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Abstract

Background: Spondias purpurea is a flowering plant of the cashew family commonly found in South Western
Nigeria. The plant is used in folk medicine for treatment of gastric disorders and diarrhoea. The purpose of the
study was to investigate the haematological and histopathological effects of aqueous and ethanol leaf extract of S.
purpurea (red plum) in rats.

Methods: Female wistar rats weighing (121.5 ± 30.41 g) were administered 500, 1000 and 1500 mg/kg body weight
of aqueous and ethanol extracts of S. purpurea leaf (orally) daily for 14 days, while the control group was
administered 0.5 ml of normal saline (vehicle). At the end of the study, the rats were euthanized; blood samples
were collected for haematological parameters. The liver, kidney and spleen were harvested from the rats for
photomicrographic examination.

Result: The result of the acute toxicity test revealed no death with dose up to 5000 mg/kg body weight. The
administration of the extracts showed no significant difference (p > 0.05) in the hematologic parameters of the
animals. The liver sections showed congestion, mononuclear infiltration, widened sinusoidal space and congestions
with hemosiderin. Similar changes were observed in the kidney showing slight necrosis of renal tubular epithelium,
widened Bowman’s space, and collapsed renal tubules and adhesion of the parietal layer of glomerulus to the
Bowman’s space. The spleen showed congestion, lymphocyte proliferation at the germinal centre.

Conclusions: The result of this study showed that the alterations observed in the organs intensified with increase
in the doses of the extracts administered. It can be inferred that the prolonged consumption of S. purpurea leaf
maybe associated with significant tissue damage of some vital organs.
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Introduction
Natural plant products are essential sources of food and
the backbone of medicines attributable to the presence
of bioactive agents which serve as materials for develop-
ment of synthetic chemical compounds utilized to meet
basic human needs [1, 2]. Plants play a significant role in
the treatment of diseases especially in communities
where there are strong beliefs in herbal remedies,

insufficient funds or no easy access to health care sys-
tem. The uniqueness of natural drug substances is their
therapeutic roles in disease conditions regulating numer-
ous metabolic processes owing to the presence of bio-
active compounds. Nevertheless, excessive consumption
of some of these active compounds may lead to organ
toxicity and affect several developmental stages of dis-
ease [1, 3].
Blood is an indicator commonly used to determine the

health status of an individual because of its ability to de-
liver nutrients, oxygen to the cells, alongside transports
metabolic waste out of the cells in the body. Blood and

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

* Correspondence: t.gara@futminna.edu.ng
1Department of Biochemistry, Federal University of Technology, Minna,
Nigeria
Full list of author information is available at the end of the article

Gara et al. Clinical Phytoscience            (2021) 7:90 
https://doi.org/10.1186/s40816-021-00331-y

http://crossmark.crossref.org/dialog/?doi=10.1186/s40816-021-00331-y&domain=pdf
http://orcid.org/0000-0002-7594-5960
http://creativecommons.org/licenses/by/4.0/
mailto:t.gara@futminna.edu.ng


tissue disorders caused by the toxic effect of ingested
plants, can be evaluated by haematological and histo-
pathological studies due to its reliability and sensitivity
[4].
Spondias purpurea commonly known as red plum be-

longs to the genus Spondias, of the family Anacardia-
ceae, which comprises of more than 70 genera and over
600 species [5]. They are mainly trees and shrubs grow-
ing in tropical, subtropical and naturalized in countries
like Nigeria and Philippines [6, 7]. In folk medicine, dif-
ferent parts of the plant are used to treat various dis-
eases. The plant is reported to have antibacterial
activities [8], the fruits are said to possess antioxidant
potential and help prevent complications related to ad-
vanced glycation end products (AGEs) in diabetes melli-
tus [9]. The leaves have antiulcer properties [10]. In
North Central Nigeria, a decoction of the leaves is used
as diuretic and for inducing the expulsion of placenta in
domestic animals [6]. Though plant based natural rem-
edies are popularly acclaimed to be safe, there are indis-
criminate uses of these plants coupled with their
processing either through water or alcohol extractions of
active compounds and so scientists advocate for proper
toxicological studies to ensure safety in their use [11–
13]. Some cultures in Nigeria, believe that S. purpurea
possess haematinic potentials and consume decoctions
made from the leaves of the plant. Therefore, it is need-
ful to evaluate the haematological and histopathological
effects of S. purpurea leaves to substantiate the claim.

