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Abstract

Chronic stress activates the hypothalamic-pituitary-adrenal (HPA) axis, elevating cortisol and
disrupting endocrine and reproductive function through pro-inflammatory and oxidative mechanisms.
Tetrapleura tetraptera (Aidan fruit) and quercetin both reportedly possess antioxidant, anti-
inflammatory and adaptogenic properties. This study evaluated the effects of the methanol fraction of
T. tetraptera and quercetin on serum cortisol, testicular histology, and pro-inflammatory cytokines in
stress-exposed adult male Swiss mice. Twenty mice (20-30 g) were randomly assigned to four groups
(n =15): Group A (control; 5 mL/kg distilled water), Group B (chronic mild stress + 5 mL/kg distilled
water), Group C (stress + 500 mg/kg methanol fraction of T. tetraptera), and Group D (stress + 50
mg/kg quercetin). Chronic mild stress was induced for 28 days, with treatment administered during
the final 14 days. Serum cortisol was determined by enzyme-linked immunosorbent assay (ELISA), and
testicular interleukin-1 (IL-1), interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a) levels were
measured in testicular homogenates by ELISA. Testicular tissues were processed for haematoxylin and
eosin (H&E) staining. Serum cortisol was significantly elevated in Group B compared with the control
(v < 0.05), whereas quercetin produced a significant reduction in cortisol relative to both control and
stress-only groups (p < 0.05). The methanol fraction of T. tetraptera did not significantly alter cytokine
parameters at the tested dose. Histological examination revealed preserved seminiferous-tubule
architecture in the control and stress-only groups, but disorganised germinal epithelium with loss of
stratification in both treatment groups. Quercetin demonstrated a strong cortisol-lowering effect. Both
compounds, however, were associated with disorganised testicular epithelium at the doses tested,
warranting further dose-response and mechanistic investigation.

Keywords: Tetrapleura tetraptera; Quercetin; Chronic mild stress; Pro-inflammatory cytokines;
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INTRODUCTION

Stress is the body’s adaptive response to stimuli that threaten homeostasis. Although acute
stress is essential for survival, sustained or chronic stress has been implicated in the
pathogenesis of cardiovascular, metabolic, psychiatric and reproductive disorders (Chrousos,
2009). Central to the stress response is activation of the hypothalamic-pituitary-adrenal
(HPA) axis, which culminates in the secretion of cortisol from the adrenal cortex. Persistently
elevated cortisol disrupts multiple physiological systems and contributes to immune
dysregulation, neuronal injury and reproductive dysfunction (Chrousos, 2009).
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The male reproductive system is particularly susceptible to chronic stress. Glucocorticoids
and corticotropin-releasing hormone inhibit gonadotropin-releasing hormone, thereby
suppressing luteinising hormone and follicle-stimulating hormone secretion and ultimately
reducing testicular testosterone production (Zou et al., 2017). Chronic stress also promotes
apoptosis of germ cells, Sertoli cells and Leydig cells, reduces the epithelial area of
seminiferous tubules and impairs spermatogenesis (Zou et al., 2017; Yu et al., 2019). These
effects are largely mediated by oxidative stress and a pro-inflammatory milieu marked by
elevated interleukin-1 (IL-1), interleukin-6 (IL-6) and tumour necrosis factor-alpha (TNF-a) in
testicular tissue (Meng et al., 2022).

Tetrapleura tetraptera, commonly known as Aidan fruit, is a medicinal plant widely distributed
across West Africa and used ethnomedicinally for hypertension, diabetes, asthma, epilepsy,
inflammation, arthritis and as a postpartum tonic (Adesina et al., 2016; Famojuro et al., 2024).
The fruit is rich in phenols, flavonoids, saponins, tannins and alkaloids, which collectively
account for its antioxidant, anti-inflammatory, antidiabetic and antimicrobial activities
(Famojuro et al., 2024). Bioactive saponins such as aridanin and related triterpene glycosides
have demonstrated significant anti-inflammatory effects in various preclinical models
(Adesina et al., 2016).

