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BIOLOGY OF REPRODUCTION 52, 1258-1267 (1995)

Local Initiation of Spermatogenesis in the Horse'

AMY J. CLEMMONS,3 DONALD L. THOMPSON, JR.,4 and LARRY JOHNSON2 ' 3

Department of Veterinary Anatomy and Public Health,3 College of Veterinary Medicine
Texas A&M University, College Station, Texas 77843-4458
Department of Animal Science,4 Louisiana State University

Baton Rouge, Louisiana 70803

ABSTRACT

Gross observation of testicular parenchyma of 1.5- to 2-yr-old horses reveals both light and dark regions. If this gross, differ-
ential shading reflects quantitative differences in the development of spermatogenesis and interstitial cell populations, the horse

may prove to be a useful model for study of the paracrine relationships associated with initiation of spermatogenesis. The ob-
jective of this study was to characterize seminiferous tubules and interstitium of testes with gross, differential shading. Testes

with both light and dark regions of parenchyma were obtained from horses 1.5-2 yr old and compared to parenchyma of fetal,
2-yr-old, or 5-yr-old horses. Stereology was used on tubular and interstitial components, and luminal development of seminiferous
tubules was scored. Volume density of seminiferous tubules, percentage of tubules with large vacuoles or a complete lumen, and
number of primary spermatocytes per gram were greater (p < 0.05) in light parenchyma than in dark parenchyma. The per-
centage of tubules with no lumen and the percentage of parenchyma occupied by interstitial space were greater (p < 0.05) in
fetal and dark parenchyma than in light parenchyma. The number of Leydig cells per gram parenchyma was similar (p > 0.05)
in both light parenchyma and dark parenchyma. A greater percentage (p < 0.05) of other (nonvascular, non-Leydig, nonmacro-
phage) cells was found in the dark parenchyma than in light parenchyma or in testes of 2- or 5-yr-old horses. The volume density
of macrophages was notably greater (p 0.05) in fetal and dark parenchyma than in light parenchyma or in testes from older
horses. Variation in development of seminiferous tubules was not associated with the volume density of blood vessels. In con-
clusion, the gross, differential shading of equine testicular parenchyma with its corresponding differences in seminiferous tubular
development is a clear example of the effect of local factors leading to the local initiation of spermatogenesis.

INTRODUCTION

The establishment of spermatogenesis in most species
occurs randomly throughout the testis [1] with a corre-
sponding uniformity of parenchymal coloration or shading.
The horse testis is an exception in that a gross section taken
from young horses (< 2) can have light testicular paren-
chyma in the center and dark parenchyma in the periphery
[2-4]. The uniformly light testicular parenchyma is associ-
ated with completion of spermatogenesis throughout the
testis in 2- to 3-yr-old horses, and subsequent darkening of
the parenchyma in horses is associated with changes in in-
terstitial cell populations [2, 3, 5]. Hence, the distinct pat-
tern of light and dark regions in testes of young horses may
result from quantitative differences in interstitial cell pop-
ulations and may correlate directly with differences in tu-
bular development. Initial development of seminiferous tu-
bules in the center of the testis followed by tubular
development in the periphery of the testis would imply a
local control mechanism for the initiation of spermatogen-
esis [4].

Adult values for histological parameters (volume density
of residual bodies and elongated spermatids) are reached
by 2.5 yr of age whereas adult values for testicular weight,
daily sperm production/horse, and Sertoli cell number/horse
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are reached by 4 yr of age [6]. The testicular composition
of other interstitial components such as blood vessels, lymph
vessels, and other cells, as well as seminiferous tubules,
characterize age-related differences in horses aged 2-20 yr
[5]. However, little attention has been directed toward
quantitative characteristics of the developing interstitium as
it may relate to local initiation of spermatogenesis. Like-
wise, relationships between the interstitium and seminif-
erous tubules leading to the initiation of spermatogenesis
have not been evaluated in the horse.

If variation in differential shading correlates with the
variation in spermatogenic development of seminiferous
tubules, the horse would be a useful model for study of
the initiation of spermatogenesis because regional sam-
pling from the same testis would yield testicular paren-
chyma that has either initiated spermatogenesis or has not.
The objective was to determine whether gross shading of
testicular parenchyma and quantitative changes in intersti-
tial cell or blood vessel density were associated with quan-
titative differences in seminiferous tubular development
during initiation of spermatogenesis.

MATERIALS AND METHODS

Specimens

Testes from 258 horses aged 4 yr and younger were ob-
tained from a slaughterhouse in connection with other
studies [7]. Only horses from light-weight breeds, in good
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LOCAL INITIATION OF SPERMATOGENESIS

