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Physiology of the Meishan boar
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Onset of puberty (sperm production) occurs at a much younger age (56-84 days) in
Meishans than in conventional boars (120-180 days). Throughout postnatal
development, Meishans exhibit markedly higher (two- to ten-fold) concentrations of
serurn FSH, LH and androgens compared with conventional boars, and these high
hormone concentrations are maintained at maturity. Increased gonadotrophin
concentrations occur only in Meishan males, since concentrations in female Meishans
and conventional females do not differ. In the Meishan boar, FSH increases steadily
during establishment of sperm production and LH increases markedly after tubule
diameter stabilizes, while FSH and LH concentrations are low and change little during
this period of rapid testicular growth in conventional boars. The proportion of the testis
occupied by Leydig cells is two-fold greater and average Leydig cell size is two- to
four-fold larger in Meishans than in conventional boars during the onset of
spermatogenesis and into maturity. Testis size in Meishans is only half that of
conventional boars at maturity, and the number of Sertoli cells is markedly reduced in
Meishans. However, Meishan testes exhibit reduced degeneration of germ cells and
spermatids during spermatogenesis, and spermatogenic efficiency per Sertoli cell in
Meishans is double that in conventional boars. At maturity, Meishan pituitaries have
greater mass, larger gonadotrophs, higher content of FSH, and greater expression of
genes for FSH and LH subunits than found in conventional boars. The high
concentrations of serum gonadotrophins in the mature Meishan exhibit a typical
postcastration rise, respond to GnRH stimulation and are suppressed by gonadal
steroids, indicating that the hypothalamo-pituitary-gonadal axis functions normally
but with much higher set points in Meishan boars. These unusual endocrine and
physiological attributes in boars of the highly prolific Meishan breed offer a unique
model for further investigation of factors influencing early onset of puberty and
efficiency of male reproductive function.

Introduction

There are over 75 breeds of pig in China today; some of these have been selected for over 7000 years
(Li and Enfield, 1989). Hierarchical classification of Chinese breeds based on geographic
distribution, history, body size, physical appearance and reproductive characteristics identified one
group, known as Taihu pigs, which were characterized by high rates of reproduction and average
size (Li and Enfield, 1989). Taihu pigs originate from the Lake Taihu region west of Shanghai in
southern China Meishans are typical of this group; they exhibit early sexual maturity and high
prolificacy (Cheng, 1983; Wang, 1990). The importation of Meishan pigs into France (1979), the
United Kingdom (1987), United States (1989) and other countries allowed research that documented
greater prolificacy in Meishans than in conventional pigs of these countries, averaging three to five
more pigs per litter (Haley et al., 1995). Female Meishans reach puberty at very young ages (85-118
days of age), at least 3-4 months earlier than pubertal age (200-235 days of age) in conventional pigs
(Wang, 1990; Christenson, 1993; Hunter et al., 1993; White et al., 1993). In this review, conventional
breeds refers to typical pig breeds of US and European origin. Meishan boars, compared with
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conventional breeds of pig, offer a unique model for investigation of factors influencing male
reproductive function that relate to high prolificacy, but only limited data on pubertal development
and mature reproductive function have been reported for these boars. In addition, no study has
characterized relationships between testicular structure and endocrine function in Meishan boars.
The purpose of this review is to summarize results on pubertal development, endocrinology, and
mature reproductive function in Meishan boars and to compare these with observations in
conventional breeds of boar to provide insights concerning the primary mechanisms controlling
reproductive function in male pigs.

Testicular Development and Onset of Sperm Production in Meishan Boars

During pubertal development in Meishan boars, body weight (BWT), paired testis weight (PTW)
and epididyma I weights increase continuously from birth to 16 weeks of age (Fig. 1; Harayama et al.,

1991; Lunstra et al., 1993). The testis exhibits a typical rapid increase in mass associated with pubertal

development beyond 6 weeks of age (Fig. 1). Elongated spermatids first appear within seminiferous
tubules at 6 weeks of age, and homogenization-resistant spermatid nuclei consistently occur in the
testes by 8 weeks of age (BWT = 10.3 kg, PTW = 30.9 g), which is slightly earlier than the appearance
of elongated spermafids at 60-75 days of age reported for Meishan boars in Japan (Harayama et al.,

1991). Percentage of tubules exhibiting elongated spermatids increases steadily and > 80% have
elongated spermatids by 12 weeks of age (BWT = 19.2 kg, PTW = 63.3 g). Lumina are first observed
in seminiferous tubules at 4 weeks of age; the majority of tubules exhibit lumina by
6 weeks; and spermatozoa are present in the lumina of seminiferous tubules at 8 weeks. Thus, onset
of spermatogenesis (spermatozoa formed and released into the lumen of the seminiferous tubules)
in the Meishan occurs at 8 weeks of age (Fig. 1). Spermatozoa first appear in the cauda epididymis at
8 weeks of age; first motile spermatozoa (about 20% motile) are present by 10 weeks of age,
and appreciable sperm motility (> 70% motile) is attained by 14 weeks and beyond, which is in
agreement with results of other workers (Cheng, 1983; Wang, 1990; Harayama and Kato, 1992).

