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Abstract
Background: This study was aimed at evaluating the hematinic effect of Spondias mombin and its protective role
against the spleenotoxic effect of Phenylhydrazine (PHZ).
Methods: Thirty Wistar rats were randomized into 6 groups. Group A (Control) animals were neither given the
extract nor PHZ. Rats in groups B and C were administered 150 mg/kg body weight and 300 mg/kg body weight
doses of the extract respectively. Anemia was induced in rats in groups D and E by oral administration of 40 mg/kg
body weight of PHZ and concomitantly administered 150 mg/kg body weight and 300 mg/kg body weight doses
of the extract respectively. Anemia was also induced in rats in group F by administration of 40 mg/kg body weight
of PHZ but without administration of the extract.
Results: Histology of the spleen show moderate expansion of the red pulp and contraction of lymphoid follicles in
group F and mild follicular activation and sinus histiocytosis in group D. There were significant (p < 0.05) increase in the
weight of the spleen in group F and decrease in group C. Results also show significant (p < 0.05) decreases in the RBC
count in group F and increases in the Mean Corpuscular Volume and Mean Corpuscular Haemoglobin in groups D and
E. There was also a significant (P < 0.05) decrease in the Mean Corpuscular Haemoglobin Count in group D.
Conclusion: This study shows the hematinic effect of Spondias mombin and its possible use in ethno-medicine in
managing anemic conditions, as well as its potential in protecting against the spleenotoxic effect of PHZ.
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Introduction
The spleen plays important roles in the mobilization or
recycling of red blood cells and immune function [1]. It
is the largest single aggregate of lymphoid tissue in the
body [2] and a center of activity of the mononuclear
phagocyte system [3]. It can be considered analogous to
a large lymph node, as its absence causes a predisposition to certain infections [3]. A non-functional spleen
may cause a modest increase in circulating white blood
cells and platelets, a diminished response to some vaccines, and an increased susceptibility to infection [4].
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Some drugs like phenylhydrazine (PHZ) have been
shown to affect the spleen thereby reducing its functions. Phenylhydrazine (PHZ), an antipyretic drug that is
normally taken to treat fever [5], has been known to induce anemia for over decades, with subsequent increase
in the numbers of erythrocyte-committed-progenitorcolony-forming units [6]. PHZ-induced anemia had been
used as a model for the evaluation of its influence on
some therapeutic effectiveness [7], as a model of reticulocyte researches or erythrocyte senescence [8], and as a
model for the study of hematinic effects [9]. In ethno
medicinal practices, these hematinic effects have been
managed with the use of medicinal plants.
Plants are essential in human health care and the use
of herbs to treat disease is almost universal among non-
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industrialized societies [10]. A number of modern drugs
have been derived from plants [11, 12] through observations of traditional cure methods of indigenous peoples
[13]. At present, researches into medicinal plant uses in
African show that traditional medicine is commonly
used to treat or manage various disorders in the West
African region [12, 14]. These medicinal plants are considered as rich resources of phytochemicals and nutraceuticals which can be used in drug development and
synthesis [15, 16]. These phytochemicals and nutraceuticals also play important roles in reducing the occurrence
of many diseases by improving various organ functions
of the human body [15, 17]. Spondias mombin L. (species S. mombin) also known as yellow mombin or hog
plum belongs in the family Anacardiaceae and is native
to the tropical Americas and the West Indies. It is a
small deciduous tree, with thick bark, which grows up to
about 20 m of height. Spondias mombin is a flowering
plant whose leave extracts has been known to possess
pharmacological activities. The plant extract has been
shown to possess phytochemicals like sterols, triterpenes, saponins, as well as phenolic derivatives with antiherpes and antioxidant properties [18]. Reports have
shown the anxiolytic effect [19], sedative, antiepileptic
and antipsychotic effects of the leaves extract in mice
and rats [20]. It has been suggested that the presence of
whole constituents of the leaf may be a requirement
for uterotonic activity [21]. Spondias mombin extract
possess some insulin-like properties [22]. The juice of
the crushed and the powdered dried leaves is used as
poultices on wounds and various inflammatory conditions [23]. The decoction of the astringent bark serves
as emetic a remedy for hemorrhoids [24]. It has been
stated that essential oil derived from the leaves of
Spondias mombin could hold promise for future application in the treatment of cancer-related diseases
[25]. In ethno-medicinal practice, Spondias mombin is
often used in the management of anemic conditions,
although this has not been scientifically rationalized.
Other researchers have shown that some medicinal
plants possess hematinic properties and are therefore
useful in the management of anemia [26–28]. Thus in
this study, our aim was to evaluate the hematinic effect of Spondias mombin and its protective role
against the spleenotoxic effect of PHZ.

