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Abstract:

Introduction: Prostate cancer is among the most prevalent cancers in men, with increasing incidence, and the
limited therapeutic options have stimulated interest in plant-based bioactive compounds as alternatives. Aframomum
melegueta is widely utilized in ethnomedicine for various health issues and has drawn interest due to its promising
therapeutic properties. This study investigated the protective and therapeutic role of ethanol seed extract of
Aframomum melegueta (ESEAM) against MSG-induced prostate damage in rats, integrating in vivo experimental
evidence with in silico analysis to establish its relevance in prostate-related drug discovery.

Methods: Male rats were divided into groups and induced with MSG with or without treatment using ESEAM or
finasteride. Biochemical assays and histopathological evaluation were conducted to assess protective and restorative
effects. Molecular docking was performed to predict interactions between phytochemicals and prostate damage-
associated protein targets. Data were presented as mean + SEM and analyzed using one-way ANOVA followed by
Tukey’s post-hoc test (p < 0.05).

Results: MSG exposure induced significant alterations in hematological and biochemical indices, with severe
histopathological alterations. Compared with the control, ESEAM significantly (p < 0.05) improved hematological
indices and lowered liver and prostate markers, with histology confirming notable attenuation of prostate damage.
Molecular docking revealed favorable binding interactions between ESEAM phytochemicals (552098, 296573,
5364759, and 296573) to prostate-related molecular targets.

Discussion: The observed biochemical, histological, and computational findings suggest that ESEAM exerts
protective and restorative effects against MSG-induced prostate injury, possibly through bioactive compound-target
interactions that modulate prostate-related pathways.

Conclusion: Collectively, these findings indicate that ESEAM displays protective and therapeutic effects and
represents a promising drug candidate for further mechanistic and drug development.

Keywords: Aframomum melegueta, Monosodium glutamate, Prostate cancer, Prostate acid phosphatase, Prostate-
specific antigen.
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1. INTRODUCTION

Prostate cancer and other related prostate damage are
the significant forms of malignancy in men, especially in
developed countries, where most of the cases are
diagnosed in men above 50 years of age [1]. There are no
known causes of prostate cancer, but reports suggest that
dairy factors are major risk determinants [2-4]. Hormones,
mainly androgens and estrogens, have been highly
involved in prostate carcinogenesis as well, but evidence
from human models is also lacking. Nonetheless, the
scientific explanation of prostate cancer biology suggests
that androgen and possibly estrogen may be responsible.
Infections (prostatitis, inflammation of the prostate) are
also considered prostate cancer risk factors [5]. In
addition, studies from experimental animals have shown
that chemical agents, most especially those metabolically
activated in the prostate, can trigger prostate
carcinogenesis [6].

The sodium salt of glutamic acid, monosodium
glutamate (MSG), dissociates in water to yield free sodium
ions and glutamic acid [7], which stimulates synaptic
receptors (glutamate receptors) on neuronal membranes
and plays a central role in excitotoxicity. Its
overstimulation by MSG can trigger signaling pathways
linked to cell survival and proliferation [8], potentially
mimicking mechanisms seen in neurological disorders,
where glutamate excitotoxicity causes cellular stress. The
toxic effects of MSG on the testis cause significant
oligozoospermia and an increase in sperm morphology in a
dose-dependent fashion in male Wistar rats [9, 10]. It has
also been implicated in causing degeneration, testicular
hemorrhage, alteration of sperm cell morphology, and
population in male infertility [8, 11]. Furthermore, overuse
of MSG as a flavor enhancer has been reported to be
hepatotoxic [12]. In contrast, in the animal model, chronic
MSG intake has been reported to induce kidney damage
via oxidative stress [13, 14], and ROS formation, both of
which contribute significantly to its nephrotoxic effect,
thereby causing cellular and functional damage [15].
These suggest MSG can be a useful experimental model
for studying chemically induced prostate damage.

Hormone therapy, radiation, surgical treatment, and
chemotherapy are the currently available treatment
options for prostate cancer and or damage. These
treatments have shown remarkable improvement in
patients, but have come up with adverse and toxic side
effects, creating a need for alternative therapy with
improved efficacy and safety profiles [15, 16]. Among
available therapies, finasteride is widely used as a
reference drug in both human and animal models. It is a
selective 5a-reductase inhibitor that prevents the
conversion of testosterone to dihydrotestosterone (DHT),
thereby suppressing androgen-driven prostate growth and
carcinogenesis. It has been clinically approved for benign
hyperplasia and investigated in prostate cancer
chemoprevention trials [17]. The use of natural and
dietary supplements, such as vitamin E, selenium,
lycopene, and green tea, is widely accepted in prostate
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cancer treatment [18-21]. According to the World Health
Organization, about 65% of the global population feels
safe with treating disease(s) with traditional medicine [22,
23] with India, China, and Africa, along with the USA,
having an increased usage of complementary and
alternative drugs within the last 2 decades [24, 25].
Approximately 80% of anticancer agents are derived from
plants and other natural resources; however, they have
not been explored in the management of prostate cancer
or prostate-related damage [26-28].

Aframomum melegueta is a Zingiberaceae family plant
spice widely cultivated in Africa for its valuable seeds. It is
an herbaceous perennial plant native to swampy habitats
along the West African coast. It is commonly known as
“grains of paradise,” “melegueta pepper,” “alligator
pepper,” “guinea grains,” or “guinea pepper” [29, 30].
Apart from their culinary uses, the seeds of A. melegueta
are claimed to have antioxidant [31], anti-cancer [32-34],
anti-diabetic [35, 36], anti-inflammatory [37], and
hepatoprotective activity [38]. Okeke et al. [39] reported
that the seed of A. melegueta helps in improving penile
rigidity and erectile function. Despite the numerous
therapeutic applications and scientific reports on this
plant, there is no report on the effectiveness of this plant
on prostate cancer or prostate-related damage with
respect to prostate markers in silico. Given the limitations,
we used this plant to evaluate its therapeutic potential for
treating prostate damage using experimental and
computational approaches.

2. MATERIALS AND METHODS

2.1. Chemicals

Monosodium glutamate and finasteride were
purchased from Sigma Chemical Company (St. Louis, MO,
USA). Prostate-specific antigen (PSA) and luteinizing
hormone (LH) ELISA assay kit (Calbiotech Inc., CA, USA),
interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a)
ELISA assay kit (Bioassay Tech. Lab. Shanghai, China). All
other chemicals and solvents used were of analytical grade
and the highest purity.

2.2. Collection and Authentication of the Plant Part

A. melegueta seeds were collected from Oja Oba
Market in Ilorin, Kwara State. It was identified and
authenticated at the Herbarium Unit of the Department of
Plant Biology, University of Ilorin, where a voucher
number, UILH/001/2019/1166, was assigned and
deposited in the University Herbarium. Prior to extraction,
the shells of A. melegueta seeds were removed and ground
into a fine powder (KitchenAid KSB4027PA Countertop
Blender, USA). About 3 kg of ground seed was soaked in 3
L of 98% ethanol for 24 hours, then filtered. The ethanol
filtrate was concentrated under reduced pressure using a
rotary evaporator. The resulting residue, called ethanol
seed extract of Aframomum melegueta (ESEAM), was
transferred to a hot-air oven, where it was dried to
constant weight at 40°C, stored in air-tight sample bottles,
and kept until used.
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Table 1. Phytochemical constituents of ethanol seed extract of Aframomum meleguata.

S.No. | RT (min) Name of Compound MW (g/mol) Peak Area (%) Peak Height (%)
1 5.144 2-Nonanol 144.25 0.35 0.42
2 5.374 1-Octene, 3-(methoxymethoxy) 172.26 2.96 1.16
3 6.120 2-Heptanol, acetate 158.24 0.57 1.04
4 6.981 1,6-Octadien-3-ol, 3,7-dimethyl 194.31 0.72 1.84
5 8.183 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy 160.12 6.44 1.73
6 8.706 2-Butanone, 4-hydroxy-3-methyl 178.23 2.53 0.91
7 9.021 Thiophene, 2-propyl 1117.6 1.14 0.69
8 9.583 Cycloheptane, 1,4-dimethoxy-, trans 158.24 0.11 2.20
9 9.812 Urea, 1-(p-nitrobenzoyl)-3-phenyl 285.25 0.42 0.49
10 10.593 Diethylene glycol monododecyl ether 274.44 0.44 0.35
11 10.894 8-Methyl-6-nonenoic acid 170.25 0.61 0.63
12 11.462 Caryophyllene 204.35 5.00 7.82
13 11.830 Humulene 204.35 7.25 9.87
14 12.093 5.alpha.-Androstan-16-one 290.4 0.09 0.39
15 12.376 | Toluene-4-sulfonic acid, 2,7-dioxatricyclo[4 310.4 0.25 1.00
16 12.681 Caprylic anhydride 270.41 244 1.36
17 12,965 cis-Z-.alpha.-Bisabolene epoxide 220.35 0.23 1.26
18 13.187 12-Oxabicyclo[9.1.0]dodeca-3,7-dien 220.35 0.44 1.95
19 14.346 Octadecanoic acid 284.5 1.75 6.98
20 15.071 Pentadecanoic acid 242.4 7.69 1.80
21 15.962 n-Hexadecanoic acid 256.42 11.32 6.98
22 16.390 Cyclopentadecanone, 2-hydroxy 240.38 2.59 1.78
23 17.039 9,12-Octadecadienoic acid (Z,Z) 296.4 13.18 7.07
24 17.205 Octadecanoic acid 284.5 0.55 2.50
25 17.248 Ethyl 14-methyl-hexadecanoate 298.5 0.23 1.19
26 17.416 Naphthalene, 2-decyldecahydro 278.5 0.38 1.16
27 17.772 Naphthalene, decahydro-1-pentadecyl- 348.6 2.62 2.46
28 17.904 [[1,3]Benzodioxolo[5, 6 clphenanthridine, 12, 712.7 3.06 2.53
29 18.746 Hexadecanal, 2-methyl 254.5 2.98 2.05
30 19.133 Diisooctyl phthalate 390.6 1.54 1.61
31 19.452 Ethyl 9-hexadecenoate 282.5 1.39 1.20
32 19.957 (R)-(-)-14-Methyl-8-hexadecyn-1-ol 252.4 1.97 4.88
33 20.072 Octanoic acid, 2,3-dihydroxypropyl ester 218.29 0.61 2.10
34 21.056 E-11-Tetradecen-1-ol difluoroacetate 290.39 0.66 0.81
35 21.558 d-Norandrostane(5.alpha.,14.alpha.) 246.4 1.53 2.49

