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Abstract
Background: The present study examined the protective effects of extracts from Phyllanthus 
amarus on benzene-induced leukemia in Wistar rats. Benzene is a carcinogen linked to increased 
leukemia risk. 
Objectives: The study aimed to assess the impact of P. amarus extracts, prepared via different 
drying methods, on immunological, biochemical, and histopathological parameters.
Methods: Aqueous, methanolic, and ethanolic extracts were prepared from P. amarus using 
room drying, oven drying, and sun drying. The rats were treated with benzene and the extracts. 
For the immunological parameters, C-reactive protein (CRP), interleukin-8 (IL-8), transforming 
growth factor-beta (TGF-β), tumor necrosis factor-alpha (TNF-α), and IL-10 were measured 
using the enzyme-linked immunosorbent assay. For biochemical parameters, microalbumin, 
urea, creatinine, alanine aminotransferase (ALT), alkaline phosphatase (ALP), and aspartate 
aminotransferase (AST) were assessed using spectrophotometry. At the same time, for 
histopathological examination, liver and bone marrow tissues were stained using hematoxylin 
and eosin and analyzed for morphological changes.
Results: Research findings showed no significant difference in CRP among the groups (P = 0.197), 
indicating no significant inflammation or tissue damage. TGF-β levels were significantly lower in 
treatment groups compared to the positive control group (P = 0.015), suggesting anti-inflammatory 
or immunosuppressive effects. No significant differences were found in IL-8, TNF-α, and IL-
10 levels. The aqueous extract prepared by room drying significantly decreased microalbumin 
levels (P = 0.016), representing potential protective effects on kidney function. The methanolic 
extract prepared by sun drying significantly reduced creatinine (P = 0.032) and ALT (P = 0.048) 
levels, implying beneficial effects on liver function. Histopathological examinations revealed 
that the extracts modulated bone marrow and liver morphologies, reducing inflammation while 
improving cellularity and morphology. 
Conclusion: P. amarus extracts demonstrated potential anti-inflammatory effects in benzene-
induced leukemia by significantly reducing TGF-β levels without inducing inflammation, as 
evidenced by stable CRP, IL-8, and TNF-α levels. These findings suggest that the extracts may 
help mitigate inflammation associated with benzene exposure, highlighting their potential 
as adjunctive therapies in leukemia treatment. More studies are needed to understand these 
protective processes completely and investigate their clinical uses.
Keywords: Phyllanthus amarus, Protective effects, Benzene-induced leukemia, Wistar rats, 
Cytokines, Liver function, Kidney function, Histopathology
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Background
The increasing incidence of leukemia and other 
hematological malignancies has been significantly linked 
to exposure to environmental carcinogens, such as 
benzene, a common contaminant in petroleum products 
(1). Leukemia, particularly when induced by exposure 
to environmental carcinogens such as benzene, is closely 
linked with chronic inflammation (2). Inflammatory 
processes play a significant role in the progression of 
leukemia by promoting an environment that supports 
malignant cell proliferation and survival. Phyllanthus 
amarus, a plant widely used in traditional medicine, has 
been reported to possess potent anti-inflammatory and 
antioxidant properties, which are crucial in mitigating 
the harmful effects of chronic inflammation (2). 
Therefore, targeting inflammation has become a key 
strategy in leukemia treatment, making the study of 
anti-inflammatory agents highly relevant. Traditional 
medicinal plants have received considerable attention for 
their therapeutic potential, with P. amarus being a notable 
example due to its renowned anti-inflammatory and 
antioxidant properties (3,4).

Phyllanthus amarus, a plant widely used in folk medicine, 
is suggested to contain bioactive compounds capable of 
modulating immune responses, thereby offering potential 
benefits as adjunctive therapies in cancer treatment 
(5). Previous research indicates that extracts from this 
plant may decrease the production of pro-inflammatory 
cytokines, including interleukin (IL)-1β and tumor 
necrosis factor-alpha (TNF-α), which play critical roles 
in inflammatory processes (6,7). Despite these promising 
findings, the protective effects of P. amarus extracts, 
particularly in the context of benzene-induced leukemia, 
remain underexplored.

