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Abstract

This study evaluated the antioxidant and cytoprotective properties of aqueous leaf extract of Brillantaisia patula on
function indices of the uterus and ovary of cyclophosphamide-induced gonadal toxicity in female Wistar rats. A total
of 36 female rats assigned randomly to six groups of six animals were treated for 21 days. Group 1 received only
distilled water. Groups 2 — 6 were treated with a single dose (200 mgkg? body weight) of cyclophosphamide
intraperitoneally and in addition, received the same volume (0.5 ml) of distilled water, 18, 36, 72 mgkg™ body weight
of the extract and 200 mgkg™* body weight of vitamin C orally. Findings indicated that cyclophosphamide significantly
(p < 0.05) increased the blood concentrations of follicle stimulating hormone, luteinizing hormone, and prolactin but
contrarily reduced ((p < 0.05) the concentration of estrogen and progesterone. In addition, the uterine and ovarian
activities/levels of acid and alkaline phosphatases, 3- B-hydroxysteroid dehydrogenase, 17-B-hydroxysteroid
dehydrogenase, cholesterol, glucose; superoxide dismutase, catalase, glutathione reductase, and glutathione-S-
transferase were significantly (p < 0.05) reduced by cyclophosphamide. Meanwhile, cyclophosphamide increased (p
< 0.05) the activity of myeloperoxidase as well as the concentrations of TNF-o and interleukin 6. On the contrary, the
extract reversed the action of cyclophosphamide to level that compared well with the control (p < 0.05). Furthermore,
the treatment-related histoarchitectural changes in the ovary and uterus of the female rats caused by cyclophosphamide
were reversed by the extract. Put together, leaf extract of B. patula demonstrated the ability to reverse damages to the
ovaries and uterus and thus can be explored as a safe agent against toxic side effects of chemotherapy and fertility-
related malady of the uterus and ovary.
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treatment of infertility) may include the folkloric
validation on the efficacy of herbal drugs, the
choice herbal users have for natural treatments and

1 Introduction
Gonadal toxicity resulting from cancer therapy
using drugs like cyclophosphamide have adverse

effect on the ovaries (causing them to stop
releasing eggs) and estrogen which are detrimental
to fertility in females. For a long time, the
protective capabilities of plants in herbal medicine
have been relied on to mitigate infertility from
cancer therapy. Humans, especially in the African
countries, are known to explore herbal agents
against toxicants [1,2]. Evaluation of medical
plants as agents to extenuate the side effects from
cancer therapy continue to gain ground due to
desire or desperation of females to conceive [1].
Various reasons are responsible for why
women (especially in African countries) have
preference for herbal drugs over the orthodox
drugs for mitigating side effects from cancer
therapy. These reasons (not separable from

the desires for alternative medicines. In addition,
wrong belief about the superiority of herbal
products to manufactured agents, discontentment
with orthodox drugs and the mindset that herbs-
derived drugs have better effectiveness in treating
some diseases than conventional drugs are also
part of the reasons. Other reasons include adverse
effects and high cost of most conventional drugs;
advances in the efficacy, quality, and safety of
herbal drugs; the belief of patient that physicians
may not have properly identified their problem,
and the drive toward self-medication [3].
Furthermore, some women find it uncomfortable
to discuss medical problems because they lack the
confidence to handle their fertility information.
The fear of possible misdiagnosis and wrong
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treatment for patients that do not exhibit any
specific symptoms may also be among the reasons.
In addition, general unease and difficulty to see a
physician are also reasons why the use of herbal
drugs to boost fertility has been on the increase [4].

The potency of these herbal therapies from
medicinal plants to mitigate gonadal toxicity have
been substantiated by scientific findings over the
years. For instance, experimental and clinical
studies have demonstrated the effectiveness of
these herbal ingredients in the regulation of
gonadotropin-releasing hormone and
concentrations of ovarian sex hormone for
stimulating ovulation and speeding up the flow of
blood to the ovaries alongside improving ovarian
reserve [5]. However, many of them remain
unevaluated for their efficacy. In this context, the
best dosage, mode of action, side effects, possible
contradictions, as well as the way of interaction
with other orthodox drug is still a flux. It is,
however, essential to be concerned about the safety
of these herbal agents that are regularly used as
remedy against gonadal toxicity. = Most
importantly, it is apparent that adequate
information about the mode of action, side effects,
and contradictions of most plant agents will
promote safe and their rational use.

