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Hormonal  regulation of the functions of the test is  and its relat ions with other endocrine glands is not in 
dispute [6]. Spermatogenesis  is indissolubly connected with the general  state of the body and is completely de-  
pendent on it [5]. The effect of disturbances of different par ts  o f the  digestive sys tem and of individual endo- 
cr ine organs and, in par t icular ,  blocking or reduction of the endocrine and exocrine activity of the  pancreas ,  on 
the state of tes t icu lar  function has not been investigated. 

The react ion of the tes tes  to various fo rms  of s t r e ss  differs f rom react ions of other endocrine glands 
[1-3]. Hence the importance of a study of changes in the tes t i s  and its role in the general  response  of the o r -  
ganism to insufficiency of the external and internal secre t ion  of the pancreas ,  and the investigation descr ibed 
below was ca r r i ed  out for  this purpose.  

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

Experiments  were car r ied  out on 54 dogs, and another 10 intact animals served  as the control.  The dogs 
undergoingoperat ions were divided into three  groups" 1) 19 dogs undergoing resec t ion  of one or two te rminal  
port ions of the pancreas ,  equivalent to resec t ion  of the tail  or tail  and body of the human pancreas ;  2) 16 dogs 
undergoing resec t ion  of the central  part  of the pancreas ,  with l igation and division of the principal  efferent  ducts; 
3) 19 dogs in which the pancreas  was totally removed.  The operations were pe r fo rmed  by the method descr ibed 
previously [4]. The dogs were withdrawn f rom the experiment af ter  intervals  of 3 days to 1 year .  Sections 
through the test is  7 # m t h i c k w e r e  stained with hematoxylin and eosin, by the methods of Van Gieson, McManus, 
Feulgen, and Brachet,  by Gomori ' s  sulfidine method, with Sudan III, and with Sudan Black B. The longitudinal 
and t r ansve r se  diameters  of the convoluted seminiferous tubules, the height of the spermatogenic  epithelium, 
and the thickness of the limiting membrane were measured  his tometr ical ly ,  the index of spermatogenesis  ca l -  
culated, and the number of sustentacular  cells in one seminiferous tubule and the number of intestit ial endo- 
cr inocytes  per  seminiferous tubule was determined.  The volume of the nuclei of the interst i t ial  endocrinocytes 
was calculated separately .  The nuclei of these cells were subdivided, on the basis of the logari thm of their  vol-  
ume, into small ,  medium, and large,  and their  re la t ive proport ions were determined.  All numerica l  pa rame te r s  
were subjected to s tat is t ical  analysis and compared with the corresponding pa ramete r s  of tes t icular  s t ruc ture  
in intact dogs (Fig. la) .  

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

Analysis  of the data showed that the changes discovered depended on the type of operation on the pancreas  
and on the t ime elapsing after  operation. Removal  of one or  two terminal  portions (one to two thirds of the weight 
of the pancreas)  led to minor and inconstant changes in the tes t i s .  On the f i rs t  days some reduction in thickness 
of the spermatogenic  epithelium and part ial  blockade of spermatogenesis  were observed.  By 1 month af ter  the 
operation the convoluted seminiferous tubules of the dogs had reacqu i red the i r  usualshape,  Their  longitudinal 
d iameter  was 162.3 ~ 6.1 pm andtheir  t r ansver se  diameter  130.6 �9 5.3 #m. The spermatogenic  epithelium was 
wide, measur ing 51.5 ~ 2.4 pro. The p r o c e s s o r  spermatogenesis  continued until maturat ion of spermatozoa ,  and 
the index of spermatogenes is  was 3.5 points.  Swelling and edema of the in ter tubular  interst i t ia l  t issue,  and 
p lasma inhibition of the vesse ls  walls were observed in sections through the tes tes .  Hemodynamic dis turbances 
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Fig. I. Dog's testis: a) intact; cell population present in full volume, process of 
spermatogenesis visible until maturation of spermatozoa; b) 60 days after resection 
of terminal portions of pancreas: spermatogenic epithelium present as a wide strip, 
spermatogenesis visible until maturation of spermatids; c) 60th day after resection 
of central part of pancreas: sex cells chaotically dispersed, cytoplasm of spermatids 
vacuolated, nuclei of spermatogonia hyperchromic; d) 180 days after resection of cen- 
tral part of pancreas: spermatogenic epithelium present as a dark narrow strip, lysis 
of nuclei of residual spermatogonia, basically only sustentacular cells can be iden- 
tified; e) 16 days after pancreatectomy: multiple vacuolation of cytoplasm of sex cells, 
neerobiotic changes in spermatids, karyolysis of individual spermatogonia; f) 90 days 
after pancreatectomy with insulin replacement therapy: spermatogenic epithelium 
separated from limiting membrane, cell population consists almost entirely of sus- 
tentacular ceils, considerable hyperplasia of intertubular c~Inective tissue. IIema- 
toxylin and eosin. Magnification: a, e) 400 • b, d) 140 • e, f) 200 • 

