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Summary. Gonadotrophin binding to rat Leydig cells after a single administration
of ethylene dimethanesulphonate (EDS) (75mg/kg i.p.) was followed by using
intratesticular microdoses of 125I-labelled hCG, whilst corresponding morphological
changes in the testicular interstitium were studied with light and electron microscopy.
No discernible effect on 125I-labelled hCG binding compared with controls was
observed until 24 h after treatment. Between 24 and 32 h a sharp decline in binding
occurred which was correlated with extensive Leydig cell destruction. By 48 h the
125I-labelled hCG binding was negligible and no morphologically recognizable Leydig
cells were found at this time. The specific binding remained low until 21 days after
treatment and then a marked increase occurred to give nearly normal levels by 49 days.
This was consistent with a generalized repopulation of the interstitium with Leydig
cells, seemingly the result of differentiation of fibroblast-like precursor cells.
Introduction

Ethylene-1,2-dimethanesulphonate (EDS) is a non-steroidal diester of ethylene glycol and methane
sulphonic acid. When administered to male rats as a single dose (75 mg/kg i.p.) the compound
induces a rapid and prolonged suppression of fertility. The underlying histological changes in the
spermatogenic epithelium resemble those after hypophysectomy but are reversible, as is the
accompanying involution of the accessory sexual organs (Cooper & Jackson, 1970). EDS is
thought to exert mainly a direct, selective cytotoxic action on the functional Leydig cell population
(Jackson & Jackson, 1984). Temporary impairment of testosterone biosynthesis has also been
demonstrated in homogenates of the treated testes (Bu'Lock & Jackson, 1971/72, 1975). The
purpose of the present research was to study the temporal effects of EDS on the rat Leydig cell
population by a quantitative in-vivo binding technique using 125I-labelled hCG with parallel
observations on morphological changes by light and electron microscopy.
Materials and Methods

Sexually mature
water ad libitum.

Wistar rats (300 + 25 g) were housed under controlled conditions with food and
The 132 animals were allocated to 3 experiments as follows.

Experiment 1: turnover studies. Of 38 animals, 20 were given a single injection of EDS (75 mg/kg
i.p.) in DMSO-saline (Jackson & Jackson, 1984), and the remainder, as controls, received vehicle
only (0-2 ml/100 g). After 4 days all animals were given an intratesticular (i.t.) injection of
125I-labelled hCG (sp. act. 2µ ^) prepared here (N.C.J.) from purified hCG (batch CR121;
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13 450i.u./mg), using the method described by Miyachi, Vaitukaitis, Nieschlag & Lipsett (1972).
The intratesticular injection procedure involved brief anaesthesia with ether, holding the animal in
a dorsal position and gripping the testis gently but firmly from behind using the scrotal wall. The
microsyringe needle was inserted into the equatorial region to a depth of about 0-5 cm and the
labelled hCG was injected. Both testes could be dealt with in a matter of seconds.
After the tracer injections, 16 EDS-treated and 14 controls were killed with ether in groups of
3-5 after 4, 20, 40 or 72 h. The testes were removed and their radioactivity was counted individually
using a Packard Well-type Gamma instrument. The gonads of the remaining EDS-treated and con¬
trol rats, 4 of each, were removed 24 h after the i.t. injection of labelled hCG, frozen in a solid
C02-ether mixture and cut into 3 approximately equal horizontal segments. These were individu¬
ally counted to ascertain the relative distribution in the testes of the bound 125I-labelled hCG in the
treated and control groups.

Experiment 2: inhibition and restoration ofbinding of125I-labelledhCG after EDS. As before, 32

given a single injection of EDS and 23 received vehicle only. Groups of 3-5 of the former
were injected i.t. with 125I-labelled hCG (10 µ ) after 8, 24, 32 or 48 h, and 14, 21, 30 or 49 days.
Groups of controls received the labelled hormone at appropriate times. After the radioactive
hormone injection 4 h were allowed to elapse to eliminate possible extraneous unbound labelled
protein. The animals were killed with ether, the testes removed and counted intact as described
rats

were

above.

Experiment 3: the specific nature ofi25I-labelledhCG binding by the i.t. route. In a further experi¬
ment 5 rats were given hCG on 2 successive days (100 i.u. subcutaneously) followed by i.t. injection
of 125I-labelled hCG 24 h later. A group of 5 controls received the labelled hormone only, also i.t.
After a further 24 h the testes from both groups were removed and counted.

