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Abstract

In the present research, we evaluated the beneficial effects of tyrosol on altered plasma lipid
peroxides and non-enzymatic antioxidants in streptozotocin induced diabetic rats. Diabetes mellitus was
induced in rats by a single intraperitoneal injection of streptozotocin (40 mg/kg body weight). Streptozotocin
induced diabetic rats were treated with tyrosol (5 mg, 10 mg and 20 mg/kg body weight) and glibenclamide
(600 pg/kg body weight) orally once a day for a period of 45 days. Diabetic rats also showed a significant
increase in plasma glucose and lipid peroxidation products and a significant decrease in plasma insulin and
non-enzymatic antioxidants. Tyrosol treatment near normalized all the biochemical parameters studied.
Tyrosol (20 mg/kg body weight) revealed the most significant effect than the other two doses. Thus, the
present study exhibits the antilipid peroxidation and antioxidant effects of tyrosol in the circulation of
streptozotocin induced diabetic rats.
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1. Introduction

Diabetes mellitus (DM) is a leading cause
of morbidity and mortality in the world’s growing
population. The prevalence of DM in adults
worldwide is estimated to rise from 382 million in
the year 2013 to 592 million in the year 2035
(IDF, 2013). The major part of this increase is
expected to occur in developing countries, with
the greatest absolute increase expected to be seen
in India. According to the International Diabetes
Federation, 65.1 million people in India had DM
in 2013 (IDF, 2013). DM characterized by
increased blood glucose level as a result of
disrupted insulin-signaling, which leads to insulin
deficiency resulting from autoimmune destruction
of insulin-producing B-cells in the case of type-
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IDM, or insulin resistance and declining B cell
function in type-2 DM. Type-2 DM accounts for
more than 90-95% of all cases of DM globally.

Persistent hyperglycemia in DM leads to
an increase in the oxidative stress because of the
overproduction of free radicals, especially
reactive  oxygen species (ROS). When the
generation of ROS exceeds cellular defense
mechanisms, the ROS interact with lipids,
carbohydrates, proteins, DNA and membrane lipid
peroxidation, which could cause structural
changes as well as functional abnormalities
(Selvaraj et al., 2005). Increased oxidative stress is
a well-known pathogenic mechanism related to the
development and progression of DM and its
complications (Rudge, 2007). In view of the
above facts, therapeutic agents which can
control hyperglycaemia as well as protection
from oxidative stress are very much essential
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to lessen the diabetes complications (Calcutt,
2009). The streptozotocin (STZ) rat model of
DM is one of the most commonly employed
models of human disease (Ugarte, 2012),
because it mimics many of the complications
of human DM. It has been extensively used to
induce diabetes mellitus in experimental rat
models. The cytotoxic action of STZ is associated
with the generation of ROS causing oxidative
damage (Shrilatha and Muralidhara, 2007).

DM is often controlled by synthetic agents

such as biguanides, sulfonylureas and o-
glucosidase inhibitors, but they have several
adverse effects (Posuwan, 2013). Hence,

considerable attention has been focused on the use
of dietary constituents and natural products as an
alternative or complimentary treatment for
diabetic medication to reduce the adverse effects
caused by the synthetic medicines. Tyrosol (4-(2-
hydroxyethyl) phenol) is a well-known phenolic
compound. It is mainly present in extra-virgin
olive oil and white wine (St-Laurent-Thibault,
2011). Previous studies have revealed the anti-
cancer, anti-depressant, anti-inflammatory,
cardioprotective, and neuro protective effects of
tyrosol [Ahn et al., 2008; Panossian et al., 2008;
Giovannini et al., 1999; Chernyshov et al., 2007;
Bu et al., 2007]. Since, altered lipid peroxidation
and non-enzymatic antioxidants plays a vital role
in the pathogenesis and complications of DM, we
investigated the effect of tyrosol on altered plasma
glucose, plasma insulin, plasma lipid peroxidation
products and non-enzymatic antioxidants in STZ
induced diabetic rats. The effects exerted by
tyrosol are compared with that of glibenclamide.

2. Materials and Methods
Chemicals

Streptozotocin and tyrosol were purchased
from Sigma-Aldrich (St. Louis, MO, USA). All
other chemicals and solvents used were of
analytical grade and purchased from Hi Media and
SD-Fine Chemicals, Mumbai, India.

Experimental Animals

Male albino Wistar rats, weighing about 180 -
220 g were procured from Central Animal House,
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Department of Experimental Medicine, Rajah
Muthiah  Medical College and Hospital,
Annamalai University. They were housed in clean,
sterile, polypropylene cages under standard
vivarium conditions (12 h light/dark cycles) with
free access to standard chow (Hindustan Lever

Ltd.,, Bangalore, |India) and water. The
experimental protocol was approved by the
Institutional ~ Animal  Ethical = Committee,

Annamalai University (Reg No. 1002, 2013).
Induction of Experimental DM

DM was induced in overnight fasted rats by a
single intraperitoneal injection of STZ (40
mg/kg body weight) dissolved in freshly prepared
citrate buffer (0.1 M, pH 4.5). STZ injected rats
were allowed to drink 20% glucose solution
overnight to overcome the initial drug-induced
hypoglycemic mortality. The induction of DM in
rats was confirmed by estimating the elevated
plasma glucose levels, 72 h after STZ injection.
Rats with fasting plasma glucose levels more than
250 mg/dL were considered diabetic and chosen
for the current study.