body condition, with a smooth hair coat were used. Tooth
eruption and wear patterns were used to determine the age
of horses [5]. Testes were removed and vascularly perfused
with 2% glutaraldehyde in sodium cacodylate within 15 min
of death. In the laboratory, testes were dissected from fascia
and the epididymis, and weighed. Parenchymal weight is
the difference between the whole weight and the weight
of the tunica albuginea. Parenchymal volume is calculated
by dividing the parenchymal weight by 1.05 g/ml (specific
gravity; [5]). Slices of parenchyma weighing 1-3 g were
placed in 2% glutaraldehyde in 0.1 M sodium cacodylate
buffer and stored at 5C. All testicular tissue was evaluated
and scored on the basis of gross parenchymal shading (Fig.
1). Of the 258 horses evaluated, 16 horses 1.5-2 yr old ex-
hibited gross, differential shading of parenchyma (both light
and dark parenchyma in one or both testes). For stereo-
logic evaluation, nine horses were randomly selected from
the group of 16 horses with differential shading. Since tis-
sues were obtained for other studies [7], the proportion of
dark and light parenchyma was not obtained and could not
be determined from the remaining tissues from each testis.
Testes from three additional groups (fetal, 2-yr-old, or 5-yr-
old), consisting of three horses for each group, were ob-
tained and processed in the same manner. Five slices (2 x
3 x 4 mm) of testicular parenchyma (from each group as
well as light and dark regions from horses with differential
shading) were further fixed in 1% Os04 in sodium caco-
dylate buffer, dehydrated in a series of alcohols, and
embedded in Epon [5].

Histological Evaluation
Sections were cut at 0.5 pm, stained with toluidine blue

dye, and observed under brightfield microscopy and ste-
reologically evaluated. Chalkley's point-counting method [8]
was employed at 1000x to determine volume density of
tubular or interstitial structures based on at least 3000 points/
horse. These counts included seminiferous tubules, Leydig
cells, macrophages, blood vessels, lymph vessels, other in-
terstitial cells, and other nonvascular structures (Fig. 2). Nu-
clei of Leydig cells, Sertoli cells, round spermatids, primary
spermatocytes, and spermatogonia/gonocytes were scored
on a separate count using Chalkley's method of sampling
with 10000 points/horse at 1000x. Daily sperm produc-
tion based on round spermatids or primary spermatocytes
was calculated as described previously [9].

Since calculation of daily sperm production is based on
the presence and number of germ cells that may not be
present in immature testes, it was necessary to measure tu-
bular development on the basis of tubule diameter, length,
and luminal formation. Development of seminiferous tu-
bules was observed at 100x, and tubules were scored (Fig.
3) on a scale of 1 (for fully closed lumen) through 5 (for
complete lumen formation and full complement of germ
cell types). A score of 3 was assigned when the tubules had
vacuoles in the seminiferous epithelium and spermatogo-

FIG. 1. Gross view of an equine testis revealing both dark and light,
differential shading characteristics. Regions of dark parenchyma (dark) in
periphery and light parenchyma (light) in center as well as tunica albuginea
(TA) are indicated. This testis was from 2-yr-old horse and measured 2.6
cm in diameter. Bar = 5.0 mm.

nia, and some primary spermatocytes were present. Tu-
bular diameter, evaluated by 60 measurements/horse at
100x, also was used to establish tubular development and
determine cross-sectional areas. The length of seminiferous
tubules per gram parenchyma was calculated by using the
formula for the volume of a cylinder. Length was calculated
as the product of the volume density of tubules and pa-
renchymal volume divided by the product of parenchymal
weight and tubular cross-sectional areas [5].

To determine nuclear diameters, a subset of five of the
nine horses with both light and dark regions of paren-
chyma was selected on the basis of parenchymal weights
that best approximated the mean for all nine horses and
compared with all horses in the other age groups. Epon
sections cut at 20 jim, Nomarski optics, and a computerized
digitizing unit were used to determine the maximum di-
ameter of individual nuclei in Leydig cells, Sertoli cells, or
germ cells totally embedded in the sections [5]. Given the
diameters, the average volume of a single nucleus of germ
cells was calculated by using the formula for the volume
of a sphere. For Sertoli cell nuclei, which are not spherical,
the height and width measurements were averaged before
the formula for the volume of a sphere was used to ap-
proximate the nuclear volume. This approximated volume
was corrected by an empirically derived correction factor
of 0.73, which was applied to correct for the nonspherical
shape of equine Sertoli cell nuclei [10]. The number of a
given cell type was determined by dividing the product of
nuclear volume density, parenchymal volume, and a his-
tological correction factor for section thickness and nuclear
diameter [11] by the volume of a single nucleus of that cell
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CLEMMONS ET AL.

FIG. 2. Brightfield light micrographs and electron micrograph structures in (a) light and (b, c) dark testicular parenchyma. Seminiferous tubules (ST),
Leydig cells LC), macrophages (M), other interstitial cells (OIC), Sertoli cells (SC), gonocytes (G), spermatogonia (Sg), primary spermatocytes (PS), Sa
spermatids (Sa) with spherical nuclei, and blood vessels (BV) are identified. b) When macrophages are in high density among interstitial components, often
they are larger than tubular diameter (i.e., > 50 prm). c) Ultrastructural features of testicular macrophages include microvilli (Mv), a nonspherical nucleus
(N), typical cellular organelles, and an abundance of ingested substance (IS) in various states of digestion. Bar = (a, b) 10 pm and (c) 1 .m.

type [5-7]. Electron microscopy was used to confirm the
identity of macrophages [5].

