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Antioxidant and Free Radical-Scavenging
Properties of Stevia rebaudiana (Bertoni)
Extracts and L-NNA in Streptozotocine-
Nicotinamide Induced Diabetic Rat Liver

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Fre e ra di cal pro duc ti on is imp li ca ted in the pat ho ge ne sis of di a be tes mel li tus, in which se -
ve ral path ways and dif fe rent mec ha nisms are shown to in vol ve in the pat hoph ysi o logy of the comp li ca ti ons.
Thro ugh the ad mi nis tra ti on of ni co ti na mi de(NA) and strep to zo to cin(STZ), a mo del of hu man type II di a be tes
can be in du ced in rats. The aim of this study was to de ter mi ne the ef fects of Ste vi a re ba u di a na (SrB) and L-NNA
(N-nit ro-L-ar gi ni ne) in the for ma ti on of fre e ra di cals in STZ-NA in du ced type II di a be tic rats. MMaa  ttee  rrii  aall  aanndd  MMeett  --
hhooddss:: In this study, rats we re tre a ted with SrB and L-NNA 5-8 we eks af ter the in duc ti on of di a be tes. The le vels
of glu tat hi o ne pe ro xi da se (GPx), su pe ro xi de dis mu ta se (SOD), ca ta la se (CAT) and ma lon di al dehy de (MDA) we -
re de ter mi ned in the li ver ho mo ge na te and eryt hrocy te he moly sa te. The nit ric oxi de syntha se (NOS) le vels we -
re al so me a su red in the li ver ho mo ge na te and se rum. To study the his to lo gi cal chan ges in di a be tes, the li ver tis su e
samp les sta i ned with he ma toxy lein-eo sin and we re in ves ti ga ted under light mic ros co pe. RRee  ssuullttss:: Alt ho ugh fas t-
ing and post pran di al blo od su gar le vels we re high in di a be tic gro ups, blo od su gar le vels we re sig ni fi cantly re du -
ced in di a be tic tre a ted gro ups. Whi le the erythrocyte MDA le vels of ste vi a-tre a ted di a be tic gro up dec re a sed, li pid
pe ro xi da ti on in cre a sed with L-NNA tre at ment in both con trol and di a be tic gro ups. The re was no sig ni fi cant dif-
fe ren ce for the tis su e CAT, NOS, and eryt hrocy te SOD and CAT ac ti vi ti es between. Li ver samp les in con trol gro -
up had a nor mal struc tu re. Nor mal his to lo gi cal ar ran ge ment was no ti ced in the li vers of con trol gro up. In
he pa tocy tes of the di a be tic con trol gro up, nec ro tic cells with pycno tic nuc le us and eo si noph ylic cytop lasm as
well as si nu so i dal di la ta ti on were se en. The he pa tocy te struc tu re was mo re pro tec ted in di a be tic LNNA gro up than
in di a be tic gro up. The ma xi mum pro tec ti on was se en in he pa tocy tes of di a be tic ste vi a L-NNA gro up. CCoonncc  lluu  ssii  --
oonn::  SrB and L-NNA  re du ced blo od glu co se le vels in di a be tic rats and had so me be ne fi ci al ef fects on oxi da ti ve and
his to lo gi cal chan ges. Ho we ver, a NOS in hi bi tor, L-NNA was less ef fec ti ve than SrB tre at ment in type II di a be -
tes.

KKeeyy  WWoorrddss::  Di a be tes mel li tus, type 2; ste vi a; nit ro ar gi ni ne; nit ric oxi de syntha se; fre e ra di cals 