Materials and methods
Collection and processing of plant materials
Fresh leaves of S. purpurea were collected from Area F,
in Zaria. The Plant was identified at the Department of
Plant Biology Federal University of Technology Minna
and the voucher specimen number was FUT/PLB/AN/
003. The leaves were rinsed under running tap water, air
dried at ambient temperature and grinded to powder
form and stored in an air tight container prior to use.
The powdered plant materials were extracted in two

solvent such as water and absolute ethanol. Hundred
(100) grams of the powdered dried leaves were soaked in
400 ml of solvent and stored at room temperature for
24 h. The extracted solution was filtered through muslin
cloth and the filtrate was evaporated to dryness over a
water bath at 50 °C.

Experimental animals
Female wistar rats weighing (121.5 ± 30.41 g) were ob-
tained from the animal house, Faculty of Pharmaceutical
science, Ahmadu Bello University Zaria. They were
housed in cages and allowed to acclimatize at room
temperature for 2 weeks with free access to feed and
water ad-libitum [14].

Acute toxicity study
Acute toxicity study was carried out by method de-
scribed by Lorke, 1983 [15]. In the first phase, rats were
divided into 6 groups of 3 rats each and administered
with aqueous and ethanol extracts of S. purpurea leaf by
gavage at doses 10, 100 and 1000mg/kg body weight. All
animals were observed for 24 h. In the absence of death,
the second phase was carried out. Rats were divided into
6 groups of one rat each and treated with the extracts at
doses of 1600, 2900 and 5000 mg/kg body weight. The
animals were observed for 24 h for signs of toxicity, in-
cluding death.

Experimental design
The rats were weighed and randomly assigned into seven
groups of four rats each. They were orally administered
at doses of 500, 1000 and 1500mg/kg of the extracts
daily [16].
Group 1: served as normal control group and received

0.5 ml of normal saline.
Group 2: received 500 mg/kg body weight of the aque-

ous extract.
Group 3: received 1000mg/kg body weight of the

aqueous extract.
Group 4: received 1500mg/kg body weight of the

aqueous extract.
Group 5: received 500 mg/kg body weight of the etha-

nol extract.
Group 6: received 1000mg/kg body weight of the

ethanol extract.
Group 7: received 1500mg/kg body weight of the

ethanol extract.
The extracts were orally administered daily for a

period of 14 days. Twenty-four hours after the last ad-
ministration, the animals were anaesthetized with
phenobarbital and blood samples were collected from
orbital plexus by means of heparinized capillary tubes.
The animals were sacrificed, quickly dissected, relevant
organs collected and fixed in 10% formal saline for histo-
pathological studies.

Determination of haematological parameters
Packed cell volume (PCV) was determined using micro-
hematocrit method, White Blood Cell (WBC) by
hemocytometer method. The hemoglobin concentra-
tions were calculated from PCV values. Differential
White blood cell (WBC) count was determined by
Giemsa stain method.

Estimation of total plasma protein
Total protein concentration was determined according
to the method of Lowry et al. [17]. In an alkaline
medium, protein reacts with the copper in the Biuret re-
agent leading to an increase in absorbance due to
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formation of colored complex. Reagent (2.5 ml) and 0.05
ml serum sample were mixed. It was then incubated at
room temperature for 10 min. The absorbance was read
at 540 nm against reagent blank.

