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Abstract:

Background: Almost all the part of the tree of Spondias mombin is used for various herbal remedies for
different conditions all over the world. Objective: This study aims to determine the effects of ethanolic leaf
extract of Spondias mombin on hormonal indices, lipid profile and enzymatic antioxidant activity on female
albino rats.

Materials and Methods: Thirty female albino rats, weighing 60-70g were randomly assigned into six groups of
five rats per group. Group 1(control) received 1ml distilled water only; Group 2(control) received 1ml oil only;
Group 3 received 0.14mg/g levonogestrel only; Group 4 received 0.79g/100g of S. mombin leaves extract;
Group5 received 0.14mg/g levonogestrel for 7days and later 0.7g/100g of S. mombin leaves extract for 14days;
Group 6 received 0.14mg/g levonogestrel for 7days and 2.2g/100g of S. mombin leaves extract for 14days.
Infertility was orally induced in the rats using oral cannula with the administration of 0.14mg/g of
levonogestrel. Qualitative analysis of epinephrine, enzymatic antioxidant activity and lipid profile analysis were
carried out using standard procedures. Hormonal assay was carried out using Enzyme-Linked
Immunoabsorbent Assay (ELISA) kit.

Results: Data analysis revealed that there is a significant (P<0.05) increase in the mean level of serum
progesterone prolactin, SOD activity (in the brain, liver, kidney and ovary), and a significant decrease in
cholesterol and triglyceride levels of extract-treated groups (low and high dose) compared to the control groups
Conclusion: Spondias mombin ethanolic extract can increase the serum level of progesterone, prolactin, and
SOD antioxidant activities in the brain, liver, kidneys and ovary in female rats as well as, acting as having a
good lipid lowering potential in action.
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I.  Introduction

Fertility is the natural capability to produce offspring. Nutrition, sexual behavior, culture, instinct,
timing, economy, way of life, and emotions all have a role in human fertility (Schaffnit and Sear, 2014).
Reactive oxygen species generated via various endogenous systems (Ighodaro et al., 2018), have been
implicated in the development of premature rupture of fetal membranes (Srivastava et al., 2017) and evidence
suggested that oxidative stress may be associated with pre-eclampsia (Opichka et al., 2021). Major processes
involved in female reproduction such as ovulation, menstruation, embryo implantation and pregnancy also
implicates hormones and inflammatory mechanisms (Vannuccini et al., 2016).

The naturally occurring illness alleviating chemicals compounds in plants has resulted in significant
upsurge in their use worldwide. The World Health Organization (WHO) estimated that 80% of the earth’s
inhabitants rely solely on traditional medicine for their primary health care needs, and most of this therapy
involves the use of plant extracts’ active components (Boveris et al., 2008). Their acceptability and use is as a
result of their being safe for consumption with very little or no side effect, cost less, direct or indirect source of
around 25% of all contemporary medicines and easy accessibility globally ( Craig and David, 2007, Partap et
al., 2012). Nonetheless, despite some medicinal plants' significant therapeutic benefits, several of its compounds
have been discovered to be potentially poisonous, mutagenic, carcinogenic, and teratogenic (Ferreira-Machado
et al., 2014). Cardiovascular toxicities, neurotoxicity, diarrhea, cramping, dermatitis, and allergic reactions have
all been documented as severe side effects (Lather et al., 2011).
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Spondias mombin known by several local names in Nigeria, including Okhikghan (Bini), lyeye
(Yoruba), Tsadermasar (Hausa), and ljikara (Igho) belongs to the Anacardiaceae family of angiosperms (Igwe et
al., 2011). It is native to tropical America, but has been grown in various parts of the world, including Africa
and Indonesia (Mattietto and Matta, 2011). Spondias mombin samples have been linked to a variety of
biological activities (Ayoka et al., 2008) including anti-oxidant, antimicrobial and anti-inflammatory,
hypoglycemic properties ( Emeka and Funmilayo, 2011, Da Silva et al., 2012). Spondias mombin is also used to
treat a variety of disorders that affect the female reproductive system. It is used to induce labor, relieve pain and
bleeding during and after childbirth, prevent miscarriage, and treat uterine/vaginal infections, among other
things (Igwe and Oikeh, 2015). Spondias mombin extracts have been found in vivo to reduce anxiety levels
(Asuquo et al., 2013), in addition to anti-dopaminergic and anti-seizure properties (Ayoka et al., 2008).