Abbreviations: RT = Retention time: MW = Molecular weight.

2.3. Phytochemical and GC-MS Analysis of ESEAM

The phytochemical profile of ESEAM has been
previously reported in our earlier study [40], see Table 1.
In brief, qualitative phytochemical screening revealed the
presence of alkaloids, flavonoids, phenols, saponins, and
tannins. At the same time, Gas chromatography-mass
spectrometry (GC-MS) analysis further identifies some
bioactive compounds, notably, caryophyllene, humulene,
5-alpha-androstane-16-one, and other lipid compounds.
For the current study, the same extraction procedure was
adopted to ensure reproducibility. The previously
identified phytochemical constituents were also
considered as putative ligands for in silico docking against
enzymes implicated in prostate damage.

2.4. Animal Studies

Adult male Swiss albino rats (6 weeks old) weighing
200.09 £ 2.20 g were purchased from the Animal Holding
Unit of the Department of Biochemistry, University of
llorin, Ilorin, Nigeria, and acclimatized for 5 days.
Castration was performed according to the method of
Dulisch [41], and the rats were left to recover for another
week, with constant monitoring for signs of pain, distress,
or illness and humane endpoints daily, in accordance with
the guidelines of the Animal Care and Use Committee of
Kwara State University. Animals were then completely
randomized to five (5) groups of ten animals each. All rats
were housed in a pathogen-free environment and provided
ad libitum access to food and water. Our methods were
carried out in accordance with international guidelines
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and regulations on ethical principles for research using
laboratory animals, adhering to the principles of the 3Rs
(US NRC'’s guide). The study was approved and conducted
in accordance with the ethical procedures and policies of
the Animal Care and Use Committee of Kwara State
University, Malete, Nigeria, and an approval number
(KWASU/CR&D/REA/2024/050) was assigned.

2.5. Sensitization and Treatment

Seventy (70) male rats were castrated and allowed one
week of recovery before experimentation. Following
castration, sixty (60) rats (200.09 + 2.20 g) were divided
into five groups (n=10) and used for the study. Except for
the control group, all rats received 60 mg/kg body weight
MSG intraperitoneally in 2 mL distilled water for 28 days
to induce and promote prostate damage. Control rats were
administered distilled water alone. ESEAM or finasteride
was administered to the sensitized rats at 50 mg/kg, 100
mg/kg, or 0.8 mg/kg body weight, respectively, for 28
days. During the experiment, mortality was recorded in
the MSG-only group, resulting in a reduction in the
number of animals available for analysis. On the 28" day,
all animals were sacrificed under light anesthesia
performed as described previously by Ku et al [42], and
blood and tissue samples were collected for biochemical
estimations and histopathological examination.

2.6. Biochemical Analysis

Whole blood samples were collected from rats by
cardiac puncture under anesthesia into EDTA sample
bottles for hematological studies. At the same time, serum
was extracted from whole blood by centrifugation at 5000
rpm using a bench-top centrifuge (Frontier 500 series).
Liver, kidney, and prostate tissues were collected and
perfused immediately with 0.25 M ice-cold sucrose solution.
They were homogenized in sucrose buffer (pH 7.4) to yield
a 10% (w/v) homogenate, then centrifuged at 10,000 g for
20 mins. The supernatant (cytosol fraction), after discarding
any floating lipid layer and appropriate dilution, was used
to assay biochemical analysis. An autohematological
analyzer (Shenzhen Mindray, BioMedical Electronics Co.,
Ltd., China) was used to study hematological indices. AST,
ALT, GGT, and ALP were measured using Randox Kkits
(Randox Laboratories Ltd., Antrim, UK). Urea determination
was based on the cleavage of urea with urease (Berthelot's
reaction) according to Fawcett and Scott [43]. Uric acid was
determined using the phosphotungstate method as
described by Itiaba [44], and creatinine was measured
using Jaffe’s modified method [45]. Prostate-Specific
Antigen (PSA) and Lutenizing Hormone (LH) were
estimated using an ELISA assay kit (Calbiotech Inc., CA,
USA), total acid phosphatase (TACP) and prostatic acid
phosphatase (PACP) were assessed as described by
Mahmud et al. [46], interleukin-6 (IL-6) and tumor necrosis
factor-a (TNF- a) were estimated using an ELISA assay kit
(Bioassay Tech. Lab. Shanghai, China).

2.7. Histology

The prostate was collected from euthanized animals
and was fixed in 10% paraformaldehyde (PFA), which was
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routinely processed and paraffin-embedded. This was done
according to the method of Ramachandran and Kakar [47].

2.8. Molecular Docking

2.8.1. Protein Retrieval and Preparation

The target proteins with PDB IDs: 1ANI, 11VR, 3IJH,
and 4790 for alkaline phosphatase, aspartate aminotrans-
ferase, alanine aminotransferase, and gamma-glutamyl
transpeptidase 1, respectively, were downloaded from the
RSCB Protein Data Bank [48, 49]. All the respective PDB
IDs were uploaded to the Molegro Virtual Docker (MVD)
2013 V6.0. Water molecules, cofactors, ligands, and other
non-essential molecules in the crystal structures were
removed, and protein structural defects were identified for
each of the four enzymes. Structural defects in amino acid
residues were examined, corrected, and optimized using
neighboring residues. The surface was generated for each
protein, and a ligand-binding cavity was identified
separately for each enzyme after adding hydrogen atoms
and assigning charges. Each enzyme was set at a different
coordinate along the X, Y, and Z axes. The X, Y, and Z axes
were set at 62.78, 31.26, and 26.58 for 1ANI, 46.94, 12.95,
and 39.21 for 1IVR, -17.26, 59.32, and 14.00 for 3IJH,
-20.80, -26.16, and -10.90 for 4Z90. Grid resolution was
set to 0.30 Armstrong for all PDB IDs, and the maximum
energy was minimized.

2.8.2. Ligand Preparation

A total of 30 ligands were downloaded from PubChem
in the form of 3D SDF conformers, based on the results of
our GC-MS analysis of A. melegueta [40], see Table 1.
Finasteride was used as the reference drug for the study.
All ligands were uploaded to MVD and prepared to correct
any errors present. The preparation options were set to “if
missing” for assign bonds, hybridization, create explicit
hydrogens, assign tripos atom types, create explicit
hydrogens, and assign charges. This was achieved using
the Molegro Virtual Docker (MVD) software V2013.
Ligands were then docked to each receptor using the Dock
Wizard option to obtain docking scores.

2.9. Statistical Analysis

Values were presented as mean = SEM. The normality
and homogeneity of variance were assessed using one-way
analysis of variance, followed by Tukey’s post-hoc test for
multiple comparisons with variables that showed
significant differences (p < 0.05) between the groups. All
statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS) version 16 software
(Chicago, IL, USA).

3. RESULTS

3.1. Effect of ESEAM on Hematological Parameters

The distribution of some hematological parameters
(Table 2) for MSG-induced prostate damage was
evaluated. It revealed a significant decrease (p < 0.05) in
the MSG-treated group compared with the control, and
upon treatment with the extract, a substantial increase
was observed.
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Table 2. Effect of ESEAM on hematological parameters of MSG-induced prostate damage in rats.

