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Original Research Article

In Cote d'lvoire, people use Rauwolfia vomitoria (Apocynaceae) as traditional medicine for the treatment of diabetes
mellitus. The purpose of this study is to bring out the potentiel antidiabetic effect of an aqueous extract of roots devoid of
Rauwolfia vomitoria bark (EARV), in rats made diabetic by alloxan monohydrate, a diabetogen substance, compared
with the effect of glibenclamide, a reference antidiabetic substance. For this, the blood glucose level and weight
evolution of healthy rats (normoglycemic), diabetic control rats and diabetic rats treated with EARV or glibenclamide are
measured, as well as variations in transaminase levels during 28 days of experimentation. Administration of alloxan
induces in rats made diabetic characterized by a significant and permanent increase in blood sugar, a decrease in body
mass, followed by an increase in the level of serum transaminases, a sign of liver toxicity in rats. In rats made diabetic
and treated daily with EARV at a dose of 1000 mg/kg body weight (B.W), there is a decrease in blood sugar and an
increase in body mass, in the sense of their normalization, during the 28 days of treatment. In diabetes rats, EARvV also
results in normalization of serum alanine aminotransferase (ALT) concentration and a significant decrease in aspartate
aminotransferase (AST). These effects of EARv at 1000 mg/kg B.W are similar to those of glibenclamide at 10 mg/kg
B.W. These results show that, just like glibenclamide, EARV is an antidiabetic, hepatoprotective substance and tends to
correct body mass loss in diabetic rats. These effects of EARV justify the use of Rauwolfia vomitoria in traditional

medicine in the treatment of diabetes mellitus.
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INTRODUCTION

Diabetes mellitus is one of the main endocrine
disorders, characterized by impaired insulin action and
deficiency of this hormone (Ajiboyé et al., 2018) and
also by dysfunction of carbohydrate, protein and lipid
metabolism due to a deficit in insulin secretion (Sada et
al., 2013; Ajiboyé et al., 2018). These metabolic
disorders lead in the long term to pathogenic conditions
including micro and macro-vascular complications,
neuropathies, retinopathy, nephropathy and a consequent
decrease in quality of life and an increase in the mortality
rate (Santaguida et al., 2008 ; Airaodion et al., 2018).
Diabetes mellitus has long been considered a disease of
rich countries. Today this condition affects all social

strata of the world's population. According to the WHO,
this condition is one of the main Kkillers in the world
(WHO, 2013) after high blood pressure and smoking. In
2019, diabetes affected 463 million people worldwide,
including 19 million in Africa. If left unable by 2030,
there will be more than 29 million Africans with
diabetes, and by 2040 more than 47 million, a 143%
increase in people with diabetes in Africa (IDF, 2019).
These populations continue to treat themselves with
medicinal plants. For this reason, WHO recommends
that Africans conduct scientific studies to establish a
database for plant species used in traditional medicine
(WHO, 2013). In Céte d'lvoire, Rauwolfia vomitoria
(Apocynaceae) is a medicinal plant used for the
treatment of diabetes mellitus. It is also used to treat
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other conditions, including male infertility (Lembe et al.,
2014), pancreatic cancer (Yu et Chen, 2014).

The objective of this study is to show the effect
of Rauwolfia vomitoria aqueous extract on
experimentally induced diabetes in Wistar rats and on
the liver cells of these animals.

1- MATERIALS AND METHODS
1.1- Equipment
1.1.1- Animal material

The animal material consists of rats Rattus
norvegicus (Muridae), of Wistar strain, whose body
masses are between 120 and 150 g. They are raised at the
pet store of the Laboratory of Animal Physiology,
Pharmacology and Pharmacopoeia of the UFR of
Natural Sciences of Nangui Abrogoua University
(Abidjan, Cdte d'lvoire), at 25 ° C, and under the light
day and darkness at night. These rats are fed food
provided by the company IVOGRAIN® of Abidjan and
have free Access to water. The studies on these rats are
conducted in accordance with the European Directive of
24 November 1986 (86/609/EEC) and the Decree of 19
April 1988 (Anonymous, 1986) on the use of
experimental animals in research.

1.1.2- Plant material

The plant species used is the root of Rauwolfia
vomitoria Afzel. (Apocynaceae) devoid of bark. The root
boots of this plant are obtained from the medicinal plant
markets in Abidjan. This plant has been identified at the
National Center of Floristics (CNF) of the University
Félix Houphouét-Boigny (Abidjan, Cote d'lvoire).