Previous studies have shown that the extracts of P. 
amarus can reduce the production of pro-inflammatory 
cytokines, such as IL-1β and TNF-α, which are involved 
in leukemic processes (8) . However, the specific protective 
effects of these extracts in the context of benzene-induced 
leukemia have not undergone thorough investigation. 
This study seeks to fill this gap by examining the effects 
of various P. amarus extracts, prepared using different 
drying methods, on inflammation-related parameters in 
leukemia (8). Specifically, this study will assess the impact 
of these extracts on immunological, biochemical, and 
histopathological parameters. The intended parameters 
included IL-8, C-reactive protein (CRP), transforming 
growth factor-beta (TGF-β), TNF-α, IL-10, microalbumin, 
creatinine, urea, alkaline phosphatase (ALP), aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), 
and the histological morphologies of the liver and bone 
marrow.

Given the pressing need for effective interventions 
against benzene-induced hematological damage, this 
research provides critical insights into the therapeutic 
potential of P. amarus extracts. By exploring these 
effects in an established animal model, the researchers 

aim to contribute to the broader understanding of how 
traditional medicinal plants can be integrated into 
modern therapeutic strategies to combat environmental 
carcinogen-induced diseases.

The rationale for using P. amarus extracts lies in their 
demonstrated ability to modulate immune responses and 
reduce inflammation, making them promising candidates 
for adjunctive cancer therapy. The choice of a single dose 
(200 mg) of the aqueous extract was based on previous 
studies that identified this concentration as effective 
in exerting protective effects without causing toxicity 
in Wistar rats (9,10). The use of a consistent dose also 
allowed for a clearer assessment of the extract’s effects 
across different drying methods. The biological activity 
of the extracts was confirmed through preliminary in 
vitro assays, which evaluated their ability to inhibit pro-
inflammatory cytokines such as TNF-α and IL-1β. These 
assays confirmed that the extracts maintained their 
biological function following preparation .

Materials and Methods
Plant Sample Identification, Collection, and Preparation
Phyllanthus amarus leaves were collected from a plantation 
in Ilorin, Kwara State, Nigeria, and authenticated by 
the University of Ilorin with the voucher number 
UILH/001/1109/2021. The leaves were cleaned, air-dried 
at room temperature (25 ± 2 ºC) for two weeks, and ground 
into a fine powder. The extracts were prepared using 
three different methods to explore the impact of drying 
techniques on the bioactive compounds:
•	 Aqueous extract: The powdered leaves were soaked 

in distilled water for 24 hours and filtered, and the 
filtrate was evaporated to dryness at low temperature.

•	 Methanolic extract: The powdered leaves were soaked 
in methanol, and the extract was concentrated using a 
rotary evaporator under reduced pressure.

•	 Ethanolic extract: Similarly, the powdered leaves were 
soaked in ethanol, and the extract was concentrated 
as with the methanolic extract.

These solvents were selected based on their ability to 
extract different classes of phytochemicals, as documented 
in previous studies (9,10). The dried extracts were stored 
at 4 ºC until further use.

Experimental Animals 
The study utilized 23 Wistar rats obtained from a certified 
breeder and housed under standard laboratory conditions, 
with five animals per group. The animals, weighing 
120-200 g, were of mixed gender, ensuring a balanced 
representation across the groups. Each group was housed 
under controlled conditions with natural dark/light 
cycles. The rats were anesthetized using isoflurane before 
any invasive procedures, ensuring minimal distress.

Phyllanthus amarus leaves were collected and 
authenticated before being subjected to different drying 
methods, including air drying at room temperature, oven 
drying, and sun drying. These methods were selected 
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to evaluate how different preparation techniques might 
influence the plant’s bioactive compounds. After drying, 
the leaves were ground into a fine powder, and extracts 
were prepared using distilled water (the aqueous extract), 
methanol (the methanolic extract), or ethanol (the 
ethanolic extract). Each extract was administered orally 
to the rats at a consistent dose of 200 mg/kg body weight 
once daily for three weeks.

Inducing Leukemia in Laboratory Animals 
Leukemia was induced in the Wistar rats by administering 
benzene, a well-known carcinogen. Rats in the positive 
control and treatment groups received 0.2 mL of benzene 
daily for two weeks. Leukemia development was monitored 
by measuring hematological parameters, including 
peripheral blood smear, hematocrit, total and absolute 
differential white blood cell counts, red cell count, and 
hemoglobin levels, as published previously (11). These 
parameters are critical indicators of leukemia burden, 
with significant alterations confirming the establishment 
of leukemia in animals. Leukemia occurred in 92% of 
the Wistar rats 2–3 weeks following the final injection of 
benzene, and leukemia development was monitored in 
suitable rat groups. Peripheral blood smear, hematocrit, 
total and absolute differential white blood cell count, red 
cell count, and hemoglobin levels were used as indicators 
to measure leukemia burden. 