Il. Material And Methods
This study was carried out at the Department of Biochemistry, Lagos State University, Nigeria from December
2020 to June 2021.
Collection of Plant Samples
Fresh leaves of Spondias mombin were collected from a local farm at waterside, Ojo, Lagos state, Nigeria in
December 2020 and authenticated at the Herbarium unit of Botany Department, Lagos state University, Lagos
State, Nigeria. Leaves were air dried for three weeks.
Ethanolic Extraction of Spondias mombin
The soxhlet extraction method was employed for the extraction of the ethanol extract of Spondias mombin. 20g
of the dried and blended Spondias mombin leaves were placed into the thimble of the soxhlet extraction
apparatus chamber using 250ml of 95% ethanol. This was followed by loading the thimble into the main
chamber of the soxhlet extractor and the sample extracted for 12 hours. After extraction, the solvent was
removed by using rotary evaporator, yielding 19.7g of the extract.
Phytochemical Screening
Qualitative phytochemical studies of the ethanolic leaf extract of Spondias mombin was carried out according to
the method s of Nandagopalan et al., (2016) using commonly employed precipitation and coloration reaction to
identify the major natural chemical groups such as alkaloids, flavonoids, saponin, terpenoids, glycosides and
steroids.
Collection and Acclimatization of Animals
Forty (40) female albino rats, weighing between 60-70g were obtained from the animal house of the Department
of Biochemistry, Babcock University, Ogun State, Nigeria. The rats were allowed to acclimatize for two weeks,
fed with commercial rat feed and kept under hygienic and favorable condition by maintenance under a 12h
light/12h dark cycle, with rat feeds and water available. After acclimatization for two weeks, the
commencement of extract administration began.
Chronic Toxicity Test
A total of nine rats were randomly selected with average weight of 115g and divided into three groups each
containing three rats. Extract doses of 1ml of 33g/100g, 0.5ml of 169/100g and 0.25ml of 8g/100g body weight
were administered to group 1, 2 and 3, respectively. The animals were kept under natural condition and
observed for toxicity signs and mortality for 72 hours (Arome et al., 2013). All animals in the group were fed
orally with their respective doses of extract for 14days.
Experimental Design
Forty (40) female Albino rats were randomly divided into six groups of six rats each for the two plants. Oral
administration of 0.14mg/g levonogestrel for four days was followed by the administration of S. mombin extract
(0.7g/100g and 2.2¢g/100g) once for 14 days. Group | (negative control) received only distilled water; Group Il
rats received oil only, Group Il (positive control) received levonogestrel (0.14mg/g), Group IV received low
dose S. mombin extract (0.7g/100g b.w), Group V received levonogestrel (0.14mg/g) for 7days and later low
dose S. mombin extract (0.79/100g b.w) while, Group VI received levonogestrel (0.14mg/g) for 7days and later
high dose BME (2.29/100g b.w).
Collection of Blood and Organs
Twenty-four (24) hours after the last administration of extract, the animals were fasted overnight and sacrificed.
They were anaesthetized with chloroform and blood was collected through cardiac puncture. The organs (Liver,
Kidney, Ovary and Brain) were collected and soaked in physiological saline solution (Chen et al., 2018).
Determination of Biochemical Parameters
Estimation of Reproductive Hormones
Quantitative assessment of reproductive hormones; progesterone, prolactin and testosterone levels, were
estimated using standard ELISA technique based on the principle of solid-phase enzyme-linked immunosorbent
assay using ELISA kits (Perkin Elmer, US) (Karir et al., 2003, Veena et al., 2008, Somade et al., 2017).
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Estimation of SOD Activity

The Superoxide Dismutase (SOD) activity was measured according to the methods of Misra and Fridovich,
(1972). 100pL of the cytosolic supernatant was added to a cuvette containing 1.25ml of 0.05M carbonate buffer
of pH 10.2 and 150uL of epinephrine, then gently mixed by inverting the cuvette. The change in absorbance
was recorded at 480nm for 3minutes using a spectrophotometer. The unit of SOD activity is defined as the
quality of SOD needed in oxidation of the epinephrine.

(change in absorbance /min) X volume of assay mixture
exteinction coef ficient of adenochrome X volume of sample

SOD Aactivity =
(Rahal et al., 2014).