Methods
Collection of Spondias mombin leaves

Mature Spondias mombin leaves were harvested from
local farms within Ugbowo town in Benin City. The
leaves were identified and authenticated at the Herbarium in the Department of Pharmacognosy, Faculty of
Pharmacy, University of Benin.
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Preparation of aqueous leaf extract of Spondias mombin

The leaves were washed under running tap water
followed by rinsing with distilled water. They were
shade-dried in the laboratory at room temperature
and ground into fine powder using an electric blender
(pyeUnicam, Cambridge, England). About 100 g of the
powdered leaves was soaked in 400 ml distilled water
for 48 h at room temperature, with occasional stirring
using the magnetic stirrer, after which the mixture
was filtered using Watman filter paper number 1.
The filtrate was concentrated using a rotary evaporator to produce a gel-like aqueous leaf extract. The
respective doses administered were subsequently prepared by appropriate dilution of the concentrated
aqueous leaf extract.
Experimental animals

Thirty Wistar rats of both sexes weighing between 180
and 260 g were used as experimental animals in this
study. The rats were purchased and maintained at the
animal house of the Department of Anatomy, University
of Benin. They were kept in cleaned disinfected cages
made of wood and wire gauze at the top to allow proper
ventilation. The experimental rats were allowed to acclimatise for a period of 1 week in these cages. They were
allowed free access to feed (livestock grower’s marsh
manufactured by Bendel Feeds and Flour Mills limited,
Ewu, Edo States, Nigeria) and water all through the duration (4 weeks) of the experiment.
Experimental design and procedure

The experimental rats were randomly assigned into
six groups (A – F) of five animals each. Group A
animals which served as the control were neither
given the aqueous extract nor phenylhydrazine
(PHZ). Animals in groups B and C were administered 150 mg/kg body weight (low) and 300 mg/kg
body weight (high) doses of the aqueous leaf extract
respectively. Anemia was induced in animals in
groups D and E by oral administration of 40 mg/kg
body weight of PHZ and concomitantly administered
150 mg/kg body weight (low) and 300 mg/kg body
weight (high) doses of the extract respectively.
Anemia was also induced in animals in group F by
oral administration of 40 mg/kg body weight of PHZ
but without administration of the aqueous leaf extract. The period of administration and induction
lasted for 21 days. Spondias mombin aqueous leaf extract was administered orally using an orogastric
tube [29]. The experimental procedures and care of
the animals were in accordance with institution’s
(School of Basic Medical Sciences, University of
Benin, Nigeria) animal and ethics guidelines.
The design is as illustrated below;
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Groups Designation

Administration Regimen

A

Control

Normal feed and water

B

Low Dose
Extract

150 mg/kg body weight of Spondias
mombin aqueous leaf extract only

C

High Dose
Extract

300 mg/kg body weight of Spondias
mombin aqueous leaf extract only

D

High Dose
Extract and PHZ

300 mg/kg body weight of Spondias
mombin aqueous leaf extract and 40 mg/kg
body weight of PHZ

E

Low Dose
Extract and PHZ

150 mg/kg body weight of Spondias
mombin aqueous leaf extract and 40 mg/kg
body weight of PHZ

PHZ

40 mg/kg body weight of PHZ only

F

Sample collection

After 21 days of administration and induction, the
animals were weighed, anesthetized and cut open
(sacrificed). Blood samples were collected directly from
the aorta using sterile syringes, by cardiac and aortic
puncture from the heart and aorta of each rat into
EDTA sample bottles. The blood samples were further
subjected to hematological analysis.
The spleen were excised from the sacrificed rats and
promptly transferred into 10% formal saline for fixation
and subsequent use for histological analysis.
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decreasing grades of alcohol (100%, 90% and 70%) and
water for 5 min each. The tissues were stained in
haematoxylin for 10 min and washed in water for 2 min.
They were differentiated in 1% acid alcohol briefly and
then washed in water. They were subsequently
counterstained in eosin for 5 min and rinsed in 90%
alcohol. Dehydration was done in 90% alcohol and two
changes of absolute alcohol at 5 min each. The tissues
were thereafter cleared in xylene for 5 min and the
slides mounted with cover slip using Canada balsam.
Hematological analysis

