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Abstract
Background and Aim: Gossypol, a cotton seed derivative, is well known for its reversible antifertility in male reproduction 
across species. Its antifertility and reversibility effects on male reproductive function vary among species in dose-and 
time-dependent manners. In this study, the antifertility potential of gossypol in pigeons was evaluated for the first time to 
determine whether it might be used as a dietary supplement for pigeon population control.

Materials and Methods: Male pigeons were assigned into three experimental groups: The gossypol-treated group (n = 12), 
the sham control group (n = 6), and the negative control group (n = 6). There were two experimental periods: A gossypol-
feeding period of 28 days and a gossypol-free period of 28 days. During the gossypol-feeding period, birds in the gossypol-
treated group were fed 4 mg of gossypol extract per day. Birds in the sham control group were fed 0.5 mL of mixed ethanol 
and sunflower oil, while those in the negative control group were fed 0.5 mL of phosphate buffer saline. After the gossypol-
feeding phase was completed, all remaining pigeons in all groups continued to receive their regular diet for an additional 
28 days (gossypol-free phase). The body weight and semen quality of the birds in the experimental groups were compared 
to evaluate gossypol’s antifertility effect.

Results: In the gossypol-treated group as compared to the control groups, the percentages of sperm motility and viability 
were significantly lower at 21 days, and the percentage of normal sperm morphology was significantly lower at 28 days 
during the gossypol-feeding period. After gossypol withdrawal, these antifertility effects were resumed and reached a 
comparable semen quality to the control groups within 14 days.

Conclusion: Gossypol supplementation (4 mg/day for 28 days) could lower male pigeons’ reproductive performance in 
terms of sperm motility, viability, and sperm morphology. Such infertility was, however, reversible within 14 days after 
gossypol withdrawal without any side effects on the pigeons, suggesting its application as a safe contraceptive feeding for 
male pigeons.
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Introduction

In traditional Chinese medicine, gossypol, a natu-
ral polyphenolic compound derived from cotton seeds, 
is recognized as one of many testicular toxicants [1–3]. 
Besides the infertile effect on male reproduction, other 
effects such as anti-parasite, anti-inflammatory, and 
anti-tumor properties are also reported [4–8]. Based 
on several previous studies, the toxic effects of gos-
sypol on male reproductive performance have varied 
among species [9], such as enhancing sperm abnor-
malities in bulls [10], reducing sperm count and motil-
ity in rats [11], and increasing spermatocyte degen-
eration in hamsters [12]. Such toxicities also show 
dose-dependent, time-dependent, and even reversible 

characteristics [10, 13, 14]. Studies in avian species 
also supported the unique reversible characteristics 
of gossypol toxicity in a species-specific manner. For 
example, domestic cocks fed with an effective dose of 
gossypol at 40 mg/kg body weight (BW) per day for 
18 days had a full recovery of semen quality within 
4 weeks after cessation of gossypol treatment [15]. In 
Japanese quail, the supplement gossypol at a dose of 
25 mg/kg BW per day for 12 and 24 days resulted in 
severe infertility of the birds by which their complete 
recovery could be acquired after 11 and 20  days of 
gossypol withdrawal, respectively [14]. Due to the 
species-dependent characteristics of gossypol, its 
dose-dependent and time-dependent effects require 
separate investigation whenever applied to a novel 
bird species.

Feral pigeons (Columba livia domestica) are 
common pests worldwide, especially in almost every 
large city [16]. The overpopulated pigeons are causes 
of several consequential problems such as stress, 
parasites, and diseases relating to the poor living 
condition of humans [17, 18]. Moreover, pigeon 
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droppings also cause a huge economic impact due 
to their infrastructure deterioration [19]. By means 
of this, a variety of efforts were enforced with the 
major aim of controlling and reducing the pigeon 
population, including trapping, poisoning, ultrasonic 
repelling, and culling. However, these procedures 
raise contentious questions about animal welfare and 
the unpredictable effects on non-target species [20]. 
Even though the non-invasive hormonal treatment 
for pigeon population control was previously sug-
gested, the stabilization of the program was still not 
practical and had become the major limitation of the 
method [21]. Therefore, a better strategy for pigeon 
population control is required. From this, fertility 
control by reducing the birth rate is thus a suitable 
method for pigeon population control in terms of 
morality and social acceptance [22].

