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A B S T R A C T

Tetrapleura tetraptera (TT) has been used as a spice, dietary supplement and medicine for various ailments. This
study evaluate influence of Tetrapleura tetraptera extract on testis and copulatory behavior in sexually mature
male rats.

Thirty-two male and sixty-four virgin female rats weighing 150–200 g were used for this study. Male rats
randomly divided into four groups of eight (n ¼ 8) rats each. Group A: Control given 2 ml distilled water, group B,
C and D received 50, 300 and 700 mg/kg bwt TT for 56 days through oral gavage. The female rats were used for
fertility test. Testicular histology, histomorphology, copulatory behavior, sperm parameters, testosterone (TET),
luteinizing hormone (LH), follicle stimulating hormone (FSH), glutathione peroxidase (GPx), catalase (CAT),
superoxide dismutase (SOD), malondialdehyde (MDA) and fertility test were investigated.

Tetrapleura tetraptera significantly increase sperm count, motility, normal morphology, daily sperm produc-
tion, efficiency of sperm production, sperm (average path velocity, straight line velocity and curvilinear velocity),
TET, LH, FHS, SOD, GPx, CAT, number of pregnant females, number of fetuses, seminiferous diameter, epithelium
thickness and decrease abnormal morphology, seminiferous height, tubule lumen and MDA across the group as
compared with control group. Improved testicular histological integrity, sexual behaviour and libido by increased
frequencies of mount, intromission, ejaculation and ejaculatory latency. Latencies of mount, intromission and
post-ejaculation were significantly reduced. Also, observed increase spermatocytes and spermatids showed no
significant difference in spermatogonia cell counts. Tetrapleura tetraptera therefore, enhance steroidogenesis,
spermatogenesis, and improved testicular histological integrity and boost sexual competence in male rats.
1. Introduction

Tetrapleura tetraptera is a deciduous plant native to West Africa that
belongs to the family Fabaceae Mimosoideae (Jimmy and Ekpo, 2016).
The plant commonly found more in rainy forest where it can attain a
height of about 20–25 m and a girth of about 1.2–3 m (Aladesanmi et al.,
2007). The stem bark quite smooth and thin, leaves are sessile and
glabrous, fruits are persistent and hangs at branches ends (Odesanmi
et al., 2010). Unripe fruit is green and ripe is dark-purple-brown of about
15–25 cm in length and 4–5 cm breadth (Akin-Idowu et al., 2011). Tet-
rapleura tetraptera is known as Prekese in Twi language, Aridan in
natomy, School of Health and H
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Yoruba, Uhiokrihio in Igbo and Dawo in Hausa (Uyoh et al., 2013). The
dry fruit is shiny, glabrous, dark purple brown with pleasant aroma, rich
in flavonoid, alkaloid and hydrogen cyanide and it pleasant aroma makes
it useful as a spice and pepper soup for combating cold weather (Abii and
Amarachi, 2007) and also, taken as soup by nursing mothers to prevent
postpartum contraction (Adesina et al., 2016). The fruit is used as pop-
ular seasoning in Nigeria and has been shown to cause significant
reduction in hematological indices in male rabbits and elevate hemato-
logical indices in female rats (Onuka et al., 2017). It serves as local
remedies for a variety of diseases such as diabetes mellitus, inflamma-
tion, rheumatism, jaundice, fever, malaria, asthma and epilepsy
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(Udourioh, and Etokudoh, 2014). Due to its antimicrobial properties it is
used in making traditional black soaps (Adebayo et al., 2000). It contain
higher quantity of proteins, lipids and minerals compared to popular
spices such as onion and ginger (Adesina et al., 2016). The fruit is rich in
essential oils which is noticed in its aromatic smell and fatty acids (both
saturated and unsaturated), carbohydrates, ash, minerals such as (Na,
Mg, Fe, P), phytochemicals and crude fibre (Tsala et al., 2014; Adesina
et al., 2016). Tetrapleura tetraptera fruit posse various pharmacological
benefits such as antimalarial, anticonvulsant, antibacterial, mollusci-
cidal, antidepressant, analgesic and anti-inflammatory activity (Agomuo
et al., 2011). In vitro research extract of several part of TT demonstrated
to be free radical scavengers, antioxidant and protective effects of an
enzyme involved in oxidative stress (Irondi et al., 2013, Atawodi et al.,
2014). The fruits and bark extracts from TT contain a higher concen-
tration of polyphenol mainly eugenol, quercetin, tyrosol, and catechin
(Moukette et al., 2015). The testes is involved in two processes; sper-
matogenesis and steroidogenesis (Sutyarso et al., 2016). Spermatogen-
esis describes the processes involved in production of gametes
(spermatozoa) and Steroidogenesis is all enzymatic reactions involved in
production of male steroid hormones (O'Shaughnessy et al., 2010). These
two processes take place in two different compartment of the testis,
different in morphology and function: the tubular compartment and
interstitial compartment respectively. These compartments although
anatomically distinguished are connected closely (Abel et al., 2008). The
testis is vulnerable to Various factors such as medication, chemotherapy,
toxins, polluted air, lack of nutrients and vitamins can adversely affect
spermatogenesis and sperm production, leading to testicular toxicity and
cause infertility (Mosher and Pratt, 1991). Tetrapleura tetraptera
aqueous fruit extract has not been shown to have an adverse effect on
copulatory behavior and testis and it benefits to testis has not been
proven either. This study therefore, investigate influence of aqueous fruit
peels extract of Tetrapleura tetraptera on copulatory behavior and
maintain testicular integrity in sexually mature male Sprague-Dawley
rats.

2. Materials and methods

2.1. Chemicals, reagents and assay kits

Estradiol benzoate and progesterone were procured from Sigma
Chemical (St. Louis, USA) and Shalina Laboratories (Mumbai, India),
respectively. Assay kits for testosterone, follicle-stimulating hormone
(FSH) and luteinizing hormone (LH) were obtained from Monobind Inc.
(Lake Forest, USA). All other reagents used were of analytical grades.
2.2. Plant material

Tetrapleura tetraptera were purchased from a local market in Iwo,
Osun State, Nigeria. Samples of TT were identified and authenticated by
Mr. Omomoh Bernard of Herbarium section of the Centre for Research
and Development, Federal University of Technology, Akure, Ondo state,
Nigeria. Sample of the plant voucher deposited for reference purpose.
2.3. Preparation of tetrapleura tetraptera

Tetrapleura tetraptera fruit were thoroughly washed in sterile water
and air dried under shade for four weeks in the laboratory. The air-dried
roots were weighed using CAMRY (EK5055, Indian) electronic weighing
balance and milled with automatic electrical Blender (model FS-323,
China) to powdered form, 400 g, the milled plant sample was later
soaked in 2.8 L of phosphate-buffered saline (PBS) for 72 h, at room
temperature, and filtered through cheese cloth and then through What-
man #1 filter paper, the filtrate was concentrated using a rotary evapo-
rator (Rotavapor® R-220) at 42–47 �C. The filtrate was refrigerated at
25OC until used.
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2.4. Phytochemical screening

Qualitative and quantitative phytochemical analysis of aqueous leaf
extract of Tetrapleura tetraptera was done in accordance with (Harborne,
1993; Boham and Kocipai, 1994). While modifications on the report by
Grindberg and Williams (2010) on high performance liquid chromatog-
raphy was adopted to quantify the vitamins.