1.1.3- Chemical and pharmacological substances
Glibenclamide (Daonil® 5 mg, Sanofi-Aventis

Pharmaceuticals, NJ, USA) and alloxan monohydrate

98% (Sigma Aldrich, France) are used in this study.

1.2- Study methods
1.2.1- Preparation of the aqueous extract of
Rauwolfia vomitoria (EARV)

The roots of Rauwolfia vomitoria are stripped
of their bark and then dried at room temperature. They
are then sprayed using a grinder to obtain a fine powder.
Then 200 g of dry root powder devoid of Rauwolfia
vomitoria bark is put in 2 L of distilled water. The
mixture is stirred for 24 hours at room temperature using
a magnetic stirrer. The resulting solution is filtered three
times on hydrophilic cotton and Wathman No. 1 filter
paper, then dried in the oven (Vacutherm Vacuum Oven,
France) at 40 °C. The powder obtained constitutes the
aqueous extract of Rauwolfia vomitoria (EARV).

1.1.2- Induction of diabetes by alloxane

Diabetes mellitus is induced in 12-hour fasting
rats by a single intraperitoneal injection of alloxane
monohydrate, sterile saline, at a dose of 120 mg/kg B.W.
Prior to alloxan administration, fasting blood glucose is
measured using the Accu-Chek blood glucose meter with

test strips. To draw blood, the end of the rat's tail is
severed using a pair of scissors. A drop of blood is
deposited on the absorbent layer of the test strip,
introduced into the glucometer. The value of blood
glucose appears on the meter screen. This value is given
in g/L. After administration of alloxane, fasting blood
glucose is assessed daily, for 1 week, to confirm the
diabetic condition of rats. Only rats with blood glucose
levels at least 2.50 g/L or more (diabetic rats) are
selected for the study of antidiabetic effects of the
Rauwolfia vomitoria aqueous extract.

1.1.3- Study of effects of Rauwolfia vomitoria
aqueous extract (EARV) on the blood glucose of rats
For this study, 5 healthy rats (non-diabetic) and 15
diabetic rats are used. They divided into 5 batches of rats
as follows.

e Batch A: healthy rats receiving distilled water
(healthy controls) at a dose of 10 ml/kg B.W. This is
the control group.

e Batch B: untreated diabetic rats (diabetic controls).
They also receive distilled water at a dose of 10
ml/kg B.W.

e Batch C: diabetic rats treated with 1000 mg/kg B.W.
of EARVv.

e Batch D: diabetic rats treated with 10 mg/kg B.W. of
glibenclamide.

The blood glucose of the animals is measured
before the administration of distilled water or tested
substances (Day 0) and every 7 days (Day 7, Day 14,
Day 21 and Day 28), during 28 days of experimentation.
Before each blood glucose measurement, the weight of
each rat is recorded.

1.2.4- Determination of serum concentration of
alanine transferase and aspartate transferase

The blood of rats used to study antidiabetic
effects is also taken from red dry tubes for the
determination of biochemical parameters (alanine
transferase and aspartate transferase). These blood
samples are taken by incision of the tip of the tail of the
rats, before the oral administration of the test substances,
and every 7 days after the start of treatment, during the
28 days of experimentation. The blood taken from the
different tubes is then centrifuged at 6000 revolutions /
minute for 15 min and the sera obtained are aliquoted
(Gella et al., 1985).

1.2.5- Methods of statistical analysis and plotting of
graphs

The data analysis is done using GraphPad Instat
software (San Diego CA, USA). The results are given as
an average followed by the standard error on the mean
(M £ ESM). The difference between two values is
determined by the Student-Newman-Keuls test and is
considered significant for p < 0.05. GraphPad Prism 8
software (San Diego CA, USA) is used to plot graphs.
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2- RESULTS
2.1- Effects of alloxan on blood sugar and body mass in
normoglycemic rats

Administration of alloxan monohydrate at a
dose of 150 mg/kg B.W., induces a permanent and
significant increase in blood glucose levels in healthy
rats (p < 0.001). Indeed, 5 days after treatment, the blood
glucose of the rats, which was initially 0.94 £+ 0.04 g/L,
increases to 3.39 + 1.70 g/L or a hyperglycemia of
72.27% when rats are made diabetic. This induction of
diabetes is accompanied by a non-significant decrease (p
> 0.05) in the body mass of these rats. Indeed, the body
mass of healthy normoglycemic rats is 139 + 1.3 g. It
increases to 133.5 + 1.4 g 7 days after the injection of
alloxan to these animals; a decrease in body mass of 3.40
% when they are diabetic.