Estimation of Cholesterol
The cholesterol is determined after enzymatic hydrolysis and oxidation. The procedure was according to the
manufacturer of kit (Randox) (Lai et al., 2006). The method was enzymatic end point method. Concentration of
cholesterol in sample was calculated using;

Absorbance of sample

Absorbance of standard

X concentration of standard

Statistical Analysis

Data were analyzed using GraphPad Prism (version 8.4.2). One-way analysis of variance (ANOVA) to ascertain
the significant of difference among the groups of rats and data was expressed as mean + standard error of mean.
Bars having different alphabets were considered as cut off values or significant (P < 0.05).

I11. Results
Table 1: Qualitative phytochemicals constituents in Spondias mombin ethanol leaf extract.

The result below shows the qualitative phytochemical constituent of Spondias mombin ethanol leaf extracts,
which revealed the presence of saponins, terpenoids, glycosides, steroids, tannins, flavonoids and alkaloids.

PHYTOCONSTITUENTS INFERENCE
Saponins Present
Terpenoids Present
Glycosides Present
Steroids Present
Tannins Present
Flavonoids Present
Alkaloids Present

Figure 4.1 below shows progesterone concentration in different female rat groups. There was a significant
increase in progesterone concentration in the infertile high dose group compared to all the control groups but,
progesterone concentration decreased significantly (p<0.05) in the CDW and COO groups as compared to the
ClI group.
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PROGESTERONE CONCENTRATION
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Figure 4.1: Progesterone Concentration in different female rat groups.
The result is expressed as mean+ SEM; n=5 animals in each group. Bars with different
alphabets are statistically significant from each other.
The result is expressed as meant SEM; n=5 animals in each group. Bars with different alphabets are

statistically significant from each other.

Figure 4.2 shows the prolactin concentration in different female rat groups. A significant (p<0.05) increase in
prolactin concentration was seen in ILD and surprisingly in COO group compared to CDW, EO and IHD
groups. Although, the IHD group also increased prolactin concentration compared to the CDW and EO group
but significantly lower than the prolactin concentration in ILD group.

Figure 4.2: Prolactin Concentration in different female rat groups.
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The result is expressed as mean+ SEM; n=5 animals in each group. Bars with different alphabets are

statistically significant from each other.
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Figure 4.3 shows SOD activity in the brain. As shown below, there was a significant (p<0.05) increase in the
brain SOD activity in the ILD group compared to the control groups and IHD group. Also, SOD activity
increased significantly in IHD compared to the control groups.
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Figure 4.3: Superoxide dismutase (SOD) activity in the brain across the different groups.

The result is expressed as mean* SEM; n=5 animals in each group. Bars with different alphabets are
statistically significant from each other.
Figure 4.4 below shows the liver SOD activity across different groups. The activity of SOD in the liver
increased significantly in the ILD group compared to all other groups. Also, treatment with the extract only
(EO) significantly increased the liver SOD activity as compared to the control groups and IHD group.
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Figure 4.4: Superoxide dismutase (SOD) activity in the liver across the different groups.

The result is expressed as meant SEM; n=5 animals in each group. Bars with different alphabets are
statistically significant from each other.

DOI: 10.9790/264X-08031729

www.iosrjournal.org

21 | Page



Effects of Ethanolic Leaf Extract of Spondias mombin (IYEYE) Fed to Female Albino Rats ..

Figure 4.5 shows the activity of SOD in the ovary across different groups. The activity of SOD in the ovary
increased significantly in the IHD and ILD groups compared to CDW, COO and EO groups. Also, treatment
with extract only significantly increased the ovary SOD activity compared to CDW and CI groups.
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Figure 4.5: Superoxide dismutase (SOD) activity in the ovary across the different groups.

The result is expressed as mean* SEM; n=5 animals in each group. Bars with different alphabets are
statistically significant from each other.

Figure 4.6 shows the activity of SOD in the kidney across different groups. The activity of SOD in the kidney
increased significantly in the ILD group compared to CDW, CI, EO and IHD groups. Although, the COO group
surprisingly increased significantly in SOD activity compared to the treated groups.
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Figure 4.6 Superoxide dismutase (SOD) activity in the kidney across the different groups.