2.5. Animals

Sexually mature male and virgin female Sprague-Dawley rats were
procured from Research Farm, Federal University of Technology, Akure,
Ondo state, Nigeria. The animals were kept in cages and acclimatized for
two weeks before the commencement of the experiment. The rats were
maintained under standard natural photoperiodic condition of 12 h of
darkness and 12 h of lightness (D:L; 12:12 h dark/light cycle) at room
temperature (25–32 �C) and humidity of 50–55%. The rats were fed with
standard rat chow 100 g/kg daily as advised by International Centre of
Diarrheal Disease Research; Bangladesh (ICDDR, B). Drinking water was
supplied ad libitum.

2.6. Experiment design and animal grouping

Thirty-two (32) healthy male adult (12–14 weeks old) Sprague-
Dawley rats weighing 150–200 g and sixty four (64) virgin female rats
were used for this study. The rats were randomly divided into four groups
(A, B, C and D) of five (n¼ 8) rats each. Group A, which served as control,
were given 2 ml of distilled water, group B, C and D rats were adminis-
tered 50, 300 and 700 mg/kg bwt TT, each respectively for 56 days. The
extract was administered once daily for six days within a week through
oral gavage and the experiment lasted for 56 days (Duration of sper-
matogenesis in rat being 51.6–56 days (Sasso-Cerri et al., 2009). The
female rats were used for fertility test.

2.7. Determination of gross anatomy parameters

The weight of male rats was documented at procurement, during the
period of acclimatization, at commencement of administrations and once
a week throughout the period of experiment. Testis, epididymis, prepu-
tial gland, prostate gland, seminal vesicle, levator ani muscle and
sphincter ani were collected and weighed. Also, foetal, placental, ovarian
and empty uterine weights were measured using an electronic analytical
and precision balance CAMRY (EK5055, Indian). Organ weights were
recorded in g and expressed as g/100 g body weight. Testicular length
and diameter were measured using vainer caliper. Testicular volumes
was estimated by water displacement method, volumes of the two testes
from each rat was determine and average value obtained regarded as one
observation, the values expressed as g/100 g body weight. (Acott, 1999).

2.8. Copulatory behavior test

Eight male rats from each groupwere subjected to the sexual behavior
test. The procedure was carry out during the dark phase of the light/dark
cycle and 24 h after the last administration. A single male rat was put into
a rectangular Plexiglas observation chamber (45 � 40 � 30 cm) and
acclimated for 6min. A sexually receptive female rat was then introduced
into the chamber. Mount frequency (MF), intromission frequency (IF),
ejaculation frequency (EF), mount latency (ML), intromission latency
(IL), ejaculation latency (EL) and post-ejaculation latency (PEI) were
monitored for 30 min post pairing period and measured. The experiment
was perform in a sound-attenuated room. (Mohammed et al., 2015).

2.9. Induction of oestrus phase in female rats

The procedures of Tajuddin et al.,(2004) and OECD (2009) were
adopted in this study. Female rats were brought to oestrus by consecutive



Table 1
Qualitative and quantitative phytochemical analysis of aqueous extract of Tet-
rapleura tetraptera.

S/N Phytochemicals Status Phytochemicals Quantity

1 Tannin þ Vitamin C (mg/g) 3.14
2 Flavonoid þ Vitamin A (mg/g) 5.25
3 Saponin þ Vitamin E (mg/g) 6.65
4 Alkaloid þ Total Phenols (%) 18.23
5 Reducing sugar þ Total Alkaloids (%) 1.36
6 Cardaic glycoside þ Total Tannins (%) 19.35
7 Terpenoid þ Total Flavonoids (%) 16.71
8 Phenol þ Total Saponins (%) 2.61
9 Phlobatanin þ Quercetin (%) 15.74
10 Steroid þ Total cardiac glycolysis 21.02
11 Coumerins - - -
12 Quinones - - -
13 Resin - - -

Key: þ ¼ present; � ¼ not present.
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subcutaneous administration of estradiol benzoate (10 μg/100 g) and
progesterone (0.5 mg/100 g) at 48 h and 6 h respectively prior to pairing.
Vaginal smears examination was done to confirmation of oestrus phase.
2.10. Fertility test

The oestrous cycle of each rat was characterized for four weeks, vaginal
smears between 8:00–9:00 a.m. before the commencement of the experi-
ment. Cyclicity was determined by the modification of the method previ-
ously reported by Bazzano et al. (2017). Briefly, normal saline was inserted
into the vaginal canal 1mmdeep and irrigatedwith plastic Pasteur pipette.
The lavage was then smeared on a microscopic slide and viewed under
microscope. The presence of large nucleated cells with a few leucocytes on
the slidewasmarked thepre-estrous dayof the cycle.On thePre-estrous day
of each rat's cycle, amarkedmalewas introduced into amarked female cage
at a 1:2 ratio. These mating animals were left together overnight. Vaginal
lavagewas takenon themorning (estrousdayof the cycle) followingpairing
between 8:00–9:00 am The presence of sperm spermatozoa in the lavage
was marked as day 1 of pregnancy (Abraham et al., 2018).
2.11. Animal sacrificed and sample collection

At the end of the treatment, blood samples were collected through
orbital venous sinus of live animals with microhematocrit tubes within
the hours of 7:00 a.m. and 8:00 a.m. and immediately centrifuged at
3000�g for 10 min for serum separation to estimate reproductive hor-
mone. Thereafter, animals were euthanized and testes were immediately
removed, cleaned from the adhering tissue, and weighed. The epidid-
ymal content for each rat was instantly collected for semen analysis.
Furthermore, the left testis was fixed in Bouin's fluid for histological
procedure. Whereas, the right testis was decapsulated, homogenized in
0.05 M potassium phosphate buffer (pH 7.4), and processed for the
estimation of oxidative satures and daily sperm production. All samples
were stored at �80 �C until analysis.
Table 2
Effects of aqueous extract of Tetrapleura tetraptera on mating behavioural parameter

Parameters Treatment groups

A (Control) B(50 mg/k

Mount frequency 15.34 � 1.96 18.57 � 1.
Intromission frequency 10.96 � 1.57 10.74 � 1.
Ejaculatory frequency 3.56 � 0.51 4.10 � 0.6
Mount latency (s) 63.42 � 10.00 93.85 � 14
Intromission latency (s) 113.80 � 12.89 158.20 � 1
Ejaculatory latency (s) 130.00 � 16.04 135.80 � 1
Post-ejaculatory latency (s) 152.40 � 14.33 158.90 � 1
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2.12. Sperm analysis

