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Abstract

This study was carried out to investigate the effect of acarbose or combination of acarbose and
Oleuropein (OLEU) on glycemic index and antioxidant status of male rats exposed to high
fructose(40%) and 0.05% hydrogen peroxide H2O. Thirty-two adult male rats were randomly divided
into four equal groups: control group (CC); T1( HFr-H202) group were exposed to high
fructose (40%) in drinking water and given orally 0.05% H202; T2: 30mg/kg of acarbose were
given orally to HF-H>O> treated rats, while combination of acarbose and Oleuropein (50mg/kg.
B.W) were given orally to (HFr-H20>) treated rats in group T3. Blood samples were taken at zero
time and after two months of the experiment for measuring some parameters related to glycemic
index and antioxidant status. The results declared an elevation in the glycemic index (insulin and
glucose concentrations and insulin resistance (IR)) and malondialdehyde (MDA) and
depression in glutathione (GSH) concentrations in T1 group at the end of experiment comparing
to other treated groups. Antioxidant status and glycemic index were restored after acarbose or
combination of acarbose and Oleuropein treatment characterized by significant depression of
serum glucose, insulin concentrations and IR, and alleviation of oxidative stress clarified by
and hyperglycemic effect of fructose and H>O> that can be ameliorating by oral administration of
acarbose. Besides, combination of OLUE supplement with acarbose possessed additive effects.
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Introduction oxidative stress [6,7]. that are implicated in

Fructose is a monosaccharide found in many chronic disease [8, 9]. Hydrogen
fruits, vegetables and honeys. It is peroxide (H203) is a non-polar molecule with
commercially utilized in beverages and foods, relatively long half-life able to diffuse across
because of its high relative saccharinity, low biological membranes, Hydrogen peroxide has
price, palatability and taste enhancement [1]. been considered a major species of biological
Oxidative stress and inflammation that are reactive oxygen, generated as by product of
thought to be associated with development of respiration and end product of several
obesity, dyslipidemia, has been associated metabolic reactions [10]. Majority H2O> is
with high fat/high fructose diet [2,3]. Over produced by dismutation of superoxide anion
intake of Fructose is lead to formation of Toxic using superoxide dismutase (SOD) [11, 12,
Advanced Glycation End-Products [4, 5], and 13]. It is considered as an oxidizing agent, has
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the ability to prevent plague and gingival
inflammation [14], the damaging effect of
H>O, s attributed to generation hydroxyl
radicals, and then oxidative stress, claimed to
be responsible for many diseased condition
[15, 16, 17, 18, 19]. Induction of
atherosclerosis [20], dyslipidemia and DNA
damage [21] were reported after H20:
exposure in rats.

Acarbose, a class of oral medications
known as alpha glucosidase inhibitors is used
only to treat or prevent type 2 diabetes mellitus
[22,23]. Acarbose and insulin therapy together
are linked to a reduction in oxidative stress and
inflammation in type 2 diabetes patients [24].
The favorable effects of ACA on intra-tumoral
immunity, specifically on T cell immunity
within the tumor microenvironment, highlight
the possibility for future combination therapy
with  ACA and immunotherapies [25].
Combination of acarbose and metformin was
associated with decrease mortality of Covid-19
in patient with type 2 diabetes [26].

Olive leaf extract (Oleuropein) is a free
radical scavenger and antioxidant polyphenol
with a variety of pharmacological actions,
including anti-inflammatory, vasodilatory,
hypotensive, antioxidant, anti-apoptotic, and
neuroprotective activities [27, 28]. It has been
shown that OLE has cardioprotective activity,
could lessen myocardial damage after an acute
myocardial infarction through its anti-
oxidative and anti-inflammatory capacities
[29].

According to available literature, several
studies concerning beneficial and damaging
effect of H2O. have been well studied in vitro.
yet very limited studies have concerned the
detrimental effect of H202 in vivo system,
likewise, its deleterious effect on its
combination with fructose have not been
elucidate. The beneficial effect of ACA and
OLEU or their combination on some
parameters correlated with anti-oxidant status
and glycemic index in (HFr-H20.) exposed
rats were the aim of this study.

Materials and Methods

All procedures used in this study were
reviewed and approved by The Scientific
Committee of the College of Veterinary
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Medicine, University of Baghdad in
compliance with the ethical principles of
animal welfare.

