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Bridelia atroviridis Miill. Arg. (B. atroviridis) is a plant used in Cameroonian traditional medicine to manage diabetes. The effects
of hydroethanolic barks extract from B. atroviridis were evaluated on diabetes disorders including hematology, inflammatory, and
oxidative stress parameters. The in vitro antioxidant capacity of the hydroethanolic bark extract (70:30) was evaluated. Nic-
otinamide-/streptozotocin-induced diabetic rats were daily treated with the B. atroviridis extract for fifteen days. Glycemia were
evaluated every 5 days, insulin sensibility test was performed, and haematological, inflammatory, and oxidative stress parameters
were analysed. Histomorphometry of the pancreas was realized. The extract was able to scavenge free radicals in vitro and decrease
significantly the blood glucose levels. The treatment resulted in a significant alleviation of insulin resistance, anemia, leuko-
cytopenia, and thrombocytopenia observed in untreated diabetic rats. The extract significantly decreased proinflammatory
cytokines TNF-q, IL-1p, and IL-10. The rate of reduced glutathione was increased in the pancreas, whereas the catalase activity and
nitrite concentration were decreased. Diabetic control showed a reduced size of Langerhans islet, whereas the size of islets was
large in treated groups. The hydroethanolic extract of B. atroviridis was able to improve glycemia and alleviate haematological and
inflammatory parameters disorders observed in diabetic conditions, probably due to its antidiabetic, anti-inflammatory, and
antioxidant capacities.

1. Introduction

Diabetes is a metabolic disorder characterized by chronic
hyperglycemia resulting from deficiency of secretion (type I
diabetes) and/or insulin action (type II diabetes) [1]. In 2017,
the International Diabetes Federation (IDF) estimated about
425 million adults with diabetes all over the world with 16
million in Africa, the number of diabetic patients is still

growing worldwide, and more than 629 million could be
suffering in 2045 [2]. This may be due to some disadvantages
provided by the most available treatment, including drug
resistance (reduction of efficiency), side effects, and even
toxicity [3]. Morbidity and mortality could be due to the
complications often occurred in this disease [4]. Micro-
vascular changes are the main consequence of chronic hy-
perglycemia and lead to blindness, amputations, kidney
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disease, anemia, cardiovascular attack, brain complications,
impairment in immunological response, and gastrointestinal
system [5, 6]. In diabetic state, lipotoxicity and glucotoxicity
generate oxidative stress and exacerbate inflammatory re-
sponse [7].

Chronic hyperglycemia has a direct relationship with the
development of an inflammatory condition marked by the
increased expression of proinflammatory cytokines such as
IL-1f, IL-6, TNF-a, and NF«xB [8]. Evidence of these im-
munological changes involves variation in the levels of
cytokines and chemokines, changes in the numbers and
activation states of various leukocyte populations, apoptosis,
and fibrosis. These disturbances are observed in the adipose
tissue, liver, pancreatic islets, kidney, and vasculature [7].

The cumulative results of these transformations resulted
from excess generation of reactive oxygen species (ROS)
mediated by chronic hyperglycemia [9]. The development of
complications related with diabetes takes place with ROS
production, mainly O, which induces cell dysfunction and
oxidative lesion by protein denaturation pathway, lipid
peroxidation, and damage to mitochondrial DNA [9, 10].

Recent studies showed that the majority of plasma an-
tioxidants are depleted in diabetic state [11]. Therefore,
future treatment of type 2 diabetes and its complications
may include hypoglycemic, anti-inflammatory, and anti-
oxidant drugs [7, 11]. Traditional medicine systems gen-
erally assume that synergy effects of all ingredients of the
plants will bring about maximum therapeutic [12]. In
Cameroon, particularly in the centre region (Mbalmayo),
Bridelia atroviridis Miill. Arg. (Euphorbiaceae) is used by
local population to manage various ailments including di-
abetes, malaria, and venereal diseases. B. atroviridis meth-
anolic leaves and stem bark extracts possess antifungal
activity, and the decoction from its bark is used as purgative,
diuretic, and aphrodisiac remedy [13]. Although ethnobo-
tanical surveys of certain medicinal plants used in Cameroon
do not indicate the traditional use of B. atroviridis on di-
abetes [14], some plants of the genus Bridelia have been cited
as antidiabetic [13]. Meanwhile, the antidiabetic activity of
Bridellia ferruginea [15], Bridelia micrantha [16], Bridelia
ndellensis Beille [17], Bridellia grandis (18], and Bridellia
retusa [19] has been proven. It was also reported that barks of
all Bridellia Spp have similar medicinal uses in West Africa
[20] motivating the investigation of the antidiabetic activity
of Bridelia hydroethanolic extract. Hereby, we investigated
the possible bioactivities of B. atroviridis hydroethanolic
extract against some pathophysiological effects on nicotin-
amide-/streptozotocin-induced diabetes in rats.

