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ORIGINAL ARTICLE

Antidiabetic, antioxidant, and antilipid peroxidative activities of
Dracocephalum polychaetum shoot extract in streptozotocin-induced
diabetic rats: In vivo and in vitro studies

Iran Pouraboli', Somaye Nazari', Nazanin Sabet', Fariba Sharififar?, and Mahvash Jafari®

'Department of Biology, Faculty of Sciences, Shahid Bahonar University of Kerman, Kerman, Iran, *Herbal and Traditional Medicines Research
Center, Faculty of Pharmacy, Kerman University of Medical Sciences, Kerman, Iran, and 3Department of Biochemistry, Faculty of Medicine,
Bagiyatallah University of Medical Sciences, Tehran, Iran

Abstract Keywords
Context: Dracocephalum polychaetum Bornm. (Lamiaceae) is used in folk medicine and contains  Alpha-amylase inhibitory activity, diabetes
antioxidant agents. mellitus, MDA, medicinal plants, pancreas

Objectives: The objective of this study is to investigate the antidiabetic, antioxidant, and
antilipid peroxidative properties of methanol extract of D. polychaetum aerial parts.

Materials and methods: The effect of extract (200, 300, and 400 mg/kg, b.w.) on oral glucose
tolerance test (OGTT) was investigated. Also, extract (300 mg/kg) administered orally in diabetic
rats for 14 d then, serum levels of some biochemical factors were evaluated. Pancreas samples
were used for the determination of malondealdehyde (MDA) level, glutathione (GSH) content,
superoxide dismutase, and catalase enzyme activities. Red blood cells (RBCs) and plasma were
used for MDA estimation. Pancreatic a-amylase inhibition, DPPH (1,1-diphenyl-2-picrylhydrazyl),
and FRAP (ferric reducing antioxidant power) assays were done. The total flavonoid content
of the extract was determined by spectrophotometry.

Results: Extract (300 mg/kg) decreased serum glucose level (27.1%) significantly at 120 min
in OGTT. Serum levels of creatinine, triglycerides, cholesterol, alanine amino transferase and
MDA levels in plasma, RBCs, and pancreas significantly decreased in treated (300 mg/kg)
diabetic rats, while pancreatic GSH content, superoxide dismutase, and catalase enzymatic
activities increased (p <0.05). The ICsq values for the extract and butyl hydroxyanisole were 5.6
and 1.15mg/mL in DPPH and 0.155 and 0.062 mg/mL in the FRAP methods, respectively.
The extract had no inhibitory effect on a-amylase activity. The total amount of flavonoids of the
extract was estimated to be 1.8% (g/g) on the basis of quercetin content.

Conclusion: Dracocephalum polychaetum shoot extract has antioxidant, antihyperlipidemic, and
antilipid peroxidative properties.
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Introduction species in Iran. Results of different studies about medicinal
properties of different species of Dracocephalum have shown
antinociceptive effect of D. kotschyi Boiss. (Golshani et al.,
2004), as well as antioxidant (Povilaityte et al., 2001) and
cardioprotective effects of D. moldavica L. (Najafi et al.,
2009). It has been reported that the essential oils of two
Dracocephalum species from Iran (D. polychaetum Bornm.
and D. surmandinum Rech.f.) have antibacterial activity
against both Gram-positive and Gram-negative bacteria
(Sonboli et al., 2012). Also, essential oils of D. surmandinum
are shown to have antioxidant and radical scavenging
activities and inhibit cell growth in human breast adenocar-
cinoma (MCF-7) and erythromyeloblastoid leukemia cell
lines (K562) (Sonboli et al., 2010). Dracocephalum poly-
chaetum is a perennial woody herb and one of the endemic

species that grows only in southeast of Iran in the mountain-
Correspondence: Iran Pouraboli, Department of Biology, Faculty of ¢ reoions of Kerman province. In folk medicine, the plant,
Sciences, Shahid Bahonar University of Kerman, Post Code: . . . ..
7616914111, Kerman, Iran. Tel: +98 34 33222032. Fax: +98  known as Mofaroo, is used to treat abdominal pain. Also, it is
3433222032. E-mail: pourabolii@yahoo.com (I. Pouraboli) a local spice for dairy products. It has been reported that

