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Abstract
Present study was conducted to characterize the testicular changes in the peripubertal period in Tenyi-vo,
a miniature size pig of North-eastern Himalayan (NEH) region of India. A total of twenty-four male pigs
were randomly selected and categorised for castration at different age groups, G1 (Days 30-45), G2 (Days
60-65), G3 (Days 80-100) and G4 (Days 150-160), n=6 each category. Paired testes and epididymis were
used for the assessment of biometry, cauda epididymal spermiogram, testicular histology and relative
expression of the androgen receptor (AR), estrogen receptors (ERα and ERβ), aromatase (CYP19A1), and
insulin like growth factor-1β receptor (IGF-1R) in qPCR. Plasma testosterone (T), estradiol (E2), tri-
iodothyronine (T3), thyroxine (T4), and cortisol concentrations were estimated on the day of castration in
each group of male using commercial ELISA kits. In pigs of G2, a greater testicular weight, volume,
epididymis weight was observed relative to G1. The presence of live spermatozoa at
1240.9±304.2×106/mLconcentration with 0.65% proximal droplets was recorded as early as day 60. The
concentration of T increased steadily over the age of G1 to G4 and a signi�cantly higher concentration
was observed in G4 relative to the other categories. Among the transcripts analysed in the testis, the
relative fold change of AR was 10.8 fold in G2, which was subsequently reduced in G3 and then down-
regulated in G4. CYP19A1 was abundantly expressed in the testis and the fold change ranged from 41-54
fold, although it did not differ signi�cantly from 60-150 days of age. Further, the presence of well-
developed seminiferous tubules was evident in the Tenyi-vo male from day 60 onward with a body weight
as low as 4.28 kg. The study concluded that the male of Tenyi-vo pig attained puberty at the earliest age
of 60 days. 

Introduction
Early onset of puberty is an economic attribute in the swine production system, as it ensures lower
spending on extra boar care and improves reproductive life (Kumaresan et al. 2011). A miniature
indigenous breed called 'Tenyi-vo' (Accession no. INDIA_PIG_1400_ TENYIVO_09004, National Bureau of
Animal Genetic Resource, India) is raised in the backyard by the tribes of Nagaland and Manipur State in
the North-East Himalayan (NEH) region of India. With broad pointed heads and relatively short legs, they
are black in colour and known for premium meat quality (Patra et al. 2014). In the small holder pig
production system prevalent in NEH India, the indigenous pigs are well known for adaptability to harsh
environments and thriftiness with negligible inputs (Kumaresan et al. 2007; Kumaresan et al. 2008). The
indigenous pig population is decreasing and attempts are made to conserve the germplasm (Bujarbaruah
et al. 2007; Vision 2030, 2011; Patra et al. 2015).

It is di�cult to ascertain the exact age of attainment of puberty, even though it can be determined on the
basis of the presence of functional sperm in the ejaculate or cauda epididymis and the observation of
sexual desire (Anderson et al. 1999). Breeds used in the pig industry show initiation of spermatogenesis
at around 115 days of age, exhibit synchronised sexual activity and �rst ejaculation with mature semen
characteristics at six months of age (Malmgren 1993; Banaszewska et al. 2011; Chauhan et al. 2016).
Early sexual maturity was described previously in Chinese Meishan pigs (Harayama et al. 1991; Lunstra
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et al. 1997; Kanematsu et al. 2006). The presence of spermatozoa in the ejaculate and the ability to breed
the females at 90 days of age with a mere body weight of 3.0 kg was identi�ed in the Naga local pig
(Karunakaran et al. 2009). In another study, early onset of sexual maturity and impregnating ability of
local boars in North East India was reported at 108 days based on testicular growth and pregnancy
(Kumaresan et al. 2008) compared with the reported age of 5–8 months in commercial breeds (Hurtgen
et al. 1986).