This study aimed to evaluate the non-invasive 
infertile effect of gossypol on male pigeons’ repro-
duction. For the first time, this study reported the anti-
fertility effect and reversibility of gossypol on male 
pigeons. With the determined dose and timing of gos-
sypol treatment utilized, the results acquired from this 
study would provide fundamental data for the gossy-
pol-based contraceptive drug for pigeons’ population 
control in the future.
Materials and Methods
Ethical approval

Experimental procedures were approved 
by the Rajamangala University of Technology 
Tawan-OK Animal Ethics Committee (RMUTTO-
ACUC-2-2019-003), and care was taken to minimize 
the number of animals used.
 Study period and location

The study was conducted from August to 
September 2019 at the Faculty of Veterinary Medicine, 
Rajamangala University of Technology Tawan-OK in 
Chonburi province, Eastern part of Thailand.
Experimental design

A total of 24 fertile male racing pigeons, aged 
between 1 and 2  years, were used in this study. All 
birds were Belgian-bred and contributed by the rac-
ing pigeon international association (Thailand). They 
were kept individually in metal cages and placed in 
the open house in their natural environment. They 
were fed 60 g of commercial bird feed once a day and 
had access to water available ad libitum. In this study, 
they were randomly divided into three experimental 
groups: A  gossypol-treated group (n = 12), a sham 
control group (n = 6), and a negative control group 
(n = 6). The gossypol-treated group was additionally 
fed with 0.5 mL of gossypol extract (Sigma-Aldrich, 
St. Louis, USA) dissolved in ethanol (Merck KGaA, 
Darmstadt, Germany), then diluted in sunflower oil to 
give a gossypol concentration of 4  mg/0.5 mL. The 
birds of the sham control group were fed 0.5 mL of 
10% ethanol diluted in 0.45 mL of sunflower oil. For 

the negative control group, the birds were fed with 
0.5 mL of phosphate buffer saline.

This study consisted of two experimental periods; 
the gossypol-feeding period (28 days) and the gossy-
pol-free period (28 days). The gossypol-feeding period 
aimed to determine the effect of gossypol on spermato-
genesis and reproductive performance in male pigeons. 
Their BW and semen quality were evaluated at day 0 
(the day before the gossypol treatment), 21, and 28 of 
the gossypol-feeding period, respectively. On day 29, 
the three candidate pigeons from each group were 
sacrificed for testicular and blood sample collection 
(Figure-1). Testicular histopathology among the exper-
imental groups was examined to evaluate the effect of 
gossypol on germ cell development. Hematology and 
serum biochemistry among the experimental groups 
were assessed to determine the toxicity of gossypol.

The gossypol-free period started after finish-
ing the first one to determine the reversible effect of 
gossypol on the reproductive performance of male 
pigeons. During this period, the remaining pigeons 
in each group – gossypol-treated group (n = 9), sham 
control group (n = 3), and negative control group (n = 
3) were maintained on only a normal diet for 28 days 
without any supplement. The BW and semen qual-
ity of the birds were evaluated on day 0 (the last day 
of gossypol treatment), 14, 21, and 28 of the gossy-
pol-free period, respectively (Figure-1).
Body weight, semen collection, and semen evaluation

The BW and semen quality of each pigeon were 
evaluated before feeding time in the morning on the 
days as described in the experiment design. The semen 
was collected by lumbosacral massaging and gentle 
squeezing at the base of the cloaca, performed by 
the same collector. The obtained semen was 25-fold 
diluted in Lactated ringer’s solution (General Hospital 
Products Public Co. Ltd., Thailand) before being 
promptly assessed for quality [23]. The macroscopic 
evaluations included semen volume, pH, and color 
determination. The microscopic evaluations included 
total sperm motility, progressive sperm motility, sperm 
viability, sperm concentration, total sperm count, and 
sperm morphological analysis.

