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ABSTRACT

Aims: The aim of this study was to evaluate the effect of total methanolic extract of Chrysophyllum
perpulchrum (Sapotaceae) on hyperglycemia, hyperlipidemia and hypertension to diabetic induced
rats. This study was conducted at the biochemical pharmacodynamic laboratory of Felix Houphouet
Boigny University (Cote d’lvoire) during the period from August 2015 to February 2016.

Methodology: The plant extract was obtained from the bark of Chrysophyllum perpulchrum. These
peels were harvested, dried, ground and extracted in methanol (96%). The phytochemical
screening permits us to characterize the different components of our plant extract. Then, fifteen
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(15) rats were used to induce diabetes with streptozotocin (55 mg / kg bw) for seven (7) days.
These diabetics rats were then treated with two doses of Chrysophyllum perpulchrum (200 et 400
mg/kg bw) and Avandia (10 et 20 mg/kg bw) our reference molecule. To assess the effect of
Chrysophyllum perpulchrum, we determined the levels of insulin, lipids and blood sugar levels
throughout treatment.

Results: The results showed that phytochemical analysis of total methanolic extract of
Chrysophyllum perpulchrum contains alkaloids, flavonoids and polyphenols. After 7 days of
treatment with total methanolic extract of Chrysophyllum perpulchrum, blood sugar in diabetic rats
significantly decreased (P <.001) from 1.93+.05 to 1.40+.00 for the dose to 200 and 1.93+.05 to
1.23+.02 g / L for the dose 400 mg/kg bw. Similarly total methanolic extract of Chrysophyllum
perpulchrum normalized blood pressure, all of lipids, urea and creatinine previously increased in
diabetic rats.

Conclusion: The treatment of diabetic rats with total methanolic extract of Chrysophyllum
perpulchrum corrects these disruptions and improves resistance against diabetes. This action is
related to its chemical composition characterized by the presence of flavonoids and alkaloids.
Thus, this extract may play a preventive role in the development of diabetes especially through
improvement of carbohydrate and lipid metabolism.

Keywords: Chrysophyllum perpulchrum; diabetes; blood sugar; blood lipids.

1. INTRODUCTION

Diabetes is a metabolic disorder characterized by
the inability of the pancreas to produce insulin.
This ends in a disorder at the level of the
regulation of carbohydrate metabolism from the
food and so entrained a hyperglycemia [1].

Despite the advance of hypoglycemic as
antidiabetic drugs, WHO today emphasiezes a
progressive globale incidence of diabetes.
Whereas, 30 millions diabetic cases were
recorded in 1985, the figures have increased to
135 millions in 1995, 177 millions in 2000 and
347 millions in 2011. It is estimated that by 2030,
438 millions people will be affected [2,3].
Diabetes and its history are a real public health
problem. The coverage and the therapeutic
treatment of the diabetes is at present made by
strict diets, daily injection of a dose of insulin by
moment and the grip of oral antidiabetics. These
pharmaceutical treatments are usually
expensive, many diabetics are turning to
traditional healers who prescribe their treatments
based more economic plants [4]. Traditional
pharmacopoeia offers a solution within reach of
every budget, however, little information is
available on the therapeutic potential of these
natural diabetes to regulate and control blood
glucose in humans. It is therefore necessary to
prepare extracts of these antidiabetic plants and
test their biological effects for a scientific
validation and pharmaceutical purposes.

The objective of this study is the validation of the
antidiabetic effect of the total methanolic extract

of C. perpulchrum (METCp) recognized
tradimedecin in the treatment of diabetes.

2. MATERIALS AND METHODS

2.1 Plant Material
Molecule

and Conventional

C. perpulchrum (Sapotaceae), from the lvorian
pharmacopoeia was used for this study. It was
harvested in the forest region of the Central West
of Cote d'lvoire (Issia department). The extract
used here was obtained from the bark of the
plant. The plant was identified by Prof. AKE-Assi
of Botanical Garden of FILIX Houphouet Boigny
University in Cote d’lvoire, where a specimen
was filed. Avandia, a conventional molecule used
in this study in the treatment of diabetes has
been used as a reference for our various
antidiabetic tests.

