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Abstract
Objective

Alpinia purpurata is being studied for its potential to treat various conditions, including diabetes, arthritis,
and tuberculosis. This research explores the impact of Alpinia purpurata (Vieill). K. Schum on ovarian
cancer induced by 4-vinyl cyclohexane in Wistar albino rats.

Materials and methods

Five sets of 100-120g Wistar albino rats were assembled. Group 1 was the control group. Group 2
received intraperitoneal 4-vinyl cyclohexane (80 mg/kg) for one month. For two months, Group 3 was
given A. purpurata leaf extract (200 mg/kg) orally. Cisplatin (5 mg/kg) intraperitoneal twice per week for
two months was given to Group 4 as a standard drug. For two months, Group 5 acquired daily oral A.
purpurata leaf extract (200 mg/kg). The rats were euthanized after the experiment under light chloroform
anesthesia. Ovary and liver samples were obtained for lipid peroxidation, anti-oxidants, membrane-bound
enzymes, tumor indicators, and histological investigation.

Results

Over a 60-day period, rats were given an ethyl acetate extract of A. purpurata at a dose of 200 mg/kg,
which lead to in a substantial (p < 0.05) increase in body protein content, as well as enzyme levels.
Furthermore, the use of the ethyl acetate extract significantly (p < 0.05) recovered the altered lipid
peroxidation activities in the ovarian tissues of both control and experimental rats to near-normal levels.
These data imply that the extract has the capacity to quench free radicals, indicating possible anticancer
effects.

Conclusion

The results suggested that, the ethyl acetate extract of A. purpurata exhibited significant antitumor
activity on ovarian cancer bearing rats.

1. INTRODUCTION

Ovarian cancer, which can arise from germ cells, granulosa cells, or stromal cells, is the most lethal
gynaecological cancer. The surface epithelium, a thin layer of cells covering the ovary, is where the
majority of ovarian cancers originate. In the year 2020, there were 313,959 new cancer cases diagnosed
globally, accounting for a percentage of all cancer cases. Regrettably, ovarian cancer stands as the sixth
most common cancer among women on a global scale, resulting in 207,252 cancer-related fatalities [1].
When compared to other gynaecological cancers, ovarian cancer affects the human population the most
globally [2]. Ovarian cancer is diagnosed in 225,000 new cases every year, and 140,000 of those cases
lead to mortality [3]. When ovarian cancer is in its early stages, a unilateral salpingo-oophorectomy can
be used to treat it, whereas a bilateral salpingo-oophorectomy can be used to treat it when itis in its
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advanced stages (BSO) [4]. Utilizing animal models that accurately replicate the cellular and molecular
irregularities linked to the initiation and progression of ovarian cancer could significantly contribute to the
advancement of improved approaches for early detection and treatment of this disease [5].

In the process of making synthetic rubber, the reaction known as dimerization of 1, 3-butadiene produces
vinyl cyclohexane (VCH). Several studies have shown that the liver is where 4-vinylcyclohexane depoxide
(VCD), an ovo-toxic variant of VCH, can be bio activated in mice [6]. The potential function of the ovary in
the metabolism of VCH and /or VCD has not yet been fully analyzed. Several xenobiotics can be bio
transformed and detoxicated by enzymes found in the ovary. Cytochrome P-450, epoxide hydrolase and
glutathione S-transferases are enzymes responsible for metabolizing known ovarian toxins like VCH and
VCD in the ovaries of rats and mice [7]. There has not yet been research done to determine whether these
phase Il metabolic enzymes are more frequently expressed in the small prenatal follicles.

Even though the precise role of free radicals in the development and progression of cancer is still being
studied, mounting evidence suggests that particular antioxidants are linked to a decreased risk of
developing certain malignancies. Despite studies on plants and other products to prevent cancer, there
are few information on the function of A. purpurata. Cancer-fighting properties of A. purpurata have been
reported in vitro [8] and in vivo research [9] as well as antioxidant and radical scavenging characteristics,
hepatoprotective [10], antibacterial [11], and vasodilator properties. The goal of the current study is to
evaluate the anticancer potential of the ethyl acetate extract from A. purpurata against 4-vinyl
cyclohexane induced ovarian cancer in Wistar albino rats.

2. MATERIALS AND METHODS

2.1 Plant collection and extract preparation

A. purpurata was collected from Kanyakumari (Tamil Nadu, India). The plant specimen was verified and
authenticated (in Coimbatore, India) by Dr. G.V.S. Murthy, Director of the Botanical Survey of India. In the
lab, a voucher specimen (BSI/SC/5/23/10-11/Tech) has been stored for potential future use. Leaf
sample from A. purpurata was collected, dried in sun shade, and ground. A 500 g sample of powder was
extracted with ethyl acetate using a Soxhlet apparatus over a 48-hour period in a 1:5 (weight to volume)
ratio. After that, a rotary flash evaporator of the Buchi type was used to carefully dry the extract for use in
future studies.

2.2 Experimental design

Wistar albino rats which weigh 100-120 g was purchased from the Karpagam University's Animal House
in Coimbatore. Five groups of six rats each were selected for the study. This research work was approved
(KU / IAEC / Ph.D / 087/ 26.07.2012 )by the Institutional Animal Ethical Committee (IEAC), which was
established in accordance with the CPCSEA, Government of India.

Group 1: Control rats
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Group 2: 4-Vinyl cyclohexane-induced (80 mg/kg body weight) for one month
intraperitoneally

Group 3: Treated similarly to Group 2 and then given daily oral administration of A. purpurata
ethyl acetate leaf extract (200 mg/kg body weight) for a duration of two months

Group 4: Treated similarly to Group 2 and then treated with Standard Drug Cisplatin (5 mg/kg
body weight) weekly twice

Group 5: Two months of daily oral administration of 200 mg of ethyl acetate leaf extract of A.
purpurata per kg of body weight.