Cauda epididymis was minced and incubated in 4 ml M199 at 37 �C
for 5 min, to allow sperm cells to swim out of the epididymal tubules.
Total of 10 μl sperm suspension was added to the sperm counting plate.
Sperm parameters were collected by computer-assisted sperm analysis
and evaluated using toxicology software program version 12.0.2.
2.13. Daily sperm production

Testicular homogenate 20 μl was placed into Neubauer chambers and
number of late spermatids was counted under microscope at � 400
magnification. Value obtained was used calculate total number of sper-
matids per testis. The number was used to determine efficacy of sperm
production that is, the number of spermatids per each gram (g) of
testicular tissue. Daily sperm production (DSP) evaluated by the quantity
of spermatids resistant to homogenization (per testis and per g of testis)
was divided by 6.3 (DSP ¼ X/6.3) (Jahan et al., 2018).
2.14. Hormonal determination

Serum testosterone, follicle stimulating hormone and luteinizing
hormone concentration was determine by enzyme immunoassay using
commercial kit (Catalog numbers: EIA-6K2E9, EIA-4K1B0 and EIA-
37K3B0 respectively – Monobind Inc. Lake Forest USA). According to
manufacturer instruction.
2.15. Testicular histological evaluation

Testes were removed from treated and control rats and fixed in Bouin's.
Afterfixation, specimenswere dehydrated in an ascending series of alcohol,
cleared in two changes of xylene and embedded inmoltenparaffin. Sections
of 5 μm thickness were cut using rotary microtome and mounted on clean
slides. For histological evaluation, sectionswere stainedwith haematoxylin
and eosin in accordancewith standardprocedure andwere examinedunder
light microscope (Olympus-BX63 Japan). Microphotography was done by
Leica LB microscope (Germany) equipped with an automatic micro
photographic system (Japan). Spermatocytes and spermatids counts were
done at 10 seminiferous tubules of each experimental unit and then aver-
aged. Images were analyzed by using image J software.
2.16. Statistical analysis

The results reported as mean � SEM.Instat-3 computer program
(v2.04, GraphPad Software Inc., San Diego, CA, USA) used to analyze the
numbers and to evaluate the significant differences; the comparison of
means between each two experimental groups was made using one-way
ANOVA with Newman-Keuls Multiple Comparison significant difference
test. The differences considered significant if p < 0.05.
s in male rats.

g of TT) C(300 mg/kg of TT) D(700 mg/kg of TT)

79 24.52 � 2.79* 25.83 � 3.15*
56 18.72 � 1.34* 21.29 � 1.51*
8 4.74 � 0.39 5.18 � 0.42
.72* 115.10 � 14.73* 124.10 � 15.25*
3.07* 172.50 � 10.60* 180.10 � 9.87*
6.65 139.70 � 16.31 139.20 � 16.36
4.30 165.00 � 14.88 166.10 � 15.10
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Fig. 1. Histogram shows the effects of Tetrapleura tetraptera extract on body
weight of Adult Sprague-Dawley rats. Values are expressed as Mean � S.E.M, n
¼ 8 in each group, *: represent significant different from control, **: represent
significant different from initial body weight at p < 0.05. A: 2 ml distil water, B:
50 mg/kg bwt, C: 300 mg/kg bwt, D: 700 mg/kg bwt.

Table 3
Effects of Tetrapleura tetraptera extract on body and organs weight of Adult
Sprague-Dawley rats.

Parameters Treatment groups

A (Control) B(50 mg/kg
of TT)

C(300 mg/kg
of TT)

D(700 mg/kg
of TT)

Initial body
weight (g)

142.6�4.58 146.4�3:44 137.6�3:98 134.2�3:94

Final body
weight (g)

222.4�11:44 204.2�6:88 194.8�3:94 * 181.6�3:56 *

Weight
Difference
(g)

79.8�6:86 57.8�3.44* 57.6�0.04* 47.4�0.38*

Testicular
weight (g)

1.22�0:06 1.14�0:02 1.18�0:04 1.10�0:03

Testis/body
weight (%)

0.55�0.02 0.56�0.02 0.61�0.01 0.61�0.01

Testicular
volume
(cm3)

1.93�0.24 2.00�0.22 2.10�0.20 2.20�0.20

Testicular
length (mm)

21.36�1.80 22.15�1.63 22.66�1.61 23.53�1.70

Testicular
diameter
(mm)

10.84�0.62 10.45�0.35 11.65�0.39 11.94�0.67

Epididymis
(g)

0.14�0.04 0.19�0.02* 0.20�0.01* 1.00�0.01*

Preputial
gland (g)

0.08�0.01 0.09�0.01 0.010�0.02 0.010�0.02

Prostate gland
(g)

0.81�0.30 1.01�0.24 1.10�0.18 1.25�0.12

Seminal
vesicle (g)

1.01�0.30 1.19�0.32* 1.28�0.33* 1.35�0.34*

Levator ani
muscle (g)

0.21�0.06 0.23�0.06 0.33�0.08 0.39�0.08

Sphincter ani
(g)

0.14�0.05 0.14�0.04 0.17�0.05 0.19�0.05

Values are expressed as Mean � S.E.M, n ¼ 8 in each group, *: represent sig-
nificant different from control at p < 0.05, One-Way ANOVA. TT: Tetrapleura
tetraptera.
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Fig. 2. Effects of Tetrapleura tetraptera extract on TET, FSH and LH level of
Adult Sprague-Dawley rats. Values are expressed as Mean � S.E.M, n ¼ 8 in each
group, *: represent significant different from control at p < 0.05, One-Way
ANOVA. TET: Testosterone, FSH: Follicle stimulating hormone, LH: Luteiniz-
ing hormone, TT: Tetrapleura tetraptera. A: 2 ml distil water, B: 50 mg/kg bwt,
C: 300 mg/kg bwt, D: 700 mg/kg bwt.
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3. Results

3.1. Phytochemical screening

Qualitative analysis of Tetrapleura tetraptera shows the presence of
tannin, flavonoid, saponin, alkaloid, reducing sugar, cardaic glycoside,
terpenoid, phenol, phlobatanin and steroid. After the quantitative analysis
as depicted in Table 2, total cardiac glycoside (21.02%), total tannins
(19.35%), total phenol (18.23%), total flavonoids (16.71%) and Quercetin
(15.74%) had higher values compared to alkaloids (1.36%) and total Sa-
ponins (2.61%). There were also high values of vitamins A, C and E
[Table 1].
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3.2. Copulatory parameter

Long term exposure to TT significantly increased (p < 0.05) mount
frequency, intromission frequency (at dose of 300 and 700 mg/kg body
weight) and mount latency, intromission latency at dose of 50, 300 and
700 mg/kg body weight when compared with the control group. Increase
in mean value of ejaculatory frequency, ejaculatory latency and post-
ejaculatory latency across the groups are not significant as compared
with the mean value of the control group. Also, administration of 50 mg/
kg body of TT shows no significant difference in mean values of mount
frequency and intromission frequency in comparison with the control
[Table 2].