ÖÖZZEETT  AAmmaaçç::  Ser best ra di kal üre ti mi di ya bet pa to ge ne zin de rol oy nar, bu ne den le ser best ra di kal ler di ya bet komp -
li kas yon la rı nın çe şit li yol la rı ve fark lı me ka niz ma la rın pa to fiz yo lo ji sin de et ki li dir. Sı çan la ra ni ko ti na mid (NA) ve
strep to zo to zin (STZ) uy gu lan ma sı ile in san tip II di ya be ti nin bir mo de li oluş tu ru la bi lir. Bu ça lış ma nın ama cı Ste -
vi a re ba u di a na Ber to ni (SrB) ve L-NNA’ nın (N-nit ro L-ar gi nin) STZ-NA-in dük len miş tip II di ya be tik sı çan lar da -
ki ser best ra di kal olu şu mu üze ri ne olan et ki le ri ni be lir mek ti. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Bu ça lış ma da, di ya bet
in dük len dik ten 5-8 haf ta son ra sı çan lar SrB ve L-NNA ile te da vi edil di. Ka ra ci ğer ho mo je nat la rın da ve erit ro sit
he mo li zat la rın da glu tat yon pe rok si daz (GPx), sü pe rok sit dis mu taz (SOD), ka ta laz (CAT) ve ma lon di al de hit (MDA)
se vi ye le ri be lir len di. Ay nı za man da ka ra ci ğer ho mo je na tın da ve se rum da nit rik ok sit sen taz (NOS) se vi ye le ri öl -
çül dü. Di ya bet te ki his to lo jik de ği şik lik le ri in ce le mek için ka ra ci ğer do ku ör nek le ri he ma tok si len-eo zin ile bo yan -
dı ve ışık mik ros ko pu ile in ce len di. BBuull  gguu  llaarr::  Aç lık ve tok luk kan şeker le ri di ya be tik grup lar da yük sek ol mak la
bir lik te te da vi edi len di ya be tik grup lar da kan şeke ri dü zey le ri an lam lı oran da azal mış tır. Ste vi a ile te da vi edi len
di ya be tik gru bun erit ro sit MDA se vi ye le ri düş müş ol mak la bir lik te, L-NNA te da vi si hem kon trol de hem de L-
NNA ile te da vi edil miş di ya be tik grup ta li pid pe rok si das yo nu nu ar tır mış tır. Kon trol ile kar şı laş tı rıl dı ğın da do ku
CAT, NOS ve erit ro sit SOD ve CAT ak ti vi te le ri yö nün den her han gi bir fark lı lık be lir len me miş tir. Kon trol gru -
bu nun ka ra ci ğer ör nek le rin de nor mal his to lo jik ya pı lan ma göz le nir ken, di ya be tik kon trol gru bu nun ka ra ci ğer do -
ku la rın da pik no tik nük le us ve eo zi no fi lik si top laz ma lı nek ro tik hüc re ler ve si nu zo i dal di la tas yon be lir len miş tir.
Di ya be tik kon trol gru bu ile kar şı laş tı rıl dı ğın da di ya be tik L-NNA gru bun da he pa to sit ya pı sı nor mal di. Bu nun la bir -
lik te SrB ve L-NNA te da vi si nin he pa to sit ler de yük sek oran da ko ru ma sağ la dı ğı be lir len di. SSoo  nnuuçç::  Bul gu la rı mız,
di ya bet te SrB ve L-NNA te da vi si nin kan glu koz se vi ye le ri ni dü şür dü ğü nü, ok si da tif ve his to lo jik de ği şik lik ler
üze ri ne ba zı olum lu et ki le re sa hip ol du ğu nu, bu nun la bir lik te bir NOS in hi bi tö rü olan L-NNA’ nın SrB ile kar şı -
laş tı rıl dı ğın da tip II di ya bet üze ri ne da ha az et ki li ol du ğu nu gös ter miş tir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Di a be tes mel li tus, tip 2; stev ya; nit ro ar ji nin; nit rik ok sid sen taz; ser best ra di kal ler  
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ype II diabetes is a chronic metabolic disor-
der that results from reduced first phase in-
sulin secretion, beta-cell dysfunction with

relative glucagon excess, and insulin resistance. It is
well established that the control of hyperglycemia
is an important factor in preventing diabetic
macrovascular complications.1,2

A novel experimental model of type II diabetes
in adult rats is shown to be established by the com-
bined injection of streptozotocin (STZ) and a par-
tially protective dose of nicotinamide (NA).3 This
model is characterized with a 40% reduction in beta-
cell mass, which in turn generates a moderate, stable
hyperglycemia and glucose intolerance. The beta-
cells still have the ability to respond to glucose
though it is altered. Therefore, this model shares a
number of similarities with human type II dia-
betes.3,4

Oxidative stress, an imbalance between the
generation of reactive oxygen species and antioxi-
dant defence capacity of the body, is closely asso-
ciated with aging and a number of diseases
including cancer, cardiovascular ailments, diabetes
and diabetic complications. Several mechanisms
may cause oxidative insult in diabetes, although
their exact contributions are not entirely clear. Ac-
cumulating evidence points to many interrelated
mechanisms that increase production of reactive
oxygen and nitrogen species or decrease antioxi-
dant protection in diabetic patients.5,6