Onset of sperm production (puberty) in Meishan boars occurs much earlier (56-84 days) and at
lower testis weight (30-60 g PTW) compared with the 120-180 days of age and 160-240 g PTW at
puberty reported for various breeds of conventional boar (FlorCruz and Lapwood, 1978; Allrich et

a/., 1982, 1983; Colenbrander et al., 1982; Ford, 1983; Young et al., 1986; Lee et al., 1987; Kosco et al.,

1987; Trudeau et al., 1992). Data from Meishans extend the range of differences among breeds within

a species for body weight and testis weight at given ages during pubertal development (Young et al.,

1986). In addition, puberty occurs earlier in males than in females, even within the Meishan, since
puberty in Meishan boars occurs 30-60 days earlier than in Meishan females.

Changes in Testicular Structure During Pubertal Development in Meishan Boars

During postnatal testicular development in Meishan boars, the patterns of change in diameter of
seminiferous tubules and in volume percentages of the testis occupied by tubules, interstitial tissue
and Leydig cells (Fig. 1) are very similar to patterns exhibited by conventional boars but are more
compressed in time. The diameter of seminiferous tubules in the Meishan is low at birth (about 70
Km), increases rapidly and linearly through first sperm production (about 200 Krn; 8 weeks), and
reaches a plateau by 12 weeks of age and thereafter at 250-290 Km (Fig. 1 and Table 1; Harayama et

al., 1991). Tubule diameter in conventional boars is also small at birth (about 60 Km), increases
peripubertally and reaches a plateau at approximately 24 weeks of age and beyond (FlorCruz and
Lapwood, 1978; van Straaten and Wensing, 1977; Allrich et al., 1983). Maximal tubule diameter tends

to be larger in Meishan (250-290 gm) than in conventional boars (190-257 Km; Table 1; FlorCruz and
Lapwood, 1978; van Straaten and Wensing, 1977; Allrich et al., 1983; Lee et al., 1987). Appearance of

lumina in seminiferous tubules indicates establishment of the blood—testis barrier; thus this barrier is
established at a markedly younger age in Meishan (about 40 days of age) than in conventional boars
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Table 1. Differences between mature Meishan and conventional boars in size of

testes, sperm production and various aspects of testicular structure°




Meishan

(n=5)

Composite°

(n=5)

Age (days) 22513 346±2

Body weight (kg) 78 t2 133 ±6

Paired testes weight (g) 269 ±19 541 t35

Volume (%) seminiferous tubules 48.6 ±1.7 68.7 t1.6

Volume (%) interstitial tissue 51.4 t 1.9 31.3 t0.8

Volume (%) Leydig cells 18.5 ±0.6 7.1 t0.2

Volume (%) vascular 10.0 ±0.9 6.5 t0.8

Seminiferous tubules, diameter (prn) 287 t15 257 ±8

Daily sperm production/e testisc 24.47 t 1.26 24.77±1.43

Total daily sperm production° 6.04 ±0.52 12.46 t1.43

Total no. Sertoli cells° 3.87 t 0.59 14.45 t 1.33

DSP per Sertoli cell 1.56 t0.32 0.86 ±0.20

Total no. Leydig cells° 15.27 t 0.66 34.79 ±1.76

Leydig cell size (pm3) 2855 t 124 960 t 49

'Calculated from data of Okwun ef al. (1996a,b). All data shown are presented as means s SEM. Volume (%):

volume percentage of testicular parenchyma occupied by respective sb-ucture or cell type.

°Composite boars: crossbred boars (1/4 Chester White, 1/4 Landrace, 1/4 Large White, 1/4 Yorkshire). Each

mean s SEM for Meishan differs (P < 0.10 to P< 0.01) from that for Composite boars, except (P> 0. 20) for

average tubule diameter and daily sperm production e testis.