One of these plants with vital properties
against gonadal toxicity but without scientific
evidence on their efficacy is Brillantaisia patula.
B. patula, of the family acanthaceae commonly
known as ewe ow¢ by the Yoruba ethnic group of
Nigeria is a robust-shrubby plant that is 3 m high;
it is common in the Southwestern part of Nigeria.
The use of B. patula range from Togo to West
Cameroons and across the Congo basin to Uganda
and Angola. In Southwest of Nigeria, it is taken
by barren females to ensure conception [6]. Other
reported ethnomedicinal uses associated with B.
patula are the treatment of yaws and rheumatism.
The decocted leaves also ease childbirth,
menstrual pains, and stomachache. In addition, the
leaves are used for dressing of wounds and as
disinfectant against circumcision infections when
mixed with snail shell powder. B. patula leaves
also serves as a remedy for anaemia and
malnutrition (when eaten as a vegetable), stomach-
trouble, chest-conditions, and infantile spleen
infection. It also serves as a sedative in epilepsy
and insanity when instilled into both eyes and
nose. The sap alone or its mixture with other

decocted leaves or dilution with palm-wine can
improve abnormal rapid heartbeat [7]. Moreover,
the nutritional evaluation of B. patula leaves shows
that it is a good source of essential amino acids and
major mineral elements [6] while the leaf oils were
reported to be characterised by a dominance of
alcohols [8]. The reported pharmacological
activity includes antibacterial [7], anti-plasmodial
and analgesic [9], and antiplasmodial [10].
Furthermore, glycosides, phenolics, saponins,
alkaloids, flavonoids and tannins have been
reported as the secondary metabolites in the leaf
extract of B. patula [7].

The evaluations of protective capabilities of
leaf extract of B. patula against a popular gonadal
toxicant,  cyclophosphamide is  therefore
necessary. The scope was on information from the
hormonal balance [follicle stimulating hormone
(FSH), luteinizing hormone (LH), prolactin,
progesterone, and estrogen], uterine and ovarian
function indices [alkaline phosphatase (ALP), acid
phosphatase ~ (ACP), cholesterol, 3- -
hydroxysteroid dehydrogenase (3-p HSD), 17-B-
hydroxysteroid dehydrogenase (17-B-HSD), and
glucose], antioxidant and inflammation indices
[superoxide  dismutase  (SOD), catalase,
glutathione-S-transferase (GST), reduced
glutathione (GSH); tumour necrosis factor-o
(TNF-a), interleuken-6 (IL-6), and
myeloperoxidase (MPO)] as well as the
histopathological findings on the ovaries and
uterus. Overall, the study is intended to provide
more scientific insights on the antioxidant and
cytoprotective properties of B. patula leaves in
cyclophosphamide-exposed female rats.

2 Materials and Methods

2.1 Chemicals

Standard laboratory grade chemicals and reagents
were used in this research. ELISA kit for
interleukin-6 (IL-6), and tumour necrosis factor- a
(TNF-a) were a product of the UK’s ABCAM
Scientific Corporation. Alkaline phosphatase
(ALP), acid phosphatase (ACP), and glucose assay
kits were sold by the Randox Laboratory, Co-
Atrim, United Kingdom. Assay kits from
Diagnostics Laboratories, Freiburg, Germany
were procured to assay for progesterone, prolactin,
follicle stimulating hormone, estradiol, and
luteinizing hormone.
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2.2 Plant Sample and Preparation

Fresh leaves of B. patula were self-obtained from
Ademilokun metropolis of Ibadan, Oyo state,
Nigeria. The voucher number U.l.LH 1079 was
assigned to the plant specimen after it was
authenticated at the Herbarium of Department of
Plant Biology, University of Ilorin, Nigeria.