Enzymes/Organs Control MSG (60 mg/kg) | ESEAM (50 mg/kg) | ESEAM (100 mg/kg) | Finasteride (0.8 mg/kg)

Red Blood Cell (x10'/]) 4.83 +0.42° 3.58 + 0.89° 4.98 * 0.46° 4.72 % 0.59 4.79 = 0.56"
Hemoglobulin (g/dl) 7.84 + 0.59" 6.82  1.72° 9.62 £ 0.88° 9.22 £ 1.16° 9.26 £ 1.01°
Packed Cell Volume (%) 2720 £2.27° | 19.80 % 5.01° 27.20 % 2.31° 27.20 + 3.71° 26.40 = 3.23"
Mean Cell Volume 55.80 £ 0.97° | 44.40  11.10° 56.40 + 2.79° 56.80 + 2.78° 54.40 + 1.63"
Mean Cell Hemoglobin (%) 19.04 £ 0.22° | 15.24 + 3.81° 19.28 + 0.29" 19.22 + 0.19° 19.32 £ 0.26°
Mean Cell Hem‘)‘zlo;:?m Concentration | 33 g5 4 048> | 27.20 + 6.82° 34.54 £ 1.07° 35.80 £ 1.41° 35.44 £ 1.40°
White Blood cell count (x10%/L) 6.52 £ 2.12" 8.46 + 0.98° 6.03 + 1.09° 6.03 £ 1.09° 6.47 £ 0.97"
Neutrophils (%) 32.80 + 3.48° | 23.00 + 5.81° 38.40 + 3.30° 35.80 + 3.99° 29.40 + 1.75
Lymphocytes (%) 63.40 + 3.88° | 56.40 £ 14.12° 60.60 + 3.71° 62.80 £ 4.27° 58.80 + 14.76"
Monocytes (%) 0.00 + 0.00° 1.40 + 0.51° 1.00 % 0.45° 0.80 £ 0.37" 0.80 % 0.37°
Eosinophils (%) 0.00 + 0.00° 0.40 + 0.24° 0.00 + 0.00° 0.00 * 0.00° 0.00  0.00°
Basophils (%) 0.00 + 0.00° 0.20 % 0.20° 0.00 + 0.00° 0.00 £ 0.00° 0.00  0.00°

Platelet (x10°/1) 202.20 + 11.88"| 161.60 + 40.51° 192.80 + 19.04" 212.80 + 9.39° 201.00 + 13.96°

Note: Values are expressed as mean = SEM, n = 6 rats. Analysis of variance (p < 0.05).

3.2. Effect of ESEAM on Serum and Liver Markers
and Kidney Indices

Administration of MSG induced hepatotoxicity by
increasing significantly (p < 0.05) serum and liver
activities of AST, ALT, ALP, and GGT in the MSG-only
group compared to the control group. Treatment with the

ESEAM at doses of 50 and 100 mg/kg body weight,
respectively, induced a significant reduction (p < 0.05)
(Table 3). Similarly, there was a substantial increase (p <
0.05) in urea, uric acid, and creatinine in animals treated
with MSG. Still, upon treatment with ESEAM, there was a
significant decrease (p < 0.05) in the level of kidney
indices (Table 4).

Table 3. Effect of ESEAM on serum and liver markers of MSG-induced prostate damage in rats.

Enzymes (U/L)/Organs Control MSG (60 mg/kg) ESEAM (50 mg/kg) ESEAM (100 mg/kg) Finasteride (0.8 mg/kg)
ALP
Serum 81.87 £ 1.29° 103.00 £ 0.72° 96.63 + 0.46° 88.63 £ 0.59° 81.70 + 0.63"
Liver 81.57 £ 0.67% 108.73 £ 3.10° 93.80 + 1.04° 85.33 + 0.58" 87.63 + 0.46°
AST
Serum 36.03 £ 0.30° 61.70 £ 0.70° 56.67 * 2.40° 49.70 = 0.50° 45.60 * 0.60"
Liver 51.27 +0.72° 68.13 + 1.27° 57.70 + 1.36° 47.40 + 0.64° 43.87 + 0.35
ALT
Serum 18.70 = 0.10° 41.23 £ 0.50° 35.40 + 0.20° 27.90 £ 0.27° 25.90 + 0.28"
Liver 17.83 + 0.35" 41.80 = 0.58° 38.00 * 0.26¢ 30.67 £ 0.41° 28.20 *+ 0.47°
GGT
Serum 20.76 £ 0.29° 30.86 + 0.20° 23.10 + 0.34° 17.73 £ 0.27° 15.93 £ 0.18"
Liver 36.17 £ 0.41° 62.37 £ 0.39° 41.50 * 0.64° 23.70 £ 1.46° 26.30 + 0.22"

Note: Values are expressed as mean + SEM, n = 6 rats. Analysis of variance (p < 0.05).

Table 4. Effect of ESEAM on serum and kidney indices of MSG-induced prostate damage in rats.

Enzymes/Organs Control | MSG (60 mg/kg) | ESEAM (50 mg/kg) ESEAM (100 mg/kg) Finasteride (0.8 mg/kg)
Urea (mg/dl)

Serum 2.70 = 0.05° 4.77 + 0.08° 3.53 = 0.03" 3.33£0.12° 3.10 + 0.06"
Kidney 2.50 £ 0.06° 4.10 £ 0.12° 3.67 = 0.09 2.23 +0.03" 2.13 £ 0.09°

Uric Acid (mg/dl)
Serum 0.13 £ 0.02° 0.36 = 0.01° 0.23 +0.01" 0.18 £ 0.01° 0.17 £ 0.01°
Kidney 0.15 £ 0.02° 0.38 + 0.01¢ 0.31 +0.01™ 0.27 +0.01° 0.23 +0.01°

Creatinine (mmol/l)

Serum 55.03 £0.38°| 80.58 = 0.61° 76.20 + 1.35° 60.89 + 0.29 62.37 = 0.58°
Kidney 51.70 £0.74°|  82.23 + 0.82° 69.53 * 0.68° 57.20 £ 0.51° 52.53 + 0.52"

Note: Values are expressed as mean + SEM, n = 6 rats. Analysis of variance (p < 0.05).
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Table 5. Effect of ESEAM on serum and prostate markers in MSG-induced prostate damage in rats.

Enzymes/Organs | Control MSG (60 mg/kg) ESEAM (50 mg/kg) ESEAM (100 mg/kg) Finasteride (0.8 mg/kg)
PSA (yg/mL)
Serum 0.35 £ 0.03° 6.48 £ 0.21° 0.88 * 0.06° 0.85 £ 0.05° 0.57 £0.13"
Prostate 0.34 +0.01° 3.87 £ 0.42° 0.59 *+ 0.04° 0.67 + 0.04° 0.49 + 0.06
LH (IU/L)
Serum 0.11 £ 0.01° 0.38 + 0.02° 0.18 £ 0.01® 0.13 £ 0.01° 0.13 £ 0.02°
Prostate 0.13 £ 0.01° 0.47 £ 0.02° 0.19 £ 0.00® 0.17 £ 0.01° 0.19 * 0.00®
TACP (ng/mL)
Serum 5.76 + 0.04° 17.72 £ 1.28° 9.18 + 0.60" 7.20 £ 0.37° 6.13 £ 0.62"
Prostate 6.41 £ 0.71° 12.66 = 0.56" 8.20 £ 0.37° 6.72 £ 0.72 6.41 £0.71°
PACP (ng/mL)
Serum 2.07 £ 0.09° 8.76 £ 0.13° 7.70 £ 0.78° 4.62 = 0.04° 412 £0.28°
Prostate 2.95 + 0.04° 12.05 + 0.13° 5.38 £ 0.21° 3.27 £ 0.06° 3.03 £0.12°

Note: Values are expressed as mean + SEM, n = 6 rats. Analysis of variance (p < 0.05).
Abbreviations: PSA = Prostate-specific antigen; LH = Luteinizing hormone; TACP = Total acid phosphatase; PACP = Prostate acid phosphatase.

Fig. (1). Photomicrograph of the histological evaluation of prostate tissue of MSG-induced prostate damage in rats.

3.3. Effect of ESEAM on Serum and Prostate Markers

The relative serum and tissue activities of prostate
markers (PSA, LH, TACP, and PACP) were elevated (p <
0.05) in animals treated with MSG when compared with
the control (Table 5). Upon treatment with the extract, a
significant reduction (p < 0.05) was observed.

3.4. Effect of ESEAM on Tissue

Prostate
Histopathology in MSG-induced Prostate Damage in
Rat

The effect of ESEAM on prostate tissue histology in
MSG-induced prostate-damaged rats is shown in
Fig. (1a-e).
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Fig. (2). Binding pose showing interactions of ligands with amino acids in the active pocket of alkaline phosphatase enzyme.

The histopathology showed prostatic tissue composed
of glands lined by low columnar epithelial cells with basal
nuclei and supranuclear clear cytoplasm. (a) Control
group: The prostate gland shows mild epithelial folds,
contains secretion, and has no features of hyperplasia or
atypia. (b) MSG-only: This group revealed prostatic tissue
composed of glands lined by cuboidal epithelial cells and
showed mild to moderate epithelial folds featuring
glandular hyperplasia with some features of atypia. (c)
ESEAM 50 mg/kg: Prostatic tissue is composed of glands
lined by cuboidal epithelial cells with mild folds. Dense
neutrophilic inflammatory infiltrates were present, but no
hyperplasia or atypia were revealed. (d) ESEAM 100
mg/kg: Similar preservation of the glandular architecture
with cuboidal epithelial lining and mild folds was seen.
Cell infiltrations were noted, but no features of
hyperplasia or atypia. (e) The finasteride group showed
prostatic tissue composed of glands lined by cuboidal
epithelial cells but no features of hyperplasia or atypia.