Type 1 diabetes mellitus is a metabolic disorder characterized
by pancreas failure to secrete sufficient insulin, leading to
disturbance in glucose homeostasis. During hyperglycemia,
free radicals are significantly produced, which causes failure
in antioxidant defense mechanism and cell damage. Increased
oxidative stress is an important factor, which plays role in the
development and the progression of diabetes and its compli-
cations. Natural antioxidants in medicinal plants are potential
candidates for the prevention of and protection against
oxidative stress resulting to cell injury (Griesmacher et al.,
1995). Thus, the study of plant species is still a feasible
research strategy in search for new antidiabetic agents. The
genus Dracocephalum L. (Lamiaceae) is represented by eight
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flavonoids, apigenin, and luteolin are the main components of
D. polychaetum methanol extract (Mehrabani et al., 2005).
The extract is known to possess antihyperglycemic (Matsuda
et al., 1995) and antioxidant effects (Romanova et al., 2001).
Also, analgesic, and not the anxiolytic, activity of aqueous
extract of D. polychaetum has been reported (Khodami et al.,
2011). Since no detailed investigation has been carried out
to define the antioxidant and antidiabetic properties of
D. polychaetum, the current investigation was carried out to
determine this.

Materials and methods
Plant material

Fresh aerial parts of D. polychaetum were collected in
June 2012 from the Hezar Mountain in Kerman province,
southeast of Iran, and were taxonomically identified by
Dr. S.M. Mirtadzadini in the Botany Section of the
Department of Biology, Shahid Bahonar University of
Kerman, and a voucher specimen was deposited in the
herbarium of this department.

Preparation of methanol extract of D. polychaetum

The aerial parts of the plant were air-dried in the ambient
temperature, powdered, and extracted with 80% methanol by
percolation as described previously (Chattopadhyay, 1999).
After extraction, methanol was evaporated by rotary evapor-
ator at 40°C and the remainder was dried at 35-40°C.
The final extraction yield was about 10%. This extract was
stored at 4 °C.

Determination of the main flavonoids of the extract

From stock solution of different flavonoids of rutin, quercetin,
kaempferol, and catechin, an amount of 2.5 mg of rutin was
dissolved in 10mL of methanol, shaken, and filtered. An
amount of 3 g of the powdered plant extract plus 30 mL of
methanol was boiled for 2min, cooled, and filtered.
The filtrate was used for thin-layer chromatography (TLC).
A volume of 10puL of each sample was spotted near the
bottom of a glass plate coated with silica gel GF254. The
TLC plate was developed in a suit solvent system. The spotted
plate was developed at the room temperature to a distance
of 12cm. The front was marked and the solvent was
allowed to evaporate off at the room temperature. To detect
the flavonoids on the plate, the plate was examined under UV
light and also was sprayed with the reagent of the natural
product.

Assay of the flavonoid content of the extract

Quercetin was used as a standard for the determination of
the plant flavonoids on the basis of TLC detection. The
dried extract (0.1 g) was added to acetone (20mL). Then,
the methenamine solution (1 mL) and 2mL of HCl (25%)
were added. The mixture was boiled for 30 min and filtered
through cotton. The filtrate was decanted with 20mL
distilled water and 15 mL ethyl acetate. A volume of 1 mL
of the AICI; solution was added to 10mL of extract and
diluted to 25 mL with acetic acid 5% in methanol. After
30min, the absorbance of the samples was determined at
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360 nm using a UV-visible spectrophotometer (Lambda 25,
Perkin Elmer, Waltham, MA). The amount of flavonol O-
glycoside was determined based on the quercetin amount as
the reference (IHP, 2002).

Assay validation: Validation parameters of the assay
were ascertained. Linearity was approved by the correlation
between absorbance and concentration. The intra- and inter-
day precision values were determined by measuring
the absorbance in the replicate standard samples at three
concentration levels (40, 80, and 120 mg/L). There were five
repetitions at each concentration of samples which were
assayed simultaneously within a day for verification of
the intra-day assay precision. Relative standard deviation
percentage (RSD%) <5 was regarded as the criterion for
acceptable precision. The accuracy was measured by calcu-
lation of the error percentage.