The leaves were freshly collected and rinsed in
distilled water to remove dirt. The clean leaves
were then oven-dried at 40 °C for four days until a
constant weight of the leaves was gotten. The dried
leaves were thereafter pulverized with an electric
blender until a fine powder was obtained. The
resulting powder (200 g) of the blended plant
material was extracted in 200 mL of distilled water
for 48 hours after which it was filtered using a
Buchner funnel with Whatman’s No 1 filter paper
to obtain a filtrate. The resulting filtrate was
concentrated to dryness in a lyophilizing machine
to yield a powdered sample of 25.18 + 3.4q.
Calculated amount of the lyophilized sample was
reconstituted in distilled water (used as the
vehicle) to obtain the equivalent doses of 36 mg/kg
body weight (based on ethnobotanical survey on
how the leaves are used traditionally). A half dose
(18 mg/kg body weight) and multiple dose (72
mg/kg body weight) of 36 mg/kg body weight
were also used in the present study.

2.3 Animal Model, Study Design and
Treatment

The average weight of the female Wistar rats used
in this study was 150.5g. The animals were made
to adjust to the new study environment for 14 days
in plastic cages in a well-ventilated animal house
(maintained on 43% humidity and 29°C
temperature, with 12 hours dark and light cycle)
prior to the commencement of the study. Care was
given to the rats by following the guidelines of the
National Academy of Science (NAS) in the eighth
edition of “Guide for the Care and Use of
Laboratory Animals”. Furthermore, the animals
were provided rat chows and clean tap water ad
libitium. Approval for the study was granted from
Ajayi Crowther University’s Research Ethic
Committee. The study was also done in conformity
with the regulations on the care and the use of
murine models in the laboratory.

A total of 36 female animals were allotted into
6 groups (n=6) each and treated with the specified
doses between 8:00 am and 9:00 am as follows:
Group 1 served as the control and were treated with
0.5 ml distilled water. Animals in groups 2 — 6
were treated with a single dose (200 mgkg? body
weight) of cyclophosphamide intraperitoneally
and in addition, orally received the same volume
of distilled water, 18 mgkg? body weight of the
extract, 36 mgkg™ body weight of the extract, 72
mgkg™* body weight of the extract and 200 mgkg™
body weight of vitamin C respectively for 21 days.
Recorded weights of the animals before and after
treatment were noted. The doses of
cyclophosphamide and vitamin C were based on
previous work of Raeeszadeh et al. [11].

2.4 Qualitative and Quantitative Analysis
Secondary Metabolites in the Leaf Extract of
Brillantaisia patula

The obtained extract was subjected to qualitative
and quantitative analyses for secondary
metabolites in the leaf of B. patula. The extract was
analyzed for alkaloid [12], cardenolides and
dienolides [13], cardiac glycoside [14],
phlobatannins [15], steroids [16], flavonoids and
phenolics [17], saponins [18], anthraquinones
[19], and tannins/terpenes [20]. Standard methods
were used for the quantitative analysis of
flavonoids, anthraquinones, alkaloid, saponins,
phlobatannins, phenolics, terpernoids, steroids and
tannins.

2.5 Sacrifice and Tissue Preparation

The animals were sacrificed by cervical
dislocation 24 hours after the last treatment dose.
Blood from the animals was collected through
retro-orbital venous plexus in to heparinized
bottles. Centrifugation of the blood at 3,000 x g for
10 minutes yielded a clear plasma that were
dispensed into Eppendorf microliter tubes. The
separated plasma samples were thereafter kept
below 4 °C in a freezer for subsequent
determination of hormones. Furthermore, the
ovaries and uterus were excised, rinsed off blood
in frigid 0.15 % KCI, dried with blotting paper,
weighed, and then processed for antioxidant assays
in the present study.
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2.6 Determination of Circulating Hormones
and Reproductive Indices

The procedural steps as described in the assay Kits
according to the principles highlighted by Tietz
[21], were adopted for the determination of plasma
concentration of progesterone, follicle-stimulating
hormone (FSH), luteinising hormone (LH),
prolactin, and estrogen.

Determination of the activities of alkaline
phosphatase (ALP) and acid phosphatase (ACP)
were achieved by adopting the protocol proscribed
by Roth et al. [22] and Lopez [23] respectively. 3p3-
and 17-B-hydroxysteroid dehydrogenase were
determined utilizing the procedural steps of de
Araujo et al. [24]. Glucose concentration was
guantified using the protocol described by Barham
and Trinder [25] while cholesterol concentration
was evaluated by adopting the method of Corso et
al. [26].