2. Materials and Methods

2.1. Plant Material and Extract Preparation. Bridelia atro-
viridis barks were harvested at Mbalmayo in December 2018.
The plant was authenticated by Mr. Ngansop Eric, a botanist at
the National Herbarium, Yaoundé (Cameroon), in comparison
with the specimen voucher N35241/HNC Cam. The barks were
air-dried in the shade and pulverized into powder. A kilogram
of powder from B. atroviridis was soaked in 5L of hydro-
ethanolic solvent mixture (30% water and 70% ethanol; v/v) for
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72 hours with regular agitation. Then, the mixture was filtered
with Whatman paper No. 3, and the filtrate was evaporated to
dryness using a rotatory evaporator (Buchi Rota vapor,
Switzerland) at a temperature of 45°C. The residual water was
removed by ventilation under a hood (Burdinola ST 1800)
giving a powdered crude extract.

2.2. Phytochemical Analysis. The extract was screened for
detection of different chemical families according to the
standardized methods described by Odebiyi and Sofowora
[21] and also by Gul et al. [22]. Briefly, phenolic compounds
were detected using the ferrocyanide reaction; triterpenes
and sterols were revealed by their reactivity with anhydrous
acetate and sulphuric acid. Alkaloids were detected using
Mayer’s reagent, whereas the presence of saponins was
revealed based on their foaming property. Tannins and
flavonoids were revealed using ferric chloride and hydro-
chloric acid, respectively. Anthraquinones were detected in
extract by the chloroform/petroleum system.

2.3. In Vitro Antioxidant Activities of B. atroviridis

2.3.1. DPPH Test. This test was performed as described by
Aadil and collaborators [23]. The radical scavenging activ-
ities of the plant extract were evaluated spectrophotomet-
rically using the 1,1-diphenyl-2-picrylhydrazyl (DPPH) free
radical. When DPPH reacts with an antioxidant compound,
which can donate hydrogen, it is reduced. The color change
was measured at wave length, 517 nm under UV/Visible light
spectrophotometer. 50 L of the diluted extract (1000 yg/mL
in ethanol) were mixed with 150 L of 1,1-diphenyl-2-pic-
rylhydrazyl (DPPH) ethanol solution and then diluted
twofold serially resulting to a final extract concentrations
range from 250 to 1.9531 yg/mL. After 1 hour of incubation
in the dark at room temperature, the optical densities were
measured. Ascorbic acid (Vitamin C) was used as control.
The radical scavenging activity fifty (RSAs,, in %) was
calculated [23].

2.3.2. ABTS Assay. 'The radical scavenging activities of crude
extract were evaluated spectrophotometrically using the
2,2'-azino-bis  (3-ethylbenzothiazoline-6-sulphonic) acid
(ABTY) free radical as described by Aadil and collaborators
[23]. The extract (1000 ug/mL) was three-fold serially diluted
with ethanol. 50 uL of the diluted extract was mixed with
150 ul. of 2,2'-azino-bis (3-ethylbenzothiazoline-6-sul-
phonic) acid (ABTS) solution, giving a final extract con-
centration range of 250-1.9531ug/mL. Ascorbic acid
(Vitamin C) was used as control and after 1 h incubation in
the dark at room temperature; the optical densities were
measured at 734 nm. The radical scavenging activity fifty
(RSA5, in %) was calculated [23].

2.3.3. Nitric Oxide Radical Scavenging Activity. Nitric oxide
generated from sodium nitroprusside in aqueous solution
interacts with oxygen to produce nitrite ions, measurable
through the Griess reaction. The test was preformed
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according to Hossain and collaborators [24] with slight
modifications. Briefly, in 75uL of sodium nitroprusside,
50uLl of extract was added at different concentrations
leading to a final extract concentration from 250 to
1.9531 ug/mL. The mixture was then incubated at room
temperature for 2 hours. The blank was prepared by
replacing extract with ethanol. At the end of the incubation
time, 1.25mL of Griess reagent (1% sulfanilamide in 5%
phosphoric acid and 0.1% N-1-napthylethylenediamine
dihydrochloride in water) were added, and the absorbance
was recorded after 5min in the dark at 540 nm. Inhibition
percentages of the nitrite oxide generated were measured by
comparing the absorbance values of test samples versus
control. Ascorbic acid was used as a positive standard
control in the study.

