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The total aqueous extract of the stem bark of Spondias mombin L. (Anacardiaceae) is
involved in the treatment of several pathologies including digestive disorders in Côte
d'Ivoire. To verify its safety, three doses (250, 500 and 1000 mg/kg body weight) of
Spondias mombin extractis administered daily orally to three groups of albino Wistar rats
for 28 days. The control group received distilled water. Blood sample is taken to evaluate
the rate of erythrocytes, hemoglobin and hematocrit of all experimental rats. A blood
smear and hemolysis tests were performed to determine the effect of the extract on the
quality of erythrocytes. After 28 days, a histological study was also performed on the liver
and kidneys of all rats. The results of this work indicated a significant decrease in
erythrocyte parameters studied. On blood smears, hypochromia, target red blood cells, and
schizocytes were observed in the rats treated with 500 and 1000 mg/kg b.w. In vitro study
on rat red blood cells indicated a progressive increase in hemolysis percentages over time
in tubes with different concentrations of extract. Histological study of the liver of the
kidneys revealed steatosis, cell death by apoptosis, necrosis and calcification of nephron
tubules.

Introduction
Plants have been used for therapeutic purposes
for a long time. This practice continues in
many parts of the world because of its
biomedical benefits and cultural beliefs
(WHO, 2002). The remoteness, the scarcity or
lack of health centers in villages, the
unavailability and often the high cost of

medicines are some factors that explain the
use of traditional medicine (Kessy, 1998). In
addition, plants use for medicinal purposes
seem to be natural. However, recent studies
have shown that 35% of acute renal failure
cases in Africa are associated with the use of
natural products (Nortier et al., 1999). The
increase interest in herbal remedies has thus
created the need for more precision in their
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preparation and evaluation. For this purpose,
WHO (2002) recommends the evaluation of
the quality, efficacy and safety of medicinal
plants.
In this context, Spondias mombin L.
(Anacardiaceae), which is used for the
treatment of diarrhea in Ivory Coast, has been
the subject of this research. Spondias mombin
is a tree of about 12 to 25 m high with a trunk
covered with thick, rough bark (Adjanohoun
and Aké-Assi, 1979). The leaves are alternate,
imparipinnate, and made of 5 to 8 pairs of
opposite or alternate leaflets. The fruits are
ellipsoid or ovoid drupes, yellow when get
matured with astringent flesh, sweet and more
or less acidulous.
Many scientific works have been done on the
S. mombinorgans. For instance, Corthout et
al., (1994) demonstrated that the leaves and
stem bark of this plant exhibit antibacterial
activity against Bacillus cereus, Streptococcus
pygenes and Mycobacterium fortuitum.
Spondias mombin also has a very clear
molluscicidal property due to the phenolic
acid isolated from the ethanolic extract of the
leaves. Antiplasmodial activity was reported
in 2004 by Caraballo et al., In 2006, Ayoka et
al., demonstrated the sedative, antiepileptic
and antipsychotic effects of Spondias mombin
in mice and rats.
Diby et al., 2012, showed that the total
aqueous extract of S. mombin stem bark
causes a decrease in rhythmic contractions as
well as a modification of the basic tone of the
rabbit isolated duodenum at concentration
ranging from 397 to 794 μg/ml. Its effective
concentration 50% (EC50) is 625 μg/ml with
concentration-dependent myorelaxant effect.
A previous study showed that the total
aqueous extract of Spondias mombin stem
bark reduced food and water consumption, an
increase of body weight and increases serum
levels of Glutamate-Pyruvate transaminases,

