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Abstract

Solanum torvum (Solanaceae) is a medicinal plant used in Cote d'Ivoire to treat anemia. The objective of
this study is to evaluate the therapeutic efficacy of a total aqueous fruit extract of S. torvum in the
treatment of anemia. Thus, Hemolytic anemia was induced using intraperitoneal injection of
phenylhydrazine (PHZ, 40 mg/kg b.w.) for two successive days (D, and D) to rats in three batches of six
each. From D, to D,,, these animals received orally distilled water (positive control), 250 mg/kg body
weight (b.w.) of a total fruit aqueous extract of S. torvum (TASt) and Hemafer® (reference anti-
anemia) at 5 mg/kg b.w. Six rats of another batch (negative control) received NaCl 9 % for two
successive days (D, and D) and distilled water (10 mL/kg) from D, to D,,. Blood samples were taken
from the retro-orbital sinus of the eye in all rats on days D,, D,, Ds, D,, and D,, for erythrocyte
parameters determination. The results revealed that oral administration of TASt at 250 mg/kg b.w. and
Hemafer® 5 mg/kg b.w. in rats pretreated with phenylhydrazine did not cause any significant change in
body weight. On the other hand, TASt and Hemafer® quickly normalized the level of erythrocytes, the
hemoglobin concentration, the hematocrit level, the Mean Corpuscular Volume (MCV), the Mean
Corpuscular Hemoglobin Concentration (MCHC) and the Mean Corpuscular Hemoglobin (MCH)
deteriorated by PHZ compared to the rats of the positive control group. In conclusion, this study
showed that the fruits of Solanum torvum have properties similar to that of Hemafer® in rats, which
could justify the traditional use of this plant in the treatment of anemia.
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Introduction

Anemia is a real public health problem. It mainly
affects pregnant women and young children. This
pathology has major drawbacks on the health which
are stunted growth, disruption of the child’s mental,
cognitive development and productivity reduction
at work (1). In addition, anemia is associated with an
increased risk of morbidity and mortality in pregnant
women and young children (2). Worldwide,
approximately 35% of the population suffers from
anemia (3). The most affected regions are South
Asia, Central and West Africa. In central and west
Africa, the prevalence of anemia is estimated to 80%
in children, 52% in non-pregnant women and 61% in
pregnant women (4). In Céte d’lvoire, the study
done by (5) in three areas of Abidjan (Abobo,
Cocody and Yopougon) showed that the prevalence
of anemia in school children aged 5 to 11 years is
14.2% in boys and 16.1% in girls. Another research
work done by (6) in, also, three on for populations’
health care.

In Coéte d’lvoire, among the many
medicinal plants used to treat anemia, S. torvum
was chosen for this study because it is frequently
used by the population. But, there is no scientific
proof to support this claim. The objective of this
work is to study the potential of the fruit aqueous
extract
Methods
Plant

The fruits of Solanum torvum (Solanaceae)
were harvested in August 2018 in Progréagui, a
town located at 15 kilometers from Méagui (Cote
d’Ivoire). They were identified and authenticated by
botanists of Nangui Abrogoua University (Abidjan,
Céte d’lvoire).

Animals

24 albino rats (12 females and 12 males)
weighing between 119 and 196 g, of the species
Rattus norvegicus were used. These rats were 10 to
12 weeks old and are from the Laboratory of
Physiology, Pharmacology and Pharmacopoeia of
Nangui Abrogoua University. They had free access
to tap water and food (granules) and were
acclimated in cages for 14 days in a room with
temperature of 25 + 2 °C and a photoperiod of 12h
(12 hours of light and 12 hours of darkness)

according to the guidelines of the Laboratory of
Physiology, Pharmacology and Pharmacopoeia.
Phenylhydrazine which reduce the morphology of
the red blood cell and its function nction (7) (9).

The prevention and treatment of
hemolytic anemia in pregnant women and young
children is of a major importance. Treatments based
on the use of immunosuppressants or
corticosteroids, erythropoietin injections, blood
transfusion or even bone marrow transplantation
are expensive and often have disturbing side effects
(10). Thus, traditional medicine can be an alternative
solution for populations’ health care.

