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Postnatal Histogenesis and Endocrine Function of Abnormal Testes 
in the AxC Rat. (24105) 

OSCAR VILAR AND ROY HERTZ 
Endocrinology Branch, National Znstitutes of Health, Bethesda, M d .  

Deringer and Heston have described the 
relatively frequent occurrence of multiple ab- 
normalities in the genitourinary tract of the 
AxC rat (1). In the male the anomdous 
pattern includes a total absence of kidney and 
ureter on one side frequently associated with 
presence on the same side of an atrophic testis 
which lacks a vas deferens or epididymis. In 
addition the seminal vesicle, but not the co- 
agulating gland, is absent on the involved side. 
In this strain of rats varying pattern of this 
anomalous picture are observed in approxi- 
mately 20% of all male animals studied( 1). 
Similar patterns of genitourinary abnormality 
have been described in man by Whitehorn 
(3)  and Longo and Thompson(4). 

We wish to report our observations on post- 
natal development of the abnormal testis in 
the AxC rat. These studies have indicated 
that during prepuberal period the testis which 
is destined to be atrophic in adult life is mor- 
phologically and his tochemically indistin- 
guishable from the normal testis of compw- 
able age. With onset of puberty the abnormal 
testis presents its initial deviation from nor- 
mal developmental pattern, namely complete 
failure of tubular maturation and spermato- 
genesis. 

Materials and methods. The rats were de- 
rived from a highly inbred strain previously 
described by Heston and Deringer( 1 ) .  They 
were kept in metal cages in constant-tempera- 
ture animal quarters maintained between 76 
and 80°F. They were fed Purina stock diet 
ad libitum and provided constant supply of 
tapwater. Pregnant animals were isolated for 
delivery and date of birth of all litters re- 
corded daily. All animals were sacrificed by 
ether at indicated age. Testes which could be 

expected to be atrophic were identified by 
occurrence on the same side as the observed 
absence of vas deferens, kidney, ureter and 
seminal vesicle. This was most commonly on 
the right side. The contralateral testis was 
used as normal control tissue since no instance 
of bilateral testicular failure has occurred in 
this colony. All tissues were promptly 
weighed and fixed for histochemical analysis. 
The following fixatives and staining methods 
were employed: I. Bouin’s solution; for mor- 
phological study, glycogen and mucopolysac- 
charide. 11. Cold alcohol, 80%; for alka- 
line phosphatase; 111. Barnett and Bourne’s 
solution( 5 )  ; for ascorbic acid; IV. Baker’s 
Formaldehyde (6)  ; for total lipids, cholesterol 
and silver impregnation; V. Mallory’s tri- 
chrome stain as modified by Crossman( 7) ; 
VI. Lillie’s allochrome stain (8) ; VII. Del Hor- 
tega’s (9) or Gridley’s ( 10) silver impregna- 
tion; VIII. Weigert’s resorcin-fuchsin( 1 1 )  ; 
IX. McMannus’ P.A.S. for glycogen( 1 2 )  with 
takadiastase digestion at 37°C for control; 
also with hyaluronidase digestion to elimi- 
nate reaction with some muco-polysaccharide; 
X. Gomori’s method as modified by Kabath 
and Fursth( 13) for alkaline phosphatase; 
XI. Metachromatic reaction with Azur B 
and Toluidine Blue 0 (O.OSS%, pH 6 and 
pH 4) and P.A.S. for acid mucopolysacchar- 
ides; XII. Sudan (111, IV and Black) for 
lipids; XIII. Schultz’s ( 14) and Brunswick’s 
methods ( 15) for cholesterol and cholesterol 
esters; XIV. Dean and Morse’s method( 16) 
for ascorbic acid. Thirty-five abnormal speci- 
mens were selected to cover the prepuberal as 
well as postpuberal and adult period (Table 
I ) .  In addition, tissues from 65 normal ani- 
mals a t  different ages were studied for com- 
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TABLE I. Weight a11d Position of Normal and 
Abnormal Testes hi 35 AxC Rats at Various Ages. 

