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ABSTRACT

Aims: Chemical toxicity is one of the major leading causes of tissues injuries, which impair the
tissue’s ability to maintain normal physiological functions. Pterocarpus erinaceus is a medicinal
plant use as traditional remedy for the treatment of several disorders associated with tissues
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injuries. This study therefore aimed at investigating tissues protective efficiency of Pterocarpus
erinaceus leaves extract in carbon-tetrachloride-induced hepatic and hematological injuries in rats.
Materials and Methods: Leaves of Pterocarpus erinaceous after collection were air-dried and
pulverized. It was extracted with methanol and the methanolic extracts were used. Acute toxicity
and hepatoprotective studies against CCl, toxicity were conducted. Rats were grouped into; Group
1: Normal control (liquid paraffin, vehicle 1ml.kg), Group 2: Negative control (received 1ml/kg CCl,),
Group 3: Positive control (received 1ml/kg CCl, +100ml/kg Silymarin), Group 4-6: Extract treated
rats (received 1ml/kg CCl, + varied doses of Extracts at 100, 200, and 400mg/kg body weight of
rats). The treatment was done daily via oral means for 14 days.

Results: The results of the acute toxicity study showed Pterocarpus erinaceus extract safe with
LDs, greater than 5000mg/kg body weight. This study reveals Pterocarpus erinaceus able to
ameliorate CCl, toxicity by minimizing damage to hepatic and hematological tissues. Histological
study of the rats’ hepatic cells further unveils the protective ability of the plant extract against
severity of CCl,;-mediate hepatic architectural damage.

Conclusion: Pterocarpus erinaceus leaves possess components with tissue-protective properties
hence the need to harness it for utilization.

Keywords: Animal-study; CCl,-toxicity; tissues; protection; plant-extract.

1. INTRODUCTION serious concern by the health system. In this
regard, exploration of more alternative
Jorum and Piero [1] stated that blood can act as  therapeutic medicine without severe side effects
a pathological and physiological indicator of is vigorously required. In line to this, therefore,
animal health. Following absorption, substances herbal medicines ought to be re-evaluated as
(toxic chemical for instance) are carried by the new dynamic therapeutic agents with minimal
blood to various organs, where they may exert  side effects [8]
harmful effects. High reactive metabolites
produced by toxic chemicals can alter the The use of plants as alternative medicine is
hematological system of organisms and lower dated back to centuries, even before long
the ability of blood to maintain homeostasis. recorded history [9]. People valued, appreciated
Change of hematological components from the great diversity and importance of plants that
normal levels represents the presence of toxicity — are accessible to them [10]. As times passed by,
or disease [2] people group have added the medicinal power of
herbs in their field to its knowledge base [11].
The existence of healthy tissue is based on the Thus, in the exploration of many more reliable
protection versus injury induced as a result of and safer liver protective agents, medicinal
chemical toxicity [3]. The liver is terming the most ~ plants play a significant role. Medicinal plants
crucial organ that exhibits the vital role in being an effective source of both traditional and
safeguarding several physiological processes in modern medicines are gaining more ground for
the body. It is involve in several imperative use in primary health care [12,13]. Many plants
functions, as metabolism, excretion, and storage.  and plant products have been recommended for
Liver provides a basic function in the use inthe treatment of liver diseases. Among the
detoxification of endogenous and exogenous Pplants  are,  Silybum = marianum  [14].
intermediaries. Consequently, liver injuries are  Picrorrhizakurroa [15], and Teptrosiapurpurea
accompanied by crucial implications for the [16] Khaya senegalensis [17-19] among
health of the affected person [4]. Liver injuries others.

that are associated with toxic metabolites has . , .
been a major research focus by many scientific  1he plant, ‘Pterocarpus erinaceus (Fabaceae)' is
studies [5,6]. a tree found in the most tropical areas of Africa