appearing in response  to the operation were accompanied by degenerative changes in the spermat ids ,  but s p e r -  
matogonia of near ly  all the semini lerous tubules were well p rese rved .  The s teroid-producing s t ruc tures  were 
indistinguishable f rom those in the test is  of intact dogs. The degree of the hemodynamic and revers ib le  de-  
generat ive changes gradual ly diminished, and signs of compensatory and repai r  react ions increased.  After 
4-12 months the s t ruc ture  of the test is  was closely s imi la r  to that in intact dogs (Fig. lb). 

Although after  removal  of the central  par t  of the pancreas  in dogs, just as after  dissect ion of the head of 
the human pancreas ,  the weight of the gland was reduced by only one-third,  the operation was accompanied by 
ligation and division of the principal  efferent ducts and by dis turbances of digestion. Toward the end of the 
period of observat ion the deficiency of body weight amounted to 40% of the weight before the operation, and the 
weight of the tes t is  was only 50% of the control .  The marked reduction in weight of the tes tes  suggests  atrophy 
and depress ion  of function of the tes tes ,  and the decrease  in body weight [9] was accompanied by dis turbances of 
tes tos te rone  production.  By the 30th day small ,  i r regu la r ly  shaped convoluted seminiferous tubules and dilated 
inter tubular  spaces  could be observed in the dogs'  t es t i s .  The connective t i ssue  f ibers were loosely ar ranged.  
The d iamers  of the convoluted seminiferous tubules were reduced and measured:  longitudinal 140.5 ~ 7.7 ~m, 
t r a n s v e r s e  112.5 • 6.9 ~m (P < 0.001; Fig. lc ) .  The lumen of the tubules was wider  than usually, and they con-  
tained leukocytes and conglomerates  of desquamated cel ls .  The spermatogenic  epithelium was smooth and 
vacuolated.  Its height was reduced to 32.3 • 2.1 ~m (P < 0.001). The index of spermatogenes is  was 2 points.  
The number  of sustentacular  cells was 24.5 • 0.8 (P < 0.001), and some cells with indistinct boundaries were 
seen.  The number of interst i t ia l  endocrinocytes was reduced to 2.3 • 0.02 (P < 0.001), but a high percer~age 
(15%) of smal l  nuclei still remained,  whereas the numbers  of large and medium forms were reduced. The endo- 
cr inocytes  exhibited marked pseudanophilia, which is regarded  as evidence of the i r  adequate level of function. 
Predominantly focal degenerative disturbances gradually became disseminated after the 3rd month. The dimen- 
sions of the convoluted seminiferous tubules were significantly reduced. The capillary lumen was filled with 
multinuclear cells (spermatids and spermatocytes). 
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T A B L E  1. H i s t o m e t r i c  P a r a m e t e r s  of T e s t i s  of In t ac t  and P a n c r e a t e c t o m i z e d  Dogs  