Figure-1: Diagram of experimental design. DPF=Days post-
gossypol feeding, DPW=Days post-gossypol withdrawal.
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A calibrated displacement pipette was used to 
measure the volume of the ejaculates, and pH indi-
cator strips (Riedel-De-Haёn AG, Victoria, Australia) 
were used to assess the pH. For standardization, each 
of the evaluation techniques was performed by the 
same evaluator. The percentage of total motile sperm 
and progressive motility were evaluated under the 
light microscope at 100× magnification for at least 10 
fields. Progressive motility of the sperm was graded 
on a 5-point scale (where 0 indicates no motility, 1 
indicates non-progressive motility, 2 indicates slow 
progressive motility, 3 indicates side-to-side move-
ment accompanied by slow progressive motility, 4 
indicates faster progressive motility, and 5 indicates 
very fast progressive motility) [24].

Semen samples stained with eosin-nigrosin dye 
(Pornchai Intertrade Co. Ltd., Thailand) were assessed 
for sperm viability and morphology. Based on 200 
sperm counts, the percentages of living (eosin-im-
permeable) and dead (eosin-permeable) sperm in a 
sample were calculated. For morphology evaluation, 
300 sperm counts acquired from each sample were 
assessed for normal, amorphous head, bent head, 
macrocephalic head, acrosomal defect, loosed head, 
abnormal midpiece, proximal droplet, coiled tail, bent 
tail, distal droplet, loosed tail, and double tail sperm 
under a light microscope (Nikon, Japan) at 1000× 
magnification.

Sperm concentration was assessed by dilut-
ing 10 µL of sperm suspension in 990 µL of formal 
saline (100-fold dilution). The diluted sperm suspen-
sion was transferred to a counting chamber (Boeco, 
Hamburg, Germany) and the sperm concentration 
was then evaluated under a light microscope at 400× 
magnification.
Hematology, biochemistry, and histopathology

A total of approximately 1 mL of blood sample 
from either wing vein or cephalic vein were collected 
into both ethylenediamine tetraacetic acid (EDTA)-
containing tubes and plain tubes. Blood samples 
collected in an EDTA-containing tube (Becton, 
Dickinson and Company, Plymouth, UK) were used 
for complete blood count evaluation. For biochem-
ical analysis, serum obtained from blood samples 
collected in a simple tube was employed. Serum bio-
chemistry included alanine aminotransferase, aspar-
tate aminotransferase, alkaline phosphatase, bile 
acid, blood urea nitrogen, gamma-glutamyl transfer-
ase, lactate dehydrogenase, total protein, triiodothy-
ronine, testosterone, and uric acid. For evaluation of 
testes’ histopathology, the collected testes were fixed 
in 10% buffered formalin, embedded in paraffin, sec-
tioned at 4 µm, and then stained with hematoxylin 
and eosin. Under a light microscope (Carl Zeiss Co. 
Ltd., Germany) at 40×, 100× and 400× magnifica-
tion, the histopathological characteristics of testes 
and seminiferous tubules were compared among the 
experimental groups.

Statistical analysis
All experimental groups’ data had a normal dis-

tribution with approximately equal variance. One-way 
analysis of variance with Tukey’s test for post hoc 
analysis was used for comparison among the experi-
mental groups. Statistical significance was defined as 
p < 0.05.
Results
The effect of gossypol on spermatogenesis and 
reproductive performance in pigeons during the gos-
sypol-feeding period

There were no significant differences in BW, 
semen volume, semen pH, semen concentration 
acquired among birds in all experimental groups 
during the gossypol-feeding period (Table-1). 
However, male pigeons in the gossypol-treated group 
demonstrated decreased sperm motility and viabil-
ity on day 21 compared to day 0 of treatment. Such 
decreases were also significantly lower when com-
pared to those acquired from all other control groups. 
In addition, the percentage of normal sperm mor-
phology in the gossypol-treated group also decreased 
on day 28 of treatment when compared to those of 
other control groups (Table-1), in which a loose tail 
or sperm without a tail was the major sperm defect 
(Table-2).