urea and creatinine in rats treated with 500 and
1000 mg/kg b.w. of this extract (Gbogbo et
al., 2014).
The present study aims at elucidating the
toxicity effects of the total aqueous extract of
S. mombin stem bark on rats’ blood cells, liver
and kidneys tissues.
Materials and Methods
The stem bark of Spondias mombin was
harvested in December 2011 in Kokumbo, in
the department of Toumodi (Côte d’Ivoire),
located at about 200 km far from Abidjan. The
identification of this plant was done and
confirmed by researcher at the National
floristic Center of Felix Houphouet Boigny
University (Abidjan).The voucher number was
1596, June 2nd 1952 of Côte d'IvoireNational
Herbarium harvested in N'zida (GrandLahou).
Ratus norvegicus rats of Wistar strain aging
about six weeks old and weighing between
100 and 104 g were used for the experiments.
All animals are exposed to a temperature of 25
°C ± 2 and 12 h dark/light cycle. Rats were
fed with IVOGRAIN® granules and given
water ad libithum. The experimental protocol
and the animal handling procedures were
conducted according to the guidelines of the
ethics committee of Nangui Abrogoua
University (Côte d’Ivoire).
The stem barks of S. mombin were dried in a
laboratory room at 25 ± 2 °C for two weeks
and crushed with a grinder (Mark RETSCH,
type SM 100, Germany). Fifty grams (50 g) of
the leaf powder were macerated in 1 L of
distilled water using a magnetic stirring for 24
hours at room temperature (25 ± 2 ° C)
(Guédé-Guina et al., 1993). The macerate
obtained were filtered on hydrophilic cotton
and Watman n°1 paper. The filtrate is then
concentrated under reduced pressure at 60 °C
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using a Buch i R110 type MKE 6540/2 rotary
evaporator. The concentrated filtrate were
dried in an oven at 45 °C for 48 hours. The
extract powder obtained were weighed and
stored in a freezer at -5 °C until ready for use.
Subacute toxicity study were based on OECD
test Guideline 407 (OECD, 1995) which
consists in administering four doses of drugs,
daily, by oral route to four different groups of
animals for 28 days. Forty (40) rats were
randomly shared in four batches of 10 animals
including three test groups (B, C and D) and
one control group (A). Each batch contains
five female rats and five male. Three (03)
doses were prepared according to those used
in the work of Gbogbo et al., 2014. The doses
of 250, 500 and 1000 mg/kg b.w. were
respectively administered to groups B, C and
D. The control group received distilled water.
Before administration of the extract, animals
of each batch were individually marked and
weighed. They received by gavage, a volume
of solution of 2 ml/100 g of body weight.
Blood samples were collected in a tube
containing ethylene diamine tetraacetic acid
(EDTA) on days 7, 14, 21 and 28 using the
blood collection technique described by
Kraus, (1980). Blood counts and blood
smears, fixed and stained with May-grunwald
Giema were performed to assess the quality
and quantity of red blood cells.
The assessment of the hemolytic effect of the
aqueous extract of Spondias mombin stem
bark was performed on an erythrocyte
suspension of rat blood. Blood samples was
thus collected in tubes containing EDTA and
then centrifuged at 2400 rpm for 15 minutes.
Plasma were then discarded. The erythrocytecontaining pellet was washed three times in
phosphate buffered saline solution according
to the method of Guo-Xiang and Zai-Qun
(2008). Four (04) concentration levels
(Negative control = 0 mg/ml, C1 = 3.12

mg/ml, C2 = 6.25 mg/ml and C3 = 12.50
mg/ml) were made for the study. The different
concentrations of extracts were prepared in
phosphate buffer solution (PBS). Under the
same experimental condition, a total
hemolysis tube containing erythrocyte
suspension and distilled water were prepared.
The absorbance (A) of each tube were
recorded using a spectrophotometer at 548 nm
at different times (0, 15, 30 and 60 min). The
hemolysis rate were calculated using the
following formula.
Hemolysis

rate

(%)

=

x 100
At the end of the experiments, the liver and
kidneys of the rats were removed and
weighed. The relative organs-body weight
were calculated using the formula described
by Yakuba et al., 2008.
Relative

organs

body

weight

(%)