2.3.4. Ferric-Reducing Antioxidant Power (FRAP) Assay.
The ferric reducing power was determined by the Fe’*-
Fe?* transformation in the presence of the extract [25].
The Fe*" was monitored by measuring the formation of
orthophenanthroline at 505 nm. The extract (1000 yg/mL)
was twofold serially diluted with ethanol. 50 uL of the
diluted extract was mixed with 50 yuL of ferric chloride
solution. After 15 min of incubation in the dark at room
temperature, 50 uL of orthophenanthroline was added to
obtain final extract concentrations ranging from 250 to
1.9531 ug/mL (250, 125, 62.5, 31.25, 15.625, 7.8125,
3.9062, and 1.9531 yg/mL). Hydroxylamine (NH,OH) was
used as positive control, and the optical densities were
measured at 505 nm; each assay was done in triplicate. The
Fe’*-reducing capacity (RC in %) was calculated, the
reduction percentages were plotted against the loga-
rithmic values of concentration of test samples, and a
linear regression curve was established in order to cal-
culate the inhibitory concentration 50 (ICs), which is the
concentration of sample necessary to reduce 50% the total
free Fe’* in Fe’" radical.

2.4. Animals. Rats weighing 220+20g were used in the
present study. They were obtained from the animal house of
the Faculty of Science, University of Yaoundé I (Cameroon).
Animals were submitted to the standard diet established in
this laboratory and received water ad libitum. All the pro-
cedures in the present study followed the principles of
laboratory animal use and care of the “European community
guidelines (EEC Directive 2010/63/EEC) and were approved
by the “Animal Ethical committee” of the Faculty of Science,
University of Yaoundé L.

2.5. Induction of Type 2 Diabetes and Experimental Design.
Type II diabetes was induced by the intraperitoneal in-
jection of 110 mg/kg of nicotinamide 15min prior intra-
venous (penile vein) injection of 55 mg/kg streptozotocin
in 0.9% of sodium chloride solution [26]. Diabetes was
allowed to develop and to stabilize over a period of 2 weeks
[27], animals with glycemia between 126 and 300 mg/dL
were considered as diabetic, and then they were subjected

to the insulin resistance test. Diabetic animals were divided
into 5 groups of 5 animals each and treated as follows: one
group treated with distilled water (10 mL/kg) named dia-
betic control, another group consisted to metformin
200 mg/kg treated with metformin (200 mg/kg), and three
test groups that received the hydroethanolic bark extract of
B. atroviridis at the respective dose of 50, 100, and 200 mg/
kg. To these different groups, one normal control group was
made up of healthy rats, and receiving distilled water was
added. Animals were orally treated for 15 days during
which fasting blood glucose levels was recorded every five
days from the tail’s blood drop, using a glucometer
(Accucheck Active). At the end of the treatment, animals
were sacrificed under anaesthesia using ketamin (30 mg/
kg) and diazepam (10 mg/kg). Blood sample of each animal
was collected into EDTA tubes and dry tubes. The pancreas
was harvested for oxidative stress and histomorphometry
analysis.

2.6. Insulin Tolerance Test (ITT). At the beginning and the
end of the treatment, the insulin tolerance test was per-
formed to evaluate the insulin sensitivity. A dose of 0.15IU/
kg of semislow insulin was injected subcutaneously to di-
abetic rats prior to a 12h nonhydrated fasting as described
by Patarrdo et al. [28] with slight modifications. The gly-
cemia was measured after insulin injection (#=0min) and
then successively after 15, 30, and 60 min insulin injection.
The slope of the linear decline in plasma glucose (Kypr) was
calculated according to the following formula: Ky = (0.693/
Ty/2) x 100 [28, 29]. T, represents the half life of plasmatic
glucose.

2.7. Haematological Analysis. EDTA blood sample collected
from each animal was used to performed different blood
parameters using the Sysmex hematometer 300 (Sysmex300,
Germany).

2.8. Serum Inflammatory Parameter Analysis. Blood sample
into dry tubes was centrifuged, and supernatant serum was
analysed for measure of some inflammatory parameters such
as TNF-q, IL-1p, 11-6, and IL-10 using Quantikine Elisa kits
(Germany).

