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Abstract

Background: Vitellaria paradoxa (V. paradoxa) is a plant used in traditional medicine in the treatment of many
diseases including diabetes mellitus. Although the different parts of this plant are used empirically as antidiabetic
drug, no scientific work to our knowledge has yet been undertaken to evaluate its effects on blood glucose, and
lipid and antioxidant parameters of diabetic animals. The objective of this study is therefore to evaluate the
hypoglycaemic, hypolipidemic and antioxidant activities of the aqueous extract of V. paradoxa barks in diabetic rats.

Methods: Diabetes was induced by intraperitoneal injection of alloxan (120mg/kg bw). Thirty male albino rats were
divided into groups and orally treated for 14 days with distilled water, glibenclamide (2.5 mg/kg bw) and aqueous
extract of V. paradoxa (125, 250 and 500mg/kg bw). Glycaemia, insulin level, relative body weight, hepatic glycogen
level, some liver enzymes, and lipid and antioxidant parameters were evaluated.

Results: The results showed that the extract caused a significant increase in relative body weight, insulin level, HDL-
cholesterol, hepatic glycogen rate, and fructose-1,6-biphosphate and glucokinase activities. A significant decrease in
glycaemia, glucose-6-phosphatase activity, total cholesterol, triglycerides and LDL-cholesterol were also observed after
the administration of V. paradoxa. Glutathione level and the activities of catalase and superoxide dismutase increased
significantly while the nitric oxide and malondialdehyde levels decreased significantly in the liver of animals treated
with the extract of V. paradoxa.

Conclusion: These results justify the hypoglycaemic, hypolipidemic and antioxidant effects of aqueous extract of V.
paradoxa barks, which can reduce the complications associated with diabetes.
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Introduction
Diabetes mellitus is a chronic metabolic disease that oc-
curs when fasting glycaemia greater than or equal to
126 mg/mL [1]. Hyperglycemia can result in either pan-
creatic dysfunction, characterized by its inability to pro-
duce enough insulin responsible for the breakdown of
sugar in the body, or defects in cellular glucose uptake.
The incidence of diabetes has increased dramatically in
recent years worldwide [2]. In fact, the number of pa-
tients was estimated at about 422 million in 2014 and is

expected to exceed 642 million in 2040 [3]. Diabetes
deaths were 1.5 million in 2012 and will reach 3.7
million in 2040 worldwide [4]. The African continent
with 32.8 million patients in 2014 will see this number
increase to 41.4 million in 2035 [3].
Diabetes is associated to oxidative stress (OS) that

disrupts the insulin secretion and promotes insulin re-
sistance and cardiovascular complications associated
with it. This OS is due to a rupture in the physiological
balance that exists in the organism between the
oxidizing molecules and the antioxidant defense systems.
In addition to the antioxidant defenses found in the
body, the diet provides many antioxidants including vita-
mins and trace elements [5]. However, products with
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antidiabetic and antioxidant effects would be very effect-
ive in treating diabetic patients.
The conventional treatment of diabetes that involves

daily injections of insulin requires a large financial
means. Moreover, the choice of oral antidiabetic drugs
(ADO) depends on the patient’s profile, lifestyle, level of
glycemic control, access to medication, economic status.
Due to these many limitations, most people resort to
herbal medicine because plants with antidiabetic proper-
ties are available, less expensive and have few adverse
side effects [6]. In addition, according to the World
Health Organization (WHO), the investigation of
hypoglycemic agents of medicinal plants has become
more significant [7]. Most herbal medicines contain clas-
ses of chemical compounds such as glycosides, alkaloids,
terpenoids, flavonoids, carotenoids, phenols that have a
significant hypoglycemic effect [8].
In this study, we focused our interest on V. paradoxa,

a plant used in traditional African medicine to treat
hemorrhoids, constipation, dysentery, malaria, tooth
decay and diabetes. Previous work carried out on this
plant has shown that the methanolic extract of its fruits
inhibits lipid peroxidation in vitro [9]. In addition, the
hydro ethanolic extract of the barks of V. paradoxa has
antihyperglymic properties when administered orally in
rabbits [10]. However, no previous antidiabetic and anti-
oxidant studies were performed on the aqueous extract
of V. paradoxa barks. The objective of this study was to
evaluate the hypoglycaemic, hypolipidemic and antioxi-
dant properties of the aqueous extract of the barks of V.
paradoxa in alloxan-induced diabetic rats.