=

x 100
The organs were then fixed in 10%
formaldehyde in order to perform histological
sections stained with hematoxylin-eosin using
the paraffin embedding technique as described
by Hould, 1984. On histological sections,
necrosis, steatosis, congestion, hypertrophy
and calcification of rats’ liver and kidneys
were assessed.
The statistical study was performed using
Xlstat-pro 7.1 statistical analysis software.
The results were analyzed using one-way
analysis of variance (ANOVA) followed by
multiple comparison tests associated with
Dunnett's post hoc tests.
Data are presented as means ± SEM.
Differences were considered statistically
significant at p<0.05.
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Results and Discussion
Effect of the extract on erythrocytes,
hemoglobin and hematocrit
The administration of the total aqueous extract
of Spondias mombin stem bark causes a
significant decrease (p<0.05) of red blood cell
counts throughout the study in rats treated
with 500 and 1000 mg/kg b.w. compared to
the controls whereas the dose of 250 mg/kg
b.w. did not (Figure 1). Concerning the
evolution of the hemoglobin level, a
significant
(p<0.05,
p<0.01)
decrease
reflecting anemia was observed in all the
groups respectively treated with 250, 500 and
1000 mg/kg b.w. of Spondias mombin
throughout the study (Figure 2). Hematocrit
was significantly lowered (p<0.05) in rats’
treated with 250 mg/kg b.w. of the extract
when compared to controls and also more
significantly lowered in those treated with 500
and 1000 mg/kg b.w.(Figure 3).

containing the different concentrations of
extracts compared to the control tube (Figure
5). At the beginning (T = 0 min), no
significant variation in the rate of hemolysis
was observed in all the tubes. In contrast, at
times T2 and T3, the aqueous extract of
Spondias mombinat the concentration C1 =
3.12 mg/ml significantly (p<0.05) caused
nearly 50% of cells hemolysis compared to
that observed in the control blood sample. At
time T = 60 min, the percentage of hemolysis
is about 100% when blood sample is mixed
with the concentration of extract mentioned
above. 6.25 mg/ml of Spondias mombin
extract (C2) caused slight increases in
hemolysis proportions over the time but these
were not statistically significant (p>0.05)
compared to the levels observed in the control
group. The proportions of hemolysis increased
significantly (p <0.05) over time in the tubes
containing 12.5 mg/ml of S. mombin extract
(C3).
Anatomohistological study

Blood smear
The different disturbances of erythrocyte
parameters were also observed in the blood
smear. Indeed, the different smears revealed
the presence of abnormalities related to the
color and shape of red blood cells (Figure 4).
Figure 4A shows a normal rat blood smear
stained with May-grunwald Giemsa. The
target red blood cells associated with
hypochromia were significantly (p<0.05)
observed in rats treated with 1000 mg/kg b.w.
of Spondias mombin extract compared to the
control group (Figure 4B). Schizocytes that
reflect pattern abnormalities were also
significantly (p<0.05) observed in the extracttreated groups (500 and 1000 mg/kg b.w.)
Hemolysis test
In general, the percentage of hemolysis were
gradually increased over time in all the tubes

Anatomohistological study conducted after a
period of 28 days revealed, results did not
show any significant change in the relative
liver and kidney weights of rats’ treated with
the total aqueous extract of Spondias mombin
stem bark compared to that of the control
group (Table 1).Histological sections revealed
normal liver sections of rats treated with
distilled water (Figure 6A). Rat’s treatment
with 500 and 1000 mg/kg b.w. of S. mombin
extract induced steatosis (Figure 6B) and
apoptosis (Figure 6C) respectively in liver.
Thus, 30% of the liver sections of the rats
dosed at 1000 mg/kg b.w. showed apoptosis.
Regarding the renal sections, all animals in the
control group and those receiving orally 250
mg/kg b.w. of the extract had a normal kidney
section (Figure 6D). In contrast, those of 500
and 1000 mg/kg b.w. groups revealed necrosis
and calcification in kidney sections (Figure
6E).
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Fig.1 Effects of Spondias mombin total aqueous extract on erythrocytes over time
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Fig.2 Effects of Spondias mombin total aqueous extract on hemoglobin level over time
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Fig.3 Effects of Spondias mombin total aqueous extract on hematocrit level over time
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Fig.4 Blood smear of May-Grünwald-Giemsa stained rat blood (MGG)
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Magnification (× 400 and × 1000). A: Normal red blood cells of the rats control group by their size, color and shape.
RBC: Red blood cell; PLT: Platelet. B: Target red blood cells and hypochromic red blood cells in the group of rats
treated with 500 mg/kg b.w. of Spondias mombin extract, HC: Hematoma target; Hyp: hypochromia. C: Schizocytes
or of red blood cells fragments in the group of rats treated with 1000 mg/kg b.w of Spondias mombin extract. SCHI:
Schizocyte.

