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ABSTRACT

Objectives: The present investigation was aimed to study the effect of water extract of
Zataria multiflora (Z. multiflora) on microvascular permeability in streptozocin (STZ)-
induced diabetic rats.

Place and Duration of Study: Physiology Research Center, Kerman University of
Medical Sciences, Kerman, Iran, between June, 2011 and June 2012.

Materials and Methods: diabetes was induced in rats by administration of STZ (55
mg/kg, i.p.). Z. multiflora (1000mg/kg/d) and glibenclamide (5mg/kg) were administered
by intragastric gavage for 8 weeks after the induction of diabetes. Control, vehicle and
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STZ_induced diabetes groups received the same volume of distilled water as Z. multiflora
treated group. The fasting body weight, blood glucose level and glycated haemoglobin A1c
(HbA1c) levels were estimated at the start of experiments and at the end of every 2 week
for 8 weeks. Microvascular permeability was evaluated by the evans blue test and water
content measurement, 8 weeks after the induction of diabetes.

Results: Z multiflora caused a significant reduction in extravasated evans blue
concentration (31.4+0.8ug/100mg) in STZ diabetics vs 12.3+0.7ug/100mg in Z. multiflora
treated diabetic rats), (P< .001) as an indicator of microvascular permeability. However, Z
multiflora had no significant effect on water content percentage (80.2+0.1%) compared to
STZ diabetic rats (81.41£0.5%). Also Z multiflora administration caused a significant
decrease in blood glucose level (P=.05), HbA1c level (P<.001) and body weight loss
(P=.01) in STZ diabetic rats.

Conclusion: this study showed that Z. multiflora reduced microvascular permeability in
STZ diabetic rats. The underlying mechanism(s) is not determined yet, but the H1-receptor
inhibition, antioxidant and/anti-inflammatory effect of Z. multiflora may be involved in its
benefit effects on STZ- induced diabetes.
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1. INTRODUCTION

Diabetes mellitus (DM) and its complications are a significant cause of morbidity and
mortality in both developed and developing countries [1]. For various reasons in recent years
traditional plant (herbal) therapies as prescribed by indigenous systems of medicine with
different mechanisms have commonly been used [2]. These natural compounds are used by
traditional herbalists for the management of diabetes in several parts of Iran [2].

Acute hyperglycemia is associated with impaired vascular function through production of
superoxide anion and endothelium-dependent vasodilation is impaired in patients with
insulin-dependent and non-insulin-dependent diabetes mellitus [3].

Zataria multiflora boiss. is a member of Laminaceae family that geographically grows in
Iran, Pakistan, and Afghanistan and has been shown to posses the anesthetic, antiseptic,
antioxidant, anti-inflammatory and antispasmodic property [4-5]. Previous studies reported
that aqueous extract from Z. multiflora caused hypoglycemic effect through the inhibition
of alpha-glucosidase in streptozocin (STZ) induced diabetic rats [6].

Since there is an increasing trend to use herbal medicine for the control of DM and Z
multiflora is commonly used as a folk medicine for control of DM in Iran, and there was no
documented report on the effect of Z. multiflora on vascular permeability in diabetic

conditions, so the aim of this study was to investigate the effect of aqueous extract from Z
multiflora on the microvascular permeability in STZ-induced diabetic rats [6].

2. MATERIALS AND METHODS
2.1 Animals
Wistar male rats weighing 250-300g were used for the study. Animals were housed 4 or 5 rat

per cage under standard conditions of temperature (23+2°C), 12h/12h light/dark cycle, and
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had free access to a standard pellet diet (Pars Karadj, Karadj, Iran) and tap water. Sodium
chloride (4.5¢/L) was added to tap water to prevent dehydration in STZ diabetic rats. They
were housed in standard polypropylene cages with wire mesh top. All studies were carried
out using at least six rats in each group. Animal handling and experimental procedures were
approved by the Ethics Committee of Kerman University of Medical Sciences (K/88/222).

2.2 Plant Material

Air-dried aerial parts of Z. muiltiflora boiss (locally called Avishan shirazi) were purchased
from Kerman, Iran, on June, 2011. During spring season, the callus and flower-bearing tops
of Z. multiflora were collected from herbal medicine stores, Kerman, Iran. The plant was
identified and confirmed by the Pharmacognosy department of School of Pharmacy
(Kerman, Iran) as Z. multiflora Boiss.(Laminaceae family) and were air-dried and powdered.
Water extract of Z. multiflora was prepared by socking 100g of the powdered callus and
flower-bearing tops of Z multiflora in 1000mL of distiled water for 72h. The solution
thereafter filtered and the filtrate was evaporated in an oven at 40°C. The yield of the extract
was 8.6% W/W with reference to powdered callus and flower-bearing tops. The extract was
dissolved in distilled water to prepare a solution included 1000mg/ml concentration from dry
weight of Z. multiflora.