Hyperglycemia-induced auto-oxidation of
lipids and glycation of protein/glucose, result in for-
mation of free radicals of oxygen (ROS) and nitrogen
(RNS). Mitochondrial leakage of these ROS is the
primary reason for oxidative damage.11 Oxidative at-
mosphere in cells is also created by the impairment
in functioning of endogenous antioxidant enzymes
namely superoxide dismutase (SOD), glutathione
peroxidase (GPx) and catalase (CAT). GPx, CAT,
SOD and glutathione reductase (GR) are known to
be inhibited in diabetes mellitus as a result of nonen-
zymatic glycosylation and oxidation.11,18

Thereby, all aerobic organisms including hu-
mans have antioxidant defence mechanisms that
protect against oxidative damage. However, natu-

ral antioxidant defence mechanisms can be insuffi-
cient. Hence, dietary intake of antioxidants is im-
portant and recommended. Medicinal plants
became important in this generation for the treat-
ment of numerous diseases.19

Stevia rebaudiana Bertoni (SrB) is a perennial
shrub of the Asteraceae (Compositae) family native
to certain regions of South America (Paraguay and
Brazil).8,13 The extracts of the leaves of the plant,
have been used for many years in the traditional
treatment of diabetes in South America. Oral in-
take of SrB extracts slightly suppresses plasma glu-
cose during an oral glucose tolerance test in healthy
and diabetic persons.7,8 A 35% reduction in blood
glucose is also observed in diabetic rats after an oral
intake of SrB extracts.1

Nitric oxide synthases (NOS) are the family of
enzymes that synthesize NO and citrulline from L-
arginine. Three major subtypes have been identi-
fied; two of them, neuronal NOS and endothelial
NOS are constitutively expressed and Ca+2/
calmodulin-dependent, whereas the cytokine-in-
ducible isoform is calcium-independent.9 Recent
studies have focused on the possible role of NOS
enzymes in diabetes. If these enzymes are affected,
they may fail to produce nitric oxide or may pro-
duce both nitric oxide under oxidative stress con-
ditions and superoxide, which is likely to result in
peroxynitrite formation and contribute to the com-
plications.10

L-NNA is a nitric oxide synthase inhibitor, as
an analog of L- arginine. The slow reversibility of
L-NNA-mediated inhibition provides a degree of
selectivity for nNOS and eNOS in longer term stud-
ies (for example, with cells or in vivo). None of the
compounds described to date can be used to target
a specific isoform (for example, L-NNA shows only
twofold selectivity for nNOS over eNOS).9,11

No detailed studies focused on the effect of
Stevia rebaudiana Bertoni on lipid peroxidation and
antioxidants in STZ-induced diabetic rats. Hence,
the present study was planned to evaluate the effect
of Stevia rebaudiana Bertoni on lipid peroxidation,
blood glucose and antioxidant activities in plasma
and liver of the STZ-NA induced diabetic rats.
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MATERIAL AND METHODS

TREATMENTS OF RATS

Two to three months old Sprauge Dawley rats were
used for the present study (Medical Biology Animal
Laboratory, Eskisehir, Turkey). The animals were
housed in individual cages at room temperature with
a 12-h on/12-h off light schedule, and left for 1 week
for acclimitization before the start of the experi-
ment. At the beginning of the experiment, glucose
levels were measured from tail vein. The rats were
divided into seven groups as described (Table 1). 

The rats were intraperitoneally administered
290 mg/kg of nicotinamide, (Sigma Chemical, St.
Louis, Mo., USA) dissolved in saline, 15 min before
an intravenous injection of 60 mg/kg STZ (Sigma
Chemical, St. Louis, Mo., USA), dissolved in saline
immediately before use. The animals were treated
with SrB extract (NuNaturals, Inc., Eugene. OR,
USA), in order to test antidiabetic and possible an-
tioxidative effects of this extract. To determine
whether the inhibition of NOS would have any ef-
fect on the development of type II diabetes and free
radical formation, L-NNA was administrated
(Sigma Chemical, St. Louis, Mo., USA) 5-8 weeks
after the induction of the diabetes. Doses of the
given substrates are summarized in Table 1. 

After administration of STZ and NA, the blood
glucose levels were determined every week from tail
veins of all animals during the next 7-week period
using the Accu-Check® Go Glucometer (Roche Di-
agnostics, Mannheim, Germany). Fasting and post-
prandial blood glucose levels were measured.