2.9. Oxidative Stress Parameter Analysis and Histopatholog-
ical Analysis of the Pancreas. The pancreas is the central
organ involved in the pathogenesis of both type I and type II
diabetes. To evaluate the oxidative stress balance in this
organ, a part of the organ was homogenate in Tris HCL
buffer (10%) and some markers of oxidative stress such as the
rate of reduced glutathione and nitrites, and the activity of
catalase enzyme were evaluated. Histomorphometry study of
the remaining part of pancreas was performed after hae-
matoxylin/eosin stain. The area of pancreatic islet was
measured using software of area measurement (Image
J. version 1.3).



2.10. Statistical Analysis. Results were expressed as
mean + S.E.M. Statistical differences between control and
treated groups were highlighted using one-way analysis of
variance (ANOVA) followed by Turkey’s multiple com-
parison test, and Student ¢ test was used to compare in
vitro anti-oxidant test using Graphpad Prism 7 software.
P values less than 0.05 were considered as significant.

3. Results

3.1. Phytochemical Qualitative Content. Qualitative analysis
of the plant extract revealed the presence of alkaloids, fla-
vonoids, phenols, tannins, triterpenes, steroids, saponins,
and anthocyanins, whereas diterpenes, anthraquinone,
glucosides, and coumarins were absent.

3.2. In Vitro Scavenging and Antioxidant Activities of
B. atroviridis. Table 1 indicates the radical scavenging ac-
tivities of B. atroviridis on DPPH and ABTS. The results
show that B. atroviridis expresses better antioxidant activ-
ities compared to the control. The plant extract showed
greater DPPH scavenging than vitamin C and its capacity to
catch ABTS is closed to the ascorbic acid. By contrary, the
extract exhibited poor NO scavenging effect than the known
standard. Concerning the capacity of B. atroviridis to pre-
vent the reduction of Fe’* to Fe*", it appears that the plant
extract was able to inhibit the transformation of Fe** to Fe **
but lesser than hydroxylamine used as the standard.

3.3. Insulin Sensitivity Test. Fourteen days after the diabetes
induction, insulin resistance was evaluated prior the be-
ginning of the treatment. The administration of insulin to
nicotinamide-/streptozotocin-induced diabetic rats failed to
decrease the blood glucose levels (data not shown). Figure 1
shows the level of insulin index (Kjpr) before and after the
treatment with the plant extract. Insulin injection provoked
throughout the experimental period a drop of Kirr by
53.90% (Figure 1(a)) as compared to normal rats. However,
cumulative administration of the plant extract induced an
improvement in insulin sensitivity characterized by a rise of
Kirr. The Kipr value of diabetic rats remained significantly
low at the end of the experimental period compared to
normal rats (71.65%, P < 0.001). The extract induced a rise in
Kirr by 67.44%, 64.50%, and 60.84% at the respective doses
of 50 mg/kg, 100 mg/kg, and 200 mg/kg (Figure 1(b)).

3.4. Effect of Hydroethanolic Bark Extract of B. atroviridis on
Body Weight Variation. Figure 2 presents the effects of
B. atroviridis extract in nicotinamide-/streptozotocin-in-
duced diabetic rats. The evolution of the body weight in the
diabetic control group was lower compared to normal
control. The administration of the plant extract for 15 days
significantly improved the body weight gain compared to the
diabetic control group only at the dose of 100 mg/kg from
day 9 to day 15. The plant extract at the doses of 50 and
200 mg/kg did not significantly prevent the loss of body
weight up to the end of the experiment. In contrary, the
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evolution of the body weight of animals in these groups, as in
negative control group, was significantly low compared to
the normal control.

3.5. Effects of Cumulative Administration of B. atroviridis
Hydroethanolic Extract on Blood Glucose. The injection of
nicotinamide prior to streptozotocin administration in-
duced hyperglycemia by 66.98%. The glycemia remained
high by 76.36% at the end of the treatment compared to
normal control rats. The single daily administration of
B. atroviridis for 2 weeks caused a significant decrease
(P <0.001) in blood glucose by 59.24% (50 mg/kg), 67.05%
(100 mg/kg), and 70.52% (200 mg/kg) compared to diabetic
control (Figure 3). Compared to their initial value (day 1), it
was observed a significant decrease in blood glucose levels by
47.97%, 57.93%, and 62.22%, respectively, at the dose of 50,
100, and 200 mg/kg. The decrease was gradual and signifi-
cant from day 11. The plant extract at the dose of 200 mg/kg
brought back the glycemia towards the normal value.
Metformin administration at the dose of 200 mg/kg induced
the decrease of blood glucose level by 70.52%.