2.3 Experimental Design

DM was induced by a single intraperitoneal injection of 55 mg/kg STZ (Sigma Chemical Co,
St. Louis, Mo) dissolved immediately before administration in freshly prepared 50mmol/L
citrate buffer (pH 4.5). To prevent the STZ-induced hypoglycemia, rats received 10%
dextrose solution after 6h of STZ administration for next 24h [7]. Induction of diabetes was
verified after 72h by measuring blood glucose level (300mg/mL) with strips using glucometer
(Insopia , South Korea) [8].

The study comprised of 5 different groups as follows:

1-  Control or untreated rats.

2- Vehicle group, which received a single i.p. injection of 0.1 ml of 50mmol/L citrate
buffer (pH 4.5).

3- STZ_induced diabetic group which received a single i.p. injection of 55mg/kg STZ in
citrate buffer (pH 4.5).

4- STZ_induced diabetic group, which received Z multiflora (1000mg/kg/d) by
intragastric gavage for 8 weeks after the induction of DM [6,9].

5- STZ_induced diabetic group, which received glibenclamide (5mg/kg) by intragastric
gavage for 8 weeks after the induction of DM as positive control group for evaluation
of antihyperglycemic protocol.

Control, vehicle and STZ_induced diabetic groups received the same volume of distilled
water by intragastric gavage daily for 8 weeks as Z. multiflora treated group.

2.4 Sample Collection and Biochemical Assays
The fasting blood glucose level and glycated haemoglobin Alc (HbA1c) levels were

estimated at the start of experiments and at the end of every 2 weeks for 8 weeks. The
EDTA blood was used to estimate the HbA1c level [10]. HbA1c was assessed by
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immunoturbidimetric determination by chromatography method (Glyco Hemoglobin kit,
Germany). Fasting plasma glucose was measured by strips using glucometer (Insopia,
South Korea). Also fasting body weight was measured by the same protocol.

On 56" day , microvascular permeability was determined after intravenous injection of
evans blue (20mg/kg) into jugular vein, and 30 min later, 2 samples were taken from
duodenum through laparatomy from each group of rats. Microvascular permeability was
evaluated by the evans blue test and water content measurement [11].

The 2™ duodenum sample was weighted and dried in an incubator at 65°C for 96h and then
tissue water content % was calculated by the following formula:

100

Water Content = (Wet Weight — Dry Weight) X W

2.5 Data Analysis

The data were presented as mean £ SEM of at least 6 rats in each group. Student pair T-test
was used to compare the mean differences between two groups and one way ANOVA test
(post hoc tukey) to compare the mean of effects among different groups. P values of less
than .05 were considered as statistical significance.

3. RESULTS

3.1 Effect of Z multiflora Administration on Extravasated Evans blue
Concentration in Duodenum of Treated Groups

The amount of extravasated evans blue concentration in duodenum is shown in Table 1.
One way ANOVA showed a significant difference in extravasated evans blue concentration
in STZ diabetic rats (31.4£0.8ug/100mg) in comparison to control (16.9 +0.7ug/100mg
tissue) and vehicle group (15.9+0.8ug/100mg) (P<.001). Z multiflora (1000mg/kg/d)
administration for 8 weeks in STZ diabetic rats caused a significant reduction in extravasated
evans blue concentration(12.31£0.70ug/100 mg) in duodenum as compared to STZ diabetic
rats(31.42+0.8ug/100mg) (P<.001) (Table 1). Our results showed that there was no
significant difference in extravasated evans blue concentration in Z. multiflora treated
diabetic rats (12.31+0.70pg/100 mg)compared to control (16.9£0.7ug/100mg) and
vehicle(15.910.8 ug/100 mg) groups.