In Cbéte d’lvoire, among the many
medicinal plants used to treat anemia, S. torvum
was chosen for this study because it is frequently
used by the population. But, there is no scientific
proof to support this claim. The objective of this
work is to
Preparation of the fruit total aqueous extract of
Solanum torvum
The fruit total aqueous extract of Solanum torvum
(Solanaceae) was prepared according to a method
described by (11).

The fruits of Solanum torvum were, first, washed
with distilled water and crushed using a mortar and
pestle. After drying under air conditioning at 15 °C
for five days, they were finely pulverized using an
electric grinder (Culati, France). 500 g of the S.
torvum fruit powder was boiled at 100 ° C for 15
minutes in 1000 mL of distilled water. The decocted
product obtained was filtered through cotton wool
and then through Whatman No.1 filter paper. A
volume of 500 mL of hot distilled water was added
to the residue and boiled, a second time, at 100 ° C
for 10 minutes. This solution was also filtered. The
filtrates were evaporated and dried at 45 °C using an
oven (Friucell, Germany) for 48 hours. 117.78 g of
powder was obtained, that correspond to a yield of
23.56%. The powder of the total aqueous fruit
extract of Solanum torvum (TASt) was stored in the
refrigerator at 7 °C until use

Experimental design
Induction of hemolytic anemia

The method used in this study was that
described by (12) (13). Thus, Anemia was induced in
rats using phenylhydrazine (PHZ) dissolved in
distilled water and administered to rats
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intraperitoneally at a dose of 40 mg/kg b.w. for two
successive days (D, and D).
Treatment of the rats

24 rats were divided into four groups of
six rats each with three females and three males.
The different groups of rats received daily the
following treatments:
Group 1 (normal control) received NacCl 9 %, for two
successive days (D, and D,) and distilled water (10
mL/kg) from D, to D,, by oral route;
Group 2 (positive control) were intraperitoneally
administered with PHZ (40 mg/kg b.w.) for the first
two days (D, and D,) and distilled water (10 mL/kg
b.w.) orally from D, to D,,;
Group 3 (Hemafer®) were intraperitoneally
administered with PHZ (40 mg/kg b.w.) for the first
two days (D, and D,) and before the oral
administration of the standard solution (Hemafer®)
(5 mg/kg b.w.) from D, to D,
Group 4 (TASt) received by intraperitoneal route 40
mg/kg b.w. of PHZ the first two days (D, and D,) and
the aqueous fruit extract of Solanum torvum (250
mg/kg b.w.) orally from D, to D,,.
Blood collection

The rats were fasted for ten hours and
anesthetized with an overdose of ether. Venous
blood samples were, then, taken from the retro
orbital sinus of the eye of each rat using a sterile
Pasteur pipette according to the technique
described by (14). The collected blood was put into
tubes containing EDTA. The dosage of the various
parameters was carried out on days D,, D,, Ds, Dy,
and D,,. The blood samples were used for the
determination of hematological parameters such as
red blood cells (GR), hemoglobin level (HGB),
hematocrit (Hte), Mean Corpuscular Volume (MCV),
Mean Corpuscular Hemoglobin Concentration
(MCHC) and Mean Corpuscular Hemoglobin (MCH)
using an automatic counter (Sysmex XP 300, France)
as described by (15).
Data analysis

The statistical data analysis and graphs
were performed using Graph Pad Prism 5.01
software (San Diego, California, USA). The results
were expressed as an average followed by the
standard error on the mean (M = SEM). One-way
analysis of variance (ANOVA1) was carried out with
Tukey's post-hoc test by determining the significant
differences between the different parameters in

groups of rats. The significance threshold was set at
p<0.05.
Results

Effect of the total aqueous fruit extract of
Solanum torvum on the rats’ body weight

The treatment of the rats with
phenylhydrazine (PHZ) induced a non-significant
decrease (p>0.05) of their body weight compared
to normal control rats during 20 days of
experimentation. In addition, the results show that
the body weight of rats receiving PHZ and treated
with either the total aqueous fruits extract of S.
torvum at 250 mg [ kg b.w. or Hemafer® at 5 mg/kg
b.w. increased but not significantly (p>0.05)
compared to the group of rats having received only
PHZ (Figure 1).

