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Abstract

Zygophyllum album has been mentioned in Tunisian system of traditional medicine to be of value in the treatment
of diabetes mellitus. The aqueous extract from Zygophyllum album were examined for relaxant effects in isolated
mice thoracic aorta, Nitric Oxide (NO) spin-trapping technique combined with Electron Paramagnetic Resonance
(EPR) spectroscopy has been employed to measure the ex vivo production of NO in liver, heart, pancreas and
aorta. The antihyperglycemic effects of aqueous extract from Zygophyllum album (100 and 300 mg/kg bw) during
15 days on important enzymes of carbohydrate metabolism in livers of non- diabetic and streptozotocin-induced
diabetic mice was evaluated.

Administration of the aqueous extract plant (100 and 300 mg/kg bw) for 15 days resulted in significant reduction
in hepatic Glucokinase (GK), glycogen in STZ diabetic mice. In addition to that, significant increase in hepatic

Phosphofructokinase (PFK), Glucose-6 Phosphate Dehydrogenase (G6PDH) observed in STZ diabetic mice.

Keywords: Zygophyllum album; Nitric Oxide (NO); Streptozotocin;
Antihyperglycemic; Vasorelaxant

Introduction

Diabetes is a serious metabolic disorder with micro and
macrovascular complications that results in significant morbidity and
mortality. The estimated incidence of diabetes mellitus and projection
for year 2010, as given by International Diabetes Federation is 239
million [1]. Trends in the last 10 years are influencing the supply and
demand for healthcare in diabetes [2].

Traditional medicines derived mainly from plants play major role
in the management of diabetes mellitus [3-5]. Herbal remedies are
apparently effective, produce minimal or no side effects in clinical
experience and are of relatively low costs as compared to oral synthetic
hypoglycemic agents [6]. In recent years, the role of alternative
therapeutic approaches has become very popular and since a single plant
may have many pharmacological activities (anti-diabetic, antioxidant
and anti-stress activity) they can be effectively utilized to delay or
counter diabetic complications [7]. Hence treatment with herbal drugs
has an effect on protecting B-cells and smoothing out fluctuation in
glucose levels [8,9]. Zygophyllum album (Zygophyllacae), is one of the
most commonly prescribed drug in Tunisian pharmacopoeia. It is used
as an antihyperglycemic, antioxydant and antilipedimic [10,11].

Since the discovery of the endothelial dependence of acetylcholine-
induced vasorelaxation in vitro by Furchgott and Zawadzki [12]. NO
has been identified as the prototypic endothelium-derived relaxing
factor. NO is synthesized from the amino acid L-arginine by a family
of enzymes, the NO synthases (NOSs). NO synthesized by the
endothelium of small vessels is involved in the control of vascular tone
and plays an important role in the regulation of blood pressure [13-
17]. Shear stress acting on the endothelial lining of blood vessels is
believed to be the most important physiological stimulus for the release
of NO [18]. Studies have demonstrated the presence of endothelial NOS
(eNOS) enzyme in and the production of NO by all of the vessels of the
coronary circulation [19,20].

Vascular dysfunction is closely related to the high blood pressure.
Maintenance of vascular homeostasis is one of the targets for the

control of high blood pressure. Endothelial cells are an intimate
modulator for the control of vascular homeostasis. Endothelial cells
respond to humoral and physical stimuli by releasing endothelium-
dependent vasodilators including endothelium-derived relaxing factor
and prostacyclin. Nitric oxide (NO) is endothelium-derived relaxing
factor [12,21,22].

Nevertheless, vascular activities claimed for Zygophyllum album
have never been proved. Thus, we considered it interesting to investigate
whether there is a scientific basis for the traditional use of this plant as
an anti-hypertensive drug. In the present study, we examined the in vivo
effect of the aqueous extract of Zygophyllum album on in vitro effects on
the vasomotor tone of aortic rings isolated from mice.

Materials and Methods
Experimental animals

Adult Swiss albino mice of either sex (Mus musculus) weighing
approximately 25 g (housed 4 to 5 per cage) were used in this study.
Animals were housed in an air-conditioned animal room at 23 + 2°C,
with 12-h/12-h light/dark photoperiod, relative humidity (50-60%)
and maintained with ad libitum feeding and water.

Chemicals and reagents

Reagents were obtained from Sigma Aldrich (Milano, Italy) and
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Merck (Darmstadt, Germany), and were of the highest commercial
grade available.

Preparation of the aqueous extract

Fresh whole Zygophyllum album (Zygophyllaceae) plants were
collected from Southern Tunisia (Douz/Gbéli) between May and July
2007. The plant material was dried at ambient temperature and stored
in a dry place prior to use. The plant was washed well with water, dried
at room temperature in the dark, and then ground in an electric grinder
to give a coarse powder. A 100 g of the powdered aerial parts were
suspended in 1000 mL distilled water, heated and boiled under reflux
for 30 min. The decoction obtained was filtered, and the filtrate frozen
at -20°C and then lyophilised. The average yield of the lyophylised
material (Za-extract) was approximately 18.28%. It was stored at
ambiant temperature until further use. The yield of this extract was
8.06%.