Experimental Design 
This investigation assessed immunological, biochemical, 
and histological characteristics in Wistar rats with 
leukemia after administering distinct P. amarus extracts. 
The study employed mature Wistar rats measuring 120–
200 g in weight. The animals were randomly assigned to 
five groups (A, B, C, D, or E), each including five animals. 
The rats were assigned numbers both individually 
and in groups.

Group A was designated as the “normal 
control” and received only rat meal and water.  
Group B was designated as the “positive control” and 
received rat meal, water, and 0.2 mL of benzene. For three 
weeks, Group C was given water, feed, 0.2 mL of benzene, 
and 200 mg of an aqueous extract of P. amarus (made by 
room drying). Group D received water, feed, 0.2 mL of 
benzene, and 200 mg of a methanolic extract of P. amarus 
(made by oven drying) for three weeks. For three weeks, 
Group E was given water, feed, 0.2 mL of benzene, and 200 
mg of an ethanolic extract of P. amarus (made by sun drying).  
This was accomplished once a day (9-10 am) utilizing 
an oral vial. 

Animal Sacrifice 
The study animals were sacrificed within 12 hours after 
the final treatment. Whole blood was taken directly from 
the heart through a cardiac puncture and introduced into 
containers that contained ethylene diamine tetra acetate 
utilizing a sterile vial and needle and poured into dry 

sample bottles labelled suitably. The various investigations 
were performed when the blood samples were obtained.

Laboratory Analysis
The plasma levels of CRP, IL-8, TGF-β, TNF-α, and IL-
10 were measured by utilizing a commercially accessible 
enzyme-linked immunosorbent assay (ELISA) kit 
(Biosource International Inc., Camarillo, CA, USA). 
Microalbumin, urea, creatinine, ALT, AST, and ALP 
levels were estimated using spectrophotometry, while the 
histological morphologies of the liver and bone marrow 
were evaluated using the hematoxylin and eosin staining 
technique.

Measurement of Inflammatory Markers 
The study assessed the protective effects of P. amarus 
extracts by measuring key inflammatory markers, 
including CRP, IL-8, TGF-β, TNF-α, and IL-10. These 
markers were selected based on their relevance in 
inflammation and leukemia progression.

CRP is an acute-phase protein that increases in response 
to inflammation. It was determined using an ELISA kit 
(Biosource International Inc., USA) specific for rat CRP, 
following the manufacturer’s protocol. Elevated CRP 
levels are indicative of inflammation and tissue damage.

IL-8 is a pro-inflammatory cytokine involved in the 
recruitment of neutrophils to sites of inflammation. IL-8 
levels were quantified using a rat-specific ELISA kit, based 
on its role in inflammation. This marker was chosen due to 
its role in mediating inflammatory responses in leukemia.

TGF-β plays a complex role in cancer, acting both as a 
tumor suppressor and a promoter of tumor progression 
under different contexts. It was measured using a rat 
TGF-β ELISA kit, chosen for its dual role in inflammation 
and fibrosis. The levels of TGF-β can provide insights 
into the regulatory balance between inflammation and 
tissue repair.

TNF-α is a key cytokine involved in systemic 
inflammation and is part of the cytokine cascade in the 
immune response. Its levels were determined using a 
rat-specific TNF-α ELISA kit, important for its role in 
systemic inflammation. TNF-α is particularly relevant 
in leukemia owing to its role in promoting cancer cell 
survival and proliferation.

IL-10 is an anti-inflammatory cytokine that helps 
regulate immune responses by limiting excessive 
inflammation. It was estimated using an IL-10 ELISA kit, 
due to its function in regulating immune responses. The 
balance between IL-10 and pro-inflammatory cytokines 
is crucial in understanding the protective effects of the 
extracts.

Results
Table 1 presents the average dispersion and comparison 
of immunological parameters across five experimental 
groups. They included a negative control group (Group 
A), a positive control group (Group B), and three groups 
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receiving treatment (Groups C-E) exposed to various 
extracts of P. amarus, a plant commonly used in traditional 
medicine. The examined parameters were CRP, IL-8, 
TGF-β, TNF-α, and IL-10.

