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Abstract

The objective of the present work was to evaluate the effect of minor glycosides on the
QUICKI index as a marker of insulin resistance, triglycerides (TG), and antioxidant capacity
in Wistar rats induced with diabetes mellitus type 2 (DM2). DM2 was induced in male Wistar
rats (n = 35) through streptozotocin-nicotinamide. Hyperglycaemia was confirmed two weeks
later, the subjects were divided into seven experimental groups, and each group was treated as
follows: (1-5) dulcoside A, steviolbioside, rebaudioside B, C, and D (20 mg/kg, respectively);
(6) metformin (180 mg/kg); and (7) standard diet, orally for four weeks. Blood sample was
obtained from the tail before and after the treatment. The serum was separated after clotting
by centrifugation. The included parameters namely serum triglycerides (TG) and superoxide
dismutase (SOD) activity were measured before and after the treatments, then the changes
were determined; and at the end of the treatment, the QUICKI index was determined. The
analysis of one-way variance (ANOVA) was performed considering p < 0.05. No statistically
significant differences were found in any of the three variables (p > 0.05); however, the
rebaudioside group B had the highest QUICKI index, while the reduction of triglycerides was
greater in rebaudioside D. SOD activity increased in all groups, but was higher in rebaudioside
D and steviolbioside. Minor glycosides at the dose and time evaluated had no significant

effects on QUICKI index, antioxidant capacity, and triglycerides concentration.
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Introduction

Diabetes mellitus (DM) is a chronic metabolic
disorder characterised by hyperglycaemia, induced by
a deficiency in insulin secretion resistance to its action
at the cellular level, or both (IDF, 2015). According to
the International Diabetes Federation, in 2017 the
prevalence of DM in adults was approximately 425
million, and itis predicted that thisamount will increase
to 629 million by 2045 (IDF, 2015).

Several studies have shown that a chronic
exposure to high glucose concentrations generates a
pro-oxidant state that is related to the appearance of
metabolic complications. Another important feature of
diabetes is the presence of hyperinsulinemia that
inhibits the release of fatty acids, thus leading to
dyslipidaemia (Erion and Corkey, 2017). Current
recommendations of the American Diabetes
Association (ADA) include a change in lifestyle and
drug treatment. However, there is a continuous search
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for alternatives that do not have the adverse effects of
medications. Among these alternatives, Stevia
rebaudianaleaves have been used, as part of traditional
medicine. The total composition of steviol glycosides
on a Stevia leaf varies depending on the species, but
the most common composition is stevioside (10%),
rebaudioside A (2 - 5%), rebaudioside C (1%),
dulcoside A (0.5%), rebaudioside D, E, and F (0.2%,
respectively), steviolbioside (0.1%), and rebaudioside
B (traces), reported as percentage by weight (Signh et
al., 2012; Ceunen and Geuns, 2013).

Individuals with DM2 have insulin hormone
resistance, which occurs when cells have lower
response to their effect, and leads to higher
concentrations of this hormone in trying to maintain a
normal blood glucose level (Trout et al., 2007). Thus,
the effectiveness of insulin is reduced in lowering the
concentration of blood glucose, catalysing its storage
as glycogen, and decreasing hepatic gluconeogenesis
(Troutetal., 2007). There are several methods to assess
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insulin resistance (Cacho et al, 2008). The
euglycemic-hyperinsulinemic clamp testis considered
as the "gold standard" but it is invasive and expensive.
The Quantitative Insulin Sensitivity Check Index
(QUICKI) is inexpensive and simple, requiring only
a simple plasma sample, and is valid for the use on
rats and mice (Muniyappa et al., 2009).