Quercetin (3,3',4',5,7-pentahydroxyflavone) is an ubiquitous dietary flavonoid present in
onions, apples, berries and tea, and is well recognised for its antioxidant, anti-inflammatory
and neuroprotective properties (D’ Andrea, 2015). Kawabata et al. (2010), demonstrated that
quercetin attenuates HPA-axis activation by suppressing hypothalamic corticotropin-
releasing factor (CRF) mRNA expression and modulating glucocorticoid receptor and cAMP-
response element binding protein activity, leading to reduced plasma corticosterone and
adrenocorticotropic hormone. In chronic unpredictable stress protocol, quercetin lessens
behavioural deficits and reduces hippocampal IL-6, TNF-a and IL-1p concentrations while
limiting oxidative damage (Mehta et al., 2017).

Although the individual anti-inflammatory and adaptogenic properties of T. tetraptera and
quercetin are reasonably documented, their comparative effects on cortisol, testicular pro-
inflammatory cytokines and testicular histoarchitecture in a chronic mild stress model remain
poorly characterised. In this study, quercetin was employed as a positive reference compound
because of its well-documented antioxidant and anti-inflammatory activities and its
protective effects on reproductive tissues. The comparison with the methanol fraction of
Tetrapleura tetraptera, an ethnomedicinal plant rich in bioactive constituents, was intended to
evaluate whether the plant fraction exhibits comparable modulatory effects on the HPA axis
and testicular histology. Therefore, this study evaluates the effects of the methanol fraction of
T. tetraptera and quercetin on serum cortisol, testicular IL-1, IL-6 and TNF-a levels, and
testicular histology in stress-exposed adult male Swiss mice.

MATERIALS AND METHODS

Animal Care and Handling

Twenty (20) healthy adult male Swiss mice weighing between 20 and 30 g were used for the
study. They were divided into four (4) groups of five animals each (n=5). The animals were
obtained from the animal house of the Faculty of Pharmacy, University of Uyo, Uyo, Akwa
Ibom State, Nigeria. The animals were fed and housed at the animal house of the Faculty of
Basic Medical Sciences, University of Uyo. They had unrestricted access to standard chow
pellets and water ad libitum at a room temperature of 25-28 °C under a 12:12-hour light/dark
cycle. Group A served as the control group, while Groups B-D served as test groups. The
sample size used in this study was determined in accordance with ethical principles
governing animal experimentation and the practical resources available for the study. In line
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with the principles of Replacement, Reduction, and Refinement (3Rs), the minimum number
of animals required to achieve the study objectives while minimizing unnecessary animal use
was utilized. Ethical approval for this study was obtained from the Faculty of Basic Medical
Sciences Ethical Committee (FBMSREC), University of Uyo, Akwa Ibom State, Nigeria
(Ethical approval number: UU_FBMSREC_2025_004).

Methanol- soluble Fraction of Tetrapleura tetraptera

The dried fruits of Tetrapleura tetraptera were pulverized and extracted with distilled water by
maceration for 72 hours with intermittent agitation. The mixture was filtered through
Whatman No. 1 filter paper, and the aqueous filtrate was concentrated under reduced
pressure and freeze-dried to obtain the crude aqueous extract. The dried extract was
subsequently reconstituted and subjected to solvent fractionation using 80 % methanol (v/v),
which selectively dissolved methanol-soluble phytoconstituents. The methanol fraction
obtained was concentrated under reduced pressure using a rotary evaporator maintained at
45 °C. The concentrate was further dried to constant weight to ensure complete removal of
residual methanol. The resulting solvent-free methanol fraction was stored in airtight
containers at 4 °C until use (Alelah et al., 2026).

Chronic Mild Stress Protocol

Chronic mild stress was induced according to the method described by Szala-Rycaj et al.
(2023), with modifications (Table 1). The chronic mild stress protocol has been widely
recognized as one of the most reliable experimental models for reproducing the
neuroendocrine, behavioural, and physiological alterations associated with prolonged stress
exposure and for mimicking the unpredictable nature of stress encountered in daily life
(Markov and Novosadova, 2022). Accordingly, the combination and random alternation of
several mild stressors were employed to establish a chronic unpredictable mild stress (CUMS)
model and to prevent adaptation to any single stressor. During exposure to predator, to
prevent physical injury while maintaining psychological stress, the mice and rats were housed
in adjacent compartments separated by a wire-mesh partition that permitted visual, auditory,
and olfactory cues but prevented direct physical contact. Throughout the experimental
period, animals were monitored daily for signs of excessive distress, morbidity and physical
injury.