Preparation of isolated mice thoracic aorta rings

A method previously described was used [23,24]. Briefly, animals
were sacrificed by cervical dislocation. The thoracic aorta was cleaned
of adhering connective tissue and was cut into 5-7 mm length rings.
Then, tissue segments with endothelium were mounted in stainless
steel hooks, under an optimal tension of 3 g, in 10 mL organ baths
containing warmed (37°C) and oxygenated (O,:CO,, 19:1) Krebs
solution (composition, mM: NaCl, 118; KCl, 4.7; CaClz, 2.5; MgSO,,
1.2; KH,PO,, 1.2; NaHCO,, 25.0; EDTA, 0.026 and glucose, 11.1, pH
7.4). Isometric tension was measured and recorded by Grass-FT03
force transducers (Astromed’, West Warwick, RI, USA), connected to
a MP100 analyzer (Biopac’ Instruments, Santa Barbara, CA, USA).
After a 90-min-equilibration period under a resting tension of 1 g, the
stabilization period the tissues were stimulated with KCL (8 mM). The
aortic rings in bath tubes were allowed to equilibrate for 1 h before
experiment and the Krebs solution was changed every 15 min. The
viability of the ring preparation was assessed by contracting vessels with
107 M U46619 (9,11-dideoxy-9a, 1la-methanoepoxy prostaglandin
F, ) before each experiment. The artery endothelium viability and
integrity were checked by dilatory response of the ring to acetylcholine
(10 M) as described by Furchgott and Zawadzki and Fiscus et al.
[12,25].

NO spin trapping and EPR spectroscopy

NO radical determination by Electron Paramagnetic Resonance
(EPR) was estimated by the method of Komarov et al. [26]. Detection
of NO production was performed using Fe,* diethyldithiocarbamate
(DETC, Sigma Aldrich) as spin trap. Briefly, cells were seeded on 24-well
plates and used when 80-90% cell fluency were reached. Endothelial
cells were either stimulated with the tested compounds (25 m M) or
the reference thapsigargin 10 m M (TG, Sigma-Aldrich) for 10 or 30
min, respectively; the medium then was replaced with 250 uL of Krebs
solution, then treated with 250 pL of colloid Fe(DETC), and incubated
for 45 min at 37.8°C. Cells were then scrapped and frozen in plastic
tubes. NO detection was measured in situ by EPR. NO measurement
was performed on a table-top x-band spectrometer Miniscope (Mag-
nettech, MS 200, Berlin, Germany). Recordings were made at 77 K, using
a Dewar flask. Instrument settings were 10 mW of microwave power, 1
mT of amplitude modulation, 100 kHz of modulation frequency, 150
s of sweep time and 5 scans. Signals were quantified by measuring the
total amplitude, after correction of baseline as done previously. Values
are expressed as amplitude of signal per protein concentration (units/m
g/ m L of endothelial cell proteins).

Induction of experimental diabetes

The overnight fasted mice were made diabetic with Streptozotocin
(STZ) (Sigma, St Louis, MO) at a dose of 45 mg/kg intraperitoneally.
The STZ was freshly dissolved in citrate buffer (0.01 M, pH 4.5) and
kept on ice prior to use [27]. Control mice received only the buffer. A
week after injection of streptozotocin, diabetes was confirmed in STZ-
treated mice with fasting blood glucose levels above 250 mg/dl.

Experimental design

The mice were randomly divided into the following five groups with
eight mice per group:

Group I: normal control mice or “negative control” received only
vehicle solutions.

Group II: diabetic control mice served as positive control group
received single dose of STZ (45 mg/kg, i.p.).

Group III: diabetic mice received the aqueous extract of Z. album
(100 mg/kg, orally (p.o.).

Group IV: diabetic mice received the aqueous extract of Z. album
(300 mg/kg, p.o.).

Group V: diabetic mice received gliclazide (25 mg/kg, i.p.).
Animals were treated by oral gavage once a day for a period of 15 days.
Glucokinase

Glucokinase was estimated by the method of Newgard et al. [28].
Weighed amounts of liver tissues (0.3-0.5 g) were homogenized in
nine volumes of 50 mM Tris/HCl buffer, pH 7.4. After centrifugation
at 12,000xg for 20 min at 4°C, the supernatants were used to measure
the enzyme activity. The assay mixture contained 100 mM KCl, 10 mM
DTT, and ImM EDTA.

Glucose-6-phosphate dehydrogenase (G6PD)

G6PD was estimated by the method of Bergmeyer [29]. Weighed
liver tissues were homogenized in 10 times their weight in volume of 0.1
M Tris/HCl buffer at pH 7.6 containing 1 mM EDTA. The homogenates
were centrifuged at 10,000 g for 15 min and the supernatants were used
for the enzyme assay. Increase in absorbance of NADPH produced was
measured at 340 nm.

Phosphofructokinase

Phosphofructokinase was estimated by the method of Castano et al.
[30]. Weighed amounts of liver tissues (0.3-0.5 g) were homogenized
with ten times their weight (in volume) of 50 mM Tris/HCI buffer pH
8.2 containing 5 mM MgSO, 7H,0, 1 mM EDTA and 10 mM DTT. The
homogenates were centrifuged at 20,000 g for 15 minutes at 4°C. The
enzyme activity was measured at 37°C by following the appearance of
NADH at 340 nm for 3 minutes at 30 seconds interval.

Hepatic glycogen: Glycogen content was determined by the
method described by Ong and Khoo [31]. Weighed amounts of liver
tissues (0.3-0.5 g) were homogenized in 10 volumes of ice-cold 30%
KOH and boiled at 100°C for 30 min. Glycogen was precipitated with
ethanol, pelleted, washed, and resolubilized in distilled water. Glycogen
content was determined by treatment with anthrone reagent and
measured at 625 nm.

Protein determination

Protein content was determined by the method of Bradford [32]
using assay kit (Sigma Diagnostics).
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Figure 1: Vasorelaxant effects of aqueous extract of Zygophyllum album (Za)
(A) and Acetylcholine (B) on the endothelium denuded or endothelium intact
mice aortic rings precontracted by 107 M U46619. The relaxation effect was
expressed as a percentage of decrement to the maximum tension caused by
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Statistical analysis

Results are expressed as the means + SD. Students t-test for
unpaired samples was performed using GraphPad Prism (GraphPad
Software, Version 4.0). A value of p<0.05 was considered significant.

