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ABSTRACT

Information about reproductive activity stimulated by light-dark cycle and administered
melatonin to manipulate reproduction in guinea fowls (Numida meleagris) is very
limited. This study was aimed at exploring the effect of photomanipulation and
melatonin (Mel) administered on testis of adult guinea fowls using histometric
approach. Sixty adult male guinea fowls aged between 10-12 months were randomly
allocated into six (6) groups (n = 10) based on the duration of the artificial light-dark
(L:D) cycle and melatonin (1 mg/kg). These groups were short-day length with
additional 1 mg/kg of melatonin (SDmel; [8L:16D]), short-day length only (SDmel),
control with additional 1 mg/kg melatonin (CTLmel; [12L:12D]), control only (CTL),
long-day length with additional 1 mg/kg melatonin (LDmel; [16L:8D]), and long-day
length (LD). The experiment lasted for 8 weeks. Thereafter, the birds were euthanized,
and their left testes were immediately removed and fixed in 10 % buffered formalin for
hematoxylin and eosin stain processing. Histometric values such as seminiferous
epithelial height (SEH), seminiferous luminal diameter (SLD), and seminiferous tubular
diameter (STD) were determined using Motic Image Plus version 2.0. There was a
significant interaction (p < 0.05) between L:D cycle and melatonin in SEH, SLD, and
STD. The values increased in the LD groups. There was a significant difference (p <
0.05) when comparing melatonin and the L:D cycle in the SLD and STD. However,
there was no significant difference (p < 0.05) in SEH. Across the six groups, there was
a significant difference (p < 0.05) in SEH, SLD, and STD. However, the lowest value
for STD was in the LD group. In conclusion, increased SEH and SLD with reduced
STD in the LD is a structurally remodelled spermatogenesis that constantly depend on
photoperiod-driven adaptive response rather than uniform tubular growth.
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Introduction

The reproductive performance of the guinea fowls is
strongly influenced by different environmental factors
such as rainfall, temperature, and photoperiod (Hughes,
1986; Okyere et al., 2020; Gosomji et al., 2024). Among
these factors, the most reliable predictor in the
stimulation of reproductive activity in guinea fowls is the
photoperiod, because it initiates reproductive
performance in birds and possibly anticipates

environmental changes (Dawson et al., 2001; Hau et al.,
2004; Bradshaw and Holzapfel, 2007; Dixit and Singh,
2012; Oke et al., 2015; Baso et al., 2022).

The duration of scotophase or photophase influences the
development of testicular size (Banerjee and Chaturvedi,
2017). Short photoperiod decreases testicular size in the
house sparrow (Anushi, 2006), pigeon (Yan et al., 2026),
tree sparrow (Dixit and Singh, 2011), rose-ringed
parakeet (Maitra and Dey, 1992), and quail (Juss, 1993).
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Further histological study revealed varied sizes of
germinal epithelial height, seminiferous luminal
diameter, and tubular diameter. These transitional
changes of the testis due to season could be attributed
to the amount of endogenous melatonin in circulation
(Munley et al., 2020; Akar et al., 2024).

The role of melatonin as an antioxidant and
antiapoptotic agent cannot be overemphasized (Fischer
et al., 2013; Bejarano et al., 2015; Salehi et al., 2019).
Its concentration and circulation in the body system is
dependent on the duration of exposure to the light-dark
cycle (Bhattacharya et al., 2019). In addition, it
provides photoperiodic  signals that stimulate
spermatogenesis by binding to specific receptors in the
testis (Rossi et al., 2014; Gonzalez-Arto et al., 2016).
Reduced sperm concentration, motility, and abnormal
sperm morphology are related to low melatonin levels
(Yie et al., 1991; Awad et al., 2006).

Previous investigations revealed that the interaction of
the light-dark cycle with administered melatonin
influences testicular morphophysiology of the guinea
fowl. However, information on the interaction of the
light-dark cycle and administered melatonin in the
testicular histomorphometry of the guinea fowl is
limited. Therefore, this study aimed to explore the
interaction of the light-dark cycle and exogenous
melatonin in the testicular histomorphometry of the
male guinea fowl.