The results revealed that there were no significant 
differences in CRP levels among the groups (P = 0.197). 
CRP is an acute-phase reactant that increases in response 
to inflammation or tissue damage. The reference range for 
CRP is less than 1%–3%. The lack of significant differences 
in CRP levels suggests that the treatments did not induce 
significant inflammation or tissue damage.

In contrast, TGF-β levels were significantly lower in 
Groups C, D, and E compared to Group B (P = 0.015) as 
shown in Figure 1. The levels of IL-8, a pro-inflammatory 
mediator, did not differ substantially between the groups. 
The IL-8 reference range is 0.819–200 ng/mL. TNF-α, 
another pro-inflammatory cytokine, was not significantly 
different among the groups (P = 0.370). IL-10, an anti-
inflammatory cytokine, showed no significant differences 
among the groups (P = 0.630). 

Table 2 provides the impact of various P. amarus 
leaf extracts exposed to distinct drying techniques on 

selected biochemical parameters. It presents the results 
of biochemical parameters in five groups of animals, 
including the negative control (group A), a positive control 
(group B), and three treatment groups (groups C-E) 
exposed to different P. amarus leaf extracts of prepared 
using different drying methods (sun drying, room drying, 
and oven drying). The investigated parameters included 
microalbumin, urea, creatinine, ALT, ALP, and AST.

The levels of microalbumin, a protein involved in kidney 
function, were significantly lower in group C (14.70 ± 1.55 
mg/L) compared to group B (18.56 ± 1.16 mg/L, P = 0.016). 

Urea levels were not significantly distinct among 
the groups, ranging from 19.37 ± 1.48 mg/dL (group 
B) to 22.26 ± 0.82 mg/dL (group E). These changes are 
shown in Figure 2. The kidneys discharge urea, a waste 
resulting from protein metabolism. Creatinine levels were 
significantly lower in groups C (0.12 ± 0.08 mg/dL) and 
E (0.26 ± 0.08 mg/dL) compared to group B (0.31 ± 0.23 
mg/dL; P = 0.014 and P = 0.032, respectively). ALP levels 
ranged from 0.117 ± 0.151 IU/L (group C) to 0.610 ± 0.122 
IU/L (group B) but were not significantly different among 
the groups (P = 0.242). ALT levels were significantly lower 

Table 1. Mean Dispersion and Comparison of Immunological Parameters Across the Experimental Groups

Parameters Group A Group B Group C Group D Group E P Value

CRP (pg/mL) 16.47 ± 1.25 15.95 ± 2.080 16.69 ± 0.20 17.79 ± 1.93 17.55 ± 1.12 0.197

IL-8 (ng/mL) 18.30 ± 0.96 20.20 ± 2.50 20.30 ± 2.90 18.80 ± 4.75 18.25 ± 1.90 0.254

TGF-β (mg/mL) 1156.35 ± 76.12 1043.19 ± 32.23 950.60 ± 32.3 942.90 ± 30.45 958.52 ± 4.01 0.015*

TNF-α (pg/mL) 15.95 ± 2.08 16.47 ± 1.25 16.69 ± 0.20 17.79 ± 1.93 17.55 ± 1.12 0.370

IL-10 (pg/mL) 59.67 ± 7.51 61.08 ± 4.29 54.84 ± 2.44 61.73 ± 4.99 55.35 ± 5.47 0.630

Note. * Statistically significant at P-value < 0.05.
Key:
Group A: Negative control (water plus feed). Group B: Positive control (Benzene plus feed). Group C: Benzene and aqueous extract of 
Phyllanthus amarus produced by room drying. Group D: Benzene and ethanol extract of Phyllanthus amarus obtained by oven drying. 
Group E: Sun-dried Phyllanthus amarus extract with benzene and methanol.
Reference ranges: 
C-reactive protein (CRP) (pg/mL) = < 1 – ≥ 3%.
Interleukin-8 (IL-8) = 0.819-200 ng/mL. 
Transforming growth factor β (TGF-β) = 31.25-2000 pg/mL.
Interleukin-10 (IL-10) = 15.6-1000 pg/mL.
Tissue necrosis factor-α (TNF-α) = 16-2000 pg/mL.