[20,21]. In West Africa, its leaves, stem bark, and
Liver injury due to chemical toxicity is responsible  roots have been reported as highly use for
for about 5% of all hospital admissions and 50% traditional remedies against inflammation, ulcer,
of all acute liver failures [7]. Despite the growth in ~ pain in the joints, malaria-fever, and bacterial
the production of agents with efficacies to infections [22].Various scientific studies had
reverse the damage induces on the liver, hepatic ~ confirm Pterocarpus erinaceus ability to exhibit
injuries still remain a global challenge with a  several biological activites as well as
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identification of several components. For
example, analysis of Pterocarpus erinaceus
aqueous extract has revealed the presence of
catechin and epicatechin compounds and had
also reported the inhibitory ability of the extract
against y-secretase activity [23]. The bark extract
of Pterocarpus erinaceus was found to contain
friedelin, lupeol, and epicathechin compounds
and was able to exert anti-inflammatory,
analgesic, and antioxidant activities in a study
conducted by Ouedraogo et al. [24].

In traditional medicine practice, Pterocarpus
erinaceus has been claimed to be used in
managing disorders related to tissue-injury,
however, this has not been verified scientifically
hence the aim of the present study to
authenticate this claim. The present study
therefore attempted to assess tissue-protective
efficiency of Pterocarpus Erinaceus leaves
extract in carbon-tetrachloride (CCly)-induce
hepatic and hematological toxicity in rats. This
was conducted using an animal model by
exposing them to carbon-tetrachloride toxicity, a
chemical known to induce both liver and
hematologic  injuries  followed by the
administration of Pterocarpus erinaceus extract
at varied doses.

2. MATERIALS AND METHODS
2.1 Chemicals and Reagents

All chemicals and reagents used for this study
were of analytical grade. Chemicals and solvent
were purchased from Sigma Chemical Co. (USA)
and Merck (Germany) respectively. Different
parameters analyzed in the present study were
estimated wusing commercial kits following
manufacturer’s instructions.

2.2 Experimental Animals

Thirty male Wistar Strain Albino rats weighing
between (100-120g) was used for this study. The
rats were purchased from the Animal House of
University of Jos. The rats were allowed to
acclimatize to the environment and were
maintained on standard laboratory diet (Vita
feed, Jos) and tap water for a period of two
weeks. Animals were housed in clean cages
under normal prevailing environmental condition.
The Principles of laboratory animal care (NIH
publication No. 8523, revised 1985) [25] were
followed, as well as specific national laws where
applicable.
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2.3 Plant Collection, Identification and

Processing

The leaves of Pterocarpus erinaceous was
collected from Tulu Village of Toro Local
Government in Bauchi State, it was then taken to
the Plant Science Department of the University of
Jos for identification. The leaves of Pterocarpus
erinaceous was washed and air dried at room
temperature. The sample was pulverized using
laboratory mortar and pestle. The powdered
sample was then place in bag and store in
desiccator until required.

2.4 Extraction

The powder of leaves of Pterocarpus erinaceous
(500g) was soaked in 2.5 liters of methanol for
24h, after which was filtered using a piece of
clean, sterile, white Muslin cloth to remove debris
and filter on a Whatman No.1 filter paper. The
fitrate was concentrated using a rotatory
evaporator and then evaporate to dryness using
drying cabinet at 40°C as done by Saidu et al.
[26].The dry crude methanolic extract was stored
in an air-tired plastic containers and store in a
refrigerator at 4°C until required.

2.5 Acute Oral Toxicity Study

The acute oral toxicity studies were conducted
according to the method of Organization for
Economic and Co-operation and Development
for testing of chemicals [27]. The LDsq was
determined from the result of the study.

2.6 Tissue-Protective of Plant

Extract

Study

Induction of hepatic damage was done according
to Guntupalli et al. [28] method. Experimental
rats were divided in to 6 groups of five rats each
as showed below.

Group 1: Normal control (liquid paraffin, vehicle
1ml.kg)

Group 2: Negative control (received 1ml/kg
CCl,)

Group 3: Positive control (received 1ml/kg CCl,
+100ml/kg Silymarin)

Group 4-6: Extract treated rats (received 1ml/kg
CCl, + varied doses of Extracts at 100, 200, and
400mg/kg body weight of rats).