2.2 Animal Model

The rats of the species Rattus norvegicus,
weighing between 200 and 300 g, were used for
this study. They were purchased from the animal
farm of the Pasteur Institute of Cote d'lvoire.
Animals maintained in plastic cages with
stainless steel covers containing litter of wood
shavings renewed every two days throughout the
experiment. Rats were allowed to acclimatize for
two weeks with access to clean water and
standard animal feeds at the experimental site of
the National School (ENS) (Abidjan, Cobte
d’lvoire). A cycle of light and dark (12 hours
each) and a temperature of 25+2°C were
maintained in the room.
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2.3 Methods

2.3.1 Total methanolic extract preparation

This preparation was performed according to the
method described by [5]. Fifty grams (50 g) of
ground material of plant bark was mixed with 1.5
L of 96% methanol. The resulting mixture is
stirred for 48 hours at room temperature (25°C)
using a magnetic stirrer RCT type IKAMAG
(Staufen, Germany). Then the mixture was
filtered three times on cotton and on Wattman
filter paper 3 mm. The filtrate was evaporated at
reduced pressure at 40°C using a rotary
evaporator Buchi 461 Watter Batch (Strasbourg,
France). The resulting powder was used to make
the different tests.

2.3.2 Screening phytochimique

The different groups of compounds (sterols,
polyterpens, alkaloids, polyphenols, flavonoids)
contained in extracts were highlighted according
to methods described by [6].

2.3.3 Induction of diabetes

A total of 18 rats were used for this study. The
animals were divided into two groups. A group of
3 rats constituting the control group received
distilled water and a group of 15 rats constituting
the test batch received streptozotocin. The
permanent hyperglycemia was induced in the
animals through intra peritoneal (i.p) route once
daily for one week. With a single dose of
streptozotocin (55 mg/kg bw), dissolved in 0.1 M
citrate buffer pH 4.5. Hyperglycemia was
detected after 72 hours and rats with higher
blood glucose level greater than or equal to 1.75
mg/L after 7 days are considered diabetic. These
animals were referred to diabetic rats.

2.3.4 Treatment of diabetic animals

Fifteen (15) rats selected after appearance of
diabetes and three (3) healthy rats were divided
into six equal lots (3 rats/lot). The sharing out of
lots and treatments were performed as follows
(Table 1). The treatment of the diabetic rats was
performed force-feeding of total methanolic
extract of C. perpulchrum and Avandia (the
reference) during seven days (7 days).

2.3.5 Preparation of samples and preparation
of plasma

At the end of treatment, diethyl ether was used to
anaesthetize the animals before blood samples

were collected through heart puncture into
different heparinized tubes. Blood samples are
collected in heparinized tubes and then
centrifuged at 3000 revolutions / minute for 10
minutes. Plasma was separated in two fractions
in eppendorf tubes, one is used for immediate
assay such as glucose and the other is placed in
the freezer for analyzing lipids namely
cholesterol (CHOL), triglycerides (TG), high
density lipoproteins (HDL) and low density
lipoprotein (LDL). After the sacrifice and the
dissection of the animals, one took a sample of
the pancreas and was put in the formalin 10% for
histological study.

Table 1. Animal groupings/treatment

Groups Designation Doses mg /
kg bw
01 Healthy control "TS" No dose
used
02 Untreated diabetic No dose
"DNT" used
03 Diabetic treated with 200
METCp |
04 Diabetic treated with 400
METCp Il
05 Diabetic treated with 10
AV |
06 Diabetic treated with 20
AV Il

METCpl: Total methanolic extract of C. perpulchrum
(Dose 1); METCpll: Total methanolic extract of
C. perpulchrum (Dose 2)
AVI: Avandia (Dose 1)
AVII: Avandia (Dose 2)

2.3.6 Determination of insulin _levels in

diabetic rats

The change in insulin was determined every
other day of the induction of diabetes in rats and
after treatment of these animals by antidiabetics
(extract and Avandia). This assay was carried
out by the chemiluminescent immunometric
method, enzymatic solid phase as described by
[7]. The solid phase (bead) is coated with anti-
insulin murine monoclonal antibodies. A liquid
phase consisting of alkaline phosphatase (from
calf intestine) associated with anti-sheep
polyclonal antibodies insulin, as well as alkaline
phosphatase (from calf intestine) associated with
anti-insulin murine monoclonal antibodies. The
serum of diabetic rats and the reagent was
incubated with the coated bead for 60 minutes.
Meanwhile, the insulin contained in the sample
forms an antibody complex on the bead with anti-
insulin murine monoclonal antibodies and, in the



Philippe et al.; IJBCRR, 13(2): 1-9, 2016; Article no.lJBCRR.26473

reagent, the anti-sheep insulin polyclonal
antibodies associated with enzymes. Finally,
chemiluminescent substrate is added to the
reaction cup containing the ball and the signal is
generated in proportion to the bound enzyme.