The result is expressed as meant SEM; n=5 animals in each group. Bars with different alphabets are
statistically significant from each other.
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Figure 4.7 shows the concentration of triacylglycerol in different female rat groups. ILD and IHD significantly
decreased triglyceride level towards the control groups compared to when treated with extract only (EO) which
showed an increased triglyceride level.

TRIACYLGLYCEROL

—2000+
©
= c
o l.! !..
E
21500+
0
x
m
0 1000+
>
4 b
]
_I L
N 500 . b
0 — a
: [
pr—
,D_: 0 - ) T f !
CDW coo Cl EO ILD IHD

KEY
@ Control distilled water

B3 control oil only
E Control infertile

m Extract only
Infertile low dose

Infertile high dose

Figure 4.7: Concentration of Triacyglycerol in different female rat groups.

The result is expressed as meant SEM; n=5 animals in each group. Bars with different alphabets are
statistically significant from each other.

Figure 4.8 shows the concentration of cholesterol in different female rat groups. ILD and IHD significantly
decreased cholesterol level compared to the control groups.
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Figure 4.8: Concentration of cholesterol in different female rat groups.
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The result is expressed as mean* SEM; n=5 animals in each group. Bars with different alphabets are

statistically significant from each other.

Figure 4.9 shows the qualitative analysis of epinephrine across different rat groups. A lower level of
epinephrine was seen in the ILD (Infertile low dose) group compared to IHD (Infertile high dose) group which
share almost the same level with EO (Extract only) and COO (Control oil only) groups, respectively. However,

the CI (Control infertile) and CDW (Control distilled water) groups

Chromatogram Plot Report

Mame
Inj. Vol. {ul}
Data File

Iyeye + Inducer C Rack Pos,
Plate Pos.

Mathod (Acq)

Instrument
IRM Status

5
Tyeye Inducer C.d Comment

Epinapharine
unitZ.m

do not reveal the presence of epinephrine.

L5 Agilemt
(151 Qperator

Acq, Time (Local) 29/07/2021 120129
om (UTC-07:00%

4107 FEST TIC MRM Frag=72.0v CID@5.0 (** - **) Iyeye Inducer C.d

L.057

* 3. Bpinepherine

.....

.....

A: Chromatogram plot of Epinephrine levels in Infertile Low Dose (ILD) group.
Chromatogram Plot Report 3 Agitent
MName Iyaya + Inducer E Rack Pas, Instrurnent: 1 Operator
Ty Wel. {uly 5 Plate Pos, IRM Status
Data Fie Iyeye Inducer Ed  Methad (Acq) nepharne Carmment Acg. Time {Local) 29/07/2021 12:11:17
M unit2,m pm {UTC-07:00)
102 FESL TIC MRM Frog=72.07 CID@S.0 (*+ - **} Iyeys Inducer .0
1.059
N . ,-h\...
0,951 | —
oo ‘i '
0,857 I|
0,89 '\I
0.751 ‘ ||
0.7 |
0,65 | |
0.6
|
0.95 |
|
0,357 | |
0.5 |
.25 | ||
0.2
01% | lllI
0.1 | l‘I, ——
.05 ,I _____.5-— // S — —
—_ = e — -
" 02 04 06 0B 1 12 14 16 1.8 2 22 24 26 28 3 32 34 26 38 4 42 44 46 48 5 52 54 56 58 6 62 64 66 68 7 72 74 26 78
Counts vs. Acguisition Time {min)
B:

Chromatogram plot of Epinephrine levels in Infertile High Dose (IHD) group.

DOI: 10.9790/264X-08031729

www.iosrjournal.org

24 | Page



Effects of Ethanolic Leaf Extract of Spondias mombin (IYEYE) Fed to Female Albino Rats ..

Chromatogram Plot Report - Agilent

Name
Inj Wal, {ul) 5

Data File

Iyeye A

Tyey= 1.d

Rack Pos.
Plate Pos,
Method (Acq)

Instrument Ic1
IRM Status

Comment

Operator

Epinepharine Acq. Time {Lacal)

29/07/2021 11:51:42
MEM wnit.m am (UTC-07:00)

. [+ESI TIC MRM Frag=72.0v CID@S5.0 (** -> **) Iyeye 1d

*3, :‘Epmq:i\enne

02 04 0.6 0.6 1 12 L 16 L8 2 22 2.4 26 26 3 3.2 34 3.6 38 4 42 44 46 48 5 52 54 56 58 6 6.2 6.4 66 68 7 7.2 7.4 7.6 7.8

Crambe ue. Aeeiieirinn Tima fmin

C: Chromatogram plot of Epinephrine levels in groub treated with Extract Only (EO).