Testosterone (T) is necessary for the onset of sexual maturity, and peripheral T concentrations have been
well associated with testicular growth, sperm production and onset of puberty (Borg et al. 1993; Perk and
Yi 2002). During puberty T concentration increased (Kanematsu et al. 2006) and stayed in the plateau
afterwards unless they were sexually stimulated. Apart from T, estradiol (E2) and its α-receptor (ERα) are
important for regulating normal male fertility (Hess 2003). ERα controls the reabsorption of �uids in
efferent ductules and raises the concentration of sperm prior to entry into the epididymis. In adult testis,
Leydig cells express CYP19A1 and successfully synthesise E2 at a far higher rate than that seen in the
adult sertoli cells (Levallet et al. 1998; Carreau et al. 1999; Levin 2002; Carreau et al. 2003). The
concentration of E2 in the peripheral blood varied in males, depending on the species (Melnyk et al. 1992;
Claus et al. 1992; Bujan et al. 1993). Recently, transcripts of ER and androgen hormone receptor (AR) and
CYP19A1 enzymes in the testicular and epididymal tissues have been investigated to explain the capacity
for spermatogenesis and steroidogenesis of sexually mature boars (Mutembei et al. 2005; At-Taras et al.
2006; Pearl et al. 2007). However, information on steroid hormones and expression of their receptors in
relation to peripubertal changes in Tenyi-vo boar is scanty. The present work documents the gross and
microscropical changes of the testis, epididymis, cauda epididymal spermiogram, pro�le of thyroid and
steroid hormones and relative expression of genes related to sex steroid receptors and enzyme
associated in the testis of Tenyi-vo pigs in order to characterise the attainment of early puberty.

Materials And Methods
Study location

The present study was conducted at the Mega Seed Project on Pig Unit, Indian Council of Agricultural
Research (ICAR), Research Complex for North Eastern Hill Region, Nagaland Centre, Medziphema located
at 25o45'24" N, 93o50'26" E of Eastern Himalayan subtropical agro-climatic zone. The maximum air
temperature ranged from 19.7 °C to 37.5 °C and the minimum air temperature ranged from 6.1 °C to 27 °C,
respectively. The area has a humid to rainy climate and receives heavy rainfall of approximately 1800-
2500 mm per year.

Animals and management

The experiment was conducted on Tenyi-vo male pig (n=24) reared under an intensive management
system (Supplementary Figure 1). The breeding stock of Tenyi-vo pig were procured from the native tract
and maintained in an isomanagerial condition with a commercial concentrate ration. Male piglets were
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selected at the age of four weeks and maintained with the dam till weaning at the 45 days of age. At post
weaning, group feeding of grower ration was practised with water ad libitum. The experiment was
performed in compliance with the approved guidelines of the Institute Animal Ethics Committee, ICAR
Research Complex for NEH region, Umiam.

Collection of testes

Tenyi-vo male pigs were divided into four groups (n=6/group) viz., G1 (30-45 days), G2 (60-65 days), G3
(80-100 days) and G4 (150-160 days). The body weight of Tenyi-vo boar at birth and weaning was
0.57±0.03 Kg and 3.81±0.21 kg, respectively. Testes were collected by open surgical castration under
lignocaine local anesthesia and were transported to laboratory in a sterile thermal �ask. After washing
with phosphate buffer saline (PBS, pH 7.4), epididymis was dissected. The weight and volume of testis
and weight of epididymis were recorded. A piece of testicular tissue was preserved in 10% neutral buffer
formalin saline for histology; another piece of tissue weighing about 100 mg was collected in RNAlater
(Qiagen, GmbH, Germany) and stored at -20°C for total RNA extraction. On the day of castration, body
weight was recorded and blood was collected in heparinised vials to assay for steroid (T and E2) and
thyroid (T3 and T4) and cortisol hormones.

Cauda epididymal spermiogram

The cauda epididymis of each testis was incised and the seminal �uid was aspirated into a micro-
centrifuge tube. In the absence of free �uid in the cauda, the lumen was �ushed with a few drops of PBS
and the �uid was allowed to drain into the micro-centrifuge tube under gravitation. The sperm
concentration was estimated by measuring the absorbance of diluted semen sample (2.9% sodium
citrate buffer as diluent) at 650 nm in a spectrophotometer (Shimadzu, Japan) using the following the
formula [concentration = (Dilution Factor) × (21.39 × (Absorbance) - 1.09)]. The viability and
morphological abnormality were measured by eosin-nigrosin staining methods (Kondracki et al. 2012).

Histology of testis

Preserved tissue samples were trimmed and dehydrated by treatment with increasing alcohol
concentration, followed by clearing with acetone and benzene. The tissues were embedded in para�n
and the serial sections of �ve µm thickness were cut through a microtome. In the end, tissue sections
were stained with haematoxylin and eosin and examined under a light microscope.