Animals

Adult male Wistar rats, weighing 200-250 g, were used in this
study. The animals were kept in the animal house of the
Department of Biology in specific cages in 12h light/dark
cycle. The room temperature was controlled at 23 +2°C.
The animals were maintained with free access to food and tap
water. The experimental procedure was confirmed by the
Institutional Animal Ethical Committee of Shahid Bahonar
University of Kerman.

Oral glucose tolerance test (OGTT)

The OGTT was performed for overnight-fasted normal rats to
determine effective hypoglycemic dose of the extract. To this
end, 30 rats were divided into five groups (six animals in
each). Among the groups, one group received the drinking
water, three groups received the extract at the doses of 200,
300, and 400 mg/kg; and one group received glibenclamide
(20 mg/kg). Thirty min after administration of the extract, the
animals received glucose (2 g/kg). Blood samples were drawn
before the treatments (time zero) as well as 30, 60, and
120 min after administration of the extract. Glucose levels
were estimated using a glucometer.

Experimental design

To carry out more detailed investigation on properties of the
extract, according to another protocol, 36 rats were divided
into six groups; six rats in each group, as follows:

Group 1 (control): normal untreated rats.

Group 2 (diabetic): diabetes was induced in rats by
intraperitoneal injection of streptozotocin (STZ) (Sigma,
St. Louis, MI) at the dose of 60 mg/kg b.w. dissolved in
citrate buffer (0.1 M, pH =4) to raise the blood glucose level
above 300 mg/dL; considered to be diabetic after 7d.

The other four groups: three groups of diabetic rats treated
daily by oral administration of methanolic extract of
D. polychaetum (200, 300, and 400 mg/kg, b.w.) and one
group of diabetic rats was treated by daily administration of
glibenclamide (600 pg/kg, b.w.) orally for 14 d.

After 14d, anesthetized fasted animals sacrificed by
decapitation and blood samples were collected immediately
into tubes and centrifuged at 3000g for 10 min. The serum
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samples were stored at —20°C for biochemical assays. An
adequate volume of blood was used for the evaluation of lipid
peroxidation in RBCs of normal, diabetics, and treated
animals with the extract dose that showed the highest
hypoglycemia (300 mg/kg). The pancreas samples were kept
at —70°C.

Pancreatic a-amylase inhibition assay (in vitro)

The methodology described by Giancarlo et al. (2006) was
adapted and used. Different concentrations of the extract (0.1,
0.3, 0.5, and 1 mg/mL) were prepared in DMSO. The color
reagent included DNSA (Sigma, St. Louis, MO) (96 mM), and
sodium and potassium tartrate (5.31 M) in sodium hydroxide
(2M). The solution of porcine pancreatic o-amylase (ppA)
(Sigma, St. Louis, MO) (0.5 U/mL) was prepared in sodium
phosphate buffer (20mM, pH=6.9) containing sodium
chloride (6.7mM). A mixture of the plant extract and
enzyme solution was incubated at 25°C for 30 min. Then,
starch solution (1%) was added to a volume of the mixture and
incubated at 25 °C for 3 min. The reaction was terminated by
adding the color reagent and placed into a water bath at 85 °C
for 15min. The reaction mixture was then cooled and was
diluted with distilled water and its absorbance value
determined at 540 nm. The control tube did not contain the
extract and showed 100% enzyme activity. The known
porcine pancreatic o-amylase inhibitor, acarbose (Exir Co.,
Tehran, Iran) (0.08, 0.1, 0.3, 0.5, and 1 mg/mL) was used as
the positive control. Individual blanks were used to correct
the background absorbance. The inhibition percentage of
a-amylase determined according to the following formula:

I o-amylase % = 100 X [XA Control — XA Sample] / XA Control

Evaluation of antioxidant properties of the extract
In vitro studies

(I) DPPH activity: Hydrogen atom- or electron-donating
ability of the corresponding extracts was measured according
to bleaching of the purple-colored methanol solution of DPPH
(Merck, Darmstadt, Germany). This spectrophotometric assay
uses stable DPPH radical as the reagent. Of various concen-
trations of the samples in methanol, 50 pL. was added to 5 mL
of a 0.004% methanol solution of DPPH. After a 30-min
incubation period at the room temperature, the optical
density (OD) of the samples was measured at 517 nm against
a blank. The percentage inhibition (I%) was calculated in the
following way:

1% = [Ablank - Asample/Ablank] x 100

Aplank Shows the absorbance of the control (containing all
reagents except the test compound) and Agmpie is the
absorbance of the test compound. The sample concentration
(mg/mL) that required scavenging 50% of DPPH (ICs,) was
calculated from the graph plotting inhibition percentage
against the extract concentration (Burits et al., 2001).

(II) FRAP assay: The ferric reducing antioxidant power
(FRAP) of D. polychaetum was determined at different
concentrations based on the method of Benzie and Strain
(1996) with some modifications. The FRAP reagent
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contained 25 mL of 300 mM acetate buffer (pH=3.6) and a
volume of 2.5mL of 2.4,6-tripyridyl-s-triazine (TPTZ)
(10mM) solution (Merck, Darmstadt, Germany) in 40 mM
HCI, and 2.5 mL of 20 mM FeCl;. Then, 50 pL of the sample
(the extract) was mixed with 1.5mL FRAP reagent. The
absorbance at the wavelength of 593 nm was measured after
30 min incubation.

Determination of the acute toxicity of extract

For the estimation of the lethal dose of extract (LDs), acute
toxicity test was performed on normal healthy rats and
animals’ behavior was observed for 48 h after the adminis-
tration of different doses of the extract (500, 1000, and
1500 mg/kg b.w.). Also, blood sampling was done daily for
2 weeks to follow up health biochemical indices.

In vivo studies

Pancreas samples were homogenized in phosphate buffer
(0.05M, pH=7) and centrifuged at 7000g at 4 °C for 2 min.
The supernatant was used for assessments. The protein
content of the sample was determined by the Bradford
(1976) method. Catalase activity measurement was performed
as described by Aebi (1984). The catalase activity in tissue
homogenate was determined based on its ability to decom-
pose H,O, (30 mM) and measured at 240 nm during 1 min at
15 s intervals.

Superoxide dismutase activity was measured by the
method of Giannopolitis and Ries (1977). According to this
method, tissue homogenate was added to the reaction solution
containing potassium phosphate buffer (50mM, pH=7),
Na-EDTA (0.1 mM), methionine (13 mM), riboflavin
(75 uM), and NBT (0.075 pM). The mixture was exposed to
fluorescent light for 15min. Then, the absorbance was
determined at 560 nm. Cellular GSH in pancreas tissue was
determined according to the Sedlak and Lindsay’s (1968)
method.

Determination of antilipid peroxidation property of
the extract

Blood samples were collected from normal and diabetic rats
in bottles containing EDTA. Blood was centrifuged at 3000g
for 10min. Plasma was separated, buffy coat was carefully
removed, and separated erythrocytes were washed three times
with 0.01 M saline phosphate buffer at pH 7.4 (containing
0.15M NaCl). After washing with 0.01 saline phosphate
buffer, the method of Stocks and Dormandy (1971) was used
to determine lipid peroxidation in RBC samples.

Also, the method of Ohkawa et al. (1979) modified by
Jamall and Smith (1985) was used for the determination of
MDA in pancreas tissue samples. Moreover, the plasma
MDA level was determined according to the method by
Kurtel et al. (1992).

Statistical analysis

All the data were expressed as mean+ SEM. Statistical
analysis was carried out using the one-way ANOVA followed
by Tukey’s post hoc test and a value of p<0.05 was
considered as a statistical significance level.
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Figure 1. Effect of D. polychaetum extract
and glibenclamide on glucose tolerance in
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Results
Acute toxicity and the LDs, value of extract

The LDs value of the extract should be above 1500 mg/kg
b.w., because it did not result in any symptoms of toxicity or
mortality up to this amount. Therefore, the methanol extract
of D. polychaetum should be relatively non-toxic and safe.