Effect of the total aqueous fruit extract of Solanum
torvum on the rats’ erythrocyte parameters
Erythrocyte levels

Figure 2 shows the influence of the total
aqueous fruit extract of 250 mg/kg b.w. of S. torvum
and 5 mg/kg b.w. of Hemafer® on the erythrocytes
level in rats. Phenylhydrazine (PHZ) administered to
rats by intraperitoneal route induces a significant
reduction (p<0.01-0.001) on D,, Dg, D,, and D,, in the
number of erythrocytes compared to the normal
control rats’ group. On the other hand, the
treatment of groups of rats having received PHZ
with 250 mg/kg b.w. of TASt and 5 mg/kg b.w. of
Hemafer® leads to a significant increase (p<o0.05-
0.001) in the number of erythrocytes on Dg and D,
compared to the group of rats treated with PHZ
only. On D,,, the results do not reveal any significant
variation (p>0.05) of the erythrocytes level
compared to the group of rats having received PHZ
only.

Hemoglobin concentration

The PHZ induces a significant reduction
(p<0.05-0.001) in the concentration of rats’
hemoglobin on D,, Dg and D,; when compared to
that of the normal control group. However, no
significant variation of this parameter was observed
at D,,. The rats pretreated with PHZ before the
gavage of 250 mg/kg b.w. of TASt or 5 mg/kg b.w. of
Hemafer® show a significant increase (p<0.01-0.001)
in their hemoglobin concentration on Dsg and D,,
compared to PHZ treated rats’ group. On D,,, no
change (p > 0.05) was observed in the hemoglobin
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concentration between the rats post-treated with
TASt and Hemafer® compared to the group of rats
which received only PHZ (Figure 3).Text

Hematocrit level

PHZ administered to rats significantly
reduced (p<0.001) the hematocrit level only on D,
(p<0.001) and D,, (p<0.05) compared to normal
control rats’ group. The administration of 250 mg/kg
b.w. of TASt and 5 mg/kg b.w. of Hemafer® in rats
pre-treated with PHZ induced no significant change
(p>0.05) in the hematocrit level on Dg, D,, and D,,
compared to the rats’ group treated with PHZ
(Figure 4).
Mean Corpuscular Volume (MCV)

PHZ induces a significant increase of MCV
in the rats (p<o0.01-0.001) on Dg, D, and D,
compared to the control group rats. However, no
variation in the MCV was observed on D,. The
extract and 5 mg/kg b.w. of Hemafer® administered
to rats induce a significant decrease in this
parameter (p<0.01-0.001) on Dg followed by a
significant increase (p<0.05-0.01) on D,, compared
to rats treated with PHZ only. No significant change
in MCV was noticed, on D,,, in PHZ-pretreated rats
with 250 mg/kg b.w. of TASt and 5 mg/kg b.w. of
Hemafer® compared to the group of rats treated
with PHZ only (Figure 5).
Mean Corpuscular Hemoglobin Concentration
(MCHC)
The results reveal a significant increase (p<0.001) in
MCHC on D, and a significant reduction (p<0.001) on
Dg in the group of rats only treated with PHZ
compared to the control rats’ group. However, the
PHZ had no significant influence (p>0.05) on this
parameter on D,, and D,,. The treatment of rats with
the extract (250 mg/kg b.w.) and Hemafer® (5
mg/kg b.w.) induced a significant increase in MCHC
on Dg (p<0.001) and D,, (p<0.05) compared to the
group of rats treated with PHZ only. On D,, no
significant variation (p>0.05) was observed in rats
treated with 250 mg/kg b.w. TASt and Hemafer®
compared to those who received PHZ only (Figure
6).
Mean Corpuscular Hemoglobin (MCH)

The intraperitoneal administration of the
PHZ to rats increased significantly (p<0.01-0.001) the
MCH from D, to D,, compared to control rats.
However, PHZ had no significant effect (p>0.05) in

MCH on D,, The extract does not cause any
significant influence (p>0.05) on the MCH of the
pretreated rats’ group at all studied periods. So
does Hemafer. However, on D,,, the extract and
Hemafer® induced a significant increase (p<o0.05-
0.001) in this parameter compared to rats having
received PHZ (Figure 7).
Discussion