Endocrine Analysis

Serum concentrations of FSH, LH, and testosterone (T)
were determined by RIA as described previously [12-14].
A single blood sample, collected at the time of slaughter,
was used as an estimate of daily concentrations for the nine
horses with differential shading and three horses from each
of the other age groups. Use of randomly selected blood
samples obtained every 15 min for 12 h during the summer
or winter has shown that the variation in serum LH or T
concentrations among stallions was largely related to the
temporal variation of an individual stallion's values around
his daily mean [14]. These authors reported that the stallion
has much less variation in pulsatile concentrations of T and

gonadotropins than that reported for other domestic ani-
mals. Intratesticular testosterone (ITT) concentration was
determined from testicular homogenates by RIA as de-
scribed previously [15]. Specificity of the assay for T was
confirmed as described previously [13]. The sensitivity, and
intra- and interassay coefficients of variation were 0.05 ng,
9%, and 12%, respectively, for LH; 0.7 ng, 8%, and 10% for
FSH, and 50 pg, 5%, and 8% for T.

Statistical Analysis

Data obtained from different age groups were analyzed
by one-way analysis of variance with mean separation by
the Student-Newman-Keul's test [16]. Data from horses with
gross, differential shading of parenchyma were included as
one group (i.e., parenchymal weight) or as two groups in
the one-way analysis of variance for group comparisons.
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LOCAL INITIATION OF SPERMATOGENESIS

FIG. 3. Histologic view of seminiferous tubules in both (a) dark and (b, c) light parenchyma. Luminal scores for tubular development are (a) 1 (no
lumen), (b) 3 (vacuoles between Sertoli cells), and (c) 5 (complete lumen). Macrophages (arrow), lymphatic vessels (LV), and blood vessels (BV) are in-
dicated. Bar = 50 m.

Hence, when values for both dark or light regions of pa-
renchyma were available (i.e., % seminiferous tubule), val-
ues for dark and values for light parenchyma constituted
two independent groups for comparison with other age
groups. Comparisons of data obtained on light or dark re-
gions of the same testis also were tested by the paired
t-tests [16]. Prior to analysis, percentage data were trans-
formed to arc-sine. Linear and logarithmic correlations were
tested for significance [16].

RESULTS

Gross regional differences in shading of testicular pa-
renchyma (Fig. 1) within the same testis of horses aged 1.5-
2 yr were characterized by histologically distinct differ-
ences (Fig. 3). Qualitative evaluation revealed inactive small
seminiferous tubules composed mostly of gonocytes and
Sertoli cells with no lumen in regions of dark parenchyma.
Larger more active tubules, with evidence of luminal for-
mation and all types of germ cells, characterized the light
parenchyma. Stereologic evaluation revealed that dark pa-

renchyma had a lower percentage (volume density) of sem-
iniferous tubules than did light parenchyma (Table 1). The
volume density of seminiferous tubules in dark paren-
chyma of testes with shading was intermediate in value be-
tween fetal parenchyma (which have only very dark paren-
chyma) and parenchyma from light regions or 2-yr-old horses
(which have only light parenchyma). The interstitium of the
fetal and dark parenchyma was occupied by a high density
of Leydig cells, macrophages, and other (non-Leydig, non-
macrophage, nonvascular) interstitial cells (Table 1; Fig. 4).
Some of the macrophages were extremely large, as shown
by diameters exceeding the diameter of seminiferous tu-
bules in the dark parenchyma (Fig. 2). While light micro-
scopic observation revealed cellular characteristics of mac-
rophages (Figs. 2 and 3), the identity was confirmed by the
ultrastructure of macrophages shown by electron micros-
copy (Fig. 2c). Ultrastructural features of macrophages in-
cluded extensive microvilli, a nonspherical euchromatic
nucleus, and typical macrophage organelles. These in-
cluded heterophagic vacuoles occupied by ingested sub-
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TABLE 1. Effect of age and differential parenchymal shading on testicular characteristics.

Dark/Light

Fetal

Number of horses 3
Age (yr) 243 8 days*
Testicular weight (g)

Tunic weight 1.7 + 0.9"
Parenchymal weight 20.0 + 5.7a

Serum hormones
FSH (ng/ml) NDt
LH (ng/ml) ND
Testosterone (pg/ml) ND

Intratesticular testosterone
Per gram tissue ND

Volume density (%)
Seminiferous tubule 1.9 0.5a

Round spermatids NA
Interstitium 98.1 + 0.5a

Leydig cells 67.7 ± 4.1a

Nuclei only 4.7 + 0.2a

Macrophages 2.9 + 0.4a
Blood vessel 13.3 + 1.90
Lymph vessel 0.06 + 0.04
Other interstitial cells 4.9 + 0.80
Other 9.3 + 1.1

b

Percentage of seminiferous tubules
Tubule score 1-2 100 0O
Tubule score 3-5 0 + 00

Potential daily sperm production/gram (106)
Pachytene primary spermatocytes NAt
Round spermatids NA

Leydig cell
Nuclear diameter (m) 9.41 + 0.09a
Number/gram parenchyma 96.7 4.4a

,ab.C.dMeans in rows with different superscripts differ (p < 0.05).
*Days of gestation.
tND = Not determined.
'NA = Not applicable as given cell type not present.