Table 2. The Effect of Phyllanthus amarus Leaf Extracts Treated to Various Drying Techniques on Biochemical Parameters

Parameters
Group A
(n = 5)

Group B
(n = 7)

Group C
(n = 3)

Group D
(n = 3)

Group E
(n = 5)

P Value

Microalbumin (mg/L) 16.71 ± 0.98 18.56 ± 1.16 14.70 ± 1.55 14.00 ± 2.46 15.20 ± 0.87 0.016*

Urea (mg/dL) 19.43 ± 0.63 19.37 ± 1.48 17.62 ± 2.95 21.89 ± 0.75 22.26 ± 0.82 0.645

Creatinine (mg/dL) 0.37 ± 0.41 0.31 ± 0.23 0.12 ± 0.08 0.14 ± 0.12 0.26 ± 0.08 0.032*

ALP (IU/L) 0.244 ± 0.181 0.258 ± 0.023 0.117 ± 0.151 0.108 ± 0.135 0.199 ± 0.140 0.242

AST (IU/L) 0.509 ± 0.379 0.610 ± 0.122 0.317 ± 0.253 0.383 ± 0.295 0.406 ± 0.278 0.425

ALT (IU/L) 0.337 ± 0.230 0.503 ± 0.005 0.265 ± 0.212 0.291 ± 0.230 0.411 ± 0.283 0.048*

Key:
Group A: Negative control (water plus feed). Group B: Positive control (Benzene plus feed). Group C: Benzene and aqueous extract of P. amarus produced by 
room drying. Group D: Benzene and ethanol extract of P. amarus obtained by oven drying. Group E: Sun-dried P. amarus extract with benzene and methanol.
Reference ranges: 
Microalbumin (mg/L) = 20-30 mg/dL.
Urea (mg/L) = 10-20 mg/dL.
Creatinine (mg/dL) = 0.5-1.1 mg/dL.
Alkaline phosphatase (ALP) (IU/L) = 30-120 IU/L.
Alanine aminotransferase (ALT) (IU/L) = 5-40 IU/L.
Aspartate aminotransferase (AST) (IU/L) = 8-48 IU/L.
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in group E (0.411 ± 0.283 IU/L) compared to group B 
(0.503 ± 0.005 IU/L, P = 0.048). AST levels ranged from 
0.317 ± 0.253 IU/L (group C) to 0.610 ± 0.122 IU/L (group 
B) but were not significantly different among the groups 
(P = 0.425). 

Descriptive Analysis of the Bone Marrow and Liver in 
Control and Test Groups
The bone marrow smears of the negative control group 
(A1-A5) showed normal cellularity with active trilineage 
haematopoiesis (Figure S1). In contrast, the positive control 
group (B1-B7) exhibited hypercellularity with increased 
megakaryocytes, myeloid cells, and erythrocytes, as well 
as a reduction in marrow fats (Figure S2). In addition, 
the bone marrow slides of the test groups revealed a 
more temperate cellularity with myeloid repression, 
elevated juvenile megakaryocytes and myeloid cells, and a 
decreased marrow fat as compared to the control (Figures 
S3 - S5).
The liver tissues of the negative control group (A1-A5) 
were well-preserved, with normal hepatocytes and portal 
tracts, minimal lymphocyte infiltration, and no acute 
or chronic damage (Figure S6). Contrarily, the positive 
control group (B1-B7) represented inflammation in the 
portal tracts and sinusoids, with minimal lymphocyte 
infiltration and no acute or chronic damage (Figure S7). 
The liver tissues of the test groups (C-E) were well 
preserved, with normal hepatocytes and portal tracts, 
minimal lymphocyte infiltration, and focal lobular 
inflammation in some areas. There was no acute or 
chronic damage (Figures S8 – S10). 

The bone marrow slides revealed a more temperate 
cellularity with myeloid repression, elevated juvenile 
megakaryocytes and myeloid cells, and a decreased 
marrow fat as compared to the control , whereas the liver 
tissues showed focal lobular inflammation in some areas. 

Discussion
The increasing incidence of leukemia and other 
hematological malignancies has been significantly 

linked to exposure to environmental carcinogens such 
as benzene, a prevalent contaminant in petroleum 
products (1). Benzene-induced leukemia remains a 
critical health concern, prompting extensive research into 
potential therapeutic interventions that could mitigate its 
detrimental effects. Among them, traditional medicinal 
plants such as P. amarus have garnered attention for 
their therapeutic potential, particularly due to their anti-
inflammatory and antioxidant properties (3,4).