The results showed that the treatment of
rats with a total aqueous fruit extract of Solanum
torvum (TASt) at 250 mg/kg b.w. did not significantly
increase the body weight of the rats compared to
the rats which received phenylhydrazine. In this
study, the effect of TASt is relatively similar to that
of Hemafer® (5 mg kg b.w.), a standard anti-anemic
drug. Therefore, TASt would have no effect on food
consumption and the amount of food absorbed. The
results indicated that this extract did not promote
appetite in anemic rats. Therefore, TASt would not
influence the weight gain of anemic rats. Other
studies have also shown no influence on the body
weight gain of anemic rats after oral administration
of the aqueous extract of the leaves of Jatropha
tanjorensis at a dose of 200 mg/kg b.w. for 21 days
(16). However, our results are, contrary to those of
(17). In fact, these authors showed that PHZ- anemic
rats treated with an ethanolic leaves extract of
Moringa oleifera (300 and 600 mg/kg b.w. for 21 days
induced a significant increase in body weight
compared to rats only treated with
phenylhydrazine. Regarding the erythrocyte
parameters, the results revealed that the PHZ
induced in the rats a significant decrease in the level
of erythrocytes, in hemoglobin concentration, in
hematocrit level on day 2 (D,). However, significant
increases in MCHC and MCH are noted compared to
control rats. This reduction would confirm induction
of hemolytic anemia in rats. From day 2 (D,) to day
20 (D,), the effects of the Phenylhydrazine (PHZ) in
the rats were gradually reduced over time. This
observation is thought to be related to the acute
effect of PHZ (18) (19). These authors noted the
reversibility = of PHZ-induced anemia  after
discontinuation of the administration.
From Dg, oral treatment of anemic rats with 250
mg/kg b.w. of the total aqueous fruit extract of
Solanum torvum (TASt) resulted in a significant
increase in the level of erythrocytes and the
concentration of hemoglobin, but the extract does
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not significantly affect the hematocrit level
compared to rats treated only with PHZ. In addition,
the effect of TASt is substantially similar to that of
the standard antianemic drug used in this study
(Hemafer®) during the different treatment periods.
The extract (TASt, 250 mg/kg b.w.) and Hemafer® (5
mg/kg b.w.) improve the disturbances occurred by
the PHZ in rats. These results would indicate that
the total aqueous fruit extract of Solanum torvum
and Hemafer®  would have  stimulated
hematopoiesis via erythropoietin. Erythropoietin is a
hormone which regulate the production of red
blood cells. It increased the number of sensitive
erythroblasts in the bone marrow that are
converted to reticulocytes and later to mature
erythrocytes (20). Similar results were obtained
after treatment of anemic rats with oral
administration of an aqueous extract of the sheath
of Sorghum bicolor at doses of 200 and 300 mg/kg
b.w. (21) and that of the leaves of Trema guineensis
at 200 mg/kg b.w. (13). In addition, the total
aqueous fruit extract of S. torvum resulted in
fluctuating values of MCV, MCHC and MCH
deteriorated by PHZ.

However, the values obtained, in this study, are
within the limits of the references (22). ETASt
induced a normalization of MCH, MCHC and MCV. It
means that TASt normalizes the size of the
erythrocytes, the charge and the hemoglobin
content. Our results are different from those of (19).
They revealed in their work a significant decrease in
MCHC and MCV during different periods in PHZ
anemic rats treated with 300 mg/kg b.w. of an
aqueous extract of the chalices of Hibiscus sabdarifa
for 15 days.

During this study, TASt was efficient
against anemia induced by phenylhydrazine. This
result revealed that the total aqueous extract of the
fruits of Solanum torvum contains bioactive
molecules capable of repairing the damages caused
by PHZ. Previous work has revealed the presence of
minerals, proteins, fats, carbohydrates and vitamins
in the fruits of Solanum torvum (23). Other
researchers have also mentioned the presence of
steroids, saponins, alkaloids, flavonoids, tannins and
glycosides in the fruits of this plant (24) (25). In fact,
amino acids, proteins, vitamins B, E and iron
stimulate erythropoiesis which is involved in the
synthesis of hemoglobin, the formation and

maturation of red blood cells (26). In addition,
tannins, saponins, flavonoids and alkaloids have
anti-anemic properties: They promote tissue
regeneration, reduce the permeability of blood
capillaries and increase their resistance to hemolysis
(27). The effect of extract of the fruits of Solanum
torvum on the hemolytic anemia induced by
phenylhydrazine in rats could be partly attributed to
its phytochemical constituents.
Conclusion