MName

Inj, Val,
Data File

Control H20
ful) 5
CTRL H2O.d

Chromatogram Plot Report £ Agilent

Instrument et Operator
IRM Status

Comment

Rack Pos.
Plate Pos.

Method (Acq) Acq. Time {Local)

Epinepherine
MR

29/07/2021 11:22:25
unit2.m il

am (UTC-07:00]

10’
1,05
1
0,95
0.5
0,657
0.6
0.757
0.7
0,65
0.6
0,557
0.57
0.45
0.4
0.35
0.3
0.25
0.2
0.154
0.1
0.05
o

)

MW.NWM

+ESI TIC MRM Frag=72.0v CID@5.0 (** -»

**) CTRL H20.d

Ww/msfj

N ! “A
h W
\“'“\ W/J \‘W/ N"’ww\

D:

Fr———— T
0.2 04 06 OB 1 1.2 1.4 16

T L s p e U PR - e —
18 2 22 24 26 28 3 32 34 36 38 4 42 44 46 48 5 52 54 56 58 6 6.2 64 66 6B 7 72 74 76 78
Counts vs. Acquisition Time (min)

Chromatogram plot of Epinephrine levels in Control Distilled Water (CDW) group.

DOI: 10.9790/264X-08031729

www.iosrjournal.org

25 | Page



Effects of Ethanolic Leaf Extract of Spondias mombin (IYEYE) Fed to Female Albino Rats ..

Chromatogram Plot Report <5 Agilent

Central Inducer Rack Pes, Instrument K1 Operator
Plat'e";os‘ IRM Status (
CTRL Inducer.d Met! Acq) Epinepherine Comment Acq. Time (Locad) 29/07/2021 11:41157
\ M _unit2.m m?b"{t—{)?;ml

Narme
Inj. Vel. (ul)
Data File

102 |+ESE TIC MRM Frags72.07 CID@S.0 (** -> **) CTRL Inducer.d
|

1.05%
14
0.959
0.99
0,854
0.5
0.754
oM
0,654
0.6
0.55
0.59
0457
0.4
0.357
0.39

0.257

0.2
0.159
0.19
0.054

o

R L S oSS S s S o S S S S S S S S S S e S S
02040608 1 121416 18 2 22242628 3 32 34 3638 4 42 44 46 48 5 52 54 56 58 6 62 64 66 68 7 72 74 76 78

E: Chromatogram plot of Epinephrine levels in Control Infertile (CI) group.
Chromatogram Plot Report (3 Agilem
Nama Contrel O Rack Pos, Instrumant L1 Operator
Inje v, ful) 5 ) Plate Pos, ) IRM Status ) P
Data File CTRL Oil.d Method (Acg) E{Eﬁ"*ﬁé} Comment Acq. Time (Local) ﬁqaﬁflﬂ
w107 [#ES1 TIC MM Friog = 7200 CIDMS.0 (** <> **) CTRL Ol.d
1,059
d
.55
09y
.85
0.6
0,759
(Hry
0,65
iy
10,55
o
0,45
Ay
0.359
0y
.25
0.2
0.157
01
0.0
ﬂ'r rrrrr

ﬂr} D"1 I|‘.’I'> ﬂrﬂ T I‘.’} Irl 1rrS Irﬂ ; }r} J’r»t J'h }‘.’ﬁ { ]'J 1‘.’-‘ ]'én ':F: -: 4"' -lr-i Irrn -l'!] ": '|r) '>'-| '|'r} '|'_-] l‘; nrr n'l I'|'I'-| nrﬂ 7Y IATE A
Courts: (%) vi Acquisition Time (min)

F: Chromatogram plot of Epinephrine levels in Control Oil Only (COO) group.

Figure 4.9 (A-F): Qualitative analysis of Epinephrine across different rat groups.

