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Experimental Autoallergic Orchitis in Rhesus Monkeys* (33729) 
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Experimental orchitis was first produced 
by Voisin et al. (1951) by iso- and autosensi- 
tization in guinea pigs ( 1 ) , by Freund et al. 
(1954) in rats (2), and by Pokorna et d. 
(1963) in mice (3). Recently, Mancini, An- 
drada et d. (1965) were able to produce 
allergic orchitis in man (4).  A group of four 
volunteer patients suffering from prostatic 
carcinoma was studied. Each of the four pa- 
tients was immunized prior to surgical castra- 
tion with testicular suspensions (autoimmuni- 
zation and isoimmunization) . After a period 
of 3-8 weeks, two of the four patients de- 
veloped patchy lesions in the contralateral 
testis consisting of congestion, serous edema 
and sloughing of germinal cells. Low titered 
circulating antibodies also appeared. To ob- 
tain a model for autoallergic orchitis closely 
related to man, an attempt was made to in- 
duce autoallergic orchitis in monkeys. 

Materials and Methods. Animals. Eight 
adult male rhesus monkeys (Macaca mulat 
t a )  5 years of age or older and weighing 
15-20 lb were selected for these experiments. 
They were unilaterally orchiectomized (hemi- 
castrated) and blood specimens were ob- 
tained. The histological picture of the testis 
was normal from all animals except one 
(Monkey no. 4) which presented arrest of 
spermatogenesis in about 50% of the tubules. 

Tissue extracts. The testicular material 
obtained from each experimental animal at 
the time of hemicastration, if not used imme- 
diately, was preserved at -40'. The glands 
were trimmed, washed in cold buffered saline, 
cut up and homogenized for 5 min in phos- 
phate buffered saline, pH 7.2, by means of a 
Teflon homogenizer. Two ml of saline was 
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used for each gram of tissue. Each prepara- 
tion was ultrasonicated for 5 min at  20,000 
cps in an MSE Mullard disintegrator, kept 
overnight in the cold room under constant 
stirring, and then centrifuged at 3000 rpm in 
a refrigerated centrifuge for 20 min. The su- 
pernatant provided a fine suspension with a 
final protein concentration of approximately 
3.5 mg/100 ml. 

Mode of injection. One ml of the suspen- 
sion was emulsified with an equal volume of 
complete Freund adjuvant and 0.1 ml was 
injected intradermally into 6 sites in each 
inner thigh ; thus each animal received 1.2 ml 
of the mixture. Second and third injections 
were given into the interdigital regions of 
both feet. 

Schedule of injections. The first group con- 
sisted of 5 animals, 4 of which (Monkeys 
nos. 1, 2, 7, and 8) received one injection of 
the testicular material. Testis of Monkey no. 
2 was used for immunization of both Monkey 
no. 1 and Monkey no. 2, and testis of Mon- 
key no. 7 was used to immunize Monkey no. 
7 and Monkey no. 8. Consequently two mon- 
keys (nos. 2 and 7 )  of this group were 
autoimmunized and two (nos. 1 and 8) were 
isoimmunized. Biopsies were obtained be- 
tween days 40 and 104. The fifth monkey 
(no. 3) was injected with liver extract in 
complete Freund adjuvant according to the 
same schedule, and served as a control for 
this group. 

The second group consisted of 3 animals 
(Monkeys nos. 4, 5, 6) each of which re- 
ceived two injections with a 39-day interval 
between injections. Monkey no. 4 (oligosper- 
mic animal) had only one biopsy (castra- 
tion) at day 71 and Monkey no. 5 had biopsies 
at days 46 and 91 (castration). As control 
for this group, Monkey no. 6 was injected in 
the same manner with saline solution in com- 
plete Freund adjuvant. 

Histological examination. Testicular biop- 
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sies were performed by the technique of 
Charny and Meranze (5). Care was taken to 
perform the second biopsy in one gland in a 
place opposite the previous one, to avoid pos- 
sible detrimental effects of multiple trauma 
( 6 ) .  Tissue, including albuginea, was divided 
into two fragments: a small one fixed in 5% 
glutaraldehyde solution for electronmicros- 
copy and the other fixed in 10% buffered 
formaldehyde for histology. Sections were cut 
at 6 ,U after paraffin embedding and stained 
by hematoxylin and eosin and by periodic 
acid-Schiff reagent. 

Sperm count. Semen was obtained from 
most of the monkeys under Nembutal anes- 
thesia using an electro-ejaculator ( 7 )  ; the 
volume of ejaculate and the number and mo- 
tility of spermatozoa was studied in the ex- 
perimental and control animals. Normal mon- 
keys have about SO,OOO,OOO sperms/ml. 