Effect of the extract on OGTT

The effects of D. polychaetum extract (200, 300, and
400 mg/kg) and glibenclamide (20mg/kg) as a reference
drug on glucose tolerance of normal rats are shown in
Figure 1. Only 90 min after feeding the rats with glucose or
120 min after administration of the extract (300 mg/kg), the
blood glucose concentration was decreased significantly by
27.1% when compared with the control rats (Figure 1).

Effect of the extract on serum levels of biochemical
factors (glucose, triglycerides, total cholesterol,
HDL-C, creatinine, AST, and ALT)

Administration of different doses of D. polychaetum extract
for 14d did not significantly change serum glucose level
when compared with control diabetic rats. Administration of
the extract significantly decreased the levels of serum
triglycerides (p <0.01), total cholesterol (p <0.01), creatinine
(»p<0.01), and ALT (p<0.05) at all doses. However, AST
serum levels decreased only at the extract dose of 400 mg/kg
(»<0.05) when compared with the control diabetic rats
(Table 1).

a-Amylase inhibitory potency of the extract

Different concentrations of D. polychaetum extract (0.08—
1 mg/mL) showed no inhibitory effect on a-amylase enzyme
activity in vitro when compared with acarbose as a reference
drug with 95.5 +0.5% inhibitory effect.

Antioxidant property of the extract (in vitro and
in vivo)

The result of scavenging effect of plant extract on DPPH
radical is given in Table 2. The results indicate that the

Time ( minutes)

D. polychaetum extract has notably reduced the stable free
radical DPPH to the yellow-colored diphenyl-picrylhydrazyl
with an ICsy value of 5.6mg/mL in comparison with
butylated hydroxyanisole (BHA) (ICsy value = 1.15 mg/mL).
Also, the extract has notably reduced ferric tripyridyltriazine
(Fe III TPTZ) complex to the ferrous form, which has an
intense blue color, with an ICsq value of 0.156 mg/mL in
comparison with BHA (ICsq value =0.062 mg/mL; Table 3).

In diabetic rats, the activities of superoxide dismutase
(SOD) and catalase (CAT), and the glutathione (GSH) content
in the pancreas tissue decreased significantly but in rats
treated with the extract (300 mg/kg), activities of these
enzymes and GSH content increased significantly (Table 4).

Antilipid peroxidation properties of the extract

The MDA content was significantly elevated in RBCs of non-
treated diabetic rats versus the control group, while the MDA
level in RBCs of the extract-treated group was significantly
reduced (p<0.05). Also, diabetic rats showed a significant
increase in the plasma and pancreas MDA levels while in the
extract-treated rats, MDA levels significantly decreased in
both plasma and pancreas (p <0.05; Table 5).

Assay of the total flavonoid content of the extract

The assay of the total amount of flavonoids in the methanolic
extract of D. polychaetum was conducted using the method
described in Iranian Plants Pharmacopeia (IHP, 2002). Based
on the quercetin content, the amount of flavonoids was
estimated to be 1.8% (g/g) in this extract.

Discussion

In the present study, experimental results indicated that
diabetes causes hyperglycemia, dyslipidemia (increased chol-
esterol and triglycerides and decreased HDL serum levels),
nephropathy (increased serum creatinine level), and hepato-
pathy (increased serum ALT and AST levels). Diabetes also
induces oxidative stress, presented as increased plasma and
pancreas MDA levels, along with decreased GSH, SOD, and
CAT enzymatic activities in pancreas. The islet cells of
pancreas are susceptible to oxidative damage due to the low
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Table 1. Mean values of serum glucose, triglycerides, total cholesterol, HDL-C, creatinine, AST, and ALT for all groups.

