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Histochemical Demonstration of 1,4oAmylophosphorylase in the Human Testis  Under Normal and 
Pathological Conditions 

Glycogen seems to  p l ay  an  i m p o r t a n t  role in t he  tes t is  
as a source  of ene rgy  for  spe rmatogenes i s~-L  However ,  
t he  syn thes i s  and  b r e a k d o w n  of g lycogen in th i s  organ 
are  stil l  unknown .  

TA~;t~CHI s,~ appl ied  his t echn iques  for the  his to-  
chemica l  d e m o n s t r a t i o n  of a m y l o p h o s p h o r y l a s e  in the  
tes t i s  cor re la ted  wi th  t he  me tabo l i sm  of glycogen,  b u t  
was  unable  to  reveal  its p resence  e i ther  in t h e  semi-  
n i ferous  tubu les  of m a n  or expe r imen ta l  animals .  

Since i t  is wel l -known t h a t  the re  is a h igh glycogen 
c o n t e n t  in t he  tes t is  ~ and  t h a t  t he  a m o u n t  var ies  accord-  
ing to  t he  spe rma togene t i c  cycle, and  pa thologica l  con- 
d i t ions  ~°, we were  t e m p t e d  to  ca r ry  ou t  inves t iga t ions  on 
the  behav iou r  of amy lophosphory l a se s  (1-4 AP) in t he  
h u m a n  test is .  

M a t e r i a l  and  methods.  Biopt ic  spec imens  of h u m a n  tes t is  
were  r e m o v e d  by  the  m e t h o d  a l ready  descr ibed  ~x f rom 
6 no rma l  adu l t s  and  f rom 6 sub jec t s  w i t h  azoospermia .  
The  f r a g m e n t s  were  f rozen i m m e d i a t e l y  a t  -- 20 °C. Cryo- 
s t a t  sec t ions  of 16 # were  i n c u b a t e d  in a m e d i u m  of 
glucose 1 -phospha te  and  muscu la r  adenil ic  acid according  
to  t he  t echn ique  of  TnK~UCm et  al. 8,~, f ixed in abso lu te  
alcohol  and  t h e n  t r e a t e d  w i t h  a d i lu ted  iodine solut ion.  
By  this  me thod ,  po lysacchar ides  which  are  r e syn thes i zed  
b y  the  enzyme,  are  s t a ined  b lue;  whereas  the  endogenous  
glycogen is r e m o v e d  f rom the  sect ions  b y  the  incuba t ion  

~7 

l iquid. Control  slices were  i n c u b a t e d  w i t h o u t  glucose 
1 -phospha te  a n d  adenil ic  acid. A n y  endogenous  glycogen 
res idue is easi ly recognized by  redd ish  b r o w n  s t a in ing  
wi th  iodine solut ion.  

Resul ts .  Normal  subjec ts .  Pos i t ive  resul ts  were  o b t a i n ed  
b o t h  in t he  t u b u l a r  ep i the l ium and  in t h e  in te rs t i t i a l  
t issue. In  t h e  t u b u l a r  ep i the l ium the  en zy me  var ied  in 
q u a n t i t y  f rom one tubu le  to  a n o t h e r  and  even  f rom one  
sect ion to  an o t h e r  in the  same tubule  (Figure 1). E lon-  
ga ted  cellular e l ement s  of the  f ibroblas t ic  type ,  concen-  
t r ical ly  p laced  along the  tubule  itself (Figure 2) t o g e t h e r  

E. vo~ GtERK~, Beitr. path. Anat. 98, 351 (1937), 
J. P. ARZAC, J. elin. Endoer. I0, 1465 (1950). 
H. ELFTMAnS, in Studies on Testis, and Ovary, Eggs and Sperm 
(Ed. E. T. ESOL~; Springfield 1952), p. 26. 
R. E. M~SCIN~, J. NOL~ZCO and F. A. ~E L~ BALZ~, Anat. Rec. 
It4, 127 (1952). 
W. MO~T~OyA, Ann. N.Y. Acad. Sei. 55, 629 (1952). 
C. P. LEBLON~ and Y. CLermOnT, Am. J. Anat. 90, 167 (1952). 
C. P. LEBLOND and Y. CLERMONT, Ann. N.Y. Aead. Sci. 55, 548 
(1952). 

s T. T~KEvcm, J. Histochem. Cytochem. 6, 208 (1958). 
T. T ~ u c m  and G. G. GL~SS[R, J. Histochem. Cytoehem. 9, 
304 (1961). 

~0 A. FA~r~sx and M. RE, in press (1968). 
I1 A* FABBRINI~ C. DE MARTINO~ F. GIACOMELLI and M. RE, La pato- 

logia della gonade maschile (Ed. Fondazione Prof, D. Ganassini, 
Milano 1965). 

Fig. 1. Normal human testis. (a) Strong positivity of the 1-4 AP can Fig, 2. Normal human testis. (a) Some positive elements can be 
be observed in the epithelium of seminiferous tubules. (b) Histo- observed in the area corresponding to the tuniea fibrosa. (b) Histo- 
logical pattern of the same specimen (PAS). x 140. logical pattern of the same specimen (PAS), x 560. 
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with  some in ters t i t ia l  cells were  also found to be posi t ive.  
The small  ar ter ies  were  h ighly  posi t ive.  

