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Abstract

The age of maturity and seasonality are vital characteristics in the
production of seasonal breeders like Yangzhou ganders. Ancestors of the
current geese breeds were wild geese that adapted their breeding season,
according to the season having plenty of food and suitable weather
conditions to reproduce and raise their chicks to combat harsh
environmental conditions. The present study aimed to elucidate
histological changes in testicular histoarchitecture of Yangzhou goose
ganders. Testis samples were collected from Yangzhou ganders during
premature, transition and mature states. Testicular regression was accessed
by observing changes in the number of spermatocytes, spermatogonia,
elongated spermatids, round spermatids, width of seminiferous tubules,
epithelial height, luminal tubular diameter and Johnsen’s score. The results
depicted a positive correlation between age and number of spermatogonia,
primary spermatocytes, spermatids, and epithelial height. Thus, testicular
histoarchitecture works usually on the balance between Sertoli and other
germ cells. Further, our results conclude that breeding seasonality and age
of sexual maturity also affect spermatogenesis efficiency in Yangzhou
ganders.
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Introduction

Compared to other bird species, domestic geese are
seasonal breeders with low reproductive efficiency
[1]. In ganders, there is a significant alteration in
testicular histology among breeding and non-
breeding seasons [2]. Seasonal reproduction in
birds and mammals occurs as a result of numerous
endocrine and outer environmental interactions,
and among all of them, daily photoperiod is
unavoidable [3, 4]. The current knowledge of
variations in the seminiferous epithelium of non-
passerine birds needs attention. Compared to
mammals, there exists a gap in literature
elucidating the changes in the seminiferous
epithelium in birds. There has been a long debate
on factors affecting the normal development of
reproductive characteristics in avian species. The
age of maturity and seasonality of breeding seem to
be key factors of testes' development. Among
mammals and birds, physiological and seasonal
reproductive alterations occur as a consequence of

crosslinks between different endocrine and
environmental changes and daily photoperiod
remains centered [3, 4]. Hypothalamic

gonadotropin-releasing hormone (GnRH), i.e.,
GnlH-I, follicle-stimulating hormone (FSH) and
luteinizing hormone (LH) from anterior pituitary [5]
and gonads (testicles and ovaries) keeps endocrine
balance [6]. Receptors on Leydig cells can bind
with LH and testicular interstitial cells and support
androgen secretion (particularly testosterone) from
Leydig cells. FSH binds with Sertoli cells, which
frame a suitable  microenvironment  for
spermatogenesis [6]. GNRH is secreted from the
hypothalamus in a rhythmic pulsatile manner [7].
The pulsatile release of LH and FSH s
predominantly affected by GnRH [8]. Sertoli and
Leydig cells are two inevitable germ cells for the
normal  propagation and functioning  of
spermatogenesis. For example, Sertoli cells
sustained Leydig cell numbers and smooth muscles
of the seminiferous epithelium in mature mouse
testes [9]. Nurse cells and other germ cells
(spermatogonia, spermatocytes) are present inside
seminiferous epithelium of testes [10]. Sertoli cells
are also called nurse cells because other germ cells
are embedded inside Sertoli cells during their
developmental  stages, i.e., from single
spermatogonia to motile spermatid and gets
nourishment from Sertoli cells. In rodents, Sertoli
cells are present both in peritubular and
perivascular compartments of fetal testes and adult
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Leydig cells arise from them [11]. Seasonal
photoperiodic changes alter reproductive and
endocrine regulations of birds and concomitant
changes occur with the season and age of maturity
in the histological architecture of testes [12, 13].

Yangzhou goose (Anser domesticus) is a
genetically engineered goose breed in China [13].
The age of sexual maturity in Yangzhou goose
ganders is 227 days [13]. Its egg-laying starts in
autumn, peaks between February and March and
ends between May and June [14]. Domestic geese
are seasonal breeders with lower reproductive
efficiency [15]. A comparison of testosterone
concentration in Yangzhou ganders was published
in our previous research [16] and egg-laying rate in
Yangzhou geese was published by other
researchers [17]. In ganders, approximately after
two months, sublime efficiency in reproduction
declines gradually to poor mating activity and
semen quality [18]. Ganders’ testicular
morphometry  concomitantly  changes  with
breeding season and non-breeding seasonality.
Thus, the purpose of the current study was to check
the impact of age of sexual maturity in testicular
histological changes of Yangzhou goose ganders
with  specific changes in testes volume,
seminiferous epithelium height, diameter, round
spermatids, elongated spermatids, spermatogonia
and Sertoli cell numbers.

Materials and Methods
Ethics statement

Experimental methods were endorsed by the
College Laboratory of Animal Care and Use

Committee, Nanjing Agricultural University,
China (Approval Numbers: 31572403 and
31402075).

