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Abstract

Prostate cancer is the second most common disease and a major worldwide health
concern for males. This study investigates the phytochemical antioxidant properties
of Cassia senna and its therapeutic potential against prostate cancer in Wistar

albino rats. The Phytochemical screening was conducted to identify the presence

of bioactive compounds. The radical scavenging activities, including DPPH, ABTS,
hydroxyl, superoxide and nitric oxide assays were performed to evaluate antioxidant
capacity. The prostate cancer was induced in rats using testosterone and N-methyl-
N-nitrosourea (MNU). The experimental groups were treated with Cassia senna extract
and finasteride to compare therapeutic outcomes. The effects were assessed by
weight, enzymes, blood, lipids and histology. The phytochemical screening revealed
the presence of significant secondary metabolites in the ethanolic extract, including
flavonoids, tannins, alkaloids, steroids, saponins, carbohydrates, and amino acids. The
ethanolic extract contained high levels of polyphenols (75.29+0.22 mg/g), flavonoids
(35.25+1.15 mg/g), and tannins (180.62 +1.29 mg/g), along with moderate levels

of vitamin C (19.40+0.30 mg/g) and carotenoids (4.21+0.20 mg/qg). Vitamin E was
present in smaller amounts (3.50+0.25 mg/qg). The ethanolic extract demonstrated
significant antioxidant activity. Prostate cancer-induced rats treated with Cassia senna
showed significant improvement in body and organ weights, serum enzyme levels,
lipid profiles, and hematological markers compared to untreated groups. The study
suggests that Cassia senna may be effective against prostate cancer by reducing
oxidative stress, and further research is needed to explore its mechanisms and
potential use in treatment.

Article highlights

- FEthanolic extract of Cassia senna having significant antioxidant activity.

- Prostate cancer-induced rats treated with Cassia senna showed significant
improvement in body, organ weights, enzyme levels, lipid profiles, and
hematological markers compared to untreated groups.

« Cassia senna is promising as a complementary or alternative therapeutic
candidate for prostate cancer.
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1 Introduction

Cancer has been recognized as a leading cause of death. In 2020, around 19.3 million
new cancer cases and 10 million cancer-related deaths were reported globally [1]. Pros-
tate cancer remains a significant global health concern, as the second most frequent
cancer and the fifth highest cause of cancer-related deaths among men globally [2].
According to recent data, there were 1,414,259 new cases and 375,304 deaths worldwide
in 2020, with high-income nations having the highest incidence rates due to widespread
prostate-specific antigen (PSA) screening. However, mortality rates have decreased
in many affluent countries, because of breakthroughs in therapy and early detection.
Between 2000 and 2019, the annual prostate cancer death rate in the United States
decreased by 1.22% [3]. Still, variations persist, African-American men have the greatest
incidence and deaths because of aggressive disease subtypes and inadequate healthcare
access [4]. Regional trends indicate rising instances in Asia and Eastern Europe, whereas
incidence rates are stable in many resource-rich countries. One of the critical factors
contributing to the development and progression of prostate cancer is hormonal imbal-
ance, particularly elevated levels of androgens such as testosterone. Testosterone, the
primary male sex hormone, plays a vital role in prostate growth and function. However,
excessive or prolonged androgen stimulation can promote abnormal cell proliferation,
leading to prostatic hyperplasia and eventually carcinogenesis. In experimental mod-
els, the administration of exogenous testosterone in combination with carcinogens like
MNU has been shown to reliably induce prostate cancer, mimicking hormonal and oxi-
dative environments observed in human disease. This makes testosterone a experimen-
tal agent for prostate tumor induction [5].

Anti-inflammatory and antioxidant defense systems play a crucial role in maintaining
cellular homeostasis and protecting against a wide range of diseases, including cancer.
Inflammation, though a natural immune response to harmful stimuli such as pathogens
or damaged cells, can become chronic and contribute to tumor development [6]. Inflam-
mation is a natural immune response to harmful stimuli such as pathogens or damaged
cells; however, when it becomes chronic, it can contribute significantly to tumor devel-
opment. Chronic inflammation leads to the sustained production of reactive oxygen
species (ROS), which in excess can disrupt cellular homeostasis. Elevated ROS levels are
a hallmark of many cancers, including prostate cancer, and are closely linked to mito-
chondrial dysfunction [7]. In prostate cancer cells, excessive ROS production damages
key cellular components, particularly mitochondrial DNA. Damage to mitochondrial
DNA impairs oxidative phosphorylation, resulting in further ROS generation and estab-
lishing a vicious cycle of oxidative stress. This accumulation of ROS promotes genetic
instability, activates oncogenic signaling pathways, and enhances tumor progression and
survival. Thus, oxidative stress plays a central role in the initiation and progression of
prostate cancer, highlighting the therapeutic relevance of targeting ROS-mediated dam-
age [8]. The critical involvement of oxidative stress in the development and progression
of cancer, particularly prostate cancer, has led to increasing interest in natural strategies
aimed at restoring redox balance and counteracting ROS-induced damage.
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Medicinal plants have long been recognized for their therapeutic potential, particu-
larly due to their antioxidant and anti-inflammatory properties, which can help modu-
late oxidative stress and support cellular defense mechanisms. Much of this protective
activity is attributed to phytochemicals, a diverse group of naturally occurring bioac-
tive compounds found in plants. These compounds, often working synergistically with
dietary fibers and nutrients, contribute to the plant’s overall medicinal value. In recent
years, interest in herbal medicine has surged as researchers seek safer, more sustainable
alternatives to synthetic drugs [9]. Both laboratory and epidemiological studies increas-
ingly suggest that phytochemicals possess strong antimutagenic and anticarcinogenic
properties. In vitro and in vivo research has demonstrated that these compounds can
suppress angiogenesis, inhibit cell proliferation, induce apoptosis, and delay metastasis a
key mechanism relevant to cancer prevention and therapy [10].

