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Abstract: The sudden rise in benign prostatic hyperplasia (BPH) cases, severe side effects,and the high
cost of conventional methods have necessitated the intensive search for alternative BPH management
strategies. This study investigated the restorative effects of ethanol leaf extract of Chromolaena
odorata (EECO) on testosterone-induced BPH in male albino rats. Thirty male albino rats with a
weight range of 150-210 g were randomly distributed into sixgroups of five rats each. Group 1 was
normal rats and not induced. Groups 2-6 were induced via daily subcutaneous injection of testosterone
propionate (3 mg/kg) for 28 days. After induction, group 2 received vehicle (carboxyl
methylcellulose), group 3 received finasteride (1 mg/kg), while groups 4-6 received 100, 200, and 400
mg/kg of EECO, respectively, for 21 daysorally. Prostate and biochemical parameters were determined
using standard methods. Treatments with EECO decreased the concentrations of prostate-sensitive
antigen,dihydrotestosterone, testosterone, malondialdehyde, cholesterol, low-density cholesterol, and
liver enzyme activities compared with BPH-control. Furthermore, there was increased superoxide
dismutase, and catalase activities in extract treated groups compared with BPH- control. The findings
from this study showed that EECO inhibited testosterone-induced BPH anomalies, making it promising
phytotherapy for the management of BPH in males.

Keywords: Chromolaena odorata; oxidative stress; benign prostatic hyperplasia; prostate-specific
antigen; antioxidant activity.
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1. Introduction

Benign prostatic hyperplasia (BPH), a non-cancerous proliferation of epithelial and
stromal cells of the prostate gland, is one of the most common age-related diseases in aging
men [1, 2]. It affects about half of the men over 80 years old [3]. This population is expected
to increase due to recent lifestyle changes. BPH triggers benign prostatic enlargement (BPE),
which could lead to voiding difficulty as a result of benign prostatic obstruction (BPO) [4]. A
mild case of BPH obstructs urine flow and leads to a bladder infection. However, as the disease
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progresses, there is a slight deposition of stone in the bladder, which causes irreparablebladder
damage, kidney failure, sepsis, hepatic failure, and ultimately death [5].

Hyperplasia of micronodular has been identified as the first event that initiates BPH
development. This results in enlargement of the macroscopic nodular of the prostate, which
could result in obstruction of the bladder outlet and lower urinary tract infection [6,7].
However, multifactorial events like inflammation, oxidative stress, metabolic syndrome in
men, and other factors that increase cell proliferation and suppress cell apoptosis pathways are
involved in the etiology and prognosis of BPH [8]. Classically, sex hormones and age have
been identified as the two key independent risk factors [9]. Notably, an increase in
estrogen/androgen ratio due to the conversion of testosterone to estradiol by CYP450 enzymes,
aromatase [2], and metabolic alterations in other serum hormones have been stronglylinked to
the etiology of BPH [9].

Accumulating shreds of evidence have reported different management strategies for
BPH, such as medical therapy and surgery [10-13]. Medical therapy involves using alpha-
blockers, 5 alpha-reductase inhibitors, Bs-agonist, phosphodiesterase type 5 inhibitors, and
anti-muscarinic [10]. However, alpha-blockers and 5 alpha-reductase inhibitors are the most
commonly prescribed therapy [4]. The use of alpha-blockers is the first-line treatment option
aimed at relaxing prostate smooth muscles, thereby increasing urine flow and preventing urine
obstruction [7] with no effect on prostate size reduction. The molecular mechanism of Sa
-reductase inhibitors is the repression of interconversion of testosterone to dihydrotestosterone
(DHT), which circumvents prostate enlargement [14]. The surgical approach mostly employed
is prostate tissue compression, debulking of the adenoma, and removing the adenoma [11].

