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Although eryptorchism occurs commonly  in children, the changes occurring have been studied compara t ive ly  

l i t t le .  The pathogenesis is undoubtedly interesting: cryptorchism is usually associatedwith considerable functional 
disturbance of the undescended testis. The germinat ive  and endocrine disturbances appear many years after a suc- 
cessful operation had been performed in childhood. When sexual maturi ty  is obtained, neither spermatogenesls nor 
endocrine ac t iv i ty  takes place.  About 20% of such testes are hypoplastie [4]. 

No investigation has been made into the mechanism of these disturbances. Evidently they cannot be attributed 
mere ly  to abnormal  body temperature,  which is thought to be the main cause of functional failure in ar t i f ic ia l  cryp- 
torchtsm [11]. 

Ar t i f ic ia l  cryptorchism is a s implif ied model;  however this s implif icat ion may be useful for an analysis of the 
pathogenesis of the condition. 

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

Art i f ic ia l  eryptorehlsm was induced tn 27 young sexually mature male  rats weighing 180-220 g. An incision 
was made in the i l tae  region, and through it access was gained to the testes which were gripped by the fatty tissue 
of the eptdidymis and moved into the abdominal  cavity,  where they were sewn by catgut  to the [ l io-costal  muscles. 

The rats were ki l led 2, 3, 4, 5, 10, 15, 20, 30, and 150 days after the operation (three rats at a t ime).  The 
testes and accessory glands were weighed (the total  weight of a l l  the accessory glands was found), and placed in 
Baker's f ixative.  After they had remained in the f ixative for 24 h, they were cut in halves, and embedded in a 
gelat in block. In one half  a study was made of the total  and neutral  liptds and of the ketosteroids; the tissue of the 
other half  was treated with chromium in order to carry out Baker's react ion and a modified Cain's reaction. Sec- 
tions 15/~ thick were cut from both halves on a freezing microtome.  Tota l  ltpids were determined by staining with 
a saturated solution of Sudan B black.  

Cain 's  [3] Nile blue sulfate react ion was carried out according to the method prescribed, as wel l  as in a modi-  
fied manner in sections chromed after f ixation by Baker's method. We were able  to show that chroming progressively 
alters the character  of the included neutral  liptds. 

The Sel igman-Ashbel  react ion [1] revealed 3-, 17-, and 20-ketosteroids. There is some doubt about the 
speci f ic i ty  of this react ion with respect  to the aldehyde groups, but its originators mainta in  that in tissues fixed in 
formalin no free a ldehyde groups are present. Diazot izat ion was carried out with a solution of the salt of var iamtne 
blue B. 

Baker's method [2] reveals phosphattdes. A control extraction with pyridtn excludes nucleo-  and mucoproteins 
which show up only weakly  in Baker's reaction. 

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

Spermatogenesis proceeding to the stage of ripe sperms can be observed in  approximate ly  50% of the tubules 
o f theep id idymts  of a normal  sexually mature rat. In the remaining tubules, the ear l ier  stages of spermatogenesis 
could be made out; normally,  in the parts nearest  the wails the numerous small  droplets stained by Sudan dye appear;  
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Fig. i. Testes of a cryptorchid rat  ten days after 
operation. Cain 's  react ion after chroming. The 
folded outlines of the tubules and a loosening and 
destruction of the epi thel ium can be seen, Around 
the membrane there are large neutral  l ipid drop- 
lets; in the center of the lumens on some of the 
tubules there is a fine lipid granularity. Ocular 

10 x, objec t ive  40 x. 

they contain phosphatides and ketosteroids, and in Cain 's  react ion they show the properties of neutral  Iipids. In the 
tubules containing mature sperms there was no accumulat ion of lipids in the other ce l l  walls. In the testes of con- 
trol rats the Leydig ceils stain weakly with Sudan dye and give a modera te ly  positive react ion for ketosteroids; they 
were not se lec t ive ly  stained by Cain 's  or Baker's methods. 