Hormonal pro�le

Plasma T (Cat #AA-E1300), E2 (Cat # FR E-2000), T3 (Cat # TF E-2100), T4 (Cat # TF E-2200) and cortisol
(Cat # MS E 5000) concentrations were assayed using commercial ELISA kits (LDN Diagnostica,
Germany). The hormone concentration of the test samples was determined using four parameter logistic
equations derived from the standard curve in the Multiskan ELISA reader (Thermo scienti�c Inc., USA).

Differential gene expression pro�le in testicular tissues
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Total RNA was extracted using the RNA isolation kit (Cat # KT151A, Ra�exTM Genei, India) and the
concentration and purity of RNA was calculated using a micro-cuvet in a UV-VIS spectrophotometer
(Shimadzu, Japan). RNA samples having A260/280 between1.8 to 2.0 were considered for cDNA synthesis.
DNase I (1U/μg of RNA, Cat # EN0521, Thermo-Fischer scienti�c Inc. USA) treatment was performed to
eliminate gDNA from the total RNA extracted. cDNA was synthesised using RevertAid M-MuLV reverse
transcriptase (Cat # EP0442, Thermo Scienti�c, USA) and oligo(dT)18 primers (Cat # SO132, Thermo
Scienti�c, USA). A reverse transcriptase control was run in parallel to validate the effectiveness of the
DNAse I during cDNA sysnthesis. The primers for AR, CYP19A1, ERα and ERβ, IGF-1R, and endogenous
control gene (GAPDH) were designed using the Integrated DNA Technology primer quest tool and custom
synthesized (Europhin, India, Table 1). The PCR cyclic condition of the target genes was optimized using
Taq PCR Master Mix (Cat # K0171, Thermo-Fischer scienti�c Inc, USA) in a gradient thermal cycler (Nexus
gradient Master cycler, Eppendorf, Germany) and the amplicon size was veri�ed by 1.5 per cent (w/v)
agarose gel electrophoresis.

Each target gene was ampli�ed using Maxima SYBR Green qPCR master mix (Cat# K0251, Fermentas,
Thermo scienti�c, USA) in a real-time qPCR system (Pico Real 96, Thermo Scienti�c, USA). cDNA 10 ng (1
μL) templates were added to 0.2 μL forward and reverse primers (10 pmol each) and 5 μL 2X SYBR Green
Master Mix at a �nal volume of 10 μL. The thermal cyclic conditions included hot start denaturation at
95°C for 15 min, 40 cycles of three segmented ampli�cation and quanti�cation programmes
(denaturation at 95°C for 15 s, annealing at a speci�c temperature for 30 s, an extension at 72°C for 30 s
and a melting stage by heating from 55 to 95°C at a rate 1°C/s with the acquisition of �uorescent data.
No template control was used as a negative control in the qPCR reaction. GAPDH was used as an
endogenous control to generate ∆Ct value of the target genes, because its expression was consistent
across the age group. The intra-assay coe�cient of variation of each target gene at testis was less than
3%. Gr. 1 pigs served as calibrator to generate ∆∆Ct and the fold change of each gene was determined by
2-∆∆Ct method (Livak and Schmittgen 2001).

Statistical analysis

The variables such as testicular weight, volume, epididymal weight, cauda epididymal spermiogram and
hormone were analyzed by One-way ANOVA with Tukey’s post-hoc test. ΔCt values of each target gene in
G1, G2, G3 and G4 was analyzed by non-parametric Kruskal Wallis test with Dunn’s post-hoc test.
Signi�cance was set at 95% and the results are presented as mean ±SEM. SPSS 16.0 was used for data
analysis and graphpad prism 6.0 was used for constructing the bar diagrams.

Results
Body weight and testicular biometry

The age-related biometrical changes of testes and epididymis of Tenyi-vo pig is presented in Table 2. The
body weight of G4 male was signi�cantly heavier than those other groups on the day of castration
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(P<0.001). In contrast, the weight and volume of testis was comparable among G2 to G4; but,
signi�cantly heavier than that of G1 (Figure 1). The ratio of testis weight to that of body weight was
comparable between G3 and G4; however, it differed signi�cantly from that G1 and G2. Epididymal
weight of G4 was signi�cantly heavier than those of other groups; however, it was comparable between
G2 and G3.