3.2 Effect of Z. multiflora Administration on Tissue Water Content Percentage
in Duodenum of Treated Groups

One way ANOVA showed that tissue water content percentage in duodenum of STZ
diabetic rats(81.39+0.53%) was increased significantly in comparison to control(67.7£1.7%))
and vehicle group (58.7 2.8%)(P=.01) (Table 1)). Also water content percentage in
duodenum of vehicle group was significantly lower than control rats (P=.05). However, there
was no significant difference in tissue water content percentage of Z. multiflora treated STZ
diabetic (80.2+0.1%) as compared to STZ diabetic rats (81.4£0.5%).
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Table 1. The effect of Z. multiflora on variables of HbA1c, evans blue concentration,
water content (%) and body weight (g) after 8 weeks of treatment

Variables Control Vehicle STZ- DM STZ-
DM+Zataria

Evans blue concentration 16.9+0.7 15.9+0.8 31.4+0.8T 7 12.340.7***

(Lg/100mg)

Water content (%) 67.7+1.7 58.742.8t  81.4+0.5**** 80.2+ 0.1+

Body weight (g) 21046.5 208 +8.8 131.8+2.3M*###  150+9.3 M#H

HbA1c concentration (%) 3.9+0.1 4.2+0.2 6.7+0.1 "* 4 5+0.2***

ittt = Significantly different from control (P<-001). ### = Significantly different from vehicle (P<-001). ***
= Significantly different from STZ- diabetics (P<-001).** = Significantly different from control (P=. 01),
## = Significantly different from vehicle (P=.01), t = Significantly different from control (P=.05),
1+ = Significantly different from STZ Diabetic (P=.01)

3.3 Effect of Z. multiflora administration on body weight in treated groups

Data showed that there was a significant decrease in BW in STZ diabetic rats in 2", 4™, 6"
and 8" weeks compared to start of experiments and control group (P<.001). However, BW in
control and vehicle groups increased significantly from 4" week post experiments
respectively (P<.001) (Data not shown).

Our results showed a significant reduction in BW in both STZ diabetic and diabetic rats
which received Z. multiflora in comparison to control and vehicle group ((P<-001) (Table 1).
Also data showed a significant reduction in body weight loss at 8 weeks in diabetic rats
which received Z. multiflora as compared to STZ diabetic rats (P=.05) (Table 1). Also there
was no significant difference in body weight at 8 weeks of diabetic rats which received
glibenclamide as compared to control and vehicle group (data not shown).

3.4 Effect of Z. multiflora Administration on HbA1c Concentration in Treated
Groups

The results of this study showed that the HbA1c values at time 0 in STZ diabetic rats
(3.8+0.2%) showed no significant difference with control rats(3.9+£0.1%). However, data
showed that HbA1c concentration in STZ diabetic rats after 8 weeks of treatment (6.7+0.1%)
was significantly higher than control (3.9+0.1%) and vehicle group (4.2+0.2%) (P<.001). Z
multiflora  administration significantly decreased HbA1c level (4.5+0.2%) in comparison to
STZ diabetic rats (6.7£0.1%), (P<.001), (Table 1). However, the values are significantly
higher than control and vehicle groups ((P<-001).

3.5 Effect of Z. multiflora Administration on Blood Glucose Level in Treated
Groups

Blood glucose level of 4 groups of rats is shown in Table 2. Statistical analysis showed that
blood glucose in STZ_induced diabetic group was significantly higher than control and
vehicle groups at start of experiment (341x10mg/dl), 2" week (325.5£19.4mg/dI), 4" weeks
(387.0+31.5mg/dl), 6" week (406.5+40.7mg/dl), and 8" week (411+37.6mg/dI)( P<.001).
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Z. multiflora administration caused a significant decrease in blood glucose level in
comparison to STZ diabetic rats at 6™ week (243.2+29.9mg/dl) and 8" week (246.0+30.5
mg/dl) (P=.01). However, blood glucose level in STZ diabetic rats which received Z.
muiltiflora for 8 weeks was significantly higher than control and vehicle group (P<.001). Our
results showed that glibenclamide (5mg/kg) reduced significantly blood glucose level as
compared to STZ diabetic rats during 8 weeks of drug treatment (P<.001).

Table 2. Effect of Z. multiflora administration on blood glucose level (mg/dl) at
baseline and during the intervention period

Time Control Vehicle @ STZ DM STZ DM+ STZ DM+
Zataria Glibenclamide
( Day 0) 67+5.7 70.0+4.6  341.0+10.0**  343.5+20.1***  336+28.4***
Week 2 70.7+2.7 69.0t4.0 325.5+19.4***  2955+19.2***  93.4+17.8***
Week 4 74.3+1.8 74.2+3.3 387.2431.5***  282.3+8.4*** 94.6+13.9 **#*
Week 6 80+2.8  78.3t4.2 406.5+40.7*** = 243.2+29.9**** 98 7+158***
Week 8 79.2435 77.9+45 411.0+37.6***  246.0£30.5**"* 99.2 +14.6***