3.3. Changes in body and organs weight

There was significant (p < 0.05) decrease in mean value of final body
weight at dose of 300 and 700 mg/kg body weight TT when compared to
control group, no significant difference between the final body weight at
dose of 50 mg/kg body weight and the control group. There was signif-
icant (p < 0.001) increase in mean value of final body weight across the
group and in dose dependent manner when compared with the mean
value of initial bodyweight. [Fig. 1]. There observes increase in testicular
weight, volume, length and diameter across the experiment group when
compared with the control group but not significant (p > 0.05). In
addition, mean value of prostate gland, preputial gland, levator ani
muscle and sphincter ani weights show no significant difference in
treatment and control groups. However, TT significantly increased
(p< 0.05) the weight of epididymis and seminal vesicle in all the exposed
groups as compared with control group. [Table 3].

3.4. Serum testosterone, follicle stimulating hormone and luteinizing
hormone level

As illustrated in Fig. 2, the mean value of serum testosterone was
significantly (p < 0.05) increase across the group in dose dependent
manner as comparedwith the control group, however there was observed
decrease in mean value of follicle stimulating hormone and luteinizing
hormone level across the group when compared to the control group.

3.5. Sperm parameters

Tetrapleura tetraptera extract treatment revealed significant
(p < 0.05) increase in mean value of sperm count, motility, normal
morphology, daily sperm production and efficiency of sperm production
across the group in dose dependent manner, increased in mean value of
normal sperm morphology, average path velocity of sperm, straight line
velocity of sperm and curvilinear velocity of sperm at dose of 50 mg/kg
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Fig. 3. Effects of Tetrapleura tetraptera extract on A: Sperm motility, B: Sperm count, C: Sperm Viability, D: Sperm morphology, E: Daily sperm production, F: Ef-
ficiency of sperm production, G: Velocity of sperm of Adult Sprague-Dawley rats. Values are expressed as Mean � S.E.M, n ¼ 8 in each group, *: represent significant
different from control at p < 0.05, One-Way ANOVA. TT: Tetrapleura tetraptera, APV: Average path velocity of sperm; SLV: Straight line velocity of sperm; CLV:
Curvilinear velocity of sperm; DSP: Daily sperm production; ESP: Efficiency of sperm production.
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body weight was not significant but significant at dose of 300 and
700 mg/kg body weight in comparison with the control group. There was
statistically significant (p < 0.05) decrease in mean value of abnormal
sperm morphology in group C and D when compared with the control
group, however decrease in abnormal sperm morphology in group B was
not significant as compared with the control group [Fig. 3].
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3.6. Fertility of male and maternal reproductive organs

Long term administration of aqueous extract of TT revealed increased
in number of pregnant females and number of foetuses. Number of fe-
tuses and weight of empty uterus significantly increased (p < 0.05) in
700 mg/kg bwt TT treated group compared with the control and not



Table 4
Effects of aqueous extract of Tetrapleura tetraptera on the fertility of male and
maternal reproductive organs.

Parameters Treatment groups

A (Control) B(50 mg/kg
of TT)

C(300 mg/kg
of TT)

D(700 mg/kg
of TT)

No. of males 8 8 8 8
No. of females 16 16 16 16
No. of
pregnant
females

12/
16(75.00%)

14/
16(87.5%)

15/
16(93.75%)

16/
16(100.00%)

No. of foetues 6.50 � 0.66 6.75 � 0.45 7.42 � 0.42 8.25 � 0.35*
Weight of
foetus (g)

2.41 � 0.43 2.67 � 0.38 3.00 � 0.30 3.22 � 0.17

Weight of
placental
(g)

0.47 � 0.09 0.53 � 0.08 0.61 � 0.06 0.68 � 0.02

Weight of
empty
uterus (g)

0.59 � 0.09 0.60 � 0.09 0.71 � 0.07 0.81 � 0.07*

Weight of
ovaries (g)

0.22 � 0.04 0.31 � 0.04 0.38 � 0.04 0.52 � 0.02

Crown rump
length (cm)

4.04 � 0.04 4.09 � 0.10 4.11 � 0.08 4.17 � 0.07

Values are expressed as Mean � S.E.M, n ¼ 8 in each group, *: represent sig-
nificant different from control at p < 0.05, One-Way ANOVA. TT: Tetrapleura
tetraptera.
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significant at dose 50 and 300mg/kg bwt of TT. Also, weight of ovaries in
300 and 700 mg/kg bwt TT treated group significantly increase when
compared with the control group. No significant difference in mean
number of weight of foetus, weight of placental and crown rump length
in all the experimental treatment and control groups [Table 4].

3.7. Testicular histomorphometry

Administration of aqueous extract of TT at dose of 300 and 700 mg/
kg bwt significantly increase the mean seminiferous diameter and
epithelium thickness (p < 0.05), increased in 50 mg/kg bwt treated
group is not significant in comparison to control group. However, there
was insignificant decrease in mean seminiferous height and tubule lumen
in all the treated as compared with the control group. Tetrapleura tet-
raptera (300 and 700 mg/kg bwt) treatment significantly increase the
mean number of spermatogonia, preleptotene spermatocyte and pachy-
tene spermatocyte. Although, increased in 50 mg/kg bwt treated rats
were statistically significant compared to the control rats. In addition,
spermatids cell are significantly increased in all the TT treated rats
compared to that of control rats (p < 0.05). [Table 5].

3.8. Testicular biochemical parameters

There was observe significant decreased (p < 0.05) in mean value of
testicular MDA concentration across the group treated with 50mg/kg bwt,
300 mg/kg bwt and 700 mg/kg bwt TT respectively in comparison with
Table 5
Effects of aqueous extract of Tetrapleura tetraptera on testicular histomorphometry.

Parameters Treatment groups

A (Control) B(50 mg/k

Seminiferous diameter (μm) 234.70 � 17.28 245.80 � 1
Seminiferous height (μm) 101.90 � 11.70 107.90 � 1
Epithelium thickness (μm) 54.17 � 5.63 57.63 � 4.
Tubule lumen (%) 3.23 � 0.46 3.21 � 0.3
Spermatogonia 7.49 � 0.78 8.67 � 0.7
Preleptotene spermatocyte 15.61 � 2.59 18.53 � 2.
Pachytene spermatocyte 20.86 � 3.02 23.56 � 3.
Spermatid 80.73 � 8.46 120.5 � 11

Values are expressed as Mean � S.E.M, n ¼ 8 in each group, *: represent significant d
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the mean value of control group treated with normal saline. [Fig. 4A].
There was increase in testicular super oxide dismutase concentration in
dose dependent manner when compared with the control and there is
significant difference between the control and the group treated with
700 mg/kg bwt of TT however, no significant difference between the
control and the groups that received 50 mg/kg bwt and 300mg/kg bwt TT
respectively. [Fig. 4B]. There was significant increased (p < 0.05) in
testicular GPX concentration in 300 mg/kg bwt and 700 mg/kg bwt TT
treated group when compared to the control group however, increased in
testicular GPX of the group treated with 50mg/kg bwt TT not significant in
comparison with the control group. [Fig. 4C]. There was no significant
difference in testicular catalase activity between control group and group B
and group C treated with 50 mg/kg bwt and 300 mg/kg bwt of TT
respectively however, there was observed significant increased (p < 0.05)
in testicular catalase activity of group D treated with 700 mg/kg bwt when
compared with the control group.[Fig. 4D].