Result

Effect of acetylcholine and aqueous extract of Zygophyllum
album on U46619-induced precontractions

Figure 1A and B shows that the acetylcholine and the aqueous
extract of Zygophyllum album, dose dependently and respectively
relaxed U46619-induced contractions of aorta with or without
endothelium. Acetylcholine (10° - 10° M) caused an endothelium-
dependent relaxation of 60 mM KCl-induced contractions. The aqueous
extract of Zygophyllum album caused relaxation of isolated mice aortic
rings in a concentration-dependent manner for both endothelium-
intact and endothelium-denuded aortic rings. These vasorelaxant effects
of aqueous extract at all concentrations tested were reversible to the
levels as before the administration of aqueous extract after aqueous was
washed out with Krebs solution. Figure 1(B) also shows that aqueous
extract of Zygophyllum album at low concentrations (<10 g/1) caused
relaxation of endothelium-intact aortic rings and for endothelium-
denuded aortic rings. The EC_ of the aqueous extract required to effect
these observations were 120 mg/1 for U46619-induced contractions.

Effect of aqueous extract of Zygophyllum album on ex vivo
production of NO in aorta,heart,liver and pancreas

Figure 2 shows the variation ex vivo production of NO by RPE in
the aorta, liver, pancreases and the heart treated by the aqueous extract
of Zygophyllum album (Za) with 100 mg/l in mice. The graphic analysis
shows that the significantly increase production of NO (p<0.05) in the
batches of the bodies treated by the aqueous extract of the Zygophyllum
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Figure 2: Effects of aqueous extract of Zygophyllum album (100 mg/l) on ex vivo production of nitric oxyde (NO) in the aorta, pancreas, liver and heart. The data are
expressed as mean + SD (n = 6). Values are given as mean + SD for groups of eight animals each. Values are statistically significant at p<0.05 (*) (test-t of Student).
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album, except on the level of the heart showed a no significant decrease
production of NO (P<0.05) (Figure 3).

Effects of aqueous extract of Zygophyllum album on hepatic
enzymes

The activities of hepatic Hexokinase (HK), Glucokinase (GK) and
Phosphofructokinase (PFK) in non-diabetic and diabetic mice treated
repeatedly with aqueous extract from Zygophyllum album for 14 days is
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Figure 3: Effect of aqueous extract of Zygophyllum album on hepatic glycogen
level in STZ-induced diabetic mice. The data are expressed as mean + S.D (n
= 8). Values are given as mean + S.D for groups of eight animals each. Values
are statistically significant at P<0.05. Diabetic control vs. control. Diabetic
+ Zygophyllum album extract 100 mg/kg vs. Diabetic control. Diabetic +
Zygophyllum album extract 300 mg/kg vs. diabetic control. Diabetic + gliclazide
vs. diabetic control.
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shown in Figure 4. Significantly increased activitie of the glucokinase
and decreased activites of the glucose 6 phosphate deshydrogenase and
phosphofructosamine were observed in STZinduced diabetic mice
(group II) in the liver when compared with the normal controls (group
I). The aqueous extract of Zygophyllum album was able to significantly
decrease the GK activity and increase the activities of PFK and G6PDH
in diabetic mice (group III and IV). The oral administration of glicazide,
25 mg/day to diabetic mice restored the hepatic activities of GK, PKK
and G6PDH to near control levels.

Discussion

Although Zygophyllum album is widely used in traditional
medicine for the treatment of diabetes, the compounds responsible for
its vasorelaxant activity have never been identified.

Vascular tone is regulated by a number of receptor- and ion
channel-mediated processes, and the contribution of an intact vascular
endothelium is considered important. Modulation of vascular tone by
endothelium is regulated by the synthesis and release of vasorelaxing
factors such as nitric oxide and prostacyclin as well as by vasoconstricting
factors such as endothelin and angiotensin II [33]. Removal of the
endothelium in the present study led to a reduction of the relaxant
activity of aqueous extract of Zygophyllum album, suggesting that an
endothelium-dependent mechanism is involved.

The aqueous extract of Zygophyllum album show inhibition
on U46619-induced contraction in isolated mice aorta rings while
these extracts provoked an important relaxation of U46619-induced
contraction. On the other hand some fractions obtained from
methylene chloride-methanol induced relaxation both KCI and NA-
induced contraction although in variable proportion. Preliminary
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Figure 4: Effects of aqueous extract of Zygophyllum album on hepatic glucokinase, G6PDH and phosphofructokinase levels in STZ-induced diabetic mice. The
data are expressed as mean = S.D (n = 8). Values are given as mean + S.D for groups of eight animals each. Values are statistically significant at P<0.05 (test-t de
Student). Diabetic control vs. control. Diabetic + Zygophyllum album extract 100 mg/kg vs. Diabetic control. cDiabetic + Zygophyllum album extract 300 mg/kg vs.