This study was approved by the local ethical
committee of Eskisehir Osmangazi University of
Animal Experiments.

BIOCHEMICAL ANALYSIS

Erythrocyte hemolysates were prepared as de-
scribed previously.26 Liver was extracted by ho-
mogenization for the SOD and GPx analysis
according to the kit protocols. For the measure-
ment MDA and CAT levels, homogenates were
prepared from liver as described.17

SOD activity was measured using SOD Deter-
mination Kit (FLUKA, St. Louis, MO, Cat. No:
19160). 

CAT activity was determined using ammo-
nium molybdate- hydrogen peroxide reaction.
MDA was measured by TBA reaction as a lipid per-
oxidation product, as previously described.17

Glutathione peroxidise (GPx) activity was de-
termined using Glutathione Peroxidase Assay Kit
(CALBIOCHEM®, EMD Biosciences,. Inc., San
Diego, CA, Cat. No: 354104).

NOS activity was measured in the serum sam-
ple using Nitric Oxide Synthase Assay Kit
(BIOXYTECH®, Oxis International, Inc, Portland,
OR, USA, Cat. No: 22113). 

HISTOPATHOLOGICAL PROCEDURES

All tissue specimens were obtained from the same
region of the right lobe of the liver of the rats. The
fragments from tissues were fixed in 10% neutral
formalin solution, embedded in paraffin, and then
stained with hematoxylin and eosin.
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Groups Received Substrates

Control Groups

I. (Control) Water + CSD

II. SrB [200 mg/kg, intragastric(i.g.)] + Water + CSD

III. L-NNA [100 mg/kg, intraperitoneal (i.p.)] + Water + CSD

Diabetic Groups

IV. (Diabetic Control) [60 mg/kg STZ + 290 mg/kg NA i.p.] + Water + CSD

V. (60 mg/kg STZ + 290 mg/kg NA i.p.)+ SrB (200 mg/kg, i.g.) + Water + CSD

VI. (60 mg/kg STZ + 290 mg/kg NA i.p.) + L-NNA (100 mg/kg, i.p.) + Water + CSD

VII. (60 mg/kg STZ + 290 mg/kg NA i.p.) + SrB (200 mg/kg, i.g.)  + L-NNA (100 mg/kg, i.p.)  + Water + CSD

TABLE 1: The substrates given to control and experiment groups.

CSD: Commercial standard diet; SrB: Stevia rebaudiana Bertoni; L-NNA: N-nitro L-arginine; STZ: Streptozotocin; NA: Nicotinamide.



The measurement of nucleus of hepatocyte
was then performed in each of the slices using
Osiris imaging software (Digital Imaging Unit, Uni-
versity Hospitals of Geneva, Geneva, Switzer-
land).27 One of the basic features of this program is
its capability to handle sets of static as well as 
dynamic images directly on a variety of personal
computers and workstations. In our study, meas-
urement was performed on nucleus of hepatocyte.
We prepared five slices for every rat and measured
the dimensions of 10 nuclei of hepatocytes for
every slice. Means for measurements were calcu-
lated.

STATISTICAL ANALYSIS

The data were expressed as mean ± standard devi-
ation (S.D.), and analyzed using repeated measures
of variance. Tukey test was used to test for differ-
ences among means when ANOVA indicated sig-
nificance (P< 0.05) and (P< 0.001). Differences
were considered statistically significant if P< 0.05.

RESULTS
The diabetic animals exhibited hyperglycemia con-
sistently. SrB and L-NNA treatment caused a de-
crease in the elevated blood glucose levels in
STZ-NA treated diabetic rats, as measured at the
end of the study. 

BLOOD GLUCOSE LEVELS

The blood glucose levels were determined every
week during the experiment. The levels of fasting
and postprandial blood glucose at the beginning of

the experiment, and at 5th and 7th weeks are given
in Table 2 and Table 3, respectively.

The plasma glucose levels wero similar in con-
trols and experiment groups before STZ injection
(P>0.05). The plasma glucose levels increased grad-
ually in STZ+NA treated groups (IV., V., VI. and
VII.). 

The plasma glucose levels of diabetic groups
increased in the 5th week when compared to con-
trols (P< 0.05), (P< 0.001).