2.7 Studies of Antioxidant Status,
Inflammation and Oxidative Stress

The method of Misra and Fridovich [27] was
employed to determine the activity of superoxide
dismutase (SOD) while catalase (CAT) activity
was ascertained by the protocol of Habig [28].
Glutathione-S-transferase (GST) activity was
determined utilizing the procedural steps of Habig
and Jakoby [28]. Reduced glutathione (GSH) level
was achieved adopting the protocol proscribed by
Jollow [29]. The total protein concentration was
evaluated using the procedural steps of Lowry et
al. [30] but with minor adjustments.

TNF-0 and IL-6 levels were quantified by
ELISA kits. MPO activity in the tissues was
determined by adopting the method of the method
described by Granell et al. [31].

2.8 Histopathological Study for the Ovaries
and Uterus

Uterine and ovarian tissues embedded in Bouin’s
solution were sectioned to thickness of 5 pm,
deparaffinized, and stained with Haematoxylin and
Eosin. Microanatomy of the tissues was examined
using a light microscope (Olympus CH; Olympus,

Tokyo, Japan). Photomicrographs were taken with
a Samsung HMX-F90 Camcorder (Samsung,
Vietnam) by expert pathologists who were
dimmed to control and the respective treatment
groups.

3 Statistical Analysis of Data

Results were expressed as Mean = SEM.
Significant changes among the respective
treatment groups were ascertained with the use of
One-way Analysis of variance (ANOVA),
complemented with the Dunett’s posthoc run. By
using a graphPad Prism5.0, variations/differences
were considered significant amongst entities with
p < 0.05 of all the treatment groupings.

4 Results

4.1 Brillantaisia patula Leaf Extract
Augmented the Circulating Hormonal Levels
in Cyclophosphamide-treated Rats

Figure 1 shows the effect of the leaf extract of
Brillantaisia patula on circulating hormones of
female Wistar rats exposed to cyclophosphamide.
By comparison to the control, cyclophosphamide
significantly (p < 0.05) increased the blood
concentrations of luteinizing hormone (Figure
1A), follicle stimulating hormone (Figure 1B), and
prolactin (Figure 1E) but significantly (p < 0.05)
decreased the concentration of progesterone
(Figure 1C) and estrogen (Figure 1D). However, in
the rats co-administered with cyclophosphamide
and leaf extract of Brillantaisia patula (18 mgkg™,
36 mgkg™ and 72 mgkg* body weight), there were
significant decrease in the concentration of
luteinizing hormone (Figure 1A), follicle
stimulating hormone (Figure 1B), and prolactin
(Figure 1E) but a significant (p < 0.05) increase in
the concentration of progesterone (Figure 1C) and
estrogen (Figure 1D) when compared with
cyclophosphamide only treated rats (p<0.05). The
same decrease trend (p<0.05) was demonstrated in
rats co-administered with cyclophosphamide and
vitamin C when compared with cyclophosphamide
only treated rats.
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Cyclophosphamide (200 mg/kg single dose IP) + 72 mg/kg body weight of the extract

& Cyclophosphamide (200 mg/kg single dose IP) + 200 mg/kg body weight of vitamin C

Figure 1: Impacts of leaf extract of Brillantaisia patula on circulating hormonal levels in cyclophosphamide-treated rats. (A)
Luteinizing hormone, (B) Follicle Stimulating Hormone, (C) Progesterone, (D) Estrogen, and (E) Prolactin levels of rats after
treatment with single dose of cyclophosphamide (200 mg/kg body weight) alone or co-administered with leaf extract of
Brillantaisia patula (18, 36 and 72 mg/kg body weight) or Vitamin C (200 mg/kg body weight) for 21 days. Data are presented as
Mean + SEM of 6 rats per group. Values that differ significantly from the control at p < 0.05 are indicated by'; and from

cyclophosphamide treated group by?.

4.2 Brillantaisia patula Leaf Extract Preserved
Uterine and Ovarian Parameters of
Cyclophosphamide-treated Rats

The effects leaf extract of Brillantaisia patula
elicited on the uterine and ovarian activities of
ALP, ACP, 3-B-HSD, and 17-B-HSD, as well as
the concentrations of glucose and cholesterol of
rats exposed to cyclophosphamide is shown in
Figure 2.