3.6. Effects of Hydroethanolic Bark Extract of B. atroviridis in
Some Haematological Parameters in Nicotinamide-/STZ-In-
duced Diabetes Rats. The induction of diabetes provoked
anemia characterized by a significant drop of erythrocytes
(RBC) count (31.85%, P < 0.01), hematocrit (HCT) (13.83%,
P <0.01), mean concentration of haemoglobin (MCH) by
38.26% (P<0.01), mean corpuscular haemoglobin con-
centration (MCHC) (20.44%), and increase of mean cor-
puscular volume (MCV) (20.87%, P <0.05) in the diabetic
control group compared to normal control. In addition, the
level of white blood cells increased (55.67%, P < 0.01), while
the lymphocyte percentage decreased (24.96%, P <0.01)
(Table 2). The rate of platelets was also significantly de-
creased in the diabetic control group (123.65%, P <0.001)
compared to the normal control. Oral administration of the
plant extract induced a significant increase (at least at
P <0.01) of RBC, HCT, lymphocytes, and platelet rate.

3.7. Effect of Hydroethanolic Extract of B. atroviridis on Some
Inflammatory Parameters. The administration of strepto-
zotocin-/nicotinamide-induced diabetes is responsible of an
increase rate of proinflammatory cytokines such as TNF-«
(Figure 4(a)), IL-1p (Figure 4(b)), and IL-6 (Figure 4(c)) by
76.81%, 22.27%, and 32.04, respectively, while the increase
rate of the anti-inflammatory factor IL-10 was 58.41%
(Figure 4(d)) as compared to normal control. The treatment
with hydroethanolic extract of B. atroviridis induced a
significant decrease (P < 0.001) of TNF-« by 43.78%, 62.92%,
and 58.38%, respectively, at the doses of 50, 100, and 200 mg/
kg. The extract also showed a significant decrease of IL-1f3 by
17.62% (50 mg/kg), 33.68% (100 mg/kg), and 29.53%
(200 mg/kg) after 15 days of treatment. The IL-10 concen-
tration decreased by 65.08% (P < 0.001), 67.30% (P < 0.001),
and 44.44% (P < 0.05) at the respective dose of 50, 100, and
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TaBLE 1: Scavenging activity or reducing power of B. atroviridis.

ICso (ug/mL) Positive control (ug/mL)
DPPH 3.99 +0.353 8.93 +0.037
ABTS 3.23+0.65 2.71 +0.080
NO 126.98 + 4.61%%° 35.40 +0.049
FRAP 27.97 +0.25% 14.05+0.38

ICs0 = inhibitory concentration 50; * P < 0.05 = more active compared to the reference; P <0.01 and *** P < 0.001 less active compared to the reference.
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TaBLE 2: Effects of hydroethanolic extract of Bridelia atroviridis on the variation of haematological parameters in nicotinamide-/STZ-
induced diabetic rats.

Parameters Normal Diabetic control Metformin 200 mg  B. atroviridis 50 mg/ B. atroviridis B. atroviridis
control /kg kg 100 mg/kg 200 mg/kg

?ll(s)g‘uL) 7.22+0.52 4.92 £ 0.556## 8.36+0.197 8.67 £0.182% % 7.82+0.475% % 8.78 £ 0.226% * *
HGB (g/dL) 14.10+0.40 12.70 £0.636 14.10 £ 0.294 15.10 £ 0.799% 13.80£0.543 14.90 £ 0.458
HCT (%) 47.00£0.40 40.50 £ 1.31## 48.40 £0.87 % * 48.90 £ 1.60 * * 48.40 £1.23% = 47.90 £ 1.29%*
MCV (fL) 71.40 +£5.78 56.50 £ 1.56# 58.00 £ 0.45 57.00+0.87 55.70£1.70 54.60 £ 0.59
MCH (pg) 26.40 £4.37 16.30 £ 0.17## 17.00£0.20 17.40 £ 0.69 16.80 £0.40 17.00 £0.22
IC\l/iC):HC g/ 36.70 £3.48 29.20£0.32# 29.30+£0.24 30.70 £ 0.65 30.10+£0.23 31.20+0.25
WBC