3.9. Testicular histology

The microphotograph of testis of animals groups A, B, C and D had a
normal cellular composition in their germinal epithelium with sperm
cells in the lumen and a normal interstitium. In addition, normal sper-
matogenesis, better association and higher density of spermatogenic
cells, complete maturation of germinal epithelium and lumen contains
full mature spermatozoa were evident in both the Control and treated
groups, also revealed normal spermatogenic cells, Sertoli and Leydig cells
and precise spermatogenesis with abundant spermatids in TT group and
control [Fig. 5].

4. Discussion

The medicinal property of different bioactive component of plant has
been demonstrated to have good health benefits and it is effective in
prevention and treatment of chronic ailment. Phytochemicals such as
flavonoids, phenols, cardiac glycosides, and terpenoids which were
detected in aqueous extract of Tetrapleura tetraptera (TT) have been
reported to possess various pharmacological effects such as antioxidants,
antidiabetic, antihypertensive and anti-Alzhemic activities (Ochuko
et al., 2017).

In this study, TT observed to influence sexual desire and improve
sexual performance in male rats. This is occasion by significant surge in
serum testosterone (TET) concentration and anterior pituitary hormones
level in treated rats compared to control rats thereby, stimulated sexual
competence via stimulatory impact on dopamine receptors (Cicero et al.,
2002). Observed advances TT-treated male rats toward the females’ rat
indicate sexual aroused following improved precopulatory behaviours.
Mount and intromission frequencies are main indices of libido, vigour,
and potency. While MF suggests sexual motivation enhanced, IF is
reflective of coherent erection, penile orientation and comfort by which
ejaculatory reflexes are stimulated (Agmo, 1997). Therefore, the
dose-dependent increases in MF and IF following long term consumption
of TT revealed improved libido (Tajuddin et al., 2004). The presence of
g of TT) C(300 mg/kg of TT) D(700 mg/kg of TT)

7.04 290.30 � 12.65* 296.90 � 12.64*
2.05 115.00 � 11.35 124.70 � 11.63
24 75.54 � 5.08* 76.69 � 6.21*
5 3.09 � 0.35 3.12 � 0.29
2 11.01 � 0.87* 12.93 � 1.04*
28 25.39 � 2.34* 28.07 � 1.39*
12 34.58 � 2.67* 35.90 � 2.44*
.86* 139.3 � 11.55* 155.4 � 10.04*

ifferent from control at p < 0.05, One-Way ANOVA. TT: Tetrapleura tetraptera.
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Fig. 4. Histogram shows the effects of Tetrapleura tetraptera extract on testic-
ular (A) malondialdehyde concentration (B) Super oxide dismutase concentra-
tion (C) Glutathione peroxidase activity (D) Catalase activity. Values are
expressed as Mean � S.E.M, n ¼ 8 in each group, *: represent significant
different from control, **: represent significant different from initial body
weight at p < 0.05. A: 2 ml distil water, B: 50 mg/kg bwt, C: 300 mg/kg bwt, D:
700 mg/kg bwt.
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sperm plug in the vagina of the female rats shows that there is an ejac-
ulation, increase in EF by prolong TT administration is an indication of
improved aphrodisiac potential of TT. Therefore, Increased MF and IF
directly linked to sexual motivation in rats (Cicero et al., 2002). The
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significant increase ML and IL relative to control after TT treatment could
be related to invigorated sexual motivation and enhanced competence.
Also, increase in EL following prolong treatment with TT shows that the
extract composed bioactive component responsible for prolong coitus
and instituted copulatory performance in the rats. Post-ejaculatory la-
tency (PEL) is indices for evaluation of potency, libido and rate of re-
covery from loss of energy after initial sets of mating (Yakubu et al.,
2011). Therefore, increase PEL in TT treated rats shows that the extract
enhanced potency and libido.

In present study, there was decrease in mean value of final body
weight when compared to control group. Increase in mean value of final
body weight across the group and in dose dependent manner when
comparedwith themean value of initial bodyweight. There was observes
increase in testicular weight, volume, length and diameter across the
experiment group when compared with the control group but not sig-
nificant. In addition, mean value of prostate gland, preputial gland, le-
vator ani muscle and sphincter ani weights show no significant difference
in treatment and control groups. However, TT significantly increased the
weight of epididymis and seminal vesicle in all the exposed groups as
compared with control group. Testis weight depends on the mass of
differentiated spermatogenic cells, and its structural and functional
integrity requires the adequate biosynthesis of male sex hormones.
Therefore, increase in testicular weight in TT treated rats reveals increase
spermatogenesis and steroidogenesis function. Also, Increase in testicular
and epididymal weights could linked to higher sperm production (Ekaluo
et al., 2013, 2015), which could be due to increased androgen biosyn-
thesis as evidenced by a significant increase in TET level (Morakinyo
et al., 2008).

Administration of aqueous extract of TT significantly boasted the sperm
quality comparedwith control as evident in increase sperm count, motility,
viability, normal morphology, average path velocity of sperm, straight line
velocity of sperm and curvilinear velocity and decrease in abnormal sperm
morphology these disagree with the findings of Oloyede (2018) that etha-
nolic extract of TT Pods reduced sperm quality thereby, distorted sperm
morphology with some aberrant sperm cells such as sperms without hook,
amorphous head, two tails, pin head and clustered tails. Also, significant
elevation indaily spermproduction (DSP)wasnoted inall the treated group
as compared to control. These results indicate that treatment with TT can
shield reduction in DSP within the testis by protecting the testis against
adverse effects of any environmental toxin that may present in the body.
These effect of TT on spermmay be linked to it active bioactive component.
Several studies have reported a protective effect of dietary antioxidants and
vitaminsA,B,C,andEonspermDNAagainst free radicalsand improvement
of the blood‒ testis barrier stability. As the administration of TT leads to
elevation of TET secretion which could enhance its fertility potent (Khaki
et al., 2010; Jedlinska-Krakowska et al., 2006). The spermatogenic activity
of TT may be as a result of the carbohydrate content which could have
increased sperm motility and viability by increasing glucose metabolism
leading to the generation of energy and pyruvate which is the preferred
substrate essential for activity and survival of sperm cells. Other compo-
nents of TT such as arginine, vitamin C and zinc may also, play important
roles since studies have shown that nutritional therapies with zinc, vitamin
C, vitamin E and arginine proved to be of benefit in treatment of male
infertility. The beneficial effect of TTonmale fertilitymay be as a result of it
antioxidant components since antioxidants suchasvitaminsA,CandEhave
beenreported tohavegoodprotective effects on the testis. Thedevelopment
of normal and matured sperm is the key to optimum male fertility. The
production of sperm cell and TET in testis are mainly regulated by FSH and
LH which are released from anterior pituitary (Steinberger, 1971). FSH
stimulates spermatogenesis in the steroli cell, while LH stimulates produc-
tionofTET in the leydigcells of testis (Kerr andDeKretser, 1975).The result
of present study suggested that TT treatment increase serum TET concen-
tration across the group in dose dependent manner as compared with
control group, however, no significant different in FSH and LH level be-
tween the treatment and control groupmay improve the normal function of
the steroli and leydig cells. Sexual cells can occur during the reproductive



