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Abstract

The advanced glycated end products (AGEs) are formed in the diabetic patients; it is a major cause of macrovascular and microvascular
complications in diabetes. Clinically there is no treatment available for the AGEs. Stveoside (Stv), a sweetener has potent anti-diabetic
and anti-oxidant activity. Hence, we investigated its use in prevention of AGEs formation using in vitro and in vivo models. Diabetes was
induced by streptozotocin (STZ). These rats were kept without treatment till blood HbAlc was markedly increased. They were then divided
into 5 groups and treated orally with vehicle or Metformin (MET) or Stv respectively for 28 days. Every 7th day, animals were tested
for body weight and blood glucose (BG). On the last day of treatment, all the groups were evaluated for physiological and biochemical
parameters, histopathology and AGEs; N-carboxymethyl-lysine (CML) estimation. Stv showed inhibition of AGEs in in vitro as well as in
in vivo respectively. Positive effects were seen on the BG, lipid profile and urine parameters as well it showed reduced formation of CML.
It also showed antihyperglycaemic, antihyperlipedemic and nephroprotective activities. The present study provides scientific rationale for

the use of Stv as a sweetener with additional benefits in diabetes.
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Highlights:

+ Persistent and untreated hyperglycemia through HbAlc may lead to diabetic vascular complications.

+ Clinically, there is no treatment available for glycation prevention.

« Stevioside glycoside is a natural sweetener, exhibits insulinotropic, glucagonostic, anti-hyperglycemic effect.
+ We found it to reduce glycation as well as it showed potent antihyperglycaemic, antihyperlipedemic and nephroprotective activities.

Introduction

Diabetes mellitus is a global issue affecting children, adults
and adolescents (Pinhas-Hamiel et al., 2015). Persistent and
untreated hyperglycemia may lead to diabetic vascular compli-
cations through many metabolic and structural changes, such
as the production of advanced glycation end products (AGEs).
Accumulation of AGEs alters many extracellular and intracel-
lular structures and functions (Brownlee, 1995) that may re-
sult in diabetic complications such as retinopathy, cardiomy-
opathy, nephropathy and neuropathy (Goh and Cooper, 2008;
Jakus and Rietbrock, 2004).

Free amino groups of proteins, lipids and nucleic acids with
the carbonyl group (-C = O) of reducing sugars react and re-
sult in production of glycated products (Daroux et al., 2010).
Some examples are hemoglobin, human serum albumin, col-
lagen and high, low-density lipoproteins that are more prone

to the formation of AGEs (Ansari and Ali, 2011). The reaction
between glucose and amino acids is reversible and it forms the
Schiff’s base by hydrolysis, the Schiff’s base rearranges to an
early glycation product known as Amadori product which is
the more stable form of reaction (Bohlender et al., 2005). Ex-
amples of AGEs are N-carboxymethyl-lysine (CML), pentosi-
dine, or methylglyoxal (Peppa et al., 2008). Vitamin B6, LR 90,
N-phenacylthiazolium, vitamin C, vitamin E, benfotiamine,
have shown antiglycating activity in vivo and in vitro (Chang et
al., 2014; Elosta et al., 2012; Figarola et al., 2003; Naowaboot
et al,, 2009), aminoguanidine appeared to be first potent AGE
inhibitor in preclinical studies. However, due to ambiguity in
their clinical efficacy their use is limited.

Therefore, the diet and drugs from natural sources is the
mainstay for the management of diabetes and its complica-
tions. The deficiency of available treatment of diabetes-in-
duced glycation, prompted us to test naturally occurring ste-
vioside glycoside (Stv). It’s a natural sweetener, 250 times
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sweeter than sucrose and is utilized widely as a sugar substi-
tute in diet (Gardana et al., 2003). It is obtained from plant
Stevia rebaudiana Bertoni, belonging to family Asteraceae. It is
reported to exhibit insulinotropic, glucagonostic, anti-hyper-
glycemic (Gregersen et al., 2004; Jeppesen et al., 2000, 2002),
anti-hypertensive (Hsieh et al., 2003; Jeppesen et al., 2003;
Liu et al., 2003), immunomodulator (Boonkaewwan et al.,
2008; Sehar et al., 2008) and antioxidant property (Stoyanova
et al., 2011). Stv as such is not absorbed orally, it is metabo-
lized by the intestinal microflora and forms an aglycon metab-
olite steviol (Gardana et al., 2003).