'Daily sperm production (DEP) x 10' per gram of testicular parenchyma.

°natal daily sperm production (ILrsP) x 10' per paired testes. Total number of Sertoll cells x 10Eper paired

testes. Total number of Leydig cells x 109 per paired testes.

(90-120 days; FlorCruz and Lapwood, 1978; Allrich et al., 1983; Colenbrander el at, 1982). Rapid
proliferation of Sertoli cells occurs primarily during the first month after birth in conventional boars
(Tran et al., 1981; Kosco et al., 1987), and establishment of the blood-testis barrier indicates cessation
of proliferation of Sertoli cells thereby defining the total population of Sertoli cells and maximum
mature testis size (Russell et al., 1990; Chubb, 1992). The markedly earlier onset of puberty in the
Meishan requires curtailment of Sertoli cell proliferation sooner in the early postnatal period.
Indeed, at sexual maturity, Meishan boars have substantially smaller paired testis weight and fewer
Sertoli cells than do conventional boars (Table 1).

In Meishan (Fig. 1) and conventional boars, the percentage of the testis occupied by total
interstitial tissue and by Leydig cells exhibits a major early postnatal peak at 1-4 weeks of age
followed by a rapid decline through onset of puberty and maintenance at reduced values after
puberty (van Straaten and Wensing, 1977, 1978; FlorCruz and Lapwood, 1978; Colenbrander et al.,

1982; Allrich et a/., 1983). While similar in pattern of change, the absolute values for volume
percentage of the testis occupied by interstitial tissue (35-50%) and by Leydig cells (15-25%) in
Meishan boars beyond 10 weeks of age and into maturity remains substantially greater than the
values reported for conventional boars beyond 20 weeks of age (15-30% interstitial, 7-10% Leydig,
respectively). Thus, during the latter part of pubertal development and into maturity (Table 1),
Meishan boars consistently exhibit a 1.5- to 2.5-fold higher proportion of the testes occupied by
interstifium and Leydig cells than do conventional boars.

Average volume per Leydig cell, in both Meishan (Fig. 1 and Table 1) and conventional boars,
exhibits a major early postnatal peak at 1-4 weeks of age, followed by a reduction in size, a transient
increase during onset of spermatogenesis, and a slow decline in size that is maintained into maturity
(van Straaten and Wensing, 1977, 1978; FlorCruz and Lapwood, 1978; Colenbrander et al., 1982;
Allrich et al., 1983). Despite the similarity in pattern, absolute values for Leydig cell size in the
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Meishan are markedly larger than in other breeds (Fig. 1 and Table 1), and average two- to four-fold
larger at every age examined than reported values for Leydig cell size in conventional boars (van
Straaten and Wensing, 1978; Peyrat et al., 1981; Allrich et al., 1983; Lunstra et al., 1986). Concomitant
with the increase in cell size, increases in average volume of the nucleus, number of mitochondria
and amount of endoplasmic reticulum occur within Leydig cells of Meishan testis (Lunstra,
unpublished data), and increases in these intracellular components generally reflect increased
steroid-synthesizing capacity (Zirkin et al., 1980; Lunstra et al., 1986). Leydig cell size in conventional
boars declines and remains small (smaller than at birth) between 6 and 16 weeks of age before
increasing transiently coincident with increasing spermatogenesis (18-26 weeks of age). Meishans
also exhibit a less noticeable increase coinciding with increasing spermatogenesis (12 weeks of age)
and both the percentage interstitial tissue and Leydig cells exhibit small but consistent increases at
12 and 14 weeks of age (Fig. 1). Thus, the early postnatal and pubertal peaks occur so close together
in the Meishan, and overall Leydig ceLl size is so much larger, that a pronounced regression in
prepubertal Leydig cell volume does not occur, and the rebound in Leydig cell size at puberty is
relatively small (Fig. 1).

Endocrinology During Pubertal Development in Meishan Boars

In Meishan boars, serum FSH, LH, testosterone and dehydroepiandrosterone sulfate (DHEAS)
concentrations all change markedly and exhibit distinct patterns during pubertal development (Fig.
2). One striking characteristic in Meishans is that serum concentrations of all four hormones (FSH,
LH, testosterone and DHEAS) are each substantially higher (two- to ten-fold) throughout postnatal
development, both before and after puberty, than in conventional boars, as assayed in our laboratory
(Table 2, and unpublished data) or reported by others for various breeds of conventional boar (Tan
and Raeside, 1980; Allrich et al., 1982,1983; Colenbrander et al., 1982; Ford, 1983; Schinckel et al.,
1984; Kosco et al., 1987; Trudeau et al., 1992).