Materials and methods
Chemicals and drugs
Sodium chloride, disodium phosphate, D-glucose, triso-
dium citrate, dithiobisnitrobenzoate, potassium dihydro-
genphosphate, sodium hydrogenphosphate, potassium
dichromate and naphthylethylene diamine were purchased
from Edu-Lab Biology Kit (Bexwell, Norfolk PE38 9GA,
UK). Alloxan, orthophosphoric acid, thiobarbituric acid,
trichloroacetic acid, adrenaline, trichloroacetic acid and
kits for biochemical assays were purchased from Sigma-
Aldrich, Saint. Louis, USA. Glibenclamide, ketamine, di-
azepam, dexamethasome were purchased from a local
pharmacy store.

Plant material
The plant material consisted of barks of V. paradoxa,
harvested in 2018 in Ngong (Cameroon) and authenti-
cated at the Cameroon Herbarium in number 47670
HNC. The harvested barks were washed with tap water
and air dried in the shade. Then, they were crushed
using a grinder until obtaining a powder.

Preparation of the plant extract
Two hundred grams (200 g) of powder of V. paradoxa
barks were introduced into 1750mL of distilled water
and the mixture was boiled for 30 min. After cooling,
the solution was filtered with a filter paper No1. The
filtrate obtained was evaporated in the oven at 45 °C,
which allowed us to obtain 33.66 g of crude extract, a
yield of 16.83%. The crude extract of the barks of V.
paradoxa was dissolved in distilled water to obtain the
various doses of extract.

Animal material
Male albino Wistar rats aged 10 to 12 weeks and weigh-
ing between 220 g and 280 g were used in the experi-
ment. They were purchased form the animal house of
the Department of Animal Biology, University of
Dschang, Cameroon, raised in the polystyrene cages and
maintained under room temperature, relative humidity
and a normal day/night cycle. They received drinking
water at will and standard diet ad libitum. All animal
procedures were conducted with strict adherence to the
NIH Guide for the care and use of Laboratory animals
(NIH Publication 85–23 Rev. 1985).

Induction of diabetes
Animals were fasted for 12 h and received an intraperito-
neal injection (i.p) of the alloxan solution (150mg/kg) in
freshly prepared saline. The animals were allowed to drink
5% glucose solution overnight to prevent hypoglycaemia.
Seventy-two hours later, their blood glucose was taken at
the tail vein using test strips and glucometer (One Touch
Ultra Easy). Rats with fasting glucose greater than or equal
to 126mg/dL were considered diabetic and used for the
experiment.

Distribution and treatment of animals
Thirty (30) rats were randomly divided into six groups
of five rats each. These rats received the various gavage
treatments for 14 days as follows:

– Group 1 (normal control) received 10 mL/kg bw of
distilled water;

– Group 2 (diabetic control) received 10 mL/kg bw of
distilled water;

– Group 3 (positive control) received 2.5 mg/kg bw of
the glibenclamide;

– Groups 4, 5 and 6 received the extract at the
respective doses of 125, 250 and 500 mg/kg bw.