The hematology and serum biochemistry 
in every experimental group was in the normal 
range [25, 26] (Supplementary data). The his-
topathological findings of the testes in pigeons 
exposed to gossypol 4 mg/day for 28 days revealed 
extensive germ cell depletion containing multinucle-
ated spermatogenic giant cells by which the deleted 
number of germ cell layers, degeneration of primary 
germ cells, and exfoliated cells with no sperm in the 
lumen were observed compared to the control group 
(Figures-2 and 3).
The reversible effect of gossypol on reproductive 
performance in pigeons during the gossypol-free 
period

There were no significant differences in BW, 
semen volume, semen pH, and sperm concentration 
acquired among birds in all experimental groups 
during the 28-day gossypol-free period (Table-3). The 
percentages of sperm motility, viability, and normal 
sperm morphology of birds in the gossypol-treated 
group gradually recovered and were statistically com-
parable to sham and negative control groups on day 14 
after withdrawal (p < 0.05) (Table-3).
Discussion

The contraceptive properties of gossypol 
in both males and females [27] were previously 
studied in several species, including rats [11], 
rabbits [28], mice [29], hamsters [30], pigs [31], 
bulls [32], men [33], and domestic cock [15]. The 
onset of infertility after the treatment was dose-and 
time-dependent and specific to the treated animal 
species [34]. It was, therefore, crucial to determine 
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Table-1: Body weight and semen quality of male pigeons were compared among gossypol‑treated (n = 12), 
sham‑control (n=6), and negative‑control (n=6) groups at day 0, 21, and 28 of treatment.

Parameter Gossypol‑treated group (n = 12) Sham‑control group (n = 6) Negative‑control group (n = 6)

Body weight (g)
Day 0 435.3 ± 5.20a,A 441.0 ± 13.55a,A 454.4 ± 7.05a,A

Day 21 424.7 ± 11.50a,A 452.9 ± 13.69a,A 453.1 ± 8.60a,A

Day 28 423.1 ± 12.86a,A 439.7 ± 7.15a,A 444.7 ± 8.56a,A

Semen volume (µL)
Day 0 12.08 ± 1.56a,A 12.50 ± 1.71a,A 13.33 ± 2.11a,A

Day 21 8.83 ± 1.03a,A 10.50 ± 2.55a,A 10.83 ± 2.01a,A

Day 28 10.00 ± 0.87a,A 13.33 ± 2.79a,A 11.67 ± 2.11a,A

Semen pH
Day 0 7.50 ± 0.11a,A 7.60 ± 0.05a,A 7.50 ± 0.04a,A

Day 21 7.62 ± 0.06a,A 7.47 ± 0.04a,A 7.50 ± 0.04a,A

Day 28 7.35 ± 0.09a,A 7.43 ± 0.11a,A 7.53 ± 0.07a,A

Total motility (%)
Day 0 83.33 ± 2.45a,A 82.50 ± 4.43a,A 87.50 ± 4.43a,A

Day 21 34.17 ± 9.81b,B 80.00 ± 5.16a,A 85.00 ± 4.28a,A

Day 28 30.00 ± 9.94b,B 77.50 ± 6.80a,A 85.83 ± 2.71a,A

Progressive motility (score 0–5)
Day 0 4.75 ± 0.13a,A 4.50 ± 0.22a,A 4.83 ± 0.17a,A

Day 21 2.50 ± 0.50b,B 4.33 ± 0.33a,A 4.50 ± 0.34a,A

Day 28 2.27 ± 0.52b,B 4.58 ± 0.27a,A 4.83 ± 0.17a,A

Viability (%)
Day 0 86.38 ± 1.43a,A 85.17 ± 1.73a,A 83.00 ± 3.34a,A

Day 21 66.42 ± 2.92b,B 86.08 ± 2.26a,A 88.00 ± 2.13a,A

Day 28 67.24 ± 3.01b,B 83.92 ± 4.63a,A 86.42 ± 3.32a,A

Sperm concentration (×109 spz/mL)
Day 0 4.12 ± 0.49a,A 4.26 ± 0.74a,A 4.47 ± 0.30a,A

Day 21 3.24 ± 0.72a,A 3.07 ± 0.28a,A 3.29 ± 0.36a,A

Day 28 4.11 ± 0.55a,A 4.17 ± 0.76a,A 4.01 ± 0.53a,A

Normal morphology of sperm (%)
Day 0 92.72 ± 1.17a,A 92.38 ± 1.55a,A 91.78 ± 1.27a,A