A major peak in serum concentrations of FSH (1-2 weeks of age), LH (3-4 weeks of age) and
androgens (3-4 weeks of age) occurs early in the postnatal period in Meishan boars (Fig. 2).
Although the early postnatal peak in testosteione appears to be quite subtle (Fig. 2), the increase in
serum testosterone concentrations at 3-4 weeks of age is significantly higher than that during the
preceding (2 week) and following (5 week) time frames. Early postnatal peaks in serum hormones
also occur at comparable ages or even slightly earlier in conventional boars (Colenbrander et al.,
1982; Kosco et al., 1987; Trudeau et al., 1992; Ford et al., 1997), although absolute values are lower (Fig.
2; note smaller scale of y-axis for conventional boars). After the early postnatal peak, serum
concentrations of gonadotrophins and androgens decline at least until the onset of puberty in both
Meishan (8 weeks) and conventional boars (16 weeks). However, with onset of spermatogenesis in
Meishans, serum FSH, testosterone and DHEAS all increase steadily and markedly during the
period of increasing testis mass (Figs 1 and 2), and very high concentrations of these hormones are
maintained in adulthood (Table 2). Serum concentrations of LH in Meishans also increase markedly,
but the increase is delayed until maximum tubule diameter is achieved (Figs 1 and 2). In contrast,
after the early postnatal peak in conventional boars, serum FSH remains relatively low through
puberty and on through sexual maturity, although a small increase in FSH immediately preceding or
coinciding with the onset of sperm production has been reported in conventional boars
(Colenbrander et al., 1982; Schinckel et al., 1984; Kosco et al., 1987; Trudeau et al., 1992; Mariscal et al.,
1996), and serum concentrations of LH remain low into adulthood with no significant peripubertal
changes (Allrich et al., 1982; Colenbrander et al., 1982; Schinckel et al., 1984; Kosco et al., 1987).
Despite the large differences among breed in serum concentrations of hormones, it is surprising that
serum LH declines before and changes relatively little during the onset of spermatogenesis in both
Meishan and conventional boars (Fig. 2).

The highest peripubertal concentrations of FSH, LH, testosterone and DHEAS all occur
postpubertally at 15-16 weeks of age in Meishan boars. Although serum LH concentrations decline
somewhat between 16 weeks of age and maturity in Meishan boars (compare Fig. 2 and Table 2), the



T
ab

le
2.

D
if

fe
re

nc
es

be
tw

ee
n

m
at

ur
e

M
ei

sh
an

an
d

co
nv

en
tio

na
l

bo
ar

s
in

bo
dy

w
ei

gh
t,

te
st

es
si

ze
an

d

ci

rc
ul

at
in

g
pl

as
m

a
ho

rm
on

e
co

nc
en

tr
at

io
ns

C
ha

ra
ct

er
is

tic
M

ei
sh

an
D

om
e

(B
or

g
et

al
.,

19
93

)

M
ei

sh
an

an
te

(B
or

g
et

al
.,

19
93

)

M
ei

sh
an

C
om

po
si

te
°

(W
is

e
et

al
.,

19
96

)

M
ei

sh
an

C
om

po
si

te
b

(F
or

d
et

at
.,

19
97

)

N
um

be
r

of
bo

ar
s

9.
8

9
8

8
7

22
22

A
ge

(d
ay

s)
53

3
±

5
45

3
±

11
70

6
t

5
62

7
±

11
68

2
±

55
42

6
t

5
50

9
±

44
44

0±
41

B
od

y
w

ei
gh

t
(k

g)
'

14
0±

5
18

4±
4

16
4

I
7

19
7

±
6

14
7

±
9

15
6

t
3

11
5

±
5

19
7

±
6

P
ai

re
d

te
st

es
w

ei
gh

t
(g

)'
91

7
±

37
°

70
1

±
64

°
40

8
±

31
d

96
9

±
31

d
39

4
±

53
50

9
±

31
32

5±
24

54
7

±
25

P
la

sm
a

F
S

H
(n

g
m

il'
63

9
±

79
65

±
11

65
6

t
73

91
ill

55
4

I
50

10
2

±
8

70
4

±
48

13
6

±
48

P
la

sm
a

LH
(n

g
m

kt
nd

nd
nd

nd
1.

3
±

0.
1

0.
2

±
0.

1
nd

nd

P
la

sm
a

te
st

os
te

ro
ne

(n
g

m
itt

15
.1

±
5.