Group of 
animals 

Intact 
Pancreatec. 

tomized 

Time after Width of li- 
operation, days miting mere- 

brane 

32 
P 
7 

P 
13 
P 
19 
P 
30 
P 

454,5-+9,1 
265,3 ~ 10,4 

0,001 
264,3-+25,I 

0,001 
357,4-+28,8 

0,003 
453,7-+54,5 

477,2-+27,9 

Linear dimensions, /~m 
diameter of tubules 

longitudinal 

257,2-+6,3 
167,2-+5,9 

0,001 
169,3-+9,8 

0,001 
191,2-+12,3 

.0;001 
221,3.-+10,4 

0,006 
136,5-+3,9 

0,001 

transverse 

179,8-+'4,2 
134,1 -+5,3 

0,001 
136,2_12,9 

0,003 
134,3+_12,3 

0,002 
172,3-+6,5 

113,4-+6,6 
0,001 

lumen 

37, I -+6,2 
52,4-+6,9 

66,5~9,7 

69,5-+I1,2 
0,001 

65,3-+6,4 
0,004 

62,8-+5,3 
0,003 

Height of Index of spermato- 
genie epi- spermato- 
thelium genesis 

71,4-+9,3 
41,4-+3,2 
0,003 

25,4-+2,2 
0,001 

34-+1,3 
0,001 

55,2-+5,4 
0,002 

29,7+_2,5 
0,001 

3,8_+0,04 
3,2-+0,05 

2,2-+__0,03 

2,4• 

2,1 -+0,06 

After 6 months the limiting membrane had become thin. The longitudinal and transverse diameters were 
188.4 • 7.1 and 171.6 • 4.8#m respectively. The lumenof the tubules was wide (50.7 �9 7.2) and they were filled 
with an albuminous mass. The spermatogenic epithelium of most tubules had the appearance of a thin dark band 
(Fig. id). The boundaries of the sex cells were indistinct. Ill some tubules the remaining sex cells were chao- 
tically dispersed. The height oft he spermatogenic epithelium was only 36.5 �9 3.7 #m. Inplacesofmassive cell 
death, an increased content of extracellular glycogen was observed, with redistribution of fat from interstitial 
cells into spermatogonia. Consequently, after resection of the pancreas ~ ligation and division of the prin- 
cipal efferent ducts considerable inhibition of the steroid-producing structures gradually developed and changes 
in the spermatogenic epithelium showed ever-increasing size of irreversible vacuolar and fatty degeneration 
with an increase in time after the operation. After total pancreatectomy, by the end of only the first week the 
longitudinal and transverse diameters of the tubules were reduced to 169.3 • 9.8 and 136.2 • 12.9 #m respec- 
tively. The height of the spermatogenic epithelium was reduced to 25.4 • 2.2 pm (Table I). Inthe eapillarylumen 
there were many desquamated cells, forming conglomerates. The spermatogenic epithelium was separated in 
places from the limiting membrane, and signs of marked degenerative changes were present in the cells. Some 
cells were filled with granular cytoplasm and had a hyperchromic nucleus, whereas in others lysis of the nu- 