Cauda epididymal spermiogram

The result of cauda epididymal spermiogram is presented in Table 3. Seminal �uid accumulation was
evident in the cauda epididymis of G2 Tenyi-vo pig from 60 days onwards, while only one male in G1 also
showed deposition of �uid with the presence of sperm as early as day 45. The amount of �uid in G4 was
highest. Despite the fact that the sperm concentration varied from 1241×106 in G1 to 2109 ×106 in G4,
the difference was not statistically signi�cant. The proportion of live spermatozoa gradually increased
over age and irregular spermatozoa counts, primarily spermatozoa with distal droplet gradually
decreased in G2 to G4.The proportion of proximal droplet was upto 2% in various groups.

Hormone pro�le

Changes in the hormone concentrations during the peripubertal period of Tenyi-vo boars are presented in
Figure 2. The concentration of plasma T increased from G1 to G4; however, the T concentration was
comparable among G1 to G3. The concentration of T was signi�cantly high in G4 as compared to other
groups. The concentration of E2 ranged from 1.5 to 2.56 ng/mL and was comparable across the age
groups. The ratio of T:E2 also remained at similar levels in G1 to G3 (from 7.09 to 8.34); however, G4
showed a signi�cantly high ratio as compared to other groups.

The concentration of T3 remained at a signi�cant low level in G1, 2 and 4 relative to the G3 while, the
concentration of T4 was higher in G1 to 3 than that of G4. In addition, T4:T3 was signi�cantly higher in G1
and 2 than that of other groups. Similar to T3, the concentration of cortisol in G3 was signi�cantly higher
than those of other groups.

Testicular histology

Presence of differentiated seminiferous tubules with sperm cells was observed in the pre-weaning Tenyi-
vo pigs of G1 (Figure 3a). Over age, the compactness of seminiferous tubules and clusters of interstitial
cells increased in G2 to 4. In G3 and 4, the seminiferous tubules were more compact and round in shape,
consisting of a central lumen with elongated spermatozoa and densely packed interstitial cells between
the seminiferous tubules (Figure 3b-d).

Expression of steroid hormone receptors in testis

The relative expression of AR, ERα, ERβ, CYP19A1 and IGF1R in the testis of Tenyi-vo boar is presented in
Figure 4. The AR expression was signi�cantly upregulated with a relative fold change of 10.8 fold in G2;
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however, the shift in fold change was reduced in G3 (4.87 fold) and subsequently downregulated in G4
(0.63 fold). The expression of CYP19A1 was most abundant in G2 to G4, ranging from 41 to 54 fold.
Similarly, the expression of ERα was up-regulated in the testis, regardless of age group, G2 to G4; however,
the fold change was signi�cantly higher in G4. Similarly, the expression of ERβ appeared to be
substantially higher in G4. The expression of IGF-1R transcripts tended to be upregulated in G2 and G3;
however, it was moderately downregulated in G4.

Discussion
The study documents the temporo-spatial changes in the testis, epididymis, hormones and their receptors
during the peripubertal period in Tenyi-vo male pigs. The peripubertal changes in the testis and
epididymis of Tenyi-vo boar showed that these pig breed had a greater degree of testicular weight and
volume, and epididymal weight at day 60. The body weight gain was however, non-signi�cant during the
�rst three months of age. The weight of male piglets of this breed ranged from 300-500 g at birth to 2.5-
3.0 kg at 3.0 months of age (Karunakaran et al. 2009) and from 9 to 32 kg at adult age (Borkotoky et al.
2014). The body weight gain remains unchanged during the peripubertal period, attaining a mere 6.28 kg
at the age of �ve months. Higher testicular weight found in the present study in the young age of 60 days
old Tenyi-vo male indicates possible early sexual maturity (Kumaresan et al. 2008). The ratio of testis
weight to body weight (g/kg) increased steadily from 30 days, reached a signi�cantly higher level at three
months of age, and subsequently decreased at around �ve months of age. Our �nding is consistent with
the earlier studies describing a signi�cantly higher testis to body weight ratio in local pigs compared to
the commercial European breeds (Kumaresan et al. 2008). Early attainment of puberty and sexual
maturity of males was also due to faster testicular growth of indigenous pigs compared to Hampshire
and Large White Yorkshire (Rohilla et al. 2000). In addition, the change in epididymis weight in respect to
the body weight and testicular weight also showed a positive increment; however, a distinct surge was
evident from 35 to 62 days. Similarly, at the same time the ratio of epididymis to testis weight was
signi�cantly increased, which later remained static up to three months of age, although there was a
signi�cant change in the ratio at days 150. Veerabramhaiah et al. (1998) recorded a similar trend in
higher growth rates of testis and epididymis over 4 to 6 months of age than 2 to 4 months of age in
indigenous pig as compared to the crossbred.