Dyslipidaemiaisone ofthe highestrisk factors
in cardiovascular diseases in patients with DM
(Mooradian, 2009). Hyperinsulinemia is associated
with an increase in the number of VLDL and TG
particles in the plasma, leading to a decrease in
concentrations of high-density lipoproteins (c-HDL),
and an increase in the concentration of denser particles
of low-density lipoproteins (LDL) (Mooradian, 2009;
Schofield et al., 2016). Another characteristic of DM
is the presence of oxidative stress, which is defined as
an imbalance between the production of reactive
oxygenspecies (ROS) and antioxidant defense system,
which can cause damage to various tissues (Betteridge,
2000).

Various experimental studies have been
conducted to evaluate the effect of steviol glycosides,
aswellasthe extractof S. rebaudianaleaves oninsulin,
triglycerides, and oxidative stress. Stevia leaf extract
lowered glucose and insulin, and also increased the
activity of superoxide dismutase (SOD) and catalase
(CAT) inrats (Shivanna et al., 2013); while in humans
with DM2, the concentration of fasting and postprandi-
al blood glucose decreased, as well as triglycerides
(Rituand Nandini, 2016). Onthe other hand, stevioside
administered to rodents has been shown to decrease
glucose, insulin, and cholesterol (Chen et al., 2005,
Geeraert et al., 2010), as well as an increase in the
expression of the enzyme of SOD (Geeraert et al.,
2010). In humans, a decrease in postprandial glucose
has been reported (Gregersen et al., 2004). Another
major glycoside, rebaudioside A, has shown
conflicting result, since the administration on rats has
shown a decrease in glucose and increase in plasma
insulin (Saravanan et al., 2012), as well as an increase
in the activity of antioxidant enzymes of SOD, CAT,
and glutathione peroxidase (GPx) (Saravanan and
Ramachadran, 2013). However, there are also reports
where there was no effect on insulin and glucose on
rats (Dyrskog et al., 2005) or on humans (Shin et al.,
2016).

The studies described above have focused on
complete extracts of Stevia leaves and their major
glycosides namely rebaudioside A, and stevioside; and
therearealso a few studies evaluating other glycosides.
A study with the minor glycosides namely dulcoside
A, steviolbioside, rebaudioside B, C, and D showed
that they do not have an antihyperglycemic effect in

normoglycemic or DM-induced Wistar rats
(Aranda-Gonzalez et al., 2016); however, their effect
on insulin resistance, dyslipidaemia, or antioxidant
activity has not been assessed.

Therefore, the objective of the present work
was to evaluate the effect of consumption of minor
steviol glycosides on the insulin resistance index, the
concentration of serum triglycerides, and their
antioxidant capacity in an experimental model of
Wistar rats induced with DM2.

Materials and methods

A total of 35 Wistar rats were acquired from
the animal facility in the Regional Research Centre of
the Autonomous University of Yucatan (CIR-UADY)

Reagents

The glycosides used for the tests were
purchased from Anhui Minmetals (Hefei, China):
dulcoside A (64432-06-0), steviolbioside
(41093-60-1), rebaudioside B (58543-17-2), C
(63550-99-2),and D (63279-13-0). Streptozotocinand
nicotinamide were purchased from Sigma-Aldrich (St.
Louis, MO, USA), as well as commercial metformin
(Glucophage®).

Diabetes induction

This was carried out on male Wistar rats,
weighing 200 - 250 g, after 12 h of fasting by injection
of 65 mg/kg streptozotocin (STZ) dissolved in citrate
phosphate buffer 0.1 M, pH 4.5, and intraperitoneally
(i.p.), 15 min after the administration of 120 mg/kg
nicotinamide (i.p.). Hyperglycaemia was confirmed
after two weeks, and only animals with blood glucose
> 200 mg/dL were included.