Abnormal testis Normal testis 
Age, f- \ f  \ 

clays Wt, mg Positjoii TVt, 111.g Position 

* Serotnl testis est,irpated (i to 11 1110 1)cforc. 
t Hy(1rotestis. 

parison. In 16 abnormal adult animals, the 
normal testis had been surgically removed 6 
months before autopsy to determine whether 
the remaining atrophic testis could maintain 
the prostate and seminal vesicle of the host. 
To ascertain whether or not absence of \.as 
deferens plays a critical role in abnormal de- 
velopment of the anomalous testis, one vas 
deferens was surgically removed from each 
of 10 normal animals when they were 22  to 
25 days old (Table 11). This operation was 
performed under magnification so that no 
traumatic interference with testicular blood 
supply would result. These animals were then 
sacrificed at  61 to 64 days of age and the tes- 
tes of operated side and of unoperated side 
were then compared by technics listed above. 

Results. Histological and histochemical 

review of the chronologically distributed speci- 
mens permits one to reconstruct the histo- 
genetic process ultimately leading to the 
pathological state found in the adult. Thus, 
close comparison of specimens of normal and 
abnormal side from rats up to 30 days of age 
reveals essentially the same picture in both 
sides. Up to this stage, there is a normal pro- 
gression in either testis and i t  is noteworthy 
that no significant discrepancy in testicular 
weight is noted. In earlier specimens up to 
10 days of age (Fig. 1 1 )  the tubular struc- 
tures lack a lumen and are represented by 
solid cords consisting of two types of cells: 
( a )  small cells with a sharply defined nuclear 
membrane, coarse chromatin granules and a 
distinct nucleolus; they are located in the 
periphery of the cord and exhibit weakly posi- 
tive nuclear reaction for alkaline phosphatase 
and negative cytoplasmic reaction for alkaline 
phosphatase, ascorbic acid and lipids, and (b) 
larger cells, oval or round, with nuclei contain- 
ing 2 or 3 nucleoli and presenting a negative 
reaction for lipids and ascorbic acid but posi- 
tive alkaline phosphatase response in both nu- 
cleus and cytoplasm. The latter cells become 
less abundant as development proceeds and 
are nearly absent by 9th day. The cellular 
cords lack a d d n i t e  limiting membrane but 
are closely surrounded by interstitial connec- 
tive tissue. The latter is made up of a net- 
work of thin reticular fibres. many mesen- 
chymal cells and immature fibroblasts which 
are dispersed in a highly eosinophilic amor- 

TABLE 11. Effect of Extirpatiou of Vas Deferens 
on Testis Weight, of 12 Rats. 

A g c h  11 t estir- 
p t i o n  of Age at, Testicular mt 

V:IS cleferens autops7 (mg) 
S o .  (il:iys) (daps) Left R,ight 

I 22 64 
2 
3 
4 

(i 
7 
8 
9 

10 
11 Notoperated 64 
12 

3 

2 .i 

1007 
710 

1120 
550 

1130 

1600 

1100 
1030 
1350 
1006 

1100 

1050 

1005 
730 

1112 
520 
1115 
1150 
1000 
1000 
1050 
1020 
100s 
990 
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FIG. 1. Testes from 8-day-old Ax(: rat ( x 250). a. Normal testis. b. Testis from abnor- 

FIG. 2. Testes from 19-day-old AxC rat ( x  125). a. Normal testis. b. Testis from abnor- 

FIG. 3. Testes from 30-day-old rat ( X  125). a. Normal testis. b. Testis from abnormal 

F I G .  4. Testes from 38-day-old AxC rat ( x  125). a. Normal testis. b. Testis from abnor- 

FIG. 5. Testes of adult AxC rat. a. Normal testis. b. Abnormal testis ( X  70) .  
FIG. 6. Abiiormal testis of adult AxC rat ( X  125). 

mal side. 

i i id  side. 

side . 
ilia1 side. 

phous ground substance which stains a deep 
blue with Azur B and is strongly positive to 
P.A.S. In the interstices there are also found 
small groups of oval cells which resemble adult 
Leydig cells, and possess acidophilic cyto- 
plasm which stains positively for alkaline 
phosphatase. lipids and cholesterol. 