Administration of cyclophosphamide alone
caused a significant (p<0.05) decrease in the
uterine and ovarian activities of ALP (Figure 2A),
ACP (Figure 2B), 3-B-HSD (Figure 2E), and 17-f-
HSD (Figure 2F), and in the levels of cholesterol
(Figure 2C), and glucose (Figure 2D) when
compared with the control rats. Contrastingly, co-
administration of leaf extract of Brillantaisia
patula (18 mgkg™, 36 mgkg™ and 72 mgkg* body
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weight) with cyclophosphamide significantly
abrogated the  cyclophosphamide-mediated

alteration in activities/levels of ALP (Figure 2A),
ACP (Figure 2B), cholesterol (Figure 2C), glucose
(Figure 2D), 3-B-HSD (Figure 2E), and 17-p-HSD
compared with the

(Figure  2F), when
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cyclophosphamide alone treated rats (p<0.05). In
addition, co-administration of cyclophosphamide
and vitamin C had similar treatment-related effect
when compared with leaf extract of Brillantaisia
patula and cyclophosphamide co-treated group.
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8 Cyclophosphamide (200 mg/kg single dose IP) + 72 mg/kg body weight of the extract

B Cyclophosphamide (200 mg/kg single dose IP) + 200 mg/kg body weight of vitamin C

Figure 2: Impacts of leaf extract of Brillantaisia patula on uterine and ovarian function indices of cyclophosphamide-treated rats.
(A) Alkaline phosphatase activity, (B) Acid phosphatase activity (C) Cholesterol level, (D) Glucose level, (E) 3-B Hydroxysteroid
dehydrogenase activity, and (F) 3-B Hydroxysteroid dehydrogenase activity of rats after treatment with single dose of
cyclophosphamide (200 mg/kg body weight) alone or co-administered with leaf extract of Brillantaisia patula (18, 36 and 72 mg/kg
body weight) or Vitamin C (200 mg/kg body weight) for 21 days. Data are presented as Mean + SEM of 6 rats per group. Values
that differ significantly from the control at p < 0.05 are indicated by"; and from cyclophosphamide treated group by*.

4.3 Brillantaisia patula Leaf Extract
Abrogated the Extent of Oxidative Damages
and Inflammation in the Uterus and Ovary of
Cyclophosphamide-treated Rats

The impact of leaf extract of Brillantaisia patula
on some antioxidant and inflammation biomarkers
in the uterus and ovary of rats exposed to

cyclophosphamide is depicted in Figure 3.
Relative to the control group, there were
significant (p<0.05) reduction in the uterine and
ovarian activities/level of SOD (Figure 3A),
catalase (Figure 3B), GSH (Figure 3C), and GST
(Figure 3D) but with a corresponding increase in
the levels of TNF-a (Figure 3E) and IL-6 (Figure
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3F), as well as activity of MPO (Figure 3G) in the
uterine and ovarian tissue of the animals treated
with cyclophosphamide alone. Contrastingly, co-
administration of cyclophosphamide with leaf
extract of Brillantaisia patula (18 mgkg?, 36
mgkg? and 72 mgkg®! body weight) or co-
administration of cyclophosphamide and vitamin
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C significantly elevated the uterine and ovarian
activities/level of SOD, catalase, GST, GSH; but
correspondingly reduced the levels/activity of
TNF-a, IL-6 (Figure 3F), and MPO when
compared with cyclophosphamide only treated rats
(p<0.05).
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Figure 3: Impacts of leaf extract of Brillantaisia patula on oxidative damages and inflammation in the uterus and ovary of
cyclophosphamide-treated rats. (A) Superoxide dismutase activity, (B) Catalase activity (C) Reduced glutathione level, (D)
Glutathione S-transferase activity, (E) Tumour necrosis factor-a level, (F) Interleukin-6 level, and (G) Myeloperoxidase activity
of rats after treatment with single dose of cyclophosphamide (200 mg/kg body weight) alone or co-administered with leaf extract
of Brillantaisia patula (18, 36 and 72 mg/kg body weight) or Vitamin C (200 mg/kg body weight) for 21 days. Data are presented
as Mean + SEM of 6 rats per group. Values that differ significantly from the control at p < 0.05 are indicated by'; and from

cyclophosphamide treated group by?.
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4.4 Effect of Leaf Extract of B. patula on
Uterine and Ovarian Architecture of Rats
exposed to Cyclophosphamide