Treatments

After confirmation of hyperglycaemia, the
animals were randomly assigned to one of the
experimental groups (n =15): (1) Control; (2) rat group
treated with dulcoside A; (3) rat group treated with
steviolbioside; (4) rat group treated with rebaudioside
B; (5) rat group treated with rebaudioside C; (6) rat
group treated with rebaudioside D; and (7) rat group
treated with metformin. The glycosides were
administered at a dose of 20 mg/kg, while metformin
ata dose of 180 mg/kg; and the control group received
no treatment. The experiment lasted for four weeks,
and the glycoside dose was determined according to
previous reports where stevioside was used. The
treatments were administered orally and also
incorporated into animal food.

The first plasma and serum samples were
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obtained a day after the confirmation of the
hyperglycaemic state, and before starting the
treatment. Blood was obtained after 6 h of fasting, and
after anesthetizing the animal with pentobarbital (30
mg/kg, i.p.). Subsequently, a small cut was made at
the tip of the animals' tail, and a drip of blood was
obtained, discarding the first drop of blood and
collecting the following in micro tubes previously
treated with heparin (1.0 pL/ml); blood was also
collected without anticoagulant, and allowed to stand
for 30 min at room temperature, then centrifuged at
4,000 g for 15 min at 4°C, and then the serum was
collected. The samples were stored at -20°C for
subsequent analysis.

Serum quantitative insulin sensitivity check index
(QUICKI)

The enzyme linked immunoadsorption assay

(ELISA) was used with the EZRMI-13K Kit.
Rat/Mouse insulin was applied using ELISA Kit©
(Merck Millipore®), following the steps established
by the manufacturer. The QUICKI index was
calculated using Eq. 1 (Trout ez al., 2007; La-Corte et
al., 2008):
QUICKI index = 1/(log I, +1log G) (Eq. 1)
where, I, = fasting plasma insulin (WU/mL) (1 p
U/mL= 6,945 pmol/L) (Lutz, 2010), and G = fasting
plasma glucose (mg/dL).

Serum triglycerides

The amount of serum triglycerides in blood
serum was determined quantitatively before and after
the four weeks of treatment, by reflectance
photometry using the Accutrend® Plus meter
following the steps established by the manufacturer.
The variation in the concentration of triglycerides in
each rat was calculated paired way using Eq. 2:
ATG = TGFinal - TGInitial (Eq.2)
where each variable represented the same organism
before and after treatment.

Plasma superoxide dismutase activity

The activity of enzyme SOD was measured
in blood plasma before and after four weeks of
treatment following the method described by Yi et al.
(1988) who used nitro blue tetrazolium (NBT)
chloride to calculate the concentration of superoxide
radicals generated by xanthine oxidase and
hypoxanthine. The results were expressed in units of
enzymatic activity (UEA), where one standard unit

of enzyme activity is defined as the amount of SOD
that produces 50% inhibition of NBT. Percent
inhibition and enzyme activity units were calculated
using Eqs. 3 and 4 (Yi et al., 1988; McCord, 2001):

% Inhibition = [(A,, —A__ )/ A, ]x100%

sample

(Eq. 3)
Units of enzymatic activity = % Inhibition / (100 — % Inhibition)
(Eq. 4)

Ethical considerations
Animal management was performed

according to the guidelines for care and use of
experimental animals of the European Communities
Council Directive 86/609/EEC and the “Official
Mexican  Standard  NOM-062-ZO0O-100-1999,
technical specifications for the production, care and
use of laboratory animals” (Diario Oficial de la
Federacion, 2001). Likewise, the project was
approved by the Committee for the Care and Use of
Laboratory Animals (CCUAL-FM-UAEM) on
January 16, 2014 with the authorization number
003/2014. The animals were housed individually
under controlled temperature conditions (24°C),
light-dark cycles (12/12 h), and with food and water
ad libitum.

Statistical analysis

The results were expressed as mean =+
standard deviation (SD), and the difference between
groups was analysed by applying the statistical test of
variance analysis (ANOVA), with a 95% confidence
interval and value p < 0.05, using the GraphPad
Prism v.6 statistical package.