Though these synthetic agents, when used as combination therapy, are effective in
managing BPH, their prolonged usage leads to side effects such as hypotension, nasal
congestion, headache, and sexual dysfunction [13, 14]. The high cost of surgery and other
surgery-related problems like urinary tract infection, bleeding, irreversible sexual side effects,
urethral stricture disease, and urinary incontinence [11, 13] have limited surgical approaches.
This necessitated the recent intensive search for the therapeutic potential of phytonutrients,
especially with the recent increase in evidence on the role of polyphenols as Sa-reductase
inhibitors [7]. Recently, many herbs have been employed in managing BPH due to their fewer
side effects and low cost [15].

Chromolaena odorata, also known as Siam weed, bitter bush, or Christmas bush, is a
member of the Asteraceae family [16]. It is an evergreen plant predominantly seen in Europe,
Asia, America, and West Africa [17]. C. odorata is used in folk medicine to remedy infertility,
malaria, wound healing, diabetes, rashes, and skin infection [16,17]. Pharmacological activities
identified inthe plant include but are not limited to antioxidant, anti-inflammatory, anti-diabetic,
hemostatic, hepatoprotective, anticancer, and immunomodulatoryactivities [16,17]. Several
phenolic compounds have been isolated from C. odorata, such as p-coumaric, vanillic acids, p-
hydroxybenzoic acid, and flavonoids such as flavones and chalcones and flavonols [17]. Based
on the already documented anti-inflammatory and antioxidantproperties of C. odorata, and the
significant roles inflammation and oxidative stress play in BPH prognosis. This research work
was embarked on to investigate the chemotherapeutic effects of ethanol leaf extract of C.
odorata on hormonal induced-BPH in the rat model, which is currentlyused as an effective
model to test BPH drugs due to its similarity to the human prostate gland [18].
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2. Materials and Methods

2.1. Chemicals/reagents.

Analytical grade chemicals and reagents used for this research were purchased from
Sigma Aldrich (USA), British Drug House (BDH, England), Biochrom Co. (UK), Accord
Health Care Ltd (UK), and Randox (UK).

2.2. Plant material collection and extraction procedures.

Fresh leaves of C. odorata were collected and identified by a taxonomist (Mr. Alfred
Ozioko) from the Bioresource Development and Conservation Program, Nsukka, Nigeria. The
extraction procedure followed the method of Ekeyi et al. [19]. The shade-dried leaves were
pulverized into powder (1000 g) and extracted with absolute ethanol (1.5 L) for 48 h through
cold maceration. The mixture was filtered through Whatman No. 1 filter paper with a pore size
of 11m. The filtrate was concentrated using a rotary evaporator at 40°C to get a chocolate-like
semi-solid extract (EECO).

2.3. Phytochemical analysis of ethanol leaf extract of C. odorata

Quantitative phytochemical screening for alkaloids, flavonoids, glycosides, saponins,
tannins, and steroids was determined by the Harbone [20] and Trease and Evans [21] methods.

2.4. Animals.

Apparently, healthy thirty (30) male adult Wistar Albino rats (8 + 1 week, with a weight
range of 150-210 g) was used to test anti-BPH effects of the extract due to its similarity to the
humanprostate gland [18] and eighteen (18) Swiss mice (7 + 1 week, with a weight range of
29-32 g) which are the most frequently selected rodent species for acute toxicity testing [22]
was used for acute toxicity study. The animals were housed in a color-coded stainless cage
under standard laboratory conditions of temperature (25+ 1°C) and light (12 h light/dark cycle).
They had free access to water and rodent food and were acclimatized for at least 14 days before
using the experiment. All theanimals used were of the same sex, within a small age range,
sourced from the same source, placed under the same environmental conditions, and fed to
eliminate confounding factors that might influence results. The international and national
approved guidelines on the care and use of laboratory animals were strictly complied with as
stated by the National Institute of Health Guide for Care and Use of Laboratory Animals (Pub
No. 85-23, 1985). Ethical approval with reference number UNN/FBS/EC/1048 was obtained
from the Ethics and Biosafety Committeeof the Faculty of Biological Sciences, University of
Nigeria, Nsukka, Nigeria.