Fig. 5. Group A (Control) showing normal histo-
architecture with typically organized layers of sper-
matogenic cells at different stages of maturation
(Yellow arrow), no pathological changes in the lumen
(L) of the seminiferous tubules, spermatozoa (SP),
basement membrane (blue arrow) and interstitial
space (I); Group B revealed a notable restoration of
the lumen (L) of the seminiferous tubules with visible
spermatozoa (SP) and abundant sperm cell (yellow
arrow); Group C showed restored lumen (L) with
visible spermatozoa (SP), abundant sperm cell (yellow
arrow) and visible and intact basement membrane
(blue arrow); Group D showed well preserved cyto-
architecture with normal cellular composition in
germinal epithelium (GE), population of immotile
sperm cells in the lumen (L) and normal basement
membrane (blue arrow).
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phase, mitotic division of spermatogonia or during maturation of sperma-
tozoa, thereby, affecting number of quantity of sperm cell production in the
testis. In addition, number of pregnant female and viable foetuseswere also
increased, this reflect and may be due to increase in sperm motility and
sperm density. Tetrapleura tetraptera treatment shows no significant
impact on crown-rump length, foetal andovarianweight. This is adduced to
nutritional bioactive component of the TTonplacental barrier to effectively
regulate exogenousmaternal change (Blundell et al., 2016; Abraham et al.,
2018).Wecan therefore, deduce that bioactive constituent of TT is effective
and safe in management of pregnancy from first trimester to parturition
period which is evidence in weight of placental and empty uterus.

Furthermore, the higher membrane lipid content of testes is presumed
to make them more vulnerable to oxidative stress (Mahera et al., 2013).
In this study TT bioactive component lower the membrane lipid content
of the testes occasion by decrease testicular MDA and increase testicular
SOD, GSH and CAT in dose dependent manner. Thereby, decreases lipid
peroxidation since accumulation of lipid in nonadipose tissues could lead
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to cell dysfunction and cell apoptosis (Schaffer, 2003). We can therefore,
postulate from this study that TT fruit peel can effectively scavenges ROS
and inhibit the generation of oxidative injury in testis that may be induce
by any toxin. Tetrapleura tetraptera with free radicals scavenging po-
tential can alleviate lipid peroxidation. Our report agree with Ochuko
et al., 2017 that the observed dose dependent inhibition of lipid perox-
idation by TT extract therefore, insinuates a protective effect of the peels
against oxidative damage.

Moreover, spermatogenic cells could be observed and distinguished
and spermatogonia in the basal membrane would involve the primary
spermatocytes in the mitotic stage. In all the treatment groups, secondary
spermatocytes were not observed due to the rapid meiotic stage of the
spermatozoa in the seminiferous tubules (Eroschenko, 2010). In addi-
tion, the regeneration of Sertoli and Leydig cells was also observed.
Sertoli cells play a primary role in spermatogenesis and TET (Kianifard
et al., 2011). Spermatogenic, Sertoli, and Leydig cells were correlated to
each other in terms of spermatogenesis and TET synthesis. Testicular
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dysfunction might interfere with spermatogenesis and TET synthesis due
to cell damage. In this study, long term consumption of TT relatively
protect and maintain the rats’ testicular integrity, protective and main-
tenance may be directly on spermatogenesis by reducing lipid peroxi-
dation and prevent or decrease the formation of free radicals, by acting as
antioxidant. Or indirectly on steriodogenesis through pituitary hypo-
thalamic or sex hormonal effects. Protective nature of TT could be
attributed to it bioactive component and antioxidant properties. Our
findings therefore, agree that TT fruit peel is a reservoir of medicinal
phytochemicals with wide range of potential application (Kuate et al.,
2015) and the presences of constituents such as flavonoids, saponins,
tannins and alkaloids in the fruit of TT could have contributed to the
observed anti-inflammatory and antioxidant roles of the extract in this
study. We therefore, deduce that TT fruit peel is capable of protecting
testicular pituitary axis against any toxin that may present in the body
since exposure to toxic agents could produce pituitary hypothalamic
toxicity which in turn could affect spermatogenesis resulting in func-
tional or structural impairment of sperm and testis.

5. Conclusion

Aqueous extract of Tetrapleura tetraptera thus, improve steroido-
genesis, spermatogenesis and maintain testicular integrity in rats. Also,
the extract could improve testicular toxicity with anti-oxidative activity
and through free radicals scavenging ability. Antioxidant activity and
profertility potential of aqueous extract of this plant could serve as a
potent adjuvant in the treatment of male infertility.

Ethical approval

All authors hereby declare that all experiments have been examined
and approved by the appropriate ethics committee and have therefore
been performed in accordance with the ethical standards laid down in the
1964 Declaration of Helsinki.

Funding

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

CRediT authorship contribution statement

Sunday Aderemi Adelakun: Conceptualization, Methodology,
Validation, Investigation. Babatunde Ogunlade: Methodology, Project
administration, Supervision, Investigation. Toluwase Solomon Ola-
wuyi: Formal analysis, Investigation. Abdulfatai Olakunle Ojewale:
Investigation.
Declaration of 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.

Values are expressed as Mean � S.E.M, n ¼ 8 in each group, *:
represent significant different from control at p < 0.05, One-Way
ANOVA. TT: Tetrapleura tetraptera.

Acknowledgement

The authors gratefully appreciate the technical support of Mr. Boboye
from histology Laboratory, Department of Human Anatomy, Federal
University of Technology Akure, Nigeria, Mr. Victor Olawuyi of Genesis
Medical Diagnosis Centre, Ogbomoso, Nigeria, Mr. Omomoh Bernard of
Centre for Research and Development (CERAD) Federal University of
Technology Akure, Nigeria for plant identification and authentication.
15
References

Abii, T.A., Amarachi, E., 2007. Investigation into the chemical composition of the dry
fruit of tetrapleura tetraptera. J. Food Technol. 5 (3), 229–232.

Abraham, A.A., Leke, J.M., Edidiong, N.A., Lawal, K.S., Titilola, A.S., Taiwo, K., James, O.,
Danladi, M., Olufemi, F., 2018. A comparison of the anti-diabetic potential of D-
ribose-L-cysteine with insulin, and oral hypoglycaemic agents on pregnant rats.
Toxicology Reports 5, 832–838.

Acott, C., 2009. The diving "Law-ers": a brief resume of their lives. SPUMS J. (South
Pacific Underw. Med. Soc.) 29 (1), 39.