(103 L) 3.88£0.54 6.04 +0.11## 7.85+0.35 4.50+0.26 3.84£0.20%* 4.60+0.40
LYMP (%) 68.10 +2.88 51.10 + 2.05## 77.90 +2.35% % * 74.10 £ 3.06% * * 77.30 £2.02% % * 68.40 £3.61 % *
PLT (103uL) 870.00+8.41 389.00 +60.60### 653.00 + 16.10% * * 721.00 +41.8% 716.00 + 13.4% * 617.00 + 36.70*

Values represent mean + SEM (n =5). #P < 0.05, ##P < 0.01, and ###P < 0.001: significant difference compared to normal control. *P < 0.05; * * P <0.01; and
# % % P<0.001: significant difference related to diabetic control. Normal control =healthy animals treated with distilled water (10 mL/kg). Diabetic
control = nicotinamide-/streptozotocin-induced diabetic rats treated with distilled water (10 mL/kg). Metformin 200 mg/kg = nicotinamide-/streptozotocin-
induced diabetic rats treated with metformin at the dose of 200 mg/kg. B. atroviridis 50 mg/kg, 100 mg/kg, and 200 mg/kg = nicotinamide-/streptozotocin-
induced diabetic rats treated with B. atroviridis extract at the doses of 50m/kg, 100 mg/kg, and 200 mg/kg, respectively. RBC=red blood cell;
HGB = haemoglobin; HCT = hematocrit; PLT =platelets; MCV =mean corpuscular volume; MCH = mean corpuscular haemoglobin; MCHC = mean cor-

puscular haemoglobin concentration; WBC = white blood cells; LYMP = lymphocytes; PLT =platelets.

200mg/kg. However, the plant extract failed to reduce
(P >0.05) IL-6 concentration whatever the dose is.

3.8. Effect of B. atroviridis Hydroethanolic Extract on Some
Oxidative Stress Biomarkers in Pancreatic Tissue.
Figure 5 expresses the effects of B. atroviridis on some
oxidative stress parameters. The concentration of reduced
glutathione significantly decreased (41.45%, P <0.05) in
diabetic rats, whereas the catalase activity significantly in-
creased (36.34%, P <0.001) compared to normal control.
The administration of the plant extract for 15 days signifi-
cantly decreased the catalase activity by 34.02% (50 mg/kg),
39.95% (100 mg/kg), and 25% (200 mg/kg) in comparison
with the diabetic control. The concentration of nitrites in the
diabetic control group was higher than that of normal

control (23.76%), and the plant extract significantly reversed
this concentration by 53.68% and 50.08% (P < 0.001) at the
doses of 50 and 100 mg/kg, respectively, comparing to di-
abetic control rats.

3.9. Effects of B. atroviridis on Microarchitecture of Pancreas.
Figure 6 describes the microarchitecture of the pancreas
in the experimental animals. In diabetic control group, a
significant reduction (78.08%, P <0.001) in the Langer-
hans islets size was observed compared to normal control
as shown in (a). The administration of the plant extract
significantly increased the Langerhans islet size with
dose-dependant effect at 50 mg/kg (65.80%, P <0.05),
100 mg/kg (67.75%, P<0.05), and 200mg/kg (72.3%
P<0.01).
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FIGURE 4: Effects of B. atroviridis on TNF-« (a), IL-1f3 (b), IL-6 (c), and IL-10 (d) concentrations in nicotinamide-/streptozotocin-induced-
diabetic rats. Each bar represents the mean+ SEM (n=>5). #P <0.05, ##P < 0.01, and ###P < 0.001 indicate significant difference between
diabetic and normal control and *P < 0.05, #P < 0.01, and # %P < 0.001 indicate significant difference between diabetic control and treated
groups. Normal control = healthy animals treated with distilled water (10 mL/kg). Diabetic control = nicotinamide-/streptozotocin-induced
diabetic rats treated with distilled water (10 mL/kg). Metformin 200 mg/kg = nicotinamide-/streptozotocin-induced diabetic rats treated
with metformin at the dose of 200 mg/kg. B. atroviridis 50 mg/kg, 100 mg/kg, and 200 mg/kg = nicotinamide-/streptozotocin-induced
diabetic rats treated with B. atroviridis extract at the doses of 50 m/kg, 100 mg/kg, and 200 mg/kg, respectively. TNF-«a = tumor necrosis
factor alpha, IL-1f3 =interleukin 1 beta, IL-6 = interleukin 6, and IL-10 = interleukin 10.