The body weight of the animals was evaluated on the
1st, 7th and 14th days of the experiment.
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Collection of blood and organs
At the end of the experiment, the animals were fasted
for 12 h and then anesthetized with an intraperitoneal
injection of the ketamine/diazepam association (50 mg/
kg bw, i.p/10 mg/kg bw, i.p). The abdominal cavity was
opened and the blood taken by catheterization of the
abdominal artery, put into the tubes without anticoagu-
lant, left to rest for 1 h and centrifuged at 3000 rmp/min
for 15 min. The serum obtained was stored at − 20 °C for
assays of the lipid parameters.
Immediately after blood collection, the liver was

removed, stripped of fat tissue, cleaned in NaCl 0.9%
and wrung out. A portion of this organ was fragmen-
ted and turned into a homogenous solution. The dif-
ferent homogenates were centrifuged at 2500 rpm/min
for 15 min. The supernatants obtained were stored at
− 20 °C for the determination of the antioxidant pa-
rameters, the glycogen content and the activity of cer-
tain liver enzymes.

Evaluation of biochemical parameters
Fasting blood glucose levels of the animals were evalu-
ated on days 1, 7 and 14 of the experiment. Plasma insu-
lin by enzyme linked immunosorbent assay (ELISA) kit
was measured on day 14. Glycogen content of liver was
measured according to Van method [11]. Glucokinase
was assayed according to the method of Brandstrup
et al. [12]. Glucose-6-phosphatase was assayed according
to the method of Koida and Oda [13]. Fructose-1,6-
bisphosphatase was assayed by the methods of Gancedo
and Gancedo [14].
Total cholesterol assay was performed following a col-

orimetric enzymatic method described by Trinder using
Dialab kit [15]. The HDL-c assay was described by
Wiebe et al. [16] using Inmesco kit. The triglycerides
level was determined by enzymatic colorimetric method
described by Cole [17] using Dialab kit. The LDL-c level
was deduced from the other lipids previously obtained
using the formula described by Richmond [18].
Glutathion (GSH) was assayed according to the

method of Sehirli et al. [19]. Malondialdehyde (MDA)
was assayed according to the method of Draper and
Hadley [20]. Catalase (CAT) was assayed according to
the method of Luck [21]. SOD was assayed by the
method of Sun et al. [22]. Nitric oxide (NO) was deter-
mined according to the method described by Sreejayan
et Rao [23].

Statistical analysis
All results were expressed as mean ± SEM (Standard
Error of Mean). Statistical analyses were evaluated by
one-way ANOVA followed by Turkey posttest using
Graph Pad Prism Software Version 5.0. Statistical signifi-
cance was accepted at p < 0.05.

Results
Effect of the aqueous extract of V. paradoxa barks on
relative body weight
Table 1 represents the variation in the body weight of
animals during 2 weeks. It appears that the relative body
weight of the animals in the diabetic control group de-
creased significantly the first (p < 0.05) and second
(p < 0.01) weeks of the experiment, as compared to the
normal control group.
Moreover, compared to the diabetic control group, no

significant change in the relative body weight of the rats
was recorded at the first week of treatment, with the ex-
ception of animals in the positive control group that in-
creased significantly (p < 0.05). At the second week,
glibenclamide and extract at the dose of 250mg/kg re-
sulted in a significant (p < 0.001) increase in the relative
body weight. This increase was less important (p < 0.01)
with doses of 125 and 500 mg/kg.

Effect of the aqueous extract of V. paradoxa on fasting
blood glucose and insulin levels
Table 2 shows the change in blood sugar and serum in-
sulin levels in rats treated with V. paradoxa extract. This
table shows that at time t0, blood glucose of all animals
significantly increased (p < 0.001), as compared to the
normal control group.
Furthermore, blood glucose levels of all animals sig-

nificantly decreased (p < 0.001) throughout the ex-
periment as compared to the diabetic control group.
The serum insulin level of animals in the diabetic
control group significantly decreased (p < 0.001), as
compared to the normal control group. However,
there is a significant increase in serum insulin levels
in animals treated with glibenclamide (p < 0.001) and
the extract at doses of 125 (p < 0.05), 250 (p < 0.001)
and 500 mg/kg (p < 0.001) as compared to the dia-
betic control group.