Table 1: List of stress factors and the duration of each stimulus.

Day 1 2 3 4 5 6 7
Week 1 Wet Tilted cage Water Normal Predators  Mice in rat Food
bedding with deprivation  cage with (rats) in bedding deprivation
(24 h) bedding (24 (24 h) bedding mouse (30 min) (24 h)
h) (24 h) cages (30
min)
Week 2 Wet Water Animal Cold Heat Sucrose Tail
bedding  deprivation isolation (2 restraint exposure preference  suspension
(24 h) (24 h) h) test (2 h) (30 min) test (24 h) (2h)
Week 3 + Wet Tilted cage Water Normal Predators ~ Mice in rat Food
drugs bedding with deprivation  cage with (rats) in bedding deprivation
(24 h) bedding (24 (24 h) bedding mouse (30 min) (24 h)
h) (24 h) cages (30
min)
Week 4 + Wet Heat Cold Sucrose Physical Forced Food
drugs bedding exposure restraint preference restraint swimming  deprivation
(24 h) (30 min) stress test test (24 h) stress test test (30 (24 h)/Tail
(2h) (2h) min) suspension
test (2 h)

Experimental Protocol

E.I. Bassey et al, DUJOPAS 12 (3a): 64-73, 2026 66



Effects of Tetrapleura tetraptera Methanol Fraction and Quercetin on Stress-Induced Alterations in the HPA
Axis and Testicular Histoarchitecture of Male Mice

After acclimatisation, the animals were divided into four (4) groups: A, B, C and D, each
containing five animals. The study lasted for 28 days. Stress alone was induced during the
tirst 14 days, and stress induction with treatment was carried out for the subsequent 14 days.
Group A served as the control and received distilled water at 5 mL/kg body weight; Group B
was exposed to stress without treatment; Group C was exposed to stress and received 500
mg/kg body weight of the methanol fraction of T. tetraptera; and Group D was exposed to
stress and received 50 mg/kg body weight of quercetin (Table 2).

Table 2: Research protocol.

Groups Treatment / Dosage Duration
(n=5) (Days)
A Distilled water (5 mL/kg) 28
B Stress + Distilled water (5 mL/kg) 28
C Stress + methanol fraction of T. tetraptera (500 mg/kg) 28
D Stress + Quercetin (50 mg/kg) 28

Termination of Experiment and Sample Collection

The experiment lasted for 28 days. On the 29th day, the animals were anaesthetised by
intraperitoneal injection of ketamine (50 mg/kg). Blood samples were collected by cardiac
puncture into plain bottles for biochemical analyses. Serum was separated from blood cells
by leaving the blood undisturbed for 15 minutes and subsequently centrifuging at 3,500 rpm
for 20 minutes; the resulting sera were transferred into plastic vials and immediately stored
at -20 °C for biochemical studies. The testes were harvested and stored for histological
processing and tissue homogenisation. Testicular homogenates were used for analysis of
inflammatory biomarkers.

Biochemical Assay of Serum Cortisol (ELISA)

Serum cortisol concentrations were determined using a commercially available Mouse
Cortisol ELISA kit (CUSABIO Biotech Co., Ltd., Wuhan, China; Cat. No. CSB-E05113m)
according to the manufacturer's instructions. The assay employs a competitive enzyme-linked
immunosorbent assay principle and has a detection range of 3.12-200 ng/mL with a
sensitivity of 1.56 ng/mL. Briefly, 25 uL of cortisol standards, controls and serum samples
were dispensed into the appropriate wells of a 96-well microplate pre-coated with anti-
cortisol antibody. Two hundred microlitres (200 uL) of cortisol-horseradish peroxidase (HRP)
conjugate were added to each well, and the plate was incubated at room temperature for 60
minutes with gentle shaking. The wells were subsequently aspirated and washed three times
with the prepared wash buffer to remove unbound conjugate. One hundred microlitres (100
uL) of 3,3",5,5"-tetramethylbenzidine (TMB) substrate were added to each well and incubated
in the dark at room temperature for 15 minutes to allow colour development. The enzymatic
reaction was terminated by the addition of 100 uL of stop solution (1 N sulphuric acid).
Absorbance was read at 450 nm using a microplate reader within 15 minutes of stopping the
reaction. A standard curve was constructed by plotting absorbance against the corresponding
cortisol concentrations of the standards, and the cortisol concentrations of the samples were
extrapolated from the standard curve and expressed in nanograms per millilitre (ng/mL).