Experiment 4: morphological assessment of EDS effects. In a comparable series, 26 EDS-treated
were killed in groups of 2-4 after 8, 24, 30 or 48 h or at 4, 7, 10, 14, 21,28 or 35 days. The right
testis from each animal was removed and processed for electron microscopy, the left testis being
used for light microscopy. The gonads of 3 untreated rats served as controls.
Light microscopy. Equatorial slices from each left testis were fixed in Susa's fluid followed by
immersion in 90% alcohol with a few drops of Verhoffs iodine. After dehydration in alcohol,
blocks of tissue were embedded in plastic JB-4 medium (glycol methacrylate). Sections were cut at
3 µ on a Bright 5030 microtome and mounted and stained with haematoxylin and eosin (H & E).
rats

Electron microscopy. Pieces of tissue (1 mm3) from the equatorial region of each right testis were
fixed in ice-cold 2-5% glutaraldehyde buffered with 01 M-sodium cacodylate at pH7 4. Postfixation was carried out using buffered 1 % osmium tetroxide, followed by 'en bloc' staining with
2% aqueous uranyl acetate. Embedding was carried out in 'Emix' resin and thick (1-5 µ ) sections
were cut and examined for orientation after staining with toluidine blue. Thin sections were cut
using a Reichert OmU3 ultramicrotome and mounted on 'New 200' uncoated copper grids.
After staining with uranyl acetate and counterstaining with lead citrate, the sections were
studied and micrographs recorded using a Philips 201 electron microscope.
Results
Turnover studies of125I-labelled hCG in normal and EDS-treated rats

A summary of the

experimental

data is shown in Table 1. In normal rats, the clearance of

125I-labelled hCG during the 72 h after intratesticular injection followed

a

single exponential

14-6 h. When the maximum effect of EDS had developed on the binding of the
with f.
labelled hormone, 4 days after injection, the disappearance of radioactive material from the testis

course

=

Downloaded from Bioscientifica.com at 01/09/2023 03:33:58AM
via free access

Table 1. Clearance of

125I-labelled hCG (10 µ of 189 063 c.p.m.) after intratesticular injection in
EDS-treated rats (75 mg/kg i.p. 4 days previously)
Control rats

after

No. of

Mean
testis

injection

rats

wt(g)

Time

(h)

1-803
+ 006

20

2-122
+ 003

40

1-928
+ 003

1-827

72

+ 003

Values
*

<

are mean

c.p.m.

EDS-treated
% radioactive
dose present

104 150

551

±3602

±1-89

No. of

Mean
testis

rats

wt(g)

57 238

30-3

±0-87

*4640

±003

20 756

110

±0-84
2-34
+ 017

±008
+ 015

568

*0-30

±43-0
**482

±002
**0-25
+ 002

±s.e.m.

Table 2. Inhibition of intratesticular 12SI-labelled hCG
Control

Mean±s.e.m.

±0-02

+ 38-0

005, ** <0 1 compared with controls (Mann-Whitney U-Wilcoxon rank

(R)
(L)

*0-60

±31-9

1-225

4425

±013

»1140

±0-32
1-652

+ 400

*2-45

±27-0

2114

±1596

% radioactive
dose present

c.p.m.

1-563

±1654

rats

Testis wt (g)

c.p.m./testis

1-72
1-72
1-67
1-66
1-58
1 61
1-55
1 39
1-77
1-70

36 799
28 847
40 498
21269
38 931
28 894
33 352

l-64±
004

W

test).

binding in rats by prior treatment with hCG
Treated rats (2

rats

sum

100 i.u.

hCG)

Testis wt (g)

c.p.m./testis
1629
1169

32 567
26 705

1-65
1-63
1-46
1-42
1-58
1-57
1-52
1 53
160
1-57

*31 984 ±
2068

002

(R)

(L)

l-55±

870
642
1213
920
1170
654
1597
981

"1084±
108

were given 100 i.u. hCG s.c. on two successive days and 24 h later 125I-labelled hCG (5 µ , 105 261 c.p.m.)
injected intratesticularly into these and a group of untreated animals. After a further 24 h the testes counts
showed almost complete suppression of 125I-labelled hCG uptake.
< 001 (Mann-Whitney U-Wilcoxon rank sum W test).

Adult rats
was
*

very rapid, over 97% by 4h. Prior treatment of rats with unlabelled hCG (100 i.u. subcutaneously on 2 successive days) followed by the i.t. labelled hormone 24 h later resulted in only 1%
retention of the latter compared with a control value of 30% (Table 2). In other words, the
hCG-pretreated animals retained 3% of the control value of 125I-labelled hCG at 24 h, which com¬
pares favourably with a mean value of 2% of controls retained in the EDS-treated animals at 20 h
(Table 1). As can be seen from both tables there was little variation in the counts of the testes within
was

the treated or control groups.
The distribution of labelled material in the frozen segments of control testes, 24 h after the
intratesticular injection of 125I-labelled hCG clearly correlated with retention in the zone of
administration (Table 3), consistent with a rapid initial rate of binding in the area of injection and
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Table 3.