Serologic tests. Complement fixation tests 
were performed following the microtechnique 
of Blizzard et d. ( 8 ) .  The extract was di- 
luted 1 : 100 after centrifugation at 57,OOOg 
for 30 min. Guinea pig complement was di- 
luted 1:20.  

For the tanned cell hemagglutination tests, 
the microversion of the technique described 
in this laboratory was used (9). Antigen was 
used at 1 : 100 dilution. 

Indirect immunofluorescence tests were 
performed using 4 ,U thick tissue sections 
fixed for 2 min in cold acetone. Monkey sera 
were tested at dilution of 1:s to 1:40;  after 
an incubation period of 30 min at  room tem- 
perature in a moist chamber, the sections 
were washed in buffered saline for 60 min 
and then treated with a rabbit antiserum 
against human gamma G globulin conjugated 
with fluorescein isothyocyanate. Slides were 
then washed for another 60 min, mounted in 
glycerol, and observed under a fluorescent 
microscope. 

Resd t s .  Histological studies. The first ex- 
perimental group consisting of 4 rhesus mon- 
keys (nos. 1, 2, 7 ,  8 )  received one injection 
of monkey testicular extract incorporated in 
complete Freund adjuvant. 

The sections of the testicles removed from 
the monkeys before the experiment started 

(when all monkeys were initially unilaterally 
orchiectomized) revealed normal architec- 
ture, as illustrated in Fig. 1. 

Biopsy taken from Monkey no. 2 at day 40 
was normal; biopsy taken from Monkey no. 
1 at day 64 showed a few damaged tubules 
(+ lesion). Biopsies performed later, between 
days 71 and 89 after injection, showed 
severe damage in both animals (++++ 
lesion). Monkeys nos. 7 and 8 had normal 
testicular biopsies before stimulation and ++ damage at day 701. 

Varying degrees of spermatogenic arrest, 
vacuolization of Sertoli cells and progressive 
sloughing of germinal cells were observed in 
80% of seminiferous tubules (Fig. 2 ) .  Some 
affected tubules had a foamy aspect produced 
by the numerous vacuoles of the cytoplasm 
of Sertoli cells; they had no spermatozoa or 
spermatid and primary or secondary sperma- 
tocytes were distintegrating ; they also 
presented thickening of the basement mem- 
branes, shown by PAS staining (Fig. 3 ) .  

The intertubular connective tissue showed 
congestion of vessels and diffuse serous ede- 
ma resulting in a wider separation of the 
tubules. Some mononuclear cells were present, 
mostly in Monkey no. 2 ,  infiltrating spaces 
and surrounding ILeydig cells which seemed 
unaffected. 

The relationship of the severity of damage 
and the sperm count is shown in Table I. As 
shown, no sperm cells were found in Monk- 
eys nos. 1 and 2 in which 80% of the tubules 
were damaged. The other two monkeys, nos. 
7 and 8,  showed damage in 60-75% of the 
tubules; only a few sperm cells were found. 
The histological examination of the epidi- 
dymis of these monkeys showed most of the 
ducts filled with desquamated spermatocytes 
and spermatids and very few spermatozoa; 
many of these cells were degenerated. 

1In evaluating the severity of the damage, the 
following scheme was used: ++++, degeneration 
with complete absence of spermatozoa, spermatids, 
and spermatocytes; +++, few tubules only 
showed presence of spermatozoa, spermatids, and 
spermatocytes ; ++, half of tubules showed presence 
of spermabzoa, spermatids, and spermatocytes ; and 
+, most (80-9076) tubules showed presence of sper- 
matozoa, spermatids, and spermatocytes. 
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FIG. 1. Testicular biopsy of Monkey no. 1 before immunization: normal seminiferous tubules 
and elements of the intertubular spaces; the tubules contain a well developed germinal epithelium; 
H and E stain; X250. 
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FIG. 2. Testicular biopsy of Monkey no. 2 ,  89 days after one injection of testicular extract in 
complete Freund adjuvant: seminiferous tubules show variable degrees of arrest of spermatogenesis; 
many cells are disintegrating and numerous vacuoles can be observed in the tubules; Intertubular 
spaces are wider and filled with a plasma-like substance; Leydig cells and some infiltrating lympho- 
cytes are present; H and E stain; X 100. 
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FIG. 3. Testicular biopsy of Monkey no. 1, 74 days after one injection of testicular extract in 
complete Freund adjuvant: tubules show the lack of germinal cells, the lumen filled with big 
vacuoles and the thickening of the walls; in the intertubular tissue are many Leydig cells and 
lymphocytes; PAS stain ; X400. 
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TABLE I. Rhesus Monkeys Immunized with Tcs- 
ticular Extract and Freund Adjuvant." 