Dark Both

9
1.7 ±+ 0.1

-- 6.6 ±+ 0.5b
23.1 ±+ 2.80

82.4 + 4.50
-- 3 3.7 0.1a
-- 123.4 30.10

Light 2-yr-old

3
2 0

5-yr-old

3
5 0

-- 13.4 0.7c 16.2 ±+ 1.9'
-- 90.0 - 2 2.6b 121.1 - 14.8C

87.0 ±t 12.9a
5.2 ± 0.30

404.0 269.1
b

4.2 + 1.2

47.4 +3.9 b

0.07 - 0.01a

52.6 39 b

4.1+ 0.8b

0.27+ 0.05
b

3.2 + 0.80
2.2 + 0 ,3 b

0.81 + 0.09
9.4 - 1.0b

32.9 + 2.8C

96.1 + 2.0a
3.9 - 2.0

1.3 + 0.9
0.5 ± 0.10

6.92+ 0.24 b

13.9+ 2.8 b

3.7 + 2.3

71.1 + 2.4
-- 0.4 ±+ 0.10

28.9 ± 2.4 c

-- 2.4 - 0 .6b
-- 0.20 ± 0 .04 b

0.5 ± 0.1
b

1.5 + 0.2
b

-- 0.62 - 0.06
3.4 + 0.3 a

20.4 ± 2.0
d

32.4 + 5.lb
67.6 5.1

b

18.4 ± 5.7
2.8 ± 1.10

76.4 ± 5.7C
1.2 ± 0.5 b

23.6 + 5.7C
2.8 + 0.9b

0.18 0.01 b

0.2 0 .1b
1.6 + 0.8

0.42 + 0.02
2.5 + 1.1a

16.0 ± 4 .0d

ND
ND

162.7 -+ 7 7 .4b
41.9 - 2 7 .2b

579.3 + 249.6 b

6.4 -+ 2.2

72.8 ± 2.1c

2.4 + 0.3C
27.2 ±+ 2.1c
18.4 + 2.5c

0.9 ± 0.1
C

0.03 0.00
b

1.5 -- 0.3b

0.46 + 0.06
0.8 ±+ 0.2'
6.0 ±+ 0 .7 b

ND
ND

ND ND
9.9 + 4.0

b 18.6 ± 2.10

-- 7.27 0.2 6cb 7.88 0.180 8.65 0.26
d

- 8.5 + 1.8b 6.2 ± 0 .4 b 24.5 - 3.00

FIG. 4. Effect of gross, differential shading of parenchyma on per-
centages of Leydig cells, macrophages, other (non-Leydig, nonmacro-
phage, nonvascular) cells, and blood vessels as well as number of Leydig
cells. Dark parenchyma had higher percentage of Leydig cells, macro-
phages, and other interstitial cells, but percentage of blood vessels was
similar to that of light parenchyma. Number of Leydig cells/g parenchyma
was higher in dark parenchyma, but value was not statistically different
from that of light parenchyma. Paired means with different superscripts
(A,B) are different (p < 0.05).

FIG. 5. Effect of gross, differential shading of parenchyma on char-
acteristics of seminiferous tubules. Light parenchyma had more developed
seminiferous tubules as noted by higher percentage of tubules, greater tu-
bular diameter, and higher percentage of tubules with luminal score of 3-
5. Dark parenchyma had longer tubules/g parenchyma and higher per-
centage of tubules with luminal score of 1 or 2. Units equal 1%, 1 m, 1
ltm, 1%, and 1% for tubular parameters, respectively. Paired means with
different superscripts (A, B) are different (p < 0.05).
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LOCAL INITIATION OF SPERMATOGENESIS

stances in varied states of digestion. The volume density of
macrophages in the dark parenchyma was similar to that of
fetal parenchyma, whereas the density of macrophages in
the light parenchyma and 2-yr-old and 5-yr-old horses was
almost inconsequential (Table 1). The densities of blood
vessels and lymph vessels and the number of Leydig cells/
g were not significantly different for the light and dark pa-
renchyma in the same testis (Fig. 4). Fetal testicular paren-
chyma had a much higher density of Leydig cells than did
light parenchyma. Fetal testicular parenchyma had a very
high density of blood vessels and Leydig cells (Table 1).

Whereas the dark parenchyma was composed mostly of
interstitium, a higher percentage of light parenchyma was
occupied by seminiferous tubules (Table 1; Fig. 3). Semi-
niferous tubules in the light parenchyma had larger di-
ameters but a shorter tubule length per g parenchyma (Fig.
5). Likewise, the percentage of tubules with a tubular de-
velopment score of 3-5 was also higher in the light paren-
chyma than in the dark parenchyma (Table 1; Fig. 5).

On the basis of volume density of tubules and/or tu-
bular development, the peripheral regions of dark paren-
chyma were similar to fetal parenchyma, and light regions
of parenchyma were similar to parenchyma of post-puber-
tal horses. The percentage of parenchyma occupied by
seminiferous tubules in the light parenchyma was similar
to percentages in 2-yr-old and 5-yr-old horses (Table 1).
Dark parenchyma was similar to fetal tissue in tubular de-
velopment (higher density of tubules with category 1-2 lu-
men) along with smaller tubular diameter and longer tu-
bular length. All these factors contribute to a darker, more
developmentally quiescent region.