The rats were gently sedated using chloroform after the experiment was completed. The ovarian and liver
tissues were quickly dissected out, thoroughly washed to remove any foreign matter, treated with a cold
0.1 M Tris-HClI solution (pH 7.4), then patted dry and weighed. To examine membrane-bound enzymes,
non-enzymatic and enzymatic antioxidants, tumor markers and lipid peroxidation, a 10% w/v
homogenate in 0.1 M Tris-HCI buffer was prepared. For a histological analysis, ovarian tissue was cut
into 5 mm thick pieces, embedded in paraffin, fixed in 10% formalin, and stained with hematoxylin and
eosin.

2.3 Enzymatic and non-enzymatic antioxidant assays

Using the methods for superoxide dismutase (SOD) [12], catalase [13], glutathione reductase (GR) [14],
Glutathione-S-transferase (GST), total reduced glutathione (TRG), vitamin C, and vitamin E, respectively
[15], the impact of an ethyl acetate extract of A. purpurata on the activity of enzymatic and non-
enzymatic antioxidants in the ovaries of rats in the control and experimental group was examined.

2.4 Activity estimation for the ATPase enzymes and tumor
markers

The estimation of Mg?* ATPase and the Ca?* ATPase were carried out by the method of [16] and the
estimation of for 5'- Nucleotidase and y-glutamyl transferase was carried out by the method of [17, 18].

2.5 Estimation of nucleic acid constituents, renal markers
and liver enzymes

According to the manufacturer's instructions, kit protocols were followed for nucleic acid constituents,
renal markers and liver enzymes assays (Diatek, India).

2.6 Histopathological examination
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Each experimental group's ovarian and liver tissue samples underwent an immediate saline wash before
being fixed in a 10% buffered neutral formalin solution. The tissues were processed by embedding them
in paraffin after fixation. Following Hematoxylin and Eosin (HE) staining, these tissue blocks were divided
into sections, which were then patiently studied and captured photograph using a powerful light
microscope [19].

2.7 Statistical analysis

Mean is used to describe the results as standard deviation (SD). The statistical significance was
assessed using a One-way Analysis of Variance (ANOVA) in GraphPad Prism version 10.0. The following
pairwise comparisons were performed using the Dunnet Multiple Range Test (DMRT) [20]. If the p-value
was less than 0.05, a difference between groups was deemed significant. Probability level p <
0.0001(****) and p=0.01 to 0.05(*).

3. RESULTS AND DISCUSSION

The medicinal plant A. purpuratais used to cure a variety of illnesses, such as diabetes mellitus, arthritis,
and pulmonary tuberculosis. The aim of this study was to investigate the anti-cancer properties of oral A.
purpurata against ovarian cancer in rats that was generated by 4-vinyl cyclohexane.

3.1 Effect of enzymatic and non - enzymatic antioxidants

The impact of A. purpurata on enzymatic antioxidants in the ovaries of both control and experimental
animals is shown in Fig. 1. Rats in group Il that were exposed to 4-vinyl cyclohexane had considerably
lower levels of enzymatic antioxidants. However, compared to group Il, animals who had received
medication treatment (groups Il and 1V) experienced a return to normal levels of enzymatic activity.
Between Group V and the control group (Group I), that just received the plant extract, there was no
discernible difference.

Free radicals have the potential to induce lipid peroxidation and harm the macromolecules and cellular
structures within an organism, such as the endothelium and erythrocytes. This process of lipid
peroxidation can alter membrane permeability and lead to tissue damage. An essential protective
mechanism against free radical-induced damage is provided by the antioxidant system [21]. The cell
membrane is easily penetrated by hydrogen peroxide, which then attacks various places and damages
DNA by breaking both single and double strands. The levels of antioxidant status in the ethyl acetate
extract of A. purpurata were examined in this study in relation to ovarian tissue.

SOD, functioning to dismutase two superoxide radicals into H,0, and O,, plays a pivotal role as the
body's initial defense against superoxide radicals. Furthermore, CAT and GPx, by converting H,0, into
H,0, serve as complementary antioxidant enzymes, safeguarding cells against reactive oxygen species

(ROS) damage. The endogenous antioxidant selenoprotein GPx actively participates in this protective
mechanism and is located within both the cytosol and the mitochondrial matrix [22]. A rise in radical
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generation during DMBA metabolism may be to blame for the decline in enzymatic activity. According to
the findings of the current investigation, the rise in MDA formation is probably due to an increase in
reactive oxygen species (ROS), which is consistent with the finding that these free radicals tend to
decrease SOD function. Based on the biochemical data, it was found that 4-vinyl cyclohexane-exposed
rats' SOD, CAT, and GPx activity was lower than that of control rats. This reduction in enzymatic activity
may be attributed to the excessive production of radicals, which could be a consequence of ovarian
cancer [23].

In the investigation of 4-vinylcyclohexane-induced ovarian cancer, Fig. 1 shows the effect of A. purpurata
on non-enzymatic antioxidant levels. When compared to the control group, group Il mice's ovarian tissue
showed a considerable decline in non-enzymatic antioxidant activity. But when compared to mice
induced with 4-vinyl cyclohexane, the A. purpurata and cisplatin therapy increased GSH, vitamin C, and
vitamin E levels (p < 0.05) in these groups. Following treatment, animals in group V that had only been
exposed to the plant extract did not vary significantly from those in group | (p < 0.05) in any way.

When ascorbic acid and carotenoids are present, two other cooperative antioxidants, vitamin E functions
well as a lipid-soluble, chain-breaking antioxidant. This cooperative effect strengthens its capacity to
guard against oxidative damage. It has been demonstrated that altering non-enzymatic antioxidants
including total reduced glutathione (GSH), vitamin C, and vitamin E during cancer therapy can lower the
risk of cancer recurrence and lessen side effects linked to elevated free radical levels [24].