Cassia senna L. (Caesalpinaceae) (known as “senna”) is an important medicinal herb.
Senna is one of the most popular herbal laxatives [11]. The anthraquinone glycosides,
particularly sennosides, are responsible for senna’s medicinal properties. It is a varied,
branched, tall shrub that can reach 1.8 m in height. Pinnate pubescent leaves, leaflets
pale green to bluish green, 3 to 9 pairs, lanceolate or elliptic, varied on the same plant,
1.5to 5 cm x 0.4 to 2 cm. Flowers brilliant yellow in erect, terminal racemes; pods light
green when young to dark brown or black when old; flat, thin, oblong pubescent, 3.5
to 7 cm x 0.2 to 2.5 cm. Seeds of dark brown color appeared. This genus is distributed
widely in North East Africa, Arabia, and India. Within India, it has been imported,
naturalized in some areas, and grown [12]. We hypothesize that oxidative stress plays
a critical role in the initiation and progression of prostate cancer, and that phytochemi-
cals such as flavonoids, alkaloids, tannins, saponins, and phenolic compounds with anti-
oxidant properties such as those present in Cassia senna can mitigate carcinogenesis
by scavenging ROS, restoring redox balance, and modulating key signaling pathways
involved in cell proliferation, apoptosis, and inflammation.

This study explores the phytochemical antioxidant activities of Cassia senna and its
potential therapeutic effects against prostate cancer in Wistar albino rats. Known for its
rich composition of bioactive compounds such as flavonoids, tannins, and phenolics,
Cassia senna exhibits strong antioxidative properties that help reduce oxidative stress a
key factor in prostate cancer progression. By enhancing antioxidant enzyme activity and
mitigating lipid peroxidation, Cassia senna may play a vital role in combating oxidative
damage and inhibiting tumor growth. This investigation aims to uncover its therapeutic
potential, providing valuable insights into its application for managing prostate cancer.

2 Materials and methods

2.1 Collection and identification of plant material

The leaves of Cassia senna L. were collected from Pollachi, Tamil Nadu, India. It was
authenticated by Dr. G.V.S. Murthy, Botanical Survey of India, Agricultural University
Campus, Coimbatore, Tamil Nadu, India. A voucher specimen has been deposited in a
laboratory for future reference (BSI/SC/5/23/09—10/Tech-238).

2.2 Preparation of extracts
The leaves were spread out and dried at room temperature for 8—10 days. After dry-
ing, the leaves were blended into a fine powder with an electric blender. The powdered
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(100 g) leaf material was stored in an airtight container at room temperature, protected
from light and moisture, and used within four weeks to minimize potential degradation
of phytochemicals, as this time frame is reported to maintain stability of major second-
ary metabolites under controlled conditions [13]. The powdered sample was subjected
to sequential solvent extraction using the following solvents in order of increasing polar-
ity: petroleum ether, chloroform, ethyl acetate, ethanol, and water. Each extraction was
carried out separately, and the resulting extracts were concentrated and stored for fur-
ther analysis.

2.3 Total yield of extracts

The total yield of several C. senna extracts was determined by measuring the actual yield,
which is the amount of product produced throughout the experiment. Next, calculate
the theoretical yield, which is the greatest amount of product that can be produced using
stoichiometric calculations and the limiting reactant in the chemical reaction.

Actual Yield o
Theoretical Yield

Yield Percentage = 100

2.4 Phytochemical screening
The phytochemical screening of the C. senna extracts were carried out by the method
followed by [14] with some modifications.

2.5 Quantification of bioactive compounds

2.5.1 Estimation of total phenol content

The total phenolic content of the extract was determined using the Folin—Ciocalteu
method [15], with slight modifications, and gallic acid was used as the standard. A vol-
ume of 0.5 mL of the extract was mixed with 2.5 mL of 10% aqueous Folin—Ciocalteu
reagent and 1.0 mL of methanol. The mixture was stirred and allowed to stand for 5 min.
Subsequently, 2.0 mL of 5% aqueous sodium carbonate (Na,CO;) solution was added.
The reaction mixture was then incubated at 40 °C for one hour, after which the absor-
bance was measured at 765 nm using a UV-Visible spectrophotometer.

2.5.2 Estimation of total flavonoid content

The total flavonoid content of the extract was estimated using a previously described
method [15], with slight modifications. A 0.5 mL sample solution was mixed with 0.5 mL
of 2% aluminum chloride (AICl,) in ethanol. The mixture was incubated at room tem-
perature for one hour, during which a yellow coloration developed. The absorbance of
the resulting solution was then measured at 420 nm using a UV-visible spectrophotom-
eter. A standard calibration curve was prepared using quercetin, and the total flavonoid
content was expressed as quercetin equivalents.

2.5.3 Estimation of tannin content

The tannin content of the extract was estimated using the method described by [16]. A
series of standard solutions containing 0.2—1.0 mL of tannic acid was prepared in test
tubes. Separately, 0.5 mL of the extract solution was added to another test tube. The vol-
ume in each tube was adjusted to 3 mL with distilled water, while 3 mL of distilled water
alone served as the blank. To each test tube, 5 mL of 20% sodium carbonate (Na,CO,)
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solution was added, followed by 2.5 mL of Folin—Dennis reagent. The mixtures were
incubated at room temperature for 30 min. After incubation, the absorbance was mea-
sured at 700 nm using a UV-visible spectrophotometer, with reference to the reagent
blank. The tannin concentration in the extract was determined using a standard calibra-

tion curve constructed with tannic acid and expressed as tannic acid equivalents.