Day 21 67.56 ± 6.74b,A 86.82 ± 1.36a,A 87.96 ± 0.87a,A

Day 28 40.08 ± 6.84c,B 85.91 ± 2.26a,A 88.04 ± 1.39a,A

Abnormal morphology of sperm (%)
Day 0 7.87 ± 1.12a,A 7.63 ± 1.55a,A 8.22 ± 1.27a,A

Day 21 32.44 ± 6.74b,A 13.18 ± 1.36a,A 12.04 ± 0.87a,A

Day 28 59.92 ± 6.24c,B 14.09 ± 2.26a,A 11.97 ± 1.39a,A

Data were expressed as mean ± SE, Values within the same column followed by the different small letter superscripts 
and within the same row followed by the different capital letter superscripts were significantly different (p < 0.05). 
SE=Standard error

Table-2: Percentages of sperm abnormalities of male 
pigeons in the gossypol‑treated group for 28 days during 
the gossypol‑feeding period.

Abnormalities Day 0 Day 21 Day 28

Amorphous head 0.22 ± 0.06 6.89 ± 1.42 9.61 ± 4.49
Bent head 1.42 ± 0.28 5.00 ± 2.23 5.11 ± 1.21
Macrocephalic 
head

0.41 ± 0.11 1.06 ± 0.33 0.98 ± 0.37

Acrosomal defect 0.36 ± 0.11 1.74 ± 0.48 1.35 ± 1.07
Loose head (only 
tail present)

1.69 ± 0.49 3.54 ± 1.08 1.68 ± 0.89

Abnormal 
midpiece

0.14 ± 0.09 0.28 ± 0.10 3.51 ± 2.57

Proximal droplet 0.05 ± 0.05 0.43 ± 0.20 0.03 ± 0.03
Coiled tail 0.00 ± 0.00 9.00 ± 3.16 9.99 ± 4.04
Bent tail 0.17 ± 0.10 1.02 ± 0.31 5.95 ± 2.96
Distal droplet 0.00 ± 0.00 0.42 ± 0.22 0.00 ± 0.00
Double tail 0.00 ± 0.00 0.03 ± 0.03 0.00 ± 0.00
Loose tail (only 
head present)

0.11 ± 0.06 3.06 ± 1.40 21.70 ± 6.64*

Data were expressed as mean ± SE, *Significantly 
different from the other groups within the same row  
(p < 0.05). SE=Standard error

the non-invasive dose effect of gossypol whenever 
applied to a new species of interest. As far as we 

knew, this was the first time that the antifertility 
effect of gossypol was reported in male pigeons. 
According to our results, male pigeons fed with 
gossypol at 4 mg/day for 28 days developed revers-
ible infertility characterized by decreased sperm 
motility, decreased viability, and impaired sperm 
morphology.

Recently, the mechanisms of gossypol’s 
adverse effects on testicular function have been 
clarified [29]. In mouse testicular cells, gossypol 
induced a mitochondrial membrane potential (MMP) 
imbalance and cytosolic Ca2+ dysregulation [29]. 
Since sperm motility depended on proper levels of 
adenosine triphosphate [35] and reactive oxygen 
species [36] created by electron transport sustained 
by the inner mitochondrial layer, MMP was crucial 
for sperm motility. The gossypol’s effect on mito-
chondrial dysfunction and oxidative stress induction 
has additionally been recently discovered in female 
mice [37] and humans [38]. This evidence suggested 
gossypol-induced MMP impairment as the possible 
cause of the lower pigeon’s sperm motility and via-
bility observed in this study.
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Gossypol also impaired mouse testicular devel-
opment through mitogen-activated protein kinase 
pathway inactivation [29]. Mitogen-activated pro-
tein kinase pathway was crucial signaling during 
spermatogenesis integrating its role in cell prolifer-
ation, differentiation, apoptosis, and cellular stress 
response [39, 40]. Gossypol also interferes with the 
expression of several genes associated with testic-
ular development, such as cell proliferation, sper-
matogenesis, and maturation of germ cells [29]. In 
bulls treated with gossypol, aberrant sperm mid-
pieces and detached sperm heads due to abnormal 
spermatogenesis were evidenced [41]. Accordingly, 
histopathological findings of gossypol-fed pigeons 
in this study also showed disrupted spermatogene-
sis by extensive germ cell depletion. Besides that, 
increased loose-tail sperm on day 28 after gossypol 
treatment was also presented by which segmen-
tal aplasia of the mitochondrial sheath caused by 
gossypol at the late stage of spermatogenesis was 
assumed [27].