The treatment was done daily via oral mean for
14 days period.
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2.6.1 Effect of plant extract against CCl,-
induced hepatotoxicity

The method of Reitman and Frankel [28]
modified by Schmidt and Schmidt [29] was used
for evaluation Aspartate aminotransferase (AST)
and Alanine aminotransferase (ALT) activities.
Alkaline phosphatase (ALP) was determined by
the method of Wright et al. [30]. Serum albumin
was measured by the method of Corcoran and
Durnan [31] while  the method of
Malloy and Evelyn, [32] was used to estimate
total bilirubin.

2.6.2 Effect of plant extract against CCly-
Induced hepatic architectural damage

Histopathological test was conducted on liver
tissues. The collected livers were kept for at least
24h in the buffered formalin, then each
one was dehydrated with alcohol, then
embedded in paraffin wax, and cut into 4-5 cm
thick sections, and stained with Haematoxylin-
Eosin dye for photomicroscopic observations.
The microscopic features of the organs from
each rat were compared with that of the control

group.

2.6.3 Effect of plant extract against CCl,-
disrupt lipid metabolism

Serum TG was estimated by Fossati and
Prencipe [33] method and total cholesterol (TC)
was estimated by enzymatic Cholesterol oxidase
peroxidase (CHO-POD) end point method of
Allain et al [34]. HDL-C was determined by
enzymatic method of Burstein et al [35] while
LDL-C was calculated using Friedewald
formula [36].

TG
LDL-C (mg/dl)=TC—-(HDL-C)-( 5)

2.6.4 Effect of plant extract against CCl,-
induced hematotoxicity

Hematological parameters viz. Packed Cell
Volume (PCV), Hemoglobin concentration, Red
Blood Cells count (RBC), White Blood Cells
count (WBC), Hematocrit (Hct), Platelets, Mean
Cell Hemoglobin Concentration (MCHC) and
Mean Cell Hemoglobin (MCH) were
analysed using an automated hematological
analyzer Sysmex XS800i (Sysmex corporation,
USA).
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3. STATISTICAL ANALYSIS

+

All data were expressed as mean SEM.
Differences among groups at various times of the
experiment were subjected to a one-way
analysis of variance (ANOVA) followed by
Benferonimultiple comparison. Graph pad Instat
were used for data analysis and P value of <
0.05 was considered as significant.

4. RESULTS

4.1 Acute Toxicity Oral Studies of
Pterocarpus erinaceus Leaves
Extract

Oral administration of 100-5000mg/kg of

methanolic leaves extracts of Pterocarpus

erinaceusin to albino rats did not produce any
visible sign or symptoms of toxicity or mortality in
the treated animals. Behavioral changes such as
grooming, loss of appetite, salivation, fatigue,
diarrhea and refusal to eat and drink were not
observed over the test period. Therefore, the
result indicated that the LDsy of Methanol leaves
extracts of Pterocarpus erinaceus is greater than
5000mg/Kg.

4.2 Tissue-Protective Efficiency of
Pterocarpus erinaceus Leaves
Extract

4.2.1 Effects of plant extract against CCly-
toxicity on liver function

The results of liver function markers for rats
administered carbon tetrachloride and
methanolic leaves extract of Pterocarpus
erinaceus is presented in Table 1. The result
shows a significant increase in ALT, AST and
ALP in carbon tetrachloride treated group
(negative control) as compared with the normal
control group as well as the various treated rat
groups. A decrease in ALT, AST and ALP was
recorded in rats administered Silymarin (standard
drug) when compared with the negative group. In
a similar manner, rats groups that received
varied doses of the methanolic leaves extracts of
Pterocarpus erinaceus also showed a significant
decreases in ALT, AST and ALP activities but in
a dose dependent manner.