2.4 Statistical Analysis of Results

All values were expressed as meantstandard
error of mean and the statistical significance
between treated and control groups were
analyzed by means of Student’s t-test. P < .05
was considered significant.

3. RESULTS

3.1 Phytochemical Study of the Total
Methanol Extract of C. perpulchrum

According to the work of [8], the results of
phytochemical screening test are reported in the
Table 2.

3.2 Effect of Streptozotocin on Blood
Glucose, Insulin and Blood Pressure
in Rats

The Figs. 1 (A, B and C) represent the variation
of blood glucose, insulin and systolic blood
pressure (SBP) in the induction of diabetes in
rats. The normal value of these parameters
identified in the control group at day zero of
induction of diabetes is, respectively, .88+.04
mg/L; 1.98 pu/mL and 123.34£1.12 mmHg. The
blood glucose values and blood pressure (SBP)
rise gradually during induction reaching 1.02
mg/L (blood sugar) and 153.85+.28 mmHg (SBP)
in diabetic animals. And insulin down 1.98 pu/mL
to 0.98 pu/mL.

3.3 Effect of Total Methanolic Extract of
C. perpulchrum (METCp) and Avandia
on the Insulin Levels in Diabetic Rats

Fig. 2 shows the effect of the total methanolic
extract of C. perpulchrum (METCp) and Avandia
on the insulin levels in diabetic rats. The dosage
of insulin showed that there is a significant
difference between the untreated diabetic rats
(UDIAB) relative to the control group rats on the
one hand, and between the diabetic rats treated

with the doses of the METCp and Avandia
compared to untreated infected animals. Serum
insulin level remains very low in UDIAB (.19£.02
pu/mL) compared to the control value (.19+.02
pu/mL). On the other hand, there is no significant
difference between diabetic rats group treated by
doses of the antidiabetic Avandia a reference
compared to diabetic rats (DIAB) before the
beginning of the treatment.

Table 3 shows the effect of the total methanolic
extract of C. perpulchrum and Avandia on blood
glucose and lipids in diabetic rats. The
administration of the total methanol extract of
C. perpulchrum to diabetic animals normalizes
the values of biochemical parameters previously
elevated in diabetes. In fact, blood glucose
decreases from 1.93%.05 to 1.40£.00 mg/mL for
the dose METCp 200 and 1.93+.05 to 1.23+.02
mg/mL for dose METCp 400. By cons, blood
sugar remains high in group UDIAB at 1.76+.02
mg/mL compared to the control group. Regarding
lipids, serum levels of T CHOL, TG and LDL
increase to respective values of .57+.07 to
1.58+.07; .79+.01 to 1.13+.04; .76+.07 to
1.192.08 mmol/l and HDL decreases from
.38+£.01 to .11+.02 mmol/l. Treatment of diabetic
rats with dose 400 mg/kg bw of METCp for seven
days, declining serum levels of CHOLT 1.23+.02,
1.07+TG to .01; LDL of .57+.02 and increase
HDL .38+.03 compared to diabetic group (DIAB).
Similarly, different doses of Avandia antidiabetic

commercially available decreases and
normalizes serum values of these same
parameters in diabetic rats treated versus

untreated diabetic rats (UDIA) (Table 3).

In order verify the biochemical study, histological
sections were taken from the pancreas of normal
rats, untreated diabetic and diabetic treated with
C. perpulchrum (Fig. 3). It appears from this
study that the normal rats exhibit an islet of
Langerhans (LI), a acini (Ac) and blood vessels
(Vs). The untreated diabetic rats exhibit a high
necrosis of Langerhans cells (NCL) compared to
normal rats pancreas. The pancreas of diabetic
rats treated with C. perpulchrum, showed an islet
of Langerhans (LI), a acini (Ac) and blood
vessels (Vs) identical normal architecture to
those of normal rats (Fig. 3).