2.5. Acute toxicity study.

This was investigated with Lorke's method [23] using healthy eighteen (18)male mice.
The mice were randomized into six groups of three mice each. In the first phase ofthe
experiment, three groups of mice were administered a single dose of 10, 100, and 1000 mg/kg
body weight of EECO gavaged orally (3 mice in group 1 received 10 mg/kg b. w, 3 mice in
group 2 received 100 mg/kg b. w, while the remaining group was administered 1000 mg/kg b.
w of EECO). The animals were closely monitored for lethality and signs of toxicity,including
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increased motor activity, sedation, lachrymation, salvation, muscle spasm, and weakness for
24 h. The second phase was conducted by administering an increased oral dose of 1600, 2900,
and 5000 mg/kg b. w. of the extract to mice in groups 4, 5, and 6, respectively. These groups
were further observed for another 24 h. LDsg was calculated as follows:

LDso=+Do x D100
Do and D100 represent the maximum dose that gave no mortality and the minimum dose that
produced mortality, respectively.

2.6. Experimental design.

A total of thirty healthy male albino rats randomly distributed into sixgroups (n = 5)
used for this study were grouped as follows:

Table 1. Experimental design.

Groups Details of groups

A Normal control rats, not induced and given only vehicle (carboxymethylcellulose,
CMC) for 21 days.

B BPH induced + vehicle (BPH- control) for 21 days.

C BPH induced + treated with 1 mg/kg finasteride (Standard control) for
21 days.

D BPH induced + treated with 100 mg/kg b. w. of EECO for 21 days.

E BPH induced + treated with 200 mg/kg b. w of EECO for 21 days.

F BPH induced + treated with 400 mg/kg b. w of EECO for 21 days

2.7. Induction and treatment of BPH.

Benign prostatic hyperplasia was induced in thirty (30) male albino rats divided into
five groups (n = 5) by subcutaneous injection of 3 mg/kg of testosterone (Sigma-Aldrich, St
Louis, MO, USA) daily for 28 days using a slight modification of the method described by
Sarbishegi et al. [14]. The test substances: Vehicle, standard drug, finasteride (CAS No: 98319-
26-7 procured from Accord Healthcare Ltd, UK), and varying concentrationsof the extract (100,
200, and 400 mg/kg chosen based on their optimal activity in pilot studies) dissolved in CMC
were prepared by the lead investigator who concealed their identity before handing it over to
the person that administered it (single-blind). A single treatment was given orally daily for 21
days as stated in the experimental design above, after which the animals fasted overnight. On
the 22" day, blood samples were collected through the retro-orbital plexus under mild
anesthesia. The blood was centrifuged at 604 x g for 15 mins, and the serum obtained was
individually coded with numbers and sent to a biochemical analyst to determine biochemical
evaluation. The prostates were removed immediately and weighed.

2.8. Anesthesia and euthanasia.

At the end of the experiment, the death of the rodents (mice and rats) was induced
humanely according to the guidelines of the American Veterinary Medical Association
(AVMA) using an intraperitoneal injection of a barbiturate agent, sodium pentobarbital (200
mg/kg). The death of the mice and rats was confirmed by checking their heartbeat, pupillary
response to light, and respiratory pattern before the carcass was disposed of.
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2.9. Biochemical studies.
2.9.1. Determination of serum prostate status.

The Enzyme immunoassay technique was used for the quantitative determination of
testosterone, prostate-specific antigen (PSA), and dihydrotestosterone (DHT) concentrations
as follows: Testosterone was measured with the method of Turkes et al. [24] using an ELISA
kit (Monobind Inc., Lake Forest, CA GWB-462C5C, USA). The PSA determination was done
based on solid-phase two-site immunoassay as described by Stowell et al. [25] using an ELISA
kit (Monobind Inc., Lake Forest, CA 92630, USA) while the DHT assay was done with an
ELISA kit (ALPCO, 26-G Keewaydin Drive, Salem, NH 03079, USA).