2.2- Effects of Rauwolfia vomitoria aqueous extract
(EARvV) and glibenclamide on blood glucose levels in
rats made diabetic

The effects of EARv and glibenclamide on the
blood glucose of rats made diabetic by alloxan are shown
in Figure 1, compared with the blood glucose of healthy
rats and diabetic control rats, during 28 days of
experimentation. In healthy untreated rats (healthy
controls), which received only distilled water, blood
glucose remains constant (p > 0.05). It is of the order of

0.98 £ 0.05 g¢/L throughout the duration of the
experimentation (28 days). In untreated diabetic rats
(diabetic controls), on Day 0 blood glucose is 3.77 + 0.44
g/L; an increase in blood glucose of 74.01% (p < 0.001)
compared to healthy control rats. This blood glucose
does not vary significantly (p > 0.05) throughout the
experiment. It is between 3.66 + 0.31 g/L and 4.39 £ 0.31
g/L.

In rats treated with EARv at 1000 mg/kg B.W.,
there is a significant decrease (p < 0.01) in
hyperglycemia after 7 days of treatment. This drop in
hyperglycemia gradually increases over time, to finally
give a blood sugar that tends towards normalization.
Thus, after 28 days of treatment of diabetic rats with
EARYv, blood glucose levels from 3.77 £ 0.44 g/L (initial
blood glucose, on Day 0), rise to 1.54 + 0.12 g/L. In rats
treated with glibenclamide at 10 mg/kg B.W., it appears,
as well as in those who received EARV at a dose of 1000
mg/kg B.W., a gradual reduction in hyperglycemia.
Thus, a blood glucose of 1.22 + 0.01 g/L is measured
after 28 days of treatment, against 3.86 + 0.14 g /L on
Day 0. Furthermore, there is no significant difference (p
> 0.05) between the decrease in induced hyperglycemia
in diabetic rats treated with the aqueous extract of
Rauwolfia vomitoria and that of diabetic rats treated with
the reference antidiabetic substance (Table 1).

Negative control
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(untreated rats)

Diabetic rats treated with

EARv at 1000 mgkg BW.

Diabetic rats traeated with
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Figure 1: Variation in blood glucose levels in healthy rats and rats with diabetes, whether or not treated with Rauwolfia
vomitoria aqueous extract (EARV) or glibenclamide for 28 days
n=>5;%p <0.05);*(p <0.001) compared to healthy controls

Table 1: Reduction of hyperglycemia in rats made diabetic for 28 days of treatment with Rauwolfia vomitoria
aqueous extract (EARV) or glibenclamide

Reduction of hyperglycemia treated diabetic rats
Time Day 0 Day 14 Day 21 Day 28
Batches
Diabetic Rats treated with EARV at 1000 mg/kg B.W. 21,48 %™ | 51,67 %™ | 63,13 %™ | 68,38 %"
Diabetic Rats treated with glibenclamide at 10 mg/kg B.W. | 26,46 %™ | 64,34 %™ | 70,19 %™ | 72,70 %™

n=5;"*(p <0.01);*(p <0.001) relative to Day 0

2.3 Effects of aqueous extract of Rauwolfia vomitoria
(EARv) and glibenclamide on the body mass of rats
made diabetic

Table 2 shows the change in body mass of

healthy rats (non-diabetic rats), diabetic control rats and
diabetic rats treated daily with aqueous extract of
Rauwolfia vomitoria (EARv) at 1000 mg/kg B.W. or
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glibenclamide at 10 mg/kg B.W., during 28 days of
experiment.

In healthy control rats, which received only
distilled water, after 7 days there was a non-significant
increase (p > 0.05) in the body mass of animals. After 14
days, the weight gain becomes significant (p < 0.05) and,
after 28 days, the rate of increase in their body mass is
13.38% (p < 0.01) compared to their body mass on Day 0
(139 £ 1.3 g). On the other hand, in rats rendered diabetic
untreated (diabetic controls), after 7 days, there is a
non-significant decrease (p > 0.05) in body mass of

5.29%. Weight loss increases over time and does not
become significant (p < 0.05) until day 14, with a body
mass of 120.4 £ 1.7 g on Day 14, compared to 133.6 £
1.6 g on Day 0. Thus, on the 28th day, the rate of
reduction in the body mass of these animals is 16.24% (p
< 0.01) compared to their mass on Day 0.