Materials and Methods

Animal Husbandry and Management

This study was conducted at the Department of
Veterinary Anatomy facility (11°4'N, 7°42'E), Ahmadu
Bello University, Zaria, Nigeria. Adult male (~ 1 year)
guinea fowl (Numida meleagris), weighing 1.0-1.2 kg
were utilised for this study. Before the commencement
of the experiment, the male guinea fowls were selected
using the position of the wattle as described by Umosen
et al. (2008). The selected birds were managed in an
intensive deep-litter system where feed (Vital Feed®,
Grand Cereals, Jos, Nigeria) and drinking water were
provided ad libitum.

The use of animals for this study was carried out in strict
adherence to the Institutional Animal Use Ethical
Committee of Ahmadu Bello University, Zaria
(Approved number: ABUCAUC/2021/056).

Experimental Design
Sixty (60) apparently healthy adult male guinea fowls
(Numida meleagris) were randomly allocated into six
(6) groups (n = 10), as described by Gosomji et al.
(2024; 2025), namely;

» Group I: Short day length and 1 mg/kg
melatonin (SDmel; eight hours of light and
sixteen hours of darkness [8L:16D]).

»  Group II: Short day length (SD) only
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» Group III: Control and 1 mg/kg melatonin
(CTLmel; twelve hours of light and 12 hours
of darkness [12L:12D)

»  Group IV: Control and melatonin (CTL)

» Group V: Long day length and 1 mg/kg
(LDmel; sixteen hours of light and eight hours
of darkness [6L:8D]).

» Group VI: Long day length (LD) only

There was a daily administration of melatonin (1
mg/kg) via the intramuscular route in three (3) of the
groups before the end of the light-dark cycle (Baso et
al.,2022; Gosomji et al., 2024; 2025). The experiment
was conducted in a pen that was demarcated for each
group with dimensions of 200 x 110 x 100 cm. Artificial
light was provided using white LED lights (12 W) to
give an intensity of 350 lux to each group. The pen was
maintained at a temperature of 27+2 °C using a black,
tight chamber for 8 weeks of the experiment.

Sample Collection

At the end of the 8" week of the experiment, the birds
were euthanized using a combined anaesthesia (35
mg/kg of ketamine and 5 mg/kg of xylazine) via the
intramuscular route (Flecknell, 2015). Afterward, their
thoraco-abdominal cavities were cut open using a
scalpel blade to expose the testes and epididymides. The
testes were carefully separated from the adjoining
structures, which were then removed for subsequent
study.

Tissue Processing

The testicular tissue processing was performed using a
modified method by Bancroft and Gamble (2008),
where the removed testes in each group were
immediately fixed in 10% buffered formalin solution
for 48 hrs. The fixed tissues were dehydrated using
graded ethanol from 70% to 100 % overnight. The
residue of ethanol was removed using xylene before
embedding with paraffin wax (Kiernan, 2015). The
embedded tissues were sectioned to 5 pm using a Leica
RM2125 RT Rotatory Microtome (Leica Biosystems
ussloch GmbH, Nussloch, Germany). Thereafter, the
sections were stained with Hematoxylin and Eosin (H
and E), The stained sections were individually
examined to determine the histoarchitecture of the testis
using a bright-field optical microscope (Leitz™,
GmbH, Germany) attached to a digital camera equipped
with imaging software, MII ImageView version
3.7.9229 (YSC Technologies, Fremont, CA, USA).

Histomorphometry

The measurement of the seminiferous epithelium was
conducted using a modified method outlined by
Omirinde et al. (2021). Twenty (20) round or oval
profiles of seminiferous tubules (ST) obtained from
digital photomicrograph (x 40 magnification) were
selected for the evaluation of seminiferous epithelial
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height (SEH), seminiferous luminal diameter (SLD)
and seminiferous tubular diameter (STD). The SEH was
measured from the basal lamina to the luminal edge of
the seminiferous epithelium (Figure 1A). The SLD
values were transverse measurements from one luminal
edge to the other while STD measurements were taken
from one end of the basal lamina of the seminiferous
tubules to another in the opposite direction (Figure 1B
— C). The histometric values were determined using the
software, Motic Image Plus (MI plus) version 2.0.