4, Discussion

B. atroviridis is largely used in Africa for many ailments [13],
but its effect on some pathophysiological aspect in diabetic
state was not scientifically studied up to now yet. In this
study, nicotinamide-/streptozotocin-induced type II dia-
betes was characterized by a hyperglycemia, insulin resis-
tance, anemia, leukocytosis, thrombocytopenia,
inflammation, and structural damage of the pancreas. The
administration of hydroethanolic extract of B. atroviridis
bark for 15 days to diabetic rats efficiently corrected the
blood glucose level with the marked effect at the dose of

200 mg/kg, effective as the reference drug metformin
(200 mg/kg) at the end of the experimental period. The
hypoglycemic effect observed could be due to the reduction
of insulin resistance noted in treated rats. It is well known
that metformin is equally acted by increasing the insulin
sensitivity [30]. The plant extract may also act by stimulating
the secretion of insulin and/or by increasing the insulin
sensitivity [31]. These actions have been attested in the
present study by the rise in insulin sensitivity index observed
at the end of the treatment. Antihyperglycemic effect may be
attributed to the presence of substances as flavonoids, al-
kaloids, saponin, tannins, and triterpenes contained in the
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F1GURE 5: Effects of B. atroviridis on the rate of reduced glutathione (a), catalase activity (b), and rate of nitrites (c) in the pancreas. Bars
represent mean + SEM (n=5). ##P < 0.01 and ###P < 0.001: significant difference compared to normal control. *P <0.05, % * P <0.01, and
* % * P <0.001: significant difference related to diabetic control. Normal control = healthy animals treated with distilled water (10 mL/kg).
Diabetic control = nicotinamide-/streptozotocin-induced diabetic rats treated with distilled water (10 mL/kg). Metformin 200 mg/
kg = nicotinamide-/streptozotocin-induced diabetic rats treated with metformin at the dose of 200 mg/kg. B. atroviridis 50 mg/kg, 100 mg/
kg, and 200 mg/kg = nicotinamide-/streptozotocin-induced diabetic rats treated with B. atroviridis extract at the doses of 50 m/kg, 100 mg/

kg, and 200 mg/kg, respectively.

extract. In addition, the determination of phytochemicals of
hydroethanolic extract of B. artroviridis carried out by our
research team revealed the presence of compounds such as
myricetin and corilagin [32]. Corilagin acts by enhancing
peripheral glucose utilization and stimulating pancreatic f3
cells to produce insulin [33] while myricetin enhances in-
tracellular protein activity, encouraging glucose uptake
consequently reduces insulin resistance [34, 35]. These
different compounds might react synergically to contribute

to the observed hypoglycemic effect of the plant extract.
Although the highest dose of the extract (200 mg/kg)
expressed the best activity, considering the hypoglycemic
effect by the end of the treatment, the dose of 100 mg/kg
showed the most interesting effect since it presents pro-
gressive significant hypoglycemia activity from day 10
compared to the other treated groups.

Permanent hyperglycemia in diabetes condition leads to
increase expression of inflammatory markers like IL-6 and
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TNEF-a [36] as observed in this study. These cytokines are
produced by immune and nonimmune cells when chal-
lenged by various environmental or inflammatory insults.
Chronic exposure to proinflammatory mediators stimulates
the activation of cytokine signaling proteins which ulti-
mately block the interaction between the activation of in-
sulin signaling pathway, biological function of pancreatic
p-cells [37, 38], and conduce to insulin resistance [39].
Studies have also indicated that inflammatory cytokines such
as IL-1B, TNF-a, and IL-6 which are increased in obesity and
diabetes conditions modulate insulin signaling [40, 41].
Cytokines such as IL-1f are upregulated in pancreatic islets
of patients with type 2 diabetes and regulate numerous other
cytokines and chemokines, consequently increasing its
production in f3 cells, engendering a vicious cycle [42-44]. A
potential role of TNF-a has been reported in the patho-
genesis of insulin resistance and type 2 diabetes [7, 45]. In
the present study, the administration of nicotinamide/
streptozotocin resulted in an insulin resistance and an in-
crease in the rate of IL-18 and TNF-«, confirming their
involvement in the pathogenesis of type II diabetes. Indeed,
the plant extract may act as antagonist of TNF-« and IL-1
leading to the reduction of insulin resistance and to anti-
hyperglycemia effects as observed in the study. In contrary to