Results and discussion

The concentration of insulin and glucose are
shown in Table 1. As it can be observed, the
concentration of insulin was lower in the group
treated with dulcoside A, whereas higher in the group
treated with rebaudioside C, followed by
steviolbioside. In the case of glucose, the lowest
concentration was found in both of the groups which
received metformin and no treatment (control).
Statistical analysis showed that there were no
significant differences in the concentrations of
glucose (p = 0.100) and insulin (p = 0.247), as
compared to the control group.

The QUICKI index for each group was
calculated using the results mentioned above,
obtaining similar values between the control group
(0.285) and the treatments. Treatment with
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Table 1. Concentration of insulin and serum glucose
in rats with induced DM after treatment.

Treatment Insulin Glucose

(n =5 each) (ng/mL) (mg/dL)
Control 0.383+£0.200  308.00 £93.09
Dulcoside A 0.302+0.202  366.25 £59.20
Steviolbioside 0.628+0.414  395.50+£48.78
Rebaudioside B 0.561 +£0.253  364.25+41.29
Rebaudioside C  0.699 + 0.287  424.80+ 52.16
Rebaudioside D 0.346 £ 0.350  362.00+ 37.31
Metformin 0.570+0.293  457.20 £ 68.59

Values are mean + standard deviation. No significant
differences (p > 0.05) with respect to the control group
(ANOVA).

rebaudioside B (0.278) presented the highest index,
while the groups treated with dulcoside A (0.273)
and rebaudioside D (0.273) obtained the lowest,
below the metformin (0.274), rebaudioside C
(0.275), and steviolbioside (0.276) groups, as seen in
Figure 1. No significant differences were found in the
treatments with respect to the control (p = 0.57).

Under normal conditions, an increase in
glucose concentration acts as the main secretagogue
in the release of insulin (Wilcox, 2005; Trout et al.,
2007). Although there are several models of DM2 in
rats, the present work used the application of
STZ-nicotinamide which induces 60% loss of 3 cells
function and insulin deficiency, but not insulin
resistance (Furman, 2015).

The administration of STZ-nicotinamide
causes a decrease in the concentration of insulin that
increases blood glucose (Szkudelski, 2012; Koksal,

2015). Therefore, tendency to increase the insulin
concentration of the groups treated with
steviolbioside and rebaudioside C could be caused by
stimulation of the P cells acting as secretagogues, as
reported with the major glycosides, rebaudioside A
and stevioside, which had insulinotropic action on
Wistar rats with induced DM and Goto-Kakizaki rats
(Suanarunsawat and Chaiyabutr, 1997; Dyrskog et
al., 2005; Geeraert et al., 2010). However, it should
be mentioned that in the first study, the dose was
much higher (200 mg/kg), and in the other two, a
lower dose was used but for a longer period of time
as compared to the present work. On the other hand,
the insulinotropic effect reported for the Stevia leaf
extract could be due to the glycoside content (mainly
the major ones) as well as the polyphenols present, as
previously reported (Shivanna et al., 2013).
However, since glycaemia is a dynamic
process, measuring insulin sensitivity is more
adequate than just glucose or insulin. A negative
correlation between insulin and the index has been
described, which suggests that an increase in insulin
concentration is associated with a decrease in tissue
sensitivity (Lasram et al., 2014). Therefore, the
QUICKI index increases as the insulin concentration
decreases, an effect studied on rats diabetized with
STZ and on humans with type 2 DM (Hauache and
Vieira, 2003; Barman and Srinivasan, 2016). The
decrease in the QUICKI index represents a reduction
in insulin sensitivity, and consequently, a resistance
to its action (Sasidharan et al., 2013). In the present
work, although no significant differences were found,
glycoside treatments obtained lower QUICKI values
than the control group. This can be explained in those
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g 4 e W T El Metformin (180 mg/kg)
2 E=d Dulcoside A (20 mg/kg)
:% [ Esteviolbioside (20 mg/kg)
3 0.2 [ Rebaudioside B (20 mg/kg)
£ E= Rebaudioside C (20 mg/kg)
§ Rebaudioside D (20 mg/kg)
2 0.11
£
=
g
€]
0.0