Between 19 and 24 days the respective testis 
weights from each side continue to be equal. 
The tubular diameter increases and there are 
clear luniina formed (Fig. 2 ) .  The tubular 
wall is well formed and the basal membrane 
responds positively to P.A.S. and to stain for 
alkaline phosphatase. The surrounding reticu- 
lar fibres have now become highly condensed. 
The tunica propria consisting of a reticular 
net and numerous fibroblasts are noted. With- 
in the tubules, the more embryonic cells are 
now replaced by distinct Sertoli cells, sperma- 
togonia, and spermatocytes. These elements 
in both testes present an entirely normal ap- 
pearance and stain positively for lipids, as- 

corbic acid and alkaline phosphatase. The 
interstitial spaces are now larger and present 
numerous fibroblasts in varying stages of 
maturation. Immature and mature Leydig 
cells appear entirely normal in both testes 
and are now enmeshed in a less dense reticular 
network. 

In the 30- to 38-day period distinct weight 
differences are noted between testis of abnor- 
mal and normal side and the pathological fa- 
tures of the smaller gonad clearly emerge (Fig. 
3 and 4) .  The essential deficiency is a pro- 
gressive failure of normally evolving tubular 
maturation and spermatogenic function, 
whereas the interstitial cell development pro- 
ceeds normally. After 44 days of age and on 
into advanced adult life the deficient gonad 
presents all features of the definitive syndrome 
(Fig. 5, 6 ) .  There is total failure of sperma- 
togenic function and the atrophic tubules 
present a distinctly thickened wall of reticu- 
lar, elastic, and collagen fibres. The abun- 
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dant homogeneous intertubular amorphous 
substance which stains red with eosin, light 
blue with azure, and pink with P.A.S. also re- 
sists hyaluronidase and diastase digestion. 
Hence it appears to be comparable to the in- 
terstitial fluid found normally in immature 
and puberal testes. Leydig cells are present 
in normal numbers and present all normal his- 
tochemical reactions for cells of this type. 
However. both vascular sclerosis and prolifer- 
ation of normal fibroblasts are seen. 

The hormonal functional capacity of Ley- 
dig cells of the atrophic testis is also shown 
to be normal by lack of atrophy of the pros- 
tate or seminal vesicles in 16 adult rats which 
had undergone extirpation of their normal 
testis 6 months before autopsy. 

Moreover. there was no effect of vas de- 
ferens extirpation upon subsequent develop- 
ment of the normal testis of rats of this strain. 
This indicates that absence of the vas deferens 
in the case of anomalous testis is probably not 
a critical factor in development of the abnor- 
mal state. 

Specificity of the various technics used. has 
been extensively discussed( 8.1 7,18.19.20). It 
is especially noteworthy that by all these his- 
tochemical criteria the uninvolved testis in 
the AxC rat may be considered entirely nor- 
mal. Moreover, the abnormal testis shows no 
appreciable deviation from the normal pattern 
of development until the pubertal stage is 
reached. I t  would appear then that this 
anomaly represents a delayed somatic expres- 
sion of a genetically determined defect. 

The anatomical position of each of the 
testes of each animal was recorded at  autopsy. 
Since the inguinal canal in the rat remains 
open throughout life these data are of dubious 
significance except as an indication that scro- 
tal or abdominal position of the testes was 
totally unrelated to the histological picture in 
any given case. 

Association of a testicular defect with such 
other defects as absence of kidney, ureter, 
vas deferens, and seminal vesicle, reflects mul- 
tiple manifestations of anomalous embryo- 
nogenesis arising from defective tissue along 
the entire mesonephric ridge as well as a con- 
sequent failure of normal induction of devel- 

opment of the kidney from the metanephric 
anlagen. Further analysis of the embryologi- 
cal course of events in the AxC rat should 
aid in elucidation of normal developmental in- 
terrelationship in this region. 