Materials and methods

Chemicals

Stv was procured from Desle Agro Ltd. (India). STZ was pur-
chased from Enzo Life Sciences (USA), Metformin (Met) was
provided as a gift sample from Dr. Reddy’s lab (India), CML
antibody raised in Rabbit (ab27684) was procured from Ab-
cam (UK), anti-rabbit HRP secondary antibody was used in
blot purchased from Merck Millipore (India), and protein es-
timation kit (Bio-Rad chemicals, USA) was purchased. Second-
ary antibody-biotin conjugate, secondary antibody-HRP were
purchased from Merck Millipore, (India). Other chemicals,
bovine serum albumin, sodium azide, glucose, urea, thiourea,
3-[(3-cholamidopropyl)dimethylammonio]-1-propanesul-
fonate, dithiothreitol, tris base, acrylamide, glycine, ammoni-
um persulfate, tetramethylethylenediamine, bis acrylamide,
sodium dodecyl sulphate were purchased from Sigma-Aldrich
(USA). All other biochemical kits were purchased from Coral
Clinical Systems (India).

Animals

Adult male Wistar rats (250-300 g) (n = 30) were procured
from the institutional animal house (Reg. No.: 1139/a/07/
CPCSEA) and were housed in diurnal lighting condition
(12 h/12 h) with a temperature of 25 + 1 °C, relative humidity
of 45-55%. Animals had free access to food (Standard Chow
Pellet, Nutrivet Life Sciences, Pune) and water ad libitum. The
experimental protocol was approved by the Institutional Ani-
mal Ethical Committee (IAEC) of Sinhgad Institute of Pharma-
cy, Narhe, Pune constituted as per the Committee for Purpose
of Supervision and Control on the experimental animal (CPC-
SEA), (IAEC protocol approval No. SIOP/IAEC/2015/13).

In vitro glycation study

Stevioside was made available in powder form. Weighed quan-
tity Stv powder was dissolved in water. The different concen-
trations of Stv ranging from 50 mM to 300 mM were selected.
These concentrations were incubated with 25 mg/ml BSA and
0.5 M glucose and sodium azide (0.05%) in 0.1 M phosphate
buffer at pH 7.4. The reaction volume was adjusted to 600 pl
using sterile water. This reaction mixture was incubated for
30 days at temperature 37 °C (Sajithlal et al., 1998). Similar
procedure was followed for BSA and glucose and BSA alone
without Stv. Fluorescence reading was recorded by using Var-
ioskan flash multiplate reader®. 200 pl reaction mixture was
taken in 96-wells flat bottom plate. Fluorescent AGEs were
measured at excitation of 370 nm and emission wavelength
at 440 nm. Complete inhibition of glycation was said to occur
when fluorescence was reached to that of albumin in absence
of glucose. The percent inhibition of glycation by Stv was cal-
culated using the formula:

Te

st
% inhibition = (glycated BSA — glycmBSA) x 100

The graph was plotted with percent inhibition vs concen-
tration.

Induction of diabetes

Overnight fasted animals were rendered diabetic by a single
i.p. injection of STZ (35 mg/kg body weight) in freshly pre-
pared cold citrate buffer (0.1 M, pH 4.5), whereas Group 1, ve-
hicle control rats were injected with the same amount of vehi-
cle (distilled water). STZ administered animals were given 5%
glucose solution for 24 h. On the third day, the blood glucose
levels under ad libitum feeding were measured, and rats with
blood glucose levels higher than 250 mg/dl were deemed as
diabetic rats. These rats were divided into 4 groups as Group 2
STZ treated, Group 3 was treated with Metformin 500 mg/kg
oral labelled as Met (500), Group 4 and Group 5 were treated
with Stevioside 50 mg/kg and 100 mg/kg per oral called as Stv
(50), Stv (100) respectively. The animals were kept without any
treatment and tested every 7th day for HbAlc till the attain-
ment of positive results i.e. HbAlclevel >7 and was considered
as day 1 of treatment (Rodriguez-Marfias et al., 1998). Respec-
tive treatments were then given orally for 1-28 days.