Adebayo, A.S., Gbadamosi, I.A., Adewunmi, C.O., 2000. In: Adewunmi, C.O.,
Adesina, S.K. (Eds.), Formulation of Antimicrobial Dried Powdered Herbs in Soap
Bases in Phtyomedicine in Malaria and Sexually Transmitted Diseases: Chalenges for
Rte New Millennium, vol. 97. Obafemi Awolowo University, ILE- Ife.

Adesina, S.K., Iwalewa, E.O., Johnny, I.I., 2016. Tetrapleura tetraptera Taub-
ethnopharmacology, chemistry, medicinal and nutritional values-a review. J. Pharm.
Res. Int. 1–22.

Agmo, A., 1997. Male rat sexual behaviour. Brain Res. Protoc. 1, 203–209.
Agomuo, E.N., Onyeike, E.N., Anosike, E.O., 2011. Proximate composition and fatty acid

profile of monodora myristica (ehuru) and tetrapleura tetraptera (Uhiokirihio).
International Science Research Journal 3, 85–87.

Akin-Idowu, P.E., Ibitoye, D.C., Ademogegun, O.T., Adeniyi, O.T., 2011. Chemical
composition of the dry fruit of tetrapleura tetraptera and its potential impacts on
human health. J. Herbs, Spices, Med. Plants 17, 52–61.

Aladesanmi, A.J., 2007. Tetrapleura tetraptera: molluscicidal activity and chemical
constituents. Afr. J. Tradit., Complementary Altern. Med. 4 (1), 23–36.

Atawodi, S.E., Yakubu, O.E., Liman, M.L., Iliemene, D.U., 2014. Effect of methanolic
extract of tetrapleura tetraptera (schum and thonn) taub leaves on hyperglycemia and
indices of diabetic complications in alloxan-induced diabetic rats. Asian Pacific
Journal of Tropical Biomedicine 4 (4), 272–278.

Bazzano, M.V., Paz, D.A., Elia, E.M., 2017. Obesity alters the ovarian glucidic homeostasis
disrupting the reproductive outcome of female rats. J. Nutr. Biochem. 42, 194–202.

Blundell, C., Tess, E.R., Schanzer, A.S., Coutifaris, C., Su, E.J., Parry, S., Huh, D., 2016.
A microphysiological model of the human placental barrier. Lab Chip 16, 3065–3073.

Boham, B.A., Kocipai, A.C., 1994. Flavonoids and condensed tannins from the leaves of
Hawaiian vaccinum vaticulatum and V. calycinum. Pac. Sci. 48, 458–463.

Cicero, A.F., Piacente, S., Plaza, A., Sala, E., Arletti, R., Pizza, C., 2002. Hexanic Maca
extract improves rat sexual performance more effectively than methanolic and
chloroformic Maca extracts. Andrologia 34, 177–179.

Ekaluo, U.B., Ikpeme, E.V., Ibiang, Y.B., Omordia, F.O., 2013. Effect of soursop (Annona
muricata L.) fruit extract on sperm toxicity induced by caffeine in albino rats. J. Med.
Sci. 13, 67–71.

Ekaluo, U.B., Ikpeme, E.V., Etta, S.E., Ekpo, P.B., 2015. Effect of aqueous extract of
tigernut (Cyperus esculentus L.) on sperm parameters and testosterone level of male
albino rats. Asian Journal of Biotechnology 7, 39–45.

Eroschenko, V.P., 2010. Atlas Histologi Difiore Dengan Korelasi Fungsional. Penerbit
Buku Kedokteran EGC, Jakarta, pp. 423–439.

Harborne, J.B., 1993. Phytochemical Methods: A Guide to Modern Technique in Plant
Analysis. Chapman and Hall, New York, NY, USA.

Jahan, S., Munawar, A., Razak, S., Anam, S., , U.l., Ain, Q., Ullah, H., et al., 2018.
Ameliorative effects of rutin against cisplatin-induced reproductive toxicity in male
rats. BMC Urol. 18, 107.

Jedlinska-Krakowska, M., Bomba, G., Jakubowski, K., Rotkiewicz, T., Jana, B.,
Penkowski, A., 2006. Impact of oxidative stress and supplementation with vitamins E
and C on testes morphology in rats. J. Reprod. Dev. 52 (2), 203–209.

Jimmy, E.O., Ekpo, A.J.D., 2016. Upgrading of lethal dose of Tetrapleura tetraptera
extract enhances blood cell values. J Hematol Thrombo Dis 4, 256.

Kerr, J., De Kretser, D., 1975. Cyclic variations in Sertoli cell lipid content throughout the
spermatogenic cycle in the rat. J. Reprod. Fertil. 43 (1), 1–8.

Khaki, A., Fathiazad, F., Nouri, M., Khaki, A., Maleki, N.A., Khamnei, H.J., et al., 2010.
Beneficial effects of quercetin on sperm parameters in streptozotocin-induced
diabetic male rats. Phytother Res. 24 (9), 1285–1291.

Kianifard, D., Sadrkhanlou, R.A., Hasanzadeh, S., 2011. The ultrastructural changes of the
Sertoli and Leydig cells following streptozotocin induced diabetes. Iran J. Basic Med.
Sci. 15 (1), 623–635.

Kuate, D., Kengne, A.P.N., Biapa, C.P.N., Azantsa, B.G.K., Muda, W.A.M.B.W., 2015.
Tetrapleura tetraptera spice attenuates high-carbohydrate, high-fat diet-induced
obese and type 2 diabetic rats with metabolic syndrome features. Lipids Health Dis.
14, 50.

Mahera, N.A., Tala, A.L.A., Sahar, H.A., Salim, R.H., 2013. Protective effect of Chufa
Tubers (Cyperus esculentus ) on induction of sperm abnormalities in mice treated
with lead acetate”. Int. J. Drug Dev. Res. 5 (2), 387–392.

Mohammed, Z.A., Haytham, M.D., Jamaledin, H.A.G., 2015. Influence of Cyperus
esculentus tubers (Tiger Nut) on male rat copulatory behavior. BMC Compl.
Alternative Med. 15, 331.

Morakinyo, A.O., Adeniyi, O.S., Arikawe, A.P., 2008. Effects of Zingiber officinale on
reproductive functions in male rats. Afr. J. Biomed. Res. 11, 329–334.

Mosher, W.D., Pratt, W.F., 1991. Fecundity and infertility in the United States: incidence
and trends. J Fertil Steril 56, 192–193.

Moukette, B.M., Pieme, A.C., Biapa, P.C.N., Njimou, J.R., Stoller, M., Bravi, M., et al.,
2015. In vitro ion chelating, antioxidative mechanism of extracts from fruits and
barks of tetrapleura tetraptera and their protective effects against fenton mediated
toxicity of metal ions on liver homogenates. Evid.-Based Compl. Altern. Med. 14.
Article ID 423689.