0
6.

9
±

1.
7

20
.8

±
6.

9
7.

5
±

1.
7

14
.5

t
0.

6
2.

6
±

0.
1

16
.8

±
2.

6
3.

8
±

1.
3

P
la

sm
a

in
hi

bi
n

(f
m

ol
m

l-t
97

±
9

19
7

±
18

11
7

±
17

26
9

±
16

13
1

±
13

15
6

±
13

nd
nd

P
ur

eb
re

d
D

ur
oc

bo
ar

s.

°C
om

po
si

te
bo

ar
s:

C
ro

ss
br

ed
bo

ar
s

(1
/4

C
he

st
er

W
hi

te
,

1/
4

La
nd

ra
ce

,
1/

4
La

rg
e

W
hi

te
,

1/
4

Y
or

ks
hi

re
).

`W
ith

in
ea

ch
st

ud
y,

m
ea

n
fo

r
M

ei
sh

an
bo

ar
s

di
ffe

rs
si

gn
ifi

ca
nt

ly
(P

c
0.

05
to

P
<

0.
01

)
fr

om
th

at
fo

r
co

nv
en

tio
na

l
bo

ar
s,

ex
ce

pt
(P

>
0.

10
)

fo
r

bo
dy

w
ei

gh
t

(k
g)

an
d

pl
as

m
a

co
nc

en
tr

at
io

ns
of

in
hi

bi
n

re
po

rt
ed

by
W

is
e

el
al

.
(1

99
6)

.

°P
ai

re
d

te
st

is
vo

lu
m

e
(c

m
3)

ca
lc

ul
at

ed
fr

om
ca

lip
er

m
ea

su
re

m
en

ts
(e

qu
iv

al
en

t
to

w
ei

gh
t,

as
su

m
in

g
1.

0
cm

°
=

1.
0

g)
.

nd
:

no
t

de
te

rm
in

ed
.

A
ll

da
ta

sh
ow

n
ar

e
pr

es
en

te
d

as
m

ea
ns

±
S

E
M

.
D

at
a

ho
rn

B
or

g
ef

al
.

(1
99

3)
;

W
is

e
el

al
.

(1
99

6)
;

an
d

F
or

d
el

al
.

(1
99

7)
.

le43III
IS

U
P

I7

'a'a



E 10 E 10
o

.

0 0 0 

0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 0 2 4 6 8 10 12 14 1618 20 22 24 26 28 30 32

Age (weeks) Age (weeks)

Fig. 2. Patterns of change in (a,b) FSH, (c,d) LH, (e,f) testosterone and (g,h) dehydroepiandrosterone sulfate

(DHEAS) concentrations in (a,c,e,g,) Meishan and (b,d,f,h,) conventional boars from birth through puberty.

(b) Data from (0) Kosco et al., 1987; (0) Colenbrander et al., 1982; and (0) Schinckel et al., 1984; (d) data from

(0) Kosco et al., 1987; (0) Colenbrander et al., 1982 and (0) Allrich et al., 1982; (0 data combined from Tan and

Raeside (1980), Allrich el al. (1982), Ford (1983) and Kosco el al. (1987); (h) data from Tan and Raeside (1980).

higher serum concentrations of FSH, LI-1, and testosterone present at 16 weeks of age are maintained

at sexual maturity (Table 2). One possible explanation is that the sensitivity of the hypothalamus to

steroid feedback in the Meishan boar may be greatly reduced during this time frame (14-16 weeks of

age), but the reduction must be temporary, since feedback sensitivity seems to be fully fimctional at

sexual maturity (see discussion on sexual maturity below). Regardless of the mechanism, Meishan
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boars continue to exhibit greater concentrations of serum FSH, LH, and androgens than do
conventional boars at sexual maturity (Table 2).

In Meishan and conventional boars, the major early postnatal peaks in serum concentrations of
FSH, LH and androgens coincide well with the timing of early postnatal peaks observed in volume
percentages of the testis occupied by interstitial tissue and Leydig cells, and with the marked early
peak in Leydig cell size (compare Fig. 1 and Fig. 2). Although Meishans achieve puberty at a much
younger age than do conventional boars, the coincidence between structural and hormonal peaks
indicate that there is a strong interdependence and cause-and-effect relationship amongst these
characteristics, even in these two very different types of pig. Presumably, the high early postnatal
concentrations of gonadotrophins stimulate the marked increase in Leydig cell size, and the
increased steroidogenic machinery in the enlarged Leydig cells synthesize and secrete enough
steroids to produce the early postnatal peak in serum androgens.