Experimental Design

A total of 42 rats (30 STZ-induced diabetic
rats and 12 normal rats) were used and they were
divided into 5 groups with 6 rats in each group as
follows:

Group I : Normal control rats.
Group : Normal rats given intra gastrically 1
I mL of tyrosol (20 mg/kg body weight)
dissolved in distilled water daily for 45
days.
Group  : STZ-induced diabetic control rats.
i
Group  : STZ-induced diabetic rats treated with
v 1 mL of tyrosol (5 mg/kg body weight)
intra gastrically dissolved in distilled
water daily for 45 days.
Group  : STZ-induced diabetic rats treated with
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\ 1 mL of tyrosol (10 mg/kg body weight)

intra gastrically dissolved in distilled
water daily for 45 days.

Group : STZ-induced diabetic rats treated with
VI 1 mL of tyrosol (20 mg/kg body weight)
intra gastrically dissolved in distilled

water daily for 45 days.
Group  : STZ-induced diabetic rats treated with

VII 1 mL of glibenclamide (600 pg/kg body

weight) intra gastrically dissolved in
distilled water daily for 45 days [14].

At the end of the experimental period, the
rats were deprived of food overnight, anesthetized
intramuscularly using ketamine (24 mg/ kg body
weight) and sacrificed by cervical decapitation.
The blood samples were collected in tubes
containing  potassium  oxalate and  sodium
fluoride (3:1) for the estimation of plasma
glucose, insulin, lipid peroxidation and non-
enzymatic antioxidants.

Biochemical Estimations

Plasma glucose was estimated using a
commercial kit (Sigma Diagnostics Pvt. Ltd.,
Baroda, India) by the method of Trinder (Trinder,
1969). Plasma insulin was assayed by ELISA kit
(Boeheringer—Manneheim  Kit, Manneheim,
Germany). The levels of thiobarbituric acid
reactive  substances (TBARS) and lipid
hydroperoxides (LOOH), vitamins C and E, and
reduced glutathione (GSH) were estimated in the
plasma by standard methods (Fraga et al., 1988;
Jiang et al., 1992; Omaye et al., 1979; Baker et
al., 1980; Ellman, 1959).

Statistical Analysis

Data presented as means =+ standard
deviation (S.D.) and subjected to statistical
significance were evaluated by one-way analysis
of variance (ANOVA) using Statistical Package
for the Social Sciences (SPSS) software package
version 16.0 (SPSS, Cary, NC, USA) and the
individual comparisons were obtained by
Duncan’s Multiple Range Test (DMRT). Values
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are considered statistically significant when
P<0.05.

3. Results

Table 1 shows the levels of plasma glucose
and plasma insulin in normal control and
experimental rats. In STZ-induced diabetic control
groups, the level of plasma glucose was
significantly (P<0.05) increased and the plasma
insulin level was significantly (P<0.05) decreased
as compared to normal control group. On the other
hand, administration of tyrosol daily for a period
of 45 days was found to lower the plasma glucose
and increase the insulin level significantly
(P<0.05) in a dose dependent manner when
compared with STZ-induced diabetic control
groups. Tyrosol (20 mg/kg body weight) showed
more pronounced effect than the other two doses
(5 and 10 mg/kg body weight). Based on these
data, the effective dose was fixed as 20 mg/kg
body weight and used for further biochemical
parameters such as lipid peroxidation and non-
enzymatic antioxidant system.

There was a significant (P<0.05)
increase in the levels of plasma TBARS and
LOOH in STZ-induced diabetic control rats
compared to normal control rats. Administration
of tyrosol and glibenclamide to STZ-induced
diabetic rats revealed a significant (P<0.05)
reduction of TBARS and LOOH in the plasma
when compared to STZ-induced diabetic control
rats (Figure - 1 and 2).

The levels of non-enzymatic antioxidants
such as vitamin-C, vitamin-E and GSH were
significantly (P<0.05) decreased in the plasma of
STZ-induced diabetic control rats compared to
normal control rats. Treatment with tyrosol and
glibenclamide to STZ-induced diabetic rats
restored the levels of the above mentioned non-
enzymatic antioxidants in the plasma (Figure - 3
and 4).

For all the biochemical parameters
evaluated, tyrosol treatment to normal rats (Group
I1) did not show any effect as compared to normal
control group (Group I).
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Table — 1: Changes in the levels of plasma glucose and insulin.