Table 2. Results of phytochemical screening

Chemical groups Polyterpenes

Polyphenols

Alkaloids Flavonoids Sterols

Presence + +

+ + +

(+): presence
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Table 3. Effect of METCp and Avandia on blood glucose and lipid levels in diabetic rats

Electrolytic parameters Control Diabetes Treatements

T Diab UDIAB METCp 200 METCp 400 AV 10 AV 20
Blood sugar 1.75+.00 1.93+.5%** 2.61+.01* 1.40+.0" 1.23+.02"* 1.25+.01%# 1.04+.05"*
Cholesterol (mmol/L) 57+.07 1.58+.07 *** 1.84+,02**  1.43+.01" 1.26+1.03"* 1.17+.01"* .96+.08"*
Triglycerides (mmo/L) .79+.01 1.13+.04** 1.43+,01**  1.17+.01" 1.07+.01% .07+.02" 71+.02%
HDL (mmo/L) 13+.02 084,02+ .08+.01** 18+.02" .38+.03"* 662,04+ 1.07+.04"*
LDL (mmo/L) .76+.07 1.194.03 *** 1.41+.04*  85+.01" 57+.02"* 46+.02"* .35+.03"#+

Each value represents the mean+SEM, n=3; (*p <.05; ***p <.001 ) significantly different from control group; ###, significantly different from the diabetic group, C: control

group; Diab: diabetic group; UDIAB: untread diabetic group; METCp 200: group treated by 200 mg/kg bw of total methanolic extract of C. perpulchrum; lot METCp 400 group

treated by 400 mg/kg bw of total methanolic extract of C. perpulchrum; AV 10: group treated by 10 mg/kg bw of avandia AV20: group treated by 10 mg/kg bw of Avandia HDL
(high density lipoprotein); LDL: Low density lipoprotein
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Fig. 1. Comparative change in blood glucose, insulin and blood pressure in diabetic rats
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Fig. 2. Insulin change in diabetic rats treated with METCp and Avandia

Each data represents the mean+SEM, n = 3; (*** p < .001) significantly different from control group; ###,
significantly different from the diabetic group, C: control group; Diab: diabetic group; UDIAB: untread diabetic
group; METCp 200: group treated by 200 mg/kg bw of total methanolic extract of C. perpulchrum; lot METCp
400 group treated by 400 mg/kg bw of total methanolic extract of C. perpulchrum; AV 10: group treated by 10

mg/kg bw of avandia AV20: group treated by 10 mg/kg bw of Avandia
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A: Pancreatic section of a normal rat
This section presents an islet of Langerhans (LI), an
acini (Ac) and blood vessels (Vs) of normal
architecture

B: Pancreatic section of a diabetic rat
This cut has a high necrosis of Langerhans cells
(NCL) compared to normal rat pancreas

C: Pancreatic section of a diabetic rat treated
by MTECp400
This section presents an islet of Langerhans (LI), a
acini (Ac) and blood vessels (Vs).identical normal
architecture to those of normal rats

Fig. 3. Selected histological sections of
pancreas of control rats (A), untreated
diabetic (B) and diabetic treated by 400 mg/kg
bw of total methanolic extract of
C. perpulchrum (C)