Vitamins E and C, which are non-enzymatic antioxidants, are found in healthy cells and can be consumed
through diet. In addition to reducing H,0, and hydro peroxide levels, antioxidants can also trap metal
ions, halt chain reactions by scavenging reactive free radicals, and even encourage the repair and/or
removal of cell damage. Additionally, some antioxidants promote the manufacture of defense enzymes
or additional antioxidants [25].

Various amounts of these antioxidants were found, but they were not enough to offset the rise in reactive
oxygen stress, which damages cells and molecules and encourages the cancer cell cycle [26]. The finding
that GSH, vitamin C, and vitamin E levels were decreased in cancer-bearing mice was another indication
of oxidative stress, which contributes to damage to cells and a breakdown of cell membrane working
stability.

3.2 Effect of membrane bound enzymes and tumor markers

The enzyme activity of membrane-bound ATPase enzymes in the ovarian tissue of experimental and non-
experimental mice is shown in Fig. 2. When 4-vinylcyclohexane was used to stimulate mice, it was shown
that these enzymes' activity considerably decreased (p < 0.05) when compared to control animals.
However, during pharmaceutical therapy, their levels showed a noticeable dose-dependent rise.
Comparing the group receiving only the plant extract and the group receiving a healthy control, there were
no noticeable distinction.
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Among the many variables that can affect ATPase levels are peroxidation of lipids and modifications in
membrane fluidity. A decrease in ATPase activity under ischemia conditions can cause irreversible
necrotic alterations in the myocardial cells that are damaged, as well as a loss of function. The oxidation
of "SH" groups inside the binding sites of Na*/K* ATPase and Ca?* ATPase, that is caused by lipid
peroxidation in the cellular membrane, is the main cause of this drop-in ATPase activity. This shiftin
enzyme conformation is frequently linked to this decrease in ATPase activity [27]. In fact, an increase in
intracellular levels of calcium ions that are free (Ca%*) can be brought on by a reduction in Ca?* ATPase
activity. This can have a variety of effects, such as alterations in signal transduction systems and
adjustments to cellular fluidity. Numerous cellular activities depend on the control of intracellular calcium
levels, and any disturbance in this equilibrium can have a major influence on cell functioning and
communication [28]. The functionality of different cell types, particularly platelets and the nuclear cells in
peripheral blood, can be affected by changes in Na*/K*-ATPase activity. The rate of signal transmission
is impacted by this enzyme's critical involvement in catalyzing the Ca?*-dependent interchange of hydride
ions with calcium ions. This procedure plays a key role in the rapid dissolution of secretory granules and
the creation of actino-myosin compounds in platelet surfaces during adhesion, which regulate cellular
activities and reactions.

According to reports, ATPase activity is inhibited in cancerous situations. As these enzymes are
membrane-bound, any disruption with the cell membrane, especially adjustments to the solubility and
ionic concentration of the membrane, can in fact affect how they function. Because ATPase plays a part
in malignant conditions, its decreased activity may also be linked to cellular harm. As a result, any
changes to the cell membrane may result in changes to the functions of membrane-bound ATPase, which
may indicate how serious the underlying disease is. These findings highlight the complex interplay
between ATPase activity, membrane integrity, and the health or iliness of cells [29].

The plant medicine's bioactive ingredients are known for their capacity to affect the permeability of
cellular membranes. They can interact with animal cell Na*/K-ATPase pumps and may even have the
ability to promote electron transport. Due to these characteristics, ATPase activity may be brought back to
normal levels, which would then allow the cell to function normally. These bioactive components are
essential for controlling cellular processes and may be able to reverse cellular malfunction [30].

Following administration of A. purpurata extract, experimental and control rats, ovarian tissue range of 5'-
nucleotidase and y-glutamyl transpeptidase altered, as indicated in Fig. 2. The ovarian tissues of group I
mice treated with 4-vinylcyclohexane showed a significant (p < 0.05) increase in the quantity of a cancer
marker compared to the control animals in group I. These marker enzyme levels were dramatically
lowered and matched those in the cancer-bearing animals in group Il in group Il and IV, when mice were
given A. purpurata and cisplatin (p < 0.05). Notably, the marker activity of the enzyme in group V, which
animals received only the plant extract as a treatment, did not differ significantly from that of the group |
control animals.
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At the sinusoidal and bile canalicular sides of hepatocytes' plasma membranes, there is an enzyme
called 5-nucleotidase (5'NT). It works by hydrolyzing nucleotides with phosphate groups linked to the
carbon atoms of the ribose sugar. It's interesting that mice with cancer were shown to have increased
activity. 5'NT is also used as an indicator to evaluate liver damage. The presence and activity of this
enzyme can be used to monitor liver health and function as a marker for specific liver diseases [31]. In the
current study, rats that were carrying ovarian cancer showed increased 5'NT activity. The emergence of
the marker enzyme may be connected to the growth of the tumor and hepatic cell damage, which may
cause 5'-nucleotidase spillage into the bloodstream. In this sense, treatment with A. purpurata
significantly decreased the activity of the enzyme 5'NT. This might be connected to the plant extract's
ability to quench free radicals, which would compensate for the hepatic cell damage.

Strongly secretory or detoxifying cells have gamma glutamyl transferase (y-GT), a membrane-bound
enzyme, on their surface. Because it has been demonstrated that disorders such bile duct necrosis and
cholestasis cause the enzyme level to be raised in serum and the liver, it is one of the important indicators
of liver damage. There have been reports of a variety of substances, notably xenobiotic, forming a
substrate of y-GT following their attachment to GSH, which mainly occurs in the liver. The loss of GSH
may also result in a rise in hepatic y-GT activity through an elevation in the synthesis of its mRNA. It was
found in the present study that rats with cancer had increased levels of y-GT activity. This is consistent
with the earlier observation that [32]. However, ethyl acetate extract restores the level of the y-GT enzyme
throughout treatment. This might be as a result of the extract's cytoprotective properties, which might
have assisted in stabilizing the cellular membranes of the hepatocytes and other bodily tissues and
preventing the loss of the functional properties of the cell membrane.