2.5.4 Estimation of vitamin C

Vitamin C content was estimated using the method described by [17]. For the assay, 0.5
mL and 1.0 mL aliquots of the extract supernatant were taken and the volume was made
up to 2 mL with 4% trichloroacetic acid (TCA). Separately, 0.2—1.0 mL of the working
standard solution containing 20—100 pg of ascorbic acid was pipetted into clean, dry test
tubes and similarly brought up to 2 mL with 4% TCA. To each tube, 2,4-dinitrophenyl-
hydrazine (DNPH) reagent was added, followed by two drops of 10% thiourea solution.
The tubes were incubated at 37 °C for 3 h to allow the formation of osazones. After incu-
bation, the osazones were dissolved in 2.5 mL of 85% sulfuric acid, which was added
dropwise in cold water to avoid a rise in temperature. A reagent blank was prepared
using DNPH and thiourea, followed by sulfuric acid, without any sample or standard.
After allowing the color to develop for 30 min at room temperature, the absorbance was
measured at 540 nm using a UV-visible spectrophotometer. The ascorbic acid content
was calculated using the standard curve and expressed as mg/g or per 100 g of sample.

2.5.5 Estimation of vitamin E

Vitamin E content was estimated following the method described by [18], using
a-tocopherol as the standard. A total of 1.5 mL of plant extract, 1.5 mL of standard solu-
tion, and 1.5 mL of distilled water were added to three separate centrifuge tubes labeled
as test, standard, and blank, respectively. To the test and blank tubes, 1.5 mL of ethanol
was added, while 1.5 mL of distilled water was added to the standard tube. Subsequently,
1.5 mL of xylene was added to each tube. The tubes were stoppered, mixed thoroughly,
and centrifuged. From the xylene layer of each tube, 1.0 mL was carefully transferred
to new stoppered tubes, ensuring no contamination from the ethanol or protein lay-
ers. To each of these tubes, 1.0 mL of 2,2’-dipyridyl reagent was added and mixed well.
Then, 1.5 mL of each mixture was transferred into spectrophotometer cuvettes, and the
absorbance of the test and standard samples was measured against the blank at 450 nm.
Following this, 0.33 mL of ferric chloride solution was added to each cuvette, starting
with the blank. The mixtures were thoroughly mixed, and after exactly 1.5 min, a second
absorbance reading was taken at 520 nm. The vitamin E (a-tocopherol) content was cal-
culated using a standard curve and expressed as mg/g of sample.

AA520 nm — AA450 nm (xconc of standard x 0.29) total volume

Vitamin E =
itamin B (1/g) AA520 nm x Volume for experiment x weight of sample

2.5.6 Estimation of total carotenoids

Carotenoid content was estimated according to the method described by [19]. A 1-2 g
portion of the sample was saponified by adding a small amount of 12% alcoholic potas-
sium hydroxide, and the mixture was shaken for 30 min at 37 °C. The saponified mixture
was then transferred and extracted with petroleum ether (boiling range 60—80 °C). To



Dugganaboyana et al. Discover Applied Sciences (2025) 7:1206 Page 6 of 20

remove non-carotenoid impurities, calcium carbonate was added to the mixture. After
phase separation, the lower aqueous layer was discarded, and the upper petroleum ether
layer was collected. This extraction process was repeated until the petroleum ether layer
became colorless, indicating complete extraction of carotenoids. The pooled petro-
leum ether extracts were collected in a volumetric flask, filtered through glass wool, and
treated with anhydrous sodium sulfate to eliminate any turbidity caused by moisture.
The final volume of the petroleum ether extract was recorded, and the optical density of
the sample was measured at 450 nm using a UV-visible spectrophotometer. Lycopene
was used as the standard for quantification.

(Optical density of the sample x 4 x Volume of the sample x 100)
Weight of the sample

Total carotenoids (png) =

2.6 In vitro radical scavenging assay
2.6.1 DPPH radical activity
DPPH radical scavenging assay by the method of [20]. Sample and standard concentra-
tions (20, 40, 60, 80, and 100 ug/mL) were measured in separate test tubes. To make the
volume 500 pl, methanol was added. These test tubes were vortexed with 5 mL of a 0.1
mM methanolic DPPH solution. The tubes were left to stand at room temperature for
20 min. The control was made as described above, but without extract and methanol
was used to correct the baseline. Changes in the sample’s absorbance were measured at
517 nm.

Butylated hydroxytoluene (BHT) was taken as a reference standard. The percentage
inhibition against concentration curve was plotted and the concentration required for
50% radical inhibition was represented as the IC, value.

2.6.2 Reducing power capacity

Reducing power was estimated by the method of [21]. The extracts were prepared at
various concentrations (20, 40, 60, 80, and 100 pg/mL). 2.5 mL of sodium phosphate buf-
fer was added to each extract in test tubes, followed by 2.5 mL of 1% potassium ferricya-
nide [K;Fe (CN)g ] solution. The content was vortexed and incubated at 50°C for 20 min.
After incubation, 2.5 mL of 10% TCA was added to each tube and centrifuged at 3000 g
for 10 min. The supernatant was mixed with 5 mL of deionized water. To each test tube,
add 1 mL of 1% ferric chloride and incubate for 10 min at 35°C. The extract’s reduc-
ing power was related to its concentration. Increasing the absorbance of the reaction
mixture indicated a reduction in power. Butylated hydroxy toluene (BHT) was used as a
reference standard. The absorbance was measured at 700 nm.