Cellular components within the tubules followed the same
trend as that based on the tubular development score. Ad-
vanced cell types were present in higher densities in the
light parenchyma (Table 1). The numbers per gram paren-
chyma of primary spermatocytes and round spermatids were
greater in the light parenchyma than in the dark paren-
chyma (Fig. 6). However, this difference in volume density
of round spermatids was not statistically significant because
too few tubules in the light parenchyma had developed a
full complement of these germ cells. In contrast, the num-
bers of more immature germ cells (spermatogonia) were
greater in the dark parenchyma. Fewer Sertoli cells per gram
in the light parenchyma reflect expansion of the tubular
lumen and the increase in numbers of germ cells per gram
(Fig. 6) as well as shortening of the tubular length per gram
(Fig. 5). Hence, according to the larger density of Sertoli
cells and immature germ cells, dark parenchyma had less-
developed tubules.

Correlations between interstitial characteristics and mea-
sures of development of seminiferous tubules indicate sig-
nificant relationships between these two compartments of
the testis. Diameters of seminiferous tubules (Fig. 7) and
percentages of tubules with a development score of 3-5
(Fig. 8) were significantly related to volume densities of

FIG. 6. Effect of shade of parenchyma on number of Sertoli cells,
spermatogonia (gonocytes), primary spermatocytes, and spermatids with
spherical nuclei (round). Light parenchyma had greater number/g paren-
chyma of primary spermatocytes. Dark parenchyma had larger number/g
of Sertoli cells and of spermatogonia (gonocytes). Paired means with dif-
ferent superscripts (A, B) are different (p < 0.05).

interstitium, macrophages, or other interstitial cells (non-
Leydig, nonvascular, and nonmacrophage). As diameters of
tubules increased (Fig. 7) with luminal development (Fig.
8), the percentage of the parenchyma occupied by inter-
stitium reduced in a reciprocal, linear relationship. How-
ever, the relationship between volume densities of mac-
rophages or other interstitial cells and tubular development
was logarithmic, indicative of a threshold relationship. If
volume densities of macrophages exceeded 1.5% or of other
interstitial cells exceeded 6%, there was minimal tubular
development as judged by tubular diameter (Fig. 7) and
percentage of tubules with luminal scores of 3-5 (Fig. 8).

The number of Leydig cells did not appear to relate to
tubular development. The volume density of Leydig cells in
the parenchyma was not related to tubular development
(Figs. 7 and 8). Further, on the basis of analysis of three
pieces of tissue from light or dark parenchyma, the light
parenchyma (27.5 -+ 10.5 ng/ml) did not produce more T
in response to hCG stimulation for 2 h than did the dark
parenchyma (23.0 5.2 ng/ml). Unfortunately, ITT con-
centrations were not determined separately for light and
dark regions of parenchyma. However, ITT content, mea-
sured largely in the light regions of horses with light and
dark parenchyma, was similar to that in 2-yr-old and 5-yr-
old horses (Table 1). Serum concentrations of FSH, LH, and
T were similar (p > 0.05) in horses with both light and
dark regions of the same testis and 2-yr-old horses.

DISCUSSION
Gross differences in coloration within the parenchyma

of the same testis of prepubertal horses is brought about
by focal growth initiated in the central region (Figs. 1 and
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tubular diameter.

3). The present quantitative study confirms much earlier
qualitative studies by Bouin and Ancel in 1905 [2] and Ni-
shikawa and Horie in 1955 [3], who reported that gross col-
oration of equine testicular parenchyma parallels tubular
development and testicular size in prepubertal horses. Fur-
ther, Nishikawa and Horie showed that "spermatozoa"
(presumably mature spermatids) were first seen in the cen-
trally located tubules followed by a uniform presence of
these spermatids in most tubules throughout the testis [3].

Light regions of testicular tissue (Fig. 1) result from an
increased tubular volume density (Fig. 5) and tubular lu-
minal development (Figs. 2 and 3) coupled with a reduced
number of pigmented cells (macrophages and Leydig cells)
in the interstitium (Figs. 4 and 6). With increased tubular
volume density, the interstitial region is diluted, and the
parenchyma becomes lighter. Further, the tubules them-
selves become lighter as the lumen forms (Fig. 5), and the
density of Sertoli cells and spermatogonia is reduced (Fig.
6). Like spermatozoa, mature seminiferous tubules that

produce spermatozoa are usually not pigmented. The ex-
ception is residual body formation and phagocytosis, which
provide the basis for identifying seminiferous tubules by
transillumination in rodents [17-19] and in horses [20]. With
increased pigmentation of the interstitium as the Leydig cell
population increases in horses 4 yr old and older, the lack
of pigment in seminiferous tubules makes tubules visible
from the interstitium when viewed by a dissecting micro-
scope [5].