3.3 Effect of nucleic acid constituents in ovary, serum liver marker enzymes and renal markers of control
and experimental animals

In a variety of tumor settings, DNA content is an important growth indicator that is more relevant to the
pharmacological and functional aspects of the tumor. According to [33], the amount of DNA is a
trustworthy predictor and frequently coincides with the DNA composition of the tumor. The effects of A.
purpurata ethyl acetate extract on the levels of nucleic acids (DNA and RNA) in the ovarian tissues of
experimental and control mice are shown in Fig. 3. Rats treated with 4-vinylcyclohexane in group Il
showed noticeably larger amounts of nucleic acid constituents than the control animals in group | (p <
0.05). When contrasted to the cancer-bearing rats in group Il, however, these elevated levels were
noticeably decreased in group lll and group IV animals administered A. purpurata along with cisplatin (p
<0.05).

In contrast, when comparing the group V animals administered exclusively using the plant extract to the
group | control animals, no appreciable variations in nucleic acid quantities were found.

In the current study, there was an observed increase in the amount of RNA in animals afflicted with
ovarian cancer. This increase could be attributed to the heightened DNA content associated with

cancerous conditions, potentially leading to increased transcription and, consequently, elevated RNA
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levels. Conversely, the rats treated with A. purpurata, both DNA and RNA levels returned to normal.
Consequently, the application of the ethyl acetate extract from A. purpurata not only inhibited tumor
growth but also regulated nucleic acid biosynthesis.

These findings align with earlier research studies on the subject [34]. Marker enzyme analysis is a useful
tool for locating tumors and directing medical decisions. The effect of A. purpurata extract on
transaminases and alkaline phosphatase blood levels in both experimental and control animals is shown
in Fig. 3. Marker enzyme levels were significantly (p < 0.05) lower in the 4-vinylcyclohexane-induced
animals in group Il compared to the control animals in group |, indicating the impact of this induction. On
the other hand, these enzyme levels were markedly decreased in the A. purpurata and cisplatin-treated
animals in groups Ill and IV and were comparable to the levels seen in the cancer-bearing animals in
group Il (p <0.05).

However, there were no discernible variations in the marker enzyme activity in animals that were treated
exclusively using the plant extract in group V as compared to the untreated animals in group I. In
particular, biochemical marker enzymes are used to screen for cancer disorders to aid in differential
diagnosis, tracking of advancement, and therapy response [35]. These enzymes have become more
distinct, and changes in their activity reveal the effects of metabolic cycle and cell division on
proliferating cells. The amount of changed cells present in malignant conditions has been discovered to
be highly correlated with their greater activity. The transport processes of cell organelles, such as
hepatocytes, are disturbed in malignant situations. Due to modifications in the plasma membrane's
permeability, this disruption results in the release of enzymes. As a result, the quantities of these enzyme
markers in the serum or blood increase while their concentration within the cells declines. According to
reports, when animals are exposed to toxicity, the skeletal framework of their cells is weakened, which
causes enzymes to diffuse from the cell cytoplasmic into the blood stream [36]. It is thought that the
intracellular enzyme concentrations are over three orders of magnitude greater than external fluid
concentrations. As a result, it is a sensitive indication since even a small amount of cellular damage can
cause a considerable increase in enzyme activity in the extracellular fluids or plasma. Due to its clinical
importance, measuring enzyme activity in both serum and tissues is a popular diagnostic tool in human
medicine. Due to the major clinical consequences of both aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) activities, research on serum transaminase activities as a measure of tissue
injury has mostly concentrated on human subjects. In the current study, ALT levels showed the opposite
tendency to AST levels, which were shown to be high and dropping in the blood and tissues of mice with
cancer. The increased enzyme activity in the serum may be caused by a number of things, including the
release of enzymes into the bloodstream from cancerous cells, the presence of tumors causing the emit
of enzymes from normal tissue, or a possible impact of a tumor on distant tissue that results in a
breakdown of an enzyme and its discharge into the bloodstream [37].

Figure 3 displays the concentrations of uric acid, creatinine and urea. The animals in group Il that had
been exposed to 4-vinylcyclohexane had considerably higher levels of urea and creatinine. Animals
treated with extract and cisplatin had lower levels (group lll and IV). The above amounts of treatment for
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rats using the group V medication alone were comparable to the control groups. However, group Il cancer-
induced animals had lower uric acid levels. Animals treated with extract and cisplatin had considerably
higher levels (group lll and IV). The above amounts of treatment for rats using the group V medication
alone were comparable to the control groups.

Urea, also known as carbamide, serves as the primary nitrogen-containing compound in the urine of
mammals. It is an organic chemical with a crucial role in the metabolism of nitrogen-containing
substances in animals. The rate of glomerular filtration determines how much urea is eliminated, and as
production outpaces excretion, plasma levels rise. Renal function is measured by serum creatinine. It is
created endogenously by tissue creatinine breakdown and an increase in serum creatinine may be
attributable to the tissue damage. The glomerular filtration rate determines how much creatinine is
expelled; when this excretion does not equal the production, serum creatinine increases [38].

The enhanced usage of uric acid against lipid peroxide, a hallmark of cancer conditions, may be the
cause of the lower level of uric acid in ovarian cancer. Higher uric acid levels seen following therapy for A.
purpurata could be caused by a lower tumor burden, which is consistent with earlier observations of [39].

3.4 Estimation the level of tissue protein and Lipid
peroxidation

The levels of protein activity in the ovarian tissue of experimental and control mice are shown in Fig. 4
(B). Induced with 4-vinylcyclohexane, the ovarian tissues of Group Il mice displayed a conspicuous drop
in protein levels when compared to the control group (Group 1) mice (p <0.05). The protein levels in Group
[l and IV animals were, however, noticeably higher than in Group Il rats (p < 0.05). The protein levels in the
control and drug-treated animals (Group V) did not differ noticeably from one another.