2.6.3 ABTS radical scavenging activity

ABTS radical scavenging assay was determined by the method of [22] 7 mM of ABTS
was dissolved in water, and 2.45 mM potassium persulfate was combined in a 1:1 ratio
to produce ABTS cation radicals. This mixture was held at room temperature in the dark
for 12-16 h before use. Following that, methanol was used to dilute the ABTS solution,
yielding an absorbance of 0.700 at 734 nm. The standard and sample were divided into
aliquots (20, 40, 60, 80, and 100 pg/mL) and diluted with methanol to 300 pL. The solu-
tions were incubated for 30 min at room temperature, and the absorbance was measured
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using a spectrophotometer. Trolox served as the standard. The ABTS scavenging % was
estimated using the following formula:

Control OD — Sample OD
Control OD

Percentage of radical scavenging activity x 100

2.6.4 Hydroxyl radical scavenging assay activity

Hydroxyl radical scavenging assay was determined by the method of [23]. Various con-
centrations (20, 40, 60, 80, and 100 pg/mL) of extract were added to 1 mL of iron eth-
ylene diamine tetra acetic acid (EDTA) solution (0.13% ferrous ammonium sulphate
and 0.26% EDTA), 0.5 mL of EDTA solution (0.018%), and 1 mL of DMSO (0.85% v/v
in 0.1 M phosphate buffer, pH 7.4). To activate the reaction, add 0.5 mL of ascorbic acid
(0.22%) and incubate in a water bath at 80-90 °C for 15 min. After incubation, 1mL of
ice-cold TCA (17.5% w/v) was added to end the reaction. 3 mL of Nash reagent was
applied and left at room temperature for 15 min. The reaction mixture without sample
served as a control. The specificity of the achieved color was determined spectroscop-
ically at 412 nm in comparison to a reagent blank. BHT was used as a standard. The
proportion of hydroxyl radical scavenging activity can be calculated using the following

formula:

Control OD — Sample OD

1
Control OD x 100

Percentage of radical scavenging activity

2.6.5 Superoxide radical scavenging activity

Superoxide radical scavenging assay was assayed by the method of [24]. Various con-
centrations (20, 40, 60, 80, and 100 pg/mL) of standard BHT solutions were taken in
separate test tubes. Plant sample solutions of 20, 40, 60, 80, and 100 pug/mL were taken
in another set of test tubes. Acetone was used to fill all of the tubes to 3 mL. As a con-
trol, 3 mL of alcohol was used. Each tube was filled with 1 mL of Nitro Blue Tetrazolium
(NBT), NADH and Phenzine methyl sulphate (PMS). All tubes were incubated for 5 min
at room temperature. The absorbance was measured at 560 nanometers. The absorbance
of reaction mixture decreased, indicating greater superoxide anion scavenging activity.
The following formula calculates the percentage of radical scavenging activity:

Control OD — Sample OD

Control OD x 100

Percentage of radical scavenging activity

2.6.6 Nitric oxide radical scavenging activity

Nitric oxide radical scavenging assay was determined by the method of [25]. The reac-
tion mixture (3 mL) contains 2 mL of 10 mM sodium nitroprusside, 0.5 mL of phos-
phate buffered saline (PBS) and 0.5 mL of extract or standard solution (20, 40, 60, 80,
and 100 pg/mL) and incubated at 25°C for 150 min. After incubation, 0.5 mL of the
reaction mixture containing nitrite was pipetted out and mixed with 1 mL of sulfanilic
acid reagent and allowed to stand for 5 min for completing diazotization. Then 1 mL of
naphthyl ethylene diamine dihydrochloride was added, mixed and allowed to stand for
30 min at 25°C. A pink colored chromophore is formed in diffused light. The absorbance
of these solutions was measured at 540 nm against the corresponding blank solutions.
BHT was used as a standard. Percentage inhibition was calculated as follows.
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Control OD — S le OD
Percentage of radical scavenging activity ontro Control (t)zgp ¢ x 100
ontro

2.7 Experimental groups and dosage

2.7.1 Selection of animals and diet

Wistar Strain male albino rats weighing between 160 and 180 g were obtained from Kar-
pagam Arts and Science College (Autonomous), Animal House, Coimbatore, India. The
study has been approved by the Institutional Animal Ethical Committee, constituted for
the purpose of CPCSEA, Government of India. The rats were housed in large, spacious
cages and allowed to consume an appropriate diet for 16 weeks, with water available ad
libitum. Rats were fed a conventional rat pellet diet (Karnataka Agro Food Corporation
Limited, Bangalore, India).

2.7.2 Preparation of the leaves extract for animal study

The freshly picked leaves were washed with distilled water and dried in the shade. CS
leaves were employed in the form of a crude 99% ethanolic extract, which was made
using the conventional method of medicine. 500 g of the shade-dried and powdered
leaves were extracted with 2500 mL of 99% ethanol in the cold for 72 h. The extract was
filtered, yielding a crude residue. The residue was dissolved in water and provided orally
to the experimental rats.

2.7.3 Experimental design

For the in vivo study, a total of 30 male rats were randomly divided into five groups, with
six rats per group. Serum and tissue samples were collected post-treatment to assess
various biochemical parameters. The experimental protocol was as follows:

Group 1: Normal Control (Healthy controls).

Group 2: Prostate Cancer Induced (Untreated).

Group 3: Prostate Cancer + 150 mg/kg CS.

Group 4: Cassia senna Extract Control (CS alone).

Group 5: Prostate Cancer + Standard Drug (25 mg/kg bw finasteride).