The interstitium itself becomes lighter with development
from dark parenchyma to light parenchyma. The reduction
in density of macrophages (Figs. 4, 7, and 8) and the re-
duction in percentage of Leydig cells (Fig. 4) were respon-
sible for a lighter interstitium. As mentioned, large clusters
of Leydig cells themselves cause darkness in testicular pa-
renchyma [5]. Bouin and Ancel [2] reported that dark re-
gions of prepubertal equine testicular parenchyma were
characterized by the removal of degenerating fetal intersti-
tial cells by abundant, large macrophages. Gradual light-
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ening of testicular parenchyma during pubertal develop-
ment has been attributed to regression of fetal Leydig cells
[3]. Coloration of the parenchyma in horses has been shown
to provide an index denoting testicular size [3], interstitial
development [5], and age of the horse [3, 5].

The temporal relationship between the reduction in vol-
ume density of macrophages or other interstitial cells and
development of seminiferous tubules (Figs. 7 and 8) is con-
sistent with a negative influence of these cells on tubular
development. In dark parenchyma, macrophages could be
very large, > 50 ptm (Fig. 2), and could have a high volume
density, > 7% of the parenchyma. A large population of
macrophages within the testis is found in the rat [21-25].
In rats, the interstitial macrophage is closely associated with
Leydig cells and is functionally related to these interstitial
cells [26]. Additionally, macrophages have been found to be
steroidogenic, sharing a surface antigen with the Leydig cell
[26]. Although they exhibit typical macrophage morphol-
ogy, the testicular macrophages seem to be involved in roles

beyond traditional immunological mechanisms [27]. Leydig
cells can form membrane digitations with macrophages [28].
This occurs just prior to the major steroidogenic activity of
Leydig cells associated with puberty. In rats, as well as in
horses (Figs. 7 and 8), the macrophages emerge in a tran-
sient manner during the period of rapid testicular growth
and maturation [29]. In the horse, macrophages occupied
a large volume of the testis in dark parenchyma but were
almost nonexistent within the light area of the same testis
(Table 1). The macrophages, as well as other interstitial cells,
may play a role in preventing the initiation of spermato-
genesis in the dark parenchyma when a threshold per-
centage of 1.5% is surpassed (Figs. 7 and 8).

Macrophages and Leydig cells seem to be functionally
related since the macrophages release factor(s) in culture,
primarily tumor necrosis factor alpha, which alters the se-
cretion of T by Leydig cells [30]. The physiological signifi-
cance of this factor has yet to be established; however, Ley-
dig cells do respond to it, which further supports the
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hypotheses that macrophages play a role in Leydig cell reg-
ulation [27]. This link between two main interstitial cells
illustrates a relationship that indirectly may effect the de-
velopment of the seminiferous tubule and the onset of
spermatogenesis. However, the gonadotropins released sys-
temically at puberty are required for testicular function and
maturation, although responsiveness of the testicular cells
to these hormones is regulated by factors produced and
acting within the testis [31].

Leydig cell function and systemic hormonal concentra-
tions do not appear to work independently of local factors
in initiation of spermatogenesis in the horse. Many experi-
mental results have indicated that Leydig cell function is
modulated by seminiferous tubule secretory products, par-
ticularly the trophic effect of Sertoli cells via diffusible fac-
tors, as well as testicular interstitial fluid [31]. However, the
volume density or numbers of Leydig cells were not cor-
related to measurements of seminiferous tubule develop-
ment in this study (Figs. 7 and 8). A possible explanation
for the lack of a significant relationship between Leydig cells
and tubular development is that it was not possible to dis-
tinguish residual fetal Leydig cells from new ones being
added with pubertal development. However, Leydig cell
function (based on HCG-stimulated production of T) was
not different between light and dark regions of paren-
chyma. Therefore, T production by Leydig cells did not ap-
pear to be the causative factor in the local initiation of sper-
matogenesis in the horse.

In order to further study this transient developmental
stage in the equine testis, an age range, a range of testicular
weight, or a combination of the two is needed. Because of
the transient nature of shading, only 12% of the 1.5- to 2-
yr-old horses in this study had gross, differential shading
of the parenchyma. Also, the weight of testes with differ-
ential shading averaged 23 g (Table 1). Nishikawa and Horie
[3] noted that testicular weight was more important than
age in predicting the development of tubules in testicular
parenchyma. They noted that maturation was directly re-
lated to testicular weight, and that the size with differential
shading (coloration) was between 10 g and 70 g. Others
[6] described the stage of light and dark within the same
testis in testes weighing 15-20 g, a value correlating with
the findings of our study. However, the fact that puberty
occurs at approximately 2 yr of age, with the horse having
adult values by 3 yr of age [3], the age group of the animal
must also be considered. Hence, given the age group (1.5-
2 yr) to be examined and palpation prior to castration to
determine testicular size, testes with differential shading
should be obtained routinely from clinical castrations with-
out the cost of animals and without the need of using an-
imals for research purposes only.

Although season did not seem to be a factor in the pres-
ent study, the season or length of photoperiod is known to
influence testicular size and spermatogenesis in many
mammals, including horses [5, 6,12]. A number of factors,

both internal and external, influence central nervous sys-
tem modulation of the endocrine system [32]. Since these
factors can influence the chronological age at which a given
animal reaches puberty, they will affect the specific age
(within the age group) at which a given horse will expe-
rience this transient phase. Energy intake, breed, and birth
season are also factors that may be important in determin-
ing the optimal time to sample the testis to obtain maxi-
mum size of light and dark regions for further experimen-
tation. However, size of the testis (i.e., between 10 g and
70 g [3]) appears to be the most important factor in ob-
taining testicular tissue with gross shading since these are
the weights at which the testis is undergoing differential
growth. Since all intact adult horses experienced testicular
growth between 10 g and 70 g, they must have gone through
the transient phase of testicular shading.