Fig.5 Hemolysis of rat’s red blood cells mixed with different concentrations of aqueous extract
of Spondias mombin
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Fig.6 Photomicrographs liver and kidney sections of rat treated with the total aqueous extract of
Spondias mombin stem bark
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Magnification (x 1000). Stained: Hematoxylin-Eosin. A: normal appearance of hepatic architecture; B: Steatosis
liver section in rats treated with the extract (500 mg/kg b.w); C: Liver section with apoptotic cells in rats treated with
1000 mg/kg b.w. of Spondias mombin extract; D: normal appearance of rat renal architecture; E: renal necrosis and
calcification in rats treated with the extract at 500 mg/kg b.w. Steat: steatosis; apop: apoptosis; necr: necrosis.

Table.1 Effects of the total aqueous extract of Spondias mombin on
relative liver and kidneys of rats
Doses (mg/kgb.w.)
0
250
500
1000

Liver
3.87 ± 0.24ns
4.12 ± 0.23ns
4.40 ± 0.41ns
4.19 ± 0.05ns

kidneys
0.79 ± 0.03 ns
0.77 ± 0.01 ns
0.78 ± 0.03 ns
0.76 ± 0.05 ns

ns: non significative

Blood cells are among the organs targeted by
drugs. Thus, any change in hematological
parameters has a predictive value for human
intoxication when data are from studies
conducted in animal (Olson et al., 2000).
In this research work, red blood cells and
erythrocyte parameters were significantly
decreased by the total aqueous extract of

Spondias mombin stem bark. The effects on
blood parameters could be justified by the
presence of certain compounds having
hemolytic properties of the extract of the
extract. Indeed, Diby et al., 2012,
demonstrated the presence of saponin in the
total aqueous extract of the stem bark of S.
mombin. According to Arias et al., 2010,
saponins induce a decrease in red blood cells
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production and/or lead to their destruction.
The high proportion of red blood cells’
fragments or schizocytes, especially groups of
rats treated with 500 and 1000 mg/kg b.w.
ofSpondias mombin extract demonstrated
hemolytic properties of this extract when it is
taken at a high dose. Our results are similar to
those obtained by Gomé et al., 2011 who
reported a decrease in the number of red
blood cells in rats treated with the aqueous
extract
of Passiflora foetida
Linn.
(Passifloraceae) at a dose of 1200 mg/kg b.w.
In addition, anemia was found in all treated
rats. It is known that the main role of
hemoglobins contained in erythrocytes cells is
to carry oxygen and carbon dioxide
(Silbernagl & Despopoulos, 2000). Thus, a
significant decrease in these erythrocyte
proteins could be showed the harmful effects
of the total aqueous extract of S. mombin on
red blood cells. Anemia induces a deficit of
iron which causes inefficient erythropoiesis
leading to erythrocytes fragility and their
fragmentation (Fossat & Roméo, 2006). The
decrease in hematocrit level and the
occurrence of hypochromia are characteristic
of anemia. According to Fenneteau et al.,
2006 the target red blood cells result of an
increase in the ratio of the erythrocyte surface
area to the volume of the erythrocyte, as a
consequence of a decrease in the amount of
hemoglobin.
The in vitro study indicated a progressive
increase in hemolysis rate over time. These
evolutions reached 97.25, 34.36 and 44.33%
respectively for concentrations of 3.12, 6.25
and 12.5 mg/ml of the extract after 60
minutes. Like the in vivo tests, the aqueous
extract of S. mombin stem bark caused in vitro
adverse effects on red blood cells. Our results
are similar to those of Elalaoui (2014) that
showed a hemolysis rate of about 90% after
incubation of isolated red blood cells in PBS
with ahydro-alcoholic crude extracts of
Nigella sativa seeds. According to Gros et al.,