The animals in groups 2, 3, and 5 were induced with prostate cancer by administering
100 mg/kg body weight (bw) testosterone in 0.3 mL of propylene glycol via intraperito-
neal injection daily for three days. One day after the final testosterone dose, rats received
50 mg/kg bw of MNU intravenously via the tail vein (dissolved in saline at 10 mg/mL) for
one week. Beginning one week after MNU administration, rats received 2 mg/kg bw of
testosterone intraperitoneally each day for 60 days to promote tumor development.

Treatment lasted for 16 weeks, after which blood and organ samples were collected for
biochemical and histopathological examination. The prostate and seminal vesicles were
carefully.

collected after euthanasia, with the prostate excised for tumor evaluation and his-
topathological analysis. The seminal vesicles were isolated to evaluate any treat-
ment- induced changes. These tissues were fixed in formalin for further histological

examination.
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Table 1 The total yield of various extracts of Cassia Senna

Solvents Cassia senna (mg/100 g)
Petroleum ether 75
Chloroform 127
Ethyl acetate 225
Ethanol 500
Water 190

Table 2 Phytochemical screening of Cassia senna extracts

Secondary metabolites Petroleum ether Chloroform Ethyl acetate Ethanol Water
Alkaloids - - - + -
Steroids + + - + +
Flavonoids + + + + +
Terpenoids - - - + -
Amino acids and proteins + + + + +
Carbohydrates - + + + +
Cardioglycosides + + + - +
Saponins + + - + +
QOils & fats - - - - -
Tannins + + + + +

+' Present "~ Absent

2.8 Statistical analysis

All results were expressed as mean +standard deviation (SD). Statistical analysis was
performed using one-way analysis of variance (ANOVA), followed by Tukey’s post hoc
test to evaluate differences between the experimental groups. A p-value less than 0.05
was considered statistically significant. Significant results were indicated with an asterisk
(*), while non-significant results were denoted as “ns” All statistical analyses were con-
ducted using GraphPad Prism version 10.0.

3 Results

3.1 Total yield

The total yield of various extracts was given in Table 1. The ethanolic extract of CS the
showed the maximum yield of approximately 500 mg. Petroleum ether extract produced
showed the lowest yield of 75 mg.

3.2 Phytochemical analysis
The phytochemical analysis obtained qualitatively by all the extracts of Cassia senna is
presents in the following table.

The preliminary phytochemical analysis of different extracts was given in Table 2. The
ethanolic extract of CS revealed the presence of the major chemical constituents of the
extract were flavonoids, alkaloids, tannins, steroids, saponins, oils and fats, carbohy-
drates, amino acids and proteins. The ethanolic extract exhibited a higher number of
secondary metabolites compared to extracts obtained using other solvents.

3.3 Quantification of bioactive compounds

The quantification of bioactive compounds was given in Table 3. The CS had a significant
phytochemical composition including polyphenols (75.29 + 0.22 mg/g GAE), flavonoids
(35.25+1.15 mg/g quercetin equivalent), and a high tannin content (180.62+1.29 mg/g
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Table 3 Total polyphenols, total flavonoids, total tannins, and vitamin C, vitamin E and total
carotenoids in the ethanolic extract of Cassia senna (CS)

Bioactive compounds cs

Total polyphenols 7529+0.22
(mg/g of gallic acid equivalent)

Total flavonoids 3525+1.15
(mg/g of quercetin equivalent)

Tannins 180.62+1.29
(mg/g of tannic acid equivalent)

Vitamin C 19.40+0.30
(mg/g of ascorbic acid equivalent)

Vitamin E 3.50£0.25

(mg/g of a-tocopherol equivalent)

Values are taken as a Mean + of three individual experiments

Table 4 IC,, values of CS and standards for antioxidant assays

Parameters Standard/Sample IC5, Concentration (ug/mL)
DPPH Radical Activity BHT 4225+238
CS 63.55+345
Reducing Power Capacity BHT 40.25+0.96
(@) 51.82£257
ABTS Radical Scavenging Activity Trolox 4824+1.96
(@) 63.32£3.55
Hydroxyl radical scavenging activity BHT 40.08+2.28
CS 5530+245
Superoxide Radical Scavenging Activity BHT 47434175
CS 58.64+148
Nitric Oxide Radical Scavenging Activity BHT 48.14+1.78
(@) 69.42+£2.56

Values are taken as a Mean + of three individual experiments

tannic acid equivalent). The extract included vitamin C (19.40 + 0.30 mg/g ascorbic acid
equivalent), vitamin E (3.50 £ 0.25 mg/g a-tocopherol equivalent), and total carotenoids
(4.21 £0.20 mg/g lycopene equivalent). These findings show that CS contains a high con-
centration of polyphenols and tannins, as well as moderate quantities of flavonoids, vita-
min C, and carotenoids and a low concentration of vitamin E indicating that it has the
potential to be a natural antioxidant.

3.4 Antioxidant activity

The IC,, values of CS were shown in Table 4. The antioxidant activity of CS was mea-
sured using several assays and compared to standard antioxidants. CS had a greater ICy,
value for DPPH radical activity (63.55 +3.45 ug/mL) compared to BHT (42.25+2.38 pg/
mL). Similarly, its reducing power capacity was slightly lower (51.82+2.57 ug/mL) than
that of BHT (40.25+0.96 pug/ml). CS has a higher IC;, value for ABTS radical scaveng-
ing (63.32+3.55 pg/ml) compared to Trolox (48.24+1.96 pg/ml).CS exhibited IC,
value (55.30 £2.45 pg/mL) than BHT (40.08 +2.28 pg/mL) for hydroxyl radical activity.
Superoxide radical showed (47.43+1.75 pg/mL) and (58.64+ 1.48 pg/mL) for BHT and
CS. Finally, the nitric oxide scavenging activity showed (69.42 +2.56 pg/mL) for CS and
(48.14£1.78 pg/mL) for BHT. These findings suggest that CS has significant antioxidant
activity, but slightly lower than standard values in various assays.
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3.5 Changes in body and organ weight