Comparative

distribution of testicular label in 4 normal and 4

EDS-treated (75 mg/kg

i.p. 4 days previously) rats 24 h after an intratesticular
injection of 125I-labelled hCG (10 µ )

Control rats
Rat
no.

c.p.m.
a

b
c
a

b
c
a

b
c
a

b
c

a

b
c
a

b
c
a

b
c
a

b
c

EDS-treated rats
Total counts
per testis

9175
21 285
945

23 205

262
23 649
1266

24 177

9691
24 823
277

25 991

431
16 969
1303

18 703

141
15 922
13 253

29 316

612
26 202
1334

28 148

465
18 030
5014

23 509

1331
16 104
7591

25 026

Rat
c.p.m.

no.

Total counts
per testis

c

140
777
571

a

326

b

516

c

176

a

90
427
218

735

138
228
207

573

288
634
145

1087

254
391
144

789

172
513
351

1036

394
169
87

650

a

b

b
c
a

b
c
a

b
c
a

b
c
a

b
c
a

b
c

1488

1018

Each intact testis was frozen and cut into 3 horizontal segments, upper, middle and lower
thirds (a, b, c), which were individually counted.

local diffusion of the labelled hormone. In rats given the 125I-labelled hCG 4 days after EDS the
small amount of label present (2% compared with 30% in the controls) was more generally dis¬
tributed through the 3 segments (Table 2). This residue might represent binding to a small number
of surviving Leydig cells or simply non-specific retention of labelled protein.

Onset, duration of inhibition and restoration of binding of125I-labelledhCG after EDS
The 4-h counts remained comparable in controls and treated testes from 4 to 24 h, after which a
precipitous fall occurred in the latter during the next 8 h (Fig. la). By 32 and 48 h the radioactive
material retained had declined to 13% and 8% of the corresponding control values. This situation
persisted until the 21-day sample which showed a notable and progressive rise in hCG binding,
reaching a value of 84% of the controls by 49 days after the EDS dose (Fig. lb).

Light and electron microscopic observations
Interstitial tissue from control rats consisted of perivascular clusters of Leydig cells and
occasional macrophages within an extensive lymphatic sinusoidal system (Fig. 2). The Leydig cells
possessed large round or oval nuclei containing one or two prominent nucleoli while smooth endoDownloaded from Bioscientifica.com at 01/09/2023 03:33:58AM
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1. In-vivo specific testicular binding of 125I-labelled hCG in the testes of normal and
EDS-treated rats (a) up to 48 h and (b) between 2 and 49 days after treatment.

Fig.

plasmic

reticulum and mitochondria with tubular cristae

were

the most abundant

cytoplasmic

organdíes (Fig. 3).