In the 7th week, after the SrB and L-NNA
treatment, blood glucose levels of SrB, L-NNA and
SrB+ L-NNA treated groups decreased significantly
(Table 2 and 3).

BIOCHEMICAL FINDINGS

Erythrocyte MDA, SOD, CAT and GPx levels, and
serum NOS levels are presented in Table 4. There
was not any significant difference in the SOD and
CAT activities between control and diabetic
groups. Erythrocyte MDA level significantly de-
creased in the SrB treated diabetic groups (P< 0.05).
Serum NOS levels of group II., V., VI and VII sig-
nificantly decreased (compared the diabetic con-
trol IV) (P< 0.05, P< 0.001). The erythrocyte GPx
activity increased in diabetic control group com-
pared to controls (P< 0.01).

MDA, SOD, CAT, NOS and GPx levels of liver
homogenates are presented in Table 5 (Table 4).
There was not any significant difference in the
NOS and CAT activities between control and dia-
betic groups. In addition, SOD and GPx activities of
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TABLE 2: Fasting blood glucose levels of control and diabetic groups.

Groups n Before injection  5th week (beginning of the treatment) 7th week (final of the experiment)

Control Groups

I. 11 81.27 ± 1.4 78.09 ± 2.1 78.73 ± 2.2

II. 12 82.50 ± 1.9 81.00 ± 1.5 71.92 ± 4.9

III. 11 81.45 ± 1.4 79.82 ± 1.2 70.10 ± 1.7

Diabetic Groups

IV. 11 82.82 ± 0.9 90.30 ± 2.3** 97.56 ± 2.6***

V. 12 81.17 ± 3.0 99.83 ± 3.0*** 88.42 ± 2.0

VI. 12 80.33 ± 1.8 93.00 ± 2.7*** 92.20 ± 1.8*

VII. 14 78.86 ± 1.7 93.07 ± 2.0*** 87.50 ± 1.1

* P< 0.05, ** P< 0.01, *** P< 0.001 (when compared to control group I).



the untreated diabetic groups (diabetic control)
were significantly decreased (P< 0.05, P< 0.001).
We found increased MDA levels in diabetic con-
trol (P< 0.01) and L-NNA treated (P< 0.001) groups.

HISTOLOGICAL FINDINGS

Hepatocytes were in normal histology in control
group in light microscopic analyze (Figure 1). When
compared with control group maximum degenera-
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TABLE 3: Postprandial blood glucose levels of control and diabetic groups.

Groups n Before injection  5th week (beginning of the treatment) 7th week (end of the experiment)

Control Groups

I. 11 113.73 ± 2.3 112.55 ± 2.2 110.27 ± 1.7

II. 12 114.58 ± 4.1 103.25 ± 2.3 113.92 ± 2.8

III. 11 118.45 ± 2.8 106.45 ± 2.2 113.10 ± 3.5

Diabetic Groups

IV. 11 115.73 ± 1.6 130.40 ± 2.1*** 150.89 ± 4.2***

V. 12 113.00 ± 2.9 149.58 ± 3.4*** 120.83 ± 1.5*

VI. 12 115.25 ± 2.0 150.67 ± 3.8*** 132.70 ± 1.6***

VII. 14 114.79 ± 1.6 136.00 ± 2.6*** 121.25 ± 1.5*

* P< 0.05, *** P< 0.001 (when compared to control group I).

TABLE 4: The levels of erythrocyte MDA, SOD, CAT and GPx, and serum NOS of control and diabetic groups. 

SOD MDA CAT Gpx NOS

Groups n (U/gHb) (U/gHb) (KU/l) (mU/ml) (nmol/ml/sec)

Control Groups

I. 11 7498 ± 427 31.21± 2.2 210.76 ± 17.43 1.98 ± 0.6 0.62 ± 0.13

II. 11 7546 ± 491 36.18 ± 2.7 207.65 ±  6.30 1.98 ± 0.5 0.54 ± 0.06+

III. 11 6766 ± 309 28.32 ± 1.0 208.95 ±  8.11 1.80 ± 0.4 0.60 ± 0.07

Diabetic Groups

IV. 11 7841 ± 562 39.64 ± 2.2 234.10 ± 13.53 6.12 ± 1.0** 1.01 ± 0.20

V. 11 6769 ± 625 21.48 ± 1.5* 227.28 ± 12.48 1.41 ± 0.2 0.51 ± 0.07+

VI. 11 8834 ± 763 22.48 ± 1.7 225.30 ± 24.48 1.80 ± 0.4 0.39 ± 0.06+++

VII. 11 6628 ± 462 36.61 ± 2.3 230.43 ± 30.23 2.17 ± 0.6 0.23 ± 0.01+++

* P< 0.05, ** P< 0.01 (when compared to control group I), +when compared to group IV, P< 0.05, +++ when compared to group IV, P< 0.001.