Focal growth within the equine testis (Figs. 1-3) con-
firms that local factors regulate the initiation of spermato-
genesis. Given that serum concentrations of LH and FSH
were similar in horses with differential shading and 2-yr-
old horses with uniform light parenchyma (Table 1) and
that the volume density of blood vessels was similar be-
tween light and dark regions of the same testis (Fig. 4),
there must be a local mechanism that initiates spermato-
genesis. Although blood flow in light and dark regions was
not measured in the present study, similar volume densities
for blood vessels in both regions indicate that the blood
vasculature was similar in light and dark regions. There-
fore, local initiation probably cannot be explained on the
basis of differential availability of gonadotropins via blood
flow differences. Though not concentrated to an extent that
gross shading of the parenchyma was noted, a small focal
pattern of development is seen in the bull during initiation
of spermatogenesis [33]. Indeed, local growth/regulatory
factors may be involved in initiation and/or regulation of
spermatogenesis in general [34-38]. In recent years, at least
four classes of molecules have been reported to exert a
local action on the testis. These include regulatory pep-
tides, growth factors, extracellular matrix components, and
arachidonic acid metabolites [35].

Gross, differential shading of the fresh equine testis and
its corresponding local initiation of spermatogenesis make
possible several biochemical and cell culture experiments.
Differential polymerase chain reaction of light and dark pa-
renchyma may facilitate production and identification of
unique DNA probes associated with initiation of spermato-
genesis. In situ hybridization using these unique DNA probes
can identify the cells that are major players in the initiation
of spermatogenesis. Since the seminiferous tubules in dark
regions should be primed for Sertoli cell differentiation and
spermatogonial proliferation, culture of these tubules iso-
lated [20] from dark parenchyma may be a useful bioassay
to identify the role of known (or new) growth factors in
spermatogenesis.
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LOCAL INITIATION OF SPERMATOGENESIS

In summary, the transient state of differential shading in
the horse testis is a remarkable example of the effect of
local factors on the development of seminiferous tubules.
It allows study of testicular parenchyma in which some
seminiferous tubules have initiated spermatogenesis and
those that have not, even though both regions presumably
have been exposed to the same systemic endocrine envi-
ronment. Hence, the transient state of differential devel-
opment of equine tubules appears to be a useful model for
studying the paracrine regulation of the initiation of sper-
matogenesis in mammals.

ACKNOWLEDGMENTS
Special thanks are extended to Beltex Corporation, 3801 North Grove, Fort Worth,

TX, for kindly providing horse tissues; to Mr. Vince Hardy for statistical assistance;
and to Ms. Melissa Powell for typing and providing editorial assistance.

REFERENCES

1. Courot M, Hochereau-de Reviers M-T, Ortavant R. Spermatogenesis. In: Johnson
AD, Gomes WR, Van Demark NL (eds.), The Testis. vol. I. New York: Academic
Press; 1970: 339-442.

2. Bouin P, Ancel P. La glande interstitelle du testicule chez le cheval. Arch Zool
Exp Gen 1905; 3:391-437.

3. Nishikawa Y, Horie T. Studies on the development of the testes and epididymides
of the horse. I. Studies on the development of the testes of the horse, with special
reference to singularity and the age of sexual maturity. Natl Inst Agric Sci Jpn
Bull Ser G Anim Husb 1955; 10:229-349.

4. Johnson L. Spermatogenesis. In: Cupps PT (ed.), Reproduction in Domestic An-
imals. 4th ed. New York: Academic Press; 1991: 173-219.

5. Johnson L, Neaves WB. Age-related changes in the Leydig cell population, sem-
iniferous tubules, and sperm production in stallions. Biol Reprod 1981; 24:703-
712.

6. Johnson L, Varner DD, Thompson DL Jr. Effect of age and season on the estab-
lishment of spermatogenesis in the horse. J Reprod Fertil Suppl 1991; 44:87-97.

7. Johnson L, Tatum ME. Temporal appearance of seasonal changes in numbers of
Sertoli cells, Leydig cells, and germ cells in stallions. Biol Reprod 1989; 40:994-
999.

8. Chalkdey HW. Method of quantitative morphologic analysis of tissues. J Natl Can-
cer Inst 1943; 4:47-53.

9. Johnson L. Increased daily sperm production in the breeding season of stallions
is explained by an elevated population of spermatogonia. Biol Reprod 1985;
32:1181-1190.

10. Johnson L, Nguyen HB. Annual cycle of the Sertoli cell population in adult stal-
lions. J Reprod Fertil 1986; 76:311-316.

11. Weibel ER, Paumgartner D. Integrated stereological and biochemical studies on
hepatocytic membranes. II. Correction of section thickness effect on volume and
surface density estimates. J Cell Biol 1978; 77:584-597.

12. Johnson L, Thompson DL Jr. Seasonal variation in the total volume of Leydig
cells in stallions is explained by variation in cell number rather than cell size.
Biol Reprod 1986; 35:971-979.