Parameters

Body weight and blood glucose (BG) of animals were recorded
every 7th day from day 1 onwards. On day 28th, BG, serum
triglycerides, serum cholesterol, HDL, LDL, HbAlc, blood urea
nitrogen (BUN), blood creatinine, urine creatinine, urine albu-
min and total protein were estimated using various biochemi-
cal kits (Trinder, 1969). At the end of the study all the animals
were sacrificed, both kidneys were isolated, right kidney of
each rat was processed for histopathology while the left was
used for AGE estimation.

Histopathological examinations

The kidneys were stored in 10% formalin; they were embedded
in paraffin and cut into thin sections (2-3 p) by microtome.
The sections were stained with H and E stain. The sections
were examined under light microscopy (200x and 400x) for
gross pathology (Figarola et al., 2003).

AGEs estimation in kidney tissues using the western
blot technique

The left kidneys, stored at —-80 °C were washed with cold phos-
phate buffer to remove blood stains and were homogenized to
fine sample in the presence of liquid nitrogen using a tissue ho-
mogenizer. The tissue preparation was dissolved in rehydration
buffer containing 7 M urea, 2 M thiourea, 2% 3-[(3-cholami-
dopropyl) dimethylammonio]-1-propanesulfonate (CHAPS),
1% dithiothreitol (DTT), 40 mM Tris, and centrifuged at
14 000x g for 1 h at 4 °C in the centrifuge (HERMLE, Germa-
ny). The supernatant was collected and stored in aliquots at
-80 °C. Protein concentration was estimated by using the
Bradford method (Bhonsle et al., 2012). Sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (SDS PAGE) was used
for separation of proteins according to their molecular weight.
40 pg protein was loaded containing 1x loading dye in 1 : 1
ratio of volume of protein sample. The gel was transferred to
the polyvinylidene fluoride (PVDF) membrane. The membrane
was kept in ponceu stain to determine the transportation of
protein from gel to PVDF membrane, PVDF membrane was
blocked using skimmed milk at 37 °C for 1 h in the incuba-
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tor, after incubation skimmed milk was removed from the blot
and CML anti Rabbit antibody was added to blot in the ratio
of 1 : 1000 of skimmed milk and allowed to bind to blot by
keeping for 3 h on rocker shaker. Blot was washed with 20%
tween phosphate buffer (PBST) and then with PBS, pH 7.4 for
5 min at high speed for 2 times on rocker shaker. The blot was
then treated with secondary antibody (1 : 5000 of PBS), kept
for 1 h on rocker shaker at low speed and again washed with
PBST and PBS.

Estimation of AGEs
Immunoreactive bands were visualized using DAB system (Sig-
ma) and documented by Bio-Rad G-800 densitometer.

Statistical analysis
The results were expressed as mean + S.E.M. The data were
analyzed by one-way analysis of variance (ANOVA). For
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body weight data, two way ANOVA was used. The ANOVA
was followed by Dunnett’s post hoc comparison tests for one
way ANOVA and Bonferroni post-test was used for two way
ANOVA, p < 0.05 were considered significant.

Results

Effect of Stv (50 and 300 mM) on in vitro glycation

The graph (Fig. 1A) represents % inhibition of glycation v/s
concentration of Stv. As the concentration is increased, in-
hibition of glycation was found to be increased. Maximum
inhibition of 42.61 % was obtained at the concentration of
350 mM.
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Fig 1. (A) Percentage in vitro glycation inhibition by Stv. Effect of Stv on (B) Change in body weight, (C) Blood glucose level, (D) HbAlc level. Data are
expressed as mean + SEM and were analyzed by two way ANOVA followed by a Bonferroni post test except HbAlc, which was done by one way ANOVA
followed by Dunnett’s post hoc test; ## p < 0.01, ### p < 0.001 as compared with vehicle control; ** p < 0.01, *** p < 0.001 Met (500), Stv (50) and Stv

(100) as compared with STZ treated.

