.11+2.30 7 25.34+2.13

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:

After STZ treatment, wefound areductioninliver
weight by 34% and hepatic glycogen content by 71%.
TheAdministration of CU to didbeticratssignificantly
reversed these changesto near-normal values. Control
rats treated alone with C. umbellatum did not show
any changeinthese parameterswhen comparedtothose
of control group (TABLE 2).

TABLE 2: Liver weight (g), liver glycogen content (mg/g)

and serum insulin level (ng/ml) in adult rats (control and
experimental groups) after 30 daysof treatment.

Control Diabetic  Diabetic+ CU Control + CU
(C) (ST2) (STZ+CU) (C+CU)
Liver weight ® 12.34+1.078.05+3.10 7 10.23+2.03 ™" 12.03+0.74
Liver glycogen

content
Seruminsulin© 1.21+0.07 042+0.03 " 0.75+0.06 " 1.18+0.05

Groups

30.71+3.454.15+0.83 7 2815+ 1.22 "™ 29.13+3.60

Data are expressed as mean + S.D. (n = 7); Treated groups
(STZ); (STZ + CU); (C + CU) vscontrol group (C): "p < 0.05;
"*p<0.001; (STZ + CU) group vs(STZ) group: *p<0.01; **p<
0.001; & (9); ®: (mgl/g); & (ng/ml).

Lipid profile

The effects of Centaurium leaf extractson lipid
parameterswere presented in TABLE 3. Our results
showed that the administration of STZ increased serum
triglycerides (TG) and total cholesterol (TC) levelsby
56 and 43% respectively, in comparisonto control rats.
Theadminigtration of Centauriumumbel latumextracts
countered thesignificant riseintheleve sof the param-
eterscited above.

There were also asignificant decreasein serum

p < 0.01; ***p < 0.001; =

(mg/dl); ®:

HDL-C levelsby 64% and anincreasein serum LDL-
Clevelsby 34%in diabetic ratswhen compared with
thoseof control group. Adminigtration of C. umbdlatum
leaf extractsto diabeticratsrestored partidly theleves
of HDL-C andtotaly LDL-C when compared to those
of controls. No significant changeswere observed be-
tween control and (C + CU)-treated groups.

TABLE 3: Triglycerides(TG), total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C) and low-density
lipoprotein cholesterol (LDL-C) levelsin the serum of adult
rats (controls and experimental groups) after 30 days of
treatment.

(ml/day/rat).

Diabetic+ CU Control + CU
(STZ + CU) (C+cCU)

108.75+3.64 "™ 101.17 +2.56

Control Diabetic
(©) (S12)

TG? 103.71+ 3.04 234.42+7.94 """

Groups

TC® 110.54 + 1.81 193.75+2.45 """ 118.36+ 1.79 *** 105.83 + 3.58

HDL-C® 37.41+3.18 1325+2.10"" 2453+324" " 36.78+5.32

LDL-C % 120.34+ 6.23 182.65+3.19 " 128.32+6.01 *** 122.68 + 4.20

Data areexpressed asmean +S.D. (n = 7); Treated groups
(STZ); (STZ +CU); (C+CU) vscontrol group (C): "p<0.01;
""p<0.001; (STZ + CU) group vs(STZ) group: *p<0.01;
**p < 0.001; &> (mg/dl).

Glucose toler ance test

The effects of Centaurium umbellatumagqueous
extractsonglucosetolerancetest (GTT) were presented
in TABLE 4. Blood glucose levelsin diabetic rats
reached apeak 1 h after glucose (2 g/kg bw) adminis-
tration. Although the glucoselevel sstarted to decline,
they continuedto behigh after 2 h. Indigbeticratstreated
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with C. umbelatum, asignificant decrease by 59%in
glucoselevel swas observed at 120 min compared to
thevaluesobtained at 30 and 60 min.

TABLE 4: Glucosetolerancetest (GTT) in adult rats(control
and experimental groups) after 30 daysof treatment.

Blood glucose level #

Groups
0Omin 30 min 60min 120 min
Contral (C) 92+1 196+11 123+3  106+2
Diabetic (STZ) 258+15 " 358+14 " 375+13 7 33547 7

Diabetic + CU (STZ + CU) 130+4 ™ 20043 "** 163+8 " 138+2" ™
Control + CU (C + CU) 86+2 177+12 122+2 87+17

Data areexpressed 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 (ST Z) group:
*+*p < 0.001; & (mg/dl).

DISCUSSION

Thisstudy was undertaken to determineif adaily
intraperitoneal administration of Centaurium
umbellatum|eaf extract could attenuate diabetic dis-
ruptionsin adult rats. To our knowledge, thisisthefirst
study showing the hypoglycemic and the hypolipidemic
effectsof C. umbellatumon streptozotocin-induced
diabeticrats.