In conventional boars, the general decreases in serum LH and FSH through puberty and into
sexual maturity, with perhaps a small transient increase in FSH preceding or coinciding with
the onset of sperm production, are not due to decreases in pituitary gonadotrophin content.
Indeed, hypothalamic content of GnRH and pituitary content of FSH and LH increases progressively
from birth through puberty in conventional male pigs (McNamara et al., 1985; Lee et al., 1987).
It is more likely that the rapid increase in testis size increasing total Leydig cell mass, and
increasing numbers of receptors for both LH and FSH (presumably occurring in Meishans, as
has been demonstrated in conventional boars) collectively contribute to rising serum concentrations
of androgens during this time frame, i.e., an increase in testicular responsiveness. The increasing
serum androgens presumably allow steroid feedback to maintain low serum concentrations of
LH during this peripubertal period. Assuming that this occurs, the feedback suppression on
gonadotrophins appears to be expressed differently in the Meishan, since LH is suppressed (at
least until 13 weeks of age) while FSH increases steadily and markedly at 8 weeks of age and beyond
(Fig. 2).

General Reproductive Characteristics in Mature Meishan Boars

In general, mature Meishan boars exhibit lower body weight and much smaller testicular size than
do conventional breeds of boar at comparable ages (Table 2). The number of spermatozoa per
ejaculate from Meishan boars is approximately half that of conventional boars (Borg et al., 1993;
Gerfen et al., 1994; Huang and Johnson, 1996), but percentage progressively motile spermatozoa,
percentage spermatozoa with normal morphology, and other semen quality characteristics are
similar, despite major breed differences in mature testis size In mammals, the number of Sertoli cells
determines mature testicular size (Russell et al., 1990; Chubb, 1992), and findings in boars concur
with this. Testes of mature Meishans that are approximately half the size of those of conventional
boars (Table 1) have substantially fewer Sertoli cells (Okwun et al., 1996a, 199613).Of significance,
daily sperm production per gram of testis (DSP does not differ between Meishan and
conventional boars (Table 1); therefore, major differences in total DSP primarily reflect breed
differences in paired testis weight. However, the percentage of the testis occupied by seminiferous
tubules is 1.4-fold lower in Meishan than in conventional boars (Table 1). Meishan boars produce
approximately twice as many spermatozoa per Sertoli cell (Table 1) and almost twice as many
elongated spermatids per type A spermatogonium compared with conventional boars to
accommodate this change in testis composition (Okwun et al., 1996a, 1996b). The yield of spermatids
per type A spermatogonium is a reliable measure of efficiency of spermatogenesis (Berndtson and
Igboeli, 1989). Thus, mature Meishan boars produce spermatozoa much more efficiently (per gram
of seminiferous tubule, per Sertoli cell, and per spermatogonium) than do conventional boars and
appear to achieve this via reduced degeneration of germ cells and spermatids during the
spermatogenic process. Although the mechanism that allows Meishan boars to achieve this greater
efficiency is unknown, it probably relates to constant exposure of the Sertoli cells to greater
concentrations of FSH and androgens.
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Sensitivity to GnRH Stimulation in Mature Meishan and Conventional Boars

When mature Meishan and conventional boars (Composite = 1/4 Chester White, 1/4 Landrace,
1/4 Large White, 1/4 Yorkshire) of approximately the same body weight (BWT) are challenged with
a high (1500 ng kg BWT) or a low (150 ng ke BWT) dose of GnRH, both breeds respond with
significant increases in serum FSH, LH and testosterone concentrations (Wise et al., 1996), and
greater increases occur in response to the high dose of GnRH in both types of boar. Despite major
pretreatment differences in circulating hormone concentrations, the FSH response to GnRI-1 is
comparable (i.e., approximately 125% at low dose and 160% at high dose above pretreatment values)
in Meishan and Composite boars. In Meishan boars, the substantially increased serum
concentrations of FSH and LH take longer to return to pretreatment values. Although paired testis
size is significantly lower in Meishan boars, serum inhibin concentrations differ minimally at
pretreatment and changed little during GnRH challenge (Wise et al., 1996). Accepting the limitations
of the radioimmunoassay for the a-subunit of inhibin, serum inhibin does not appear to be a
primary determinant of high circulating concentrations of FSH in Meishan boars. Thus, under
normal physiological conditions, pituitaries of Meishan boars are not functioning under maximal
GnRI-I stimulation and are not secreting maximal amounts of gonadotrophins. High gonadotrophin
concentrations in Meishan boars apparently are under control of a functional and responsive GnRH
system.