Groups Glucose (mg/dL) | Insulin (uU/ml)
Normal control 86.70+ 6.60° 16.09+ 1.23°
Normal +Tyrosol (20 mg/kg bw) 87.38+ 6.69° 16.34+ 1.25°
Diabetic control 271.39 + 20.66° 6.21+0.47°
Diabetic + Tyrosol (5mg/kg bw) 215.39+ 16.49° 8.23 +0.63°
Diabetic + Tyrosol (10mg/kg bw) 185.85+ 14.23° 11.10 + 0.85°
Diabetic + Tyrosol (20mg/kg bw) 117.92+ 9.03° 12.93+ 0.99°
Diabetic + Glibenclamide (600ug/ kg bw) 102.61+ 7.85 1470 +1.12"

Each value is mean £ S.D. for six rats in each group. In each group, means with different superscript letter (a—f) differ significantly
at p< 0.05 (DMRT).

Plasma TBARS (mmoles/dL)

Normal Normal + Diabetic + Diabetic +

contre Tyrosol Glibenclamide
(20 mag/kg) (20 mag/kg) (600 pg/kg)

Groups

Each column is mean £ S.D. for six rats in each group. In each bar, means with different letter (a—c) differ significantly at P<0.05
(DMRT)

Figure - 1: Changes in the levels of plasma TBARS.

Plasma LOOH (x 10® mmoles/dL)

Tyrosol

Each column is mean + S.D. for six rats in each group. In each bar, means with different letter (a—c) differ significantly at P<0.05
(DMRT)
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Figure - 2: Changes in the levels of plasma LOOH
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Figure - 3: Changes in the levels of plasma vitamin-C and vitamin-E
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Plasma GSH (mg/dL)

10

Normal Normal +
control Tyrosol
(20 mg/kg)

Diabetic Diabetic + Diabetic +

Tyrosol Glibenclamide
(20 mg/kg) (600 pg/kg)

Groups

Each column is mean £ S.D. for six rats in each group. In each bar, means with different letter (a—c) differ significantly at P<0.05

(DMRT)

Figure - 4: Changes in the levels of plasma GSH

4. DISCUSSION

In our study, we observed a significant
increase in plasma glucose and a significant
decrease in plasma insulin levels in STZ-induced
diabetic control rats. Intraperitoneal administration
of STZ (40 mg/kg body weight) causes partial
pancreatic B-cell dysfunction, which decreases the
synthesis and secretion of insulin, thereby
producing hyperglycaemia (Stephen Irudayaraj et
al., 2012; Punithavathi et al., 2011; Sheikh et al.,
2015). The increased levels of plasma glucose
and decreased levels of insulin were restored

to near normal by tyrosol treatment in a dose
dependent manner and those results were
similar to that of glibenclamide. Possibly
tyrosol enhanced the insulin secretion from
remnant pancreatic cells, which in turn
enhance glucose utilization by peripheral tissues
of STZ-induced diabetic rats either by
promoting glucose uptake and metabolism, or
by inhibiting hepatic gluconeogenesis and
decreased blood glucose levels.

Lipid peroxidation is one of the
characteristic features of diabetes mellitus. Our

A7
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study revealed a significant increase of plasma
TBARS and LOOH levels in diabetic rats, which
may be due to oxidative stress. The increased
levels of plasma lipid peroxidation products
observed in STZ-induced diabetes is generally
thought to be due to pathological changes in
tissues that increase the production and
liberation of lipid peroxides into the circulation.
In this context, diabetic patients also showed an
increase in the levels of lipid peroxidation
products such as TBARS and LOOH in the
circulation (Likidlilid, 2010). The decreased levels
of plasma TBARS and LOOH observed in tyrosol
and glibenclamide treated STZ-induced diabetic
rats is due to its antilipid peroxidation effect.
Thus, tyrosol scavenges excessive free radicals
produced by STZ and reduces oxidative stress,
thereby protecting the tissues from the deleterious
effects of lipid peroxidation.

The non-enzymatic antioxidants such as
vitamin-C, vitamin-E and GSH play a vital role in
protecting the cells from hyperglycemia mediated
oxidative stress. In this study, the STZ-induced
diabetic rats showed a significant depletion of
non-enzymatic antioxidants (vitamin-C, vitamin-E
and GSH) in the plasma. This could be due to
increased free radical production in DM. These
findings are in concordance with a previous study
(Umamaheswari and Stanely Mainzen Prince,
2007). Treatment with tyrosol and glibenclamide
increased the levels of plasma vitamin C, vitamin
E, and GSH in STZ-induced diabetic rats. This
effect shows the antioxidant potential of tyrosol
against hyperglycemia caused by excessive free
radicals in STZ-induced diabetic rats.

In conclusion, tyrosol treatment restored
altered levels of plasma glucose, insulin, lipid
peroxidation and non-enzymatic antioxidants in
STZ-induced diabetic rats. Our study also revealed
that tyrosol ameliorated altered lipid peroxidation
and non-enzymatic antioxidants in the STZ-
induced diabetic rats from oxidative stress
associated complications, by virtue of its
antihyperglycaemic and antioxidant effects.
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