2.9.2. Determination of the extent of lipid peroxidation.

This was evaluated according to the method of Wallin et al. [26], which involves
measuring the absorbance of a pink color complex formed when lipid peroxidation by-product,
malondialdehyde, reacts with a thiobarbituric acid reactive substance at 535 nm.

2.9.3. Determination of antioxidant enzyme activities.

The Superoxide dismutase (SOD) activity was assayed with the Fridovich [27] method.
In this assay, superoxide radicals generated from xanthine and xanthine oxidase form a red dye
when reacted with 2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenlytetrazoliu chloride. The extent
of inhibition of this reaction measured at a wavelength of 505 nm gives an index of SOD
activity. Catalase activity was assayed using Aebi [28] to quantify the extent of hydrogen
peroxide breakdown by measuring the reaction mixture's absorbance at 230 nm using a
spectrophotometer.

2.9.4. Determination of liver enzyme activities.

Liver enzymes were assayed as follows: Serum aspartate aminotransferase (AST) was
assayed with the Reitman and Frankel [29] method using the Randox test kit (Randox lab. Ltd.,
UK, Cat. No. AS 101, County Antrim, UK). ALT was determined with the method of Reitman
and Frankel [29] with a Randox kit (Randox lab. Ltd., UK, Cat. No. AL 100, County Antrim,
UK).

2.9.5. Determination of lipid profile.

The following methods were used to determine the lipid profile using Randox
commercial kits: Cholesterol concentration was measured as described by Allain et al. [30]
using Randox kits (Randox lab. Ltd, UK, Cat. No CH 200, Antrim, UK). The Triacylglycerol

level was measured as described by Albers et al. [31] using Randox kits (Randox lab.
Ltd, UK, Cat. No TR 210, Antrim, UK). High-density lipoprotein in the serum was obtained
after precipitating LDL-C and VLDL as described in Albers et al. [31] with Randox Kits
(Randox lab. Ltd., UK, Cat. No. CH 203, Antrim, UK), while low-density lipoprotein
concentration wasdetermined with the polyvinyl sulfate method as described by Assmann et
al. [32].

https://biointerfaceresearch.com/ 8430


https://doi.org/10.33263/BRIAC126.84268440
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC126.84268440

2.10. Histological examination.

The prostates of the rats were prepared for histology using the procedure described by
Drury and Wallington [33]. Thereafter, the slides were examined with a Motic compound
microscope, and photomicrographs were taken.

2.11. Statistical Analysis.

Data generated in the research work was analyzed with Statistical product and service
solutions (SPSS) for Windows version 18.0 (SPSS Inc., Chicago, IL, USA). Differences
between means were separated and analyzed using a one-way analysis of variance (ANOVA)
alongside post hoc multiple comparisons. The least significant threshold employed was p <

0.05 was used at a 95% confidence interval. All analyses were performed in triplicates
and reported as mean £SD.

3. Results

3.1. Phytochemical screening of the EECO.

The quantity of phytochemicals in the extracts indecreasing order is as follows: Saponins
(2.74 £ 0.03 mg/g), alkaloids (1.63 = 0.02 mg/g), flavonoids (0.93 £ 0.03 mg/qg), tannins (0.72
+0.01 mg/g), steroids (0.40 + 0.01 mg/g), and glycosides (0.21 + 0.02 mg/g) (Table 2).

Table 2. Quantitative phytochemical constituent of EECO.

Phytochemicals Amount (mg/g)
Saponins 1.74 +0.03
Alkaloids 1.63+0.02
Flavonoids 0.93+£0.03
Tannins 0.72+£0.01
Steroids 0.40£0.01
Glycosides 0.21+£0.02

Each value represents Mean + SD, n =3
3.2. Acute toxicity study (LDso).