Table 1 Effect of Vitellaria paradoxa extract on the relative body
weight in alloxan-induced diabetic rats

Groups Body weight (g)

Week 0 Week 1 Week 2

Normal control 158.0 ± 4.3 169.6 ± 2.0 174.2 ± 2.7

Diabetic control 159.4 ± 6.5 159.0 ± 6.7* 156.0 ± 3.8***

Glibenclamide 2.5 mg/kg 149.0 ± 4.3 160.4 ± 7.8a 172.8 ± 5.0c

Extract 125 mg/kg 164.0 ± 8.3 169.6 ± 10.9 176.4 ± 9.0b

Extract 250 mg/kg 192.3 ± 13.4 249.0 ± 3.1 265.0 ± 3.6c

Extract 500 mg/kg 158.0 ± 4.4 166.4 ± 6.8 174.6 ± 8.3b

Each value is expressed as mean ± S.E.M. (n = 5). **p < 0.01; ***p < 0.001
significantly different when compared to the normal control group. ap < 0.05;
bp < 0.01; cp < 0.001 significantly different when compared to the diabetic
control group
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Effect of the aqueous extract of V. paradoxa on hepatic
glycogen content and some liver enzymes activities
Table 3 shows the effect of V. paradoxa extract on hep-
atic glycogen level and the activity of certain liver
enzymes. In the diabetic control group, there was a sig-
nificant decrease (p < 0.001) in glycogen levels and glu-
cokinase activity, and a significant (p < 0.001) increase in
glucose-6-phosphatase activity (p < 0.01) and fructose-1,
6-biphosphatase (p < 0.001), compared with the normal
control group.
A significant increase in hepatic glycogen was observed

with glibenclamide (p < 0.001) and the extract at doses of
250 (p < 0.01) and 500mg/kg (p < 0.01) as compared to
diabetic control. Similarly, the activity of the glucokinase
significantly increased in animals treated with glibencla-
mide (p < 0.001) and doses of 125 (p < 0.01), 250
(p < 0.001) and 500mg/kg (p < 0.001) of extract. Standard
product and extract (250 and 500mg/kg) resulted in a sig-
nificant decrease (p < 0.05) in the activity of the glucose-
6-phosphatase. However, glibenclamide and extract
caused a significant decrease (p < 0.001; p < 0.01) in
fructose-1,6-biphosphatase activity.

Effect of the aqueous extract of V. paradoxa on lipid
parameters
Table 4 shows the effect of the aqueous extract of V.
paradoxa barks on the lipid profile of the rats. There
was a significant (p < 0.05) increase in total cholesterol,

triglycerides and LDL-c level in the serum of animals of
the diabetic control group, compared to the normal con-
trol group.
Moreover, compared to the diabetic control group, the

triglycerides level significantly decreased in the animals
treated with glibenclamide (p < 0.01) and extract at
doses of 125 (p < 0.05), 250 (p < 0.05) and 500 mg/kg
(p < 0.01). Likewise, a significant decrease (p < 0.01) in
total cholesterol was observed exclusively in the animals
treated at the dose of 500 mg/kg of extract. In addition,
there is a significant decrease in LDL-c in animals
treated with glibenclamide (p < 0.01) and doses of 125
(p < 0.01), 250 (p < 0.05) and 500mg/kg (p < 0.001) of
extract. However, no significant variation in serum
HDL-c was noted in the animals treated with the differ-
ent doses of extract.

Effect of the aqueous extract of V. paradoxa on some
antioxidant parameters
The effect of the aqueous extract of V. paradoxa on the
level of nitric oxide, malondialdehyde and the activity of
antioxidant enzymes is shown in Table 5. There was a sig-
nificant decrease in the activity of catalase (p < 0.001),
superoxide dismutase (p < 0.01) and glutathione (p < 0.01)
in diabetic control group rats as compared to the normal
control group. In contrast, a significant (p < 0.01) increase
in malondialdehyde and nitric oxide level was observed in
the liver of diabetic control group animals.