MDA: Malondialdehyde; SOD: Superoxide dismutase; CAT: Catalase; Gpx: Glutathione peroxidase; Nos: Nitric oxide synthase.

TABLE 5: The MDA, SOD, CAT, GPx and NOS levels of liver tissues of control and diabetic groups.

Groups n SOD MDA CAT Gpx NOS

(%inhibition) (U/wet tissue) (kU/ml protein) (nmol/min/ml) (nmol/ml/sec)

Control Groups

I. 11 76.88 ± 9.98 0.292 ± 0.05 198.37 ± 74.54 14.85 ± 7.28 1.42 ± 0.65

II. 11 88.17 ± 7.86 0.378 ± 0.06 156.58 ± 67.18 19.00 ± 3.16 2.36 ± 0.93

III. 11 82.08 ± 8.69 1.105 ± 0.29*** 113.97 ± 31.84 9.71 ± 1.70 2.91 ± 0.98

Diabetic Groups

IV. 11 61.77 ± 3.54* 0.820 ± 0.56** 254.07 ± 56.66 3.57 ± 0.97*** 1.55 ± 0.96

V. 11 88.47 ± 12.60 0.543 ± 0.19 212.47 ± 85.21 20.42 ± 1.90* 1.82 ± 0.64

VI. 11 90.69 ± 6.48* 1.456 ± 0.23*** 168.51 ± 32.43 6.42 ± 2.76*** 1.33 ± 0.85

VII. 11 89.11 ± 5.02 0.344 ± 0.02 157.38 ± 58.25 9.14 ± 0.89* 2.51 ± 1.25

* P< 0.05, ** P< 0.01, *** P< 0.001 (when compared to control group I).

MDA: Malondialdehyde; SOD: Superoxide dismutase; CAT: Catalase; Gpx: Glutathione peroxidase; Nos: Nitric oxide synthase.



tion was seen in the diabetic group (Figure 2A, B).
However degeneration was also detectable in dia-
betic- stevia group (Figure 3). The hepatocyte struc-

ture was maintained more in diabetic LNNA group
than in the diabetic group (Figure 4A, B).  The max-
imum protection was seen in the hepatocytes of di-
abetic stevia + LNNA group (Figure 5). The stevia
and the L-NNA control groups’ hepatocyte struc-
tures were almost normal (Figures 6 and 7). 

Necrotic cells with pycnotic nuclei eosinop-
hilic cytoplasm were seen in the diabetic control
group (Figure 2A). Sinusoidal dilatations were also
observed in diabetic control groups (Figure 2A, B).
A significant nuclear hypertrophy was seen in the
hepatocytes of diabetic control groups (Table 6) (P<
0.001). Hepatocytes of the L-NNA treated diabetic
group had almost normal histomorphological struc-
ture. However, partial sinusoidal dilatations could
be seen (Figure 4A). On the other hand, necrotic
cells with pycnotic nuclei and eosinophilic cyto-
plasm were seen in some areas in hepatocytes in
this group (Figure 4B). Severe cell degeneration
was seen in hepatocytes of SrB treated diabetic
group. In this group, cells were seen empty, and
nuclei were seen separated from cytoplasm (Figure
3). Hepatocytes and sinusoidal structures in dia-
betic-stevia-L-NNA group had almost normal his-
tology (Figure 5). Hepatocytes and sinusoidal
structures were normal in control group and L-
NNA treated control group (Figures 6, 7). Hepato-
cytes in stevia treated control group had almost
normal histological structure although partial si-
nusoidal dilatations were seen (Figure 6).

FIGURE 2: Hepatocytesin the diabetic control group: The necrotic cells
with pycnotic nuclei and eosinophilic cytoplasm (�) (A) and sinusoidal di-
latation (�) (A, B) in hepatocytes, H&E x 100.

A

B
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FIGURE 1: He pa tocy tes samp les in con trol gro up: Hepatocytes and si-
nusoidal structures have normal histology in the control group, H&E x 100.