Histopathological studies
Histopathology slides were prepared by the method de-
scribed by Aliyu et al., [18]. The extracted tissues (liver,
kidney and spleen) were fixed in 10% normal saline for
72 h after which the tissues were sliced to a thickness of
2.1 mm each. These were dehydrated using alcohol of
graded concentrations. They were further treated with
paraffin wax and cast into blocks; sections of the tissues
were cut on a microtome to 5 μm. these were later at-
tached to a slide and dried. The samples slides were then
stained in haematoxylin and eosin. The slides were then
viewed on a photomicrograpic microscope to detect any
damage.

Statistical analysis
The analysis was performed using the statistical package
for social sciences (SPSS) for WINDOWS (version 21.0;
SPSS Inc., Chicago). Results were subjected to analysis

of variance (ANOVA) to determine their level of signifi-
cance. Data were expressed as the mean ± standard devi-
ation. Values were considered statistically significant at
p > 0.05.

Result
Acute toxicity study
The administration of aqueous and ethanol extracts at
different doses of 10, 100, 1000, 1600, 2900 and 5000
mg/kg body weight for phase 1 and phase 2 studies for
acute toxicity did not produce any mortality in the ani-
mals after 24 h. However, there was occasional clustering
of the animals at a corner of the cage and an increase in
water in-take compared to the control group. This result
indicates that the LD50 for aqueous and ethanol extracts
of S. purpurea leaf was above 5000mg/kg.

Hematological studies
The results of the hematological parameters of aqueous
and ethanol extracts are listed in Tables 1 and 2. There
were no significant (p > 0.05) changes in PCV, Hb, WBC
and TPP of rats treated with aqueous and ethanol ex-
tracts of S. purpurea leaf at the doses of 500, 1000 and
1500 mg/kg body weight when compared with the con-
trol group.

Total plasma protein studies
The total plasma protein of rats administered aqueous
and ethanol extracts of S. purpurea leaf at the doses of
500, 1000 and 1500mg/kg body weight revealed no

Table 1 Effect of aqueous extract of Spondias purpurea leaf on
hematological parameters in rats

Parameter Control 500mg/kg 1000mg/kg 1500mg/kg

PCV (%) 43.75 ± 1.71a 41.75 ± 1.71a 42.75 ± 1.71a 41.25 ± 3.40a

Hb (g/dL) 14.58 ± 0.56a 13.93 ± 0.59a 14.23 ± 0.59a 13.75 ± 1.11a

WBC (× 109/
L)

12.63 ± 4.8a 14.88 ± 3.36a 19.13 ± 8.37a 16.78 ± 7.58a

Neu (%) 20.25 ± 3.77a 15.50 ± 5.20a 15.00 ± 3.74a 18.75 ± 5.12a

Lym (%) 77.75 ± 4.34a 82.25 ± 5.19a 83.50 ± 3.87a 81.00 ± 5.48a

Mono (%) 1.25 ± 0.96a 0.75 ± 0.96a 0.75 ± 0.96a 0.25 ± 0.50a

Eos (%) 0.25 ± 0.50a 1.00 ± 0.82a 0.50 ± 0.58a 0.00 ± 0.00a

Values are mean ± standard deviation for 4 rats per group. Values with same
alphabet in the same row are not statistically different. PCV Packed cell
volume, HB Haemoglobin, WBC White blood cell, Neu Neutrophils, Lym
Lymphocytes, Mono Monocytes, Eos Eosinophils

Table 2 Effect of ethanolic extract of Spondias purpurea leaf on
haematological parameters in rats