Experimental site and birds’ management

The experiment was performed at a poultry
breeding farm (119°58" E, 31°48' N) affiliated to
the Jiangsu Academy of Agricultural Sciences,
Changzhou, Jiangsu, China. Thermal reading
varies between 0-32°C in winter and summer
seasons. Precipitation is normal with annual
rainfall varying from 1000-1100 mm with the
highest in June-July each year. A total of 30
Yangzhou ganders was selected and tags were
attached inside the wings to differentiate them.
From the start to the end of experiment, ganders
were put at the average temperatures amidst 25-
32°C. Ganders were housed in the semi-controlled
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farm having a vulnerable approach to drinking
water and feed. The photoperiod regime was
maintained 11L:13D throughout the experiment.

Testis tissue collection

Testis tissues were collected at 181, 200 and 227
days of age because in Yangzhou ganders, there
exist differences in testes maturation and body
maturation. Sexual maturity in Yangzhou ganders is
227 days of age [13]. Initially, after 181 days of age,
ten ganders from both groups were slaughtered for
testes samples. Similarly, ten ganders from both
groups were slaughtered after 200 and 227 days of
age. Instantly after collection, samples were kept in
liquid nitrogen and stored at —80°C for further
analysis.

Microscopic analysis

A small piece of left testis tissue (0.125 cm?®) from
each bird was taken, put in 10% CH-O solution and
it was prepared for histological evaluation by
utilizing a common tissue processor (LEICA RM
2235). Then testes slices were dried in C2HsOH in
ascending dilutions, i.e., 70%, 80%, 90% and 100%,
and then accordingly washed in CgHio and fixed in
paraffin wax. Testes tissues (5 pm) were cut
horizontally, spread on glass slides, and colored
with hematoxylin and eosin (H&E). Colored testes'
slides were observed under a light microscope
(Olympus, BX63) at 10x and 40x magnification to
observe alterations in the diameter of seminiferous
tubules and germ cell numbers. Sertoli cells were
analyzed according to Hess and Franga [19], while
spermatogonium was characterized by
chromosomal changes [20, 21]. Spermatogonia,
spermatocytes  were analyzed based on
comparative size, shape and nuclear morphology.
Analysis of the different growth stages of the
seminiferous tubules was classified by observing
histological alterations in the germ cell
developmental stages and cellular associations.
seminiferous epithelium height was measured by
taking the average of two longitudinal opposed
measures EH1 and EH2. While the luminal tubular
diameter was determined by the difference between
the total diameter (TD) and the sum of both
measures of the epithelium height (EH1 + EH2).
Ten morphological sections were counted from
each treatment by Image J software [22].

Score for variations in seminiferous epithelium

Spermatogonium, spermatocytes and spermatids
development in the seminiferous tubules were
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classified by following Johnsen’s scores:

10 = seminiferous epithelium with spermatogonia,
spermatocytes and spermatids

9 = spermatozoa present with random appeared
spermatogenesis

8 = few spermatozoa

7 = no spermatozoa, but spermatids present

6 = few spermatids present

5 = only primary and secondary spermatocytes

4 = some spermatocytes

3 = spermatogonia present

2 = only Sertoli cells

1 = almost empty lumen

The mean score was analyzed by selecting 10
seminiferous tubules/birds.

Statistical analysis

Statistical analysis was observed with SPSS
(Version 20.0) and Graph Pad Prism (Version 5.0).
Measurements were shown as the mean * standard
error of the mean (SEM). Alterations among
treatments were determined with a one-way
analysis of variance (ANOVA), followed by
Turkey’s post hoc test and two-way ANOVA by
considering Bonferroni post-tests to compare the
means of the replicates, where the significance
level (p) was fixed at 0.05.

Results

Testicular development and volume

On day 181, testes were smaller in size but as
moving towards maturity, a substantial increase in
testes size and volume was observed on day 200.
While on day 227, testes were fully matured in size.
There was a marginal transition in testicular size
and volume from 200 mm? on day 181, 400 mm?
on day 200 and 600 mm?3 on 227 days of age.
Testicular development can be seen in Fig. 1 on
days 181, 200 and 227 of age.

Mature

Premature Transition

Fig. 1 Paired testes of Yangzhou ganders at premature,
transition and mature stages after 181, 200 and 227 days of
age, respectively; Scale bar =5 mm.
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Fig. 2 Histological parameters depicting (a) spermatogonia numbers; (b) spermatocytes; (c) seminiferous tubules per field;
(d) number of round spermatids; (e) number of elongated spermatids; (f) epithelium height (um); (g) diameter of
seminiferous tubules (um); (h) luminal tubular diameter and (i) testes volume (mm3). Each bar is the mean value of six
replicates. Symbol (*) indicates statistical significance difference at P < 0.05.