The present study investigated the protective impacts 
of different Phyllanthus leaf extracts, a plant traditionally 
used in folk medicine, on benzene-induced leukemia in 
Wistar rats. Benzene, a known carcinogen, is a common 
contaminant in some petroleum products and has been 
associated with an elevated menace of leukemia and other 
hematological malignancies. The use of natural products, 
such as P. amarus, as potential adjunctive therapies for 
cancer treatment has gained growing awareness in recent 
years. Previous research suggested that P. amarus extracts 
possess antioxidant and anti-inflammatory properties, 
which may contribute to their potential therapeutic effects 
(5,6).

However, little is known about the protective impacts 
of P. amarus extracts on the immune system in the 
circumstance of cancer. Furthermore, the effect of different 
drying methods on the immunoprotective influence 
of these extracts has not been thoroughly explored. 
This study assessed the protective influence of different 
extracts from P. amarus treated with different drying 
techniques on leukemia induced by benzene in Wistar 
rats. The researchers specifically examined the effects of 
these extracts on various immunological, biochemical, 
and histopathological parameters, including the CRP, 
IL-8, TNF-α, TGF-β, IL-10, microalbumin, creatinine, 
urea, LAP, AST, ALT, and histological morphologies 
of the liver and bone marrow. The results of this study 
provide valuable insights into the protective effects of P. 
amarus extracts and highlight their potential as adjunctive 
therapies for cancer treatment.

In this study, CRP levels were measured to evaluate 
the overall inflammatory status of the rats. The findings 
revealed no significant differences in CRP levels across the 
experimental groups. CRP is a marker of inflammation, 
rising in response to inflammatory conditions or tissue 

Figure 1. Blood transforming growth factor beta (TGF-β) levels 
across the various experimental animal groups

Figure 2. Concentration of blood microalbumin, urea and 
creatinine across the test and control animal groups
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damage (8,12). The absence of significant changes in 
CRP levels among the groups indicates that the P. amarus 
extracts did not induce a generalized inflammatory 
response in the treated groups, which is critical in 
considering their safety and therapeutic potential. This 
finding is vital as it represents the safety of these extracts, 
indicating that they do not provoke adverse inflammatory 
reactions, which is essential in considering them as 
potential therapeutic agents for leukemia.

IL-8 levels were assessed to determine the extracts’ effect 
on neutrophil recruitment and localized inflammation. 
The stable levels of IL-8 across all groups suggest that the 
extracts did not provoke an acute inflammatory response, 
further supporting their potential as safe therapeutic 
agents. IL-8, a pro-inflammatory cytokine involved in 
neutrophil recruitment to sites of inflammation, showed 
no significant differences among the groups. This stability 
in IL-8 levels supports the observation that P. amarus 
extracts did not elicit a pronounced inflammatory 
response. Harada et al highlighted the importance of 
stable IL-8 levels in maintaining immune homeostasis (6), 
which aligns with the findings of this study.

TGF-β levels were significantly lower in the treatment 
groups (C, D, and E) compared to the positive control 
group (B), indicating that the extracts may exert anti-
inflammatory effects by downregulating TGF-β-mediated 
pathways. This finding is in line with the extracts’ 
potential to modulate immune responses and reduce 
fibrosis. TGF-β is involved in cell growth, proliferation, 
differentiation, and apoptosis (6,9). The reduction in 
TGF-β levels represents that P. amarus extracts may have 
modulatory effects on immune responses, potentially 
reducing fibrotic processes and promoting tissue repair. 
This is in conformity with previous findings, implying the 
plant’s anti-fibrotic properties (7,8,11).

TNF-α levels, another pro-inflammatory cytokine, 
demonstrated no significant differences among the 
groups. The lack of significant differences in TNF-α 
levels across the groups reveals that the extracts did not 
exacerbate systemic inflammation, which is a positive 
outcome given TNF-α’s role in promoting leukemia 
progression. TNF-α is critical in mediating inflammation 
and immune responses (7,8). The lack of significant 
variations in TNF-α levels suggests that the extracts did 
not provoke an excessive inflammatory response, further 
supporting their potential safety and non-toxic nature in 
the context of benzene-induced leukemia.

IL-10 levels remained stable across the groups, 
suggesting that the P. amarus extracts did not disrupt 
the balance of immune regulation. This is important 
in maintaining a controlled inflammatory response, 
which is essential in managing leukemia. IL-10 is an 
anti-inflammatory cytokine that plays a role in limiting 
immune responses and preventing tissue damage (12-
16). The findings showed no significant differences in 
IL-10 levels among the groups, indicating that the P. 
amarus extracts did not adversely affect the regulatory 

mechanisms of inflammation. This stability in IL-10 levels 
further underscores the potential of these extracts as safe 
therapeutic agents.