Even two days after transplantation into the abdominal  cavi ty,  some disturbance of the test icular  tissue was 
apparent:  in part of the tubules the germinal  epi thel ium had become disorganized,  and some tubules had lost the 
regular arrangement of the f lagel lae  of  the sperms. However, in the cryptorchtd individuals,  the percentage of 

tubules containing mature sperms did not differ from normal.  
At the periphery of the tubules in which the early stages of 
spermatogenests were proceeding, there was an increase in 
the number and size of the lipid drops. His tochemical ly  
these accumulat ions  of lipids near the walls of the tubules 
resembled those found in the controls. In the interst i t ia l  
tissue no morphologica l  changes were observed. 

In the cryptorchid individuals,  three days after the 
operation there was an increased disorganizat ion of the ge rm-  
[nal epi thel ium.  The mature  spermatozoids were not found 
in more than one-third of the tubules. 

In the tubules in which the ear l ier  stages of spermato-  
genesis were proceeding l ipid droplets distributed near the 
membrane were more numerous and larger. Cain 's  react ion 
showed up these lipids as large pink drops, while in the test 
for ketosteroids they appeared as smal ler  more numerous 
droplets. 

A comple te  absence of spermatogenesis was observed 
for the first t ime four days after the operation. The germinal  
ep i the l ium had undergone considerable disintP :al ton and its 
cells had become strongly vaeuol ized;  the d .meter of the 
seminal  tubules had been reduced,  and the w~lts had become 
folded. At the same t ime,  the first chemica l  changes in the 
properties of the lipids of the tubules became  apparent:  the 
lipid droplets lost their phosphattdes. In some of the tubules 
these droplets were e l imina ted ;  in other tubules they were 
revealed in tests for ketosteroids or neutral  ltptds (before and 
after chroming). Some hypertrophy of the Leydig cells was 
also apparent,  and their react ion for ketosterotds was less 
strong. 

By the fifth day there were no further marked changes. 
In the Sertolt layer of  some of the tubules, as before, a fine 
granulari ty appeared in Baker's react ion.  

Cain's react ion revealed large pink droplets which were not always confined to the neighborhood of the m e m -  
brane, but also occupied the center of the lumens. The Ashbel-Sel tgman method showed large drops rich in ke to-  
steroids; these also spread from the periphery towards the center of the tubules. 

On the lOth day, the seminiferous tubules had become stil l  smaller  in d iameter ,  and more extensively folded 
(Fig. 1). The seminiferous epi the l ium showed only the primary stages; in certain of the tubules spermatogenests 
had proceeded as far as the formation of a small  number of sperms, which were distributed in a disorderly manner 

in the lumen. In such tubules the react ion for phosphatides was negat ive,  and in the remainder  they showed up as 
a dense fine granulari ty fi l l ing the whole of  the layer of the strongly vacuol ized epi the l ium.  In the neighborhood 
of the membrane sometimes dist inct  larger droplets could be seen. With Cain ' s  reaction,  after  chroming, these 
lipids showed up as a fine l i lac  granulari ty occupying the whole thickness of  the epi the l ium and also as separate drops 

lying in the basal portion (see Fig. 1). In reactions for neutral  ltpids and ketosteroids the tubules appeared comple te ly  
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filled with lipid droplets. The Leydtg ceils were noticeably hypertrophied; in them a certain amount of phosphatide 
could be made out, and there was an increased amount of ketosterotds. 

Fifteen days after the operation the reduced degenerate semtniferous tubules contained a Sertoli layer broken 
up by cavities and vacuoles, and spermatogonla. In Cain's reaction the tubules appeared densely packed with pink 
droplets. Phosphattdes appeared in the tubules in the form of small or moderately large granules occupying thewhole 
thickness of the epithelial layer. The accumulation near the membrane of large lipid droplets could no longer be 
observed. They did not appear in the Ashbel-Seligman reaction. The Leydtg ceils were strongly hypertrophied and 
stained with Sudan dye, and contained ketosteroids and some small grannies which gave the reaction for phosphatides. 