Mice administered 10-5000 mg/kg b. w. of the leaf extract did not record any behavioral
change, signs of toxicity, or death. This shows that the plant is safe for consumption up to a
dose of 5000 kg/mg b. w. since no death was recorded. This led to the choice of 100, 200,
and 400 mg/kg b. w., which had the highest activities in the pilot studies asdoses of the extract
to be administered to the rats (Table 3).

Table 3. Acute toxicity study (LDs0) of EECO.

Doses in mg/kg body weight Number of deaths recorded
Phase 1 0/3

10

100 0/3

1000 0/3

Phase 2

1600 0/3

2900 0/3

5000 0/3
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3.3. Effects of EECO on the prostate weight of BPH-induced rats.

Induction of BPH caused a significant (p < 0.05) increase in prostate weight in the BPH-
control group compared with baseline. Interestingly, a significant reduction (p < 0.05) in
prostate weight occurred in rats treated with the standard drug (finasteride) and higher doses of
EECO (200 and 400 mg/kg b. w) (Figure 1).
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S 0.8
L 06
E a
’8 0.4 ]:
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o 0.2
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(vehicle) (vehicle) Finasteride EECO EECO EECO
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Figure 1. Effect of EECO on the prostate weight of BPH-induced rats. The values are represented as mean + SD
(n =5). Mean values with different alphabets as superscripts whencompared across the groups are significantly
different at p < 0.05.

3.4. Effects of EECO on prostate status of BPH-induced rats.

In this study, the administration of testosterone caused a significant (p < 0.05) increase
in the concentrations of PSA and testosterone in the BPH-induced groups compared with the
baseline, confirming the induction of benign prostatic hyperplasia. However, treatment with
the standard drug and 400 kg/mg bodyweight of the extract resulted in a significant (p < 0.05)
reduction in the concentrations of PSA and testosterone when compared with BPH-control. In
the same vein, groups administered varying doses of the extract, and the standard drug,
finasteride, had a significantly (p < 0.05) lower concentration of DHT than the BPH-control,
which unveils the potency of the extract in reducing prostatic activity in the BPH-induced
animals (Table 4).

Table 4. Effects of EECO on prostate markers of BPH-induced male rats.

Treatments Prostatic specific antigen (PSA) (ng/ml)
PSA before PSA after Testosterone DHT
treatment treatment (ng/ml) (ng/ml)
Baseline (vehicle) 2.18+0.51? 2.15+0.942 340+1.71% 2.78 +0.708P
BPH-control (vehicle) 7.58 +1.20° 6.72+213°¢ 8.96 +0.77¢ 3.26 +£0.69"
Finasteride (1 mg/kg) 7.91+£1.07° 2.90 + 1.25P 4.14 +0.882b 2.24 £0.20°
EECO 100 mg/kg 7.70 £0.54° 4.30+1.64" 7.68 +1.12¢d 2.74 +0.732b
200 mg/kg 8.10+2.11b 3.56 + 0.392P 7.02 +2.06%9 2.30+0.21%
400 mg/kg 7.83+1.32° 3.22 £0.733b 6.02 £ 2.24b¢ 2.40+0.462

Each value represents mean = SD, n = 5; Mean values in the same column with different alphabets as
superscripts, when compared down the groups, are significantly different at p < 0.05.

3.5. Effects of EECO on MDA concentration of BPH-induced rats.

Subcutaneous testosterone injection provoked an increase (p < 0.05) in MDA
concentration in BPH-control compared with baseline. Conversely, there was a dose-dependent
decrease in MDA concentration in groups treated with the standard drug and varied dosesof the
https://biointerfaceresearch.com/
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extract compared with BPH-control. The decrease in MDA concentration of the group treated
with standard drug was found to be non-significantly (p > 0.05) lower than that of groups
treated with 200 and 400 mg/kg of EECO (Figure 2).
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Figure 2. MDA concentration of BPH- induced rats. The values are represented as mean £ SD(n =5). Mean
values with different alphabets as superscripts when compared across the groupsare significantly different at p <
0.05.