Table 2 Effect of Vitellaria paradoxa on fasting blood glucose and serum insulin levels in alloxan-induced diabetic rats

Group Blood glucose level (mg/gL) Insulin (μU/mL)

Day 0 Day 7 Day 14 Day 14

Normal control 80.4 ± 2.2 81.6 ± 7.5 83.4 ± 7.9 16.2 ± 1.0

Diabetic control 173.0 ± 2.1*** 173.0 ± 4.7*** 174.4 ± 4.4*** 6.1 ± 0.5***

Glibenclamide 2.5 mg/kg 153.8 ± 3.7*** 99.0 ± 7.8c 94.2 ± 7.8c 15.3 ± 1.1c

Extract 125 mg/kg 162.2 ± 11.9*** 139.2 ± 4.1***b 114.8 ± 9.9**c 10.5 ± 0.7**a

Extract 250 mg/kg 172.4 ± 8.2*** 111.0 ± 7.7*c 107.6 ± 7.2*c 13.2 ± 0.9c

Extract 500 mg/kg 165.2 ± 4.7*** 104.0 ± 7.6c 92.6 ± 8.2c 14.9 ± 0.8c

Each value is expressed as mean ± S.E.M. (n = 5). *p < 0.05; **p < 0.01; ***p < 0.001 significantly different when compared to the normal control group. ap < 0.05;
bp < 0.01; pp < 0.001 significantly different when compared to the diabetic control group

Table 3 Effect of Vitellaria paradoxa on glycogen content and some hepatic enzymes activities in alloxan-induced diabetic rats

Groups Glycogen
(mg/g tissue)

Fructose-1,6-
biphosphatase
(U/g protein)

Glucose-6-phosphatase
(U/g protein)

Glucokinase
(U/g protein)

Normal control 19.9 ± 2.2 154.7 ± 3.9 3.4 ± 0.3 0.34 ± 0.01

Diabetic control 9.6 ± 1.2*** 197.2 ± 4.2*** 6.0 ± 0.6** 0.20 ± 0.01***

Glibenclamide 2.5 mg/kg 18.8 ± 1.1c 163.1 ± 3.4c 4.7 ± 0.4a 0.31 ± 0.01c

Extract 125 mg/kg 14.4 ± 1.0* 170.8 ± 6.8b 5.3 ± 0.3 0.27 ± 0.03b

Extract 250 mg/kg 16.9 ± 1.0b 167.5 ± 4.6b 4.8 ± 0.6a 0.34 ± 0.02c

Extract 500 mg/kg 16.8 ± 0.6b 168.1 ± 4.1b 4.1 ± 0.3a 0.32 ± 0.02c

Each value is expressed as mean ± S.E.M. (n = 5). *p < 0.05; **p < 0.01; ***p < 0.001 significantly different when compared to the normal control group. ap < 0.05;
bp < 0.01; cp < 0.001 significantly different when compared to the diabetic control group
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There was a significant increase in the level of nitric
oxide in the animals treated with glibenclamide
(p < 0.05) and doses of 250 (p < 0.05) and 500 mg/kg
(p < 0.01) of extract as compared to animals in the dia-
betic control group. In contrast, a significant (p < 0.01)
increase in malondialdehyde level was observed in the
animals receiving the different treatments. Similarly, a
significant increase in catalase activity was noted in rats
given glibenclamide (p < 0.01) and doses of 125
(p < 0.05), 250 (p < 0.01) and 500mg/kg (p < 0.001) of
extract. The activity of the superoxide dismutase signifi-
cantly (p < 0.05; p < 0.01) increased with reference prod-
uct and the dose of 500 mg/kg of extract. Extract at
doses of 250 and 500 mg/kg resulted in a significant in-
crease (p < 0.05; p < 0.01) in glutathione level.