Interestingly, differences in gonadotrophin secretion during the oestrous cycle are not apparent
between females of Meishan and European breeds (Hunter et al., 1996). In contrast to the situation in
males, ovariectomized European gilts release greater concentrations of FSH and LH in response to
GnRH stimulation than do Meishan gilts and are more responsive in their reduction of FSH
concentrations after treatment with pig follicular fluid (inhibin effect; Tilton et al., 1994). A
mechanism to explain these sex differences in Meishans is not obvious, but in mice that possess a
transgene for human FSHI3, expression is greater in males, but not in females, relative to normal
mice (Kumar and Low, 1993).

Negative Feedback Regulation of FSH in Mature Meishan and Conventional Boars

When mature Meishan and Composite boars that differed 4- to 9-fold in circulating FSH
concentrations were castrated, FSH exhibited a postcastration rise, and the rate of this increase
(0-48 h) in both breeds did not differ (Wise et al., 1996). In addition, differences in postcastration FSH
concentrations were maintained between breeds through at least 16 days. The pattern of decline in
serum testosterone did not differ between breeds after castration, although Meishan boars had
greater serum testosterone before castration. These results demonstrate that gonadal hormones exert
negative feedback on gonadotrophin concentrations in the mature intact Meishan boar, apparently
in a manner similar to that observed in intact conventional boars.

Injection of castrate Meishan and Composite boars with the same dosages of gonadal steroids
(testosterone +oestradiol, i.m. on kg-' BWT basis) was equally effective, in both breeds, at reducing
the increased concentrations of serum FSH present in castrates (Wise et al., 1996). The rate of decline
in FSH after injection did not differ among the breeds, and the relative degree of suppression by
gonadal steroids appeared to be similar. The relative difference in serum FSH before steroid injection
continued after steroid treatment. Furthermore, serum FSH began to escape exogenous steroid
suppression earlier in Meishan than in Composite castrates. Thus, feedback sensitivity to testicular
steroids in these two divergent breeds of boar seerns to be fully functional and coordinate within
their relative concentrations of circulating hormones. Collectively, these data indicate that the high
concentrations of gonadotrophins and androgens in Meishans occur under the control of a
hypothalamo—pituitary—gonadal axis that functions responsively but with much higher set points in
the Meishan boar.
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Meishan Pituitary Mass and Biological Activity of FSH

Pituitary size is greater in mature Meishan than in mature Composite boars, and both content and
concentration of FSH are substantially higher in anterior pituitaries of Meishan boars (Zanella et al.,
1996). The greater expression of the genes for a-subunit and for FSHI3and LI-113subunits accounts, in
part, for the observed differences in gonadotrophin concentrations within pituitaries of Meishan
boars. In addition, nucleated pituitary cells that are positive immunocytochemically for FSH or LH
(gonadotrophs) have larger cell volumes in Meishan than in Composite boars (Macdonald et a/.,
1995).

Furthermore, in an in vitro bioassay for FSH activity that utilized a cell line possessing
recombinant FSH receptors coupled with a cAMP-responsive system, the activity of pituitary
extracts from Meishan and Composite boars is highly correlated with FSH content determined by
radioirnmunoassay (r =0.92; Macdonald et al., 1995). In association with this difference in pituitary
FSH concentration, gene expression for activin, a stimulator of FSFI secretion, is higher in pituitaries
of Meishan than in Composite boars (Li et al., 1997). In total, the difference in FSH concentrations
between Meishan and Composite boars may be due more to differences in activin regulated
synthesis rather than to differences in GnRH regulation of secretion or differences in sensitivity to
inhibitors of secretion.

Negative Relationship Between FSH and Mature Testis Size

When the variation in mature testis size and serum FSH concentration was examined, a negative
correlation became apparent in mature Meishan boars as well as in mature Composite and
Meishan x Composite crossbred boars (r = —0.74,Fig. 3; Lunstra et al., 1996). Owing to the positive
correlation between mature testis weight and total daily sperm production (TDSP), there is a
negative correlation between FSH and TDSP in these boars. Thus, a three times greater serum FSH
concentration was associated with 32% smaller mature testis weight and 33% lower TDSP. In
Meishan x Composite boars destined to exhibit major differences in serum FSH concentration at
maturity, we detected divergence in serum FSH concentrations at 2-8 weeks of age, and this
divergence remained during pubertal development (4-6 months of age) and at 1 year of age (Ford et
al., 1997). In addition, we have found that serum FSH concentration has a moderate heritability
(fr12=0.42) in Meishan x Composite boars (Rohrer et al., 1997), comparable in magnitude to the
heritability of testis size in conventional boars (Young et al., 1986).