The body weight of rats in all experimental groups was monitored throughout the study.
Group I (Normal control) rats exhibited a steady and consistent increase in body weight,
reflecting normal physiological growth without any adverse effects. In contrast, Group
II (Untreated— Prostate cancer-induced) showed a significant decline in body weight
over time (Fig. 1), indicative of systemic toxicity and cachexia associated with MNU and
testosterone-induced prostate cancer. Group III (Prostate cancer+CS) demonstrated
a notable improvement in body weight compared to Group II. The gradual increase in
weight suggests that treatment with Cassia senna (CS) extract helped mitigate cancer-
induced weight loss, pointing toward its potential therapeutic and protective effect.
Group IV (CS alone) maintained body weight levels comparable to the control group,
confirming that CS extract alone did not adversely affect body mass or general health.
Group V (Prostate cancer + Finasteride) also showed moderate weight recovery; how-
ever, the extent of weight gain was slightly lower than in the CS-treated group, indicating
that while Finasteride exhibited therapeutic benefit, CS may offer comparable or slightly
superior restorative effects in terms of body weight maintenance. These observations
reinforce the potential of Cassia senna as a supportive treatment in mitigating prostate
cancer-associated systemic effects. While alterations in body weight offer supportive
evidence of systemic effects linked to cancer, they are not conclusive indicators of pros-
tate cancer development. Hence, to validate the induction of prostate carcinogenesis, we
further conducted histopathological analysis of prostate tissues.

3.6 Hematological parameters

Figure 2 revealed that the testosterone and MNU-induced group (Group II- Untreated)
had significantly altered blood parameters compared to the Normal control (Group I).
Specifically, cancer-induced rats exhibited decreased RBC and platelet counts, reduced
hemoglobin levels, and elevated WBC counts, indicating hematological disruptions due
to prostate cancer induction. Treatment with Cassia senna extract (Group III- Prostate
cancer + CS) improved these parameters, as evidenced by increased RBC and hemo-
globin levels and reduced WBC counts. Similar improvements were observed in the
Finasteride-treated group (Group V). Rats treated with CS alone (Group IV) showed
hematological values comparable to the control group, confirming the non-toxic nature
of the extract.

A Changes in Organ weight
Changes in body weight B isii-
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g 500
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5 Normal control Untreated  Prostatecancer  CSalone  Prostate cancer
Months +CS +finasteride
Prostate cancer Groups

+-Normal control # Untreated = Prostatc cancer + CS  — €S alone 4
+ finasteride . .
& Prostate gland @ Seminal vesicle

Fig. 1 A Alterations in the body weight over time (months) across five groups B Changes in the organ weight of
prostate gland and seminal vesicles of various groups
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3.7 Liver and renal parameters
Figure 3 illustrates the changes in serum marker enzyme levels among control and
experimental groups. Rats in Group II (Untreated— Prostate cancer-induced) exhibited
a significant increase (p <0.05) in serum levels of AST, ALT, ALP, and LDH compared to
Group I (Normal control), indicating hepatic and cellular damage associated with can-
cer induction using testosterone and MNU. Elevated LDH levels reflect increased tumor
activity and metabolic turnover. However, treatment with Cassia senna extract in Group
III (Prostate cancer + CS) for 16 weeks significantly normalized these enzyme levels, sug-
gesting a protective and therapeutic effect. Similarly, Group V (Prostate cancer + Finas-
teride) also showed substantial restoration of enzyme markers toward normal values.
Notably, Group IV (CS alone) maintained enzyme levels comparable to the normal
control, confirming the safety of CS extract. Additionally, renal function was assessed
through measurements of urea, uric acid, and creatinine. In Group II, urea and creati-
nine levels increased significantly (p <0.05), while uric acid levels decreased, indicating
renal stress and altered purine metabolism. Treatment with CS (Group III) and Finaste-
ride (Group V) improved these parameters, demonstrating the nephroprotective poten-
tial of the interventions.
Measurement of Antioxidant enzymes, Nucleic acids and protein levels in Prostate
Gland and Seminal Vesicles

Figures 4 and 5 illustrate the levels of antioxidant enzymes, nucleic acids, and lipid
peroxidation in the prostates and seminal vesicles of control and experimental rats.
In Group II (Untreated— Prostate cancer-induced), induction with testosterone and
MNU resulted in a significant reduction (p<0.05) in enzymatic antioxidants including
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superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), glutathi-
one-S-transferase (GST), and glutathione reductase (GR), compared to Group I (Nor-
mal control). These reductions indicate oxidative stress and impaired cellular defense
mechanisms. This reduction reflects elevated oxidative stress in prostate tissues, a hall-
mark of prostate cancer, and is consistent with the Warburg effect, where cancer cells

Page 13 of 20
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produce high levels of ROS due to a shift toward glycolytic metabolism and mitochon-
drial dysfunction.

Treatment with Cassia senna extract (Group III- Prostate cancer + CS) and finasteride
(Group V- Prostate cancer + Finasteride) significantly elevated the levels of these anti-
oxidant enzymes, restoring them toward normal values (p <0.05). Group IV (CS alone)
showed antioxidant levels comparable to the control group, suggesting that CS has no
adverse effect on oxidative status in healthy tissues.