Effect of Stv (50 and 100 mg/kg) on body weight (g)
Diabetic rats showed non-significant reduction in body weight
as compared to vehicle control rats. No significant increase
was observed in Met (500 mg/kg) and Stv (50 and 100 mg/kg)
treated rats as compared to STZ treated rats (Fig. 1B).

Effect of Stv (50 and 100 mg/kg) on blood glucose level
(mg/dl)

Fig. 1C shows effect of Stv and other treatments on blood glu-
cose. BG level was significantly increased on day 7, 14, 21 and

day 28 respectively in STZ treated as compared to vehicle con-
trol (p < 0.01, p < 0.001). Treatment with Met (500), Stv (50)
and Stv (100) reduced blood glucose evident on day 7, 14, 21
and 28 as compared to STZ treated rats respectively (p < 0.001,
p < 0.01). BG was significantly reduced by all the treatments on
day 28th (p < 0.001).

Effect of Stv (50 and 100 mg/kg) on HbAlc
STZ administered rats showed significant increase in HbAlc
level as compared to vehicle control rats (p < 0.001) (Fig. 1D).
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Met (500 mg/kg) treatment exhibited significant reduction in
HbAlc level as compared to control rats (p < 0.01). Diabetic
rats treated with Stv (50 and 100 mg/kg) also showed signifi-
cant dose dependent reduction respectively as compared with
STZ treated rats (p < 0.01).

Effect of Stv (50 and 100 mg/kg) on lipid profile

The results are summarized in Fig. 2. STZ treated rats showed
significant increase in triglyceride level (mg/dl) as compared
to vehicle control group (p < 0.001). The treatments with Met-
formin as well as Stv (50 and 100 mg/kg) demonstrated signif-
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icant reduction in the level of triglycerides as compared to STZ
treated rats (p < 0.001, p < 0.01, p < 0.05). STZ treatment ex-
hibited marked rise in cholesterol level (mg/dl) as well as LDL
levels in STZ treated rats as compared to vehicle control rats
(p < 0.05). Treatments with Stv (50 and 100 mg/kg) reduced
the cholesterol levels to vehicle control, as well as LDL was re-
duced significantly (p < 0.05), as compared to STZ treated rats.
Treatments with Stv (50 and 100 mg/kg) for four weeks in STZ
treated rats showed significant rise in HDL levels as compared
to STZ treated rats (p < 0.001 and p < 0.05).
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Fig 2. Effect of Stv on lipid profile. (A) Triglyceride level, (B) Cholesterol level, (C) HDL levels, (D) LDL level. Data are expressed as mean + SEM and were
analyzed by one way ANOVA followed by Dunnett’s post hoc test; # p < 0.05, ## p < 0.01 as compared with vehicle control, * p < 0.05, ** p < 0.01, *
**p < 0.001 Met (500), Stv (50) and Stv (100) as compared with STZ treated group.

Effect of Stv (50 and 100 mg/kg) on kidney function
tests

The effect of Stv on urine volume, urine albumin, total protein
and Ccr (Creatine clearance) is shown in Fig. 3. Urine volume
(24 h) was increased in STZ treated rats when compared to
vehicle control rats (p < 0.001). Treatments with Stv (50 and
100 mg/kg) and Met (500 mg/kg) normalized it (p < 0.05,
p < 0.01). There was significant excretion of albumin and pro-
tein in urine in STZ treated rats as compared to normal rats
(p < 0.01) indicating kidney injury. Treatment with Stv (50 and
100 mg/kg) normalized urine albumin and total protein levels
(p < 0.01, p < 0.001, p < 0.001)). Met (500 mg/kg) treatment
showed significant reduction in urinary protein (p < 0.001)
though had no effect on urine albumin. Ccr (mg/24 h) was
significantly increased in STZ treated rats as compared to ve-
hicle control rats (p < 0.001). Treatment with Stv (50 and

100 mg/kg) and Met (500 mg/kg) significantly reduced Ccr
(p < 0.001, p < 0.05) as compared to STZ treated rats (Fig. 3D).