In the present study, the presence of live sperm was evident in the cauda epididymis of a Tenyi-vo boar
even at day 45, but it was more distinct at 60 days, where most of the boars had at least 0.5 mL of cauda
epididymal �uid consisting of sperm >1200×106/mL with live count >60 per cent and 2% of spermatozoa
with proximal droplets. The spermatozoa concentration remained unchanged between days 80 to 150,
while a signi�cant rise in live percent and decrease in distal droplets was evident at 150 days of age. This
result is consistent with the earlier reports (Kato and Harayama 1990; Lunstra et al. 1992) that the
presence of sperm in the lumen of the seminiferous tubules of Chinese Meishan pigs was discernible as
early as 60 days and in the cauda epididymis at around 70 days of age. Testicular size and weight are
strongly associated with sperm production and total sperm reserves (Lubritz et al. 1991; Rathje et al.
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1995) and testicular size is highly heritable in pigs (Jhonson et al. 1994).The evolution of the fertilizing
ability of spermatozoa has been correlated with changes in progressive motility, alteration of metabolic
patterns and structural status of particular tail organelles, changes in nuclear chromatin, changes in the
nature of plasma membrane surface and movement of cytoplasmic droplets (Karunakaran et al. 2009).
The greater testicular weight and volume, along with the presence of acceptable live count and
permissible abnormality in the cauda epididymal spermiogram, support the pubertal changes of Tenyi-vo
boars by 60 days of age.

Seminiferous tubules and sperm cells existence was observed in Tenyi-vo boars at the early age of day
35 in G1. The more compact seminiferous tubules, consisting of central lumen accumulating
spermatozoa and densely packed interstitial cells between the semini�erous tubules, are commonly
visible in the boar in days 60. This �nding supports the characteristics of histological changes that
suggest the attainment of puberty (Avelar et al. 2010). Sexual precocity in male miniature pigs was
previously reported (Kakeno 2011), which is characterized by early differentiation of gonocytes as well as
active development and proliferation of seminiferous sertoli cells, which shortened the early stage of
spermatogenesis. The increase in seminiferous tubule diameter during peripubertal period suggests the
ensuing testicular maturation as the diameter of seminiferous tubule, number of seminiferous sertoli cells
and tubular �uid volume increases (Creasy 1997; Kangawa et al. 2016; Almunia et al. 2019).

Testicular development, initiation of puberty, sexual maturity, and sperm production are intricately
associated with the production of testicular steroid hormones (Borg et al. 1993; Park and Yi 2002). The
increased concentration of plasma T found in Tenyi vo boar from 35 to 150 days of age strongly
supports the developmental changes in the testis during the process of sexual maturation. The
predominant types of circulating androgens differ considerably with age as T becomes more
predominant during sexual maturity (Sinclair et al. 2001). T levels recorded in boars showed large
variations in age, breed and season, ranging from 0.73 ng/mL to about 50 ng/mL (Borg et al. 1993; Park
and Yi 2002). The AR expression was upregulated on day 60, but the fold change decreased on day 90
and subsequently downregulated on day 150. Signi�cantly higher testicular AR gene expression at lower
age may be due to early attainment of puberty as seen in spermiogram, testicular histology and steroid
hormone pro�le in Tenyi-vo boar. Age related progressive decline in testicular AR gene expression could
not be explained convincingly.