1996, the deoxygenation of hemoglobin and
its oxidation to methemoglobin can generate
oxygen radicals that are normally eliminated
by the intrinsic antioxidant systems of
erythrocytes. Subsequently, oxyradicals cause
oxidative attacks on the membranes and thus
cause hemolysis.
Regarding the relative liver and kidneys body
weights; the results found in our studies
indicated a non-significant change of the
organs of rats treated with S. mombin extract
(250, 500 and 1000 mg/kg b.w.) compared to
those of the controls. Our results are similar to
those obtained by Ansah et al., 2011. In fact,
these researchers showed that the repeated
administration for two weeks of the leaves
aqueous extract of Alchornea cordifolia
(Schumach and Thonn) Müll. Arg.
(Euphorbiaceace), at doses ranging from 500
to 2000 mg/kg b.w. to rats does not influence
the relative organs body.
Histological examination of the liver showed
steatosis in liver sections of rats treated with
500 and 1000 mg/kg b.w. There is evidence
that steatosis is due either to abnormal
oxidation of fatty acids in case of
mitochondria damaged, or deterioration in the
systemic transport of fatty acids via secretion
of very low density proteins in case of
malnutrition, or to the action of toxins
(Fabbrini et al., 2010). Pessayre (1995)
reports that during a drug poisoning, βoxidation is inhibited leading to accumulation
of fatty acids in the cytosol as emulsified
triglycerides causing steatosis.
Our results are different to those of Hayelom
et al., 2012 that showed that repeated
administration of 100, 400 and 1630 mg/kg
b.w. of the roots methanolic extract of
Clerodendrum myricoides (Verbenaceae) to
Swiss mice for 44 days causes inflammation
and hydropic degeneration of hepatocytes but
not the occurrence of steatosis.
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In addition to steatosis, the total aqueous
extract of Spondias mombin caused apoptosis.
The observation of cell deaths during the
study confirms the elevation of serum activity
of transaminases like ALAT as previously
shown by Gbogbo et al., (2014). In fact, the
increase of serum transaminases level is
explained by the fact that during cell deaths,
there is destruction of the hepatic parenchyma
or an increase in the hepatocytes membrane
permeability, thus leads to the flow of these
enzymes into blood vessels circulation and
therefore increase their levels in serum
(Adeneye et al., 2006). In contrast to necrosis,
several authors agree that apoptosis has a very
important physiological role in normal cell
turnover in adult tissues (Payne et al., 1995,
Scoazec, 1997). However, observation of
apoptotic cells in group of rats treated with
1000 mg/kg b.w. of S. mombin may be
indicative of cellular aggression whose
mechanism remains unclear. Our results
corroborate those found by Asuquo et al.,
2012. They demonstrated the toxicity of the
ethanolic extract of S. mombin leaves. In fact,
they observed a disturbance in the structure of
the seminiferous tube cells, cellular necrosis,
a significant reduction of the seminal fluid of
the rats at 500 mg/kg b.w. of the extract.
Results of the histological assessment of the
aqueous extract of S. mombinon treated rats’
kidneys caused calcification and necrosis. The
effect of the total aqueous extract of S.
mombin stem bark is not comparable to that
of the aqueous leaf extract of Vernonia
bipontini Vatke (Asteraceae). Indeed,
Mebratu et al., (2013) have shown that the
administration of the aqueous extract of
Vernonia bipontini leaves at 400 and 800
mg/kg b.w. to mice does not cause any
lesionof kidneys.
In conclusion, Spondias mombin stem bark
extract caused decreases in the rate of red
blood cells, hemoglobin levels and hematocrit

levels. Hematological disturbances were also
observed in rats’ blood smears by
hypochromia, target red blood cells and
schizocytes. A hemolytic effect test revealed a
high proportion of hemolysis. Though no
significant change in the relative organs body
weights was found, steatosis and apoptosis
have been observed in the liver and necrosis
and calcification in kidney sections.
Therefore the total aqueous extract of S.
mombin stem bark may be harmful in albino
wistar rats when administered over a 28-day
period.
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