3.6. Effects of EECO on antioxidant enzyme activities of BPH-induced rats.

Subcutaneous testosterone injection provoked a significant (p < 0.05) decrease in SOD
and CAT activities in the rats induced with BPH and not treated when compared with the
baseline. Conversely, there was a dose-dependent increase in SOD and CAT in groups
administered 200 and 400 mg/kg of EECO compared with BPH-control. (Table 5).

Table 5. Effect of EECO on antioxidant enzymes of BPH-induced rats.

Treatments SOD (U/mg) CAT (U/mg)
Baseline (vehicle) 11.12 +0.17° 2.50 + 0.232D
BPH control (vehicle) 10.76 + 0.212 2.05+0.182
Finasteride (I mg/kg) 10.92 +0.312b 3.35 + 0.542b¢
EECO 100 mg/kg 10.92 +0.13 b 3.21 £0.25b¢

200 mg/kg 11.06 +0.15" 4.00 +0.64°9
400 mg/kg 11.10 +0.15" 4.20 +1.33¢

Each value represents mean = SD, n = 5; Mean values in the same column with different alphabets as
superscripts, when compared down the groups, are significantly different at p < 0.05.

3.7. Effects of EECO on serum liver function enzyme activities of BPH-induced rats.

In this study, the results in Figure 3 showed that although the activity of aspartate
aminotransferase (AST) did not increase significantly (p > 0.05) in BPH-control compared with
baseline, treatments with 200 and 400 mg/kg b. w of the extract elicited a significant (p < 0.05)
decrease in AST activity than that of BPH-control. The ALT activity of rats administered 400
mg/kg of EECO was similar to that of baseline. Similarly, AST and ALT activities of the
standard group were comparable with the group treated with high doses of EECO but
significantly lower (p < 0.05) than that of BPH-control.
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Figure 3. AST (A) and ALT (B) liver function enzymes activities of BPH- induced rats. The values are
represented as mean + SD (n = 5). Mean values with different alphabets as superscripts when compared across
the groups are significantly different at p < 0.05.

3.8. Effects of EECO on serum lipid profile of BPH-induced rats.

As shown in Table 6, the concentration of serum cholesterol, triacylglycerol (TAG) as
well as low-density lipoprotein cholesterol (LDL-C) were higher (p < 0.05) in BPH-control
than in the baseline. Compared with BPH-control, 400 mg/kg of EECO provoked a lower (p <
0.05) concentration of cholesterol. No significant (p > 0.05) differences in both cholesterol and
TAG were observed in EECO, and baseline indicates inhibition of lipid peroxidation by the
extract. In the same vein, treatment with higher doses of the extract (200 and 400 mg/kg b.w)
and standard drug substantially increased (p < 0.05) high-density lipoprotein cholesterol (HDL-
C), and decreased LDL-C levels in a manner comparable to baseline, also indicating inhibition
of lipid anomalies in these groups (Table 6).

Table 6. Effects of EECO on serum lipid profile of BPH-induced rats.

Treatments CHOL TAG HDL-C LDL-C
(mmol/L) (mmol/L) (mmol/L) (mmol/L)
Baseline (vehicle) 474+£176° 1.82 +£0.202P 5.04 +0.39 2b¢ 1.48+041%
BPH-control (vehicle) 7.82+1.36" 2.29+0.42°¢ 3.88+1.182 2.32+052"
Finasteride (I mg/kg) 457 £0.652 1.66+0.312 5.60 +0.48 P¢ 1.04+0.26°
EECO 100 mg/kg 7.62+1.67° 2.22£0.29 b¢ 4,63 +0.34%0 2.22+0.34°
200 mg/kg 7.27+1.09° 2.15+0.31b¢ 5.15+1.185¢ 1.50 £0.39°
400 mg/kg 532 +1.232 1.92 +0.242b¢ 5.98 £1.03°¢ 1.32+0.71%

Each value represents mean = SD, n = 5. Mean values in the same column with different alphabets as superscripts
compared tothe groups are significantly different at p < 0.05.