Serum bilirubin and albumin levels determined
were also presented for the experimental
animals. The negative control rats group (that is,
rats administered carbon tetrachloride only) had
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Table 1. Assessment of hepatoprotective efficiency of Pterocarpus erinaceus leaves extract against carbon-tetrachloride induced
hepatic injury

Groups/Parameters AST (U/l) ALT (U/l) ALP (U/l) BLB (mg/dl) ALB (mg/dl)
Group 1 66.6+1.29% 28.8+1.71% 167.0+1.412 0.25+0.01% 4.5+0.15°
Group 2 134.2+1.46" 116.0+1.82° 253.6+2.02° 0.74+0.01° 3.7+0.07°
Group 3 74.4%1.66™ 42.4+1.50° 195.2+2.84° 0.41+0.02%° 4.3+0.09"
Group 4 119.6+1.66° 107.2+1.43% 225.4+2.94%° 0.51+0.01° 3.9+0.09°
Group 5 97.6+1.54° 84.8+1.07° 203.4+1.44° 0.58+0.01° 4.8+0.14%
Group 6 83.0+1.14° 82.0+2.55° 183.6+2.14° 0.69+0.01" 5.0+0.17%°

Values are expressed as mean + SEM of five replicates. Mean values with different superscript letters(s) in a column are significantly different at P< 0.05. The treatment was
done daily via oral means for 14 days period.
Group 1: Normal control (liquid paraffin, vehicle 1ml.kg)
Group 2: Negative control (received 1ml/kg CCls)
Group 3: Positive control (received 1ml/kg CCls +100ml/kg Silymarin)
Group 4-6: Extract treated rats (received 1ml/kg CCl, + varied doses of Extracts at 100, 200, and 400mg/kg body weight of rats)
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Normal Control: Plate I Negative Control: Plate II

Extract Treated Low dose Control: Plate IV Extract Treated Mid dose Conttol: Plate Vf Extract Treated High dose Control: Plate VI

Plates I-VI. Photomicrograph of the Liver Sections of Experimental Rats Subjected to Different Treated. Hematoxylin and Eosin (H&E)
x 400
Plate I: normal hepatocytes with no histopathological lesion; Plate II: severe micro and macro vesicular steatosis (fatty liver); Plate Ill: mild fatty liver with normal hepatocytes at
the background; Plate IV: macro vesicular steatosis (fatty liver) and peripheral hepatocellular necrosis. Plate V: moderate steatosis (fatty liver), and Plate VI: showing mild
steatosis (fatty liver) at portal areas but no lesion.
The treatment was done daily via oral means for 14 days period
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their bilirubin level increase and albumin levels
decrease when compared with normal control
rats. Administration of silymarin (standard drug)
causes a reverse in the changes of both the
bilirubin and albumin levels. Also in the same
vein, rats that were treated with methanolic
leaves extracts of Pterocarpus erinaceus had
their albumin levels increase in a dose
dependent manner.

4.2.2 Effects of plant extract against CCl,-
toxicity on hepatic architecture

Photomicrograph of the liver sections of the
experimental rats subjected to different treated is
presented in Plates I-VI. Photomicrograph of the
liver sections of normal control (Group 1),
showing normal  hepatocytes with no
histopathological lesion (Plate I) while that of
CCl4-intoxicated rats (Group 2) shows severe
micro and macro vesicular steatosis (fatty
change), (Plate II).The histopathological
architecture of liver sections of rats treated with
the standard drug (Silymarin) in Group 3, shows
very mild steatosis with normal hepatocytes at
the background (Plate Ill). In the rat's groups
treated with varied doses of methanolic leaves
extract, their liver photomicrograph showed a
more or less normal lobular pattern with a mild
degree of fatty changes in doses increase
manner (Plates IV-VI).

4.2.3 Effects of Plant Extract against CCl, on
Lipid profile

The serum lipid levels of rats administered
carbon tetrachloride and methanolic leaves

extract of Pterocarpus erinaceu is presented in
Table 2. The result show a significant increase in
TG, T.CHO and LDL-C levels of rats treated with
carbon tetrachloride (negative control). Increase
in the TG, T.CHO and LDL-C were minimized in
rat’s group received Silymarin (standard drug) in
a significant manner when compared with the
values from the negative control rats. In rat's
groups treated with the methanolic leaves
extracts of Pterocarpus erinaceus, a decrease in
TG, T.CHO and LDL-C was recorded also.
Assessment of HDL-C level in the negative
control rats showed a decrease while in the
treated rats groups with either the standard drug
or the methanolic leaves extracts of Pterocarpus
erinaceus there was a significant increase.