Ochuko, L.E., Olayinka, F.O., Benedict, O.O., Tosin, A.O., Temiloluwa, A.A.,
Adesewa, O.T., Sunday, O.A., Grace, I.O., 2017. Ethanol extract of Tetrapleura

http://refhub.elsevier.com/S2665-9441(21)00001-8/sref1
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref1
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref1
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref2
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref2
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref2
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref2
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref2
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref3
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref3
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref4
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref4
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref4
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref4
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref5
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref5
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref5
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref5
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref6
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref6
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref7
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref7
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref7
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref7
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref8
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref8
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref8
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref8
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref9
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref9
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref9
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref10
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref10
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref10
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref10
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref10
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref11
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref11
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref11
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref12
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref12
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref12
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref13
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref13
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref13
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref14
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref14
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref14
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref14
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref15
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref15
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref15
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref15
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref16
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref16
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref16
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref16
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref17
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref17
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref17
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref19
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref19
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref20
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref20
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref20
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref21
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref21
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref21
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref21
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref22
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref22
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref23
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref23
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref23
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref24
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref24
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref24
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref24
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref25
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref25
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref25
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref25
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref26
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref26
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref26
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref26
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref27
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref27
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref27
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref27
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref28
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref28
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref28
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref29
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref29
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref29
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref30
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref30
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref30
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref31
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref31
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref31
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref31
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref31
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref32
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref32


S.A. Adelakun et al. Current Research in Physiology 4 (2021) 7–16
tetraptera fruit peels:Chemical characterization, and antioxidant potentials against
free radicals andlipid peroxidation in hepatic tissues. Journal of Taibah University for
Science 11, 861–867.

Odesanmi, S.O., Lawal, R.A., Ojokuku, S.A., 2010. Hematological effects of ethanolic fruit
extract of Tetrapleura tetraptera in male Dutch white rabbits. Res. J. Med. Plant 4,
213–217.

OECD, 2009. Guidance Document for Histological Evaluation of Endocrine and
Reproductive Tests in Rodents, Part 5. Preparation, Reading and Reporting of Vaginal
Smears. No. 106.

Oloyede, A.M., 2018. The reproductive toxicity of the ethanolic extract of tetrapleura
tetraptera Pods on male and female Swiss albino mice ( Mus musculus). Herbal Med J
3 (1), 1–7.

Onuka, A.E., Okechukwu, N.C., Maxine, K.M., Bond, A.U., 2017. Evaluation of the effects
of tetrapleura tetraptera extract and clomiphene citrate to determine influence of
reproductive hormones and estrous cycle on leukocyte counts: novel evidence for a
potential developmental link between luteinizing hormone and MID cells. Hematol
Transfus Int J 5 (6), 339‒343.

O'Shaughnessy, P.J., Monteiro, A., Verhoeven, G., De Gendt, K., Abel, M.H., 2010. Effect
of FSH on testicular morphology and spermatogenesis in gonadotropin-deficient
hypogonadal mice lacking androgen receptors. Reproduction 139, 177–184.

Sasso-Cerri, E., 2009. Enhanced ERbeta immunoexpression and apoptosis in the germ
cells of cimetidine-treated rats. Reprod. Biol. Endocrinol. 7, 127.
16
Schaffer, J.E., 2003. Lipotoxicity: when tissues overeat. Curr. Opin. Lipidol. 14 (3),
281–287.

Steinberger, E., 1971. Hormonal control of mammalian spermatogenesis. Physiol. Rev. 51
(1), 1–22.

Sutyarso, Muhartono, Susianti, Hendri, B., Mohammad, K., 2016. Testicular function of
rats treated with water extract of red ginger (zingiber officinale var.rubrum)
combined with zinc. Journal of Food and Nutrition Research 4 (3), 157–162.

Tajuddin, A.S., Ahmad, A.L., Qasmi, I.A., 2004. Effect of 50% ethanolic extract of
Syzygium aromaticum (L.) Merr. and Perry. (clove) on sexual behaviour of normal
male rats. BMC Compl. Alternative Med. 4, 17–24.

Tsala, D.E., Habtemariam, S., Simplice, F.H., Ndzana, M.T.B., Jital, A.A., Dimo, T., 2014.
Topically applied tetrapleura tetraptera stem-bark extract promotes healing of
excision and incision wounds in rats. Journal of Intercultural Ethnopharmacology 3
(2), 63–67.

Udourioh, G.A., Etokudoh, M.F., 2014. Essential oils and fatty acids composition of dry
fruits of tetrapleura tetraptera. J. Appl. Sci. Environ. Manag. 18 (3), 419–424.

Uyoh, E.A., Ita, E.E., Nwofia, G.E., 2013. Evaluation of chemical composition of
tetrapleura tetraptera (schum and thonn.) taub. From cross river state, Nigeria. Int. J.
Med. Aromatic Plants 3 (3), 386–394.

Yakubu, M.T., Akanji, M.A., 2011. Effect of aqueous extract of Massularia acuminata stem
on sexual behaviour of male Wistar rats. Evid Compl Altern Med 2011, 1–10, 738103.

http://refhub.elsevier.com/S2665-9441(21)00001-8/sref32
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref32
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref32
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref32
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref33
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref33
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref33
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref33
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref34
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref34
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref34
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref35
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref35
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref35
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref35
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref36
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref36
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref36
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref36
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref36
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref37
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref37
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref37
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref37
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref38
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref38
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref39
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref39
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref39
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref40
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref40
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref40
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref41
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref41
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref41
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref41
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref42
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref42
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref42
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref42
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref43
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref43
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref43
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref43
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref43
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref44
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref44
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref44
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref45
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref45
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref45
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref45
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref46
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref46
http://refhub.elsevier.com/S2665-9441(21)00001-8/sref46

	Aqueous extract of Tetrapleura tetraptera fruit peels influence copulatory behavior and maintain testicular integrity in se ...
	1. Introduction
	2. Materials and methods
	2.1. Chemicals, reagents and assay kits
	2.2. Plant material
	2.3. Preparation of tetrapleura tetraptera
	2.4. Phytochemical screening
	2.5. Animals
	2.6. Experiment design and animal grouping
	2.7. Determination of gross anatomy parameters
	2.8. Copulatory behavior test
	2.9. Induction of oestrus phase in female rats
	2.10. Fertility test
	2.11. Animal sacrificed and sample collection
	2.12. Sperm analysis
	2.13. Daily sperm production
	2.14. Hormonal determination
	2.15. Testicular histological evaluation
	2.16. Statistical analysis

	3. Results
	3.1. Phytochemical screening
	3.2. Copulatory parameter
	3.3. Changes in body and organs weight
	3.4. Serum testosterone, follicle stimulating hormone and luteinizing hormone level
	3.5. Sperm parameters
	3.6. Fertility of male and maternal reproductive organs
	3.7. Testicular histomorphometry
	3.8. Testicular biochemical parameters
	3.9. Testicular histology

	4. Discussion
	5. Conclusion
	Ethical approval
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgement
	References