About 2mls of the blood samples were aspirated into the
chamber of the Human Automated Hematology System
Analyzer (ERMA PCE 210, ERMA, Japan) and diluted with
isotonic saline solution. The parameters analyzed included
Haemoglobin Concentration (HbC), Haematocrit (HCT),
Red Blood Cell count (RBC), White Blood Cell count
(WBC), Lymphocyte count, Platelets count (PLT), Mean
Corpuscular Volume (MCV), Mean Corpuscular
Haemoglobin (MCH) and Mean Corpuscular Haemoglobin
Concentration (MCHC).
Statistical analysis

Histological procedure

The data were analyzed using descriptive and inferential
statistics. Significance difference of means was determined
using one-way analysis of variance (ANOVA) at 95% confidence interval. Statistical significance was set at P < 0.05.

The spleen in 10% formal saline was dehydrated by
passing the tissues through increasing grades of alcohol
(70%, 90% and 100%) respectively. The tissues were left
in 70% alcohol for 2 h, 90% alcohol for 18 h (overnight)
and 100% alcohol for 4 h (with the solution changed
twice). During clearing, the tissues were immersed in
xylene for 5 h to allow the alcohol to be completely
removed. Infiltration of the tissues was carried out in an
oven using molten paraffin wax at a temperature range
of 56 °C to 60 °C. Three changes each at 15 min (twice)
and 30 min once were done. During embedding, the
molten paraffin wax was poured into the embedding
mould and the infiltrated tissues were placed in it. The
orientations of the tissues were such that both
longitudinal and transverse sections were cut. The
molten paraffin wax was allowed to cool and form the
tissue block. Prior to sectioning, the tissue blocks were
trimmed and mounted on a wooden block holder.
During sectioning, the tissues were clipped to the
microtome and sectioned at the thickness of five
microns. Sections came out as ribbon and were placed
in 20% alcohol for spreading of the tissues. The ribbons
were cut and floated in water bath at a temperature of
30 °C. The sectioned tissues were placed in xylene for 5
min to remove paraffin wax from the tissues. Hydration
was carried out by passing the tissues through

Results
Histological sections of the Spleen and haematological
parameters of the experimental rats.
Figure 1 shows the histological sections of the spleen
of the experimental rats. In the control group, the red
and white pulp as well as the sinuses of the spleen
appears normal. In group F, given PHZ only, there were
contraction of the lymphoid follicles and moderate
expansion of the red pulp. The spleen of the rats in
group B (given low dose of Spondias mombin aqueous
leaf extract only) showed mild sinus histiocytosis and
red pulp expansion while the spleen of the rats in group
E (given the low dose extract and PHZ) showed
moderate expansion of the red pulp and mild sinus
histiocytosis. Also, the spleen of the rats in group C
(given high dose of the extract) showed moderate red
pulp expansion and histiocytosis while the spleen of the
rats given high dose of the extract and PHZ (group D)
mild red pulp expansion, mild follicular activation and
sinus histiocytosis.
In Fig. 2, there was a significant (p < 0.05) increase in
the weight of the spleen in group F and a significant
(p < 0.05) decrease in the weight of the spleen in group
C compared with control group. There were no
significant (p > 0.05) differences between the initial and