Testicular damage 10-12 weeks 
after injection 

Type of Tubules 
Monkey immuni- damaged Severity Spermb 

no. zation (%) of damage count 

1 Is0 80 +++ 0 
2 Auto 80 +++ 0 
7 Auto 60 ++ 5 
8 Is0 75 ++ 0.5 

a Results obtained after one injection. 
* Spermatozoa in millions per ml. 

A fifth monkey (no. 3) was immunized, 
following the same schedule, with liver ex- 
tract plus complete Freund adjuvant; the tes- 
ticular biopsy obtained 88 days after immu- 
nization showed the same normal histological 
picture as did the biopsy taken before immu- 
nization. 

The second experimental group included 
two monkeys (nos. 4 and 5) .  However, as 
previously stated, biopsy of Monkey no. 4, 
taken before the injections were given, al- 
ready exhibited a histological picture of ar- 
rest of spermatogenesis in about 50% of the 
tubules; sperm count showed decreased num- 
ber of cells (30 million). The other monkey 
(no. 5) exhibited a normal picture before 
immunization. These two monkeys received 
two injections of the testicular material; the 
injections were separated by a 39-day inter- 
val. On day 71, the oligospermic monkey 
no. 4) was castrated and showed upon histol- 
ogical examination a marked atrophy of the 
remaining testis (++++ lesion). Most of 
the tubules were empty, exhibiting a thicken- 
ing wall; the intertubular connective tissue 
was in part invaded by collagen fibers and 
very few mononuclear cells. The number of 
sperm cells found in the seminal fluid had 
decreased to 2000/ml. 

The second monkey (no. 5) was castrated 
on day 91 and histological examination re- 
vealed atrophy of the remaining testis (+++ lesion) with intense fibrosis in the 
tubular wall and the intertubular tissues. The 
number of spermatozoa went down to 5 mil- 

lion/ml. Monkey no. 6 (control) received 
saline in complete Freund adjuvant following 
the same scheme of sensitization. A biopsy 
performed on day 90 did not reveal abnor- 
malities in the testis; also, the number of 
spermatozoa was not substantially altered. 

In all monkeys of this series sacrificed at  
the conclusion of the experiments, the histol- 
ogical examination of the liver, kidney, thy- 
roid, and adrenals removed at autopsy failed 
to reveal any abnormalities in these organs. 
These studies were done to determine the 
organ specificity of the orchitis observed in 
monkeys injected with testicular extract in 
Freund adjuvant. On the other hand, in par- 
allel investigations, testes of monkeys immu- 
nized with adrenals, thyroid, and gastric mu- 
cosa extracts incorporated into the same 
adjuvant were examined, and no signs of 
infiltration, vacuolization or sloughing of 
spermatic cells were found. 

Serologic tests. No or very little evidence 
for the presence of antibodies against testicu- 
lar tissue was found during the period of 
immunization of the monkeys described. 
However, following castration, both Monkeys 
nos. 4 and 5 were reinjected (third injec- 
tion) with testicular ma,terial incorporated in 
Freund adjuvants, as described previously. 
Testicular antibodies appeared, though in 
relatively low titer, starting at  day 9 as dem- 
onstrated by complement fixation and at  day 
19 'by tanned cell hemagglutination. These re- 
sults might be interpreted as due to the re- 
moval of the target tissue which served as 
sort of a sponge in absorbing the circulating 
antibodies. 

In order to study the organ specificity of 
the antibody response observed, the sera of 
monkeys injected with various human organ 
suspensions were tested by means of immu- 
nofluorescence. Serum of Monkey no. 5 
proved to be useful for immunofluorescent 
testing. In  addition, the serum of a patient 
suffering from Addison's disease which in pre- 
vious studies had been found to stain adrenal 
cortex as well as to cross react with the 
Leydig cells of the testis were included. The 
results are shown in Table 11. As shown in 
Table 11, the outstanding specificity of or- 
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TABLE 11. Tissue Specificity of Immunofluorescenco with Selected Monkey Antisera to 
Monkcp Test,is, Adrenal, and Thyroid. 

Immunofluorescence with sections of monkey : 
Antisera from monkeys 

Thyroid Others" immunized with Testis Adrenal 

Testis + + + b  Neg Neg Neg 
Adrenal Neg ++ Neg Neg 
Thyroid Neg Neg +++ Neg 
Normal nionkcy serum Neg Keg Ncg Neg 

Adclisonian human serum ++" +++ Neg Neg 

Liver, pancreas, hcnrt, kidney. 
'' Staining of germinal cpitliclium but not interstitium. 

Leydig cells only. 

gan-specific autoantibodies becomes appar- 
ent. I t  should be added that the serum of the 
patient with Addison's disease reacted only 
with the intertubular cells of the testes and 
not with the germinal epithelium. 