Parameter Control 500mg/kg 1000mg/kg 1500mg/kg

PCV (%) 43.75 ± 1.71a 43.50 ± 1.91a 41.00 ± 0.82a 45.00 ± 3.92a

Hb (g/dL) 14.58 ± 0.56a 14.50 ± 0.63a 13.68 ± 0.29a 15.00 ± 1.31a

WBC (×109/L) 12.63 ± 4.8a 14.68 ± 3.93a 15.38 ± 3.40a 14.85 ± 4.56a

Neu (%) 20.25 ± 3.77a 19.50 ± 6.61a 16.75 ± 4.79a 16.25 ± 5.50a

Lym (%) 77.75 ± 4.34a 78.25 ± 4.72a 82.75 ± 5.25a 82.50 ± 6.45a

Mono (%) 1.25 ± 0.96a 0.75 ± 0.96a 0.25 ± 0.50a 0.50 ± 0.58a

Eos (%) 0.25 ± 0.50a 0.75 ± 0.50a 0.00 ± 0.00a 0.50 ± 0.58a

Values are mean ± standard deviation for 4 rats per group. Values with same
alphabet in the same row are not statistically different. PCV Packed cell
volume, HB Haemoglobin, WBC White blood cell, Neu Neutrophils, Lym
Lymphocytes, Mono Monocytes, Eos Eosinophils

Table 3 Effect of aqueous and ethanolic extract of Spondias
purpurea leaf on total plasma proteins in rats

GROUPS AQ TPP (g/dL) ET TPP (g/dL)

Control 6.90 ± 0.47a 6.90 ± 0.47a

500 mg/kg 7.00 ± 0.16a 6.80 ± 0.36a

1000mg/kg 7.03 ± 0.24a 6.98 ± 0.32a

1500mg/kg 7.33 ± 0.71a 7.13 ± 0.38a

Values are mean ± standard deviation for 4 rats per group. Values with same
alphabet in the same column are not statistically different. AQ Aqueous, ET
Ethanol, TPP Total plasma protein

Table 4 Histopathological result of rat’s liver administered
aqueous and ethanolic extract of Spondias purpurea leaf

Histopathological changes C AQ extract (mg/
kg)
5,001,000 1500

ET extract (mg/
kg)
5,001,000 1500

Congestion – + + + – + +

Widened sinusoidal space – – – + – + +

Congested with hemosiderosis – – – + – + +

Mononuclear cellular infiltration – – – + – + +

Keys: ++ = severely present, + = present, − = absent, AQ Aqueous, ET Ethanol, C
normal control
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significant (p > 0.05) changes when compared with the
control group (Table 3).

Histopathology studies
Histopathological alterations were observed in the liver,
kidney and spleen tissues of rats treated with aqueous
and ethanol extracts of S. purpurea leaves at doses of
500, 1000 and 1500mg/kg bodyweight shown in Ta-
bles 4,5,6 and Figs. 1, 2, 3, 4, 5 and 6. The features of
liver tissue in the control group showed normal cellular
architecture with distinct hepatic cells, sinusoidal space
and a central vein (Fig. 1a). The kidney sections of the
control group revealed normal glomerular basement
membranes, normal cellularity and patent capsular space
surrounding proximal and distal tubules (Fig. 2a). Spleen
sections of control group were composed of capsule, tra-
beculae, white pulp (rich in lymphocyte), red pulp (anti-
gen trapping and storage of red blood cells) (Fig. 3a).

Discussion
The safety in consumption of herbal products can be de-
termined by a toxicity studies carried out using different
experimental models to ascertain a safe dose margin for

human use. The bioactive components in plants and the
dosages consumed affect their actions [19]. Their influ-
ence in the body fluid and tissues can be revealed
through haematology and histopathology studies [4].
The acute toxicity study indicated that the extracts at a
dose of 5000 mg/kg bodyweight was safe with no mortal-
ity recorded. According to OECD and Ecobichon [20],
any compound that does not produce adverse effect at a
dose of 5000mg/kg body weight is considered nontoxic.
The blood profile generally provides important infor-