4.2.4 Effects of plant extract against CCl, on
hematological components

The result of hematological parameters of rats
administered carbon tetrachloride and
methanolic leaves extract of Pterocarpus
erinaceus is presented in Table 3. The results
showed a significant change in Hb, WBC, RBC,
PLT and Hematocrit in rats received carbon
tetrachloride only as compared with those rat’s
groups that received silymarin or methanolic
leaves extracts of Pterocarpus erinaceus. In the
treated rats groups, a reverse in the alteration of
the parameters: Hb, WBC, RBC, PLT and
Hemotocrit were recorded in a manner close to
the normal control rats. The study also observed
significant change in MCHC and MCH in the
negative control rats compared the silymarin and
plant extract treated rats.

Table 2. Effects of Pterocarpus erinaceus leaves extract against carbon tetrachloride toxicity
on lipid profile of rats

Groups/Parameters TG (mg/dl) T.CHO (mg/dl) HDL-C (mg/dl) LDL-C (mg/dl)
Group 1 71.2+0.86% 79.0+1.41° 46.2+1.16™ 44.6+0.93"
Group 2 133.8+1.07" 123.8+1.36" 31.6+1.21° 140.8+0.58"
Group 3 73.4+1.81° 84.4+1.89° 41.8+0.58% 48.8+1.39°
Group 4 104.0+1.70* 97.0+1.30% 43.4+0.93% 116.0+2.07%
Group 5 80.0+1.58° 87.4+1.72° 44.6+1.69%° 92.8+1.66°
Group 6 69.0+1.23" 74.842.63" 48.0+1.82%° 104.2+1.69"

Values are expressed as mean + SEM of five replicates. Mean values with different superscript letters(s) in a
column are significantly different at P< 0.05.
Group 1: Normal control (liquid paraffin, vehicle 1ml.kg)
Group 2: Negative control (received 1mi/kg CCls)
Group 3: Positive control (received 1ml/kg CCls +100ml/kg Silymarin)Group 4-6: Extract treated rats (received
1ml/kg CCl4 + varied doses of Extracts at 100, 200, and 400mg/kg body weight of rats)
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Table 3. Effects of Pterocarpus erinaceus leaves extract against carbon tetrachloride-induced hematotoxicity in rats

Parameters Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
PCV (%) 54.2+0.73% 45.2+1.50° 55.2+1.66" 47.8+1.56" 54.2+1.39% 56.4+2.16%
HB (g/dl) 14.2+0.86% 7.1+0.25° 14.8+0.58° 10.00.70% 12.4+0.51% 14.4+0.50°
MCHC(g/dl) 44.2+1.43° 56.6+1.36" 47.4+2.02° 41.6+1.63% 35.8+1.42% 42.8+2.49%
MCH (pg) 19.6+0.93% 25.8+1.16° 18.6+0.93° 14.8+0.66%" 18.8+1.16% 17.0+0.84°
WBC(x10°% cells/uL 7216+4.52° 2503.6+1.75" 5530.0+8.52° 5113.4+3.95% 6510.4+3.2° 7080.0+21.2°
RBC(x10°) cells/uL 6.9+0.17% 3.7+0.18° 6.7+0.16° 5.6+0.12% 6.3+0.10° 7.1+0.16°
PLT (x10°% cells/uL 425.2+1.77% 80.2+1.56" 380.0+1.70% 145.0+3.23¢ 240.2+1.77° 311.8+3.23°
Hematocrit (%) 35.4+1.21° 16.8+1.28° 37.6+1.03" 25.8+0.86%" 36.4+0.87" 37.6+1.08"