Effect of Stv (50 and 100 mg/kg) on histopathology

of Kidney

H and E stained [Fig. 4 (i) A-E] images of the kidney sections
obtained from vehicle control group showed no abnormalities,
STZ treated group showed increased vacuolization in epitheli-
al tubular cells (as shown by black arrow in figure), increased
thickness of messengial membrane with markedly increased
cellularity. The increased vacuolization indicates glycosuria
due to STZ treatment. Stv (50) showed no protection, this
indicates, low dose Stv treatment for 28 days are insufficient
to reverse the damage. Met (500 mg/kg) and Stv (100 mg/kg)
treated group showed normal architecture of the tubules as
well as glomerulus.
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Fig 3. Effect of Stv on kidney function tests. (A) Urine volume level, (B) Urine albumin level, (C) Urine total protein levels, (D) Creatinine clearance
(Ccr). Data are expressed as mean + SEM and were analyzed by one way ANOVA followed by Dunnett’s post hoc test; # p < 0.05, ## p < 0.01 as compared
with vehicle control, * p < 0.05, ** p < 0.01, *** p < 0.001 Met (500), Stv (50) and Stv (100) as compared with STZ treated group.

Fig 4. Sections of kidneys stained with H and E stain (200x with inset
at 400x), (A) Section of normal non diabetic kidney showing normal
structure and architecture, (B) STZ treated group showing increased
vacuolization in tubular epithelial cells with markedly increased
cellularity, (C) Met (500) and E: Stv (100) rat kidney showed the normal
architecture of glomeruli and tubular epithelium. (D) section of Stv
(50) group rat kidney showed no protection against damage due to STZ
administration. The scale bar represents 500 pm.

Effect of Stv (50 and 100 mg/kg) on AGEs (CML) using
western blot

CML expression was increased in STZ treated rats as compa-
red to vehicle control rats. Treatments with Met (500 mg/kg)
treatment and Stv (100 mg/kg) showed reduction in its ex-
pression. Stv (50) lowered its expression to a less extent than
its high dose (Fig. 5).

Discussion

Clinically, there is a lack of available treatment to prevent for-
mation of advanced glycation end products. The treatment
of AGEs includes inhibitors of AGEs, drugs that prevent for-
mation of AGEs and breakers of AGEs (Vlassara and Uribarri,
2014). Aminoguanidine emerged as potent advanced glycat-
ed end product inhibitor and also proved to prevent diabetic
complications (Elbe et al., 2014; Vlassara and Uribarri, 2014).
Due to its severe adverse effects such as antinuclear antibodies
formation, deformities in the liver, gastrointestinal instability,
rare vasculitis and pernicious like anemia, it was withdrawn
from phase 1 clinical trial (Freedman et al., 1999; Friedman,
1999). Hence there is an urgent need to develop an effective
antiglycation agent that is devoid of any side effects.

Stv has been reported for myriad of biological activities
including diabetes (Geeraert et al., 2010; Hsieh et al., 2003;
Jeppesen et al., 2000, 2002). The present study showed signif-
icant reduction of glucose in STZ treated rats by Stv in both
the doses confirming its antidiabetic potential. The production
of AGEs are closely associated with the pathogenesis of dia-
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Fig 5. Effect of Stv (50 and 100 mg/kg) on expression of AGEs- CML in

renal tissue using western blot.