3.5. Molecular Docking Results

The molecular docking analysis of the ligands against
the enzymes ALP, AST, ALT, and GGT, as shown in
Table 6, reveals their potential inhibitory effects. The
ligands with the highest binding affinity for all the
enzymes are 552098, 5280450, 5364759, and 280342,
particularly showing the highest binding to ALP
(-157.696), AST (-140.326), ALT (-115.826), and GGT
(-125.851), respectively. In contrast, the standard drug,

10970751, demonstrated the lowest binding affinities
across all enzymes, particularly against ALP (-29.1069),
suggesting a weaker inhibitory potential.

Ligands 13849 and 552098 exhibited strong binding to
the ALP enzyme. Ligand 13849 hydrogen bonds with His
372, Glu 57, and Ser 56, suggesting their crucial role in
enzyme binding, while 552098 interacts with Ser 56 via a
hydrogen bond, strengthening its stability within the
active site (Fig. 2). They also showed stearic interactions
with some amino acid residues on both chains A and B,
possibly contributing to their strong binding affinity and
suggesting potential for effective inhibition of ALP activity,
as shown in Table 7. The enzyme’s active site ligand
stabilization may also be due to the interactions of Thr 413
and His 372 residues on both chains.

Ligands 10944926 and 5280450 showed significant
binding to the AST enzyme. Both ligands hydrogen-bond to
His 181(A), Cys 183(A), Ala 184(A), and Ala 216(A),
indicating strong interactions within the catalytic pocket.
Other steric interactions (Table 6) may contribute to
enhancing ligand stabilization. The participation of
residues Arg 378(A), Gly 105(A), and Trp 133(A) in the
binding interaction suggests that these amino acids play a
crucial role in ligand anchoring and enzyme inhibition.
The potential inhibitory role of these ligands in AST
function may be due to the consistency of hydrogen
bonding and steric interactions highlighted in Table 6 and
Fig. (3).
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Fig. (3). Binding pose showing interactions of ligands with amino acids in the active pocket of aspartate aminotransferase enzyme.

Confirming the strongest binding affinity for ALT
enzyme, ligand 5364759 established a significant
hydrogen bond with Lys 341(A). Moreover, multiple steric
interactions with residues such as Ser 350(A), Ser 338(A),
Ala 187(A), and Tyr 302(A) further supported its strong
binding. The presence of interactions with Asn 268(A), Pro

269(A), and Asn 271(A) suggests that these residues play a
role in stabilizing ligand binding. Ligand 5364759 may
significantly inhibit ALT activity through interactions with
catalytic residues, particularly Lys 341(A) (Fig. 4), making
it a promising candidate for further evaluation.

Table 6. Binding affinities of ligands against ALP, AST, ALT, and GGT enzymes.

Ligand CID ALP AST ALT GGT
10944926 -146.857 -122.872 -87.2935 -108.168
5364759 -154.658 -137.115 -115.826 -115.826
5280450 -155.779 -140.326 -106.307 -106.307

586218 -146.955 -119.469 -82.308 -82.3081
552098 -157.696 -137.836 -97.551 -97.551
546976 -137.837 -122.497 -85.9241 -110.574
296573 -135.499 -146.052 -95.601 -129.073
280342 -109.581 -133.32 -98.661 -125.851
69340 -140.73 -125.463 -69.340 -117.761
13849 -133.691 -127.805 -107.984 -108.935
985 -142.008 -134.52 -97.45 -122.407
10970751 -29.1069 -93.9535 -80.6544 -80.6544
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Table 7. Docking interactions of the ligands in complex with ALP, AST, ALT, and GGT enzymes.

. n Hydrogen Bond with . .

Ligands/Interactions Amino Acid Residues Other Interactions on both Chains A and B
Glu 57(A); His 372 (A); Gly 54 (A and B); Ser 415(A and B); Ala 317(B); Gln 416(A and B); Ile 376(A); Gly

ALP His 372(B); Glu 57(B); Ser 414 (B); Ser 374(A); Ala 373 (A); Gln 373 (A and B); Thr 413(A and B); Ala 371(A): Leu 417(A and B); Asp

13849 56(B) 55 (A and B); Ser 56 (A)

552098 Ser 56(A) Ile 376(A and B); Ala 371(B); Gly 54(A and B); Leu 417(A and B); Gln 416(A and B); Asp 55(A and B); Ala
373(A); Gln 375(A and B); Gly 414(A and B); Ser 374 (A and B); Arg 418(a); Glu 57(B); Thr 413(A and B);
His 372(A and B); Ser 415(B)
Met 215(A); Tyr 217(A); Ala 182(A); Asp 214(A); Ala216(A); Gly 105(A); Trp 133(A); Tyr 255(A); Lys

AST His 181(A); Cys 183(A);  |250(A); Arg 378(A); Phe 352(A); Val 35(A); Leu 16(A); Asn 186(A); Ile 15(A); Ser 247(A); Arg 258(A); Ser

10944926 Ala 184(A) 247(A); Ala 249(A); Thr 106(A); Leu 109(A); His 136(A)

5280450 His 181(A); Cys 183(A);  |Thr 106(A); Arg 378(A); Lys 250(A); Tyr 255(A); Asn 186(A); Trp 133(A); Gly 105(A); Ala 216(A); Asp

Ala 216(A) 214(A); Tyr 217(A); Met 215(A); Ala 182(A); Ala 184(A); His 185(A); His 136(A); Leu 109(A); Thr 106(A);

Ala 249(A); Ser 247(A); Ile 15(A); Leu 16(A); Val 35(A); Gly 36(A)

ALT Ser 350(A); Ser 338(a); Ala 187(A); Tyr 302(A); Val 301(A); Ile 191(A); Tyr 216(A); Ile 267(A); Asp

5364759 Lys 341(4) 299(A): Glu 300(A); Gly 270(A); Asn 268(A); Pro 269(A); Asn 271(A); Tyr 219(A); Leu 218(A); Ser 188(A);
Gly 186(A); Cys 347(A); Tyr 348(A); Gly 348(A)

GGT Ser 452(B); Thr 381(B);  [Asn 401(B); Gln 507(B); Thr 475(B); Arg 107(B); Asn 431(B); Asp 422(B); Asp 423(B0; Arg 327(B); Asn

5280450 Thr 399(B) 441(B); Phe 424(B); Ser 425(B); Leu 450(B); Gly 474(B); Ile 477(B); Met 453(B)

280342 Lys 562(B); Ser 82(A); Asn |Ala 382(B); Thr 381(B): Ala 472(B); Val 543(B); Tyr 404(B): Glu 420(B); Thr 399(B); Arg 107(A); Ser

401(B) 451(B); Gly 473(B); His 81(A); Gly 474(B); Leu 402 (B); ile 477(B); Met 453(B); Ser 452(B); Asp 423(B)
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Fig. (4). Binding pose showing interactions of ligands with amino acids in the active pocket of the Alanine aminotransferase enzyme.

Notable interactions with the GGT enzyme were dis-
played by ligands 5280450 and 280342. 5280450 hydrogen
bonds with Ser 452(B), Thr 381(B), and Thr 399(B),
strengthening its stability within the enzyme’s active site,
while Lys 562(B), Ser 821(A), and Asn 401(B) strongly bond
with 280342, emphasizing its potential inhibitory role (Fig.
5). The standard drug, 10970751, indicates a lower
inhibitory potential compared to the ligands, as shown in

Table 5, with the weakest binding affinity across all the
enzymes. The tested ligands (13849, 552098, 10944926,
5280450, 5364759, and 280342) consistently outperformed
ligand 10970751 in binding affinity, consistent with the 2D
interactions of 10970751 with all the enzymes (Figs. S1,
S2, and S3). Further validation may be needed to confirm
their superior inhibitory properties and potential
therapeutic applications via molecular dynamics simulation.
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Fig. (5). Binding pose showing interactions of ligands with amino acids in the active pocket of gamma-glutamyl transferase enzyme.

4. DISCUSSION

The results of this study demonstrate that intra-
peritoneal administration of ESEAM for 28 days
suppressed the induction of MSG-induced prostate
damage in Wistar rats. Administration of ESEAM at doses
of 50 and 100 mg/kg body weight conferred a significant
increase in the hematological parameters of the MSG-
treated groups as compared to the MSG-only group. This
result agreed with the work of Eweka et al. [50], who
reported that MSG adversely altered hematological
indices, including lymphocyte and neutrophil counts, as
well as other hematological parameters, with a
corresponding increase in white blood cell counts,
indicative of immune suppression and systemic toxicity.
The reversal of this compromised immune status by
ESEAM treatment is consistent with the study by
Akpanabiatu et al. [51], who concluded that A. melegueta
seed has the potential to ameliorate hematological indices
in a rat model of benign prostatic hyperplasia (BPH). Also,
MSG exposure led to a marked elevation of serum and
hepatic marker enzymes (AST, ALT, ALP, and GGT),
consistent with systemic inflammation and oxidative
stress, both of which are recognized drivers of hepato-
cellular injury [52], consistent with previous reports of
hepatocellular injury and prostate damage [44]. Oxidative
stress, through ROS generation, can induce DNA damage
and mutations, initiating malignant transformations [52].
Treatment with ESEAM significantly decreases the activity

of these enzymes, indicating a hepatoprotective effect and
mitigating ROS-associated damage, thereby interfering
with pathways that predispose to malignancy. This finding
is supported by the work of Kokou et al. [53], who
reported that A. melegueta seed extract exerts hepato-
protective potential, likely mediated through antioxidant
and anti-inflammatory mechanisms. Since ALP and GGT
are clinically linked with prostate-related damage, the
observed reduction suggests that ESEAM may confer
protective benefits beyond hepatotoxicity, potentially
modulating pathways relevant to prostate pathology.