Discussion
This study was conducted to investigate the antidiabetic
and antioxidant effects of Vitellaria paradoxa barks in
alloxan-induced diabetic rats. Alloxan monohydrate in-
duces diabetes through its ability to destroy the β-cells
of islets of Langerhans of the pancreas resulting in a
decrease in endogenous insulin release, which affect
the utilization of glucose by the tissues [24, 25]. Sul-
fonylureas drugs (glibenclamide for example) are
known to lower the blood glucose level by stimulating
β cells to release insulin [26]. Previous phytochemical

studies carried out on aqueous and methanol extracts
of V. paradoxa bark have revealed the presence of
several classes of chemical compounds (glycosides, sa-
ponins, phenols, alkaloids and flavonoids) responsible
for the hypoglycaemic, lipid-lowering and antioxidant
effects [27].
One of the main characteristics of type 1 diabetes is

severe loss of body weight, probably due to muscle atro-
phy [28]. In the present study, the decrease in body
weight observed in the diabetic control group is due to
the hydrolysis of protein and lipid reserves in muscle tis-
sue to produce energy, because of the inability of these
tissues to metabolize blood glucose [25]. In contrast, the
extract resulted in a significant increase in the relative
body weight of the rats, indicating its effect on the con-
trol of muscle atrophy [29].
The extract of V. paradoxa resulted in a significant de-

crease in blood glucose levels and an increase in the
serum insulin level of diabetic subjects. These results are
attributable to the chemical compounds (flavonoids,
phenols and glycosides) present in the extract that have
the capacity to mimic the action of insulin or to stimu-
late its secretion by the β-cells of the islets of Langer-
hans [30, 31]. The other possible mechanisms of the
extract would be the regeneration of β cells of the islets
of Langerhans, the transport of blood glucose in periph-
eral tissue, the stimulation of glucose uptake by

Table 4 Effect of Vitellaria paradoxa on lipid parameters in alloxan-induced diabetes in rats

Total cholesterol
(mg/dL)

Triglycerides
(mg/dL)

HDL-c
(mg/dL)

LDL-c
(mg/dL)

Normal control 34.1 ± 2.1 24.4 ± 2.1 12.1 ± 2.6 17.1 ± 1.3

Diabetic control 44.5 ± 1.2* 34.6 ± 1.3* 10.7 ± 1.3 26.9 ± 1.6*

Glibenclamide 2.5 mg/kg 42.9 ± 3.4 20.2 ± 2.2b 23.4 ± 3.1*a 15.4 ± 0.8b

Extract 125 mg/kg 35.3 ± 1.7 23.6 ± 2.6a 14.3 ± 2.2 16.3 ± 2.4b

Extract 250 mg/kg 39.2 ± 1.1 22.7 ± 3.8a 18.1 ± 2.3 16.6 ± 2.8a

Extract 500 mg/kg 30.1 ± 2.6b 20.9 ± 1.7b 13.3 ± 1.1 13.4 ± 1.9c

Each value is expressed as mean ± S.E.M. (n = 5). *p < 0.05 significantly different when compared to the normal control group. ap < 0.05; bp < 0.01; cp < 0.001
significantly different when compared to the diabetic control group

Table 5 Effect of Vitellaria. paradoxa on antioxydant parameters

Group NO
(μM)

MDA
(μM)

CAT
(μmol/min/mg of protein)

SOD
(U/mg of protein)

GSH
(μM)

Normal control 49.7 ± 2.1 4.3 ± 0.3 78.9 ± 3.5 13.4 ± 0.8 480.0 ± 43.1

Diabetic control 82.2 ± 5.8** 7.3 ± 0.3** 49.2 ± 3.5*** 8.2 ± 0.7** 328.8 ± 20.8**

Glibenclamide 2.5 mg/kg 55.1 ± 5.9a 5.6 ± 0.3a 72.7 ± 4.6b 12.7 ± 1.5a 443.3 ± 19.5