3.9. Effects of EECO on prostate tissue histology.

The prostate glands in Group A had typical histomorphology, with normal acini (A) of
different sizes, lined by cuboidal to low columnar epithelial cells with basally situated
heterochromatic nuclei, thin fiboromuscular stroma (S), and a few epithelial infoldings. Group
B's prostate exhibited considerable benign prostatic hyperplasia aberrations compared to group
A. Sloughing of the acinar epithelium (white arrow), loss of euchromatic nuclei, and polarity
(red arrow), and thickening of the prostatic acini were all seen in group B. The histomorphology
of groups B and D administered 100 mg/kg b. w of EECO did not differ significantly.
However, treatment with the standard drug and 400 mg/kg body weight of EECO restored the
central acini (A), intraepithelial stratification (arrow), and decreased epithelial height (Figure
4).
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Figure 4. Photomicrographs of the prostate tissues of the rats in groups 1-6. Key: Group A: Baseline, group B:
BPH-control, group C: treated with 1 mg/kg of standard drug, finasteride, groups D-F were treated with 100,
200, and 400 mg/kg b. w of EECO respectively.

4. Discussion

The results of this study show that C. odorata is endowed with abundant
phytochemicals with pharmaceutical activities, such as tannins, saponins, flavonoids, alkaloids,
steroids, glycosides, and other phytonutrients. The presence of these phytochemicals is the
basis for the recent application of Serenoa reopen (saw palmetto), Prunus Africana, and other
herbal preparations to manage BPH [12]. These secondary metabolites haverecently been
harnessed as therapeutic agents in many diseases due to their biocompatibility and less toxic
effects [34]. The mechanisms of action of these nutrients are mainly through inhibition of key
enzymes involved in these pathways [35]. For instance, Nyamai et al. [12] reported the
inhibitory effect of Serenoa reopen stem bark extract on 5-alpha reductase isoenzymes.

An increase in PSA and prostate androgens (testosterone and DHT) are common
biomarkers of BPH andtesticular function [4, 36-39]. Interestingly, a remarkable normalization
of these BPH biomarkers was observed in groups treated with C. odorata extract compared
with the BPH -control. An increase in PSA is due to age-related prostate enlargement and
decreased prostatic epithelium retention [40]. Concurrently, the synthesis of PSA is also
dependent on the concentration of DHT in the prostatic tissue [37]. BPH patients have disrupted
DHT and estrogen-mediated homeostasis which controls prostate proliferation and apoptosis
[40]. The reduction of these prostate biomarkers suggests the anti-BPH effect of the plant and
its potencyas a novel agent in BPH treatment. Though the mechanisms of action of this extract
were not determined, it could be hypothesized that the phytoconstituents present in the plant
https://biointerfaceresearch.com/
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had a modulatory effect on the BPH induction pathways, possibly by inhibiting Sa-reductase
or mopping up testosterone and thus reducing the level that will be converted to
dihydrotestosterone as shown in the result. The attenuation of BPH by our extract agrees with
what was reported by Ikeyi et al. [41] that crude methanol extract of Zapoteca portoricensis
root and its fraction decreased DHT and PSA levels in BPH-induced rats. Our result is also in
tandem with the observation made by Sun et al. [42] in BPH-induced rats treated with
Metapanax delavayi leaf extract.