Biochemical Assay of Testicular IL-1, IL-6 and TNF-a (ELISA)

The testes harvested from each animal were rinsed in ice-cold phosphate-buffered saline (PBS,
pH 7.4) to remove residual blood, blotted dry and weighed. The tissues were then
homogenised in ice-cold PBS at a ratio of 1:9 (w/v) using a Teflon-glass homogeniser. The
homogenates were centrifuged at 5000 rpm for 15 minutes at 4 °C, and the resulting
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supernatants were collected into clean Eppendorf tubes and stored at -20 °C until biochemical
analysis.

Concentrations of interleukin-1 (IL-1), interleukin-6 (IL-6) and tumour necrosis factor-alpha
(TNF-a) in the testicular homogenates were determined using species-specific sandwich
ELISA kits, according to the manufacturer’s instructions. In brief, 100 uL of standards and the
diluted testicular homogenate samples were added to wells pre-coated with the respective
capture monoclonal antibodies (anti-IL-1, anti-IL-6 or anti-TNF-a) and incubated at 37 °C for
90 minutes. The plates were washed thoroughly with wash buffer, after which 100 puL of
biotinylated detection antibody was added to each well and incubated for a further 60 minutes
at 37 °C. Following another washing step, 100 pL of HRP-streptavidin conjugate were added
to each well and incubated at 37 °C for 30 minutes. The plates were washed again, and 90 pL
of TMB substrate solution were dispensed into each well and incubated in the dark at 37 °C
for 15 minutes to allow colour development. The reaction was terminated by adding 50 pL of
stop solution, and absorbance was read at 450 nm on a microplate reader. The concentrations
of IL-1, IL-6 and TNF-a in the samples were determined from their respective standard curves
and expressed in picograms per milligram of tissue (pg/mg).

Histological Processing

The testicular tissues were processed for light microscopy using standard procedures,
comprising fixation in 10 % neutral buffered formalin (NBF), dehydration through ascending
grades of ethanol (70 %, 95 % and absolute), clearing in xylene, infiltration with molten
paraffin wax at 60 °C, embedding, sectioning and staining with haematoxylin and eosin
(H&E). The stained slides were examined under a bright-field light microscope to assess the
general histoarchitecture of the testicular tissue.

Statistical Analysis

Data are expressed as mean * standard error of the mean (SEM). Group differences were
analysed by one-way analysis of variance (ANOVA) followed by Tukey’s post-hoc test, with
statistical significance set at p < 0.05.

RESULTS

Effect on Serum Cortisol Levels

As shown in Table 3, exposure to chronic mild stress (Group B) produced a significant increase
in serum cortisol relative to the control (p < 0.05). Treatment with the methanol fraction of T.
tetraptera (Group C) did not produce a significant change in cortisol compared with control.
Quercetin (Group D) produced a marked reduction in serum cortisol, significantly lower than
both the control and the stress-only group (p < 0.05).

Table 3: Effect of treatments on serum cortisol level.

Group Cortisol (ng/mL)
A 13.20 £0.41
B 14.66 £0.38
C 13.10 £0.93
D 6.23 £1.64 "

Values are expressed as mean + SEM. * indicates significant differences at p < 0.05 between
the group(s) in superscript. A = group given distilled water at 5 mL/kg body weight (control);
B = group exposed to stress without treatment; C = group exposed to stress and treated with
500 mg/ kg methanol fraction of T. tetraptera; D = group exposed to stress and treated with 50
mg/kg quercetin.

Effect on Testicular IL-1, TNF-a and IL-6 Levels
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As shown in Table 4, mice in the stress-only group (Group B) had marginally higher testicular
IL-1, TNF-a and IL-6 levels compared with the control, although the differences were not
statistically significant. The methanol fraction of T. tetraptera (Group C) produced reductions
in IL-1, TNF-a and IL-6 levels relative to both the control and stress-only groups, although
these reductions did not reach statistical significance. Quercetin (Group D) did not
appreciably alter the testicular cytokine levels compared with the stress-only group.