Because they are macromolecular structures, proteins are essential for preserving the structural integrity
of cells. Any protein level alterations can cause metabolic imbalances, especially in cancer situations,
which can result in severe cellular abnormalities. The greatest amount of protein synthesis occurs in
tissues, wherein the metabolism of proteins is a critical activity. Protein wastage is characterized by an
apparent rise in the rate of protein breakdown while the visible rate of protein production appears to be
relatively steady. This indicates an underlying metabolic imbalance. A drop in ovarian protein levels in 4-
vinylcyclohexane-induced cancer-bearing mice can be related to an increased efflux of amino acids from
tissue and a reduction in the recycling of amino acids, both of which happen under tumor conditions [40].
Degradation of tissue proteins results from the host's reaction to the tumor load. However, therapy with A.
purpurata may have stopped this protein deterioration, returning protein levels to a more typical range.
The modulation of protein synthesis during this therapy may have also affected the overall protein level,
indicating that the plant extract significantly regulates both protein production and maintenance. These
results are consistent with past studies from the reference [41].

Figure 4 (A) shows changes in the amount of lipid peroxidation (LPO) in the ovarian tissue of
experimental and control rats. The 4-vinylcyclohexane-induced rats (Group Il) showed a noticeable rise in
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LPO levels. On the other hand, animals receiving the plant extract plus cisplatin (Group Il and Group V)
as compared to those with cancer showed a substantial (p < 0.05) reduction in malondialdehyde,
employed as an indicator of peroxidation of lipids levels. This implies that using these medications to
correct the aberrant variations in LPO levels was successful.

When compared to the control group, animals administered only with A. purpurata did not show any
statistically significant variations (p < 0.05) in LPO levels, showing that the plant extract did not
significantly affect LPO levels on its own.

Free radicals can react with polyunsaturated fatty acids to create malondialdehyde. It is well known for
its effect on lipid peroxidation as well as its impact on the control of radicals during the development of
cancer. Naturally, there is a delicate balance between the body's creation of free radicals and the
antioxidant defense system's defensive mechanisms, which defend the body from disease [42]. It has
been proposed that elevated lipid peroxidation seen in erythrocytes may be caused by a compromised
antioxidant system. As a result, the amount of MDA is frequently employed as a meter to evaluate the
severity of harm brought on by lipid peroxidation triggered by free radicals.

3.5 Histopathological observation
3.5.1 Histopathology of ovary

Figure 5 shows the outcomes of histological examinations on samples of ovarian tissue taken from
experimental and control rats.

The histopathological changes in the ovarian tissues of the experimental as well as control animals are
shown in Fig. 5. The ovarian tissue in the control group underwent a histological test, and the results
showed normal ovarian tissue architecture and more follicles (Fig. 5B). Rats with ovarian cancer
exhibited cell proliferation, a lack of follicles, and lymphocyte aggregation. It shows little lymphocyte
clumping and scant evidence of tumor regression when A. purpurata extract is utilized (Fig. 5C). Multiple
areas of tumor regression were visible in mice given the conventional drug cisplatin (Fig. 5D). Rats given
ethyl acetate extract alone (Fig. 5E) showed normal morphological morphologies of ovarian tissues and
normal follicles (Fig. 5A), in contrast to the healthy control group.

3.5.2 Histopathology of liver

Histological examinations were conducted on liver tissue samples from both control and experimental
rats, as depicted in Fig. 6.

Figure 6 displays the histological alterations in the liver tissues of the experimental and control mice. The
histological evaluation of the liver tissue from the control group (Fig. 6A) revealed a healthy liver
architecture with hepatocytes encircling the periportal lobules. In (Fig. 6B) ovarian cancer bearing rats
exhibits periportal inflammatory cell infiltrate and central necrosis. Animals subjected to an extract of
ethyl acetate of A. purpurata display minor necrosis as well as hepatocyte inflammation (Fig. 6C).
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Cisplatin, a common drug, caused minor hemorrhagic necrosis of the hepatocytes in animals (Fig. 6D). In
contrast to the normal group, rodents treated with ethyl acetate extract alone (Fig. 6E) animals displayed
normal morphological appearances of hepatocytes (Fig: 6 A).

4. CONCLUSION

The method by which A. purpurata leaf extract exerts its chemo preventive effects may involve blocking
the carcinogen (4-vinylcyclohexane). The abundance of phytochemicals and antioxidants in A. purpurata
may be responsible for its effects. The above findings support the idea that the ethyl acetate leaf extract
of A. purpurata may have substantial anti carcinogenic and anti-oxidative effects in an experimental
animal model, as well as the potential to function as a powerful chemo preventive agent.

Declarations
ACKNOWLEDGEMENTS

We, the authors are thankful to our Chancellor, Chief Executive officer, Vice Chancellor and Registrar of
Karpagam Academy of Higher Education for providing facilities and encouragement.

Fundings

This research did not receive any specific grant from funding agencies in the public, commercial, or not-
for-profit sectors.

Competing interest

The authors declare that they have no known competing financial interests or personal relationships that
could have appeared to influence the work reported in this paper.

Author Contributions

e Arul Raj C, Rathi MA, Gurukumar D and Gopalakrishnan VK contributed to the study conception and
design.

e Plant collection was done by Arul Raj C, Manikandan VR and Meenakshi KC.
» Material preparation, and Biochemical parameters were performed by Arul Raj C and Anusooriya P
e The first draft of the manuscript was written by Arul Raj C and Anusooriya P

» All authors commented on previous versions of the manuscript. All authors read and approved the
final manuscript.

References

Page 12/22



10.

11

12.

. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, Bray F. Global Cancer

Statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185
countries. CA Cancer J Clin. 2021;71(3):209-249.https://doi.org/10.3322/caac.21660

. Palanisamy CP, Cui B, Zhang H, Panagal M, Paramasivam S, Chinnaiyan U, Jeyaraman S, Murugesan

K, Rostagno M, Sekar V, Natarajan SP. Anti-ovarian cancer potential of phytocompound and extract
from South African medicinal plants and their role in the development of chemotherapeutic agents.
Am J Cancer Res. 2021;11(5):1828-1844.