For the biochemical parameters, microalbumin levels 
were significantly lower in Group C compared to Group 
B. Microalbumin is a marker of kidney damage, and its 
reduction confirms the protective effect of the aqueous 
extract of P. amarus produced by room drying on renal 
function (17). This protective effect is crucial in the context 
of nephrotoxic effects induced by benzene, highlighting 
the potential of the extracts to mitigate renal damage.

Urea levels did not differ significantly among the groups. 
Urea is a waste product of protein metabolism, and its 
consistent levels across groups revealed that the extracts 
did not impair kidney function (18-20). This stability 
indicates that the extracts are safe for renal function.

Creatinine levels were significantly lower in Groups C 
and E compared to Group B. Creatinine is a key indicator 
of renal function, and its reduction in these groups 
suggests that the extracts may enhance kidney function 
(19). This finding supports the potential use of P. amarus 
extracts in protecting or improving renal health.

ALP levels showed no significant differences among the 
groups. ALP is an enzyme linked to bile duct function, and 
its stability represents that the extracts do not adversely 
affect liver function (20).

ALT levels were significantly lower in group E compared 
to group B. ALT is a marker of liver health, and its 
reduction confirms the potential hepatoprotective effects 
of the sun-dried P. amarus extract (19,20), highlighting 
the therapeutic potential of the extract in preventing liver 
damage induced by benzene exposure.

AST levels were not significantly different among the 
groups. Similar to ALT, AST is another liver enzyme, and 
its stable levels further corroborate the hepatoprotective 
properties of the extracts (19).

The bone marrow smears of the negative control group 
(A1-A5) demonstrated normal cellularity with active 
tri-lineage hematopoiesis, indicating a healthy bone 
marrow with proper hematopoietic activity. The presence 
of all three blood cell lineages (erythroid, myeloid, 
and megakaryocytic) suggests that the bone marrow 
is functioning properly, producing all the necessary 
blood cells.

In contrast, the positive control group (B1-B7) exhibited 
hypercellularity with increased megakaryocytes, myeloid 
cells, and erythrocytes, as well as a reduction in marrow fats. 
This is consistent with the expected response to a positive 
control, which is intended to stimulate an inflammatory 
reaction and alter bone marrow morphology.

The bone marrow smears of the test groups (C-E) 
revealed medium cellularity with myeloid repression 
and elevated juvenile megakaryocytes and myeloid cells, 
as well as a reduction in marrow fats compared to the 
control. This implies that the extracts may have had some 
effect on bone marrow function, leading to a decrease in 
myeloid cell production while an increase in immature 
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megakaryocytes. The reduction in marrow fats may be 
indicative of decreased fat storage or metabolism in the 
bone marrow. These findings highlight that the P. amarus 
extracts can mitigate hypercellularity induced by benzene, 
potentially normalizing hematopoietic activity and 
protecting against bone marrow toxicity. This conforms 
to previous research results, indicating the plant’s 
potential to modulate hematopoiesis and protect against 
hematological damage (21-24).

The observed changes in bone marrow morphology 
may be related to the antioxidant and anti-inflammatory 
properties of the extracts. P. amarus has been shown 
to have antioxidant and anti-inflammatory activities, 
which could ultimately affect bone marrow function and 
morphology (3). The extracts may have modulated the 
immune response and reduced inflammation in the bone 
marrow, leading to changes in cellularity and morphology.

The liver tissues of the negative control group (A1-A5) 
were well-preserved, with normal hepatocytes and portal 
tracts, minimal lymphocyte infiltration, and no acute 
or chronic damage. This is consistent with normal liver 
function and morphology.

In contrast, the positive control group (B1-B7) 
represented inflammation in the portal tracts and 
sinusoids, with minimal lymphocyte infiltration and no 
acute or chronic damage. This corroborates the expected 
response to a positive control, which is intended to 
stimulate an inflammatory reaction in the liver.

The liver tissues of the test groups (C-E) were well-
preserved, with normal hepatocytes and portal tracts, 
minimal lymphocyte infiltration, and focal lobular 
inflammation in some areas. This suggests that the 
extracts may have had some effect on liver function 
and morphology, leading to mild inflammation in some 
areas. The absence of significant inflammation or damage 
revealed that the extracts did not cause acute or chronic 
liver damage.