diabetic control. dDiabetic + gliclazide vs. diabetic control.
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chemical analysis demonstrated that the MEOH and CH,Cl,-MeOH
(1:1) extracts and fraction of Vitex cienkowskii contained a number of
terpenoids and some flavonoids. These classes of compounds may be
responsible for the activities observed since it has been demonstrated
that phenolic compounds and triterpenoids possess vasodilator
properties [34-36]. The vasorelaxant properties induced by these
compounds clearly show that they are at least partly responsible
for the activities observed. These compounds were able to relax,
in a concentration-dependent fashion, the contractions induced
by noradrenaline in rat aortic rings with functional endothelium.
However, these responses were less marked in arteries precontracted
by KCl and in endothelium-denuded arteries (results not shown). High
KCI concentrations cause contractions in vascular smooth muscle
by depolarising cell membranes and by increasing the influx of Ca,*
through long-lasting voltage dependent channels [37]. In this way,
the absence of relaxation in KCI (60 mM) evoked contractions might
probably remove either the influence of membrane hyperpolarisation is
an indication that the blockage of Ca entry through voltage-stimulated
Ca,* channels relaxant responses to extracts, pentacyclic triterpenoids,
and ceramide. It has been previously reported in a well-established
in vitro model of vasomotion that triterpenoid-related compounds,
commonly found in plant species, elicit vasorelaxation through the
direct release of NO from vascular endothelium [34,35]. In this way, it
was expected that oleanolic acid and p-sitosterol (f-sitosterol relaxed
noradrenaline precontracted endothelium intact rings slightly but not
significantly) would have vasoactive effects related to NO derived from
endothelium. On the other hand ceramide induced vasorelaxation.
Another study demonstated that cellular and molecular mechanisms
underlying the relaxant actions of ceramide remain to be established
but a reduction in intracellular Ca," is a key factor in causing relaxation
[38].

The present results indicate that aqueous extract of Zygophyllum
album induces concentration-dependent relaxation in aortic strips
precontracted by U46619. When the aqueous extract was added
during the tonic contraction induced by U46619, it also exerted
relaxation demonstrating a vasorelaxant activity of the plant extract.
The inhibitory effects of Zygophyllum album on vascular stimulating
agents were reversible, indicating that it does not cause tissue damage
or tissue tolerance. The vascular endothelium plays an important role
in controlling vascular tone via the secretion of both relaxant and
contractile factors. The endothelial cells respond to chemical and
physical stimulation by producing relaxant factors such as bradykinin,
prostacycline and nitric oxide [39]. The vasorelaxant action of the
aqueous extract of Zygophyllum album persisted on denuded aortic
strips. Because our results did not show a significant difference between
the effects on intact and denuded aortic strips, it can be argued that the
activity of the plant extract is endothelium-independent. The extract
may therefore act directly on the vascular smooth muscle. In addition,
the relaxant action of Zygophyllum album in intact aortic strips was
neither significantly affected by indomethacin (a cyclooxygenase
inhibitor) nor by L-NAME (a nitric oxide synthase inhibitor) suggesting
that the effect was not mediated via endothelium-derived prostacycline
or nitric oxide [39-42]. The concentration of L-NAME used in our
experiments (2.5x10™* M) is more than sufficient to fully inhibit NO
synthetase activity. This was verified in the present studies by testing
the response to acetylcholine, which was completely inhibited in the
presence of L-NAME (data not given). It is widely known that vascular
relaxation, induced by many vasodilators such as acetycholine, needs
the presence of endothelium layer and the increase of Endothelium-
Derived Relaxing Factor (EDRF), which has been demonstrated to be
nitric oxide (NO) [11].

Diabetes is a chronic metabolic disorder affecting a reduction in
hyperglycemia will decrease the risk of developing micro vascular
diseases and reduce their complications. Diabetes mellitus is
characterized by a reduced capacity of the $3-cells of the pancreas to
release sufficient insulin to induce the activity of glucose metabolizing
enzymes whether the cells are destroyed as in type 1 diabetes (IDDM)
or intact as in type 2 diabetes (NIDDM) [43]. In our investigation, the
activities of some carbohydrate metabolizing enzymes such as GGPDH,
GK, PFK, and glycogen content were measured in the livers of non-
diabetic and STZ induced diabetic mice and the effects of repeated
2-week oral treatment with an aqueous extract from Zygophyllum album
were evaluated. Our results show that decreased glucose in animals may
be correlated with inhibition of glycogenolysis as suggested by increased
liver glycogen [44,45]. The level of insulin in diabetic mice as well as in
normal mice after the treatment with aqueous extract of this plant [10].
In this context, a number of other plants have been reported to have
antihyperglycemic activity with a stimulatory effect on insulin release
[46,47]. Glycogen level in various tissues especially in liver and skeletal
muscle indicates direct reflection of insulin activity since it causes
glycogen deposition by stimulating glycogen synthase and inhibiting
glycogen phosphorylase. Glycogen levels in tissues (muscle and liver)
decrease as the influx of glucose in the liver is inhibited in the absence of
insulin and recovers on insulin treatment [48]. Treatment with aqueous
extract of the Zygophyllum album for 15 days significantly increased
the hepatic glycogen levels in STZ diabetic treated mice, indicating the
insulin secretagogue activity. Plants like Syzygium cordatum, Syzygium
alternifolium increase the concentration of hepatic glycogen which is
similar to our results [49,50].

In summary, our results clearly indicate that aqueous extract of
Zygophyllum album has been shown to have, besides antihyperglycemic
and vasorelaxant properties which act by improving insulin secretion
and the alterations in the carbohydrate. The hypoglycaemic mechanisms
of Zygophyllum album extract remain unclearly. Further chemical
and pharmacological investigation should be carried out to evaluate
the mechanism of Zygophyllum album extracts hypoglycemic action.
More studies are warranted to evaluate whether such therapy can be
administered as an auxiliary beneficial therapeutic regimen in diabetic
population.

In conclusion, the present study demonstrates that Zygophyllum
album possesses different vasodilatory properties. Further chemical
and pharmacological experiments are required to investigate its
potential anti-diabetic activity in diabetic mice and to identify the
active principle(s) responsible for the vascular activity attributed to the
plant in Tunisian pharmacopoeia.