The concentration of plasma E2 in Tenyi-vo males ranged between 1.5 to 2.6 ng/mL across the age
groups. The E2 hormone also plays an important role not only in the control of male sexual activity and
sertoli cell function, but essential for normal fertility (Hess 2003). This new paradigm function of E2 in
males started with the discovery that testicular germ cells and epididymal sperm express CYP19A1 and
synthesize E2 (Nita et al. 1993). The expression of CYP19A1 in the Tenyi-vo boar testis was most
abundant, ranging from 41 to 54–fold across the age groups from day 60 to 150 in our study. Early
studies recorded that the primary source of E2 in the immature male was Sertoli cell (van der Molen et al.
1981); however, in the adult testis, Leydig cells produce CYP19A1 and actively synthesize E2 at much
higher rate than that seen in the adult Sertoli cell (Carreau et al. 1999; Levin 2002; Carreau et al. 2003).
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The expression of ERα was up-regulated in the testis regardless of age group, although the fold change
was not signi�cant between days 60 to 150. In comparison, the expression of ERβ appeared to be
signi�cantly higher on day 150. In a recent study using in-situ hybridization and UV-single cell
microdissection, ERα mRNA has been shown in the spermatogonia up to mid-pachytene primary
spermatocytes of the seminiferous epithelial cycle and ERβ mRNA in the Sertoli cells. Leydig cells
however, did not show either ERα or ERβ mRNA expression. Thus, a direct effect of E2 on the Sertoli cell
function through ERβ and germ cell formation via ERα was speculated in the boar testis (Lekhkota et al.
2006). Expression of ERα and β and CYP19A1 in immature and mature boars testis has also been
documented (Mutembei et al. 2005).

In spite of the high concentration of steroid hormone and cortisol, the lower body weight during the
peripubertal phase suggests the possible involvement of the metabolic hormones in the Tenyi-vo boar.
Insulin and insulin-like growth factors (IGF-1) are polypeptides that regulate growth, differentiation and
survival in a wide range of cells and tissues. The effect of IGF1-IGF1R on reproductive parameters,
speci�cally release of gonadotropin and interactions between the IGF system and other effectors of
gonadotropin release are described (Lackey et al., 1999). In Tenyi-vo boar, the non-signi�cant modulation
of IGF-1R expression may be correlated with the poor physical growth of Tenyi-vo breed observed in
present study. Thyroid hormones play a signi�cant role in the regulation of the basal metabolic rate. The
thyroid gland contributes to the regulation of the growth, development, adaptation and productivity of
farm animals (Petkov et al. 2008; Alemneh and Akeberegn 2019). Knowledge on the thyroid pro�le in the
regulation of basal metabolic rate in the Tenyi-vo boar is scanty. The concentration of T3 remained at a
signi�cantly low level between days 35 to 60 as compared to day 90, while the concentration of T4 was
high on day 35 to 90 as compared to day 150. The lower growth potential in Tenyi-vo boar could be
associated with reduced concentration of plasma T3 and higher T4:T3 ratio. The level of thyroid hormone
synthesis, which controls the rate and the direction of metabolic events, determines their physiological
equalibrium (Breier et al. 2000). In addition, abruptly higher sex steroid levels in males may also be
associated with slow growth rate supporting the �ndings in the Tenyi-vo boar (Duarte-Guterman et al.
2014).

Conclusion
It is concluded that Tenyi-vo male pigs attained puberty at the earliest by 60 days of age with a body
weight around 4 kg. Further researches on the genetic constituents of this particular breed are required for
its conservation and utilization in the commercial pig breeding program.
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Tables
Table 1. Primers used in qPCR for ampli�cation of different target genes

Target gene Oligonucleotide sequences (5’>>>>>3’)$ Amplicon size (bp) $$ Accession No.

AR For: AACAGCAGCCTTCACAACAG 208 AB052938

Rev: TTAAGATCGGTGGAGCAGCT

IGF-1βR For: GATCAGCGGGAATGTGTGTC 203 U58370

Rev: ACTGGTAGGGCGATGATCAG

Aromatase For: TTAGCAAGTCCTCAAGTGTG 324 U37311

Rev: CCAGGAAGAGGTTGTTAGAG

ERα For: TTGTGTGCCTCAAATCCATC 202 AF035775

Rev: GACAGGATGAGGAGGAGCTG

ERβ For: CATGATGATGTCCCTGACCA 200 AF267736

Rev: GGTCTGGAGCAAAGATGAGC

GAPDH For: CGTCAAGCTCATTTCCTGGT 201 NM_001206359.1

Rev: AGTCAGGAGATGCTCGGTGT  

$The length of each primer was 20 bp.  $$ Annealing temperature was 54 °C.
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Table 2. Changes in the biometry of testis and epididymis (mean ± SE) of Tenyi-vo pigs during the
peripubertal period†