Table 4: Effect of treatments on testicular IL-1, TNF-a and IL-6 levels.

Group IL-1 (pg/mg) TNF-a (pg/mg) IL-6 (pg/mg)
A 3.53 + 1.00 3.40 + 0.80 8.00 +2.00
B 3.60 £1.25 3.47 +0.81 9.33+1.53
C 237 +0.81 2.87 +0.31 6.67 +2.08
D 3.49 +0.95 3.17 £ 0.55 933 £3.22

Values are expressed as mean + SEM. A = group given distilled water at 5 mL/kg body
weight (control); B = group exposed to stress without treatment; C = group exposed to stress
and treated with 500 mg/kg methanol fraction of T. tetraptera; D = group exposed to stress
and treated with 50 mg/kg quercetin.

Effect on Testicular Histology

Histological examination of the testes in the control group (Group A) revealed normal
seminiferous tubules lined by well-organised germinal epithelium with abundant mature
spermatozoa within the lumen. Similarly, the stress-only group (Group B) showed preserved
seminiferous tubular architecture and normal interstitial connective tissue without obvious
pathological alterations.

However, treatment with 500 mg/kg methanol fraction of Tetrapleura tetraptera (Group C)
resulted in noticeable histoarchitectural distortion characterised by disorganisation and loss
of stratification of the germinal epithelium, with loosely packed spermatogenic cells. The
quercetin-treated group (Group D) also demonstrated seminiferous tubular alterations,
including focal disruption of the germinal epithelium and irregular cellular arrangement.
Overall, Groups C and D exhibited varying degrees of degeneration of the seminiferous
epithelium compared with the control and stress-only groups (Plate 1).
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Plate 1: Photomicrograph of the testes of adult Swiss mice (X400).

Key: MS (mature spermatozoa), L (lumen), S (seminiferous tubule), double-headed arrow (basement membrane),
# (interstitial connective tissue). NC = control group showing histoarchitecture with normal features; ST = group
exposed to stress without treatment, showing lumen with partly filled mature spermatocytes; ST + TT = group
exposed to stress and treated with 500 mg/kg of methanol extract of T. tetraptera showing disorganized epithelium
of the seminiferous tubule with loss of stratification. ST + QT = group exposed to stress and treated with 50 mg/kg
of Quercetin showing disorganized epithelium in the seminiferous tubules with loss of stratification, and irregular
and loosely packed cells.

DISCUSSION

The present study evaluated the effects of the methanol fraction of T. tetraptera and quercetin
on serum cortisol, testicular pro-inflammatory cytokines and testicular histology in adult male
Swiss mice exposed to chronic mild stress.

Chronic mild stress produced a modest but significant elevation in serum cortisol. This
finding is consistent with the well-established role of the HPA axis in the stress response, in
which  corticotropin-releasing hormone and adrenocorticotropic hormone drive
glucocorticoid release from the adrenal cortex (Chrousos, 2009). The modest magnitude of
cortisol elevation in the present study is in keeping with reports that the chronic mild stress
in mice can produce variable cortisol responses, attributable to stressor habituation, partial
adaptation of the HPA axis and strain-specific variability (Szala-Rycaj et al., 2023)

Notably, quercetin produced a marked reduction in serum cortisol relative to both the control
and stress-only groups. This finding is in close agreement with that of Kawabata et al. (2010),
who reported that quercetin attenuates HPA-axis activation by suppressing hypothalamic
Corticotropin-Releasing Factor messenger RNA (CRF mRNA) expression and by modulating
the DNA-binding activities of glucocorticoid receptor and cAMP-response element binding
protein. Mehta et al. (2017) similarly demonstrated that quercetin reduces plasma
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corticosterone in mice subjected to chronic unpredictable stress and improves stress-related
behavioural deficits. The pronounced cortisol-suppressive effect observed here supports the
candidacy of quercetin as a modulator of HPA-axis hyperactivity in stress-related pathologies.
The methanol fraction of T. tetraptera did not produce a significant change in serum cortisol
relative to the control. Although T. tetraptera is widely reported to possess antioxidant and
anti-inflammatory activities (Adesina et al., 2016; Famojuro et al., 2024), few studies have
specifically examined its direct effect on the HPA axis. The present results suggest that, at a
dose of 500 mg/kg, the methanol fraction has limited capacity to modulate cortisol secretion
in this chronic mild stress protocol. Higher-affinity or chronic dosing regimens, or specific
bioactive fractions enriched in flavonoids or saponins, may be required to elicit a measurable
cortisol-lowering effect.