In rats treated daily with EARv at 1000 mg/kg
B.W. or glibenclamide (10 mg/kg B.W.), there is a
non-significant (p > 0.05) and gradual increase in body
mass after 7, 14 and 21 days of treatment.

Table 2: Change in body mass of healthy rats and rats with diabetes, treated or not with Rauwolfia vomitoria
aqueous extract (EARV) or glibenclamide, for 28 days

Body mass of rats
Time DayO0 | Day7 | Day 14 | Day 21 | Day 28
Batches
Healthy rats 139 45,3 150,2 153,8 157,6
(Negative control) +13g |+12g | +12d |+12d |+2d"
Diabetic Rats untreated 133,6 26,5 120,4 1175 | 1119
(Diabetic control) +16g | +22g|+17g* | £16d°|+0,7g™
Diabetic Rats treated with EARv at 1000 mg/kg B.W. 1328 | 334 134,6 134,8 | 146,8
+159 | +09g|+17g |+09g |+13g*™
Diabetic Rats treated with glibenclamide at 10 mg/kg B.W. 1342 | 35,2 136,4 138,5 | 148,3
+11g |+4g |+23g |#1,7g |+13g"

n=>5;*(p < 0.05);(p < 0.01) relative to body mass on Day 0

2.4- Effects of aqueous extract of Rauwolfia vomitoria
(EARv) and glibenclamide on serum alanine
aminotransferase concentration in rats made diabetic

The effects of EARv on serum alanine
aminotransferase (ALT) concentrations in diabetic rats
are shown in Figure 2, compared with levels in healthy
rats and diabetic control rats.

Induction of diabetes leads to an increase in
serum ALT concentration. Indeed, at the beginning of
the experiment (day 0), ALT levels are 100.32 £ 7.83 IU
/L and 200.1 + 10.34 IU / L, respectively in healthy rats

and in rats made diabetic; an increase in ALT of 99.46%
when rats are made diabetic by alloxan.

Treatment of diabetic rats with EARV at a dose
of 1000 mg/kg B.W. results in a non-significant
reduction (p > 0.05) in ALT up to day 14 of
experimentation. This reduction in ALT by EARv
becomes significant (p < 0.05) from day 21, with a
reduction of 37.31%. (p < 0.001) on the 28th day.
Similarly, the treatment of diabetic rats with
glibenclamide (10 mg/kg B.W.) significantly reduces (p
< 0.05) the ALT level from day 14, and this reduction
reaches 40.11% (p < 0.001) on the 28th day of the
experiment.

mm Healthy rats
(Negative control)

Dialetic control
(untreated rats)

Diabetic rats treated with EARv at
1000 mg/kg B.W

Diabetic rats tragated with
glibenclamide at 10 mgkg B.W.
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Figure 2: Effects of Rauwolfia vomitoria aqueous extract (EARvV) and glibenclamide on serum ALT concentration in healthy
rats and rats made diabetic
n=>5;%p <0.05);*(p <0.01);*(p < 0.001) compared to healthy controls
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2-5 Effects of aqueous extract of Rauwolfia vomitoria
(EARv) and glibenclamide on serum aspartate
aminotransferase concentration in diabetic rats

The induction of diabetes by alloxan results in a
significant increase (p < 0.05) in the serum concentration
of aspartate aminotransferase (AST) as shown in Figure
3. Onday 0, AST levels are 152 + 5.34 IU/L and 174.02
+ 4.65 IU/L in healthy rats and rats made diabetic,
respectively; an increase in AST levels of 14.48% when
rats are made diabetic by alloxane. These AST levels in

these rats (healthy and diabetic controls) did not vary
significantly (p > 0.05) during the 28 days of
experimentation. Treatment of diabetic rats with EARv
at a dose of 1000 mg/kg B.W. results in a gradual
reduction in serum AST concentration during the first 14
days, so that after 14 days of treatment, the AST level
returns to normal, identical (p > 0.05) to that of healthy
control rats, and then remains constant until the end of
the experiment. This same result is obtained when
diabetic rats are treated for 28 days with glibenclamide
10 mg/kg B.W.
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Figure 3: Effects of Rauwolfia vomitoria aqueous extract (EARvV) and glibenclamide on serum AST concentration in healthy
rats and rats made diabetic
n=>5;%p <0.05);*(p < 0.01);*(p < 0.001) compared to healthy controls