cleus could be seen. The number of sustentacular cells was increased to 23.3 ~ 1.3 (Table 2). The cell bound- 
aries were indistinct, their cytoplasm vaeuolated, and their stroma highly edematous. Proliferation of adven- 
trial cells was well marked in the vessels. Interstitial endocrinocytes were arranged in groups numbering 
3.5 • 0.i per seminiferous tubule. The volume of their nuclei was reduced to 101.8 ~ 6.1 #m 3. A decrease in 
the n u m b e r  of s m a l l  (6.7%) and l a r g e  (1.7%) f o r m s  of n u c l e i  was  o b s e r v e d  at  t h i s  t i m e ,  wi th  a s i m u l t a n e o u s  i n -  
c r e a s e  in  t he  n u m b e r  of m e d i u m  f o r m s  (91.6%) of e n d o c r i n o c y t e  nuc l e i .  In  the  t e s t e s  of the  dogs 1 mon th  a f t e r  
p a n c r e a t e c t o m y ,  the  l obu le s  w e r e  i r r e g u l a r  in  s h a p e ,  and  p r o l i f e r a t i o n  and f i b r o s i s  could  be s e e n  in the  s t r o m a .  
The  convo lu ted  s e m i n i f e r o u s  t ubu l e s  w e r e  r e d u c e d  in  s i z e  ( d i a m e t e r s :  l ong i tud ina l  136.5 • 3.9 pro,  t r a n s v e r s e  
113.4 • 6.6 #m; P < 0.001),  and v a r i e d  in  shape  (F ig .  l e ) .  The  c a p i l l a r y  l u m e n  was  f i l l e d  wi th  an a l b u m i n o u s  m a s s .  
The  i n t e r t u b u l a r  l y m p h a t i c  s p a c e s  w e r e  g r e a t l y  c o n s t r i c t e d  and the  t ubu l e s  w e r e  c l o s e l y  p a c k e d  t o g e t h e r .  The  
l i m i t i n g  m e m b r a n e  was  t h i c k e n e d .  The  s p e r m a t o g e n i c  e p i t h e l i u m  c o n s i s t e d  of s i n g l e  s p e r m a t o g o n i a ,  and i t s  
he igh t  was 29.7 • 2.5 #m.  The n u m b e r  of s u b t e n t a c u l a r  c e l l s  was  i n c r e a s e d  to  27.2 ~ 1.5 (P < 0.001). Some  i r -  
r e g u l a r l y  s h a p e d  e n d o c r i n o c y t e s  cou ld  be s e e n ,  and m a n y  c e l l s  had  a s m a l l  nuc l eus  (25%). T h e r e  was  a d e -  
c r e a s e  in  n u m b e r  of the  p r i n c i p M  a n d r o g e n  p r o d u c e r s ,  n a m e l y  m e d i u m  (73.3%1 and l a r g e  (1.7%) e n d o c r i n o c y t e  
n u c l e i .  A s h a r p  d e c r e a s e  in t he  vo lume of t h e s e  c e l l s  was  c h a r a c t e r i s t i c  (to 86.9 �9 6.2 pm3). In g e n e r a l  n e c r o t i e  
changes  w e r e  o b s e r v e d  In the  s p e r m a t o g o n l a  wi th  t o t a l  d e s t r u c t i o n  of the  convo lu ted  s e m i n i f e r o u s  t u b u l e s .  