Thirty-two adult male rats were randomly
divided into four equal groups (eight
rat/group), and handled for two months as
follows: group one animals served as the
control group (CC), group two (T1) animals
were given high fructose (40%) in drinking
water and 0.05% Hydrogen Peroxide (H203)
orally [30], group three (T2) Rats in this group
were handled as in group T1 in addition to
given orally acarbose (30mg/kg) [31], group
four (T3) Rats in this group were handled as
in group T2 in addition to given orally olive
leaf extract (oleuropein) (50mg/kg) B.W.[32].
Heart puncture technique was used to obtain
blood samples at the beginning and end of the
study. Serum samples were used for measuring
the following parameters: Glycemic index:
(Insulin and glucose concentrations using
glucose and insulin hormone kit (Biosystem/
Spine) and insulin resistance (IR) according to
[33], serum reduced glutathione (GSH)
concentration according to [34,35] and
malondialdehyde (MDA) concentration as
described by [36]. Two-way analysis of
variance was used to statistically examine
differences between experimental groups
(ANOVA) [37].

Results and Discussion

The result in table 1, 2 and 3 showed that
exposure of rat to 40% fructose in drinking
water and 0.05% H202 (T3 group) orally for
two month caused significant increase (P
<0.05) in serum concentration of glucose,
insulin hormones and IR comparing to the
value in control and other treated groups.
While oral intubation of acarbose (T2 group)
or acarbose plus oleuropein to (HF/ H.02)
exposed rats showed hypoglycemic activity
and improved of glycemic index clarified by
significant (P <0.05) decrease in previous
mentioned parameters comparing to TI1,
Significant (P <0.05) difference between T2
and T3 were also present. It seems that
combination of ACA and OLEU (T3 groups)
showed significant decrease (P<0.05)
comparing to (T2). Besides the values of IR
and insulin hormone concentration in T3 group
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tends to return to normal at the end of the significant (P<0.05) decrease in serum MDA and
experiment for the control., The result also elevation in GSH concentrations after treatment
showed significant (P<0.05) increase in serum with acarbose (T2 group) or combination of ACA
MDA and elevation in GSH concentrations in T1 and OLEU (T3 group) comparing to T1 indicating
(HFr/ H,0,) group comparing to another treated improvement in the antioxidant status, it seems that
group (in table 4 and table 5 respectively). Besides, combination of ACA and OLEU, ameliorate

oxidative status better than using ACA alone.

Table 1. Effect of acarbose or acarbose- olive leaf extract (Oleuropein) combination on serum
glucose concentration (mg/dl) in high fructose / H2O2 exposed adult male rats.

Groups CcC T-1 T-2 T-3
Time
Zero time 89.70+2.17 89.39+1.72 89.15+1.55 86.69+1.94
Aa Ab Ab Ab
After two 87.16+1.64 | 236.06+17.35 145.39+1.38 109.86+3.13
months Da Aa Ba Ca

The values are shown as Mean + SE, where n=8.

CC: control group, T1: Rats were given drinking water containing 40% fructose and given orally 0.05% of H,0,., T2:
Rats were handled as in group T1 in addition to given orally acarbose 30mg/kg. B.W, T3: Rats were handled as in group
T2 in addition to given orally Oleuropein 50mg/kg B.W.

*Significant difference between groups is horizontally represented by different capital letters (p<0.05).

*Significant differences in small letters shown vertically within group (p<0.05).

Table 2. Effect of acarbose or acarbose- olive leaf extract (Oleuropein) combination on serum insulin
hormone concentration (ulU/ml) in high fructose / H2O2 exposed adult male rats.

group CcC T-1 T-2 T-3
Time
Zero time 4.68+0.18 5.10+0.35 4.61+0.24 5.03+0.26
Aa Ab Ab Aa
After two 5.16+0.26 11.98+0.30 7.79+0.40 5.67+0.21
months Ca Aa Ba Ca

The values are shown as Mean + SE, where n=8.

CC: control group, T1: Rats were given drinking water containing 40% fructose and given orally 0.05% of H20>., T2:
Rats were handled as in group T1 in addition to given orally acarbose 30mg/kg. B.W, T3: Rats were handled as in group
T2 in addition to given orally Oleuropein 50mg/kg B.W.

*Significant difference between groups is horizontally represented by different capital letters (p<0.05).

*Significant differences in small letters shown vertically within group (p<0.05).
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Table 3. Effect of acarbose or acarbose- olive leaf extract (Oleuropein) combination on insulin
resistance (IR) in high fructose / H2O, exposed adult male rats.

group CC T-1 T-2 T-3
Time
Zero time 1.038+0.055 1.125+0.080 1.018+0.070 1.074+0.053
Aa Ab Ab Ab
After two 1.110+0.054 6.954+0.461 2.797+0.154 1.536+0.067
months Ca Aa Ba Ca

The values are shown as Mean + SE, where n=8.

CC: control group, T1: Rats were given drinking water containing 40% fructose and given orally 0.05% of H20>., T2:
Rats were handled as in group T1 in addition to given orally acarbose 30mg/kg. B.W, T3: Rats were handled as in group
T2 in addition to given orally Oleuropein 50mg/kg B.W.