3- DISCUSSION

Rats made diabetic by intraperitoneal injection
of alloxan monohydrate is an experimental model that
allows to study the activity of antidiabetic agents. The
action of alloxan is explained by the fact that it induces a
decrease in the storage of hepatic glucose by the
alteration of insulin secretion I’insuline (Elsner et al.,
2000 ; Shetti et al., 2012 ; Kahou et al., 2016). This
diabetrogen irreversible induces the destruction of beta
cells of the islets of Langerhans located in the pancreas,
insulin-producing cells (Grover et al., 2000; Salah et al.,
2017). The aqueous extract of Rauwolfia vomitoria,
administered to rats made diabetic by alloxan, reduces
induced diabetic hyperglycemia, and even tends to bring
blood sugar back to normal. These results are similar to
those of other authors. Chabane et al., (2013) showed the
antidiabetic potential of the aqueous extract of the aerial
part (leaves and branches) of Ajuga iva (Lamiaceae), at a
concentration of 0.15 g/ml, in rats made diabetic by
alloxan and treated for 3 weeks. Ethanolic extract of
Carica papaya (Caricaceae) leaves at doses of 200, 400
and 600 mg/kg B.W. induces a significant reduction in
alloxan-induced hyperglycemia in treated rats (Airadion
etal., 2019). Also, the aqueous extract of the fresh leaves
of Pseudarthria hookeri (Fabaceae) at a dose of 1200
mg/kg B.W. leads, after 28 days of treatment, to a
significant decrease in blood glucose levels in rats made
diabetic (Kahou et al., 2016). Airaodion et al., (2019)
showed the antidiabetic effect of the methanolic extract
of the leaves of Telfairia occidentalis (Cucurbitaceae), at

doses of 200, 400 and 600 mg/kg B.W., in rats made
diabetic with alloxan and treated for 14 days. EARvV acts
like glibenclamide which is a molecule of the
sulfonamide family. Sulphonylancels reduce blood sugar
levels in diabetic rats by increasing insulin secretion
from the pancreas. Indeed, these molecules bind to a
specific receptor, on the membrane of pancreatic f cells
in the vicinity of the ATP-dependent potassium duct and
cause the closure of the latter. This will lead to
membrane depolarization of B cells with opening of
voltage-dependent calcium channels and an influx of
Ca2+, thus triggering by exocytosis the extrusion of
insulin secretion granules (Grimaldi et al., 2009).

During the 28 days of experimentation, diabetic
rats treated with the aqueous extract of Rauwolfia
vomitoria or glibenclamide showed an increase in their
body mass. In contrast, untreated diabetic rats (diabetic
controls) lost weight. Weight loss in untreated diabetic
rats is associated with diabetes. It is considered a
complication of this desease (Momo et al., 2006). The
aqueous extract of Rauwolfia vomitoria, a potentially
antidiabetic substance, is thought to act on diabetic rats,
tending to regulate their body mass at the same time as
the blood sugar levels of these animals (Garba et al.,
2015). These effects are also in favor of the existence of
real antidiabetic properties of the aqueous extract of
Rauwolfia vomitoria.
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Serum assay of alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) is very important
and well known in the diagnosis and investigation of
diabetes. It provides information on the state of
functioning of the liver, which plays a major role in the
regulation of Blood sugar (Yakubu et al., 2005; Akanji et
al., 2013).

Induction of diabetes in rats by alloxane
administration leads to an increase in serum alt and AST
concentration. This increase is permanent during the 28
days of experimentation. Similar effects of alloxane on
ALT and AST levels have also been reported by Asanga
et al. (2013), Mafulul et al. (2013) and Balamurugan et
al. (2014). The increase in the level of these enzymes in
rats made diabetic demonstrates the toxicity of alloxane
on the liver, and probable on other organs of these rats.
This finding is consistent with several previous (Asanga
et al., 2013 ; Mafulul et al., 2013 ; Balamurugan et al.,
2014). ALT and AST are transaminases, and are the most
commonly used enzyme markers to detect hepatocellular
lesions that may be caused by drugs or any harmful
compounds in chemicals (Nelson et Lehninger, 2004 ;
Khouri et Daradka, 2012). These cytosolic enzymes are
widely distributed in tissues with a strong presence in the
liver and heart (Eteng et al., 2009). ALT is present
mainly in liver cells, making it the main indicator of liver
inflammation. AST is present in the cells of the liver,
heart and skeletal muscles and other organs. The
elevation of their serum concentration is an indication of
damage to the liver, and probably to other organs
(Foreston et al., 1985 ; Adesokan et al., 2009 ; Adenowo
et al., 2014). When their serum concentrations change,
the damaged tissues pour these enzymes into the blood
plasma.