F r o m  the  3 rd  day  a f t e r  the  o p e r a t i o n  four  dogs  w e r e  g iven  i n su l i n  and t h e i r  b lood g l u c o s e  l eve l  was  m o n i -  
t o r e d .  The  s u r v i v a l  p e r i o d  of t h e s e  a n i m a l s  was  c o n s i d e r a b l y  i n c r e a s e d .  A f t e r  3 mon ths ,  s e c t i o n s  of the  t e s t e s  
r e v e a l e d  c o n s i d e r a b l e  p r o l i f e r a t i o n  of young connec t ive  t i s s u e ,  which  c o m p r e s s e d  and d e f o r m e d  the  s e m i n i f e r o u s  
t u b u l e s  (F ig .  l f ) .  The  long i tud ina l  and t r a n s v e r s e  d i a m e t e r s  w e r e  r e d u c e d  to  104.3 • 4.2 and 71.2 • 2.6 p m  r e -  
s p e c t i v e l y .  The l i m i t i n g  m e m b r a n e  was  t h i c k e n e d .  The  ce l l  popu la t ion  of t he  t u b u l e s  c o n s i s t e d  e n t i r e l y  of s u s -  
t e n t a c u l a r  c e l l s ,  the  n u m b e r  of which  was  29.1 • 1.4 p e r  s e m i n i f e r o u s  tubu le .  The  n u c l e i  of m a n y  s u s t e n t a c u l a r  
c e l l s  w e r e  h y p e r c h r o m i c ,  and t h e i r  c y t o p l a s m  v a c u o l a t e d .  The l u m e n  of i nd iv idua l  c a p i l l a r i e s  was  f i l l e d  wi th  
d e s q u a m a t e d  s p e r m a t o c y t e s  and s p e r m a t o g o n i a ,  wi th  s m a l l ,  s h r u n k e n  nuc l e i .  The  n u m b e r  of e n d o c r i n o c y t e s  
was  r e d u c e d  to  2.0 =k 0.01 p e r  s e m i n i f e r o u s  tubu le .  The  n u c l e i  w e r e  i r r e g u l a r  in  shape  and t h e i r  v o l u m e  only  
63.4 • 4.6 p m  3. A c o n s i d e r a b l e  i n c r e a s e  was  o b s e r v e d  in the  n u m b e r  of s m a l l  (65%), and a d e c r e a s e  i n t h e  n u m -  
b e r  of m e d i u m  (35%) f o r m s  of e n d o c r i n o c y t e s ,  and the  l a r g e  f o r m s  w e r e  c o m p l e t e l y  a b s e n t .  F a t t y  d e g e n e r a t i o n ,  
c o n s i d e r a b l e  a c c u m u l a t i o n  of g lycogen ,  a d e c r e a s e  in  p h o s p h a t a s e  ac t i v i t y ,  and  a d e c r e a s e  in the  c o n c e n t r a t i o n s  
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T A B L E  2. P r i n c i p a l  D a t a  o n  S u s t e n t a c u l a r  C e l l s  a n d  E n d o c r i n o c y t e s  o f  T e s t i s  o f  I n t a c t  a n d  

P a n c r e a t e c t o m i z e d  D o g s  

Time after 
malsGr~ of  ani- d ~ rati~ 

Intact 
Pancreatectomized 3 

P 
7 

P 
13 
P 
19 
P 
30 
P 

Number of 
systentacular 
ceils 

15,34-1,2 
16,4-+0,9 

CharacterRtics of interstitial 
number o ~ - -  - - - 7 - - - - ) -  ra--~o of cell  nuclei (in %) according 
~o~ . . . . .  ~. ,.~ vo,ume oi to logarithm of their volume 
. . . . .  e . . . . . . . .  cell nuclei . . . .  

~m a small medium large 

4,8_+0,2 
3,3_+0,1 

0,001 
3,5-+0,1 

0,001 
4,3_+0,1 

23,3• 1,3 
0,001 

20,6,+ 1,3 
0,004 

21,84-1,3 
0,001 

27,2-+1,5 
0,001 

120,04-9,1 
99,8,+8,9 

101,8,+6,1 

109,5,+7,6 

104,3,+8,1 

86,9,+6,2 
0,00I 

4,14-0,1 
0,001 

4,0• 

8,5 
20 

6,7 

10 

10 

21,7 

75 I6.5 
70 lO 

91,6 1,7 

82,5 7,5 

80 10 

73,3 1,7 

of nucleic acid were found. Although death was postponed in the dogs receiving insulin, 3 months after the oper- 
ation necrobiosis of the epithelium of the serniniferous tubules and germanative aplasia were observed, peri- 
tubular fibrosis developed, and the shape, number, and volume of the endocrinocyte nuclei were disturbed. 

After resection of the terminal segments of the pancreas, high compensatory potential of the testis was 
thus preserved and its endocrine function suffered very little. Resection of the head of the pancreas, and even 
more, total pancreateetomy led to the development of profound and sometimes irreversible changes in the male 
gonad. Neurovascular and metabolic factors and an endocrine imbalance played a role in their development. 
Insulin neither completely corrected nor prevented the development of structural changes in the testis. Conse- 
quently, these observations do not completely confirm the view that the development of degenerative changes in 
the testes can be prevented or considerably reduced by administration of insulin [7, 8]. 
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