*Significant difference between groups is horizontally represented by different capital letters (p<0.05).

*Significant differences in small letters shown vertically within group (p<0.05).

Table 4. Effect of acarbose or acarbose- olive leaf extract (oleuropein) combination on serum rat
malondialdehyde (MDA) concentration (Umol/Il) in high fructose / H,O exposed adult male rats.

group CcC T-1 T-2 T-3
Time
Zero time 4.18+0.13 4.13+0.16 4.22+0.19 4.49+0.12
Aa Ab Ab Ab
After two 4.33+0.13 14.24+0.30 8.09+0.18 6.54+0.56
months Da Aa Ba Ca

The values are shown as Mean + SE, where n=8.

CC: control group, T1: Rats were given drinking water containing 40% fructose and given orally 0.05% of H2O2, T2:
Rats were handled as in group T1 in addition to given orally acarbose 30mg/kg. B.W, T3: Rats were handled as in group
T2 in addition to given orally Oleuropein 50mg/kg B.W.

*Significant difference between groups is horizontally represented by different capital letters (p<0.05).

*Significant differences in small letters shown vertically within group (p<0.05).

Table 5. Effect of acarbose or acarbose- olive leaf extract (oleuropein) combination on serum levels
of reduced glutathione (GSH) in rats (Umol/l) In high fructose / H2O. exposed adult male rats.

group CcC T-1 T-2 T-3
Time
Zero time 7.48+0.66 7.91+0.26 7.73+£0.38 7.72+0.33
Aa Aa Ab Ab
After two 7.65+0.27 2.81+0.18 8.99+0.42 11.61+0.62
months Ca Db Ba Aa

The values are shown as Mean + SE, where n=8.

CC: control group, T1: Rats were given drinking water containing 40% fructose and given orally 0.05% of H202., T2:
Rats were handled as in group T1 in addition to given orally acarbose 30mg/kg. B.W, T3: Rats were handled as in group
T2 in addition to given orally Oleuropein 50mg/kg B.W.

*Significant difference between groups is horizontally represented by different capital letters (p<0.05).

*Significant differences in small letters shown vertically within group (p<0.05).
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The result in the present study pointed to
beneficial effect of acarbose in improving
glycemic index of rat exposed to (HFr/ H2Oy).
The hypoglycemic effect of ACA has been
documented by many researchers [38,39,40] In
the small intestine, it can also competitively
bind to -glucosidase and prevent the
breakdown  of  oligosaccharides  and
polysaccharides, delaying the absorption of
intestinal glucose and regulating blood sugar
levels [41,42,43]. Combination of antidiabetic
plant such as Artemisia roxburghiana with
acarbose caused hypoglycemia by inhibition of
glucosidase and a-amylase enzymes [40].
Acarbose can lower post-prandial
hyperglycemia by inhibiting a-amylase and -
glucosidase activity [44,45].

An increase in hepatic glucokinase and
depression in glycolytic products
concentration by acarbose could be a
mechanism of its hypoglycemic effect [31].
Acarbose inhibit carbohydrates digestion and
produce weight loss by increase glucagon like
peptide-1 [46]. Acarbose improve insulin
sensitivity via activation of peroxisome
proliferator—activated receptor y (PPAR v),
new singling pathway related to glucose
metabolism and insulin singling proteins that
produce glucose lowering effect and decrease
insulin resistance [47].

The result also showed significant increase
in GSH and decrease in MDA by acarbose
indicated its anti-oxidant effect that
ameliorates oxidative stress as documented by
[24]. Hyperglycemia could play a role in
oxidative stress, it elevated IR, impaired
glucose tolerance and regarded as a diabetes's
main source of oxidative damage is lipid
peroxidation [48]. Actually, through a number
of different processes, hyperglycemia alters
the redox state of cells, it promotes increased
NADPH oxidase activation [49]. changes their
regulation of protein tyrosine kinase and of
protein kinase C, it leads to sorbitol
accumulation and increases NADH/NAD+
ratio and decreases NADPH/NADP+ ratio via
hyperactivity of the sorbitol (polyol) pathway
[50]. Accordingly, the anti-oxidant effect of
acarbose could be explained by its
hypoglycemic activity.
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The result here in study recorded the
hypoglycemic and antioxidant of oleuropein in
T3 treated rats. The effectiveness of OLEU and
hydroxytyrosol extract in restoring glucose,
insulin, and the HOMA-IR was similar with
the earlier report of [51,52]. Olive leaf may
reduce hyperglycemia by enhancing peripheral
tissue absorption of glucose [53], and
encourage pancreatic cells to secrete insulin
[54], oleuropein can have a significant impact
on how diabetes complications are treated and
prevented [55]. Oleuropein's hypoglycemic
impact is due to increased glucose uptake in
peripheral tissues, insulin release, and decrease
of intestinal glucose absorption rate [56,57]. In
addition, OLUE, a natural antioxidant with
potential to slow the course of diabetes by
releasing insulin-induced glucose that reduced
high blood sugar, is well known for its anti-
inflammatory qualities [58].