Innih et al. Clinical Phytoscience

(2020) 6:30

Page 4 of 9

Fig. 1 Histological sections of the Spleen. Plate 1a (Control) - Spleen section showing A (red pulp), B (white pulp) and C (sinuses) [H&E × 40].
Plate 1b (Control) - Higher magnification of A and B [H&E × 100]. Plate 2a (Group F) – Spleen section showing A (moderate expansion of red
pulp) and B (contraction of lymphoid follicles) [H&E × 40]. Plate 2b (Group F) Higher magnification of A and B [H&E × 100]. Plate 3a (Group B)
Spleen section showing A (mild sinus histiocytosis) and B (red pulp expansion) [H&E × 40]. Plate 3b (Group B) Higher magnification of A and B
[H&E × 100]. Plate 4a (Group E) Spleen section showing A (moderate red pulp expansion) and B (mild sinus histiocytosis) [H&E × 40]. Plate 4b
(Group E) Higher magnification of A and B [H&E × 100]. Plate 5a (Group C) Spleen section showing A (moderate red pulp expansion) and B
(histiocytosis) [H&E × 40]. Plate 5b (Group C) Higher magnification of A and B [H&E × 100]. Plate 6a (Group D) Spleen section showing A (mild
red pulp expansion) and B (mild follicular activation and sinus histiocytosis) [H&E × 40]. Plate 6b (Group D) Higher magnification A and B
[H&E × 100]

final body weight across all the treated groups and
control.
Figure 3 show significant (p < 0.05) decreases in the
RBC count in all the treated groups as compared with
the control group. However, the decrease in group F is
more pronounced. There were no significant (p > 0.05)
changes in haemoglobin concentrations across all the
treated groups as compared with the control group.
There were no significant (p > 0.05) changes in the
haematocrit across all the treated groups as compared
with the control group, although group F shows a slight
reduction as compared with other groups. There were
significant (p < 0.05) increases in the MCV across all the
treated groups as compared with the control group, with
the increase more pronounced in groups D and E.
In Fig. 4, there were significant (p < 0.05) increases in
the MCH across all the groups as compared with the
control group, with the increase more pronounced in
group E. There was a significant (P < 0.05) decrease in

the MCHC in group D compared with control group,
while in other groups, there were no significant (P >
0.05) changes as compared with control group. There
were no significant (P > 0.05) changes in the platelet
counts across all the groups as compared with the
control group. Although group E show a decrease as
compared with the other groups. There were no
significant (P > 0.05) changes in the plateletcrit across all
the groups as compared with the control group.
Although groups D and E shows a decrease as compared
with the other groups.
In Fig. 5, there were no significant (P > 0.05) changes
in the total white blood cell count across all the groups
as compared with the control group. Although group F
show a decrease as compared with the other groups.
There were no significant (P > 0.05) changes in the
lymphocyte count across all the groups as compared
with the control group. Although group F show a
decrease as compared with the other groups.
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Fig. 2 Shows the weight of the spleen and total body weight of the experimental rats following the administration of Spondias mombin extract
and PHZ at different doses

Discussion
The spleen plays important roles in the functioning of
the immune system, removal of old red blood cells and
as reservoir of blood which can be valuable in case of
hemorrhagic shock, as well as the recycling of iron. As a
part of the mononuclear phagocyte system, the spleen
mobilizes hemoglobin removed from senescent red
blood cells [30]. Asplenia, a non-functioning spleen and
hyposplenia, a partially functioning spleen, can result
from congenital defect, damage by trauma, diseases such
as sickle cell anemia, or use of some drugs like PHZ.
These conditions may cause a modest increase in circulating white blood cells and platelets, a diminished response to some vaccines, and an increased susceptibility
to infection [4]. Anemia is characterized by reduction in
red cell mass or reduction in the quantity and quality of
hemoglobin [31]. It results in decreased oxygen concentration in the tissues and ultimately affects cellular metabolism [32]. Its causes can generally be classified into
four main classes which are reduced production of
hemoglobin, increased destruction of hemoglobin or
blood loss and splenic pooling [31]. In this study, histological sections of the tissues of the spleen of the experimental rats show normal red pulp, white pulp and
sinuses in the control group. But group F (given PHZ
only) comparatively show moderate expansion of the red