Acknowledgment

We are grateful to the Tunisian Ministry of Superior Education and Scientific
Research for financial support.

References

1. Gandhi HR (2001) Diabetes and coronary artery disease: importance of risk
factors. Cardiol. Today 1: 31-34.

2. Bottomley JM, Raymond FD (2007) Pharmaco-economic issues for diabetes
therapy. Best Pract Res Clin Endocrinol Metab 21: 657-685.

3. Karunanayake EH, Tennekoon KH (1993) Search of novel hypoglycemic
agents from medicinal plants. In: Sharma, A.K. (Ed.), Diabetes Mellitus and its
Complications. An Update. Macmillan India Ltd, New Delhi, India.

4. Platel K, Srinivasan K (1997) Plant foods in the management of diabetes
mellitus: vegetables as potential hypoglycaemic agents. Nahrung 41: 68-74.

J Diabetes Metab
ISSN: 2155-6156 JDM, an open access journal

Volume 5 « Issue 9 « 1000426


http://www.ncbi.nlm.nih.gov/pubmed/18054741
http://www.ncbi.nlm.nih.gov/pubmed/18054741
http://www.ncbi.nlm.nih.gov/pubmed/9188186
http://www.ncbi.nlm.nih.gov/pubmed/9188186

Citation: Ghoul JEI, Ben-Attia M (2014) Vasorelaxant Effects of Aqueous Extract of Zygophyllum Album and Antihyperglycemic Activities in
Streptozotocin-Induced Diabetic Mice. J Diabetes Metab 5: 426 doi:10.4172/2155-6156.1000426

Page 6 of 7

Narayana DB, Dobriyal RM (2000) Complimentary medicines and 21st
century therapeutics: challenges for pharmacologist. In: Gupta, S.K. (Ed.),
Pharmacology and Therapeutics in the New Millennium. Narosa Publishing
House, New Delhi, India 326-335.

Gupta RK, Kesari AN, Murthy PS, Chandra R, Tandon V, et al. (2005)
Hypoglycemic and antidiabetic effect of ethanolic extract of leaves of Annona
squamosa L. in experimental animals. J Ethnopharmacol 99: 75-81.

Yamagishi N, Nakayama K, Wakatsuki T, Hatayama T (2001) Characteristic
changes of stress protein expression in streptozotocin-induced diabetic rats.
Life Sci 69: 2603-2609.

Jia W, Gao WY, Xiao PG (2003) Antidiabetic drugs of plant origin used in China:
compositions, pharmacology, and hypoglycemic mechanisms. Zhongguo
Zhong Yao Za Zhi 28: 108-113.

Elder C (2004) Ayurveda for diabetes mellitus: a review of the biomedical
literature. Altern Ther Health Med 10: 44-50.

0.El Ghoul J, Smiri M, Ghrab S, Boughattas NA, Ben-Attia M (2012)
Antihyperglycemic, antihyperlipidemic and antioxidant activities of traditional
aqueous extract of Zygophyllum album in streptozotocin diabetic mice.
Pathophysiology 19: 35-42.

11. Ghoul JE, Boughattas NA, Ben-Attia M (2013) Antihyperglycemic and

antihyperlipidemic activities of ethanolic extract of Zygophyllum album in
streptozotocin-induced diabetic mice. Toxicol Ind Health 29: 43-51.

12. Furchgott RF, Zawadzki JV (1980) The obligatory role of endothelial cells in the

relaxation of arterial smooth muscle by acetylcholine. Nature 288: 373-376.

3. Moncada S, Higgs A (1993) The L-arginine-nitric oxide pathway. N Engl J Med
329: 2002-2012.

14. Wang J, Wolin MS, Hintze TH (1993) Chronic exercise enhances endothelium-

mediated dilation of epicardial coronary artery in conscious dogs. Circ Res
73: 829-838.

5. Shen W, Lundborg M, Wang J, Stewart JM, Xu X, et al. (1994) Role of EDRF in
the regulation of regional blood flow and vascular resistance at rest and during
exercise in conscious dogs. J Appl Physiol (1985) 77: 165-172.

16.Zhao G, Shen W, Xu X, Ochoa M, Bernstein R, et al. (1995) Selective

2

2

22.

2

24.

2

impairment of vagally mediated, nitric oxide-dependent coronary vasodilation in
conscious dogs after pacing-induced heart failure. Circulation 91: 2655-2663.

7.Zhao G, Xu X, Ochoa M, Shen W, Hintze TH (1996) Interaction between
prostacyclin and nitric oxide in the reflex control of the coronary circulation in
conscious dogs. Cardiovasc Res 32: 940-948.

8. Koller A, Sun D, Huang A, Kaley G (1994) Corelease of nitric oxide and
prostaglandins mediates flow-dependent dilation of rat gracilis muscle
arterioles. Am J Physiol 267: H326-332.

©

. Ursell PC, Mayes M (1995) Anatomic distribution of nitric oxide synthase in the
heart. Int J Cardiol 50: 217-223.

o

.Andries LJ, Brutsaert DL, Sys SU (1998) Nonuniformity of endothelial
constitutive nitric oxide synthase distribution in cardiac endothelium. Circ Res
82: 195-203.

=

. Palmer RM, Ferrige AG, Moncada S (1987) Nitric oxide release accounts for
the biological activity of endothelium-derived relaxing factor. Nature 327: 524-
526.

Ignarro LJ, Buga GM, Wood KS, Byrns RE, Chaudhuri G (1987) Endothelium-
derived relaxing factor produced and released from artery and vein is nitric
oxide. Proc Natl Acad Sci U S A 84: 9265-9269.

