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In work on repara t ive  regenerat ion of the internal  organs in mammals ,  that  devoted to regenerat ion of  the 
tes t ic le  occupies a specia l  position, While in relat ion to other internal  organs, investigators set about the 

study of condit ions influencing, in one way or another, tl~e course of  regenerat ion,  the verypossibiHty of  regenerat ion 
of the tes t ic le  in mammals  has up to now been denied by the major i ty  of authors [2, 3, 4]. In individual  papers 

there are references to the fact that  infl ict ion of  t rauma not infrequently leads to comple te  a t rophy of the test icle ,  
although in the ear ly stages one notes restorative processes in the spermatogenic  epi the l ium,  which quickly fade 
away, and do not lead to regenerat ion of  the organ [2, 3]. In the present work, an a t tempt  was made to c rea te  

conditions contributing to manifestat ion of the regenerat ive  capac i ty  of  the test icle ,  taking into accounf  its 

special  structure and function. 

E X P E R I M E N T A L  M E T H O D S  

The e'::periments were conducted on rats, weighing 94-130 g, guinea pigs, weighing 300-000 g, and on 
kittens. In the animals,  the right test icle  was comple t e ly  removed,  and ha l f  of  the left  one, in accordance  with 
the findings of  N. S. Ar temeva  [1] that on removal  of one of  two paired organs, more favorable conditions are 

created for regenerat ion of  the other. The animals were operated on under ether narcosis, with observance of  the 
basic aseptic rules. One tes t ic le  was fully removed after p re l iminary  l igature of the spermal cord. Removal of  

pact of the second test ic le  tool" p lace  nonuniformly in the 1st and 2rid series of experiments.  

51 the first serie:~, conducted on 15 guinea pigs and 20 rats, after dissection of the test icle  skin and membrane ,  
the te~;ticle was distended by means of forceps in the incision. The caudal  part of  the gland was cut away with 
sharp scissors (about half),  together ~,,ith the a lbumin membrane in a direct ion perpendicular  to the longi tudinal  
axis of the test icle .  Then the test icle  was placed on the si te,where upon the remaining seminiferous tubules often 

fell out of  the a lbmTin  membrane.  Sutures were placed on the peri toneum and skin. 

The second series of  experiments  was conducted on 20 rats and 2 i ittens. The operat ion for removal  of  

part  of  the (est icle was performed as follows. All  the integuments of the test ie!e were dissected up to the 
a lbumin  membrane ,  then the test icle  was taken out of the incision. The a lbumin  membrane  of  the caudal  

part of the test icle  was held by forceps and cut across. Its edge was drawn out from the side and ha l (  of the entire 
mass of  the tubules was cut off with sharp scissors in a direct ion para l le l  with the longi tud ina!  axis of the test icle .  
A continuous suture was placed on the a lbumin membrane,  and the peri toneum and skin were st i tched up. This 

type of  operat ion was condit ioned by tire following considerations. In the tes t ic le  of  an adul t  guinea pig, or rat, 
almost deprived of connect ive  tissue walls, the tubules in the e longated a lbumin  membrane  are under considerable  
pressure, which, in the view of  many authors [3, 5], contributes to the secretion of ripe sexual products from the 

test icle.  In the first series of  experiments ,  by cutt ing out part  of  the a lbumin membrane  without st i tching it up, 
we thus created conditions,  hindering secretion of  sexual products, which could have led to atrophy of  the organ. 

1?~ the second series of  experiments,  we managed to remove one of the possible c a u s e s o f  atrophy of the test icle ,  
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and to create  favorable conditions for its regeneration.  

The animals were ki l led 3-5 months after the operation.  The mate r i a l  was fixed by Bouln's fluid. The serial  
paraffin microscopic sections were stained with hematoxyl in  and eosin, i ron-hematoxyl in ,  and also with azan. 
stain according to Heidenhain.  

In control investigations the test icles removed during the operation were used, also test icles of animals  
not operated on,of  weight a~d age uniform with the exper imenta l  animals.  The control  animals were k i l led  
on the day of the conclusion of  the experin~ent. 