4. DISCUSSION

In this study, streptozotocin was used to cause
permanent hyperglycemia in rats. Injected into
the animal, this substance enters in the
pancreatic cells through the glucose transporter
and massively destroys the beta cells of the
islets of Langerhans with formation of free
radicals [9]. Thus, our results (Fig. 3B) showed
necrosis of islet cells with destruction of cell
populations, including B cells. Insulin is a
hormone produced in the B cells of pancreatic
islets which promotes uptake and glucose
utilization by  peripheral  tissues  [10].
Disturbances of secretion lead to carbohydrate
intolerance and diabetes [11]. In contrast,
treatment with total methanol extract of
C. perpulchrum normalizes blood glucose and
insulin secretion. Also, the histology of the
pancreas of diabetic rats treated showed the
presence of some islets of Langerhans. The
latter would be responsible for the secretion of
insulin and consequently the maintenance of
glucose homeostasis. METCp effect on reducing
blood sugar levels may be due to the presence of
flavonoids [12,13]. These molecules act by
enhancing the sensitivity of cells to insulin, which
reduces blood glucose [14]. The METCp may
have corrected the damage caused by diabetes
in the pancreas. Our results show the protective
effect of the extract of pancreatic damage in
diabetes. Diabetic animals have hypertension
and hyperlipidemia. Indeed, the destruction of
beta cells of the islets of Langerhans caused by
streptozotocin, generated the free radicals [9].
The increase in the vascular production of these
free radicals especially superoxide anion is
responsible for the subsequent decrease in the
bioavailability of NO a vasodilator for smooth
muscle cells [15,16]. Reactive oxygen species
formed during diabetes are involved in lipid
peroxidation which is the oxidation of
polyunsaturated fatty acids to saturated fatty
acid. In addition, unused fatty acids are in a
deleterious way of lipid synthesis, inducing
between other, ceramide formation and
hyperlipidemia. Moreover, the accumulation of
lipids in the myocardium is the source of insulin
resistance development leading to a progression
of diabetes [17]. METCp normalizes blood
pressure and restored lipid imbalance caused by
diabetes. The antihypertensive effect of METCp
could be related to the presence alkaloids [8].
Under hypertensive condition, alkaloids activate
baroreceptors carotid and aortic [18] causing
vasodilatation and normalization of blood
pressure. Moreover, METCp normalize lipid
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levels by inhibition of lipid peroxidation and
therefore by the inhibition of oxidation of LDL-c.
Our results showed an elevation of serum urea
and creatinine in hypertensive animals. Indeed,
sustained hypertension is a source of a vascular
remodeling characterized by an increase in the
thickness of the media, and a reduction in the
diameter of the resistance arteries [19,20]. This
vasoconstriction, which affects the level of the
afferent vessels of the glomeruli, decreases
blood flow and glomerular filtration therefore the
fluid in the renal tubules [21]. This is
characterized by elevated serum levels of urea
and creatinine. Thus, hypertension delete could
be eventually responsible for kidney disease.
METCp normalized serum urea and creatinine by
its vasodilator effect exerted by the alkaloids
contained in this extract.

5. CONCLUSION

The relationship between diabetes, hypertension
and hyperlipidemia is univocal, both in humans
as various experimental models. The
intraperitoneal injection of streptozotocin in
healthy  rats, induces disturbances in
carbohydrate and lipid metabolism in some
organs (pancreas, kidney) function and blood
pressure. However the treatment of diabetic rats
by total methanol extract of C. perpulchrum
corrects these disruptions and improves
resistance against diabetes. This action of the
total methanol extract of C. perpulchrum be
related to its chemical composition characterized

by the presence of flavonoids and
alkaloids. Thus, this extract may play a
preventive role in the development of

diabetes especially through improvement of
carbohydrate and lipid metabolism. This justifies

its use in traditional environment as an
antidiabetic.
ETHICAL APPROVAL

All the experimental procedure were approved by
the Ethical Committee of health Sciences, FHB
University of Abidjan. These guidelines were in
accordance with the European Concil Legislation
87/607/EEC of the protection of experimental
animals.

ACKNOWLEDGEMENTS

The authors are indebted to Professor Aké-Assi
Laurent (Laboratory of Botany, Training and
Research Unit-Biosciences, Felix Houphouet
Boigny University, Céte d'lvoire) for botanical

identification of
(Sapotaceae).

Chrysophyllum  perpulchrum

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Ducorps M, Ndong W, Jupkwo B,

Belmejdoub G, Poirier JM, Mayaudon H, et
al. Epidemiological aspects of diabetes in
Cameroon: What is the role of tropical
diabetes? Diabetes Metab. 1997;23:61-67.

2. Zhou |, Zhou S, Tang J, Zhang K, Guang
L, Huang Y, et al. Protective effect of
berberine on beta cells in streptozotocin-
and high-carbohydrate/ high-fat diet-
induced diabetic rats. European Journal of
Pharmacology. 2009;606:262-165.

3. Danaei G, Finucane MM, Lu Y, Singh GM,
Cowan MJ, et al. National, regional and
global trends in fasting plasma glucose
and diabetes prevalence since 1980:
Systematic analysis of health examination
surveys and epidemiological studies with
370 country-years and 2.7 million
participants. Lancet. 2011;378:31-40.

4. Talkmore N, Charlotte IEA, Klooster V
Joop TVM de Jong, Jan H. Van der
Westhuizen. Medicinal plants used by
traditional healers for the treatment of
malaria in the Chipinge district in
Zimbabwe. 2015;159(1):224-237.

5. Bidié AP, Koffi E, N'guessan JD, Djaman
AJ, Guédé-Guina F. Influence of Mitragyna
ciliata (MYTA) on the microsomal activity
of ATPaseNa+/K+ dependent extract on a
rabbit (heart). Afr J Trad CAM. 2008;5:294-
301.