Pa t i en t s  wi th  azoospermia .  In  3 of these  pa t ien t s ,  histo-  
logical e x a m i n a t i o n s  revea led  the  ex is tence  of a germina l  
cell a r re s t  a t  the  s p e r m a t i d  stage, whereas  t he  3 o the r  
pa t i en t s  were  found  to be suffer ing f rom germinal  aplasia.  

In  the  pa t i en t s  a f fec ted  by  germina l  cell arrest ,  the  
reac t ion  for 1-4 A P  was  marked ly  more  pos i t ive  t h a n  in 
normal  subjec ts ,  a f fec t ing  the  whole  t ubu l a r  ep i the l ium 
(Figure 3). I t  was  di f f icul t  to  d e t e r m i n e  w h e t h e r  t h e  
e n z y m e  was  localized only  in t he  Sertol i  cells or w h e t h e r  
i t  was  p r e sen t  also in t he  germina l  cells. The  pe r i t ubn l a r  
e l ement s  of a f ibroblas t ic  t y p e  appea red  to  be less pos i t ive  
when  c o m p a r e d  w i t h  those  of no rma l  subjec ts .  

I n  t he  cases of germinal  aplasia  Sertoli  cells resul ted  
nega t ive ;  however  a large a m o u n t  of t he  e n z y m e  was  
found  in the  pe r i t ubu la r  area co r respond ing  to  t he  elon- 
ga ted  e l ement s  localized on the  outs ide  of t he  t un ica  
f ibrosa  (Figure 4). 

Discuss ion .  1-4 A P  can be d e m o n s t r a t e d  h i s tochemi-  
cally in t he  normal  h u m a n  test is .  The  enzyme  is to  be 
found  in t he  t ubu la r  ep i the l ium,  some e longa ted  peri-  
t ubu la r  e lements ,  t he  ar ter io lar  wall  and  some Leydig  
cells. 

The  presence  of th is  enzyme  is corre la ted  to  t he  break-  
d o w n  and /o r  t he  syn thes i s  of tes t icu lar  g lycogen and  
there fore  also to  the  spe rma togene t i c  mechan i sm.  I t  is a 
m a t t e r  of d i spu te  w h e t h e r  th is  enzyme  is p a r t  of t he  glyco- 
syn the t i c  sys tem,  whereas  it appea r s  cer ta in  t h a t  i t  p lays  
a p a r t  in t he  glycolysis  i~-1s. 

The  increased  a m o u n t  of 1-4 A P  obse rved  in cases of 
ge rmina l  cell a r re s t  could  be cor re la ted  to  t h e  decreased  
ut i l iza t ion of g lycogen in these  pa t i en t s .  In  fac t  g lycogen 

Fig. 3. Testis of a patient affected by germinal cell arrest (spermatid 
stage). (a) Positivity of the 1-4 AP in the tubular epithelium appears 
to be even stronger in normal subjects. (b) Histological pattern of 
the same specimen (PAS). x 140. 

is an i m p o r t a n t  energet ic  mater ia l  in the  spe rma togene t i c  
cycle. 

The absence  of the  enzyme  in the  tubules  of pa t i en t s  
suffer ing f rom germinal  aplasia  is in accordance  wi th  the  
absence  of glycogen in the  same cases. I t  is p robab le  t h a t  
t he  absence  of t he  germina l  cells coincides w i th  t he  fac t  
t h a t  Sertol i  cells are  congeni ta l ly  incapable  of syn the -  
sizing and  the re fore  of b reak ing  down  glycogen.  

E lec t ron  microscopic  s tudies  have  revea led  the  presence  
of con t rac t i l e  cells in t h e  pe r i t ubu la r  connec t ive  t issue of 
t he  h u m a n ,  r a t  and  guinea-pig  lv-~° test is .  I t  was  there fore  
p r e s u m e d  p robab le  t h a t  t h e  1-4 A P  pos i t iv i ty  in th i s  
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Fig. 4. Testis of a patient affected by germinal aplasia. (a) The 
epithelium is almost negative whereas moderate positivity of the 
tunica fibrosa can be observed (arrows). Note the strong positivity 
of the small arteriola (top left). (b) Histological pattern of the same 
specimen (PAS). × 140. 
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area  was  cor re la ted  to  t he  presence  of these  cont rac t i l e  
cells wh ich  have  m a n y  fea tures  of the  muscu la r  e lements .  

The  larger  q u a n t i t y  of 1-4 A P  found  in the  pe r i tubu la r  
cells of germinal  aplasia,  as c o m p a r e d  wi th  no rma l  sub- 
jec t s  and  o the r  pa thologica l  cases, could be expla ined  by  
the  fac t  t h a t  in ge rmina l  aplas ia  t he re  is no ut i l iza t ion of 
muscu la r  glycogen which  is necessary  when  spe rma to -  
genesis is ac t ive  21. 