E X P E R I M E N T A L  R E S U L T S  

In the  first series of experiments ,  the restoration of the tes t ic le  only occurred in one case. In a guinea pig 
weighing 300 g, the right test icle  was removed ent i re ly  (its weight was 380 rag), and the ha l f  of the left  one 

(weighing 150 rag). Five months later ,  the pig was kil led.  It weighed at that t ime  550 g. On dissect ion from the 

left  side a large tesr icle  was found, weighing 1200 mg, oval in shape, of normal  color ,  with a somewhat protuberant 
surface. Histological examinat ion showed that  a large part of the surface of the tes t ic le  was covered with a fine 

a lbuwin membranei  the remaining part  of the surface corresponding to the site of the former incision was  
marked by growth of connective tissue, in places strongly infi l t rated by leucocytes.  The test ic le  consisted of the 
seminiferous tubules of normal shape and size. The tubules, situated on the surface of the damaged  te rmina l  of 
the tes t ic le ,  were full of  Sertol i ' s  cel ls ,  and almost comple t e ly  deprived of cel ls  of the spermatogenic series. Only a 
few tubules, also situated on the damaged ten'ninal  of  the gland, contained spermatogenie cel ls ,  wMch, however,  
were abnormal ly  distributed; they were gathered in groups, forming separate loci of spermatogenesis.  

The whole lumen of the tubule was fi l led with nests of spermatids,  surrounded on al l  sides by spermatocytes.  
The further the tubules were situated from the damaged  terminal  of  the tes t ic le ,  the more regular the distr ibutinn 

of cel ls  in them. In the center  of the gland,  and on its undamaged  te rmina l ,  pictures of normal  spermat0genesis,  
to the point of formation of ripe spermatozoids (Fig. 1) were found in the tubules. The inters t i t ia l  tissue was 

weakly developed,  which was character is t ic  of the tes t ic le  of the normal  guinea pig of that  age. 

The question arises as to whether in the given case, full value regenerat ion of the tes t ic le  occurred,  or 
whether, connected with the growth of  the an imal , there  took place  a normal  deve lopment  and growth of the re- 
maining part  of  the gIand. If we assume only growth of the remaining ha l f  of the g land ,  then its weight would 
have had to correspond to ha l f  the weight o f  the tes t ic le  in the control  pig at  this age. In our exper iment ,  the 
weight of the tes t ic le  corresponded to the weight of the ent ire  control tes t ic le  (Table  .1), which, together with the 
finding of the his to logical  examinat ion ,  allows one to speak of  its regeneration.  

In the second series of experiments ,  regenerat ion of the tes t ic le  occurred in two kittens and in two rats. 
The results by weight are given in Tables  2 and 3. 

As is c lear  from Tab le  2,in Kitten No. 1, three months after the operat ion,  the weight of the tes t ic le  in-  

creased about 30 t imes,  and was three t imes greater than the weight of  the tes t ic le  of a normal  kit ten of  that  age. 
Microscopical ly ,  the tes t ic le  was ova! shaped, with a slight rosy t inge,  and under the membrane  a thick network 
of  vessels could be seen. On his tological  examinat ion ,  i t  was discovered that  the whole surface of the tes t ic le  
was covered with an a lbumin  m e m b r a n e .  The site of the suture was e a s i l y d e t e r m i n e d  by the defect  of the tissue 
in the a lbumin  membrane ,  and infi l trat ion of this section of the membrane  by polymorphonuclear  leucocytes.  
The tubules ly ing  di rec t ly  on the site of  the defect  were in no way distinguishable from the tubules ly ing far 

from it. The lumen of  the tubules was f.ull of pr imary and secondary spermatocytes ,many of  them with mi to t ic  
division. In the walls of the tubules lay  Ser to l i ' sce l l s  and spermatogonia,  in which mitoses were found. Spermatids 

and spermatozoids in the tubules were not observed. The inters t i t ia l t issue was normal ly  developed,  the inter-  
lobular  walls were not thickened.  The bulk ,of the tes t ic le  was made  up ofthe seminiferous tubules. 

In Kitten No. 2, three months after the operat ion, the weight of  the tes t ic le  was less than in Kitten No. 1, 
but i t  a lmost  reached the weight of the tes t ic le  of the normal  an imal  (Table  2). Maeroscopical ly ,  the tes t ic le  

had an oval  shape, yellowish hue, with no adhesion to the surrounding tissues. Microscopic examina t ion  showed 
that the a lbumi  n membrane ,cover ing  the whole surface of the tes t ic le ,  was very thick at  the site of  the suture. 
The seminiferous tubules lying at the damaged site were no different in structure from the tubules s i tuated 
far from it. They were in the main  f i l led with Ser tol i ' s  syncyt ioma.  At the wal l  of  the tubules, there were single 
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TABLE 1. 

Regeneration of Testicles in Guinea Pigs 

NO~ of 
animals 

13 
1--12 

14--15 

Beginning ~r _ i ~  exper iment  

Body Weighto~ Weighto.i B o d y  Weight 
rcmovett iremalni ~ removed} ..... r weight 

Series weight entire I p,u~ ,? I testicle 
in g rostlc~,, I tesucle in g. 