The aqueous extract of Rauwolfia vomitoria,
administered to diabetic rats at a dose of 1000 mg/kg
B.W., as well as glibenclamide at 10 mg/kg P.C.,
gradually decreases serum alt and AST concentrations
and, after 14 days of treatment, shows an AST level
identical to that of healthy control rats. The sharp
reduction in ALT levels in rats treated with EARv and
the subsequent normalization of their AST levels
indicate that this extract may work by correcting lesions
caused by the induction of diabetes by alloxane which is
a cytotoxin (Yakubu et al., 2003 ; Mafulul et al., 2013).
The aqueous extract of Rauwolfia vomitoria would
therefore have a hepatoprotective activity.

Hepatoprotective activities of various plants
have been reported by different authors. This is the case
for the ethanolic extract of the leaves of Melastoma
malabathricum (Melastomataceae) which, at a dose of
300 mg/kg B.W, reduces ALT and AST levels in diabetic
rats (Balamurugan et al., 2014). The same is true for the
butanolic and methanolic fractions of the ethanolic
extract of the leaves of Nauclea latifolia (Rubiaceae), at
the respective doses of 100 and 250 mg/kg B.W. (Asanga
et al., 2013), and also for the ethanolic extract of the

leaves of Gongronema latifolium (Asclepiadeae) at
doses of 200 and 400 mg/kg B.W. (Mafulul et al., 2013).

CONCLUSION

The study of the pharmacological effects of the
aqueous root extract barkless of Rauvolfia vomitoria on
blood glucose shows that this extract has a strong
antidiabetic potentiel and is hepatoprotective. This
justifies its use in traditional medicine in Cote d'lvoire
and Africa in the treatment of diabetes.

REFERENCES

o Ajiboye, B. O, Ojo, O. A., Adeyonu, O., Imiere, O. E.
O, Oyinloye, B. E., & Ogunmodede O. (2018).
Ameliorative Activity of Ethanolic Extract of
Artocarpus  heterophyllus  Stem  Bark  on
Alloxan-induced Diabetic Rats. Advanced
Pharmaceutical Bulletin, 8(1), 141-147.

e Sada, N. M,, Tanko, Y., & Mabrouk, M. A. (2013).
Modulatory role of soya beans supplement on lipid
profiles and liver enzymes on alloxan-induced diabetic
Wistar rats. Eur J Exp Bio, 3(2), 62-67.

e Santaguida, P. L., Balion, C., & Hunt, D. (2008).
Diagnosis, prognosis, and treatment of impaired
glucose tolerance and impaired fasting glucose.
Evidence Report/Technology Assessement, 12, 1-11.

e Airaodion, A. I., Ogbuagu, E. O., Airaodion, E. O.,
Ekenjoku, J. A.,, & Ogbuagu, U. (2018).
Pharmacotherapeutic Effect of Methanolic Extract of
Telfairia occidentalis Leaves on Glycemic and
Lipidemic Indexes of Alloxan Induced Diabetic Rats.
International ~ Journal  of  Bio-Science  and
Bio-Technology, 11, 1-14.

e  WHO. (2013). Stratégie de ’OMS pour la médecine
traditionnelle pour 2014-2023. Hong Kong.Chine, 75
p.

e IDF. (2019). Atlas 2019 de Interational Diabete
Federation. 168 p.

e Lembe, D. M., Koloko, B. L., Bend, E. F., Domkam, J.,
Oundoum, P. C. O., Njila, M. N., Moundipa, P., Dimo,
T., & Gonzales, G. F. (2014). Fertility enhancing
effects of aqueous extract of Rauvolfia vomitoria on
reproductive functions of male rats. Journal of
Experimental and Integrative Medicine, 4(1), 43-49.