pulp and contraction of lymphoid follicles. This is an indication of the toxic effect of PHZ to the spleen which
may likely affect its functions as stated above. Agbor
et al. [9] and Xie et al. [8] previously used PHZ-induced
anemic rats as a model for the study of the hematinic effects of PHZ and reticulocyte researches or erythrocyte
senescence. The administration of the extract at low and
high doses caused mild increase in the number of certain
immune cells in the sinus and moderate red pulp expansion. This was also observed in the groups given low and
high doses of the extract with PHZ. However, the increase in immune cells as well as the expansion of the
red pulp was more pronounced, probably due to the effect of increased dose of the extract. Also, in the group
given high dose of the extract with PHZ, there was mild
follicular activation and sinus histiocytosis. This may
suggest that the plant extract is probably effective at protecting the spleen against the harmful effect of PHZ,
possibly by activating the lymphoid follicle. The extract
induced activation of the lymphoid follicle to varying degrees of mild to moderate levels, while also increasing
the population of red cells in the red pulp. It was also
observed that the weight of the spleen was significantly
higher in the group given PHZ only and significantly
lower in the group given high dose of the extract and
PHZ, while the weight was not significantly affected in
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Fig. 3 Bar-charts showing the RBC (Red Blood Cell) count, haemoglobin concentration, haematocrit and the MCV (Mean Corpuscular Volume) of
the experimental rats following the administration of Spondias mombin extract and PHZ at different doses

Fig. 4 Bar-charts showing the MCH (Mean Corpuscular Haemoglobin), MCHC (Mean Corpuscular Haemoglobin Count), Platelet count and
Plateletcrit following the administration of Spondias mombin extract and PHZ at different doses
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Fig. 5 Bar-charts showing the total WBC (White Blood Cell) count and Lymphocyte count following the administration of Spondias mombin
extract and PHZ at different doses

other groups. This is in agreement with previous findings which indicate increases in the weight of the spleen
of experimental animals administered with PHZ [33].
The increase in weight of the spleen is due to the increased erythropoiesis which attempts to replace the
destroyed red blood cells by PHZ [34]. The lower weight
observed in the other groups points at the possible protective effect of the plant extract on the spleen against
the toxic effect of PHZ. Thus, the extract can be said to
ameliorate the anemic effects of PHZ. However, the general body weights of the experimental rats were not significantly affected, as observed.
Hematological analysis of the blood samples from the
experimental rats indicates that there were significant
decreases in the RBC count in all the treated groups as
compared with the control group. But the decrease in the
group given only PHZ was more pronounced. There were
no significant changes in hemoglobin concentrations
across all the treated groups as compared with the control
group. And there were no significant changes in the
hematocrit across all the treated groups as compared with
the control group. But the group given PHZ only shows a
comparatively lower hematocrit as compared with other

groups. The decrease in Red blood cells, hemoglobin
concentration and hematocrit in group F (given PHZ
only) as compared with extract-treated groups equally
points to the anemic effect of PHZ [33, 34] as well as the
ameliorative effect of Spondias mombin, which resulted in
the increases in these parameters, comparatively, in the
extract treated groups. The comparative increase in the
hematological parameters in the groups given only the extract gives a possible scientific rationale for its use as hematinic agent. Other researchers have shown that some
medicinal plants could be used as hematinic agents as they
tend to protect against anemic conditions [26–28].
Our study also showed that there were significant
increases in the MCV across all the treated groups as
compared with the control group, with the increase
more pronounced in the groups given high and low dose
of the extract with PHZ. There were significant
increases in the MCH across all the groups as compared
with the control group, with the increase more
pronounced in group E (given low dose and PHZ).
Significant decrease in the MCHC in the group given
high dose and PHZ (group D) compared with control
group, while in other groups, there were no significant
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changes as compared with control group. Also there
were no significant changes in the platelet counts across
all the groups as compared with the control group,
although group E (given low dose and PHZ show a
decrease as compared with the other groups. Results
also show that there were no significant changes in the
plateletcrit across all the groups as compared with the
control group, although groups D and E show a decrease
as compared with the other groups. There were no
significant changes in the total white blood cell count
across all the groups as compared with the control
group, but group F (given PHZ only) showed a decrease
as compared with the other groups. It was also observed
that there were no significant changes in the lymphocyte
count across all the groups as compared with the
control group, but the group given PHZ only showed a
decrease in the lymphocyte count as compared with the
other groups. It was obvious that the production of white
blood cells was suppressed by PHZ. However, the
administration of the extract at different doses tends to
activate the lymphoid follicle, as shown in the histological
results, thereby increasing above-mentioned parameters in
the blood.

Conclusion
The findings of our study suggest the hematinic effect of
Spondias mombin aqueous leaf extract and its possible
use in ethno-medicine in managing anemic conditions.
It also shows its potential in protecting against the spleenotoxic effect of PHZ.
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