The observed changes in liver morphology may be 
related to the antioxidant and anti-inflammatory activities 
of the extracts. P. amarus has been shown to have 
antioxidant and anti-inflammatory properties, which 
could potentially affect liver function and morphology 
(9). 

Based on the results, the test groups exhibited a milder 
response compared to the positive control group, with 
fewer inflammatory changes in both bone marrow and 
liver tissues. The bone marrow smears demonstrated 
a more temperate cellularity with myeloid repression 
and increased juvenile megakaryocytes and myeloid 
cells, whereas the liver tissues showed focal lobular 
inflammation in some areas. These findings confirm 
that the extracts may have some protective effects on 
hematopoiesis and liver function.

The observed changes in bone marrow morphology 
may be related to the anti-inflammatory and antioxidant 
properties of the extracts. The extracts may have modulated 
the immune response and reduced inflammation in 

the bone marrow, leading to changes in cellularity 
and morphology. Similarly, the observed changes in 
liver morphology may be related to the antioxidant 
and anti-inflammatory activities of the extracts. The 
extracts may have modulated the immune response and 
reduced inflammation in the liver, leading to mild focal 
inflammation in some areas. The histologic outcomes 
observed during this experiment are consistent with the 
findings of Eweka and Enogieru (25) and Olubunmi et 
al (26), representing that P. amarus caused detrimental 
alterations in the renal tubules and testes of adult rats. The 
liver tissue analysis supports the hepatoprotective effects 
of the P. amarus extracts, demonstrating their ability 
to maintain liver structure and function under toxic 
conditions (22). The presence of minimal lymphocyte 
infiltration and well-preserved hepatocytes in the test 
groups indicates that the extracts provide substantial 
protection against benzene-induced hepatic damage.

The results of this study revealed that the extracts of P. 
amarus leaves prepared using different drying methods 
may have possible uses for medicine for kidney and liver 
diseases. The aqueous extract prepared by room drying 
may be effective in reducing microalbumin levels, while 
the methanolic extract prepared by sun drying may be 
influential in reducing ALT levels. This finding matches 
that of a previous study (11). The results also possibly 
suggest that P. amarus extracts may have some protective 
effects on hematopoiesis and liver function, which could 
potentially be beneficial for individuals with underlying 
conditions affecting these organs. However, further 
studies are needed to fully understand the mechanisms by 
which these extracts exert their effects.

Conclusion
This study investigated the nephroprotective and 
hepatoprotective effects of various P. amarus extracts on 
Wistar rats exposed to benzene, a potent environmental 
carcinogen known to induce leukemia. Our findings 
highlight the potential therapeutic benefits of P. amarus in 
mitigating benzene-induced damage.

The immunological assessments revealed that P. 
amarus extracts did not induce significant inflammatory 
responses, as evidenced by stable levels of CRP, IL-8, 
TNF-α, and IL-10. Notably, the reduction in TGF-β levels 
in the treatment groups suggests the extracts’ capacity to 
modulate immune responses, potentially reducing fibrotic 
processes and promoting tissue repair.

Biochemical analyses demonstrated the nephroprotective 
and hepatoprotective effects of the extracts. Lower levels of 
microalbumin and creatinine in specific treatment groups 
indicated improved renal function, while significant 
reductions in ALT levels highlighted the hepatoprotective 
properties of the extracts. The consistent levels of urea, 
ALP, and AST across groups further support the safety and 
efficacy of the extracts in maintaining renal and hepatic 
function.

Histopathological evaluations corroborate these findings, 
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showing well-preserved liver architecture and improved 
bone marrow cellularity in the treatment groups compared 
to the positive control group. These results represent that P. 
amarus extracts can mitigate the hematopoietic and hepatic 
damage induced by benzene exposure.

The findings of this study confirmed the anti-
inflammatory potential of P. amarus extracts in managing 
benzene-induced leukemia. The significant reduction in 
TGF-β levels in the treatment groups shows that these 
extracts can modulate immune responses, potentially 
reducing fibrosis and promoting tissue repair. The stability 
of CRP, IL-8, and TNF-α levels across groups indicates 
that the extracts do not provoke an adverse inflammatory 
response. These findings underscore the therapeutic 
potential of P. amarus in controlling inflammation related 
to benzene exposure, offering a promising adjunctive 
treatment strategy for leukemia. Further research is 
necessary to explore the underlying mechanisms and 
validate these effects in clinical settings.
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