IV. Discussion
Medicinal plants are found throughout the world with their abundance in the tropical areas. Plant use is
increasingly gaining much acceptability traditionally for health care in local areas worldwide, either due to low
or no cost, and poverty or scarcity or lack of access to modern drugs (Agrawal and Pal, 2013, Mahomoodally,
2013, Thomford et al., 2015).
Spondias mombin is a common plant used in the complementary and alternative traditional medicine
(CTM and ATM) for several disease treatment and management such as cancer, infertility, and other metabolic
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disorders. Ayoka et al., (2005) suggested that the different phytochemical content present in different parts of
Spondias mombin could be employed to treat infertility. Our study is in agreement with this finding because,
secondary metabolites such as saponins, terpenoids, steroids, glycosides, tannins, flavonoids and alkaloids were
found to be present in the ethanol leaf extract of Spondias mombin.

According to Freeman (2000), progesterone is an important part of infertility treatment since it supports
implantation. It is essential in establishing and maintaining early pregnancy (Young, 2013, Ciampaglia and
Cognigni, 2015), and female reproduction by acting as a regulator all along the female reproductive axis
(Wetendorf and DeMayo, 2014). On the other hand, prolactin is a known polypeptide hormone synthesized in
but not limited to lactrotrophs of anterior pituitary gland; it plays other important biological roles in mammalian
reproduction other than lactating effect which includes, gonadotropin (follicle stimulating hormone, FSH and
luteinizing hormone, LH) synthesis and secretion suppression(Harvey et al., 2012). It is also an important
component of the reproductive system but its hypersecretion inhibits gonadotropin-releasing hormone (GnRH)
secretion and decreases GnRH receptor response to GnRH in both animals and humans, as well as a decrease in
luteinizing hormone (LH) pulse frequency and amplitude (Shibli-Rahhal and Schlechte, 2011). In this present
study, the ethanol leaf extract of Spondias mombin increased the level of progesterone and prolactin at different
doses, high and low, respectively. This indicates that the ethanol extract of S. mombin leaf favored the
production of progesterone and prolactin. This finding is in agreement with the report of Igwe et al., (2011) who
also observed a significant increase in the level of progesterone before and after the administration of S. mombin
extract compared to the control groups.

The disordered physiological processes in human sex cells have been associated with oxidative stress
(Agarwal et al., 2003), which is seen as the consequence of an imbalance reactive oxygen species (ROS)
production and degradation. Antioxidant biomarkers are useful in the determination of the extent and effect of
oxidative stress. Superoxide dismutase(SOD), an antioxidant enzyme, is known to be a vital in-vivo antioxidant
parameter that catalyzes the dis-mutation or partitioning of superoxide (O,) radical into either conventional
molecular oxygen (O,) or hydrogen peroxide (H,O,) (Hayyan et al., 2016). The knowledge of SOD activity in
seminal plasma and other biological fluids has been long used as a tool to improve the diagnosis and prevention
of female infertility, and bioactive constituents might have a unique effect on its activity by playing a preventive
role in clinical condition caused by oxidative stress-derived female infertility (Ross et al., 2013). Our study
revealed that the administration of the extract at different doses in the experimental groups increased SOD
activity (in the brain, liver, ovary and kidney) significantly compared to the control groups. This indicates that
these organs remain good markers of infertility and that, S. mombin extract could help to prevent injuries to
these organs such as liver injury, and oxidative stress that can lead to infertility. Nwidu et al., 2018 also reported
an elevated cellular SOD activity in carbon tetrachloride induced hepatotoxicity with the administration of S.
mombin leaf and stem extracts.

Metabolic disorders such as obesity, and overweight has also been linked with infertility; thus, it is
necessary to estimate lipid profile, and several plants such Phragmenthera incana has been screened for their
effect on lipid profile (Awote et al., 2021). The S. mombin ethanolic extracts utilized in our study significantly
suppressed triglyceride and cholesterol levels in the experimental animals, suggesting that S. mombin extract
could also play a lipid lowering activity in action. Friday et al., 2020 also reported the hypolipidemic effect of S.
mombin extract and its better synergic effect when combined with Curcuma longa.

V. Conclusion
In conclusion, our study has shown that Spondias mombin ethanolic leaf extract can increase
progesterone and prolactin levels at different doses, and also possesses an antioxidant and lipid lowering
activities which can help to reduce oxidative stress. This suggests that Spondias mombin ethanolic leaf extract
has a very good therapeutic effect in the treatment of infertility. Further studies can be carried out on the

epinephrine concentration.
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