At 8 h after EDS injection most Leydig cells were of relatively normal appearance, although a
few contained occasional small lipid droplets. By 24 h, however, the Leydig cells were observed in
various stages of degeneration. By light microscopy the majority of these cells appeared swollen
and rounded, with intensely acidophilic cytoplasm and pycnotic nuclei (Fig. 4). In the electron
microscope the smooth endoplasmic reticulum of such cells appeared vesicular and swollen while
the nucleoplasm was unusually electron dense in appearance. In some instances macrophages
appeared to have engulfed large portions of Leydig cell cytoplasm while many Leydig cell frag¬
ments were observed within the lymphatic sinusoids (Fig. 5). Disappearance of degenerating
Leydig cells and cytoplasmic fragments occurred rapidly and was largely complete by 2 days.
Between 2 and 14 days after treatment extensive atrophy of the interstitial tissue was apparent (Fig.
6). During this time normal Leydig cells were not observed in any of the sections, the interstitium
containing numerous 'fibroblast-like' cells (Fig. 7) and a few macrophages. The 'fibroblast-like'
cells were characterized by many free ribosomes and occasional cisternae of granular reticulum.
Tubules of smooth endoplasmic reticulum were not observed.
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At 21 days after EDS treatment, many cells in the interstitial tissue appeared intermediate in
fine structure between normal Leydig cells and the fibroblast-like cells observed earlier. While most
cells possessed numerous granular cisternae and clusters of free ribosomes many also contained
aggregations of smooth reticulum and occasional mitochondria with tubular cristae.
By 28 days the interstitial tissue contained many cells (Fig. 8), the vast majority of which
were packed with agranular reticulum and thus resembled normal Leydig cells. However, small
lipid droplets were commonly observed in many of these cells together with occasional stacks of
granular cisternae (Fig. 9). Cells of similar apearance were also present at 35 days.
Discussion
The results of the present investigation indicate that the intratesticular injection of a microdose of
125I-labelled hCG in rats, followed by counting of the separated organs after various intervals of
time can be used to assess the functional integrity of the Leydig cells in terms of selective binding of
the labelled hormone. In the normal testis there is a localized high retention of the label around the
injection site (Table 3) and a single exponent clearance with tx 14-6 h (Table 1). By contrast,
after the functional Leydig cell population had been eliminated by a dose of EDS the injected
125I-labelled hCG was rapidly eliminated, over 97% in 4 h (Table 1). When the Leydig cells had
been previously exposed to hCG via the systemic route, the retention of 125I-labelled hCG given i.t.
was virtually completely prevented (Table 2). The rate of disappearance of the latter from the testis
was comparable to that in the EDS-treated animals in which the functional Leydig cell population
had been destroyed (Table 1). Evidently the presence or otherwise of Leydig cells played no part in
the rapid clearance of unbound labelled hormone from the testis. Therefore, a temporal study of
the onset of the destructive effect of EDS, its duration and subsequent recovery of the Leydig cell
population in terms of selective binding of the labelled ligand was feasible merely by counting the
radioactivity in the testes of EDS-treated rats over an extended time scale. In each case the testes
were removed for counting 4 h after the injection, which allows adequate time for the clearance of
unbound labelled material.
The uniform distribution of Leydig cells in the normal rat testis ensures high and reproducible
binding. The half clearance time of 14-6 h in the present work compares with a figure of 10 h quoted
by Rajaniemi, Manninen & Huhtaniemi (1979) following an intravenous dose of 125I-labelled hCG
into normal rats; in this case only about 1% of the radioactive hormone penetrated into the testes.
Assessment of selective binding using the subcutaneous route for labelled hCG was reported to give
inconsistent results by Ryan & Lee (1976).
The testicular clearance rate of unbound 125I-labelled hCG in our EDS-treated rats is substan¬
tially at variance with that reported for the smaller 125I-labelled human albumin molecule after
intratesticular injection (t^
160 min) of normal Wistar rats (Setchell & Sharpe, 1981). However,
the work of Setchell & Sharpe (1981) was carried out under pentobarbitone anaesthesia, the testes
=

—

Fig. 2. The interstitium of normal rats consists predominantly of
clusters lying between the seminiferous tubules, 800.

perivascular Leydig

cell

3. Normal Leydig cell cytoplasm is packed with smooth endoplasmic reticulum and
mitochondria while each rounded nucleus contains a prominent nucleolus. 7000.

Fig.

Fig. 4. At 24 h after EDS, many cells have dense pycnotic nuclei and intensely eosinophilic
cytoplasm. Cellular debris is also present, 800.
Fig. 5. At 24 h after EDS, there are degenerating Leydig cells and surrounding cellular debris.
The cytoplasm contains swollen vesicles of smooth endoplasmic reticulum and several lipid
droplets; the nucleus is unusually electron dense with clumped heterochromatin. 7000.
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being exposed by the suprapubic route for the injection (20 µ volume), the testicular radioactivity
being repeatedly measured by external counting within a total period of 100 min, giving U values of
125, 169 and 237 min for 3 rats. The experimental conditions were therefore very different from the
circumstances of the present work. The normal activities of our conscious animals during the
experimental periods may well play an important part in promoting lymphatic circulation through
the testis and thus a more rapid clearance of injected proteins than under conditions of barbiturate
anaesthesia. In addition, experiments in normal rats with 125I-labelled FSH and 125I-labelled prolactin (Jackson, 1982) also showed rapid clearance rates (92-5% in 3 h and 97-9% in 2-5 h
respectively), closely resembling the loss of 125I-labelled hCG in the 4-day EDS-treated and in
hCG-pretreated rats. In the present study the intratesticular injection method has given very con¬
sistent and reproducible results as well as permitting the use of labelled hormone of low specific
activity.
The morphological results of the present study have shown that, after a single dose of EDS, the
structural changes that occur in the interstitium of the rat testis may be divided into three phases.
These are: (1) 0-2 days, degeneration of Leydig cells; (2) 2-21 days, increasing presence of
fibroblast-like cells; and (3) 21-35 days, the reappearance of morphologically recognizable Leydig
cells. During the first 24 h after EDS administration the binding of 125I-labelled hCG was shown to
be similar to control values (Fig. la) although the Leydig cells showed fine structural changes as
early as 8 h after treatment in the form of accumulated lipid droplets. By 24 h most Leydig cells
examined in the electron microscope were showing clear signs of degeneration even though their
hCG receptor sites were evidently still operative at this time. However, it is known from previous
pharmacological studies on the effects of EDS in the rat (Morris & McCluckie, 1979) that
testosterone concentrations fall to castration values by 24 h, a finding which correlates well with the
present morphological evidence of grossly altered Leydig cell structure at this time. By 24-48 h
after EDS treatment, considerable fragmentation of Leydig cells was observed together with
apparent phagocytosis of portions of Leydig cells by testicular macrophages. This breakdown of
Leydig cell structure coincided with a steep decline in the amount of 125I-labelled hCG binding.
From 2 to 21 days, the testicular binding of 125I-labelled hCG remained at a low level and dur¬
ing this period morphologically recognizable Leydig cells were not observed in the interstitium.
Although a specific stain for Leydig cells was not employed at the light microscopic level, the much
greater resolution afforded by the electron microscope enabled the relative absence of Leydig cells
to be confirmed. The main cell type present was a fibroblast-like cell containing many free ribosomes and occasional stacks of granular reticulum. Fine structural features indicative of androgen
biosynthesis (such as plentiful agranular reticulum) were not observed in these cells. However,