The intraperitoneal injection of
phenylhydrazine in rats caused alteration of
erythrocyte parameters by inducing hemolytic
anemia. The treatment of rats with an oral
administration of the total aqueous fruit extract of
Solanum torvum at the dose of 250 mg/kg b.w. or
Hemafer® (5 mg/kg b.w) quickly normalize the
erythrocyte indices disturbed by phenylhydrazine. In
addition, the effect of the extract is practically
similar to that of the anti-anemic standard drug. This
study confirms and validates the traditional
therapeutic use of Solanum torvum fruits in the
treatment of anemia.
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Figure 1: Treatment effect on body weight
Values expressed as mean + ESM with n=6 in each groupValues expressed as mean + ESM with n=6 in each group. Normal
control: Distilled water; PHZ: Phenylhydrazine 40 mg/kg; Hemafer: Phenylhydrazine 40 mg/kg + Hemafer; TASt 250 mg/kg:
Phenylhydrazine 40 mg/kg + TASt 250 mg [ kg. TASt : Total aqueous fruit extract of Solanum torvum
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Figure 2 : Treatment effect on erythrocytes cells number
Values expressed as mean * ESM with n=6 in each group. **P<0.01, ***P<0.001 compared to Normal control; #P<0.05,
##P<0.01, ###P<0.001 compared to PHZ. Normal control: Distilled water; PHZ: Phenylhydrazine 40 mg/kg; Hemafer:
Phenylhydrazine 40 mg/kg + Hemafer; TASt 250 mg/kg: Phenylhydrazine 40 mg/kg + TASt 250 mg / kg. TASt : Total aqueous
fruit extract of Solanum torvum
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Figure 3 : Treatment effect on hemoglobin concentration
Values expressed as mean + ESM with n=6 in each group. **P<0.01, ¥**P<0.001 compared to Normal control; ##P<0.01,
###P<0.001 compared to PHZ ; Normal control: Distilled water; PHZ: Phenylhydrazine 40 mg/kg; Hemafer: Phenylhydrazine
40 mg/kg + Hemafer; TASt 250 mg/kg: Phenylhydrazine 40 mg/kg + TASt 250 mg [ kg. TASt : Total aqueous fruit extract of
Solanum torvum
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Figure 4 : Treatment effect on hematocrit.
Values expressed as mean + ESM with n=6 in each group. *P<0.05, ***P<0.001 compared to Normal control.
Normal control: Distilled water; PHZ: Phenylhydrazine 40 mg/kg; Hemafer: Phenylhydrazine 40 mg/kg + Hemafer;
TASt 250 mg/kg: Phenylhydrazine 40 mg/kg + TASt 250 mg [ kg. TASt : Total aqueous fruit extract of Solanum torvum
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Figure 5 : Treatment effect on mean corpuscular volume
Values expressed as mean = ESM with n=6 in each group. **P<0.001, ***P<0.001 PHZ compared to Normal control ; #P<0.05,
##P<0.01 compared to PHZ
Normal control: Distilled water; PHZ: Phenylhydrazine 40 mg/kg; Hemafer: Phenylhydrazine 40 mg/kg + Hemafer; TASt 250
mg/kg: Phenylhydrazine 40 mg/kg + TASt 250 mg / kg. TASt : Total aqueous fruit extract of Solanum torvum
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Figure 6 : Treatment effect on mean corpuscular hemoglobin
Values expressed as mean = ESM with n=6 in each group. ***P<0.001 compared with Normal control ; #P<0.05, ###P<0.001
compared with PHZ.
Normal control: Distilled water; PHZ: Phenylhydrazine 40 mg/kg; Hemafer: Phenylhydrazine 40 mg/kg + Hemafer; TASt 250
mg/kg: Phenylhydrazine 40 mg/kg + TASt 250 mg [ kg. TASt : Total aqueous fruit extract of Solanum torvum
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Figure 7 : Treatment effect on mean corpuscular hemoglobin concentration
Values expressed as mean + ESM with n=6 in each group. ¥**P<0.001, ***P<0.001 PHZ compared to Normal control ; #P<0.05,

##P<0.01 compared with PHZ

Normal control: Distilled water; PHZ: Phenylhydrazine 40 mg/kg; Hemafer: Phenylhydrazine 40 mg/kg + Hemafer; TASt 250
mg/kg: Phenylhydrazine 40 mg/kg + TASt 250 mg [ kg. TASt : Total aqueous fruit extract of Solanum torvum
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