With respect to pro-inflammatory cytokines, the methanol fraction of T. tetraptera produced
non-significant reductions in testicular IL-1, TNF-a and IL-6 levels compared with both the
control and the stress-only groups, whereas quercetin produced no appreciable change. These
observations are consistent with the reported anti-inflammatory properties of T. tetraptera,
which is rich in flavonoids, tannins and saponins capable of inhibiting nuclear factor-kappa B
(NF-xB) signalling and downstream cytokine production (Adesina et al., 2016; Famojuro et al.,
2024). The absence of statistically significant changes likely reflects the modest inflammatory
response elicited by the chronic mild stress protocol employed; baseline testicular cytokine
levels in the group exposed to stress without treatment were only marginally higher than
those in the control. This pattern aligns with reports that chronic mild stress, particularly
when of moderate intensity, induces variable cytokine responses that depend on stressor
severity, exposure duration and tissue type (Luo et al., 2025).

Histological examination revealed preserved seminiferous-tubule architecture in the control
and stress-only groups, with well-organised germinal epithelium and centrally located
lumens containing mature spermatozoa. Unexpectedly, the groups treated with the methanol
fraction of T. tetraptera and quercetin showed a disorganised epithelium with loss of
stratification and irregular, loosely packed cells. This paradoxical observation contrasts with
several reports of protective effects of antioxidants — including quercetin and T. tetraptera —
on testicular tissue in models of toxin- or stress-induced injury (Meng et al., 2022; Famojuro et
al., 2024).

Several explanations may be considered. First, the doses employed (500 mg/ kg for T. tetraptera
and 50 mg/kg for quercetin) may have exceeded the therapeutic window for testicular tissue,
eliciting cytotoxic or hormonally disruptive effects despite producing favourable systemic
effects on cortisol. High-dose quercetin has been reported to exert pro-oxidant effects under
certain conditions and to interfere with steroidogenic enzyme activity (Boots et al., 2008).
Second, because spermatogenesis is highly sensitive to abrupt changes in the hormonal
milieu, the strong suppression of cortisol observed in the quercetin group may have
transiently disrupted the hypothalamic-pituitary-gonadal axis, with secondary effects on
germinal epithelium organisation (Yu et al., 2019). Further studies incorporating serum
testosterone, gonadotropin levels, sperm parameters and longer treatment durations are
required to clarify these findings.

Taken together, the present results indicate that quercetin produces a robust cortisol-lowering
effect, while the methanol fraction of T. tetraptera displays modest anti-inflammatory activity
in the testes. Both interventions, however, are associated with unexpected histological
alterations at the doses tested, highlighting the need for dose optimisation and additional
mechanistic studies before clinical translation.
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CONCLUSION AND RECOMMENDATION

The present study demonstrates that chronic mild stress significantly elevates serum cortisol
in adult male Swiss mice, and that quercetin (50 mg/kg) markedly suppresses this cortisol
response, indicating potent modulation of the HPA axis. The methanol fraction of T. tetraptera
(500 mg/kg) produced modest, non-significant reductions in testicular IL-1, IL-6 and TNF-a
levels, while quercetin did not appreciably alter testicular cytokine concentrations. Both
treatments were associated with disorganisation of the germinal epithelium in the
seminiferous tubules at the doses tested. These findings highlight quercetin as a strong
candidate for further investigation in stress-related disorders, while emphasising the need for
careful dose optimisation in view of the unexpected histological alterations observed in the
testes.

Thus, it is recommended that dose-response studies should be carried out to identify safe and
effective doses of the methanol fraction of T. tetraptera and quercetin that preserve testicular
histoarchitecture while retaining their anti-stress and anti-inflammatory benefits.

Also, future investigations should include assessment of serum testosterone, luteinising
hormone, follicle-stimulating hormone, sperm count, sperm motility and sperm morphology
to fully characterise the impact of both compounds on the male reproductive system.
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