3. Hernandez-Abreu O, Castillo-Espafia P, Leodn-Rivera |, Ibarra-Barajas M,
Villalobos-Molina R, et al. (2009). Antihypertensive and vasorelaxant effects of
tilianin isolated from Agastache mexicana are mediated by NO/cGM pathway
and potassium channel opening. Biochemical Pharmacology 78: 54—61.

Vergara-Galicia J, Aguirre-Crespo F, Castillo-Espafia P, Arroyo-Mora A, Lépez-
Escamilla AL, et al. (2010) Micropropagation and vasorelaxant activity of Laelia
autumnalis (Orchidaceae). Nat Prod Res 24: 106-114.

5. Fiscus RR, Zhou HL, Wang X, Han C, Ali S, et al. (1991) Calcitonin gene-
related peptide (CGRP)-induced cyclic AMP, cyclic GMP and vasorelaxant
responses in rat thoracic aorta are antagonized by blockers of endothelium-
derived relaxant factor (EDRF). Neuropeptides 20: 133-143.

26.

2

<

28.

29

30.

31.

32.

3

w

34.

35.

36.

3

J

38.

3

[{e}

40.

4

-

42.

43.

44,

45.

46.

47.

48.

Komarov A, Mattson D, Jones MM, Singh PK, Lai CS (1993) In vivo spin
trapping of nitric oxide in mice. Biochem Biophys Res Commun 195: 1191-
1198.

. Siddiqui O, Sun'Y, Liu JC, Chien YW (1987) Facilitated transdermal transport of

insulin. J Pharm Sci 76: 341-345.

Newgard CB, Hirsch LJ, Foster DW, McGarry JD (1983) Studies on the
mechanism by which exogenous glucose is converted into liver glycogen in the
rat. A direct or an indirect pathway? J Biol Chem 258: 8046-8052.

. Bergmeyer HU (1984) Glucose-6-phosphate dehydrogenase. In: Bergmeyer

HU (ed.) Methods of Enzymatic Analysis. Weinheim: Verlag Chemie 2: 222-
223.

Castafio JG, Nieto A, Feliu JE (1979) Inactivation of phosphofructokinase by
glucagon in rat hepatocytes. J Biol Chem 254: 5576-5579.

Ong KC, Khoo HE (2000) Effects of myricetin on glycemia and glycogen
metabolism in diabetic rats. Life Sci 67: 1695-1705.

Bradford MM (1976) A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye binding.
Anal Biochem 72: 248-254.

. Rubanyi GM (1993) The role of endothelium in cardiovascular homeostasis and

diseases. Journal of Cardiovascular Pharmacology 22: S1-S14.

Kim ND, Kang SY, Schini VB (1994) Ginsenosides evoke endothelium-
dependent vascular relaxation in rat aorta. Gen Pharmacol 25: 1071-1077.

Tanner MA, Bu X, Steimle JA, Myers PR (1999) The direct release of nitric
oxide by gypenosides derived from the herb Gynostemma pentaphyllum. Nitric
Oxide 3: 359-365.

Rodriguez-Rodriguez R, Herrera MD, Perona JS, Ruiz-Gutiérrez V (2004)
Potential vasorelaxant effects of oleanolic acid and erythrodiol, two triterpenoids
contained in ‘orujo’ olive oil, on rat aorta. Br J Nutr 92: 635-642.

. Godfraind T, Miller R, Wibo M (1986) Calcium antagonism and calcium entry

blockade. Pharmacol Rev 38: 321-416.

Zheng T, Wenyan L, Altur BT, Altura BM (1998) C2-ceramide attenuates
prostaglandin F2a-induced vasoconstriction and elevation of [Ca2+]i in canine
cerebral vascular smooth muscle. Neuroscience Letters 256: 113-116.

. Corvol P (1993) L'endothélium, plaque tournante de la vasomotricité et de la

trophicité de la paroi artérielle Médecine/Sciences 9: 1031-1033.

Lechat P, Calvo F, de Cremoux P, Giroud JP, Lagier G, et al. (1990)
Pharmacologie Médicale Masson France pp. 35-462.

.Johnson JL, Wimsatt J, Buckel SD, Dyer RD, Maddipati KR (1995) Purification

and characterization of prostaglandin H synthase-2 from sheep placental
cotyledons. Arch Biochem Biophys 324: 26-34.

Moreau R, Barriere E, Tazi KA, Lardeux B, Dargére D, et al. (2002) Terlipressin
inhibits in vivo aortic INOS expression induced by lipopolysaccharide in rats
with biliary cirrhosis. Hepatology 36: 1070-1078.

Panneerselvam RS, Govindaswamy S (2002) Effect of sodium molybdate on
carbohydrate metabolizing enzymes in alloxan-induced diabetic rats. J Nutr
Biochem 13: 21-26.

Oliveira HC, dos Santos MP, Grigulo R, Lima LL, Martins DT, et al. (2008)
Antidiabetic activity of Vatairea macrocarpa extract in rats. J Ethnopharmacol
115: 515-519.

Pandikumar P, Babu NP, Ignacimuthu S (2009) Hypoglycemic and
antihyperglycemic effect of Begonia malabarica Lam. in normal and
streptozotocin induced diabetic rats. J Ethnopharmacol 124: 111-115.

Sharma SB, Nasir A, Prabhu KM, Murthy PS (2006) Antihyperglycemic effect
of the fruit-pulp of Eugenia jambolana in experimental diabetes mellitus. J
Ethnopharmacol 104: 367-373.