Summary. The male AxC rat exhibits a 
genetically-determined anomalous develop- 
ment of the genitourinary apparatus including 
absence of one kidney, ureter, vas deferens, 
and seminal vesicle associated with testicular 
hypoplasia on the same side. Detailed histo- 
chemical and histological analysis of the post- 
natal development of the defective testis re- 
veals that this testis can not be differentiated 
from the normal testis until puberty. a t  which 
time it exhibits a total failure of tubular ma- 
tu  ra t ion and spermatogenic function. Inter- 
stitial cells, however, continue to develop nor- 
mally and exhibit normal endocrine function 
and removal of the normal testis does not lead 
to atrophy of the prostate or seminal vesicle. 
Surgical extirpation of the vas deferens during 
the prepuberal period does not lead to any 
alteration in subsequent development of the 
normal testis. It may be concluded that this 
instance of testicular hypoplasia represents a 
genetically determined defect with delayed 
somatic manifestation. 
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Anaphylaxis in the Mouse Produced with Soluble Complexes of Antigen 
and Antibody.” (24106) 

SEIKICHI TOKUDA AND RUSSELL S. WEISER (Introduced by E. J. Ordal) 
Department of Microbiology, University of Washington School of Medicine, Seattle 

The concept recently expressed by Ger- 
muth( 1 ) and Germuth and McKinnon( 2 )  
that lesions of hypersensitivity diseases may 
result from local accumulation of soluble com- 
plexes of antigen (Ag) and antibody (Ab) de- 
rived from the circulating blood is a highly 
significant contribution toward an understand- 
ing of the mechanisms of immunologic tissue 
injury. The proposition that soluble Ag-Ab 
complexes initiate development of allergic le- 
sions is indirectly supported by many earlier 
observations, principally concerned with tem- 
poral rela tionships of development of lesions 
to blood clearance of Ag and appearance of 
circulating Ab. Production of anaphylaxis in 
the guinea pig with soluble complexes of Ag 
and Ab(2) provides strong support to this 
proposition. Of the observations important 
to development of the concept were those of 
Hawn and Janeway(3) and Germuth, Pace 
and Tippett (4) that acute lesions of “serum 
sickness” in rabbits develop while Ag is still 
present in circulating blood, and heal only 
after free circulating Ab appears, and those of 
Talmage, Dixon, Bukantz and Dammin( 5) 
that a rapid “immune phase” of Ag elimination 
by Ab always precedes appearance of free Ab 
in the circulation. These findings are consistent 
with the report of von Pirquet and Schick(6) 
that clinical symptoms of serum sickness in 
humans commonly developed a week or more 
before appearance of any precipitating Ab in 
blood, and often subsided before Ab disap- 

*This investigation supported in part by Wash- 
ington State Heart Assn. 

peared. Proportions of various types of anti- 
bodies present in soluble complexes of Ag and 
Ab reported to occur in actively sensitized 
rabbit following large doses of bovine serum 
albumin (BSA) (2,s) are not known. There- 
fore, i t  is not possible to predict the respective 
roles that precipitating and non-precipitating 
Ab may play in development of allergic reac- 
tions through the agency of their soluble com- 
plexes with Ag. However, recent observations 
that soluble complexes of BSA and anti-BSA 
rabbit Ab, presumed to be composed largely 
of complexes of precipitating Ab and Ag, pro- 
duce anaphylaxis in guinea pigs( 2 )  and in 
mice(7) indicate that precipitating Ab is im- 
portant in pathogenesis of allergic reactions 
by this mechanism. The observation of Ka- 
bat and Benacmaf (8) that non-precipitating 
Ab is equally as effective as precipitating Ab 
for producing passive anaphylaxis in the 
guinea pig favors the prediction that com- 
plexes of non-precipitating Ab and Ag would 
likewise produce anaphylaxis. That non-pre- 
cipitating Ab can cause serum sickness in hu- 
mans appears to have been well established by 
Karelitz( 9) .  The concept that a non-precipi- 
tating Ab may be important in diseases such 
as rheumatic fever has been tested by Weiser 
(unpublished), Kuhns and McCarty ( lo),  
Quinn ( 1 1 ) and Rej holec ( 1 2 ) . Rejholec 
( 1 2 )  observed that rheumatic fever subjects 
show a greater capacity to form incomplete 
Ab against brucella vaccine than do non-rheu- 
matic subjects. 

Materials and methods. Unless otherwise 