In our experiment, we observed asignificant in-
creaseinthelevelsof blood glucose and water con-
sumptionin streptozotocin-induced diabetic rats. Pre-
viousfindingshave reported that STZ induced diabe-
tesmdlitus(DM) andinsulin deficiency lead toincrease
blood glucose®!, by inducing necrosis of pancreatic
betacdls, thuscausing hypo-insulinemiaand hypergly-
cemia?¥, Thetreatment of diabetic ratswith the aque-
ousleaf extracts of Centauriumumbellatumsignifi-
cantly decreased blood glucose and water consump-
tionleves. In cons stence with the present data, anum-
ber of other plants have been observed to havesimilar
pattern of hypoglycemic effectsd®!. C. umbellatum
extracts could exert itshypoglycemic activity by stimu-
latingthefew surviving betacdlstord eesemoreinsulin
rather than by aiding the regeneration of pancreasne-
crotic betacdls. Theseabilitiesmight beaccomplished
by the presence of phenolic acidsin CU extracts, as
previously reported by Hatjimanoli and Debel mas?e.
Thuscouldlikely explain thesgnificantincreaseinthe
serumingaulinlevels, observed inthecurrent study, when
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streptozocin-induced digbetic ratsweretreasted with C.
umbellatumfor 30 days.

Inaddition, glycogenistheprimary intrace lular stor-
ableform of glucose. Itslevel invarioustissues espe-
cdlyinliverindicatesadirect reflection of insulin activ-
ity, Sinceit regulatesglycogen deposition by stimulating
glycogen synthase andinhibiting glycogen phosphory-
lase. Since, STZ caused asel ective destruction of pan-
creatic betacellsresultingin amarked decrease of in-
aulinlevds, it could be predicted that glycogen levelsin
tissueslikemuscleand liver decreased, astheinflux of
glucoseintheliver wasinhibited intheabsenceof insu-
linand recovered oninsulin treatment'®28, Our results
showed that, upon treatment of diabetic ratswith C.
umbellatum|eaf extracts, therewasasignificant ele-
vationinboth liver weight and hepatic glycogen con-
tent. These effects could be attributed to the presence
of phenolic acidsin CU extracts. Infact, accordingto
Jung et al ., thephenalic acidswerefoundto elevate
aglucokinaseactivity and aproduction of glycogenin
theliver intype 2 diabetes. Our results corroborated
with previousstudies®=1 which havefound animprove-
ment of diabetic statusafter herbal plant extract treat-
ment.

Another important aspect to be discussed in our
study wasthealtered lipid metabolism, which was of -
tenlinked with DM. Itiswell known that insulin acti-
vatesenzymelipoproteinlipase, which hydrolyzestrig-
lycerideunder normal conditiong®. Theimpairment of
insulin secretion resultsin enhanced metabolismof lip-
idsfrom the adiposetissueto the plasmd™!. Moreover,
it hasbeen demonstrated that insulin deficiency india
betesleadsto avariety of disruptionsin metabolic and
regulatory processes, whichin turn lead to accumula-
tion of lipidg*!. Inour study, we observed asignificant
increasein TC, TG LDL-C and adecreasein HDL-C
levelsin the serum of streptozotoci n-induced diabetic
rats. Onthe other hand Centauriumumbellatum, pro-
duced afavorable effect on these parameters, indicat-
ingitslipidloweringactivities. Thusmight partly bedue
totheinsulin stimulatory effect of thisplant andtothe
low secretion of cholesterol biosynthesisenzymes.

Additionaly, the C. umbellatumextract also sig-
nificantly decreased the blood glucoseleve inglucose
loaded rats (GTT) and thisfact could be attributed to
thepotentiation of seruminsulin effect by increasingthe
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pancreatic secretion of insulinfromsurviving betacells
or itsreleasefrom bound insulin. Inthiscontext, anum-
ber of other plants have been observed to havesimilar
pattern of hypoglycemic effectd®. Thisspokeinfavor
of theview that C. umbellatum could play an impor-
tant rolefor thetreatment of diabetic and hyperlipidemic
patients.

In conclusion, our study demonstrates that
Centaurium umbellatum |eaves can be used to treat
hyperglycemiaand hyperlipidemiaof diabetesmelli-
tus. Thisplant may be developed asan ora hypogly-
cemic agent or asafunctional food for diabetic patients
with hyperlipidemiaand for personswith high risk of
diabetes. Consequently, consumption of C. umbdlatum
leaves may prevent the complication of hyperglycemia
associated with diabetes. Finally, the precise mecha
nism (s) and site(s) of itsactivity and the active con-
stituent (s) of C. umbellatum leaves still need to be
determined inaddition to toxicol ogica sudiesin further
experiments.
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