13. Johnson L, Thompson DL Jr. Effect of seasonal changes in Leydig cell number
on the volume of smooth endoplasmic reticulum in Leydig cells and intratesticu-
lar testosterone content in stallions. J Reprod Fertil 1987; 81:227-232.

14. Thompson DL Jr, St. George RL, Jones LS, Garza F Jr. Patterns of secretion of
luteinizing hormone, follicle stimulating hormone and testosterone in stallions
during the summer and winter. J Anim Sci 1985; 60:741-748.

15. Gay VL, Kerlan JT. Serum LH and FSH following passive immunization against
circulating testosterone in the intact male rat and in orchidectomized rats bear-
ing subcutaneous silastic implants for testosterone. Arch Androl 1978; 1:257-266.

16. Sokal RR, Rohlf FJ. Biometry. San Francisco: W.H. Freeman and Co.; 1969.
17. Parvinen M, Vanha-Perttula T. Identification and enzyme quantification of the stages

of the seminiferous epithelial wave in the rat. Anat Rec 1972; 174:435-450.
18. Parvinen M. Regulation of the seminiferous epithelium. Endocr Rev 1982; 3:404-

417.
19. Parvinen M, Hecht NB. Identification of living spermatogenic cells of the mouse

by transillumination-phase contrast microscopic technique for in situ analyses of
DNA polymerase activities. Histochemistry 1981; 71:567-579.

20. Johnson L, Kattan-Said AF, Hardy VB, Scrutchfield WL. Isolation and staging of
horse seminiferous tubules by transillumination. J Reprod Fertil 1990; 89:689-
696.

21. Christensen AK, Gillim SW. The correlation of fine structure and function in
steroid-secreting cells, with emphasis on those of the gonads. In: Mckerns KW
(ed.), The Gonads. New York: Appleton-Century-Crofts; 1969: 415-488.

22. Fawcett DW, Neaves WB, Flores MN. Comparative observations on intertubular
lymphatics and the organization of the interstitial tissue of the mammalian testis.
Biol Reprod 1973; 9:500-532.

23. Clark RV. Three-dimensional organization of the testicular interstitial tissue and
lymphatic space in the rat. Anat Rec 1976; 184:203-225.

24. Sinha AA, Erickson AW, Seal US. Fine structure of Leydig cells in crabeater, leop-
ard and ross seals. J Reprod Fertil 1977; 49:51-54.

25. Wing TY, Lin HS. The fine structure of testicular interstitial cells in the adult
golden hamster with special reference to seasonal changes. Cell Tissue Res 1977;
183:385-393.

26. Tahka KM. Current aspects of Leydig cell function and its regulation. J Reprod
Fertil 1986; 78:367-380.

27. Hutson JC. Secretion of tumor necrosis factor alpha by testicular macrophages.
J Reprod Immunol 1993; 23:63-72.

28. Hutson JC. Development of interdigitations between Leydig cells and macro-
phages. Cell Tissue Res 1992; 267:385-389.

29. Hutson JC. Changes in the concentration and size of testicular macrophages dur-
ing development. Biol Reprod 1990; 43:885-890.

30. Yee JB, Hutson JC. Effects of testicular macrophage-conditioned medium on Ley-
dig cells in culture. Endocrinology 1985; 116:2682-2684.

31. Saez JM, Arallet H, Lejeune PG, Chatelain PG. Cell-cell communication in the
testis. Horm Res 1991; 36:104-115.

32. Amann RP, Schanbacher BD. Physiology of male reproduction. J Anim Sci 1983;
57(suppl 2):380-403.

33. Curtis SK, Amann RP. Testicular development and establishment of spermato-
genesis in Holstein bulls. J Anim Sci 1981; 53:1645-1657.

34. Bellve AR, Zheng WJ. Growth factors as autocrine and paracrine modulators of
male gonadal functions. J Reprod Fertil 1989; 85:771-793.

35. Benahmed M, Sordoillet C, Chauvin MA, Morera AM. Local regulators of testicular
function. In: Bouchard P, Haour F, Franchimont P, Schatz B (eds.), Recent Prog-
ress on GnRH and Gonadal Peptides. Paris: Elsevier; 1990: 383.

36. Bardin CW, Morris PL, Chen CLC. Autocrine and paracrine gonadal peptides. In:
Bouchard P, Haour F, Franchimont P, Schatz B (eds.), Recent Progress on GnRH
and Gonadal Peptides. Paris: Elsevier; 1990: 367-382.

37. Skinner MK. Cell-Cell Interactions in the testis. In: Orgebin-Crist MC, Danzo BJ
(eds.), Cell Biology of the Testis and Epididymis. vol. 513. New York: New York
Academy of Sciences; 1987: 158-171.

38. Lamb DJ. Growth Factors and Testicular Development. J Urol 1993; 150:583-592.

1267

D
ow

nloaded from
 https://academ

ic.oup.com
/biolreprod/article/52/6/1258/2761591 by Louisiana State U

niversity user on 20 January 2022


	Local initiation of spermatogenesis in the horse
	Recommended Citation

	tmp.1642709179.pdf.YmozY