. Khazaei Z, Namayandeh SM, Beiranvand R, Naemi H, Bechashk SM, Goodarzi E. Worldwide

incidence and mortality of ovarian cancer and Human Development Index (HDI): GLOBOCAN sources
and methods 2018. PubMed. 2021;62(1):E174-E184.https://doi.org/10.15167/2421-
4248/ipmh2021.62.1.1606

. Canlorbe G, Chabbert-Buffet N, Uzan C. Fertility-Sparing Surgery for Ovarian Cancer. J Clin Med.

2021;10(18):4235.https://doi.org/10.3390/jcm10184235

. Yee C, Dickson K, Muntasir MN, Yue M, Marsh DJ. Three-Dimensional Modelling of Ovarian Cancer:

From Cell Lines to Organoids for Discovery and Personalized Medicine. Front Bioeng Biotechnol.
2022;10. https://doi.org/10.3389/fbioe.2022.836984

. Li H, Xu X, Liu X, Yao Z, Cao K. Kinetics on 1,3-Butadiene Dimerization by the Cycloaddition Reactions

in High Pressure and High Temperature Micro-Reactor. Chem Eng J. 2022; 430:132980.
https://doi.org/10.1016/j.cej.2021.132980

. Piccoli BC, Segatto ALA, Oliveira CS, Da Silva FD, Aschner M, Da Rocha JBT. Simultaneous exposure

to vinylcyclohexene and methylmercury in Drosophila melanogaster: biochemical and molecular
analyses. BMC Clin Pharmacol. 2019 Dec 1;20(S1).https://doi.org/10.1186/s40360-019-0356-0

. Raj CA, Ragavendran P, Sophia D, Gopalakrishnan VK. Evaluation of in vitro antioxidant and

anticancer activity of Alpinia purpurata. Chin J Nat Med. 2012;10:263-268.

. Anusooriya P Kannappan P, Gopalakrishnan V. Anticancer activity of Alpinia purpurata (Vieill) K.

Schum. against MNU and testosterone induced prostate cancer in male Wistar albino rats.
Pharmacological Research. 2022 Jun 1; 3:100105. https://doi.org/10.1016/j.prmcm.2022.100105

Pal LC, Agrawal S, Gautam A, Chauhan JK, Rao CV. Hepatoprotective and Antioxidant Potential of
Phenolics-Enriched Fraction of Anogeissus acuminata Leaf against Alcohol-induced Hepatotoxicity
in Rats. Medical Sciences. 2022 Mar 4;10(1):17. https://doi.org/10.3390/medsci10010017

. Ferreira GRS, De Santana Brito J, Procépio TF, De Lima Santos ND, De Lima BJRC, Coelho LCBB,

Navarro DMDAF, Soares T, Moura MDC, Napoledo TH. Antimicrobial potential of Alpinia purpurata
lectin (ApuL): Growth inhibitory action, synergistic effects in combination with antibiotics, and
antibiofilm activity. Microbial Pathogenesis. 2018 Nov 1;124:152-162.
https://doi.org/10.1016/j.micpath.2018.08.027

Gusti AMT, Qusti S, Alshammari EM, Toraih EA, Fawzy MS. Antioxidants-Related Superoxide
dismutase (SOD), catalase (CAT), glutathione peroxidase (GPX), Glutathione-S-Transferase (GST),

Page 13/22



13.

14.

15.

16.

17.

18.

19.

20.

21

22.

and Nitric Oxide synthase (NOS) Gene variants analysis in an Obese Population: A Preliminary Case-
Control Study.Antioxidants.2021Apr13;10(4):595.https://doi.org/10.3390/antiox10040595

Nandi A, Lv Y, Jana CK, Das N. Role of catalase in Oxidative Stress- and Age-Associated Degenerative
diseases. Oxidative Medicine and Cellular Longevity. Hindawi Publishing Corporation; 2019 Nov
11;2019:1-19. https://doi.org/10.1155/2019/9613090

Boriskin P, Gulenko O, Devyatkin A, Karimova R, Leonov V, Pavlova O. Correlation of glutathione
reductase activity distribution in the blood serum and tissues of white unborn rats. B/IO Web of
Conferences. EDP Sciences; 2020 Jan 1;17:00195. https://doi.org/10.1051/bioconf/20201700195

Lee H, Han J, Park YK, Kang M. Effects of glutathione s-transferase (GST) M1 and T1
polymorphisms on antioxidant vitamins and oxidative stress-related parameters in Korean
subclinical hypertensive subjects after kale juice (Brassica oleracea acephala) supplementation.
Nutrition Research and Practice. 2018 Jan 1;12(2):118. https://doi.org/10.4162/nrp.2018.12.2.118

Rule CS, Patrick M, Sandkvist M. Measuring in vitro ATPase Activity for Enzymatic Characterization.
J Vis Exp. 2016;(114). https://doi.org/10.3791/54305

Hyder MA, Hasan M, Mohieldein A. Comparative Study of 5-Nucleotidase Test in Various Liver
Diseases. J Clin Diagn Res. 2016 Feb;10(2):bBC01-3. doi: 10.7860/JCDR/2016/12754.7163. Epub
2016 Feb 1.