FIGURE 3: Hepatocytes in diabetic stevia group. Cells were seen empty
and nuclei were seen separated from the cytoplasm (�), H&E x 100.



DISCUSSION
The fundamental mechanism underlying hyper-
glycemia involves over-production (excessive he-
patic glycogenolysis and gluconeogenesis) and
decreased utilization of glucose by the tissues.
There are various diabetic animal models which
can be used to investigate the pathogenesis and
evolution of diabetes, and can be possibly used to
screen new anti-diabetic drugs; however, none of
them is able to reproduce the complexity seen in
human diabetes, especially in type II diabetes mel-
litus.12

Streptozotocin, which is a cytotoxic agent spe-
cific for pancreatic β-cells, has been confirmed to
have a diabetogenic action, and the intensity of the

damage is graded according to the dosage used. Pre-
vious studies indicated that by giving 230 mg of
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A B
FIGURE 4: Hepatocytes in Diabetic L-NNA group: Partial sinusoidal dilatations (�) (A), necrotic cells with pycnotic nuclei and eosinophilic cytoplasm (�)
(B), H&E x 100.

FI GU RE 5: He pa tocy tes in di a be tic-ste vi a-L-NNA gro up. He pa tocy tes and
si nu so i dal struc tu res in di a be tic-ste vi a-L-NNA gro up have almost nor mal his-
to logy, H&E x100.

FI GU RE 6: Hepatocytes in stevia control group: Partial sinusoidal dilata-
tions (�), H&E x100.

FI GU RE 7: Hepatocytes in L-NNA control group: Hepatocytes and sinu-
soidal structures have normal histology, H&E x100.



nicotinamide and 60 mg of streptozotocin per kg of
body weight to adult rats, a diabetic syndrome with
stable metabolic alterations and reduced pancreatic
insulin stores could be induced which imitate some
features of type II diabetes mellitus.5,6,12

THE EFFECTS OF SrB AND L-NNA ON FASTING AND
POSTPRANDIAL BLOOD GLUCOSE LEVELS

In the present study, the antihyperglycemic and
antidiabetic potential of the leaf extract of Stevia
rebaudiana Bertoni, a medicinal plant widely used
in the traditional medicine for the treatment of di-
abetes mellitus,1,7,8,13 was evaluated in a similar
nicotinamide and streptozotocin-induced diabetic
rat model. Studies using the mild type II diabetic
GK rat have also shown a blood glucose-lowering
effect of stevioside both when administered intra-
venously and orally.8 Likewise, in our study, clear
reduction in blood glucose levels similarly observed
in STZ-NA induced diabetic rats treated with SrB
extract.

It has been reported that L-NNA treatment
does not significantly affect the concentrations of
blood glucose and serum insulin levels.18,19 At the
end of the study (final week), there was not any
statistically significant decrease in the postprandial
blood glucose levels of L-NNA treated diabetic
groups compared to untreated diabetic groups
(group IV). However, L-NNA treatment caused
small declines in the fasting blood glucose levels in
L-NNA treated diabetic groups. Thus, L-NNA may
decrease the glucose-stimulated increase in blood
glucose levels (according to group IV). 

LIPID PEROXIDATION AND ANTIOXIDANT STATUS 
IN ERYTHROCYTE HEMOLYSATE 

The possible sources of oxidative stress in the
pathogenesis of diabetes and diabetic complica-
tions have been extensively studied for years
based on animal models and on patients. Diabet-
ics and experimental animal models exhibit 
high oxidative stress due to persistent and
chronic hyperglycemia, which thereby depletes
the activity of antioxidative defence system and
thus promotes de novo free radical generation.
Numerous studies have found increased lipid per-

oxides or reactive oxygen species and oxidative
stress (or both) in different animal models of di-
abetes.4,14-16,21

In our study, there were not any considerable
differences in the control group compared to 
other groups concerning erythrocyte SOD, MDA
or CAT activities. We know that oxidative stress
is caused by the generation of superoxide anion in
mitochondria of liver, kidney and other target tis-
sues. On that account, the antioxidant and free
radical status might not have changed in erythro-
cytes. 

However, it has been demonstrated that ery-
throcyte GPx activity decreases in type II diabetic
patients when compared to controls.22 Similarly,
we found important difference in GPx activities
when compared to diabetic control (IV) group. 