Gupta S, Sharma SB, Bansal SK, Prabhu KM (2009) Antihyperglycemic and
hypolipidemic activity of aqueous extract of Cassia auriculata L. leaves in
experimental diabetes. J Ethnopharmacol 123: 499-503.

Vats V, Yadav SP, Grover JK (2004) Ethanolic extract of Ocimum sanctum
leaves partially attenuates streptozotocin-induced alterations in glycogen
content and carbohydrate metabolism in rats. Journal of Ethnopharmacology
90: 155-160.

J Diabetes Metab
ISSN: 2155-6156 JDM, an open access journal

Volume 5 « Issue 9 « 1000426


http://www.ncbi.nlm.nih.gov/pubmed/15848023
http://www.ncbi.nlm.nih.gov/pubmed/15848023
http://www.ncbi.nlm.nih.gov/pubmed/15848023
http://www.ncbi.nlm.nih.gov/pubmed/11712664
http://www.ncbi.nlm.nih.gov/pubmed/11712664
http://www.ncbi.nlm.nih.gov/pubmed/11712664
http://www.ncbi.nlm.nih.gov/pubmed/15015278
http://www.ncbi.nlm.nih.gov/pubmed/15015278
http://www.ncbi.nlm.nih.gov/pubmed/15015278
http://www.ncbi.nlm.nih.gov/pubmed/14727499
http://www.ncbi.nlm.nih.gov/pubmed/14727499
http://www.ncbi.nlm.nih.gov/pubmed/22209473
http://www.ncbi.nlm.nih.gov/pubmed/22209473
http://www.ncbi.nlm.nih.gov/pubmed/22209473
http://www.ncbi.nlm.nih.gov/pubmed/22209473
http://www.ncbi.nlm.nih.gov/pubmed/22499272
http://www.ncbi.nlm.nih.gov/pubmed/22499272
http://www.ncbi.nlm.nih.gov/pubmed/22499272
http://www.ncbi.nlm.nih.gov/pubmed/6253831
http://www.ncbi.nlm.nih.gov/pubmed/6253831
http://www.ncbi.nlm.nih.gov/pubmed/7504210
http://www.ncbi.nlm.nih.gov/pubmed/7504210
http://www.ncbi.nlm.nih.gov/pubmed/8403254
http://www.ncbi.nlm.nih.gov/pubmed/8403254
http://www.ncbi.nlm.nih.gov/pubmed/8403254
http://www.ncbi.nlm.nih.gov/pubmed/7525527
http://www.ncbi.nlm.nih.gov/pubmed/7525527
http://www.ncbi.nlm.nih.gov/pubmed/7525527
http://www.ncbi.nlm.nih.gov/pubmed/7743629
http://www.ncbi.nlm.nih.gov/pubmed/7743629
http://www.ncbi.nlm.nih.gov/pubmed/7743629
http://www.ncbi.nlm.nih.gov/pubmed/8944825
http://www.ncbi.nlm.nih.gov/pubmed/8944825
http://www.ncbi.nlm.nih.gov/pubmed/8944825
http://www.ncbi.nlm.nih.gov/pubmed/8048598
http://www.ncbi.nlm.nih.gov/pubmed/8048598
http://www.ncbi.nlm.nih.gov/pubmed/8048598
http://www.ncbi.nlm.nih.gov/pubmed/8537144
http://www.ncbi.nlm.nih.gov/pubmed/8537144
http://www.ncbi.nlm.nih.gov/pubmed/9468190
http://www.ncbi.nlm.nih.gov/pubmed/9468190
http://www.ncbi.nlm.nih.gov/pubmed/9468190
http://www.ncbi.nlm.nih.gov/pubmed/3495737
http://www.ncbi.nlm.nih.gov/pubmed/3495737
http://www.ncbi.nlm.nih.gov/pubmed/3495737
http://www.ncbi.nlm.nih.gov/pubmed/2827174
http://www.ncbi.nlm.nih.gov/pubmed/2827174
http://www.ncbi.nlm.nih.gov/pubmed/2827174
http://www.sciencedirect.com/science/article/pii/S0378874111007124#bib0010
http://www.sciencedirect.com/science/article/pii/S0378874111007124#bib0010
http://www.sciencedirect.com/science/article/pii/S0378874111007124#bib0010
http://www.sciencedirect.com/science/article/pii/S0378874111007124#bib0010
http://www.ncbi.nlm.nih.gov/pubmed/20077303
http://www.ncbi.nlm.nih.gov/pubmed/20077303
http://www.ncbi.nlm.nih.gov/pubmed/20077303
http://www.ncbi.nlm.nih.gov/pubmed/1665896
http://www.ncbi.nlm.nih.gov/pubmed/1665896
http://www.ncbi.nlm.nih.gov/pubmed/1665896
http://www.ncbi.nlm.nih.gov/pubmed/1665896
http://www.ncbi.nlm.nih.gov/pubmed/8216248
http://www.ncbi.nlm.nih.gov/pubmed/8216248
http://www.ncbi.nlm.nih.gov/pubmed/8216248
http://www.ncbi.nlm.nih.gov/pubmed/3298619
http://www.ncbi.nlm.nih.gov/pubmed/3298619
http://www.ncbi.nlm.nih.gov/pubmed/6863277
http://www.ncbi.nlm.nih.gov/pubmed/6863277
http://www.ncbi.nlm.nih.gov/pubmed/6863277
http://www.ncbi.nlm.nih.gov/pubmed/156182
http://www.ncbi.nlm.nih.gov/pubmed/156182
http://www.ncbi.nlm.nih.gov/pubmed/11021354
http://www.ncbi.nlm.nih.gov/pubmed/11021354
http://www.ncbi.nlm.nih.gov/pubmed/942051
http://www.ncbi.nlm.nih.gov/pubmed/942051
http://www.ncbi.nlm.nih.gov/pubmed/942051
http://www.ncbi.nlm.nih.gov/pubmed/7523767
http://www.ncbi.nlm.nih.gov/pubmed/7523767
http://www.ncbi.nlm.nih.gov/pubmed/7875528
http://www.ncbi.nlm.nih.gov/pubmed/7875528
http://www.ncbi.nlm.nih.gov/pubmed/10534439
http://www.ncbi.nlm.nih.gov/pubmed/10534439
http://www.ncbi.nlm.nih.gov/pubmed/10534439
http://www.ncbi.nlm.nih.gov/pubmed/15522132
http://www.ncbi.nlm.nih.gov/pubmed/15522132
http://www.ncbi.nlm.nih.gov/pubmed/15522132
http://www.ncbi.nlm.nih.gov/pubmed/2432624
http://www.ncbi.nlm.nih.gov/pubmed/2432624
http://www.ipubli.inserm.fr/handle/10608/2805
http://www.ipubli.inserm.fr/handle/10608/2805
http://www.sciencedirect.com/science/article/pii/S0378874106005757#bib17
http://www.sciencedirect.com/science/article/pii/S0378874106005757#bib17
http://www.ncbi.nlm.nih.gov/pubmed/7503555
http://www.ncbi.nlm.nih.gov/pubmed/7503555
http://www.ncbi.nlm.nih.gov/pubmed/7503555
http://www.ncbi.nlm.nih.gov/pubmed/12395316
http://www.ncbi.nlm.nih.gov/pubmed/12395316
http://www.ncbi.nlm.nih.gov/pubmed/12395316
http://www.ncbi.nlm.nih.gov/pubmed/11834216
http://www.ncbi.nlm.nih.gov/pubmed/11834216
http://www.ncbi.nlm.nih.gov/pubmed/11834216
http://www.ncbi.nlm.nih.gov/pubmed/18063496
http://www.ncbi.nlm.nih.gov/pubmed/18063496
http://www.ncbi.nlm.nih.gov/pubmed/18063496
http://www.ncbi.nlm.nih.gov/pubmed/19443148
http://www.ncbi.nlm.nih.gov/pubmed/19443148
http://www.ncbi.nlm.nih.gov/pubmed/19443148
http://www.ncbi.nlm.nih.gov/pubmed/16386863
http://www.ncbi.nlm.nih.gov/pubmed/16386863
http://www.ncbi.nlm.nih.gov/pubmed/16386863
http://www.ncbi.nlm.nih.gov/pubmed/19473793
http://www.ncbi.nlm.nih.gov/pubmed/19473793
http://www.ncbi.nlm.nih.gov/pubmed/19473793
http://www.ncbi.nlm.nih.gov/pubmed/14698524
http://www.ncbi.nlm.nih.gov/pubmed/14698524
http://www.ncbi.nlm.nih.gov/pubmed/14698524
http://www.ncbi.nlm.nih.gov/pubmed/14698524