Bencheikh N, Bouhrim M, Kharchoufa L, Al Kamaly OM, Mechchate H, Es-Safi |, Dahmani A,
Ouahhoud S, El Assri S, Eto B, Bhouham M, Choukri M, Elachouri M. The Nephroprotective Effect of
Zizyphus lotus L. (Desf.) Fruits in a Gentamicin-Induced Acute Kidney Injury Model in Rats: A
Biochemical and Histopathological Investigation. Molecules. 2021 Aug 8;26(16):4806.
https://doi.org/ 10.3390/molecules26164806

Balakrishnan BB, Krishnasamy K, Vijayakumar M, Arokiyaraj S. Moringa concanensis Nimmo
extracts ameliorates hyperglycemia-mediated oxidative stress and upregulates PPARy and GLUT4
gene expression in liver and pancreas of streptozotocin-nicotinamide induced diabetic rats.
Biomedicine & Pharmacotherapy, 2019 Apr 1;112:108688.
https://doi.org/10.1016/j.biopha.2019.108688

Raghavendra HL, Upashe SP, Reyes DRA, Floriano JF (2019) Antidiabetic and Antioxidant Activity of
Rubus apetalus Poir. and Rubus steudneri Schweinf. Leaf Extract on Alloxan Induced Diabetes
Mellitus. J Bioanal Biomed 11:149-154. https://doi.org/10.4172/1948-593X.1000226

. Sharifi-Rad M, Kamil K, Zucca P, Varoni EM, Dini L, Panzarini E, Rajkovic J, Fokou PVT, Azzini E,

Peluso |, Mishra AR, Nigam M, Rayess YE, Beyrouthy ME, Polito L, Iriti M, Martins N, Martorell M,
Docea AQ, et al. Lifestyle, oxidative stress, and antioxidants: back and forth in the pathophysiology
of Chronic Diseases. Front Physiol. 2020;11https://doi.org/10.3389/fphys.2020.00694

Ighodaro OM, Akinloye O. First line defence antioxidants-superoxide dismutase (SOD), catalase (CAT)
and glutathione peroxidase (GPX): Their fundamental role in the entire antioxidant defence grid.
Alexandria J Med. 2018;54(4):287-293. https://doi.org/10.1016/j.ajme.2017.09.001

Page 14/22



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Gupta A, Madhavan MV, Sehgal K, Nair N, Mahajan S, Sehrawat TS, Bikdeli B, Ahluwalia N, Ausiello J,
Wan E, Freedberg DE, Kirtane AJ, Parikh SA, Maurer MS, Nordvig AS, Accili D, Bathon JM, Mohan S,
Bauer KA, et al. Extrapulmonary manifestations of COVID-19. Nat Med. 2020;26(7):1017-1032.
https://doi.org/10.1038/s41591-020-0968-3

Singh K, Bhori M, Kasu YA, Bhat G, Marar T. Antioxidants as precision weapons in war against cancer
chemotherapy induced toxicity - Exploring the armoury of obscurity. Saudi Pharm J. 2018;26(2):177-
190.https://doi.org/10.1016/j.jsps.2017.12.013

Tan BL, Norhaizan ME, Liew W, Rahman HS. Antioxidant and oxidative stress: A mutual interplay in
age-related diseases. Front Pharmacol. 2018;9. https://doi.org/10.3389/fphar.2018.01162

Sies H. On the history of oxidative stress: Concept and some aspects of current development. Curr
Opin Toxicol. 2018; 7:122-126.https://doi.org/10.1016/j.cotox.2018.01.002

Srikanthan K, Shapiro JI, Sodhi K. The Role of Na/K-ATPase Signaling in Oxidative Stress Related to
Obesity and Cardiovascular Disease. Molecules.
2016;21(9):1172.https://doi.org/10.3390/molecules21091172

Krebs J. Structure, Function and Regulation of the Plasma Membrane Calcium Pump in Health and
Disease. Int J Mol Sci. 2022; 23:1027. https://doi.org/10.3390/ijms23031027

Subash S, Essa MM, Al-Asmi A, Al-Adawi S, Vaishnav R, Braidy N, Manivasagam T, Guillemin GJ.
Pomegranate from Oman Alleviates the Brain Oxidative Damage in Transgenic Mouse Model of
Alzheimer's disease. J Tradit Complement Med. 2014 Oct;4(4):232-8. doi: 10.4103/2225-
4110.139107.

Ozenver N, Efferth T. Identification of Prognostic and Predictive Biomarkers and Druggable Targets
among 205 Antioxidant Genes in 21 Different Tumor Types via Data-Mining. Pharmaceutics. 2023
Jan 28;15(2):427. doi: 10.3390/pharmaceutics15020427.

Hyder MA, Hasan M, Mohieldein A. Comparative Study of 5-Nucleotidase Test in Various Liver
Diseases. J Clin Diagn Res. 2016;10(2): BCO1-
BCO03.https://doi.org/10.7860/JCDR/2016/12754.7163

Vairetti M, Di Pasqua LG, Cagna M, Richelmi P, Ferrigno A, Berardo C. Changes in glutathione content
in liver diseases: an update. Antioxidants. 2021;10(3): 364. https://doi.org/10.3390/antiox10030364
Huang W, Yan Y, Liu Y, Lin M, Ma J, Zhang W, Dai J, Li J, Guo Q, Chen H, Makabel B, Liu H, Su C, Bi H,
Zhang J. Exosomes with low miR-34c-3p expression promote invasion and migration of non-small
cell lung cancer by upregulating integrin a2p1. Signal Transduct Target Ther.
2020;5(1).https://doi.org/10.1038/s41392-020-0133-y

Nandakumar N, Jayaprakash R, Rengarajan T, Ramesh V, Balasubramanian MP. Hesperidin, a natural
citrus flavonoglycoside, normalizes lipid peroxidation and membrane-bound marker enzymes in 7,
12-Dimethylbenz(a)anthracene induced experimental breast cancer rats. Biomed Prev Nutr. 2011;
1:255-262.