Gossypol not only interferes with spermato-
genesis but also steroidogenesis. Luteinizing 
hormone (LH) is a well-recognized hormone 
essential for testosterone production and spermato-
genesis by acting on the LH receptor in Leydig 
cells. According to a previous report, gossypol could 

lower steroidogenesis-associated genes and hor-
mone receptors expressed in mouse testis [29]. It 
mainly inhibited LH-stimulated steroidogenesis in 
mouse testicular cells, leading to misregulation of 
steroidogenesis and testicular development. While 
our histopathological findings and sperm evaluation 
results also suggested disrupted spermatogenesis in 
gossypol-fed pigeons, there was no difference in tes-
tosterone levels among the experimental groups. Due 
to these circumstances, we suspected the direct effect 
of gossypol crossing the blood-testis barrier as the 
cause of disrupted spermatogenesis in gossypol-fed 
pigeons [42, 43].

The toxicity and reversible antifertility effects 
of gossypol are well-recognized [13]. While vari-
ous tissues and cell types could be damaged by the 
uptake of gossypol, such toxicity usually affects 
the testicular germ cells before the somatic cells 
of other organs such as the liver, heart, and kidney. 
Consistent with this study, damage to the germinal 
epithelium was observed without a significant toxic 
effect of gossypol on kidney and liver function in 
gossypol-fed birds. The recovered pigeons’ semen 
quality at 14  days after gossypol withdrawal also 
suggested the limited side effects of gossypol dose 
utilized in this study.

Figure-2: Histopathological findings of the testes of 
male pigeons in gossypol-treated group after 28 days of 
treatment. Hematoxylin and eosin staining. (a) bar = 50 µm 
and (b) bar = 20 µm, ST=Loosening of germinal epithelium in 
seminiferous tubule, ExC=Exfoliated cells, IS=Inspissated 
sperm clot, GC=Giant cell.

a

b
Figure-3: Histopathological findings of the testes of 
male pigeons in negative control group at 28  days of 
gossypol-feeding period. Hematoxylin and eosin staining. 
(a) bar = 100  µm and (b) bar = 20  µm, L=Lumen, 
ST=Seminiferous tubule, SG=Spermatogonium, 
PS=Primary spermatocyte, SS=Secondary spermatocyte, 
S=Spermatozoan.

a

b
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Table-3: Body weight and semen quality of male pigeons were compared among gossypol‑treated (n = 9), sham‑control 
(n = 3), and negative‑control (n = 3) groups at day 0, 14, 21, and 28 after the treatment withdrawal.

Parameter Gossypol‑treated group (n = 9) Sham‑control group (n = 3) Negative‑control group (n = 3)