Data Analysis

The generated data were analysed using the JMP®
software, version 10 for Windows (2012). The
statistical significance was assessed using a 3 x 2
factorial Analysis of Variance (Two-way ANOVA).
Differences in the light-dark cycle and exogenous
melatonin groups were analysed using Tukey’s post hoc
multiple comparison test. Statistical significance was
set at p <0.05.

Results

Histology

In this study, the histological results provide detail
changes of the seminiferous tubules of the guinea fowls
exposed to different L:D cycles and exogenous
melatonin (Fig. 1A — F). In the SDmel groups, there was
a complete sloughing of the germinal epithelium
resulting in the decrease seminiferous epithelial height
and accumulation of cellular debris in the lumen of the
seminiferous tubules (Fig. 1A). Inthe SD group, there
were vacuolations of the germinal epithelium with
deposits of scanty cellular debris in the lumen of the
seminiferous tubule (Fig. 1B). However, the germinal
epithelium in CTLmel, CTL, LDmel and LD were
normal and intact with no cellular debris in the lumen
of the seminiferous tubule (Fig. 1C — F).
Histomorphometry

The hismorphometric analysis of the seminiferous
tubules revealed marked differences in testicular
histoarchitecture in the guinea fowl exposed to different
L:D cycle and administered melatonin. There was a
significant interaction (p < 0.0001) between the L:D
cycle and administered melatonin in evaluating SEH
(Table 1). The SEH was higher in LD than the CTL
while the lowest is the SD group (Table 1). The SEH
was not statistically significant (p > 0.17) in the L:D
cycle only and melatonin only groups. Although the
histometric values were slightly higher in the L:D cycle
than in the melatonin group (Table 1). There was a
significant difference (p < 0.0001) in SEH exposed to
L:D cycles and administered melatonin. A significant
increase was observed in the LDmel than the CTL while
LD was slightly lower. In contrast, there was a
significant decrease of the SEH in SDmel and SD than
the control (Figure 2A).

There was a significant interaction (p < 0.0001)
between L:D cycles and administered melatonin in
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estimating SLD. In comparison with the control, there
was a significant increase of SLD in the SD and LD
groups. SLD was statistically significant (p < 0.0001)
between the L:D cycle and melatonin groups. The SLD
was higher in the melatonin group than the L:D groups.
Across the L:D cycles and administered melatonin
groups, there was a significant difference (p < 0.0001)
in the SLD (Figure 2B). The significant increase was
observed in the LDmel, SDmel, and LD groups
compared with the control. However, the least SLD
was the SD, lower than the control (Figure 2B).

There was a significant interaction (p < 0.001) between
L:D cycles and administered melatonin in determining
the STD values. The STD significantly increased in LD
and SD compared with the CTL (Figure 2C). There was
a significant difference (p < 0.03) between the
melatonin only and L:D cycle only in the STD. The
STD was higher in melatonin groups than in the L:D
cycle groups. Across the six groups, there was a
significant difference (p < 0.002) in STD. It was
observed significant increase in all the groups in
comparison with the CTL (Figure 2C).

Table 1: Influence of light-dark cycles and administered
melatonin in the seminiferous tubule of adult male
helmeted guinea fowl (Numida meleagris)

Factor SEH SLD STD
(um) (um) (um)

L:D

Interaction

with Mel

8L:16D 5.35° 85.74° 191.182

12L:12D 49.69* 81.50° 178.64°

16L:8D 51.072 100.86*  190.932

SEM 0.81 2.16 2.68

p value 0.0001* 0.0001*  0.001*

L:D cycle &

Mel

Melanin only  34.74 97.442 190.48*

L:D only 36.01 81.32° 183.80°

SEM 0.65 1.73 2.18

p value 0.17" 0.0001*  0.03*

L:D — Light-Dark cycle, Mel — Melatonin, SEH -
Epithelial height, SLD - Luminal diameter, STD -
Tubular diameter, SEM — Standard Error of Mean,
Columns with alphabet superscript (a and b) are
statistically significant
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Figure 1: Photomicrograph demonstrating the
measurement of histomphometric values of the
seminiferous tubules of guinea fowls exposed to
light-dark cycle and exogenous melatonin (A)
seminiferous epithelial height (B) seminiferous
luminal diameter and (C) seminiferous tubular
diameter. H & E stain. Scale bars: (4), (B) and (C)