The anti-oxidant effect of OLEU has been
clarified by many researches [32,59 ,60,61].
OLEU suppresses cytotoxicity induced by
H>0> and protect cells against oxidative stress
in vitro [62], oleuropein is also reported to
possess the highest superoxide dismutase
(SOD)-like activity among other fractions of
oleuropein  [63]. The reduced lipid
peroxidation biomarker observed after OLEU
treatment may be attributable to the significant
antioxidant roles played by hydroxytyrosol,
oleuropein, and oleuropein aglycone. This
strength may be explained by their capacity to
trap radicals before they reach their cellular
targets and breakdown free radicals by
guenching reactive oxygen species [64, 65].
The three compounds shared  3,4-
dihydroxyphenyl ethanol group may be
responsible for the phenolic's activity and
double bond in their chemical structure [66, 67,
68]. Inaddition, Oleuropein's ability to chelate
metal ions like Cu and Fe, which catalyze free
radical generation reactions, as well as its
capacity to inhibit a number of inflammatory
enzymes like lipoxygenases without affecting
the cyclo-oxygenase pathway, may contribute
to its ability to prevent the formation of free
radicals [69].

Exposure of rats to fructose in drinking
water and H2O: in the current study caused
impairment of glycemic index and a case of
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oxidative stress. Fructose fed animal display
impaired glucose tolerance and decrease
insulin sensitivity [70], decreased hepatic
insulin ~ clearance  after  carbohydrate
overfeeding [71]. In HFFD the associated IR
and the increased fasting glucose level was due
to  inhibition  phosphorylate  p-IRS-1
inhibited/phosphorylate p-IRS-1, which in turn
inhibited its downstream molecule Akt by its
phosphorylation. The inhibition of this
pathway extended to decrease GLUT-4 and
consequently increase both serum insulin and
fasting glucose levels, as well as disturb insulin
sensitivity [72]. Disturbed energy balance
caused by fructose overload and stress can
result in an impaired ability of insulin to
suppress gluconeogenesis and/or
glycogenolysis and/or to stimulate glycogen
synthesis in the liver, possibly leading to
hepatic insulin resistance [73, 74]. Through
extracellular ATP signaling, long-term
fructose stimulation makes pancreatic b-cells
more sensitive to the effects of glucose on
insulin release [75]. Moreover, in both rodent
models and human individuals, it easily causes
hyperinsulinemia [76, 77], most probably due
to insulin resistance [78]. All of the negative
effects of fructose have been linked to an
increase in reactive oxygen species (ROS)
[79]. Oxidative stress increased as a result of a
high fructose diet. reduced levels of the body's
enzymatic and non-enzymatic antioxidants
[80]. Following fructose ingestion, the
ongoing hyperglycemia, hyperinsulinemia, IR,
and dyslipidemia promote the generation of
free radicals, mainly ROS, which leads to the
onset of oxidative stress [81, 82]. Accordingly,
hyperglycemia induced by fructose could be a
mechanism of oxidative stress induced by
fructose.

Elevation in serum glucose and insulin
concentration and IR was recorded after
exposure to fructose and H.0,. Oxidative
stress and free radical’s producer ability of
H20 has been documented [83, 84, 85]. H.0>
induced Ferroptosis (form of necrosis caused
iron induced accumulation lipid
hydroperoxide) leading to oxidative stress
[86]. Nuclear factor erythroid-related factor 2
(Nrf2), mediated heme oxygenase-1 (HO-1)
expression, has been implicated in several
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detoxifying and antioxidant defense processes
[87,88], and play a key role against oxidative
stress. It can be speculated that H2O> -induced
oxidative injury by reducing the generation of
intracellular reactive oxygen species and
malondialdehyde and down regulate HO-1
and Nrf2 expressions [89], could be
mechanism of oxidative stress induced by
hydrogen peroxide. On the other hand,
oxidative stress that could be produced by
reserving H>O> may play a role in glycemic
index and glucose homeostasis. The resultant
oxidative stress caused activation. signally
pathway mediators of IR including activation
of uncoupling protein -2 causing IR and
pancreatic B-cell dysfunction [90, 91], has
been claimed to be a mechanism for
detrimental role of H202 on glycemic index

Conclusions

On conclusion, the current study
documented the oxidative and hyperglycemic
effect of fructose and H202 that can be
ameliorating by oral administration of
acarbose. Besides, combination of OLUE
supplement with acarbose possessed additive
effects.
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