Morris & McCluckie (1979) measured a rise in serum testosterone concentrations at this time.
Testicular binding of 125I-labelled hCG increased markedly between 21 and 30 days after EDS
and then the increase was less rapid (Fig. lb). This rise coincided with the reappearance in the inter¬
stitium of cells with Leydig cell characteristics, i.e. an abundant agranular reticulum and numerous
mitochondria with tubular cristae. Large numbers of these cells were present by 28 days although
many contained small lipid droplets, a feature not found in control Leydig cells. The presence of

Fig. 6. At 10
cells. x800.

days after EDS, the interstitial tissue is atrophie and contains numerous fusiform

14 days after EDS, electron microscopy reveals the fusiform cells to be fibroblast-like
in appearance. No normal Leydig cells are present, 6300.
Fig. 8. At 35 days after EDS, the interstitial tissue appears very cellular with Leydig cells
present in large numbers, 800.

Fig. 7. At

Fig. 9. At 35 days after EDS, the Leydig cells in the repopulated interstitium appear similar to
those of controls, except for the presence of numerous lipid droplets, 6300.
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such

droplets

has been

interpreted by previous authors

to

indicate abnormal

androgen biosyn¬

thesis, for example, following administration of a selective inhibitor of pituitary gonadotrophin
(Aoki & Massa, 1972) or during functional inactivity of Leydig cells during the non-breeding
season

(Neaves, 1973).

The fibroblast-like cells in the interstitium of treated animals between Days 2 and 21 are the
most likely source of the Leydig cells which subsequently repopulate the testis, cells intermediate in
type between these and mature Leydig cell being common at 21 days. Similar fibroblast-like cells
have been suggested to be the precursors of Leydig cells during fetal and postnatal development in
many species including the rat (Lording & de Kretser, 1972). The fibroblast-like cells most pro¬
bably arise from stem cells present in the normal testicular interstitium. Cells of this type were occa¬
sionally observed in control tissue although evidence of mitotic activity was not observed in any of
the EDS-treated testes. Alternatively, new Leydig cells may have arisen from precursor cells
migrating from the tunica albugínea. This process was described by Senge, Schenck, Tunn, Hulsoff
& Neumann (1978) who studied the repopulation of the testis by Leydig cells after testicular
destruction caused by cadmium chloride. However, there was no evidence for such a migration in
our material since the Leydig cells reappeared diffusely throughout the interstitium. A third pos¬
sibility is that some Leydig cells survive the cytotoxic effect of EDS, dedifferentiate to the
'fibroblast-like' type of cell and subsequently redifferentiate. However, this possibility seems rather
unlikely in view of the specific cytotoxic action of EDS and the obvious devastating effect on every
Leydig cell examined at 24 h. From whatever source, morphologically recognizable Leydig cells
reappear in the interstitium from 21 days onwards and are present in large numbers by Day 28. The
presence of lipid droplets in many of these cells may be indicative of impaired androgen biosyn¬
thesis, concurring with the observed level of 125I-labelled hCG binding which only reached 84% of
the control value by the end of the experimental period.
The purified hCG was kindly supplied by the Center for Population Research of the National
Institutes of Child Health and Human Development, N.I.H., U.S.A.
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