Discussion. Rhesus monkeys, following the 
injection of monkey testicular material in- 
corporated in complete Freund adjuvant, de- 
veloped definite histological alterations in 
their testicular tissue. Both auto- and isosti- 
mulation was successful in all injected ani- 
mals. Since all animals under investigation 
were hemi-orchiectomized prior to immuniza- 
tion, each animal's own testis served as the 
control. Conspicuous testicular lesions were 
prominent between 10 and 13 weeks and con- 
sisted of congestion and serous edema accom- 
panied by sloughing of germinal cells. Lym- 
phocytic infiltration was only moderate in 
one animal (no. 2 ) .  Biopsies taken at  more 
frequent intervals might have revealed more 
evidence for cellular infiltration. However, we 
did not wish to cloud the results by too 
many biopsies during the period of immuni- 
zation. There seemed to be little damage of 
Leydig cells. 

The testicular lesions which were accom- 
panied by a decreased number of spermato- 
zoa in the seminal fluid were very similar to 
those observed in the human experiments 
(no. 4). The apparent lack of mononuclear 
infiltrates also noticed by other authors (10, 
11) seem to be a distinctive characteristic of 
this autoimmune disease. The monkey which 
presented arrest of spermatogenesis before 
immunization also developed atrophy and 

fibrosis of testes following immunization. As 
far as immunofluorescence is concerned, the 
germinal epithelium but not the interstitium 
gave a positive staining reaction. 

Summary. Rhesus monkeys were injected 
with monkey testicular extract incorporated 
into Freund adjuvant. All six monkeys de- 
veloped a histological picture of orchitis. The 
testicular lesions consisted of congestion and 
serous edema, with sloughing of germinal 
cells from the tubules; these cells appeared 
to fill the epididymis ducts. Lesions were 
more pronounced between 10 and 13 weeks 
after immunization. Lymphocytic infiltration 
was present in moderate intensity in only one 
animal. Circulating antibodies were detected 
in a few animals a t  very low titer; however, 
following castration the titers increased. The 
organ specificity of the antibody response 
could be well documented by means of im- 
munofluorescence. According to the results 
obtained, auto- as well as isosensitization of 
rhesus monkeys with monkey testicular mate- 
rial incorporated into complete Freund ad- 
juvant produces histological and serological 
changes very similar to those seen in human 
experimental orchi tis. 
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The most widely used assay for follicle 
stimulating hormone (FSH) is the ovarian 
weight method of Steelman and Pohley ( 1 ) .  
In  this assay the effect of endogenously re- 
leased luteinizing hormone (LH), or LH con- 
tained in the test material, is overridden by 
an excess of human chorionic gonadotropin 
(HCG), used to augment the action of FSH 
on the ovary. However, other pituitary hor- 
mones, particularly FSH, of the assay animal 
obviously play a role in the response since 
hypophysectomized animals are much less 
sensitive than intact animals. The major 
inadequacy of the assay is its lack of sensitiv- 
ity. The lower portion of the dose-response 
curve has a shallow slope which differs from 
the steep slope of the most usable portion of 
the curve ( 2 ) .  If a single slope could be 
obtained, materials with very low FSH poten- 
cy, such as plasma, might be assayed more 
reliably. 

The objective of the present study was to 
partially inhibit the output of endogenous 
pituitary FSH in order to decrease the ovari- 
an weight obtained with low doses of ex- 
ogenous FSH. I t  was hoped that a linear 
dose-response curve, with a significant slope 
could thus be obtained. Since estrogen affects 
the response to HCG in intact animals ( 3 )  
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by direct and indirect actions, an androgen, 
testosterone propionate (TP) was chosen for 
the study. The results demonstrate that the 
slope was changed by the androgen, but the 
direction was opposite to that expected. 

Materials and Methods. Holtzman strain 
female rats, housed in air-conditioned and 
light controlled (14 hr lightJaay) quarters 
and given free access to water and Purina 
laboratory chow were used. In each assay, 
animals were assigned randomly to treatment 
groups (usually 5-6/group) when 2 5 days 
old. The standard FSH (NIH-FSH-S4 was a 
gift of the Endocrinology Study Section of 
the NIH) was dissolved in normal saline and 
given twice daily for 3 days. The total vol- 
ume given each animal (1.5 ml) also con- 
tained 50 IU of human chorionic gonadotro- 
pin (HCG). When steroids were used thev 
were dissolved in sesame oil and administered 
subcutaneously. In some assays, the control 
animals were given oil 24 or 48 hr prior to, or 
during, the assay period, but since the re- 
sults of these trials were in no way different 
from saline injected animals the data were 
combined. 

In two assays animals were hypophysecto- 
mized prior to the beginning of the assay. At 
the time of hypophysectomy 0.25 mg of cor- 
tisone acetate (aqueous suspension) was giv- 
en each animal, and during the assay a 5 %  
solution of glucose was substituted for drink- 