the study of Acharya et al. [46] where a depletion of IL-10
was observed, it was noticed in the present study, a high level
of IL-10 in diabetic control group compared to normal
control. In fact, IL-10 is a multiple effects cytokine acting in
immunoregulation. It has been demonstrated in an in vitro
study that IL-6 can cooperate with TGF-f to induce IL-10
production in Th17 cells [47]. Bridelia atroviridis was able to
reduce significantly the production of IL-10 but not that of
the IL-6 level. IL-6 is produced by different immune and
nonimmune cells [48, 49] suggesting the implication of other
factors in its synthesis. The increase in IL-6 and TNF-«
observed in diabetes state also acts as antierythropoietic
factors expressed in the present study by the decrease in
erythrocytes count, hematocrit, and mean corpuscular of
haemoglobin values, which are some conventional signs of
anemia [36]. The proinflammatory cytokine depletion in-
duced by the extract could justify the protective effect from
anemia. The leukocytosis observed in the diabetes control is
well described as diabetes complications that could result
from glycation end products activation, oxidative stress, and
both macrovascular and microvascular injuries caused by
hyperglycemia [50]. The decrease of leukocyte counts in
treated groups indicates the ability of B. atroviridis extract to
reduce diabetes complications. The decrease in lymphocyte
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count observed in diabetic control group has already been
reported and could be due to apoptosis induced in hyper-
glycemia situation [51, 52]. The administration of the plant
extract for 15 days significantly improved the cells level,
indicating an inhibitory effect of B. atroviridis on proa-
poptosis factors or the scavenging properties against free
radical agents in lymphocytes.

Enhanced platelet reactivity has been reported in type II
diabetes. In fact, hyperglycemia contributes to glycation of
platelet proteins leading to altered platelet count conse-
quently increasing their reactivity [53, 54]. However, after
plant extract treatment, the level of platelet was significantly
increased probably due to the improvement of the glycemia.

Reactive oxygen species (ROS) has been implicated in
the mechanism of red blood cells damage [55] in the diabetic
condition [56]. Previous studies reported the ROS genera-
tion in chronic high blood glucose levels, through several
mechanisms including glucose autoxidation, the oxidation
of protein [57, 58], or the nonenzymatic glycation of protein
[59] that exacerbate oxidative stress. It is known that
streptozotocin induced hydrogen peroxide (H,0,) genera-
tion and DNA fragmentation in pancreatic islets [60] which
could justify the increase in catalase activity observed in the
present study.

The low concentration of GSH in diabetic control
suggests a depletion of this antioxidant species [61]. The
nitrite rate was high in the diabetic control group probably
due to streptozotocin that reacts through the nitric oxide
pathway to induce f3-cells cytotoxicity effects [62, 63]. The
daily plant intake for 15 days significantly restored the
catalase activity, GSH, and nitrite levels testifying the an-
tioxidant capacity of B. atroviridis as seen in in vitro study.
This antioxidant capacity of the extract could be assigned to
its ability to scavenge free radicals or to provide a H proton
or an electron to the oxidant molecules, preventing devas-
tating effects of diabetes in treated groups [64]. Likewise,
these antioxidant properties might also due to the presence
of lycophene, f-carotene, phenolics, and flavonoids which
are potent antioxidant species identified in the leaf of
B. atroviridis [65]. In addition, corilagin, an amorphous
tannin, detected in the plant extract possesses antioxidant
activity [66]. Histological study of the pancreas revealed a
significant reduction in the size of Langerhans islet in the
diabetic control group probably due to the oxidative reaction
and cytotoxic effects of streptozotocin. The size of islets was
significantly increased in the treated group suggesting that
B. atroviridis extract could regenerate pancreatic $-cell, thus
increasing the production of insulin, and may justify the
hypoglycemic effect recorded in these groups.

5. Conclusion

The investigation of effects of hydroethanolic extract of
Bridelia atroviridis bark showed a decrease in hyperglyce-
mia, inflammatory parameters, and a restoration in hae-
matological parameters and an improvement in
antioxidative status in the pancreas of nicotinamide-/
streptozotocin-induced diabetes in rats. This is achieved by
antidiabetic, anti-inflammatory, and antioxidant properties

Evidence-Based Complementary and Alternative Medicine

of the plant extract. Bridelia atroviridis could be a good
candidate for the formulation of an antidiabetic drug plant
based.
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Supplementary Materials

The administration of the hydroethanolic extract from
Bridelia atroviridis (Euphorbiaceae) to nicotinamide-/
streptozotocin-induced diabetic rats improves blood glucose
levels confirmed by the increase of Kipr value, preventing
them from anemia, leukocytopenia, and thrombocytopenia.
The extract also exhibits significant regulation in the cyto-
kine imbalance induced in diabetic conditions (Figure S1).
(Supplementary Materials)
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