Diabetes was induced by 55 mg/kg/i.p. STZ in citrate buffer (pH 4.5). Rats received Z. multiflora
(1000mg/kg/d) and glibenclamide (5mg/kg) by intragastric gavage for 8 weeks after the induction of
diabetes. All data are expressed as mean + SEM (n=6). *** = STZ diabetic compared to control and

vehicle (P< .001), # # = Z. multiflora compared to STZ diabetic (P = .01), # # # = STZ DM +
Glibenclamide compared to STZ diabetic (P< .001)

4. DISCUSSION

In this study, Z. multiflora showed a good potential to decrease capillary permeability in rats
as indicated by significant decrease in extravasated evans blue concentration, in duodenum
of STZ diabetic rats, which is an established indicators of vascular permeability [11].
However, Z. multiflora treatment had no significant effect on water content percentage. Also
Z. multiflora caused a significant reduction in blood glucose level and HbA1c concentration
as compared to STZ diabetic rats.

Advanced glycation end products (AGEs) have been implicated as important factors in the
pathogenesis of diabetic vascular complication [12], Endothelial dysfunction will cause
alterations in blood flow, pressure and permeability which lead to microangiopathy,
pathogenesis of various diabetic complications, however, the underlying mechanism(s) is
not determined yet [3]. Recent studies have shown that hyperglycaemia can alter the
glycocalyx structure, and parallel findings have shown that the apparent increase in
permeability demonstrated in hyperglycaemia may be due to an increase in the permeability
of the vessels to water, and not an increase in protein permeability, an effect attributable to
altered glycocalyx [3].

Our results showed that Z. multiflora caused significant reduction in vascular permeability in
STZ diabetic rats. Also data confirmed the previous report showing the hypoglycemic effect
of Z muiltiflora through its inhibitory effect on the alpha glucosidase in STZ diabetic rats [6].
The underlying mechanism(s) by which Z. multiflora affects vascular permeability is not
known and needs further investigation. Z. multiflora showed significant antioxidant activity in
rats, so benefit effects of Z. multiflora in STZ diabetic rats could be mediated through its
antioxidant capacity [9].
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The Benefit effects of Zataria multiflora Boiss in experimental model of mouse inflammatory
bowel disease have been reported by previous studies and since subclinical inflammatory
reaction has a role in the pathogenesis of type 2 diabetes, so, the anti-inflammatory effect of
Z. multiflora may be involved in its benefit effects on STZ- induced diabetes [13-14].

Flavonoids( such as thymol , A-terpinene , p-cymene, carvacrol , Rosmarinic acid (RA) and
linalol ) as the main constituent of Z. muiltiflora extract are a class of plant phenolics with
significant antioxidant properties [15]. Their positive effects come from their ability to inhibit
lipid peroxidation, chelate redox-active metals and attenuating other procedure involving
reactive oxygen species [16]. In addition, the anti-inflammatory effects of flavonoids (mainly
carvacrol constituent of Z. multiflora extract) seem to be related to a decrease in vascular
permeability and extravasated evans blue concentration [4-5]. Z multiflora and its
constituent carvacrol showed inhibitory effect on histamine H (1) receptors which result in
decrease in vascular permeability [17]

Thus, we conclude that part of the Z. multiflora extract on vascular permeability is due to its
flavonoid component such as rosmarinic acid and carvacrol via two independent
mechanisms: scavenging of reactive oxygen radicals and inhibition of the inflammatory
response [4,18]. Also Z. multiflora may reduce vascular permeability through H1-receptor
inhibition [17].

This study demonstrated that Z multiflora extract partly reversed the increased blood
glucose and HbA1c levels and weight loss in STZ diabetic rats which confirms the previous
reports of its hypoglycemic effect which results in reduction in vascular permeability [19-20].
Although Z. multiflora decreased the HbA1c and blood glucose level in STZ diabetic rats ,
however, the values are were significantly higher than control and vehicle groups which
indicates that biochemical values and microvascular permeability were partly reversed by
extract, mainly through the inhibition of alpha glucosidase activity [6].

CONCLUSION

In summary this study showed that Z muiltiflora reduced capillary permeability in STZ
diabetic rats which was characterized by a significant decrease in extravasated evans blue
concentration in duodenum of STZ diabetic rats. The underlying mechanism(s) is not
determined yet, but the H1-receptor inhibition, antioxidant and/anti-inflammatory effect of Z
multiflora may be involved in its benefit effects on STZ- induced diabetes.
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