6. Bekro JAM, Konan KM, Békro YA, Djié Bi
MG, Zomi Bi TJ, et al. Phytocomponds of
the extracts of four medicinal plants of
Cote d'lvoire and assessment of their
potential antioxidant by thin layer
chromatography. Euro Journal Publishing.
2008;24(2):219-228.

7. Raufman JP, Singh L, Singh G, Eng J.
Truncated glucagon-like peptide-1
interacts with exendin receptors on
dispersed acini from guinea pig pancreas.
Identification of a mammalian analogue of
the reptilian peptide exendin-4. J Biol
Chem. 1992;267(30):21432-21437.

8. Bidié AP, Banga B. N'guessan, Adou F.
Yapo, N'guessan JD, Djaman AJ. Activités



10.

11.

12.

13.

14.

Philippe et al.; IJBCRR, 13(2): 1-9, 2016; Article no.lJBCRR.26473

antioxydantes de dix plantes médicinales
de la pharmacopée ivoirienne. Sciences &
Nature. 2011;1:1-11.

Akbarzadeh A, Norouzian D, Mehrabim R,
Jamshidi Sh, Farhangi A, Allah Verdi A,
Mofidiant SMA, Lame Rad B. Induction of
diabetes by streptozotocin in rats. Indian
Journal of Clinical Biochemistry.
2007;22(2):60-64.

Sambo MH. Etude du traitement
traditionnel du diabete par une recette et
les ecorces de tronc de Manilkara
multinervis Dub (Sapotaceae). Thése de
Doctorat. Université de Bamako; 2005.
Amadou A. Etude dune recette
traditionnelle, des écorces de tronc de
Sclerocarya birrea hosch et de uapaca
togoensis pax utilisées dans le traitement
du diabéte. Thése de Doctorat, Université
de Bamako. 2006;141.

N'diaye M, Diatta W, Sy GY, Fall AD, Faye

B, Bassene E. Activite
antihyperglycemiante de Iextrait
ethanolique de feuilles d’icacina

senegalensis juss (Icacinaceae). Medecine
D’afrique Noire. 2008;55:441-445.
Olagbende-Dada SO, Ogbonnia SO,
Coker HAB, Ukpo GE. Blood glucose
lowering effect of aqueous extract of
Gratophyllum pictum (Linn) griff on alloxan
induced diabetic rats and its acute toxicity
in mice. African Journal of Biotechnology.
2011;10(6):1039-1043.

Lean ME, Moroozu M, Kelly I, Burns J,
Taluar D, Sattar N, et al. Dietary flavonols
protect diabetic human lymphocytes
against oxidative damage to DNA.
Diabetes. 1999;48:176-181.

15.

16.

17.

18.

19.

20.

21.

Susanne Kerr, Julia Brosnan M, Martin
Mcintyre, John L. Reid, Anna F.
Dominiczak, = Carlene  A.  Hamilton.
Superoxide anion production is increased
in a model of genetic hypertension: Role of

the endothelium. Hypertension. 1999;
33(6):1353-1358.
Dash R. Gender influences on

sarcoplasmic reticulum Ca2+-handling in
failing human myocardium. J Mol Cell
Cardiol. 2001;33(7):1345-53.

Manios Y. Development of a lifestyle-diet
quality index for primary schoolchildren
and its relation to insulin resistance: The
healthy lifestyle-diet index. Eur J Clin Nutr.
2010;64(12):1399-406.

Kjolby MJ, Kompanowska-Jezierska E,
Wamberg S, Bie P. Effects of sodium
intake on plasma potassium and renin
angiotensin  aldosterone  system in
conscious dogs. Acta Physiologica.
Scandinavia. 2005;184:225-234.

Intengan HD. Mechanics and composition
of human subcutaneous resistance
arteries in  essential  hypertension.
Hypertension. 1999;33:569-574.
Higashiyama H. Histopathological study of
time course changes in interregnal aortic
banding-induced left ventricular
hypertrophy of mice. Int J Exp Pathol.
2007;88(1):31-8.

Baluchenjadmojard T, Roghani M,
Homayounfar H, Hosseini M. Beneficial
effect of aqueous garlic extract on the
vascular reactivity of streptozotocin-
diabetic rats. Journal of
Ethnopharmacology. 2003;85:139-144.

© 2016 Philippe et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
htip://sciencedomain.org/review-history/15831