The study also revealed that kidney indices (urea, uric
acid, and creatinine) increased significantly in the MSG-
treated groups compared with the control group. Although
ESEAM and finasteride did not completely normalize these
parameters, both treatments attenuated the MSG-induced
elevations, suggesting a nephroprotective effect. In
addition, MSG exposure significantly elevated serum and
prostate markers (PSA, LH, TACP, and PACP) when
compared with the control group. These elevated levels
are indicative of androgen dysregulation, a hallmark of
prostate disease. PSA is transcriptionally regulated by the
androgen receptor (AR), which plays a central role in
tumor initiation and progression [54]. Increased levels of
these markers are consistent with the development of
prostate damage and agree with the work of Ito et al [55]
who reported that serum and marker concentrations of 4.0
pg/mL and above are indicative of prostate malignancy or
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damage. ESEAM treatment ameliorated these changes,
thereby supporting its protective role against MSG-
induced prostate alterations. This is consistent with
previous findings that plant phytochemicals from
Aframomum melegueta may exert AR-modulatory or
inhibitory effects [56]. However, while elevated prostate
markers and histopathology changes suggest prostate
damage in this model, further studies incorporating
definitive cancer biomarkers are necessary to exclude
benign conditions.

Molecular docking analysis further revealed the
inhibitory potential of selected ligands from ESEAM
(552098, 5280450, 5364759, and 280342) against key
enzymes, specifically ALP, AST, ALT, and GGT. While AST
and ALT are the major circulating enzymes in the serum
and are traditionally used as indicators of hepatocellular
damage, emerging evidence suggests that their
dysregulation may also accompany malignant progression
in several cancers, including pancreatic and breast cancer
[57-59]. y-Glutamyltransferase (GGT), an oxidative stress
biomarker, has been linked to poor survival in various
malignancies in elevated conditions [60], whereas ALP is
frequently elevated in prostate pathologies and bone
metastasis [61]. The interactions observed in the docking
results, including strong binding affinities, consistent
hydrogen bonding, and steric interactions, suggest that
these phytochemicals may contribute to therapeutic
effects by modulating enzymatic activity associated with
tissue damage in prostate disease, even though docking
studies provide only predictive insights.

CONCLUSION

Ethanol seed extract of Aframomum melegueta
(ESEAM) intraperitoneal administration has been revealed
in this study to significantly alleviate the adverse effects of
MSG-induced prostate damage in rats. In addition to
improving hematological parameters, administration of
ESEAM (at doses of 50 and 100 mg/kg body weight)
effectively reversed MSG-induced prostate damage,
enhanced serum and liver marker profiles, and suggested
its potential as a protective agent against MSG-induced
toxicity. Also, ESEAM administration positively influenced
kidney indices, reflecting its potential renoprotective
effects. Molecular docking studies revealed that the tested
ligands (13849, 552098, 10944926, 5280450, 5364759,
and 280342) exhibited strong binding interactions with the
active sites of the enzymes ALP, AST, ALT, and GGT,
suggesting their potential to inhibit enzyme activity. The
highest binding affinities to ALP and ALT were observed
with ligands 552098 and 5364759, compared with the
standard drug, indicating their promising potential for
enzyme inhibition. This shows the potential of ESEAM as a
therapeutic agent for the management of prostate
damage, with promising molecular interactions and its
efficacy demonstrated through hematological, hepatic, and
renal improvements. Further studies, including molecular
dynamics simulations and network pharmacology, are
warranted to validate these findings and explore the
clinical applications of ESEAM and its active ligands.

11

AUTHORS’ CONTRIBUTIONS

The authors confirm their contribution to the paper as
follows: S.A., N.M.S.K.: Study conception and design;
Q.H.: Methodology; F.A.: Investigation; A.N., U.M.G.: Draft
manuscript. All authors reviewed the results and approved
the final version of the manuscript.

LIST OF ABBREVIATIONS

ALT = Alanine Aminotransferase
ALP = Alkaline Phosphatase

AST = Aspartate aminotransferase
AR = Androgen receptor

BPH = Benign prostatic hyperplasia
DHT = Dihydrotestosterone

EDTA = Ethylene diamine tetraacetic acid

ESEAM = Ethanol seed extract of Aframomum
melegueta

GC-MS = Gas chromatography-mass spectrometry

GGT = Gamma-glutamyltransferase
IL-6 = Interleukin-6

LH = Luteinizing hormone

MSG = Monosodium glutamate
MVD = Molegro Virtual Docker
MW = Molecular Weight

PACP = Prostatic acid phosphatase
PSA = Prostate-specific antigen
ROS = Reactive oxygen species

RT = Retention Time

TACP = Total acid phosphatase
TNF-a = Tumor necrosis factor-a
ETHICS APPROVAL AND CONSENT TO

PARTICIPATE

The study was approved and conducted in accordance
with the ethical procedures and policies of the Animal
Care and Use Committee of Kwara State University,
Malete, Nigeria, and an approval number
(KWASU/CR&D/REA/2024/050) was assigned.

HUMAN AND ANIMAL RIGHTS

All animal experiments were performed in accordance
with the Guide for the Care and Use of Laboratory
Animals.

This study adheres to internationally accepted
standards for animal research and follows the 3Rs
principle. The ARRIVE guidelines were employed for
reporting experiments involving live animals, promoting
ethical research practices.



12 The Open Medicinal Chemistry Journal, 2026, Vol. 20

CONSENT FOR PUBLICATION
Not applicable.

AVAILABILITY OF DATA AND MATERIALS

All the data and supporting material is available within
the article.

FUNDING
None.

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or
otherwise.

ACKNOWLEDGEMENTS
Declared none.

SUPPLEMENTARY MATERIAL

Supplementary material is available on the publisher’s
website along with the published article.

REFERENCES

(1]

[2]

(4]

(9]

[10]

[11]

[12]

Raychaudhuri, R.; Lin, D.W.; Montgomery, R.B. Prostate cancer: A
review. JAMA, 2025, 333(16), 1433-1446.
http://dx.doi.org/10.1001/jama.2025.0228 PMID: 40063046
Dobbs, R.W.; Malhotra, N.R.; Greenwald, D.T.; Wang, A.Y.; Prins,
G.S.; Abern, M.R. Estrogens and prostate cancer. Prostate Cancer
Prostatic Dis., 2019, 22(2), 185-194.
http://dx.doi.org/10.1038/s41391-018-0081-6 PMID: 30131606
Quintero, J.C.; Diaz, N.F.; Rodriguez-Dorantes, M.; Camacho-
Arroyo, 1. Cancer stem cells and androgen receptor signaling:
Partners in disease progression. Int. J. Mol. Sci., 2023, 24(20),
15085.

http://dx.doi.org/10.3390/ijms242015085 PMID: 37894767

Zhao, Z; Wu, D; Gao, S; Zhou, D; Zeng, X; Yao, Y; Xu, Y; Zeng, G
The association between dairy products consumption and prostate
cancer risk: A systematic review and meta-analysis. Br J Nutr,
2023, 129(10), 1714-1731.
http://dx.doi.org/10.1017/S0007114522002380 PMID: 35945656
Tafuri, A; Ditonno, F; Panunzio, A; Gozzo, A; Porcaro, AB; Verratti,
V; Cerruto, MA; Antonelli, A Prostatic inflammation in prostate
cancer: Protective effect or risk factor? Uro, 2021, 1(3), 54-59.
http://dx.doi.org/10.3390/uro1030008

Smith, M.T. Key characteristics of carcinogens, 2019. Available
from: http://europepmc.org/books/NBK570335

Airaodion, A.I. Toxicological effect of monosodium glutamate in
seasonings on human health. Global J. Nutrit. Food Sci., 2019,
1(5)

http://dx.doi.org/10.33552/GJNFS.2019.01.000522

Nelson, L.R.; Bulun, S.E. Estrogen production and action. J. Am.
Acad. Dermatol., 2001, 45(3)(Suppl.), S116-S124.
http://dx.doi.org/10.1067/mjd.2001.117432 PMID: 11511861
Al-Asmakh, M. Reproductive functions of progesterone. Middle
East Fertil. Soc. J., 2007, 12(3), 147-152.