(Numida meleagris) seminiferous tubule exposed to
different L:D cycle and melatonin. (A) shows
degenerated seminiferous epithelium (SE) and
clumped cellular debris in the lumen (LM) of
seminiferous tubule of the guinea fowl exposed to
SDmel (short day + melatonin). (B) shows
vacuolated seminiferous epithelium with scanty
cellular debris in the lumen (LM) of seminiferous
tubule of the guinea fowl exposed to SD (short day
only). (C - F) shows normal seminiferous epithelium
(SE) with evidence of scanty to empty lumen (LM) of
the seminiferous tubule of the guinea fowls in
CTLmel (control + melatonin), CTL (control only),
LDmel (long day + melatonin) and LD (long day
only) respectively. H & E stain. Scale bars: (A — F)
1 um
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Photoperiodic regimes

®MEL  @NONMEL

Figure 3:  Charts  illustrating  testicular
histomorphometry of helmeted guinea fowls exposed
to light — dark cycles and exogenous melatonin. (A)
Seminiferous epithelial height (p < 0.05) (B)
Seminiferous luminal diameter (p < 0.05) (C)
Seminiferous tubular diameter (p < 0.05). Bars with
different alphabet superscripts (a — c¢) are
significantly different

Discussion

This study demonstrates that artificial light regimes
and melatonin significantly influence testicular
histomorphometry and could modulates the
reproductive activities of the guinea fowl (Gosomji
et al., 2025). The densely or increased germinal
epithelium as observed in the LD and LDmel groups
indicate increased spermatogenic activities. This is
possible because LD  photostimulates  the
hypothalamic-pituitary-gonadal axis resulting to
increase reproductive activities. Contrary to the
findings in LD, there was a decreased SEH in the SD
and SDmel groups. The drastic decrease in the SEH
was as a result of physiological involution during the
reproductive quiescent or resting phase of the
reproductive cycle (Dixit and Singh, 2014; Shil et
al.,2015; Dharani ef al., 2017; Dharani et al., 2018).
The variation of the luminal and tubular diameter
(SLD and STD) in this study reflects the volume of
sperm production (Sertoli, 2018; Islam ef al., 2021).
Increase in luminal and tubular diameters in the LD
and LDmel indicate that the guinea fowl testes are in
active reproductive phase. This corroborates the
findings in guinea fowl (Dhanari et al., 2018), quail
(Shil et al., 2015) and jungle crow (Islam ez al.,
2010). The stimulatory effects of LD results in
increased testicular size and hormonal activity
demonstrating that photoperiod is a key
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environmental regulator of male reproduction
(Gosomji et al., 2024).

The increase SEH reflects increased spermatogenic
cells and increase SLD refers to increased tubular
fluid secretion and sperm accumulation (Olawuyi et
al., 2019; Akhtar et al., 2020). However, the partial
reduction of STD in LD group indicates that the
stimulation is not accompanied by proportional
structural increase of the tubules (Caneguim et al.,
2009). Evidence shows that continuous light
exposure can reduce seminiferous tubular diameter
and alter testicular morphology alongside changes in
reproductive hormone levels (Jiang et al., 2022;
Travicic et al., 2025). The increase in STD in
addition to the LDmel could be that melatonin
ameliorates the scavenging effect of reactive oxygen
species and as such enhances the activities of
antioxidant enzymes associated with rapid growth or
high-intensity lighting (Gosoomyji et al., 2024; 2025)
In conclusion, increased SEH and SLD with reduced
STD in the long photoperiod group is a structurally
remodeled spermatogenesis that constantly depend
on photoperiod-driven adaptive response rather than
uniform tubular growth. This study therefore
confirms that long day length plays a key role in
stimulating reproductive activity in guinea fowl by
photoperiodic regulation of reproductive hormones.
Consequently, adopting appropriate and consistent
lighting management practices alongside proper
nutrition and husbandry will improve production in
poultry industry.
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