
P A t ~ T I C I P A T I O N  OF T H E  E P I T H E L I U ~  OF  T H E  R E T E  

T E S T I S  IN T H E  R E P A R A T I V E  R E G E N E R A T I O N  

OF T H E  T E S T I S  IN  G U I N E A  P I G S  

S .  S .  R a i t s i n a  UDC 612.616.03 : 611.631-018.7 

In 1911, Kyrle |10] described the reacti~:e proliferation of the epithelium of the rete testis and the 
appearance of convoluted tubules of small diameter and lined with Sertoli cells near it in the testes  of 
irradiated dogs and also of human patients dying after  severe general diseases.  Kyrle concluded from his 
observations that regeneration of the testis may take place from the epithelium of the rete testis, just as 
the regeneration of certain other glands takes place from the t issue of the ducts. However, in no subsequent 
investigations of the regeneration of the testis  after various injuries [3, 5, 8, 9] was the epithelim-n of the 
rete testis indicated as a possible source of its regeneration, and Kyrle 's  h)]~othesis was disputed by some 
authorities but ignored by most. 

The present  article summarizes  resut~s obtained during the study of regeneration of the testis in 
guinea pigs after  partial resection~ which can be regarded as confirming Kyrle ' s  ~4ews of the possible 
participation of the epithelium of the rete testis in regeneration of the gland. 

EXPERIM~ENTAL METHOD 

The results of several e :~er iments  performed on guinea pigs, weighing from 200 to 550 g, for various 
purposes were analyzed. A.Itogether 59 animals underwent the operation. In most guinea pigs part  of the 
parenc~ 'ma of the left testis was removed from the side of i'.s f ree  surface, without any major  blood ves -  
sels, through an incision in the tunica albuginea, which was later  sutured. In some animals half the left 
testis was removed together with the tunica albuginea covering it. The operations were performed with 
observance of the rules of asepsis under superficial ether anesthesia. The animals were sacrif iced 2, 7, 
14, and 60 days after  the operation. The testes were weighed and fixed in Bouin,s or  Carnoy ' s  fluid. Para f -  
fin sections cut to a thickness of 7 p, and in some eases s e r i ~  se,-tions, were stained with hematoxylin- 
eosin and ~ith ircn hematoxylin by Heidenhain's method. 

E X P E R I M E N T A L  RESULTS 

The first  experiments gi~ing results  which suggested participation of the rete testis  in the regenera-  
tion process  were car r ied  out on guinea pigs weighing 300-400 g. Two months after removal  of half the 
left testis followed by suture 9f the incision in the tunica albuginea, an area was found in the injured testes 
with the character is t ic  s tructure of the embryonic testis, and ~ituated in the region of the hilum close to 
the iv, tensively proliferating rete testis (Fig. 1, a). These e.x~peximents were repeated three times, and 
altogether 38 animals underwent the operation: in half of them convoluted tubules of immature t),pe were 
found in the injured testes. The microscopic s tructure of these testes was very similar .  Most of theorgan 
consisIed of convoluted tubules 180-200 ~ in diameter~ bounded by a complex ttmica proprla,  with a fibrous 
structure,  and of elongated cells with rod-shaped nuclei, arranged some distance from each other. 