Riassunto .  La  1-4 anailofosforilasi ~ p resen te  nel  tes t i -  
colo u m a n o  normale  ove ~ local izzata  nel l 'epi tel io t ubu-  
lare e in a lcuni  e lement i  per i tubular i .  Nella aplasia  germi-  
nale  ta reazione ~ i n t e n s a m e n t e  pos i t iva  solo in sede 
per i tubulare ,  ne l l ' a r res to  m a t u r a t i v o  solo nel tubulo .  

L ' en z i ma  ~ p r o b a b i l m e n t e  in r a p p o r t o  con l 'energia  neces-  
saria  per  la spe rma togenes i  e con la funzione  con t ra t t i l e  
delle cellule per i tubular i .  
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E f f e c t  o f  3 - H y d r o x y - 3 - m e t h y l g l u t a r i c  A c i d  o n  B l o o d  L i p t d s  in  N o r m a l  a n d  C h o l e s t e r o l - F e d  R a t s  

In  v iew of t h e  increas ing associa t ion  of e l eva ted  levels 
of blood cho les t e ro l :phospho l ip id  (C/P) ra t io  and  tri- 
glycer ides  c o n t e n t  wi th  an increased risk of man i f e s t a t i on  
of a therosc le ro t ic  h e a r t  disease, n u m e r o u s  hypocho l -  
es te ro lemic  agen t s  h a v e  been  in tens ive ly  inves t iga ted  for 
the i r  possible  hypo l ipemic  ac t ion  and  p r e v e n t i o n  of 
a therosc le ro t ic  vascula r  diseases 1. Since in th i s  l abo ra to ry  
3 -hydroxy-3 -me thy lg lu t a r i c  acid (HMG) has  been  shown  
to  possess hypocholes te ro lemic  p r o p e r t y  *,3, a sy s t ema t i c  
s t u d y  on the  hypo l ipemic  role of HMG in male  albino ra t s  
was  unde r t aken .  

Methods.  The  following m e t h o d s  were  used for bio- 
chemica l  de t e rm ina t i ons :  total ,  es ter i f ied and  free chol- 
es terol  by  the  m e t h o d  of BLOOR et  al.4; phospho l ip ids  as 
descr ibed  b y  ZILVERSMIT 5; to ta l  es ter i f ied f a t t y  acids  and  
t r ig lycer ides  b y  t h e  m e t h o d  of REINHOLD et  al. e. 

Fo r  Table  I, 2 groups  of young  male  a lbino rats ,  weigh- 
ing a b o u t  110 g a n d  each  con ta in ing  5 an imals  were  caged 
separa te ly .  Group  I was  kep t  as contro l  and  fed on basal  
diet .  I n  add i t ion  to  th is  diet,  an imals  in group II  were  
given i.p. in jec t ions  of 20 mg  H M G / k g / d a y  in wa te r  for 
3 or  6 days .  Fo r  s tudies  m a d e  in Table  II ,  5 an imals  
weighing a b o u t  100 g (cholesterol-fed group) were  kep t  
on  basal  d ie t  con ta in ing  2% cholesterol ,  1% cholic acid 

and  5% h y d r o g e n a t e d  vege tab le  oils. In  add i t i on  to  t he  
above  fa t - r ich  cholesterol  diet ,  o the r  5 an imals  (cholesterol  
plus HMG-fed  group) were given 20 mg  H M G / k g / d a y  i.p. 
in water .  The  an imals  were  fed the  d ie t  ad l i b i t um for 
25 days.  Fo r  Table  I I I ,  10 male  r a t s  weighing  a b o u t  100 g 
were m a i n t a i n e d  on fa t - r ich  cholesterol  d ie t  for a per iod 
of 25 days  and  t h e n  d iv ided  in to  2 groups  of 5 each. The  
hyper l ipemic  con t ro l  g roup  was  g iven basa l  d ie t  on ly  
whereas  the  HMG-fed  group  received in add i t ion  to  th is  
d ie t  i.p. in jec t ions  of 20 mg H M G / k g / d a y  in w a t e r  for 
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Table I. Effect of HMG on serum tipids of normal rats (average ± S.E.) 

Basal diet Basal diet + HMG 

3 days 6 days 3 days 6 days 

Total cholesterol, mg % 70 4- 2 100 4- 2 60 4- 4" 83 4- 2 b 
Ester cholesterol, mg % 50 4- 2 74 ± 2 40 4- 44 60 4- 2 b 
Free cholesterol, mg °/0 20 4- 3 26 4- 1 20 4- 3 23 + 1 
Total esterified fatty acids, meq/l 6 4- 0.36 5.2 4- 0.28 5.1 4- 0.44* 4.11 -1- 0.14 b 
Phospholipids, mg % 186 4- 14 153 4- 5 187 + 19 140 4- 8 
Triglycerides, meq/1 1.45 4- 0.17 1.1 4- 0.16 0.53 4- 0.44 b 0.4 4- 0.14 ~ 
C/P ratio 0.389 :J= 0.00I 0.660 i 0.0004 0.339 ± 0.004 0.596 -t- 0.011 

Difference as compared to parallel basal diet control statistically significant P < 0.05 ; b p < 0.001 ; c p < 0.01. 