e Yu, J., & Chen, Q. (2014). Antitumor Activities of
Rauwolfia vomitoria Extract and Potentiation of
Gemcitabine Effects Against Pancreatic Cancer.
Integrative Cancer Therapies. 13(3), 217-225.

e Anonymous. (1986). Council Directive of 24
November 1986 on the approximation of laws,
regulations and administrative provisions of the
Member States regarding the protection of animals
used for experimental and other scientific purposes.
Official Journal of the European Communities, 358,
1-28.

e Gella, FJ., Olivella, T., Cruz, P.M., Arenas, J.,
Moreno, R., Durban, R., & Gomez, J.A. (1985). A
simple procedure for the routine determination of
aspartate aminotransferase and alanine
aminotransferase with pyridoxal phosphate. Clinica
Chimica Acta, 153, 241-247.

| © 2021 Scholars Academic Journal of Biosciences | Published by SAS Publishers, India | 281 |



http://www.ncbi.nlm.nih.gov/pubmed?term=Gella%20FJ%5BAuthor%5D&cauthor=true&cauthor_uid=4075530
http://www.ncbi.nlm.nih.gov/pubmed?term=Olivella%20T%5BAuthor%5D&cauthor=true&cauthor_uid=4075530
http://www.ncbi.nlm.nih.gov/pubmed?term=Cruz%20Pastor%20M%5BAuthor%5D&cauthor=true&cauthor_uid=4075530
http://www.ncbi.nlm.nih.gov/pubmed?term=Arenas%20J%5BAuthor%5D&cauthor=true&cauthor_uid=4075530
http://www.ncbi.nlm.nih.gov/pubmed?term=Moreno%20R%5BAuthor%5D&cauthor=true&cauthor_uid=4075530
http://www.ncbi.nlm.nih.gov/pubmed?term=Durban%20R%5BAuthor%5D&cauthor=true&cauthor_uid=4075530
http://www.ncbi.nlm.nih.gov/pubmed?term=Gomez%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=4075530

N’doua Akouah Richmonde Leatitia et al., Sch Acad J Biosci, Oct, 2021; 9(10): 276-282

Elsner, M., Tiedge, M., Guldbakke, B., Munday, R., &
Lenzen, S. (2002). Importance of the GLUT 2 glucose
transporter for pancreatic beta cell toxicity of alloxane.
Diabetologia, 45, 1542-1549.

Shetti, A. A, Sanakal, R. D., & Kaliwal, B. B. (2012).
Antidiabetic effect of ethanolic leaf extract of
Phyllantus amarus in alloxan induced diabetic mice.
Asian Journal of Plant Science and Research, 2(1),
11-15.

Kahou, B. G. P., Abo K. J. C., & Irie, B. J. S. (2016).
Effet D’un Extrait Aqueux De Pseudarthria Hookeri
Wight & Arn. (Fabaceae) Sur La Glycemie Et Sur La
Liberation Et Le Stockage Du Glucose Hepatique De
Rats Diabetiques. European Scientific, 12(6), 37-47.
Grover, J. K., Vats, V., & Rathi, S. S. (2000).
Anti-hyperglycemic effect of Eugenia jambolana and
Tinospora cordifolia in experimental diabetes and their
effects on key metabolic enzymes involved in
carbohydrate metabolism. Journal and
Ethnopharmacology, 73(3), 461-470.

Salah, M. B., Hafedh, A., & Manef, A. (2017).
Anti-diabetic  activity and  oxidative  stress
improvement of Tunisian Gerboui olive leaves extract
on alloxan induced diabetic rats. Journal of Materials
and Environmental Sciences, 8, 1359-1364.

Chabane, D., Saidi, F., Rouibi, A., & Azine, K. (2013).
Activité hypoglycémique de I’extrait aqueux d’Ajuga
iva L. Schreber chez les rats diabétiques induite par
I’alloxane. Afrique Science, 9, 120-127.

Airaodion, I. A., Ogbuagu, E. O., Ekenjoku, J. A,
Ogbuagu. U., Okoroukwu, V. N. (2019). Antidiabetic
Effect of Ethanolic Extract of Carica papaya Leaves in
Alloxan-Induced Diabetic Rats. American Journal of
Biomedical Sciences et Seseach, 5(3), 227-234.
Grimaldi, A., Hartemann-Heurtier, A., Jacqueminet,
S., Bosquet F., Masseboeuf, N., Halbran, M., &
Sachon, C. (2009). Guide du diabéte. France, 4"
Edition. Masson.