The photomicrographs (x400; H & E) to
demonstrate the impact of leaf extract of
Brillantaisia patula on the uterus and ovary of
female Wistar rats exposed to cyclophosphamide
is given in Figures 4 and 5. The uterine
histoarchitecture of the control animals treated
distilled water were in normal proliferative phase
(Figure 4A). Animals exposed to
cyclophosphamide 200 mgkg? body weight
demonstrated altered architecture with short
cuboidal lining the epithelium (Figure 4B). In
addition, animals exposed to cyclophosphamide
and the extract (at 18 mgkg?, 36 mgkg* and 72

mgkg? body weight) or vitamin C demonstrated
normal architecture and normal epithelium lining
(Figure 4C- F).

Furthermore, the control animals that received
distilled only demonstrated developing follicles
devoid of recent gestation in the ovary (Figures
5A) while the ovary of the rats exposed to
cyclophosphamide 200 mgkg® body weight
demonstrated altered architecture with short
cuboidal lining the epithelium (Figures 5B). In
addition, animals exposed to cyclophosphamide
and the extract (at 18 mgkg?, 36 mgkg? and 72
mgkg? body weight) or vitamin C demonstrated
normal to moderate architecture with developing
ovarian follicle ((Figure 5C- F).

Figure 4: Histopathological slides of the effect of leaf extract of B. patula on uterine architecture of rats exposed to
cyclophosphamide. A: Control animals treated with 0.5 mL of distilled water demonstrated normal architecture, endometerium in
proliferative phase, and normal epithelium lining; B: Animals exposed to cyclophosphamide 200 mgkg body weight demonstrated
altered architecture with short cuboidal lining the epithelium; C: Animals exposed to cyclophosphamide and treated with 18 mgkg-
! body weight of the leaf extract with normal architecture and improved epithelium lining; D: Animals exposed to
cyclophosphamide and treated with 36 mgkg™ body weight of the leaf extract showed normal architecture with normal lining of
the epithelium; E: Animals exposed to cyclophosphamide and treated with 72 mgkg* body weight of the leaf extract demonstrated
normal architecture and normal epithelium lining. F: Animals exposed to cyclophosphamide and treated with 200 mgkg* body
weight of vitamin C demonstrated normal architecture and normal epithelium lining.
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Figure 5: Histopathological slides of the effect of leaf extract of B. patula on ovarian architecture of rats exposed to
cyclophosphamide. A: Control animals treated with 0.5 mL of distilled water demonstrated normal histoarchitecture characterized
by the ovarian cortex with developing follicles devoid of recent gestation; B: Animals exposed to cyclophosphamide 200 mgkg™
body weight demonstrated poor architecture, no ovarian developing; C: Animals exposed to cyclophosphamide and treated with
18 mgkg* body weight of the leaf extract showed moderate histoarchitecture with reduced ovarian developing follicles; D: Animals
exposed to cyclophosphamide and treated with 36 mgkg™ body weight of the leaf extract with preserved histoarchitecture with
developing Corpus luteum; E: Animals exposed to cyclophosphamide and treated with 72 mgkg™ body weight of the leaf extract
demonstrated normal architecture with developing ovarian follicle; F: Animals exposed to cyclophosphamide and treated with 200
mgkg! body weight of vitamin C demonstrated ovarian cortex showing developing follicles.

4.4 Secondary Metabolites in the Leaf Extract 5 Discussion

of Brillantaisia patula In the female, herbal agents have effects on the
Secondary metabolites present in B. patula leaves molecular mechanism with resultant action in the
in different concentrations are saponin, flavonoids, prevention of estrogen-dependent endometrial
phenols, tannins, and alkaloids (Table 1). hyperplasia  favouring ovarian  dysfunction,

o ovarian follicle and increased endometrial
Table 1: Secondary Metabolites in the Extract receptivity [32]. In addition, herbal drug with

of Brillantaisia patula Leaves potent activity on the hypothalamic—pituitary—

Secondary metabolites Concentration (mg/ml) gona_dal axis may influence reprOdUCtl\_/e
Saponins 20.30 £ 0.01 physiology and serve as remedy to certain
ELaVOf:O'dS 318-80}0 0620 infertility problems that may arise from cancer