Attribute G1‡ G2 G3 G4 P
value

Average age at castration
(days)

35±3.16a

(30-45)

62.67±0.92b

(60-65)

87.90±3.09c

(80-100)

158.67±2.11d

(150-160)

<0.001

Body weight at castration
(Kg)

3.37±0.27a 4.28±0.24a 4.35±0.24a 6.28±0.47b <0.001

Testis weight (g) 7.76±1.01a 14.79±1.13b 16.2±1.55b 17.96±1.34b 0.0002

Testis volume (cm3) 15.45±2.03a 32.85±3.31b 41.46±4.82b 39.55±1.67b 0.0005

Epididymis weight (g) 1.33±0.21a 3.65±0.14b 4.10±0.24b 7.15±0.57c <0.001

Testis weight/body
weight (g/kg)

2.28±0.20a 3.57±0.48ab 3.83±0.42b 2.93±0.32ab 0.035

Epididymis wt/body
weight (g/kg)

0.385±0.03a 0.869±0.07b 0.958±0.06bc 1.137±0.03c 0.0001

Epididymis/testis weight 0.17±0.01a 0.251±0.01b 0.268±0.02b 0.405±0.03c <0.001

†Average birth weight 0.57±0.03 Kg and the weaning weight 3.81±0.21 ‡Sample size n=6/group; Figures
with different superscripts across each row differ signi�cantly.

Table 3. Cauda epididymal spermiogram (mean±SE) of Tenyi-vo pig during the peripubertal period†

Attribute G2‡ (n=6) G3 (n=6) G4 (n=6) P value

Caudaepididymal �uid volume (mL) 0.46±0.02a 0.53±0.06a 0.833±0.06b 0.001

Spermatozoa concentration (×106) 1240.9±304.2 1653.4±320.8 2109.6±55.8 0.138

Live spermatozoa (%) 63.8±3.87a 67.4±3.72a 86.5±1.92b 0.001

Spermatozoa with proximal droplet (%) 0.65±0.06 2.0±0.95 0.8±0.23 0.303

Distal droplet (%) 17.9±2.49a 14.6±2.04ab 10.8±0.38b 0.041

†In G1, only one boar showed the presence of spermatozoa and cauda epidymal �uid, hence not included
in statistical analysis. ‡Sample size n=6/group; Figures with different superscripts across each row differ
signi�cantly
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Figures

Figure 1

Representative gross photographs of testis and epididymis of Tenyi-vo pig castrated around the
peripubertal period.
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Figure 2

Plasma steroid and thyroid hormone concentration in different age groups of Tenyi-vo pig. A.
Testosterone (T), B. Estradiol (E2), C. T:E2 ratio, D. Triiodothyronine (T3), E. Thyroxin (T4), F. T4:T3 ratio,
G. Cortisol. Groups were classi�ed into G1 (30-45 days), G2 (60-65 days), G3 (80-100 days), G4 (150-160
days). Bar with different superscript indicate signi�cant difference at P<0.05.
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Figure 3

Representative photomicrographs of testis of Tenyi-vo pig collected around peripubertal window. Note the
apparent increase in the strati�cation of seminiferous tubules in G2-G4 with decrease in luminal diameter
along with well-de�ned islets of interstitial spaces with Leydig cells between the cross sections of
seminiferous tubules. (Magni�cation: 20X).
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Figure 4

Relative-fold change (2-∆∆Ct) of transcripts in the testicular tissues of Tenyi-vo male pigs during
peripubertal period. A. androgen receptor (AR), B. aromatase (CYP19A1), C. Estradiol receptor α (ERα), D.
Estradiol receptor β (ERβ), E. Insulin like growth factor-receptor (IGF1R). G1 served as control (calibrator
group) for calculation of fold change and GAPDH was used as endogenous control. Statistical analysis
was done with the ∆ct values. Error bar indicates standard error of difference (SED). SED = square root
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{(Standard deviation of gene of interest2/n1) + (Standard deviation of gene of reference2/n2)}, Where n1
and n2 are the number of observations. Bar with different superscript indicate signi�cant difference at
P<0.05.
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