mation on the response of the body to injuries, lesions,
deficiency or stress [21]. Haematological analysis is car-
ried out to evaluate the therapeutic usefulness of con-
sumed foreign substances and its adverse effect in the
body. The hematological analysis of rats treated with
aqueous and ethanol extract of S. purpurea leaf at doses
of 500, 1000 and 1500 mg/kg showed no significant dif-
ference (p > 0.05) compared to the control group. This
outcome suggests that the active components in the
plant extract may have not repressed the synthesis of the
blood cells. Haemoglobin (Hb) has the ability to trans-
port oxygen into the tissues and carbondioxide out of
the body tissues and absorb nutrients used to release en-
ergy for body use [22]. The observed result suggests that
the extracts may have not affect the process of erythro-
poiesis [4]. White blood cells (WBC), fights infections
and inflammation in the body. Thus, the non-significant
changes in WBCs may indicate that the extracts did not
increase or suppression the immune response of treated
animals [23]. The liver produces numerous proteins fre-
quently found in the blood. There was an insignificant
increase (p > 0.05) observed in total plasma proteins of
rats administered aqueous and ethanol leaf extract of S.
purpurea, which is an indication that the extracts had
no substantial effect on plasma protein synthesis.
Histopathological studies of the liver, kidney and

spleen are important for the vital roles they play in sur-
vival of animals [24]. Results of the histopathological
examination showed that the daily administration of
aqueous and ethanol extract of S. purpurea leaf in rats
produced certain signs of damages in the tissues com-
pared to the control group. These effects may be due to
the frequency of administration or the dosage coupled
with the presence of one or more of the chemical con-
stituents present in the extract that may have acted as
pro-oxidant.
Congestion in the liver is the accumulation of blood

vessels resulting from either increased hepatic venous
pressure or decreased hepatic blood flow. Sinusoids are
low pressure vascular channels that receive and convey
blood to the central veins. When the hepatic venous
pressure is elevated either due to obstruction of the hep-
atic veins, vascular stasis or congestion, dilation of the
sinusoidal space is initiated [25, 26].

Table 5 Histopathological result of rat’s kidney administered
aqueous and ethanolic extract of Spondias purpurea leaf

Histopathological changes C AQ
extract
(mg/kg)
5,001,000
1500

ET extract
(mg/kg)
5,001,000
1500

Congestion – + + + + ++ +

Necrosis of renal
tubular epithelium

– + + + + + +

Widened Bowman’s space – + + + + + +

Collapsed renal tubules – – – – – – +

Mononuclear
cellular infiltration

– – + + + – +

Congested with
Hemosiderosis

– – – – – – +

Adhesion of the parietal layer of the
glomerulus to the Bowman’s space

– – + + – + +

Keys: ++ = severely present, + = present, − = absent, AQ Aqueous, ET Ethanol, C
Normal control

Table 6 Histopathological result of rat’s spleen administered
aqueous and ethanolic extract of Spondias purpurea leaf

Histopathological changes C AQ extract
(mg/kg)
5,001,000 1500

ET extract (mg/
kg)
5,001,000 1500

Congestion – ++ ++ + ++ ++ +

Lymphocyte proliferation – – – + – + +

Congested with haemosiderosis – – – – – – +

Keys: ++ = severely present, + = present, − = absent, AQ Aqueous, ET Ethanol, C
Normal control
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Fig. 1 Photomicrograph of the liver of rats administered aqueous extract of Spondias purpurea leaf (H and E × 200). a Normal liver. b Liver (500
mg/kg) showing congestion. c Liver (1000mg/kg) showing Mononuclear cellular infiltration. d Liver (1500mg/kg) showing widened
sinusoidal space

Fig. 2 Photomicrograph of the liver of rats administered ethanol extract of Spondias purpurea leaf (H and E × 200). a Normal liver. b Liver (500
mg/kg) showing congestion. c Liver (1000mg/kg) showing mononuclear cellular infiltration. d Liver (1500mg/kg) showing widened
sinusoidal space