Body weight (g)
Day 0 423.1 ± 12.86a,A 439.7 ± 7.15a,A 444.7 ± 8.56a,A

Day 14 436.4 ± 10.97a,A 445.5 ± 7.56a,A 444.1 ± 8.93a,A

Day 21 442.0 ± 9.65a,A 464.4 ± 10.0a,A 452.5 ± 2.13a,A

Day 28 447.0 ± 13.34a,A 483.3 ± 12.62a,A 465.3 ± 1.70a,A

Semen volume (µL)
Day 0 10.00 ± 0.87a,A 13.33 ± 2.79a,A 11.67 ± 2.11a,A

Day 14 10.00 ± 1.44a,A 16.67 ± 3.33a,A 13.33 ± 3.33a,A

Day 21 11.11 ± 2.65a,A 16.67 ± 1.67a,A 10.00 ± 2.89a,A

Day 28 8.33 ± 1.82a,A 11.67 ± 4.41a,A 10.00 ± 2.89a,A

Semen pH
Day 0 7.35 ± 0.09a,A 7.43 ± 0.11a,A 7.53 ± 0.07a,A

Day 14 7.38 ± 0.06a,A 7.47 ± 0.07a,A 7.50 ± 0.06a,A

Day 21 7.36 ± 0.08a,A 7.40 ± 0.12a,A 7.33 ± 0.07a,A

Day 28 7.33 ± 0.12a,A 7.20 ± 0.40a,A 7.47 ± 0.07a,A

Total motility (%)
Day 0 30.00 ± 9.94b,B 77.50 ± 6.80a,A 85.83 ± 2.71a,A

Day 14 28.89 ± 12.21b,A 78.33 ± 10.14a,A 82.50 ± 1.44a,A

Day 21 58.33 ± 12.58ab,A 85.00 ± 5.00a,A 87.50 ± 4.33a,A 
Day 28 87.78 ± 3.92a,A 85.00 ± 2.89a,A 80.00 ± 2.89a,A

Progressive motility (score 0–5)
Day 0 2.27 ± 0.52b,B 4.58 ± 0.27a,A 4.83 ± 0.17a,A

Day 14 2.11 ± 0.61b,A 3.67 ± 0.67a,A 4.00 ± 0.58a,A

Day 21 3.44 ± 0.56ab,A 5.00 ± 0.00a,A 5.00 ± 0.00a,A

Day 28 4.83 ± 0.15a,A 5.00 ± 0.00a,A 4.67 ± 0.33a,A

Viability (%)
Day 0 67.24 ± 3.01b,B 83.92 ± 4.63a,A 86.42 ± 3.32a,A

Day 14 82.33 ± 2.35a,A 92.17 ± 1.59a,A 91.33 ± 1.33a,A

Day 21 76.89 ± 2.10a,A 87.00 ± 2.29a,A 85.33 ± 3.32a,A

Day 28 83.56 ± 1.88a,A 91.00 ± 2.47a,A 85.17 ± 5.93a,A

Sperm concentration (×109 spz/mL)
Day 0 4.11 ± 0.55a,A 4.17 ± 0.76a,A 4.01 ± 0.53a,A

Day 14 3.40 ± 0.58a,A 3.60 ± 0.88a,A 5.47 ± 0.85a,A

Day 21 3.59 ± 0.76a,A 4.81 ± 1.36a,A 4.19 ± 0.87a,A

Day 28 4.28 ± 0.69a,A 4.31 ± 1.43a,A 5.40 ± 0.05a,A

Normal morphology of sperm (%)
Day 0 40.08 ± 6.84b,B 85.91 ± 2.26a,A 88.04 ± 1.39a,A

Day 14 86.52 ± 0.99a,A 90.87 ± 2.91a,A 84.56 ± 1.56a,A

Day 21 73.52 ± 8.54a,A 80.67 ± 0.88a,A 82.11 ± 1.50a,A

Day 28 80.21 ± 3.34a,A 81.64 ± 3.25a,A 86.51 ± 0.10a,A

Abnormal morphology of sperm (%)
Day 0 59.92 ± 6.24b,B 14.09 ± 2.26a,A 11.97 ± 1.39a,A

Day 14 13.48 ± 0.99a,A 9.13 ± 2.91a,A 15.44 ± 1.56a,A

Day 21 26.48 ± 8.54a,A 19.33 ± 0.88a,A 17.89 ± 1.50a,A

Day 28 19.79 ± 3.34a,A 18.36 ± 3.25a,A 13.49 ± 0.10a,A

Data were expressed as mean ± SE, values within the same column followed by the different small letter superscripts 
and within the same row followed by the different capital letter superscripts were significantly different (p < 0.05). 
SE=Standard error

Conclusion

The reversible antifertility effect of gossypol 
at a dose of 4 mg/day on male pigeons was demon-
strated for the first time in this study. This supported 
the promising contraceptive efficiency of gossypol for 
pigeon population control in terms of animal welfare 
and safety. With the knowledge acquired from this 
study, we encourage further development of gossypol 
products, such as feeding pellets, for practical applica-
tion in the future.
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