Oxidative stress is the key player in the pathogenesis of several diseases, including BPH
[43], and plant antioxidants have a marked impact on averting BPH progression [38].To
ascertain the oxidative status of the BPH-induced albino rats, we measured the rats' MDA level
and antioxidant enzyme activities. Our results portrayed a reduction in MDA level and
amplification of the activities of antioxidant enzymes in groups treated with the extract,
depicting a rebate of oxidative stress in these groups. A wealth of evidence has shown that an
imbalance in the oxidative status of the prostate towards overproduction of high oxidants and
radicals induces peroxidation of lipids, proteins, and DNA [44], thereby releasing a high level
of MDA in the serum of patients [14]. Kaya et al. [43] opined that DNA damage in BPH
patients initiated by a higher level of MDA activates cytotoxic and mutagenic pathways leading
to prostate stimulation and genetic changes that induce BPH development [2,14]. Restoration
of oxidative status by the phytoconstituents present in the extracts might have inhibited
anomalies associated with BPH. Plant polyphenols repair the prostate antioxidant defense
mechanisms, which ultimately reduce peroxidation, levels of pro-inflammatory markers and
up-regulate apoptotic factors [7]. The antioxidant potency of this plant has been reported by
several authors [17, 45-46]. Specifically, flavonoids found in the extract are knownto play many
roles in preventing the peroxidation of biomembranes [47]. Lending credenceto the plants'
antioxidant capacity is the recent flavanone, odoratenin (1), with very high antioxidant activity,
isolated from the leaves by Putri and Fatmawati, [46]. Our findings supportthe reports of other
researchers who also recorded an elevated level of MDA and a decrease inSOD and CAT
activities in BPH patients [14, 43, 48].

Haemolysis and alteration in membrane permeability due to testosterone administration
enhances leakage of hepatic enzymes into the serum [39]. Hence, the activitiesof AST and ALT
are used as indicators of liver function [5]. Alteration in liver architecture (liver injury or bile
duct blockage) isattributed to cell rupture, an influx of cellular componentsinto the liver together
with an increase in hepatocyte permeability [41]. The observed inhibitionof the testosterone-
induced increase in these liver markers compared with the control in this study could partly be
attributed to the observed reduction in the serum testosterone concentration in rats treated with
this plant extract in our study. Besides, it could be possible that the antioxidant potency of the
plant also has immense benefits in protecting the integrity of the hepatic membrane, thereby
preventing leakage of these liver markers into the serum. Theobserved aberrations in these liver
markers in this study align with the report of Meludu et al. [5], who also identified a higher
level of liver enzymes in BPH patients.

Age-induced metabolic abnormalities, including obesity, smoking, metabolic syndrome,
and dyslipidemia, are implicated in both the onset and prognosis of BPH [49]. Hence, the need
to investigate the effect of BPH-induction on the lipid indices of rats. Invariably, our extract's
reduction in CHOL and other lipid markers suggests a decline in BPH progression.
Dyslipidaemia in BPH patients is usually provoked by oxidative stress [41]. It is also worth
noting that although cholesterol is a precursor for the synthesis of steroid hormones, elevated
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cholesterol is a predisposing factor for BPH onset [50]. Our study's observed restoration of lipid
indices could be due to the high quantity of saponins in the extract exerting hypolipidemic
activity by forming a complex with cholesterol [51]. A positivecorrelation between BPH and
dyslipidemia has been observed by other authors [4,9,41].

The limitations associated with this study, among others, are the slight genetic
difference between rats' prostate and that of humans, which may interfere with the total
generalization ofthe results to humans. Limitations associated with our study also include non-
verbal communications between the researcher and the animals and peculiarities associated
with individual rats. Such limitations were taken care of by the statistical tool (ANOVA)
employed to analyze the results.

5. Conclusions

The results of this study showed that EECO has anti-BPH activity as portrayed by its
attenuative effects on prostate biomarkers. Though the exact mechanisms of its action were not
verified, the observed antioxidant activity might have prevented oxidative stress-induced
aberrations, which are one of the key players in BPH progression. The rich phytonutrients in
the extract could be responsible for its anti-BPH potency. Thus, EECO could be a promising
phytotherapy in managing BPH in males. However, there is a need to characterize and identify
the exact phytonutrient (s) responsible for this activity, which could serve as a lead compound
(s) for anti-BPH drug design.
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