Gara et al. Clinical Phytoscience            (2021) 7:90 Page 5 of 9



Haemosiderosis in the liver, spleen and kidney is an
iron storage compound (haemosiderin), usually found in
macrophages attributed to prolonged congestion of
blood vessels leading to the release of iron and build-up
within the organs. They are more prominent in young
female adult rats than in the males [27].
Mononuclear cellular infiltration is an aggregate of

lymphocytes, plasma cells and macrophages commonly
affecting the liver and kidneys. They fight infections and
adjust to intruders within tissues [28]. The kidney is vul-
nerable to injuries from several substances due to high
rate of perfusion by the blood and its ability to concen-
trate substances in the tubular lumen [29]. The renal tu-
bule contains cells that filters and cleans the blood,
while the renal tubule epithelium is the outer layer of
cells surrounding the renal tubule which functions in
handling electrolytes, water and amino acids [30]. The
aqueous and ethanol extract of S. purpurea leaf may
have been perceived as a toxin by the kidney resulting in
degenerative changes around the epithelium leading to
the observed cell death [31]. Farber et al., [32], reported
that extrinsic insult to the cells such as osmotic, thermal,
toxic or traumatic effect could result into pathological
and accidental cell death. The mononuclear cellular in-
filtration evident in the liver and kidney may have ap-
peared to stop the spread of necrosis to other parts of
the tissues.

Collapse renal tubules was only observed in the group
administered the highest dose of ethanol extract of S.
purpurea leaf (1500 mg/kg). Necrosis of the epithelium
surrounding the renal tubules can lead to the disruption
of the structural and functional integrity of the mem-
brane. Hence, the greater the severity of the insult on
the epithelium the more rapid the progression of the
damage on the renal tubules and their subsequent failure
[31].
The presence of one or more phytochemicals in the

extracts or their synergistic effect may have resulted in
adhesion of the parietal layer of the glomerulus to the
Bowmans capsule observed at the doses of 1000 and
1500 mg/kg bodyweight of aqueous and ethanol extract
of S. purpurea leaf. The repopulation of glomerular tuft
by the parietal epithelial during focal segmental glomer-
ulosclerosis is one of the reasons for the adhesion be-
tween glomerulus and the Bowmans capsule [32]..
Podocytes are cells lining the capillaries of the glomeru-
lus, injury to them results in their structural alterations
and subsequent loss. Podocytopenia and drug toxicity
are associated with glomerulosclerosis [33]. Lymphocytes
are the principal cells of the immune system that con-
tributes primarily in immune defences [34]. The aqueous
extract of S. purpurea leaf at 1500mg/kg and the etha-
nolic extract at 1000 and 1500 mg/kg bodyweight stimu-
lated lymphocyte proliferation in the spleen, suggesting

Fig. 3 Photomicrograph of the kidney of rats administered aqueous extract of Spondias purpurea leaf (H and E × 200). a Normal kidney. b Kidney
(500 mg/kg) showing inter-tubular congestion. c Kidney (1000mg/kg) showing mononuclear cellular infiltration. d Kidney (1500mg/kg) showing
adhesion of the parietal layer of glomerulus to the Bowman’s space
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Fig. 5 Photomicrograph of the spleen of rats administered aqueous extract of Spondias purpurea leaf (H and E × 200). a Normal Spleen. b Spleen
(500 mg/kg) showing congestion. c Spleen section (1000 mg/kg) showing congestion. d Spleen section (1500 mg/kg) showing
Lymphocyte proliferations

Fig. 4 Photomicrograph of the kidney of rats administered ethanol extract of Spondias purpurea leaf (H and E × 200). a Normal Kidney. b Kidney
(500 mg/kg) showing congestion. c Kidney (1000mg/kg) showing widened Bowman’s space. d Kidney (1500mg/kg) showing adhesion of the
parietal layer of glomerulus to the Bowman’s space
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that the extracts contains agents that may have the
ability to stimulate the production of lymphocytes at
higher doses thus boost the immune system and may
explains the non-significant increase in lymphocyte
count from Tables 1 and 2. Lymphocytes are reported
to respond to antigen challenge by proliferating and
producing lymphokines therefore strengthening the
immune response [35].

Conclusion
The result obtained from the haematological analysis in-
dicated that the extract had no significant effect on the
overall blood parameters. However, the aqueous and
ethanol extracts of Spondias purpurea leaf at the doses
of 1000 and 1500 mg/kg body weight altered the integ-
rity of the liver, kidney and spleen of the rats which may
become significant after prolonged consumption.
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