Furthermore, DNA and RNA content were markedly reduced in the prostate and sem-
inal vesicle tissues of Group II rats, indicating nucleic acid damage associated with can-
cer induction. Both CS (Group III) and Finasteride (Group V) treatments significantly
restored nucleic acid levels, while CS alone (Group IV) maintained values similar to the
control group.

Lipid peroxidation (LPO) levels were significantly elevated in Group II, confirm-
ing enhanced oxidative damage. Oral administration of CS and Finasteride effectively
reduced LPO levels in the prostate and seminal vesicles (p <0.05), bringing them close to
those observed in normal controls. Again, no significant differences were noted between
Group IV (CS alone) and Group I (Normal control), confirming the antioxidant safety
profile of Cassia senna extract.

3.8 Serum biochemical parameters and lipid profile

Figure 6 presents the serum biochemical and lipid profile parameters of all experimen-
tal rat groups. In Group II (Untreated— Prostate cancer-induced), a significant increase
(p<0.05) was observed in total cholesterol, triglycerides, low-density lipoprotein (LDL),
and very-low-density lipoprotein (VLDL), alongside a marked reduction in high-density
lipoprotein (HDL), when compared to Group I (Normal control). Oral administration of
Cassia senna (Group III- Prostate cancer + CS) for 16 weeks effectively restored these
values toward normal levels (p <0.05), indicating hypolipidemic activity. A similar pat-
tern was seen in Group V (Prostate cancer + Finasteride). Notably, Group IV (CS alone)
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exhibited no significant deviation from the control, further supporting the safety of the
extract.

Serum total protein levels were significantly reduced in Group II, reflecting impaired
metabolic function due to cancer induction. Treatment with CS (Group III) partially
restored protein levels, although they remained slightly below normal (p <0.05). Protein
levels in Group IV (CS alone) were comparable to the control, indicating a protective
effect of CS. In contrast, Group V (Prostate cancer + Finasteride) also showed lower pro-
tein levels than controls, suggesting limited efficacy of finasteride in restoring protein
balance.

Additionally, serum prostatic acid phosphatase (PAP), a prostate-specific cancer
marker, was significantly elevated (p <0.05) in Group II, confirming disease progression.
CS treatment (Group III) substantially reduced PAP levels (p<0.05), indicating thera-
peutic benefit. Group IV had PAP levels similar to the control group, supporting its
preventive role. However, Group V (Finasteride-treated) showed no significant improve-
ment in PAP levels compared to the untreated cancer group, suggesting limited effec-
tiveness in reducing disease-specific markers. PAP, in particular, is considered a more
specific and sensitive biomarker of prostate malignancy. The marked rise in PAP indi-
cates that the model likely progressed toward a prostate cancer within the study period.

3.9 Histopathological examination of prostate gland and seminal vesicle
Histopathological analysis of the prostate gland and seminal vesicle in control and
experimental rats is presented in Figs. 7 and 8. Tissue sections were stained and exam-
ined at x100 magnification.
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Magnification: x100 Stain: H&E

Control Prostate

Methyl Nitroso Urea+ Cassia senna Methyl Nitroso Urea +
Testosterone + Cassia (150 mg/kg bw) Testosterone + Finasteride
senna (150 mg/kg bw) (25 mg/kg bw)

Fig. 7 Histopathological study of Prostate gland in control and experimental rats
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Fig. 8 Histopathological study of Seminal vesicle in control and experimental rats

In Group I (Normal control), the prostate exhibited acini lined by a single layer of
columnar epithelium, while the seminal vesicles showed a ductal lumen with typical
mucosal architecture forming small papillary folds, consistent with normal histology
reported in healthy rodents [26].

In contrast, Group II (Untreated— Prostate cancer-induced) rats displayed marked
histological alterations, including hyperplastic prostatic acini and glandular structures
lined with proliferating epithelium forming papillary folds and budding into the luminal
space, indicative of neoplastic transformation. The seminal vesicles in this group showed
malignant proliferation of ductal epithelial cells arranged in closely packed formations,
as described in prostate cancer progression models [27].

Group III (Prostate cancer + Cassia senna) rats showed significant histological recov-
ery, with relatively normal and dilated acini and glands lined with columnar epithelium,
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presence of minor papillary folds, and acini lobules separated by fibrous septa. The semi-
nal vesicle showed inner duct projections with mild cystic dilatation, indicating reduced
pathological changes, suggesting the therapeutic potential of Cassia senna in ameliorat-
ing prostate cancer-induced histological damage [28].

In Group IV (CS alone), the prostate and seminal vesicles retained normal histoarchi-
tecture, suggesting no adverse effect of Cassia senna treatment on healthy tissue.

Group V (Prostate cancer + Finasteride) rats exhibited nearly normal histological fea-
tures of the prostate and seminal vesicles, including dilated ducts with flattened epithe-
lium and retained secretions, along with fibrous septa separating lobules, consistent with
the well-established therapeutic action of finasteride in prostate cancer [29].