Nagy, B.; Szekeres-Barthg, J.; Kovacs, G.L.; Sulyok, E.; Farkas, B.;
Vérnagy, A.; Vértes, V.; Kovéacs, K.; Bédis, J. Key to life:
Physiological role and clinical implications of progesterone. Int. J.
Mol. Sci., 2021, 22(20), 11039.
http://dx.doi.org/10.3390/ijms222011039 PMID: 34681696
Chantalat, E.; Valera, M.C.; Vaysse, C.; Noirrit, E.; Rusidze, M.;
Weyl, A.; Vergriete, K.; Buscail, E.; Lluel, P.; Fontaine, C.; Arnal,
J.F.; Lenfant, F. Estrogen receptors and endometriosis. Int. J. Mol.
Sci., 2020, 21(8), 2815.

http://dx.doi.org/10.3390/ijms21082815 PMID: 32316608
Egbuonu, A.C.C.; Obasi, L.N. Monosodium glutamate: Potentials

[14]

[17]

[20]

Allah et al.

at inducing prostate pathologies in male Wistar rats. Afr. J.
Biotechnol., 2010, 9(36), 5950-5954.
http://dx.doi.org/10.5897/A]JB10.635

Kayode, O.T.; Bello, J.A.; Oguntola, J.A.; Kayode, A.A.A.; Olukoya,
D.K. RETRACTED: The interplay between monosodium glutamate
(MSG) consumption and metabolic disorders. Heliyon, 2023, 9(9),
19675.

http://dx.doi.org/10.1016/j.heliyon.2023.e19675 PMID: 37809920
Ogunmokunwa, A.E.; Ibitoye, B.O. Monosodium glutamate (MSG)
exposure induced oxidative stress and disrupted testicular
hormonal regulation, exacerbating reproductive dysfunction in
male WISTAR rats. Endocr. Metab. Sci., 2025, 17, 100226.
http://dx.doi.org/10.1016/j.endmts.2025.100226

Zafar, A.; Khatoon, S.; Khan, M.J.; Abu, ].; Naeem, A.
Advancements and limitations in traditional anti-cancer therapies:
A comprehensive review of surgery, chemotherapy, radiation
therapy, and hormonal therapy. Discov. Oncol., 2025, 16(1), 607.
http://dx.doi.org/10.1007/s12672-025-02198-8 PMID: 40272602
Harun-ur-R, M.; Gafur, M.A.; Sadik, M.G.; Rahman, M.AA.
Biological activities of a new acrylamide derivative from ipomoea
turpethum. Pak. J. Biol. Sci., 2002, 5(9), 968-969.
http://dx.doi.org/10.3923/pjbs.2002.968.969

Wang, L.; Lei, Y.; Gao, Y.; Cui, D.; Tang, Q.; Li, R.; Wang, D.;
Chen, Y.; Zhang, B.; Wang, H. Association of finasteride with
prostate cancer. Medicine, 2020, 99(15), 19486.
http://dx.doi.org/10.1097/MD.0000000000019486
32282699

Algotar, A.M.; Hsu, C.H.; Singh, P.; Stratton, S.P. Selenium
supplementation has no effect on serum glucose levels in men at
high risk of prostate cancer. J. Diabetes, 2013, 5(4), 465-470.
http://dx.doi.org/10.1111/1753-0407.12041 PMID: 23489776
Kristal, A.R.; Till, C.; Platz, E.A.; Song, X.; King, I.B.; Neuhouser,
M.L.; Ambrosone, C.B.; Thompson, [M. Serum lycopene
concentration and prostate cancer risk: Results from the prostate
cancer prevention trial. Cancer Epidemiol. Biomarkers Prev.,
2011, 20(4), 638-646.
http://dx.doi.org/10.1158/1055-9965.EPI-10-1221
21335507

Patel, D.N.; Kuhlmann, P.; Lin, P.H.; Freedland, S.J. Public
interest in dietary supplements for prostate cancer prevention.
Prostate Cancer Prostatic Dis., 2021, 24(1), 58-60.
http://dx.doi.org/10.1038/s41391-020-0257-8 PMID: 32684622
Jiang, J.; Chen, B.; Tang, B.; Wei, Q. Selenium in prostate cancer:
Prevention, progression, and treatment. Pharmaceuticals, 2023,
16(9), 1250.

http://dx.doi.org/10.3390/ph16091250 PMID: 37765058

Gupta, A.; Tandon, N. Reviews on indian medicinal plants, Volume
2: Alli-Ard, Indian council of medical research. 2004. Available
from: https://readersend.com/product/reviews-on-indian-medicinal
-plants-volume-2-alli-ard/

Prasathkumar, M.; Anisha, S.; Dhrisya, C.; Becky, R.; Sadhasivam,
S. Therapeutic and pharmacological efficacy of selective Indian
medicinal plants - A review. Phytomed. Plus, 2021, 1(2), 100029.
http://dx.doi.org/10.1016/j.phyplu.2021.100029

Desai, AG; Qazi, GN; Ganju, RK; El-Tamer, M; Singh, J; Saxena,
AK; Bedi, YS; Taneja, SC; Bhat, HK Medicinal plants and cancer
chemoprevention. Curr Drug Metab, 2008, 9(7), 581-591.
http://dx.doi.org/10.2174/138920008785821657 PMID: 18781909
Omara, T.; Kiprop, A.K.; Ramkat, R.C.; Cherutoi, J.; Kagoya, S.;
Moraa Nyangena, D.; Azeze Tebo, T.; Nteziyaremye, P.; Nyambura
Karanja, L.; Jepchirchir, A.; Maiyo, A.; Jematia Kiptui, B.; Mbabazi,
I.; Kiwanuka Nakiguli, C.; Nakabuye, B.V.; Chepkemoi Koske, M.
Medicinal plants used in traditional management of cancer in
Uganda: A review of ethnobotanical surveys, phytochemistry, and
anticancer studies. Evid. Based Complement. Alternat. Med.,
2020, 2020(1), 3529081.
http://dx.doi.org/10.1155/2020/3529081 PMID: 32256639

Deng, R.; Zong, G.; Wang, X.; Yue, B.; Cheng, P.; Tao, R.; Li, X,;
Wei, Z.; Lu, Y. Promises of natural products as clinical

PMID:

PMID:


http://dx.doi.org/10.1001/jama.2025.0228
http://www.ncbi.nlm.nih.gov/pubmed/40063046
http://dx.doi.org/10.1038/s41391-018-0081-6
http://www.ncbi.nlm.nih.gov/pubmed/30131606
http://dx.doi.org/10.3390/ijms242015085
http://www.ncbi.nlm.nih.gov/pubmed/37894767
http://dx.doi.org/10.1017/S0007114522002380
http://www.ncbi.nlm.nih.gov/pubmed/35945656
http://dx.doi.org/10.3390/uro1030008
http://europepmc.org/books/NBK570335
http://dx.doi.org/10.33552/GJNFS.2019.01.000522
http://dx.doi.org/10.1067/mjd.2001.117432
http://www.ncbi.nlm.nih.gov/pubmed/11511861
http://dx.doi.org/10.3390/ijms222011039
http://www.ncbi.nlm.nih.gov/pubmed/34681696
http://dx.doi.org/10.3390/ijms21082815
http://www.ncbi.nlm.nih.gov/pubmed/32316608
http://dx.doi.org/10.5897/AJB10.635
http://dx.doi.org/10.1016/j.heliyon.2023.e19675
http://www.ncbi.nlm.nih.gov/pubmed/37809920
http://dx.doi.org/10.1016/j.endmts.2025.100226
http://dx.doi.org/10.1007/s12672-025-02198-8
http://www.ncbi.nlm.nih.gov/pubmed/40272602
http://dx.doi.org/10.3923/pjbs.2002.968.969
http://dx.doi.org/10.1097/MD.0000000000019486
http://www.ncbi.nlm.nih.gov/pubmed/32282699
http://dx.doi.org/10.1111/1753-0407.12041
http://www.ncbi.nlm.nih.gov/pubmed/23489776
http://dx.doi.org/10.1158/1055-9965.EPI-10-1221
http://www.ncbi.nlm.nih.gov/pubmed/21335507
http://dx.doi.org/10.1038/s41391-020-0257-8
http://www.ncbi.nlm.nih.gov/pubmed/32684622
http://dx.doi.org/10.3390/ph16091250
http://www.ncbi.nlm.nih.gov/pubmed/37765058
https://readersend.com/product/reviews-on-indian-medicinal-plants-volume-2-alli-ard/
https://readersend.com/product/reviews-on-indian-medicinal-plants-volume-2-alli-ard/
http://dx.doi.org/10.1016/j.phyplu.2021.100029
http://dx.doi.org/10.2174/138920008785821657
http://www.ncbi.nlm.nih.gov/pubmed/18781909
http://dx.doi.org/10.1155/2020/3529081
http://www.ncbi.nlm.nih.gov/pubmed/32256639

Monosodium Glutamate-induced Prostate Damage in Rats

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

applications for cancer. Biochim. Biophys. Acta Rev. Cancer,
2025, 1880(1), 189241.
http://dx.doi.org/10.1016/j.bbcan.2024.189241 PMID: 39674416
Mahomoodally, M.F. Traditional medicines in Africa: An appraisal
of ten potent african medicinal plants. Evid. Based Complement.
Alternat. Med., 2013, 2013, 1-14.
http://dx.doi.org/10.1155/2013/617459 PMID: 24367388

Asma, S.T.; Acaroz, U.; Imre, K.; Morar, A.; Shah, S.R.A.; Hussain,
S.Z.; Arslan-Acaroz, D.; Demirbas, H.; Hajrulai-Musliu, Z;
Istanbullugil, F.R.; Soleimanzadeh, A.; Morozov, D.; Zhu, K.;
Herman, V.; Ayad, A.; Athanassiou, C.; Ince, S. Natural
products/bioactive compounds as a source of anticancer drugs.
Cancers, 2022, 14(24), 6203.
http://dx.doi.org/10.3390/cancers14246203 PMID: 36551687
Dzoyem, ].P.; McGaw, L.J.; Kuete, V.; Bakowsky, U. Anti-
inflammatory and anti-nociceptive activities of African medicinal
spices and vegetables. Infect. Syst. Dis., 2017, (Jan), 239-270.
http://dx.doi.org/10.1016/B978-0-12-809286-6.00009-1