Slmrmatogonia and nuclei of Sertoli cells lay in the walls of the tubules, and nea re r  the lumen of the 
tubules spermatogenic cells could be ~een in various stages of spermatogenesis .  Near the place of injury, 
which was easily determined from the remains of the silk ligature in the tunics albuginea, the convoluted 
tubules were almost completely free from spermatogenic cel ls .  Their  diameter varied from 120 to 150 g, 
and 1:hey ~'ere lined by Sertoli cells with a cytoplasm of ragged; appearance and by soli tary 
spermatogonia and spermatoeytes with pycnotic nuclei. Finally, near the hilum of the testis an 
area was observed, varying from 1.5 to 3 mm in diameter, consisting of very narrow convoluted 
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Fig. I .  Testis of a sexually mature guinea pig two months 
after partial resection, a) Immature  convoluted tubules near 
the react ively modified fete test is .  Hematoxylin-eostn. 
Mag~fifieation 100 x ;  b) proliferation of the epithelium of the 
rete test is  with the formation, of a projecting process  in the 
center  of which may be seen typical follicular cells.  Iron 
hematdxwlin. Magnification 500x; c) Pattern of formation oi 
genital cords :  p r ima ry  sex cells surrounded by follicular 
cells (indicated b~ ~ an arrow), appear close to theprol iferat ing 
rete test is .  Iron hematoxylin. Maguification 500 • 

Fig. 2. a) Reactive changes in the fete  testis 
2 days ~ffter operation. Hematoxylin-eosin.  
Magnification 100• b) fe te  testis of theintact  
testis of the same guinea pig: low, fiattei~ed 
epithelium. Hematoxylin-eosin. Magnifica- 
tion 100• 

tubules with a diameter of 50-60 ~, not yet posseslng a 
lumen and separated from the surrounding tissue by a 
well marked tunica propria, possessing the typical cel lular  
s t ructure  of immature  tubules [11]. The spermatogonia 
formed a single continuous layer  in the tunica propr ia  of 
these tubules, whereas the nuclei of the Sertoli cells, 
varied in shape and containing one or  two comparatively 
small nucleoli, were situated above the spermatogonia.  
At the periphery of the area of immature tissue, tubules 
of l a rger  diameter  (100-200 pt were seen, containing many 
spermatocytes  and providing ior the gradual t r ans fo rma-  
tion from tissue of embryonic type to tubules of normal 
s t ructure .  Cor~equently, two months after the operation, 
tl=ree types of convoluted tubules were found in the injured 
testes, differing in their localization, their s tructure,  
and the i rmorphogenet ic  potential. 

In every case near the immature  seminiferotm 
tubules, character is t ic  changes were observed in khe re te  
testis,  for its epithelium, normally low, cubical and con-  
siderably flattened, had a high, cylindrical appearance, 

and in cer ta in  a reas  it was strat if ied (Fig. 1, b and c). It formed processes ,  buds, and bands of cells which, 
because 0f:.their oval nucleus with one or  two clear ly outlined nucleoli, were very  reminescent of the fol-  
l icular:cells Or immature Sert91i cells.  These processes  of the fete in some cases  continued as typical 
genital cords,  without a lumen or  tunica propria,  consisting of follicular cells and p r imary  sex cells  with 
a large  nucletm and c lea r  cytoplasm. 

The changes descx-lbed above in the rete testis  were evidence supporting the view that its epithelium 
playa an active part  in the formation of genital cords and convoluted tubules by t ransformation of the fete  
cells  into follicular cells, although they did not explain the origin of the p r imary  sex ceils in the fully 
formed test is  of sexually mature animalS.-. To  discover  their origin, experiments were car r ied  out inwhich 
the animals were sacrif iced at vartotm ~mes  after  the operation. These  showed that on the 2nd day after  
the operation the epitheIium of  the fe te  ~estis over  a wide area;  but more  especially In the region whel~ 
it leaves the testis,  assumed the charac ter i s t ic  appearance of the fe te  of the immature  o rgan  (Fig. 2, a), 
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Fig. 3. a) Mitosis in the epithelium of the fe te  testis one week 
after operation. Hematox3,1in-eosin. Magnification 800• b) a 
primar-y sex cell lying in the epi~el ium of the rete testis 7 days 
after  operation {indicated by an arrow). Hematoxylin-eosin. 
Magnification 360x; c) the same pr imary  se:. cell. M~gniflcation 
800x. 

and differed sharply from the flattened cpithetiuL of the rete of tt~e intact testis of the same guinea pig 
{Fig. 2, b). One week after  the operation, near the: fete of the injured testis  with its react ive  changes, 
genital cords  and sol i tary immature marrow seminiferous tubules could be seen. In the epithelium of the 
rete mitoses were obser~,ed {Fig. 3, a) but were absent in the fete  of the intact test is  [12]. 