betic complications. The progression of diabetic complications
can be achieved by inhibiting formation of AGEs. The present
study demonstrated beneficial effect of Stv in attenuating for-
mation of AGEs. Stv (50 and 100 mg/kg) was administered
for 28 days to rats with AGEs. Stv (25 mg/kg/day) has already
been reported to exhibit anti-hyperglycemic activity due to it’s
insulinotropic and glucagonostic property (Jeppesen et al.,
2003). STZ given at a dose of 35 mg/kg ip without nicotina-
mide developed Type I diabetes. It causes diabetes by the rapid
depletion of f3-cells, which leads to a reduction in the insulin
release thereby causing blood glucose. Chronic diabetes leads
to the autooxidation of glucose and causes glycation of pro-
tein (Goh and Cooper, 2008; Singh et al., 2001), we observed
in the present study that HbAlc was markedly raised from day
21 of STZ administration (>7% HbAlc). Treatment with Stv
for 28 days, showed inhibition of glycation as observed by sig-
nificant reduction in HbAlc, the results obtained are in paral-
lel with the results obtained in our in vitro experiments. The
possible mechanism of antiglycation activity of Stv appears to
be the inhibition of physical interaction between glucose and
amino acids. Stv is reported to compete with glucose for bind-
ing to carrier thereby inhibiting the entry of glucose into the
cells, thus attenuating glycation (Rizzo et al., 2013). Though,
we need to carry out more experiments to establish the mech-
anism of action of Stv at the molecular level.

Diabetes is most commonly associated with hyperlipidem-
ia. The Framingham study demonstrated that atherosclerot-
ic diseases were more frequent in diabetic patients than in
non-diabetic ones (Kannel and McGee, 1979). Research made
by Carr and Brunzell (2004) has shown that persistent and
untreated diabetes prevents the ability of the body to clear
chylomicrons, and leads to increase levels of low-density li-
poprotein. Treatment with Stv exhibited anti-hyperlipidem-
ic activity as observed by reduced level of triglycerides, cho-
lesterol and LDL; more over Stv increased the level of HDL.
The increase in lipid levels may be due to increased activity of
hormone-sensitive lipases (HSL) which break down lipids and
mobilize them from peripheral deposits. Hormones like ACTH
and catecholamine stimulate them while insulin causes their
inhibition (Saltiel and Kahn, 2001). Stv is previously reported
to be insulinotropic (Jeppesen et al., 2002), which can be ac-
counted for its favorable effect on lipid profile.

Chronic diabetes results in kidney disease (Sharma and
Sharma, 2013). Increased AGEs concentration in the kid-
neys, results in structural changes in the kidneys which lead
to nephropathy. One of the factors for induction of diabetic
nephropathy is the expression of AGEs receptor Galactin 3
(AGE R3), it causes glomerulosclerosis and overactivation of

podocytes (O’Seaghdha et al., 2013). In the present study, Stv
showed inhibition of early renal dysfunction as measured by
inhibition of increased urinary protein, urine albumin and
creatinine clearance. The protective effects of Stv were con-
firmed by histopathology of the kidney. STZ treated kidney
showed increased cellularity, increased mesangial cell, increase
vacuolization of epithelial cells of tubular lumen due to high
concentration of glucose in the filtered urine due to STZ treat-
ment. High dose of Stv treatment showed the normal architec-
ture of the kidney.

The protection in high dose was prominent then the low
dose of Stv. Thus it is suggested that duration of administra-
tion of low dose of Stv should be increased to get the reversal
of pathological changes. We further estimated CML, which is a
major product of oxidative modification of glycation proteins
(Baynes, 1991) and is considered as a useful marker for oxi-
dative stress and long-term diabetes (Schleicher et al., 1997).
A significant amount of studies has correlated rise in CML with
that of microvascular and macrovascular complications such
as, retinopathy (Hammes et al., 1999), nephropathy (Hammes
et al., 1999) and cardiomyopathy (Schalkwijk et al., 2004).
Western blot analysis of kidney proteins showed a marked rise
in CML after 28 days of confirmed glycation (raised HbAlc).
The present study demonstrated down-regulation of CML by
Stv, dose-dependently, confirming its antiglycation potential.
The effects obtained with a high dose of Stv (100) on BG and
AGEs are comparable with that of metformin; with additional
favorable effects on lipid and kidney profile. Further research
should be undertaken to study the effect of Stv on other gly-
cated protein to broaden our understating of usefulness of Ste-
via as anti-glycating agent.

Conclusions

Our study demonstrated that Stv exhibited antiglycating ac-
tivity in vivo as well as in in vitro models. Along with its antigly-
cation property, its antihyperglycaemic, antihyperlipidemic
and nephroprotective activities provide additional benefits.
Further studies are necessary to understand the molecular
mechanism of Stv.
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