Ogwu, M.C.; Dunkwu-Okafor, A.; Omakor, I.A.; Izah, S.C.
Medicinal spice, aframomum melegueta: An overview of the
phytochemical constituents, nutritional characteristics, and
ethnomedicinal values for sustainability. Herbal Medicine
Phytochemistry, 2024,
http://dx.doi.org/10.1007/978-3-031-21973-3_72-1

Onoja, S.0.; Omeh, Y.N.; Ezeja, M.I.; Chukwu, M.N. Evaluation of
the in vitro and in vivo antioxidant potentials of aframomum
melegueta methanolic seed extract. J. Trop. Med., 2014, 2014,
1-6.

http://dx.doi.org/10.1155/2014/159343 PMID: 24955096

Ohiagu, FO; Chikezie, PC; Chikezie, CM; Enyoh, CE Anticancer
activity of Nigerian medicinal plants: A review. Futur J Pharm Sci,
2021, 770

http://dx.doi.org/10.1186/s43094-021-00222-6

Kuete, V.; Krusche, B.; Youns, M.; Voukeng, I.; Fankam, A.G.;
Tankeo, S.; Lacmata, S.; Efferth, T. Cytotoxicity of some
Cameroonian spices and selected medicinal plant extracts. J.
Ethnopharmacol., 2011, 134(3), 803-812.
http://dx.doi.org/10.1016/j.jep.2011.01.035 PMID: 21291988
Kuete, V.; Ango, P.Y.; Yeboah, S.0.; Mbaveng, A.T.; Mapitse, R.;
Kapche, G.D.W.F.; Ngadjui, B.T.; Efferth, T. Cytotoxicity of four
Aframomum species (A. arundinaceum, A. alboviolaceum, A.
kayserianum and A. polyanthum) towards multi-factorial drug
resistant cancer cell lines. BMC Complement. Altern. Med., 2014,
14(1), 340.

http://dx.doi.org/10.1186/1472-6882-14-340 PMID: 25239700
Ogbera, A.O.; Ekpebegh, C. Diabetes mellitus in Nigeria: The
past, present and future. World J. Diabetes, 2014, 5(6), 905-911.
http://dx.doi.org/10.4239/wjd.v5.i6.905 PMID: 25512795
Olamoyegun, M.A; Alare, K.; Afolabi, S.A.; Aderinto, N.; Adeyemi,
T. A systematic review and meta-analysis of the prevalence and
risk factors of type 2 diabetes mellitus in Nigeria. Clin. Diabetes
Endocrinol., 2024, 10(1), 43.
http://dx.doi.org/10.1186/s40842-024-00209-1 PMID: 39639395
Adefegha, S.A.; Oboh, G.; Okeke, B.M.; Oyeleye, S.I. Comparative
Effects of Alkaloid Extracts from Aframomum melegueta (Alligator
Pepper) and Aframomum danielli (Bastered Melegueta) on
Enzymes Relevant to Erectile Dysfunction. J. Diet. Suppl., 2017,
14(5), 542-552.
http://dx.doi.org/10.1080/19390211.2016.1272661
28165832

El-Halawany, A. M.; El Dine, R. S.; El Sayed, N. S.; Hattori, M.
Protective effect of Aframomum melegueta phenolics against
CCls-induced rat hepatocytes damage; role of apoptosis and pro-
inflammatory cytokines inhibition. Sci Rep, 2014, 4, 5880.
http://dx.doi.org/10.1038/srep05880 PMID: 25077538

Okeke, B.M.; Adefegha, S.A.; Oyeleye, S.I.; Oboh, G. Effects of
combined crude alkaloid-rich extracts from alligator pepper (
Aframomum melegueta) and bastered melegueta ( Aframomum
danielli) on the enzymes crucial to erectile dysfunction-in vitro. J.

PMID:

=
«

13

Food Biochem., 2018, 42(5), 12550.
http://dx.doi.org/10.1111/jfbc.12550

Naallah, A.; Ayipo, Y.O.; Komolafe, D.I.; Solihu, S.; Bamidele, B.;
Alabi, M.A. Phytochemical screening and in silico pharmacological
profiling of ethanolic extract of Aframomum melegueta for
prostate carcinoma. J Appl Pharm Sci, 2021, 11(7), 132-145.
http://dx.doi.org/10.7324/JAPS.2021.110715

Ghagane, S.C.; Puranik, S.I.; Kumbar, V.M.; Nerli, R.B.; Jalalpure,
S.S.; Hiremath, M.B.; Neelagund, S.; Aladakatti, R. In vitro
antioxidant and anticancer activity of Leea indica leaf extracts on
human prostate cancer cell lines. Integr. Med. Res., 2017, 6(1),
79-87.

http://dx.doi.org/10.1016/j.imr.2017.01.004 PMID: 28462147

Ku, J.M.; Hong, S.H.; Kim, H.I.; Seo, H.S.; Shin, Y.C.; Ko, S.G.
Effects of Angelicae dahuricae Radix on 2, 4-
Dinitrochlorobenzene-Induced Atopic Dermatitis-Like Skin
Lesions in mice model. BMC Complement. Altern. Med., 2017,
17(1), 98.

http://dx.doi.org/10.1186/s12906-017-1584-8 PMID: 28173791
Fawcett, J.K.; Scott, J.E. A rapid and precise method for the
determination of urea. J. Clin. Pathol., 1960, 13(2), 156-159.
http://dx.doi.org/10.1136/jcp.13.2.156 PMID: 13821779

Itiaba, K.; Hsiung, M.W.; Crawhall, J.C. Uric acid estimation: A
comparison of the manual uricase-UV and the phosphotungstate
auto-analyzer methods. Clin. Biochem., 1975, 8(1-6), 316-319.
http://dx.doi.org/10.1016/S0009-9120(75)93484-0 PMID: 1201623
Moore, J. F.; Sharer, J. D. Methods for quantitative creatinine
determination. Curr. Prot. Human Genet., 2017, 93(1)
http://dx.doi.org/10.1002/cphg.38

Mahmud, I.; Hossain, S.; Shekhar, H. U. Relevance of serum
polyamine levels in the diagnosis of human prostate and lung
cancers. 2005. Available from: https://www.researchgate.net/
publication/258050878 Relevance of serum polyamine levels in_
the diagnosis of human prostate and lung cancers
Ramachandran, R.; Kakar, S. Histological patterns in drug-
induced liver disease. J. Clin. Pathol., 2009, 62(6), 481-492.
http://dx.doi.org/10.1136/jcp.2008.058248 PMID: 19474352
Berman, H.M.; Westbrook, J.; Feng, Z.; Gilliland, G.; Bhat, T.N;
Weissig, H.; Shindyalov, I.N.; Bourne, P.E. The protein data bank.
Nucleic Acids Res., 2000, 28(1), 235-242.
http://dx.doi.org/10.1093/nar/28.1.235 PMID: 10592235

Burley, S.K.; Bhikadiya, C.; Bi, C.; Bittrich, S.; Chao, H.; Chen, L.;
Craig, P.A.; Crichlow, G.V.; Dalenberg, K.; Duarte, ].M.; Dutta, S.;
Fayazi, M.; Feng, Z.; Flatt, ].W.; Ganesan, S.; Ghosh, S.; Goodsell,
D.S.; Green, R.K.; Guranovic, V.; Henry, ].; Hudson, B.P.;
Khokhriakov, I.; Lawson, C.L.; Liang, Y.; Lowe, R.; Peisach, E.;
Persikova, I.; Piehl, D.W,; Rose, Y.; Sali, A.; Segura, J.; Sekharan,
M.; Shao, C.; Vallat, B.; Voigt, M.; Webb, B.; Westbrook, J.D.;
Whetstone, S.; Young, ]J.Y.; Zalevsky, A.; Zardecki, C. RCSB
Protein Data Bank (RCSB.org): Delivery of experimentally-
determined PDB structures alongside one million computed
structure models of proteins from artificial intelligence/machine
learning. Nucleic Acids Res., 2023, 51(D1), D488-D508.
http://dx.doi.org/10.1093/nar/gkac1077 PMID: 36420884

Eweka, A; Igbigbi, P; Ucheya, R Histochemical studies of the
effects of monosodium glutamate on the liver of adult Wistar rats.
Ann Med Health Sci Res, 2011, 1(1), 21.
http://dx.doi.org/10.5580/291a

Akpanabiatu, M.I.; Ekpo, N.D.; Ufot, U.F.; Udoh, N.M.; Akpan,
E.J.; Etuk, E.U. Acute toxicity, biochemical and haematological
study of Aframomum melegueta seed oil in male Wistar albino
rats. J. Ethnopharmacol., 2013, 150(2), 590-594.
http://dx.doi.org/10.1016/j.jep.2013.09.006 PMID: 24045175
Khandrika, L.; Kumar, B.; Koul, S.; Maroni, P.; Koul, H.K.
Oxidative stress in prostate cancer. Cancer Lett., 2009, 282(2),
125-136.