300 ,~8,0 ] 150 550 1200 
First 300-- 400-- 200-- 600-- 30--50 

600 1 l O0 500 780 

Additional 
control 
(I0 animals) 

�9 = 

Result 

Regeneration 
Atrophy 

Weight of Testicle 

,3oo I l oo 

TABLE 2 

Regeneration of Testicles in Kittens, 

Ikglnnln~ experiment ~ End of experiment 

" ' d :'Weight :~'Weight II'B~y Weight �9 I . . . . . . . . . .  
No. of , Be .y, removed i remo-ved lJ wei-ht 

test lc le7 Re4ult 

i second t04B II 2300 i 200  egeneration 
2 870 36 22 [I 2210 300 iRegeneratlon 

Ad tional w ight d  ,, ele In 
control - left... ,{ rizht --_, 

3 100 400 ) 35(I (z animal) | 

spermatogonia ~ in which mitoses were noted.. In individual seminiforous tubule% giant cells containing 
4-8 nuclei each~ were detected. Such cells lay in groups in the lumen of the canal ne• to the normal 
spermatocytes, forming peculiar foci of spermatogenesls. The amount oflnterstltlaltissue in comparison with 
normal was notincre~sed. ~ the tubules of &is t~stlcl~j ~h~ spermatids and spermatozolds were absent (Fig. 2). 
In the testicles of the control Jdttens of this age, spernaatogenesls did not go beyond formation of secondary 
spermatoeytes, Thus, th~ development of the regenerated t~sticl~s corresponded to the normM ones. 

The regenerated testicles of rats (Table 3)0 on microscopic examination, were elaaracterlzed by a moderate 
thickening of the albumln membrane. The interstitial tissue was poorly developed. In the tubule% o/I stages of 
spermatogenesi% including spermatozoids (Fig, 8),were observed, 

In all the other animals, in both the first and s~cond s~rl~s of experiments, we observed complete atrophy 
of the testicle, expressed in a sharp fall in weight and size of organ (see Tables I-3), Mierosoopie study reveMed 
that the testicle conslst~d entirely or profuse connective tissue, Tubules were absent from the majority of such 
testicles. Occasional semlniferous tubules wer~ seen, d~ptived of spermatogenic epithelium and Sertoli'.s cells. 
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TABLE 3 

Regeneration of Testicles in Rats 

No. of 
mimals 

4 
1 

Beginning experiment 

Series 

Second 
Second 
First+ 

Second 

Additional 
control 

(20 animals) 

Body weight  
weight removed 

entire 
m g. l~esticle 

11"I ~. 

94 850 
I09 900 
95-- 800-- 

130 1 500 

End of experiment 

Weight Body 
removed 
part of weight 
testicle in g 
in o .  

600 140 
630 230 
400-- 140-- 
500 250 

I Weight I 
,remaining Result 
i testicle / 
lin mg. | 

800 Regeneration 
950 
20-- Atroj~hy 
60 

160-- 
230 

I W i ht of testicle in mg~ 

I 9 0 0 - I  o l o -  
1 14oo 

Fig. 1. Regenerated testicle of guinea pig 
1) Spermatids, 2) spermatocytes ; in tubules 
of the spermatogenic epithelial ceil a t a l l  
stages of development. Microphotography 
(x900). 

Fig. 2. Structure of the testicle tubule in 
cat, 3 months after operation. 
1 )Nant  cell. Microphotography (x900). 

Thus, in the first series of experiments in rats, in all cases the testicle was atrophied. The fact that 
in the second series of experiments regeneration of the testicle occurred in two adult rats is evidence in favor 
of the hypothesis concerning the significance of stitching the albumin membrane to bring about onset of the 
regenerative process in the testicle. But stitching of the albuncin membrane is far from being the only condition 
guaranteeing regeneration of the testicle, as is evidenced in the absence of regeneration of the testicle in all the 
remaining rats in the experiments of the same series. In the literature there is abundant data on the exceptional 
sensitivity of the testicle to any kind of influence. The disturbance of the blood supply, toxic manifestations, 
compression of the spermatic cord, or of the testicle itself, may prove fatal to the functions of the testicle, and 
lead to complete and irreversible atrophy of the seminiferous tubules. The facile and rapidly developing 
atrophy of the testicle make it difficult to study its regeneration. This explains why,of the 57 animals under 
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experiment, we only succeeded in obtaining regeneration 
of the testicle in five. Only in those eases where 
we managed to avoid the influence of the harmful factors 
arising from atrophy did complete organo-typical regen- 
er~t/on of the testicle occur in res~nse to the trauma 
.it received, Inquiries into the conditions contributing 
to the onset of regeneration of the testicle need to be 
continued. 

Fig. 3. Regenerated testicle of rat. 
1) Spermatozoids. 2) Spermatocytes ; 
in tubules of the spermatogenic epithelial 
cell at a11 stages of development. 
Mierophotography (x400). 
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