enois OUE D therapy or other means. Several plants extract have
Tannins 1.40 £ 0.03 .. .
Alkaloids 720 +0.01 gonadotrophic-like effects by being able to
Antraquinones Not detected increase the weight of the ovary and uterus, induce
Cardenolides and dienolides  Not detected ovulation, increase level of estradiol, progesterone
Steroids Not detected or protein, and as well decrease the level of
Cardiac glycoside Not detected
Terpenes Not detected cholesterol [32].
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The effect of medicinal plant commonly
consumed for their therapeutic roles in mitigating
the side effect of cancer therapy and indirectly in
aiding fertility or conception can be examined on
related functional test in the organs of the body to
ascertain their efficacy. The ovary and uterus were
assessed in the present study to ascertain the
functional capability of these organs following
treatment with the aqueous leaf extract of B. patula
in cyclophosphamide-induced gonadal toxicity
model of female Wistar rats.

Cyclophosphamide is among the popularly
used alkylating agents. Because follicles of the
ovaries are extremely sensitive to their effects,
cyclophosphamide causes premature ovarian
insufficiency and infertility. Little information is
available about the mechanism of
cyclophosphamide-induced ovarian damage, but
its toxicity is associated with oxidative stress,
inflammation, and apoptosis. The use of
compounds with antioxidant and cytoprotective
properties to protect ovarian function from
deleterious effects during chemotherapy would be
a significant advantage [33]. The uterus and ovary
are unique organ of reproduction in female.
Therefore, parameters assayed on this organ may
be more of accessing the mitigating capability of
the plant extract against cancer drugs like
cyclophosphamide.

In the present study, the treatment of rats with
cyclophosphamide increased circulatory levels of
LH, FSH, and prolactin while it reduced the
progesterone and estrogen level. Follicle
stimulating hormone, luteinizing hormone,
estrogen, progesterone, and prolactin are key
hormones of mammalian reproduction [34], and
their measurement can be used for the assessment
of gonadal function. There is normally a
physiological threshold point for these hormones
for proper expression of their reproductive roles in
females. At normal physiological concentrations,
progesterone induces synthesis of egg white
proteins, estrogen induces creatine kinase [35].
High concentrations of these hormones causes
adverse effects of profiling the uterus cells and
embryonic defects [36], autoimmune disease [37],
morphogenetic alteration of uterine tissues [38].
Therefore, the increase in the concentrations of
prolactin, FSH and LH by cyclophosphamide as
well as the decrease in progesterone and estrogen

demonstrated adverse effects to the uterus and the
ovaries. The ability of the leaf extract of B. patula
to reverse these hormones give more credence to
the ability to reverse the adverse effect on the
gonads.

In addition, the cyclophosphamide-induced
increases in concentration of TNF-a, IL-6 and
activity of MPO in the uterine and ovarain tissues
were prevented in the animals co-treated with leaf
extract of B. patula. MPO acts as a peroxidase
when it converts chloride ions and hydrogen
peroxide to hypochlorous acid, thereby taking an
active part in cellular defense. Cyclophosphamide-
induced increase in TNF-o and IL-6 levels showed
that the expression of pro-inflammatory mediators
in the rats [39]. The cyclophosphamide-induced
elevation in the activity of MPO in the uterus and
ovary of the experimental animals suggests that the
accumulation of hydrogen peroxide (most
measured ROS due to its stability when compared
with superoxide and hydroxyl radicals) due to
cyclophosphamide intoxication in the reproductive
tissues of rats [40]. This suggests a harmful effect
to the uterus and ovary because cyclophosphamide
readily crosses their membranes to induce toxicity
by raising the level of hydrogen peroxide.
Interestingly, leaf extract of B. patula was able to
reverse MPO activity and concentrations of TNF-
a and IL-6 in these organs when co-administered
with cyclophosphamide, which suggest this extract
as a possible anti-inflammatory agent against
diseases related to the uterus or ovary that are
instigated through inflammation.