http://dx.doi.org/10.1016/j.canlet.2008.12.011 PMID: 19185987
Kokou, I.; Damintoti, K. S.; Amegnona, A.; Yao, A.; Messanvi, G.
Effect of Aframomum melegueta on carbon tetrachloride induced


http://dx.doi.org/10.1016/j.bbcan.2024.189241
http://www.ncbi.nlm.nih.gov/pubmed/39674416
http://dx.doi.org/10.1155/2013/617459
http://www.ncbi.nlm.nih.gov/pubmed/24367388
http://dx.doi.org/10.3390/cancers14246203
http://www.ncbi.nlm.nih.gov/pubmed/36551687
http://dx.doi.org/10.1016/B978-0-12-809286-6.00009-1
http://dx.doi.org/10.1007/978-3-031-21973-3_72-1
http://dx.doi.org/10.1155/2014/159343
http://www.ncbi.nlm.nih.gov/pubmed/24955096
http://dx.doi.org/10.1186/s43094-021-00222-6
http://dx.doi.org/10.1016/j.jep.2011.01.035
http://www.ncbi.nlm.nih.gov/pubmed/21291988
http://dx.doi.org/10.1186/1472-6882-14-340
http://www.ncbi.nlm.nih.gov/pubmed/25239700
http://dx.doi.org/10.4239/wjd.v5.i6.905
http://www.ncbi.nlm.nih.gov/pubmed/25512795
http://dx.doi.org/10.1186/s40842-024-00209-1
http://www.ncbi.nlm.nih.gov/pubmed/39639395
http://dx.doi.org/10.1080/19390211.2016.1272661
http://www.ncbi.nlm.nih.gov/pubmed/28165832
http://dx.doi.org/10.1038/srep05880
http://www.ncbi.nlm.nih.gov/pubmed/25077538
http://dx.doi.org/10.1111/jfbc.12550
http://dx.doi.org/10.7324/JAPS.2021.110715
http://dx.doi.org/10.1016/j.imr.2017.01.004
http://www.ncbi.nlm.nih.gov/pubmed/28462147
http://dx.doi.org/10.1186/s12906-017-1584-8
http://www.ncbi.nlm.nih.gov/pubmed/28173791
http://dx.doi.org/10.1136/jcp.13.2.156
http://www.ncbi.nlm.nih.gov/pubmed/13821779
http://dx.doi.org/10.1016/S0009-9120(75)93484-0
http://www.ncbi.nlm.nih.gov/pubmed/1201623
http://dx.doi.org/10.1002/cphg.38
https://www.researchgate.net/publication/258050878_Relevance_of_serum_polyamine_levels_in_the_diagnosis_of_human_prostate_and_lung_cancers
https://www.researchgate.net/publication/258050878_Relevance_of_serum_polyamine_levels_in_the_diagnosis_of_human_prostate_and_lung_cancers
https://www.researchgate.net/publication/258050878_Relevance_of_serum_polyamine_levels_in_the_diagnosis_of_human_prostate_and_lung_cancers
http://dx.doi.org/10.1136/jcp.2008.058248
http://www.ncbi.nlm.nih.gov/pubmed/19474352
http://dx.doi.org/10.1093/nar/28.1.235
http://www.ncbi.nlm.nih.gov/pubmed/10592235
http://dx.doi.org/10.1093/nar/gkac1077
http://www.ncbi.nlm.nih.gov/pubmed/36420884
http://dx.doi.org/10.5580/291a
http://dx.doi.org/10.1016/j.jep.2013.09.006
http://www.ncbi.nlm.nih.gov/pubmed/24045175
http://dx.doi.org/10.1016/j.canlet.2008.12.011
http://www.ncbi.nlm.nih.gov/pubmed/19185987

14 The Open Medicinal Chemistry Journal, 2026, Vol. 20

[54]

[55]

[56]

[57]

[58]

liver injury. J Appl Pharm Sci, 2013, 3(9), 98-102.
http://dx.doi.org/10.7324/JAPS.2013.3918

Heinlein, C.A.; Chang, C. Androgen receptor in prostate cancer.
Endocr. Rev., 2004, 25(2), 276-308.
http://dx.doi.org/10.1210/er.2002-0032 PMID: 15082523

Ito, K.; Yamamoto, T.; Ohi, M.; Takechi, H.; Kurokawa, K.; Suzuki,
K.; Yamanaka, H. Cumulative probability of PSA increase above
4.0 NG/ML in population-based screening for prostate cancer. Int.
J. Cancer, 2004, 109(3), 455-460.
http://dx.doi.org/10.1002/ijc.11711 PMID: 14961587

Chen, S.; Gao, ]J.; Halicka, H.; Traganos, F.; Darzynkiewicz, Z.
Down-regulation of androgen-receptor and PSA by
phytochemicals. Int. J. Oncol., 2008, 32(2), 405-411.
http://dx.doi.org/10.3892/ijo.32.2.405 PMID: 18202763

Zhou, J.; He, Z.; Ma, S.; Liu, R. AST/ALT ratio as a significant
predictor of the incidence risk of prostate cancer. Cancer Med.,
2020, 9(15), 5672-5677.

http://dx.doi.org/10.1002/cam4.3086 PMID: 32562455

Thornburg, J.M.; Nelson, K.X.; Clem, B.F.; Lane, A.N.; Arumugam,

[59]

Allah et al.

S.; Simmons, A.; Eaton, J.W.; Telang, S.; Chesney, ]J. Targeting
aspartate aminotransferase in breast cancer. Breast Cancer Res.,
2008, 10(5), R84.

http://dx.doi.org/10.1186/bcr2154 PMID: 18922152

De Ritis, F.; Coltorti, M.; Giusti, G. An enzymic test for the
diagnosis of viral hepatitis: The transaminase serum activities.
Clin. Chim. Acta, 2006, 369(2), 148-152.
http://dx.doi.org/10.1016/j.cca.2006.05.001 PMID: 16781697

Une, M.; Takemura, K.; Inamura, K.; Fukushima, H.; Ito, M.;
Kobayashi, S.; Yuasa, T.; Yonese, ]J.; Board, P.G.; Koga, F. Impact
of serum y-glutamyltransferase on overall survival in men with
metastatic castration-resistant prostate cancer treated with
docetaxel. Cancers, 2021, 13(21), 5587.
http://dx.doi.org/10.3390/cancers13215587 PMID: 34771748
Mori, K.; Janisch, F.; Parizi, M.K.; Mostafaei, H.; Lysenko, I.;
Enikeev, D.V.; Kimura, S.; Egawa, S.; Shariat, S.F. Prognostic
value of alkaline phosphatase in hormone-sensitive prostate
cancer: A systematic review and meta-analysis. Int. J. Clin. Oncol.,
2020, 25(2), 247-257.
http://dx.doi.org/10.1007/s10147-019-01578-9 PMID: 31768692

DISCLAIMER: The above article has been published, as is, ahead-of-print, to provide early visibility but is not the final version.
Major publication processes like copyediting, proofing, typesetting and further review are still to be done and may lead to changes in
the final published version, if it is eventually published. All legal disclaimers that apply to the final published article also apply to this
ahead-of-print version.



http://dx.doi.org/10.7324/JAPS.2013.3918
http://dx.doi.org/10.1210/er.2002-0032
http://www.ncbi.nlm.nih.gov/pubmed/15082523
http://dx.doi.org/10.1002/ijc.11711
http://www.ncbi.nlm.nih.gov/pubmed/14961587
http://dx.doi.org/10.3892/ijo.32.2.405
http://www.ncbi.nlm.nih.gov/pubmed/18202763
http://dx.doi.org/10.1002/cam4.3086
http://www.ncbi.nlm.nih.gov/pubmed/32562455
http://dx.doi.org/10.1186/bcr2154
http://www.ncbi.nlm.nih.gov/pubmed/18922152
http://dx.doi.org/10.1016/j.cca.2006.05.001
http://www.ncbi.nlm.nih.gov/pubmed/16781697
http://dx.doi.org/10.3390/cancers13215587
http://www.ncbi.nlm.nih.gov/pubmed/34771748
http://dx.doi.org/10.1007/s10147-019-01578-9
http://www.ncbi.nlm.nih.gov/pubmed/31768692

	[1. INTRODUCTION]
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Chemicals
	2.2. Collection and Authentication of the Plant Part
	2.3. Phytochemical and GC-MS Analysis of ESEAM
	2.4. Animal Studies
	2.5. Sensitization and Treatment
	2.6. Biochemical Analysis
	2.7. Histology
	2.8. Molecular Docking
	2.8.1. Protein Retrieval and Preparation
	2.8.2. Ligand Preparation

	2.9. Statistical Analysis

	3. RESULTS
	3.1. Effect of ESEAM on Hematological Parameters
	3.2. Effect of ESEAM on Serum and Liver Markers and Kidney Indices
	3.3. Effect of ESEAM on Serum and Prostate Markers
	3.4. Effect of ESEAM on Prostate Tissue Histopathology in MSG-induced Prostate Damage in Rat
	3.5. Molecular Docking Results

	4. DISCUSSION
	CONCLUSION
	AUTHORS’ CONTRIBUTIONS
	LIST OF ABBREVIATIONS
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	SUPPLEMENTARY MATERIAL
	REFERENCES