Number of germ cells,
seminiferous tubules and
diameter

epithelial
luminal

height,
tubular

Germ cells were counted, and mean values were
analyzed. As the testes move from premature state
to transition state, an increase in the number of
germ cells, epithelial height, seminiferous tubules
diameter and luminal tubular diameter was
determined, except number of seminiferous tubules
per field that showed a decrease compared to all
other parameters (Fig. 2). The elevated number of
germ cells are in accordance with testicular
development and volume enhancement. Fig. 3
shows histological sections of seminiferous tubules
on days 181, 200 and 227 of age at 10x and 40x

magnifications. With increase in age, there was a
concomitant ascending pattern in diameter of
seminiferous tubules.

Johnson’s score

Johnsen's score was analyzed according to above
mentioned criteria. Birds’ testes were immature on
day 181, so got low Johnsen's score. It elevated as the
bird moved from premature state of testis
development to transition state and mean score at this
stage was around 7 although there were sections of
seminiferous tubules having empty lumen as shown
in representative histological pictures at 200 days of
age. The highest Johnsen's score was determined at
227 days of age when the testes were fully developed
and in perfect state of spermatogenesis.
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Fig. 3 Histological measurement of various seminiferous tubules parameters, i.e., seminiferous tubules width, luminal
tubular diameter, epithelial heights in Yangzhou ganders after 181, 200 and 220 days of age. All measurements are in pm.
Scale bars represent 100 um at 10x and 20 pm at 40x magnifications.

Discussion

The current study is first to elaborate age-related
changes in histoarchitecture of Yangzhou ganders’
testes from the stage of prematurity to mature testes
state, including the number of spermatogonia,
spermatocytes, round and elongated spermatids,
epithelium height, seminiferous tubules and
luminal tubular diameter, testes volume and

Johnsen's score. While moving from an immature
to a mature state, testes undergo dramatical
histological changes, which could be seen in this
study [23-25]. In comparison with mammals, birds
generally have both large absolute and particularly
relative testes weights [26]. Sperm production is
strongly correlated with testicular mass [27]. Thus,
we can speculate that until the bird reaches a
mature state, there is a crosswalk between various
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Fig. 4 Histological images depicting measurement of Johnsen's score and mean Johnson’s score in testis sections of
Yangzhou ganders after 181, 200 and 227 days of age. Scale bar = 20 pm

testicular histological parameters. In the present
study, testicular volume increased from 200 mm?3
to 600 mm? from 181 to 227 days of age, i.e., from
premature state to mature state. While from
premature state to transition state, change was one-
fold, i.e., from 200 mm?2to 400 mm?3. This swift
testis atrophy is concomitant with germ cell
numbers except for decrease pattern in luminal
tubular diameter. These gross seasonal and age-
related variations in our study are in line with other
seasonal bird species that undergo drastic changes
[28-31]. In our previous study, we had analyzed
testosterone concentration of Yangzhou ganders
after 181, 200 and 227 days [16], which was
decreased, while testes volume elevated with an
increase in the number of days. These findings
confirm that Yangzhou ganders belong to the
temperate zone having latitude (30-40°N) and
initiate their reproductive seasonality in autumn
and finish in the subsequent spring-early summer.
In temperate zones, reproduction diminishes by
early summer, while testicular size remains small
in winter months and testicular recrudescence

initiates in spring [32]. Testicular histology varies
with breeding stage and age of maturity. In our
present study, birds move from premature stage to
transition and further to mature testes, various
waves in seminiferous epithelium cause variations
in seminiferous tubules. Johnsen's score was lower
in premature testes, elevated in the transition stage
and was highest in the mature stage due to mature
testes and perfect state of spermatogenesis [13].
Spermatogonia, spermatocytes, spermatids,
epithelial height, and diameter of seminiferous
tubules were positively correlated depicting that
Yangzhou ganders were moving from premature to
mature testis [33]. An elevation in the germ cell
numbers in seminiferous tubules was positively
correlated to their diameter, lumen diameter and
epithelial height [13]. With the advancement of
spermatogenic activity, seminiferous tubules per
field were declined. On days 181, 200 and 227 of
age, mean seminiferous tubules per field were 32,
27 and 25, respectively, showing an inverse
relationship with testes volume, seminiferous
tubular diameter, epithelial height and luminal
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tubular diameter [13]. In the present study,
measuring Sertoli cell number was beyond the
scope. Considering the results of the present study,
we can speculate that on 181, 200 and 227 days of
age, testes were in preparatory, accelerative and
culmination phases, respectively. Furthermore,
alterations in testes histoarchitecture confirm our
hypothesis.

Conclusions

In seasonal breeders like Yangzhou ganders, only
age is not a factor in testes development, albeit
other factors like breeding seasonality, altitude,
nutrition are also inevitable regulators. In seasonal
breeders, photoperiod is one of the most credible
and important environmental factors for
reproduction. Furthermore, we can speculate that
Sertoli cell development, followed by massive
germ cells development and proliferation are
responsible for rapid testicular development during
breeding season in Yangzhou ganders. For further
understanding, changes in testicular
histoarchitecture need to be explored after peak
breeding season and in mature but resting state of
testes.
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