A part icular ly interesting finding was tb~t the epithelium of Lhe fete  testls one week after  "dae opera -  
tion contained p r imary  sex cells, one of which is shown in Fig. 3. b and c. ~ach p r imary  sex cells  were 
also found in the connective t issue surrounding ~he fete  of the uninjured mstis of, not only the young, but 
also of the sexually mature guinea pigs. Two w~.eks af ter  the operation the general picture of the mic ro -  
scopic  changes in the intact testis  was the same as at the previous period, but there were more  immature  
tubules. In i0 guinea pigs sacrif iced two weeks after removal of part  of the testis  t.~get~mr with the tunica 
albug-inea, in all cases  an area  of test icular  tissue was formed ~ith a nearly embryonic s t racture;  this 
area ~as seen part icular ly clear ly against the background of complete devastation of the convoluted tubules 
in the res t  of the organ. 

The resul ts  described show that in guinea pigs, in response to partial resect ion of the testis,  the 
epithelium of the rete testis  undergoes character is t ic  reactive changes expressed by some degree ofdedif-  
ferentiation, cel lular  proliferation, and the formation of genital cords .  As a whole, these cha.,:ges evidently 
cause the appearance of convoluted tubules of embryonic t3~e in the testes:of the sexually mature  animals.  
The facts concerning the origin and development of the fete testis demonstrate the perfect  feasibility of 
its parficipaticn in the process  of formation of the convoluted tubules in the injured test is .  Roosen-Rtmge 
[13] showed in an ex-tensive and important  investigation that the intratestic:flar p~.rt of the fe te  test is  in 
rats  develops from the genital cords which cease to grow and which gradually lose their  ~ex cells,  although 
these lat ter  are  sometimes preserved in the fete for  a long time after  blrth. It is interesting that in pos t -  
natal oogenes~.s, described fully by X'. Ya. Karmysheva [6], in the normal and regenerat ing testis  of adult 
cats the oogorta differentiate from the primordial  epithelium, mainly in the region of the hilum, as in the 
case of the injured testis,  and the microscopic  picture of formation of the foll icles is ve ry  s imi la r  to the 
picture of formation of the genital cords  described above, 

It is difficult at present to say to what degree the newly formed immature convoluted tubules a re  
capable  of further  development and differentiation in adult l i fe,  i.e., whether or  not they a re  capable of 
restoring the par t  of the parenchyma of the testis  lost as a result  of injury. The author ' s  observations 
show that in cases  when tubules were formed with the participation of the fete, the initAal weight of the 
organ was not res to red  even two months after  the operation, whereas,  on the other hand, in e~perlments in 
which one testis  was removed completely and the other partly, followed by suture of the tunics albuginea, 
the weight of the test is  was restored af ter  one month, but in this case no reactive changes were observed 
in the epithelium of the rete testis  and tubules of embryonic type were not formed [7]. The impress ion was 
created that the cha rac t e r  of the regenerat ive processes  in the injured testis was determined by the 
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hormonal  balance, in general  ag reement  with e x p r e s s e d  views [2r concerning the exis tence Gt an inve r se  
relations:hip between the format ion of new s t ruc tura l  units in the injured organ and the amount of function- 
ing t issue r emoved .  

The format ion  of tubules of embryonic  type in the injured tes t i s  of sexually ma tu re  animals  is i m p o r -  
tant not only for  assessmen~ ~i the regenera t ive  power of the tes t is ,  but also for  understanding the m e c h a -  
nism of development  of tumors ,  frequently a r i s ing  in the tes l i s  a f t e r  injury 11, 41. 
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