Extract 125 mg/kg 64.6 ± 6.9 5.9 ± 0.4 67.2 ± 5.3a 9.9 ± 0.6 440.2 ± 17.3

Extract 250 mg/kg 57.5 ± 5.4a 5.6 ± 0.5a 71.4 ± 3.7b 11.2 ± 0.8 454.2 ± 34.3a

Extract 500 mg/kg 52.0 ± 5.0b 5.5 ± 0.4a 76.7 ± 3.4c 13.9 ± 1.0b 469.7 ± 13.5b

Each value is expressed as mean ± S.E.M. (n = 5). *p < 0.05; **p < 0.01; ***p < 0.001 significantly different when compared to the normal control group. ap < 0.05;
bp < 0.01; cp < 0.001 significantly different when compared to the diabetic control group
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peripheral tissues, the inhibition of endogenous glucose
production or the activation of gluconeogenesis in the
liver and muscles [32].
Glycogen is the reserve form of glucose in the liver

and muscles during a reaction called glycogenogenesis.
The transformation of glucose into glycogen is based on
the existence of insulin; insulin stimulates glycogen syn-
thesis by inhibition of glycogen phosphorylase [33]. Hep-
atic glucose storage in the glycogen form is greatly
reduced in diabetic patients because of insulin deficiency
[34]. Glibenclamide and V. paradoxa resulted in in-
creased glycogen level in the liver of diabetic animals.
This increase is due to the increase in insulin secretion
[35] as observed in this study.
Glucokinase is an enzyme synthesized in the liver and

responsible for the conversion of cytoplasmic glucose to
glucose 6-phosphate, the first step of the conversion of
glucose. The decrease in glucokinase activity causes the
accumulation of blood glucose, and therefore hypergly-
cemia. In diabetic patients, insulin deficiency causes a
disorder of carbohydrate metabolism due to decreased
activity of various enzymes including glucokinase [36].
In the present study, glucokinase activity decreased sig-
nificantly in animals in the diabetic control group, which
is due to insulin deficiency. Administration of the extract
and glibenclamide increased the glucokinase activity.
This effect is due to the increase in insulin secretion,
which in turn potentiates the activity of glucokinase,
thus increasing the utilization of glucose and conse-
quently decreasing the blood sugar level.
Glucose-6-phosphatase and fructose-1,6-bisphospha-

tase are the regulatory enzymes for gluconeogenesis.
Insulin decreases gluconeogenesis by decreasing the
activities of certain enzymes such as glucose-6-
phosphatase, fructose-1,6-bisphosphatase, phosphoenol-
pyruvate carboxykinase and pyruvate carboxylase [37].
Glucose-6-phosphatase is one of the enzymes in liver
metabolism of glucose that catalyzes the final stage of
glycogenolysis and gluconeogenesis in which glucose-6-
phosphate is hydrolyzed to glucose and phosphate [38].
Fructose-1,6-biphosphatase catalyzes one of the irrevers-
ible stages of gluconeogenesis [39]. The increased activ-
ity of these enzymes in the liver of diabetic subjects may
be due to insufficient insulin [40]. The decrease in activ-
ity of these enzymes after the administration of the ex-
tract may be due to an increase in insulin secretion
which is responsible for the repression of the key en-
zymes of gluconeogenesis.
Diabetes is associated with hyperlipidemia, which is

characterized by an abnormal increase in cholesterol, tri-
glycerides and lipoproteins. The abnormal rise in serum
lipid levels in animals in the diabetic control group is
mainly due to an increased mobilization of free fatty
acids and peripheral fat deposits, since insulin has an

anti-lipolytic action by inhibiting hormone-sensitive lip-
ase [41]. The administration of the different doses of V.
paradoxa extract would have improved the lipid profile
of diabetic subjects either by mimicking the action of
insulin or stimulating its biosynthesis. As a result, in-
creased secretion of insulin stimulates fatty acid biosyn-
thesis and incorporation into triglycerides of the liver
and adipose tissue [31, 42]. The extract also slowed
down the rate of diffusion through the intestinal mucosa
reducing the absorption of cholesterol and triglycerides
[43]. In addition, some authors have reported that sec-
ondary metabolites such as saponins, flavonoids and
phenolic compounds have lipid-lowering activity [44].
The hypolipidemia observed would be related to the
combined effect of these classes of chemical compounds
present in the extract.
The strong presence of oxidative stress in diabetic sub-