Values are expressed as mean + SEM of five replicates. Mean values with different superscript letters(s) in a column are significantly different at P< 0.05. The
treatment was done daily via oral means for 14 days period.
Group 1: Normal control (liquid paraffin, vehicle 1ml.kg) Group 2: Negative control (received 1ml/kg CCla)
Group 3: Positive control (received 1ml/kg CCls +100ml/kg Silymarin)
Group 4-6: Extract treated rats (received 1ml/kg CCls + varied doses of Extracts at 100, 200, and 400mg/kg body weight of rats).
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5. DISCUSSION

Medicinal plants are known to possess
components with curative potentials of certain
biological activity [37]. These components are
referred to as active principles or phytochemical
substances [38]. In an attempt to assess tissue-
protective effect of the leaves of Pterocarpus
erinaceus, acute toxicity study was conducted
where the study found the leaves extract to be
safe with LDg, greater than 5000mg/kg body
weight. This was followed by an in vivo study
where rats were administered carbon
tetrachloride alongside plant extract and various
parameters in relation to hepatic and
hematological toxicity were assayed.

Acute Toxicity can be described as the adverse
effects following oral administration of a
substance that results either from a single or
multiple exposures in a short space of time
usually within 24h [39]. Determination of LDsgg
(Lethal dose that would kill 50 % of the tested
population) is usually the first step in the
evaluation of toxic characteristic of a substance
[40]. According to Ukwuani et al. [41], acute
toxicity study is an initial appraisal of toxic
manifestations and is one of the initial screening
experiments performed with all compounds. The
result of the acute oral toxicity of methanol
leaves extract of Pterocarpus erinaceus
suggested to be greater than 5000 mg/kg body
weight is an indication of its safety.

The participation of liver in a variety of metabolic
activities  including  biotransformation  and
excretion of chemical agents makes it more
vulnerable and susceptible to toxicity from those

agents. To assay in vivo tissue-protective
potential of Pterocarpus erinaceus leaves
extract, rats were exposed to carbon-

tetrachloride toxicity.

The study found treating rats with Pterocarpus
erinaceus leaves extract was able to ameliorate
the effect of carbon tetrachloride toxicity on
hepatocytes. This is also supported by improve
changes in lipid proportion toward normalcy of
rats received extract and standard drug. The
reduction in erythrocytes count, haematocrit
ratio, HB level and microcytic-hypochromic
recorded in the present study could be attributed
to altered hematopoiesis, depletion of
erythrocytes, and distraction in the erythropoiesis
rate and their facilitated removal from circulation
as a result of the toxicity of CCl,;. Reduced rate of
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pancytopenia or erythrocyte depletions in rats
received plant extract or standard drug alongside
CCl, suggests possible protective effect of the
Pterocarpus erinaceus leaves extract against
CCl,-toxicity.

High significant decrease of WBCs count and
increases in MCHC and MCH in rats intoxicated
with CCl, may indicate lymphopenia. The
abnormal hematologic parameter changes in
total and differential leukocytes count caused by
CCl, may be attributed to the inflammatory
response by the tissues. As a defensive
mechanism of immune system, studies has
found that, treatment of rats with CCl,; cause a
release of neutrophil pool into circulation [42,43].
Reversal of these changes by concomitant
administration of Pterocarpus erinaceus leaves
extract may be an indication that the leaves
possess components with anti-inflammatory
properties.

In vivo studies of CCl, have shown that it causes
steatosis [44,45]. Steatosis was observed from
the liver tissues of rats in the CCl, control group
as well as extract treated rats but in a different
degrees. Moderate to mild formation of steatosis
in the extract-treated rats suggest the ability of
Pterocarpus erinaceus leaves extract in
protecting the liver against the toxicity of CClj,.

6. CONCLUSION

The study have affirmed that CCl, induced
tissues damage in albino rats, and that, methanol
leaves extract of Pterocarpus erinaceus able to
minimize the severity of CCl, toxicity. Findings
from this study have aid in validating the
traditional use of Pterocarpus erinaceus leaves in
the treatment of cellular damage due to chemical
toxicants. The study has discover Pterocarpus
erinaceus leaves possess components with
tissue-protective properties hence the need to
harness it for utilization.
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