Henry NL, Hayes DF. Cancer biomarkers. Mol Oncol. 2012; 6(2):140-146.
https://doi.org/10.1016/j.molonc.2012.01.010

Page 15/22



36. Agrawal SS, Kaushik N. Evaluation of the antimetastatic and antitumor activity of antibody-loaded
pemetrexed nanoparticles in DEN-HepG2 hepatocarcinoma model. Int J Surg. 2017; 3(1):48.
https://doi.org/10.1097/ij9.0000000000000048

37. Hassan HA, Ghareb NE, Azhari GF. Antioxidant activity and free radical-scavenging of cape
gooseberry (Physalis peruviana L.) in hepatocellular carcinoma rats model. Hepatoma Res. 2017
3:27-33. http://dx.doi.org/10.20517/2394-5079.2016.33

38. Gounden V, Bhatt H, Jialal I. Renal Function Tests. [Updated 2021 Jul 20]. In: StatPearls. Treasure
Island (FL): StatPearls Publishing; 2022 Jan-. https://www.ncbi.nIm.nih.gov/books/NBK507821.

39. Vennila R, Thirunavukkarasu SV, Muthumary J. Evaluation of fungal taxol isolated from an
endophytic fungus Pestalogiopsis pausicseta VM1 against experimentally induced breast cancer in
Sprague Dawley rats. Res J Pharmacol. 2010; 4:38-44.

40. Pin F, Beltra M, Garcia-Castillo L, Pardini B, Birolo G, Matullo G, Penna F, Guttridge D, Costelli P.
Extracellular vesicles derived from tumour cells as a trigger of energy crisis in the skeletal muscle. J
Cachexia Sarcopenia Muscle. 2022 Feb;13(1):481-494. doi: 10.1002/jcsm.12844. Epub 2021 Dec 20.

41. Sivagnanam SK, Krishna Rao MR, Balasubramanian MP. Chemotherapeutic efficacy of Indigofera
aspalathoides on 20-methylcholanthrene-induced fibrosarcoma in rats. ISRN Pharmacol. 2012,;
20:134-356.

42. Lobo V, Patil A, Phatak A, Chandra N. Free radicals, antioxidants and functional foods: Impact on
human health. Pharmacogn Rev. 2010; 4(8):118. https://doi.org/10.4103/0973-7847.70902

Figures

Page 16/22



B Catalase c (Glutathione peroxidase

Il

L

Activity of SOD
Catalase Levels

0.5

Clutathione peroxidase Levels

(X1}

& D 2 < S
N P L w
c“é‘ O
» w
Animal Groups Animal Groups Animal Groups
D Glutathione reductase E F GSH
z z
f £ =
] 8
Z 2
g z
g £
Q
Animal Groups Animal Groups Animal Groups
G H Yitamin £ Legend
20 I 8 Control
5 s - 5 [l 4-vinylcyclohexane induced
§ E il 4-vinylcyclohexane induced
Z 05 2 N “H + Alpinia purpurata
0 0 4-vinylcyclohexane induced
& & & F + Cisplatin
o » e e oo
g 8 0 Alpinia purpurata alone
Animul Groups Animal Groups
Figure 1

Effect of ethyl acetate extract of A. purpurata on the activities of enzymatic and non-enzymatic
antioxidants in ovary of control and experimental groups. Values for six animals are shown as mean +
SD. (A) SOD: Formation of 50% nitrite inhibited/min/mg of protein. (B) CAT: Consumption of mole of
H,0, /min/mg of protein. (C) GPx: Glutathione oxidized in g/min/mg of protein. (D) GR: Utilization of
glutathione in mol/min/mg of protein. (E) GST: Formation of GSH conjugate in mol/min/mg of protein.
(F) GSH: g/mg protein. (G) Vitamin C: g/mg protein and (H) Vitamin E: g/mg protein.

Note: * p-value <0.01 to 0.05; ** p- value <0.001 to 0.01; *** p- value< 0.0001 to 0.001 and **** p- value
<0.000
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Effect of A. purpurata on the activities of tumour markers and the impact of A. purpuratain the
membrane bound enzymes in ovaries of both control and experimental animals. Data for six animals are
shown as mean +SD. (A) Levels of Mg?*ATPase, (B) Levels of Ca?*ATPase, (C) Levels of Na* / K*
ATPase, (D) 5'NT - Liberation of umol of phosphorus / min/L and (E) y-GT - Liberation of pmoles of p-

nitroanilide /min/L.

Note: * p-value <0.01 to 0.05; ** p- value <0.001 to 0.01; *** p- value< 0.0001 to 0.001 and **** p- value

<0.000
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Figure 3

Effect of ethyl acetate extract of A. purpurata on the activities of liver marker enzymes, renal marker and
nucleic acid concentration of control and experimental groups. Values are expressed as Mean +SD for six
animals. (A)AST, (B) ALT - umoles of pyruvate liberated/L, (C) ALP - pmoles of phenol liberated/L, (D)
Urea concentration in mg/dl (E) Uric acid concentration in mg/d|, (F) Creatinine concentration in mg/dl,
(G)DNA concentration in mg/g tissue and (H) RNA concentration in mg/g tissue.

Note: * p-value <0.01 to 0.05; ** p- value <0.001 to 0.01; *** p- value< 0.0001 to 0.001 and **** p- value
<0.000

Page 19/22



A16-

Pl o F S
0o o N B
1 L 1 1

Concentration (mg/g)

d

H o
Ho

The effect of ethyl acetate leaf extract from A. purpurata on the level of lipid peroxidation

e

\

50
45 -
40 -|
35 1
30
25 -
20
15
10

Concentration in mg/g

Changes in tissue protein level of control and experimental animals

1o

Groups

Figure 4

Changes in (A) lipid peroxidation and (B) tissue protein level of control and experimental animals. Group |
- Control, Group Il = Cancer Induced, Group Il — Cancer induced +Plant treated, Group IV — Cancer induced
+Standard drug treated, Group V — Plant alone. Values are expressed as Mean + SD for six animals.
Values not sharing common superscript letters (a-d) differ significantly at p< 0.05 (DMRT). Units: LPO -
nM of MDA formed / min/ mg protein, Protein concentration in mg/g tissue.
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Figure 5

Histopathology of ovary and liver (x100 magnification)
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Figure 6

Histopathology of liver (x100 magnification)
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