Citation: Ghoul JEI, Ben-Attia M (2014) Vasorelaxant Effects of Aqueous Extract of Zygophyllum Album and Antihyperglycemic Activities in
Streptozotocin-Induced Diabetic Mice. J Diabetes Metab 5: 426 doi:10.4172/2155-6156.1000426

Page 7 of 7

49. Musabayane CT, Mahlalela N, Shode FO, Ojewole JA (2005) Effects of 50. Kasetti RB, Rajasekhar MD, Kondeti VK, Fatima SS, Kumar EGT, et al. (2010)

Syzygium cordatum (Hochst.) [Myrtaceae] leaf extract on plasma glucose and Antihyperglycemic and antihyperlipidemic activities of methanol: water (4:1)

hepatic glycogen in streptozotocin-induced diabetic rats. J Ethnopharmacol 97: fraction isolated from aqueous extract of Syzygium alternifolium seeds in

485-490. streptozotocin induced diabetic rats. Food and Chemical Toxicology 48: 1078-
1084.

J Diabetes Metab Volume 5 « Issue 9 + 1000426

ISSN: 2155-6156 JDM, an open access journal


http://www.ncbi.nlm.nih.gov/pubmed/15740884
http://www.ncbi.nlm.nih.gov/pubmed/15740884
http://www.ncbi.nlm.nih.gov/pubmed/15740884
http://www.ncbi.nlm.nih.gov/pubmed/15740884
http://www.ncbi.nlm.nih.gov/pubmed/20122979
http://www.ncbi.nlm.nih.gov/pubmed/20122979
http://www.ncbi.nlm.nih.gov/pubmed/20122979
http://www.ncbi.nlm.nih.gov/pubmed/20122979
http://www.ncbi.nlm.nih.gov/pubmed/20122979

	Title
	Abstract
	Corresponding author
	Keywords
	Introduction
	Materials and Methods  
	Experimental animals  
	Preparation of the aqueous extract  
	Preparation of isolated mice thoracic aorta rings 
	NO spin trapping and EPR spectroscopy 
	Induction of experimental diabetes  
	Experimental design  
	Glucokinase
	Glucose-6-phosphate dehydrogenase (G6PD)  
	Phosphofructokinase  
	Protein determination 
	Statistical analysis 

	Result
	Effect of acetylcholine and aqueous extract of Zygophyllum album on U46619-induced precontractions 
	Effect of aqueous extract of Zygophyllum album on ex vivo production of NO in aorta,heart,liver and 
	Effects of aqueous extract of Zygophyllum album on hepatic enzymes  

	Discussion
	Acknowledgment
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	References