The reason for this negative relationship between mature testis size and serum FSH
concentration in boars is not clear. In contrast to our findings, FSH secretion (Schinckel et al., 1984;
Mariscal et al., 1996) was not influenced by generations of selection for increased testis size in
conventional boars (Huang and Johnson, 1996). This lack of an effect on FSH secretion may reflect
selection that was not based on testis size at maturity; instead, boars were selected for larger testis
size at 150 days of age which would select primarily for earlier pubertal development and
secondarily for mature testis size. In contrast to our findings, most other evidence supports a
concept that high serum FSH, especially during the early postnatal period, would contribute to
greater proliferation of Sertoli cells and result in a larger mature testis size. Treatment of rodents with
FSH during early postnatal life causes testicular hypertrophy and increases in numbers of Sertoli
cells that persist into adulthood (Meachem et al., 1996). In addition, treatment of conventional boars
with FSH from 8 to 40 days of age caused no testicular hypertrophy by 100 days of age, but appeared
to delay puberty, to increase the length of seminiferous tubules and the total number of Sertoli cells,
and, theoretically, would have increased mature testis size (Swanlund et al., 1995). The latter study
contradicts the association between testis size and high serum FSH in Meishan boars (i.e., earlier
puberty and reduced mature testis size) and in conventional breeds of boar (i.e., reduced mature
testis size). Moreover, other researchers have begun to question the necessity of FSH for regulation of
spermatogenesis (Zirkin et al., 1994). Thus, further studies are needed to clarify relationships
between extremes in FSH concentrations and extremes in age at puberty and mature testis size.
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Fig. 3. Relationship between testis size and serum FSEI

concentration in mature (•) Meishan, (0) Composite and (0)

Meishan x Composite boars. All boars were > 1 year of age.

Composite boars: 1/4 Chester White, 1/4 Landrace, 1/4 Large

White, 1/4 Yorkshire.

Of particular relevance may be that serum TSH concentration is greater and expression of the

13-subunit gene for thyroid-stimulating hormone (TSH-13) in pituitaries is higher in mature Meishan

than in conventional boars (Li et al., 1996). Sertoli cells have receptors for TSH, and TSH has potency

equivalent to FSH for stimulation of androgen binding protein secretion by Sertoli cells (Hutson and

Stocco, 1981). Increased serum TSH concentrations (Ford et al., unpublished data) in combination

with high FSH concentrations are associated with reduced testis size exhibited by mature boars with

high FSH. Early prepubertal treatment of male rodents with propylthiouracil, a compound that

blocks 13 and T4 production (hypothyroidism), causes TST-Iand FSI-1to remain at low concentrations

into adulthood and results in increased numbers of Sertoli cells, increased mature testis size, and

increased sperm production (Hess et al., 1993; Sirnorangkir et al., 1995). The implication from these

propylthiouracil studies is that the opposite effect (high concentrations of TSH and FSH)

prepubertally Would cause reduced numbers of Sertoli cells and smaller adult testis size. Contrary to

prediction, mature testis size of conventional boars was not increased by propylthiouracil treatment

from 1 to 9 weeks of age (Tam et al., 1996), but this treatment failed to decrease serum FSH. At present

the prepubertal manipulation of FSH and TSH in conventional boars has not duplicated effects on

testicular development comparable to those observed in Meishan boars.

Conclusion

Major endocrine differences and unique differences in the structural and functional efficiency of the

testis are exhibited in Meishan boars during pubertal development and at maturity in comparison

with boars of conventional breeds. Many fundamental questions remain concerning the factors that

control these aspects of reproduction in boars. Why is high FSH secretion throughout development

associated with increased spermatogenic efficiency but an unexpected reduction in testis size, while

high LH secretion is associated with predictable increases in Leydig cell size and testicular

steroidogenesis? These unusual endocrine and physiological attributes in boars of the highly prolific

Meishan breed offer a unique model for further investigation of factors influencing male

reproductive function. In particular, can the greater efficiency of spermatogenesis in Meishan boars

be introgressed into boars of conventional breeds? Hopefully, future results using this model will

provide new insights and contributions to the expansion of our understanding of the physiological

basis for the reproductive superiority of hyperprolific pigs.
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