Fig. 2. Testis of a cryptorchtd rat 20 days after operation. 
Baker's reaction for phosphatides. Droplets of small diam- 
eter separated by groups of Leydig cells. Phosphatides 
scattered as small and medium sized granules along the 
epithelium of the tubules. Some phosphatide granules are 
present in the Leydtg cells. Ocular 10 x, objective 8 x. 

Fig. 3, Testis of cryptorchid rat 30 days after operation. Baker's 
reaction. The small tubules have been considerably separated 
by the marked hypertrophy of the masses of Leydig cells. The 
tubules are filled with large phosphatide droplets. Ocular 10 x, 
objective 8 x. 
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On the 20th day, the cryptorchid testes showed very l i t t le  change (Fig. 2). 

Marked atrophic and degenerat ive changes were observed after 30 days. There were no spermatogontal  cells 
in the tubules. The Sertoli layer was thin and divided by bands; it  was f i l led with large lipid droplets revealed  by 
the various reactions (Fig. 3). The basement membranes of the tubules were better  shown than at  ear l ier  t imes, but 
the d iameter  of the tubules themselves was reduced.  The Leyd[g cells were strongly hypertrophied, and no ltpids 
could be observed in them. 

In the testes of  the eryptorchid individuals five months after the operation most of the tubules were empty;  
there were no spermatogonial  ceils,  and the Sertoti syncytium was loose, divided by cavit ies ,  and it usually f i l led the 
lumen of the tubules with re t icula te  outgrowths containing no nucleus. In it there were only occasional  scattered 
granules of various sizes stained with Sudan dye, and these sometimes contained ketosteroids or phosphates. The 
tubules were great ly reduced in diameter ,  and their  basement membrane was considerably thickened.  In a very 
few tubules nevertheles~ some resemblance to spermatogenesis could be made out: large ep i the l ia l  ceils were formed, 
and sometimes a typica l  f lage l la te  form which showed some tendency to form a c lump in the center of the tubules 
could be seen. However, even tn these tubules the lumen could not  usually be made ont. There were no scattered 
lipid droplets; neither Sudan dye nor the react ion of ketosteroids or phosphat idesrevealed any. Only in Cain 's  react ion 
were some pink droplets revealed.  The Leydig ceils stained with Sudan, stained posi t iveiy in the Ashbel -Se l igman 
reaction,  and gave a weakly positive Baker reaction.  They formed dense clumps in which could be seen numerous 
vessels with thickened walls which had become transparent. 

Atrophy of the testes was more clear ly shown during the first ten days after operat ion:  their weight fel t  to less 
than ha l f  (see table).  Subsequently, the atrophic changes increased less rapidly;  by the 30th day the weight of the 
testes of the rats rendered cryptorch[d had reached its min imum value (25-30 ~o of  normal).  This cofiditton was 
stable,  and by the fifth month the testes had the same weight as at the end of the first month. 

The weight variat ion of  the accessory glands was irregular.  First there was a tendency for a fal l  in weight 
of20-307o belownormal  d ~ i n g  the 5th and 20th days; by the end of the exper iment  their weight had fallen the 
same amount as in the control animals.  

Only a few studies have been made of test icular  changes in cryptorehism. Payne [13] found that in mice  
spermiogenesis fai led between the 3rd and 9-10th days, and that Sudanophil l ipid droplets began to accumula te  

around the cel l  walls from the 2nd day onwards. Normally,  in mice  there are no lipids around the membranes.  

Perlman [14] found that incomplete  spermiogenesis from various causes always led within a few weeks to an 
increased concentration of lipids within the testis, and that in cryptorchism after 10 days spermiogenesis is depressed 
more sharply and profoundly than is the case in hypophysectomy. It is interesting that the accumulat ion  af  lipid 
droplets is a universal reaction:  i t  is observed in cryptorehism, hypophysectomy, after inject ion of estrogen and in 
aging. Secretion of the fo l l ic le -s t imula t ing  hypophyseal hormone is usually reduced. I t  is thought that the increased 
lipid content  of  the tubules results not from their increased productivity,  but from a reduction of their u t i l iza t ion 
through suppression of spermiogenesis [8, 9]. In the testes of the cryptorchid individuals it was shown that  the in- 
creased content of androgens and estrogens was respect ively 50 and 1507o above normal .  