Groups

Figure 1. QUICKI index determined in serum of rats with induced
DM after treatment of four weeks (n = 5). The QUICKI index was
calculated using Eq. 1. The analysis between groups was performed
using one-way ANOVA test. Columns are mean with bars indicating
standard error of the mean. No significant differences (p > 0.05) with
respect to the control group (ANOVA).
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potential secretagogues, where a greater amount of
insulin decreases the QUICKI index, which would be
reflected on a reduction in sensitivity.

Metformin, a medication widely used in
DM2 which exerts an antihyperglycemic effect
(Castro-Serna and Castro-Martinez, 2006; Cacho et
al., 2008; Saravanan et al, 2012; Schofield et al.,
2016; ADA, 2017a; 2017b), did not improve the
concentrations of glucose, insulin, and therefore, the
QUICKI index. This may be due to the fact that
antihyperglycemic effect of metformin depends on
the dose administered; it requires high concentrations
to exert an effect on peripheral tissues, and also, the
mechanism is slower in these tissues (Castro-Serna
and Castro-Martinez, 2006; Cacho et al., 2008),
where the effect on the index was observed after four
weeks of treatment (Roden ef al., 2005; La-Corte et
al., 2008). For that reason, it is likely that the dose
and time of the administration of metformin
treatment in the present work were insufficient to
exert an effect on the concentration of insulin,

glucose, and consequently on insulin sensitivity. This
means that it cannot be ruled out as a higher dose of
glycosides or a longer period of time could have a
significant effect.

The serum triglyceride concentration was
determined before and after four weeks of treatment,
and is shown in Table 2. The triglyceride
concentration of the group that received rebaudioside
D after four weeks of treatment significantly
decreased as compared to the group treated with
metformin (p < 0.05).

Since the concentration of triglycerides is
dynamic, the variation was calculated on the
concentration of TG in each paired rat following Eq.
2. As observed in Figure 2, all the groups presented a
decrease in the TG concentration, where the decrease
was greater in the groups treated with rebaudioside D
(207 mg/dL) and dulcoside A (-127.25 mg/dL),
while the decrease was smaller with treatments
rebaudioside C (-79 mg/dL), steviolbioside (-43
mg/dL), rebaudioside B (-47.25 mg/dL), and

Table 2. Serum triglyceride concentration in rats with induced DM, before

and after treatment.

Treatment Triglycerides (mg/dL)
(n =S5 each) Pre-treatment Post-treatment
Control 577.6 £ 50 473.40 = 79.3*
Dulcoside A 600 £ 40 472.80+110.9%
Steviolbioside 557 £ 96 514 £122.2°
Rebaudioside B 460.25+ 161.8 413 +£141.4*
Rebaudioside C 581.60+41.1 502.60 + 94.3*
Rebaudioside D 507.20 £ 135.1 363.20 + 148.8%
Metformin 596.16 +9.39 580.33 +£48.1°

Values are mean + standard deviation. Different letters denote significant difference
before and after treatment using Student’s ¢-test, whereas # denotes significant differ-
ences with respect to metformin group using ANOVA, followed by Tukey’s post hoc

test (p < 0.05).
)
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Figure 2. Variation in the concentration of serum triglycerides of the experimental
groups (n = 5) before and after treatment for four weeks, calculated using Eq. 2.
Columns are mean with bars indicating standard error of the mean. No significant
differences (p > 0.05) with respect to the control group using one-way ANOVA.
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metformin (-15.83 mg/dL), as compared to the
control group (-104.20 mg/dL). However, no
statistically significant differences (p = 0.35) were
observed between the groups studied.