Glucose Triglycerides  Total cholesterol HDL-C Creatinine
Groups (mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL) AST (IU/L)  ALT (IU/L)
Control 92 +4 70+6 66+5 37417 0.5+0.05 155+ 14 79+5
Diabetic (D) 548 47 Mk 123 4 Qe 91 4 4% 30842  1.34+0.00%% 2764 12%% 277 4 3] Mk
D + extract (200 mg/kg) 533+98 72 44 60.6 + 7" 31+3 0.75 0.2 227415 190 + 16+
D + extract (300 mg/kg) 521 +39 58 (s 61 + 30 3443 0.83 +0.03% 232439 158 + 17"+
D + extract (400 mg/kg) 480 + 50 52 + 6" 64 + 1.5 32+5 0.76 £0.03%%% 147 +7"* 130 25
D + glybenclamide (600 ug/kg) — 436 +23"* 64 + 50 66.5 + 0.5 43+4%  097+0.08%* 222425 134 4 1705

Values are mean + SEM for six rats.
“Versus the control group

"Versus the diabetic group.

*p <0.05, **p <0.01, **¥p <0.001.

Table 2. DPPH radical-scavenging activity of methanolic extract of D.
polychaetum and BHA (as standard).

Table 4. SOD and CAT activities and GSH content in tissue homogenate
of pancreas in different experimental groups.

Different concentrations

of extract or BHA % Inhibition of % Inhibition of

(mg/mL) DPPH by the extract DPPH by BHA
1.25 9+0.005 56.13+0.06
2.5 23.50+0.04 87.73+£0.02

5 47.20 +0.005 94.38 +0.008
10 79.60+0.01 96.18 +0.008
20 85.30£0.01 98.09 +0.008

Results are presented as mean =+ standard deviation. n=5. A high
inhibition percentage indicates a high antioxidant activity.

Table 3. The Ferric reducing antioxidant power (FRAP) of the
methanolic extract of D. polychaetum and BHA (as standard).

Different concentrations

of extract or BHA % Inhibition %Inhibition
(mg/mL) (FRAP) by the extract (FRAP) by BHA
0.078 45.2+0.02 52.52+0.08
0.156 50+0.04 64.75 +0.06
0.312 57.5+0.08 67.37+0.08
0.625 71.6+0.09 80.35+0.08
1.25 82.1+0.03 100

Results are presented as mean =+ standard deviation. n=35.

levels of antioxidants such as SOD, glutathione, and catalase
(Lenzen et al., 1996). Streptozotocin (STZ) is an agent
commonly used for the induction of diabetes due to selective
destruction of pancreas beta cells. Oxygen-free radicals have
been suggested to be involved in the toxic action of STZ. The
evidence for oxidative damage in diabetes has been reported by
Sato et al. (1979). SOD is a metalloprotein and is the first
enzyme involved in the antioxidant defense by lowering the O*
level. CAT is localized in peroxisomes, which catalyzes the
decomposition of H,O, to oxygen and water, thus, prevents
oxidative damage. Several studies evaluated the enzymatic
antioxidant defense systems in diabetes with different results.
GSH is essential for detoxification of reactive free radicals and
lipid hydroperoxides and is present in large amounts in cells.
Since GSH is a substrate and cofactor for glutathione
peroxidase (GSH-Px), low GSH content indicates low GSH-
Px activity. The formation of lipid hydroperoxides is important
because they can alter membrane function and produce
structural damage. Significant decline in pancreatic SOD and

SOD activity CAT activity GSH
Groups (U/mg protein)  (U/gr protein)  (umol/gr tissue)
Control 37+ 1.75 15.82+1.5 216+6.1
Diabetic 204+ 1.79%% 493+ 1.01%* 1144 4 3.7%*
Diabetic + extract ~ 34.8 + 1.43% 11+2.1b% 183 + 24
(300 mg/kg)

Values are shown as mean + SEM (n =6 per group).
“Versus the control group.

Versus the diabetic group.

*p <0.05, **p<0.01.

Table 5. MDA levels in the plasma, erythrocyte lysate, and tissue
homogenate of pancreas in different experimental groups.

MDA in RBCs MDA in plasma MDA in pancreas

Groups (nmol/mL RBC) (nmol/mL) (nmol/gr tissue)

Control 25+0.02  0.741+0.02 312.7+38.6

Diabetic 5+0.06%  2.98 4 0.37%%% 4487.6 + 490

Diabetic + extract  2.58 +0.05%%  1.86+0.05%*  1898.2 + 387"
(300 mg/kg)

Values are shown as mean + SEM (n =6 per group).
“Versus the control group.