In rats rendered a r t i f ic ia l ly  cryptorehid, by the 75th day, "castration ceils" appeared in the hypophysis, where- 
as in the seminal  vesicles and in the prostate gland they did not appear until  the 240-400th day [12]. 

It is known that to prevent eastrat ional  changes in the sex ducts, it  [s sufficient m inject  testosterone; to e l i -  
minate  the changes in the hypophysis resulting from castration, the whole set of steroids is required [10]. 

The reason is apparent ly  re la ted to what we observed: that after five months there is no relat ionship between 
the condition of the testes and the weight of the accessory glands even for the very same rats. 

Clegg [5, 6] studied the hormonal ac t iv i ty  of the testes in cryptorchtd rats between the 5th and 35th day after 
the operation. He used the amount of  c i t r ic  acid and fructose in the accessory glands as a cri ter ion of  the androgen 
concentration of the blood. He showed that by the 5th day the secretion of androgens was reduced, that  it increased 
by the 10th day, and fell  again between the 15th and 20th days after the operation;  the least secretion of androgens 
occurred on the 21st day after transferring the testis into the abdominal  cavity.  At the same t ime there was an in- 
crease in the number of  Leydig cells. Clegg think; that the end of the third week after  the operation is the end 
of the period of normal  function of the Leydig cells in respom~e to an increase of  gonadotropins caused by a def ic i t  
of  androgens in the blood. Therefore the increase in the number of Leydig ceils appears to be a compensatory re-  

sponse demonstrating their normal sensitivity m gonadotropins, to which later  the Leydlg cells become less sensitive. 
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Comparison of our results with Clegg's suggests that the absence of ltpids from the Leydig cells and the accu- 
mulation of large lipid droplets in the tubules is the morphological equivalent of a reduction of endocrine activity 
in the testis. This condition was observed in the first five days and between the 20th and 30th clays after the opera- 
tion. At the same time the presence of lipids in the Leydig ceils and the fine lipid granularity in the epithelium 
of the tubules, observed 10-15 days after the operation in cryptorchids, appears to be  the resutt of the active secre- 
tion of androgens. 

Weight of the Sexual Organs in Cryptorchtds at Various Times 
After the O 3eration 

Time after 
operation 
(in days) 

5 

10 

15 

20 

30 

150 

Mean weight when killed (in mg) 

testes 

left right 

accessory 
glands 

1274 

1529 

1024 

1014 

603 

506 

395 

355 

388 

1346 

1491 
1203 

980 

984 

1243 

1124 

927 

552 905 

454 834 

436 742 

355 979 

415 1337 

S U M M A R Y  

Changes in the ltptds of the testes were studied in sexually mature rats with artificially induced bilateral 
eryptorchism. Observations were made from 2 days to 5 months after the operation. Failure of spermtogenesis was 
associated with accumulations of large pertmembranous drops of liptds. These lipids were Sudanoph[1, neutral, and 
contained ketosteroids and phosphatides. By the 5th day, mature sperms had disappeared from the lumen of the 
tubules; simultaneously phosphatides had disappeared from the lipid drops. No l[ptds were present in the Leydtg 
cells. After 10-15 days, hypertrophy of the Leydig cells and accumulations in them of minute lipid droplets could 
be observed. The ltpids in the tubules took a different form, and were very finely dispersed. 

By the 20th day, the droplet in the tubules had again enlarged, and all the testieular structures had lost their 
ketosteroids. After 30 days the ltptds had disappeared completely from the Leydtg cells; the tubules were thickly 
filled with large lipid drops. After 5 months the cryptorchid testes became completely empty. 
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