Momo, E. N., Oben, J. E., Tazoo, D., & Dongo, E.
(2005). Antidiabetic and hypolipidaemic effects of a
methanol/ methylene-chloride extract of Laportea
ovalifolia (Urticaceae), measured in rats with
alloxan-induced diabetes. Annals of Tropical Medicine
& Parasitology, 100, 69-74.

Garba, R., Saidu, A. N., Adeyemi, H. RY., &
Muhammad, H. L. (2015). Effect of Methanolic
Extract of Cassia occidentalis L. Root Bark on Body
Weight and Selected Biochemical Parameters in
Alloxan Induced Diabetic Rats. British Journal of
Pharmacology and Toxicology, 6, 39-49.

Yakubu, M. T., Adebayo, O. J.,, Egwin. E. C,, &
Owoyele, V. B. (2005). Increased liver phosphatase
and aminotransferase activities following
administration of ethanolic extract of Khaya
senegalensis stem bark to rat; Biochemistry, 17, 27-32.

Akanji, M. A., Yakubu, M. T., & Kazeem, M. .
(2013). Hypolipidemic and toxicological potential of
aqueous extract of Rauvolfia vomitoria Afzel. root in
wistar rats. Journal of Medical Sciences, 13, 253-260.
Asanga, E. E., Ebong, E. P., Eseyin. A. O., Udoh, E. I.,
& Eyo, A. R. (2013). Effect of ethanol extract and
fractions of Nauclea latifolia leaves on some
biochemical parameters of alloxan-induced diabetic
rats. International Journal of Research and Reviews in
Pharmacy and Applied Science, 3, 147-154.

Mafulul, S. G., Luka, C. D., Kutshik, R. J., & Ojiakobi
U. P. (2013). Protective effect of ethanolic extract of
Gongronema latifolium leaves in Alloxan-Induced
diabetic Rats. Journal of Pharmacy and Biological
Sciences, 7, 63-68.

Balamurugan, K., Nishanthini, A., & Mohan. V. R.
(2014). Antidiabetic and antihyperlipidaemic activity
of ethanol extract of Melastoma malabathricum Linn.
leaf in alloxan induced diabetic rats. Asian Pacific
Journal of Tropical Biomedicine, 4, 442-448.

Nelson, D. L., & Lehninger, C. M. M. L. (2004).
Diabetes mellitus arises from defects in insulin
production or action. In Principles of Biochemistry.
New York, 4th Edition, Lehninger; Freeman and
Company.

Khouri, N. A., & Daradka, H. (2012). Blood
biochemical changes associated with acute treatment
Oforchis anatolica plant roots ethanol extract in adult
albino rats. International Journal of Applied Biology
and Pharmaceutical Technology, 3, 73-81.

Eteng, M. U, Ibekwe, H. A., Abolaji, A.O., Onwuka,
A. 1., & Osuchukwu, N. C. (2009). Effect of Rauwolfia
vomitoria Afzel (Apocynaceae) extract on serum
amino transferase and alkaline phosphatase activities
and selected indices of liver and kidney functions.
African Journal of Biotechnology, 8, 4604-4607.
Foreston, W. C., Tedesco, F. J.,, & Starnes, E. C.
(1985). Marked elevation of serum transaminase
activity associated with extrahepatic biliary tract
disease. Journal of Clinical Gastroenterology, 76,
502-505.

Adesokan, A., Oyewole, O. I, & Turay, B. M. S.
(2009). Kidney and liver function parameters in
alloxan induced diabetic rats treated with Aloe
barbadensis juice extract. Sierra Leone Journal of
Biomedical Research, 1, 33-37.

Adenowo, A. F., llori, M. F., Balogun, F. O., &
Kazeem, M. 1. (2014). Protective effect of ethanol leaf
extract of Carica papaya Linn (Caricaceae) in
alloxan-induced diabetic rats. Tropical Journal of
Pharmaceutical Research, 13, 1877-1882.

Yakubu, M. T., Bilbis, L. S., Lawal, M., & Akanji, M.
A. (2003). Effect of Repeated Administration of
sildenafl citrate on selected enzyme activities of liver
and kidney of male albino rats. Nigerian Journal of
Pure & Applied Sciences, 18, 1395-1400.

© 2021 Scholars Academic Journal of Biosciences | Published by SAS Publishers, India 282