LIPID PEROXIDATION AND ANTIOXIDANT STATUS 
IN LIVER HOMOGENATE 

Furthermore, we determined increased MDA levels
in livers of diabetic control group. Increased MDA
levels were also observed in liver tissues of L-NNA
treated control and diabetic groups. SrB treated
groups, SrB treated diabetic and control group, and
SrB + L-NNA treated diabetic groups showed nor-
mal lipid peroxide levels. Therefore, the present re-
sults suggest that SrB treatment seems to be effective
in decreasing lipid peroxidation in diabetes.

Superoxide dismutase (SOD) and catalase
(CAT) are major antioxidant enzymes. Decreased
activity of SOD and CAT are found in diabetes.5 In
our study, as expected, there were not any statisti-
cally significant differences in experimental groups
compared to control groups concerning the liver
CAT activities. However, there was an important
decrease in diabetic control (IV) group and L-NNA
treated diabetic group when SOD activities of ex-
perimental groups were compared to control.
There are not any statistical differences in SrB
treated groups, SrB treated diabetic and control
groups, and SrB + L-NNA treated diabetic groups
concerning the liver SOD activities. As an antidia-
betic agent, SrB increased the SOD levels in the di-
abetic groups.
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Decreased GPx levels are reported in diabetes
as an antioxidant enzyme.5,16 We found decreased
GPx levels in the diabetic groups as well. On the
contrary, SrB treated diabetic groups showed in-
creased GPx levels.

It has been reported that serum nitric oxide
levels increased in STZ induced diabetic rats.6 In
our study, there were not any statistically signifi-
cant differences when the NOS levels were com-
pared.

NOS LEVELS IN SERUM AND LIVER HOMOGENATE 

In STZ-induced diabetic rats, serum levels of nitric
oxide (NO) is shown to be increased in the diabetic
groups compared the controls.6 Similarly, in this
study, serum NOS activities were lower in SrB and
L-NNA treated groups compared to the diabetic
control group. This might be caused by diabetes-
induced oxidative stress.

Increased activity of NOS in the liver of diabetic
animals is reported in some studies.23,24 Nevertheless,
we did not find any statistical differences in the liver
NOS levels of the experimental groups when com-
pared to control. This finding might be due to the
fact that, type II diabetes harms the tissues in the
long term and the short duration of the present ex-
periment was not enough to observe changes in NOS
levels in the liver of diabetic animals. 

HISTOPATOLOGY 

Several studies have reported that the hepatocytes
of STZ-induced diabetic mice showed cytoplasmic
alterations similar to those observed in so-called
oncocytic cells. The effects of diabetes on hepatic
structure include hypertrophy and autophagic vac-
uoles in hepatocytes. It was suggested that, in type
II diabetes, there were several pycnotic nuclei and
dilated sinusoids. The hepatocytes’ nuclei were
generally enlarged and sometimes showed irregu-
lar contours and intranuclear inclusions.20,21,25

In this study, we observed similar morpho-
logical changes in STZ-NA treated diabetic rat
liver. In untreated diabetic rats and L-NNA treated
diabetic rats, the nuclei of hepatocytes were en-
larged. Moreover hepatocytes with pycnotic nu-
clei and sinusoidal structures were seen in the liver
cells of diabetic control and L-NNA diabetic
groups. Additionally, in the SrB treated diabetic
group, cells were seen empty and nuclei were seen
separated from the cytoplasm. We suggest that
these histological changes induced by diabetic
complications.

The intensity of changes in SrB and L-NNA
treated diabetic rats was less severe when com-
pared to untreated diabetic rats.

CONCLUSION
As a result, the extracts of Stevia rebaudiana
Bertoni leaves have some beneficial effects on dia-
betes-induced histological, oxidative and hyper-
glycemic changes. It was determined that L-NNA
was less efficient in the treatment of type II dia-
betes when compared to SrB. Further studies on
SrB concerning the treatment of diabetes seem
warranted.
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Groups n Hepatocyte Diameter (µm) 

Control Groups

I. 7 7.72 ± 0.38

II. 7 6.78 ± 0.23

III. 7 8.47 ± 0.76

Diabetic Groups

IV. 7 9.81 ± 1.07***

V. 7 7.38 ± 0.62

VI. 7 7.87 ± 0.29

VII. 7 8.43 ± 0.39

TABLE 6: The hepatocyte diameters of control and 
diabetic groups.

***  P< 0.001 (according to control group I).
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