4 Discussion

The ethanolic extract of Cassia senna revealed the presence of key bioactive compounds
such as flavonoids, tannins, alkaloids and saponins. Flavonoids and Tannins are known
for their antioxidant and anti-inflammatory properties, which help mitigate oxidative
stress and reduce inflammation. Omer et al. (2022) reported high flavonoid and phenolic
content in Senna alexandrina, which supports our findings of Cassia senna’s antioxidant
potential. Previous studies have shown that Cassia senna contains important bioactive
compounds like phenolics and flavonoids, which contribute to its antioxidant activity.
Flavonoids, alkaloids, and saponins in Cassia senna have been shown to exhibit diverse
biological activities, such as immune modulation and antimicrobial effects. These com-
pounds likely contribute to the observed therapeutic effects through a multi-targeted
approach [30]. The results from our study are similar to these earlier findings, showing
good levels of these compounds, especially in the ethanol and aqueous extracts. Some
differences were seen, which could be due to changes in plant source, environment, or
how the extracts were prepared. The antioxidant activity we observed also supports ear-
lier reports, suggesting that Cassia senna may help protect against damage caused by
oxidative stress [31, 34]. The ethanolic extract of Cassia senna demonstrated antioxidant
activity through DPPH, ABTS, and hydroxyl radical scavenging assays. The DPPH Scav-
enging Activity showed moderate antioxidant potential whereas ABTS Assay demon-
strated effective radical scavenging activity attributed to high flavonoid and polyphenol
content. Ahmed et al. (2016) evaluated Cassia angustifolia and observed strong antioxi-
dant activity, with IC;, values as low as 2.41 pg/mL in DPPH assays [11]. Al-Naqqash et
al. (2023) reported an ICy, of 26.7 ug/mL for DPPH scavenging activity in Cassia acuti-
folia, which aligns closely with the antioxidant potential of Cassia senna [32]. The body
weight of rats in all experimental groups was recorded throughout the study. Group
I (Normal control) rats exhibited a steady increase in body weight, indicating normal
growth. Group II (Untreated— Prostate cancer-induced) showed a significant reduction
in body weight, reflecting systemic toxicity. Group III (Prostate cancer+CS) showed
improved body weight compared to Group II, suggesting the protective effect of Cassia
senna. Group IV (CS alone) maintained normal weight, while Group V (Prostate can-
cer + Finasteride) also showed moderate weight gain, though less definite than Group IIIL
These findings suggest a potential restorative effect of Cassia senna in cancer-induced
weight loss. In terms of haematological parameters, the cancer control group showed
a lower RBC count and hemoglobin, elevated WBCs, and reduced platelet levels, indi-
cating haematological disruption due to carcinogen exposure. Treatment with Cassia
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senna significantly improved these parameters, which supports the plant’s role in restor-
ing hematological balance. Serum enzyme markers (AST, ALT, ALP, and LDH) were sig-
nificantly elevated in MNU and testosterone-induced rats, indicative of tissue damage.
Oral administration of Cassia senna for 16 weeks reversed these levels to near-normal.
A similar tendency was observed in the finasteride-treated group. These results align
with those of Fan et al. [33], who reported normalization of liver enzymes with botanical
extracts such as Hibiscus sabdariffa in experimental cancer models.

Zhang et al. [29] demonstrated that plant-based antioxidants effectively mitigate oxi-
dative stress by enhancing the activity of these enzymes, thereby contributing to reduced
tumor progression.

Lipid peroxidation measured by malondialdehyde levels, was evidently increased in
cancer induced control rats. Elevated malondialdehyde disrupts cell membranes and is
associated with cancer development. Treatment with Cassia senna significantly reduced
LPO levels, indicating restored membrane stability and reduced oxidative stress. Fur-
thermore, nucleic acid content (DNA and RNA) was significantly reduced in prostate
cancer-induced rats, while Cassia senna treatment significantly restored these levels.
This indicates a protective effect on cellular genetic material, further supporting its
anticancer potential. In lipid profile analysis, the cancer induced group showed signifi-
cantly increased total cholesterol, triglycerides, LDL, and VLDL levels and decreased
HDL. Treatment with Cassia senna normalized these parameters to near control lev-
els. This finding supports the extract’s lipid-regulating effect, comparable to finasteride.
Moreover, the Cassia senna-treated group alone maintained lipid profiles similar to the
control, indicating no adverse metabolic effect. Serum proteins were also evaluated. The
cancer induced group exhibited a significant reduction in serum protein levels, while
Cassia senna treatment partially restored them. PAP (Prostatic Acid Phosphatase) lev-
els, a specific marker for prostate pathology, were markedly elevated in cancer-induced
rats and significantly reduced following treatment with Cassia senna. These results
highlight its therapeutic effect on prostate-specific cancer markers. Histological analy-
sis revealed that cancer induced rats showed prostatic hyperplasia and dysplasia, and
malignant features in the seminal vesicle. In contrast, Cassia senna-treated rats showed
recovery of tissue architecture with normalized epithelial linings and reduced abnor-
mal growth. These histological improvements reinforce the curative role of the extract.
When compared with finasteride, a known anti-androgenic drug, Cassia senna showed
comparable efficacy in most evaluated parameters, including biochemical markers, anti-
oxidant enzymes, lipid profile, and histology. This supports the impression that Cassia
senna may serve as a complementary or alternative therapy with potentially fewer side
effects. In conclusion, this study validates the role of Cassia senna as a potent antican-
cer agent. Its antioxidant, biochemical, and histopathological effects align with findings
from recent literature. Its comparable efficacy to finasteride highlights its therapeutic
potential and warrants further studies to explore its molecular mechanisms and poten-
tial for clinical use.

5 Conclusion

This study highlights the therapeutic potential of Cassia senna extract as an anticancer
agent, demonstrating significant antioxidant, enzymatic, and histopathological restor-
ative effects in a testosterone- and MNU induced prostate carcinogenesis model. The
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ethanolic extract, rich in flavonoids, tannins, and other bioactive compounds, effectively
normalized oxidative stress markers, lipid profiles, and enzymatic antioxidant activities
while reducing lipid peroxidation and restoring tissue architecture. These results not
only align with but also expand upon existing literature by showcasing the extract’s com-
parable efficacy to standard drugs like finasteride, underscoring its promise as a com-
plementary or alternative therapeutic candidate for prostate cancer. Further studies are
warranted to elucidate its molecular mechanisms and potential clinical applications.
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