jects led us to evaluate the antioxidant properties of the
aqueous extract of V. paradoxa bark. Measurement of
MDA (final product of the lipid peroxidation) will reflect
the degree of oxidative stress [45]. Indeed, the reduction
of MDA is explained by the decrease in lipid peroxida-
tion induced by increased production of antioxidant en-
zymes. In the present work, the extract (250 and 500
mg/kg) resulted in a decrease in the MDA level in dia-
betic subjects. The extract has the ability to block lipid
peroxidation and therefore strengthen the antioxidant
defense system. Because, induced hyperlipidemia leads
to increased production of oxygen free radicals, thus
causing lipid peroxidation [46].
Superoxide dismutase (SOD) is an enzyme that has a

great effect on the biological defense mechanism by dis-
proportionation of endogenous cytotoxic superoxide
radicals into hydrogen peroxide (H2O2) [47]. In this
study, the activity of SOD decreased in diabetic control
lot rats. On the other hand, the reference product and
the dose of 500mg/kg of extract caused an increase in
hepatic SOD activity. V. paradoxa extract therefore has
a significant effect on the oxidative defense mechanism
of the body.
Catalase (CAT) is a tetrameric enzyme that efficiently

converts H2O2 into oxygen and water. In contrast to
glutathione, the affinity of the catalase for hydrogen per-
oxide is increased only when H2O2 levels are high [48].
Found extensively in organism that live in the presence
of oxygen, CAT protects the cell from oxidative damage
by reactive oxygen species (ROS) [49]. In the present
study, the increase in catalase activity observed with V.
paradoxa extract would therefore reflect a decrease in
ROS level in the cell.
Glutathione (GSH) acts as an intra and extracellular

antioxidant by participating in many biological pro-
cesses. It reduces hydrogen peroxide, thereby lowering
the lipid peroxidation levels [50]. In addition, GSH plays
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a fundamental role in cell defense against free oxygen
radicals and other oxidative species [51]. In this work,
hepatic GSH levels increased at all extract levels. This
increase would reflect the strong potential of the extract
in the defense of the cell against free radicals and react-
ive oxygen species.
Nitric oxide (NO) is a key metabolic and vascular

regulator. Its production is stimulated by insulin. It is a
diffuse free radical that plays several roles as an effector
molecule in various biological systems (neuronal
messenger, vasodilatation, antimicrobial and antitumor
activities) [52]. NO is involved in diseases such as cancer
and inflammation [53]. In the present study, the increase
in the level of NO in the liver of diabetic animals group
may be due to an insulin deficiency in the body, and
consequently to hyperglycemia. Indeed, an increase in
glucose concentration induces a rise in the level of intra-
cellular diacylglycerol that activates protein kinase C,
which has been shown to activate nitric oxide synthe-
tase. On the other hand, the decrease in the hepatic NO
level after the administration of the extract would be
due to the insulin-mimetic and insulin-secretagogue ef-
fects of the extract. Moreover, it is proven that phenols
and flavonoids are known as substances having an anti-
oxidant activity. However, some plant extracts have been
shown to contain antioxidant molecules that lower blood
sugar by capturing free radicals to isolate their single
electrons and transform them into stable molecules or
ions [54]. This could again represent a possible mechan-
ism of action of V. paradoxa on hypoglycaemia and anti-
oxidant defense of the body.

Conclusion
The aqueous extract of V. paradoxa barks possess the
hypoglycaemic, hypolipidemic and antioxidant effects,
thus justifying the validity of the traditional use of this
extract as a treatment for diabetes and some of its
complications.
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