In DM2, hypertriglyceridemia is caused by
the inactivation of the enzyme lipoprotein lipase
caused by insulin resistance (Molehin ef al., 2018). It
has been reported that the leaf extract of S.
rebaudiana may decrease hypertriglyceridemia and
glycaemia, which may be related to lower insulin
resistance (Ritu and Nandini, 2016).

Dyrskog et al. (2005) in experiments with
Goto-Kakizaki rats found no effect of major
glycoside, rebaudioside A, on triglyceride
concentration, unlike Saravanan and Ramachadran
(2013) who demonstrated significant reduction of
triglycerides using a dose of 200 mg/kg. It should be
mentioned that Dyrskog et al. (2005) used a dose (25
mg/kg) similar to the one in the present work (20
mg/kg) with twice the time, while Saravanan and
Ramachadran (2013) used a dose 10 times higher,
and for 45 days.

Among the glycosides evaluated, glycoside
rebaudioside D could be of interest since it yielded
the greatest difference in the reduction of TG
concentration, as well as the lower concentrations of
glucose and insulin during four weeks of treatment,
acting as the main glycoside with a hypolipemic
tendency. Therefore, it is likely that a higher dose, as
well as a longer period, may have a significant result.

In the results of the plasma measurement of
the enzyme activity of SOD, some samples
corresponding to the pre-treatment were excluded
because they had haemolysis or had insufficient
volume; due to this, the average SOD activity of each

group was determined (n = 3 or 4). The average
(xSOD,) of each group was considered as the initial
value, and the variation in SOD activity was
calculated using Eq. 5:

ASOD=SOD,_ —-xSOD_.  (Eq.5)

Figure 3 shows that all groups presented an
increase in SOD activity, where the greatest increase
occurred with rebaudioside D (0.347), steviolbioside
(0.300), and rebaudioside C (0.262) treatments,
while the minor was found in dulcoside A (0.117);
the treatments that obtained values similar to the
control group were metformin (0.209) and
rebaudioside B (0.211). Statistical analysis did not
show significant differences (p = 0.19) between the
groups.

The increase in antioxidant activity is related
to the improvement in plasma insulin concentration,
which in turn, improves glucose consumption in
peripheral tissues, thus preventing its high
concentrations and inducing oxidative stress through
various mechanisms (Cefalu, 2001; ADA, 2017a;
2017b). It was found that all the experimental groups
had an increase in SOD activity, where those which
received glycosides had greater increase.

This increase in the antioxidant defence
mechanism coincides with the reports of Saravanan
and Ramachadran (2013) who concluded that the
administration of rebaudioside A improved
antioxidant enzyme activity and reduced oxidative
stress. Another study conducted on DKO mice by
Geeraert et al. (2010) also found that oral administra-
tion of stevioside at a dose of 10 mg/kg/day, after 12
weeks, increased the SOD activity. In both cases, the
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Figure 3. Variation of the SOD units of the experimental groups before and after
treatment for 4 weeks (n = 5), calculated following Eq. 5. The analysis between
groups was performed using one-way ANOVA test and no significant differences
(p > 0.05) with respect to the control were found. Columns are mean with bars

indicating standard error of the mean.
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improvement in the antioxidant defence system was
attributed to an increase in SOD expression.
However, since both, the control group and the one
treated with metformin, had an increase in SOD
activity, it is not ruled out that it may be a physiologi-
cal adaptation mechanism to the induced diabetes
model. Considering that glycoside rebaudioside D
had a greater effect on the activity of SOD and
triglycerides, it represents an area of interest for
future studies, where a higher dose or treatment time
must be considered.

Conclusion

The treatment of diabetic rats with steviol
glycosides namely dulcoside A, steviolbioside,
rebaudioside B and C, given at a dose of 20 mg/kg
each, for four weeks, had no significant effects on
insulin resistance, antioxidant capacity, QUICKI
index, and superoxide dismutase activity, respective-
ly, nor on serum triglyceride concentration.
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