Also in the present study, cyclophosphamide
decreased the activities of SOD, catalase, and GST
as well as the GSH level in the ovary and uterus of
rats. Excessive free radicals generation give room
for oxidative stress which in turn reduce the rate of
antioxidant enzymes like SOD, GST, and catalase
as well as non-enzymatic antioxidants like GSH,
vitamins C and E [41,42]. These antioxidants
normally should help to suppress the impact of
ROS/NOS in the reproductive tract thereby
preserving the biochemical and physiological roles
in fertilization. The fall in GST activity can be
attributed to the inhibition of the enzyme by
cyclophosphamide metabolites. This is in tandem
with diminution in GSH diminution in the level of
GSH in this study. This is because GSH (a non-
enzymatic antioxidant and a key cofactor for
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antioxidant enzymes) help in the conjugation of
electrophilic metabolites of cyclophosphamide
[43]. Thus, the cyclophosphamide-induced
decrease in the level of GSH suggests oxidative
stress in uterus and ovary of the experimental rats.
The ability of the leaf extract of B. patula to
normalize cyclophosphamide-induced inhibition
of SOD, catalase, GST and, GSH in the ovary and
uterus of rats further confirms its potential in
reversing gonadal toxicity mediated by oxidative
stress or free radicals.

Certain enzymes and metabolites play active
role in stepwise process or entire process of
conception in females. For instance, acid
phosphatase is a lysosomal enzyme which
contributes to various ovarian metabolic functions
while alkaline phosphatase is a sialoglycoprotein
and may play certain role in the attachment of
blastocyst to the endometrium. Glucose is
involved in providing energy for ovulation and
survival of eggs, cholesterol derived from various
sources is a precursor for steroidogenesis of
ovarian endocrine tissues and are required for
ovulation and folliculogenesis [44]. 3p3- and 17-B-
hydroxysteroid are needed in the pathway of
cholesterol metabolism. They are essential in
steroidogenesis and steroid degradation, making
them key androgenic enzyme. Cholesterol is
therefore a precursor in steroid hormone synthesis
and its requirement for steroidogenesis has been
well established which signifies its importance in
fertility [45]. Steroidogenic cells make use of
cholesterol as precursor to synthesize steroid
hormones. Recent indications suggest that a
disorder of cholesterol homeostasis contributes to
the development of a chronic inflammatory
condition [46]. The cyclophosphamide-induced
reduction in uterine glucose, glycogen content,
ALP, and ACP in this study may be an indicate
obstruction to various processes like ovulation,
transportation and survival of eggs and
implantation. Such decrease in ovarian activity of
ACP suggests that physiological role (oocyte
maturation, mitotic divisions, germinal vesicle
breakdown and ovulation) of the ovaries were
being compromised. In the same way, the decrease
in the ovarian and uterine content of cholesterol
may suggest that inhibition of steroidogenesis in
ovarian endocrine tissue because of inadequate

cholesterol as a precursor [47]. This can further be
corroborated by the decrease in the activities AS,
3B-HSD and 17p-HSD. However, the reversal in
the level of these biomolecules by leaf extract of
B. patula against the action of cyclophosphamide
lend credence the traditional against toxicants.

Moreover, the secondary metabolites present
in the leaf extract of B. patula are most likely to be
responsible for the overall effects of functional
capability on organs. Therefore, the saponins,
flavonoids, phenols, tannins, and alkaloids
constituent of B. patula might have acted
individually or synergistically to elicit the various
biological activities in this study by suppressing
inflammation and boosting the antioxidant system.

Some drugs and chemicals adversely affect the
uterus and related structures while some secondary
metabolites in plants may contain toxic bioactive
agents of plant extracts that can affect the
regulation reproductive hormones.
Histopathological studies are often done to
determine possible morphological changes of
tissues due to derangement, damage, or toxicity.
The results obtained from enzymic and non-
enzymic parameters of toxicity could be
corroborated by the results obtained from
histological studies. The uterus of the animals
demonstrated normal architecture and normal
epithelium lining which signifies a non-deleterious
effect of the extract to the womb. The histological
examination in the ovaries of the rats at different
dosage of the extract also revealed a preserved
ovarian tissue architecture.

Conclusion

Overall, the leaf extract of Brillantaisia patula
reversed the cyclophosphamide-induced oxidative
impairment and inflammation in the uterus and
ovary of the experimental animals and offered
protection to these tissues as an antioxidant, anti-
inflammatory and antiapoptotic agent that can be
explored as a remedy against sterility conditions.
This will be of significance for policy maker,
fertility experts, and gynaecologist and provide the
heads up for cancer patients with fertility-related
issues.
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