Versus the diabetic group.

*p<0.05, ¥*p <0.01, *#¥*p <0.001.

GSH content and increase in lipid peroxide level in this tissue
have been reported in diabetic rats, which indicate increased
production of ROS in this organ (Akinola et al., 2010; Budin
et al., 2011; Gupta & Gupta, 2011). Also, high plasma MDA
has been reported in diabetes (Mohora et al., 2006). Our
findings are in accordance with these results. Diabetes
develops oxidative stress in the liver (Manzari-Tavakoli
et al., 2013) and hepatopathy is potentially considered as the
result of diabetes. Elevations in serum biomarkers of liver
function including ALT and AST reflect hepatocyte injury in
diabetes (Harris, 2005). In diabetic rats, the abnormal high
concentration of serum lipids has been reported, which is
explained by inhibition of hormone-sensitive lipase production
by insulin. Oxidative stress caused by diabetes could play a
crucial role in the development and the progression of diabetic
nephropathy. Elevation of important markers such as serum
creatinine is related to renal dysfunction (Almadal & Vilstrup,
1988). The results obtained in the current study are in line with
the findings of the above-mentioned studies.
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In addition, in the present study, D. polychaetum extract
was tested for its ability to neutralize free radicals such as
DPPH. The extract exhibited free radical scavenging activity
that was as good as BHA. The plant extract also showed
reductive capability on reducing Fe ** to Fe ** in the FRAP
assay.

Our results provided evidence that administration of
D. polychaetum methanol extract in diabetic rats produced
mild hypoglycemic effect in OGTT, and significantly reduced
serum levels of triglycerides, cholesterol, creatinine, and
ALT. Also, the extract decreased MDA and increased GSH,
SOD, and CAT enzymatic activities in pancreas of treated
diabetic animals. Antioxidant therapy acts as a protection
against oxidative stress. Herbal products can improve anti-
oxidant status, so, improve complications of diabetes. Recent
studies have shown that plants contain many antioxidant
agents like flavonoids; exert a protection against beta cell
impairment. Phytochemical analysis of D. polychaetum
methanol extract revealed the presence of apigenin and
luteolin as two flavone aglycones (Mehrabani et al., 2005).
The flavonoids, the most prominent plant antioxidants, are a
large class of phenolic compounds, acting as free radical
scavengers (Janbaz et al., 2002) and antihyperglycemic agents
(Babu et al., 2007). Luteolin, a plant-derived flavonoid,
possesses direct antioxidant activity and has shown the
highest degree of free radical scavenging activity. This
effect may be useful in the treatment of many chronic
diseases such as diabetes associated with oxidative stress.
Various biological actions of luteolin are mediated by
inhibiting  oxidative  stress  (Lopez-Lazaro,  2009).
Administration of luteolin in diabetes provides protection
against diabetic nephropathy or delays its development.
Apigenin is a flavone that is the aglycone of several
glycosides and is found mainly in plants. Due to its ability
to decrease oxidative stress, apigenin plays direct roles in free
radical scavenging (Pauff & Hille, 2009). In rats treated with
apigenin, serum ALT and AST and hepatic MDA levels
decreased but GSH content increased significantly (Yang
et al., 2013). It has been reported that apigenin significantly
decreases the creatinine level (Huang et al., 2011).

Regulation of postprandial hyperglycemia is important.
In this regard, retardation of glucose absorption in small
intestine is a therapeutic protocol to achieve this goal.
a-Amylase is an enzyme that catalyzes starch breakdown to
maltose and then glucose, which is absorbed in gut. Based
on the researches available, hypoglycemic medicinal plants
may act through this mechanism. However, in the current
study, D. polychaetum extract showed no o-amylase
inhibitory activity.

As was obtained in the current work, D. polychaetum
contains antioxidant ingredients such as luteolin and apigenin
and improves many diabetic disturbances. So, this plant could
be a potential candidate to be further investigated in treatment
of diabetes.
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