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In the s t ruc tu r e s  of the c i l i a ry  p r o c e s s e s  succinate dehyrogenase (SDH) was detected 
se lec t ive ly  and in high concentra t ion in the c i l i a ry  epi thel ium,  espec ia l ly  in i ts  apical  
p a r t s .  After  e l ec t r i ca l  s t imulat ion of the an te r io r  hypothalamus SDH act ivi ty  in the 
epi thel ium of the c i l i a ry  body was reduced.  After  s t imulat ion of the middle par t  of the 
hypothalamus there was a ve ry  sl ight i nc rease  in act ivi ty of the enzyme .  Compar i son  
of the cy tophotometr ic  r e su l t s  with the ophthalmotonus under these conditions shows 
that  hypothalamic ef fec ts  on in t r a -ocu la r  p r e s s u r e  may  be excre ted  through the r e s p i r a t o r y  
chain of the mi tochondr ia  and, in pa r t i cu la r ,  through the SDH activi ty of ce l l s  sec re t ing  the 
aqueous humor .  

Constancy of the i n t r a -ocu l a r  p r e s s u r e  is an essen t i a l  condition for  the specif ic  function of the visual  
sys t em.  This  is shown, in pa r t i cu l a r ,  by the fact  that the commones t  cause  of incurable  blindness is 
g laucoma,  the pr incipal  manifes ta t ion  of which is a pe rmanen t  inc rease  in i n t r a -ocu l a r  p r e s s u r e .  Many 
cl inicians  at the p r e s e n t  t ime [3-5, 8, 10, 13, 17, 18] link the pathogeneis  of g laucoma with d is turbances  
in the hypothalamo-hypophyseal  s y s t em .  The mechan i sm of the effect  of the hypothalamus on ophthalmo- 
tonus h a s n o t  been studied. It has m e re l y  been sugges t ed tha t t he  effect  is exe r t ed  through a change in the 
secre t ion  of aqueous humor.  The action of neurohumora l  f ac to r s  on function is known to be connected 
with metabol ic  changes in the s t ruc tu r e s  respons ib le  for  their  function. However ,  the avai lable  in for -  
mation on the b iochemica l  bas i s  of sec re t ion  of the aqueous humor  is  inadequate.  Virtual ly nothing is  
known of the enzymic  p r o c e s s e s  which provide the ene rgy  for this p r o c e s s .  It was accordingly  in teres t ing 
to study exper imen ta l ly  how individual pa r t s  of the hypothalamus influence the t ropic  component  in the 
s y s t e m  stabi l izing the i n t r a -ocu la r  p r e s s u r e  and, in pa r t i cu la r ,  how they affect  the state of oxidation- 
reduct ion p r o c e s s e s  in the cei ls  sec re t ing  the aqueous humor .  

This paper  desc r ibes  a h is tochemical  invest igat ion of the act ivi ty  and c h a r a c t e r  of distr ibution of 
succinate dehydrogenase (SDH) in the c i l i a ry  epi thel ial  ce l l s  of the r a b b i t ' s  eye under no rma l  conditions 
and a f te r  s t imulat ion of the an te r io r  and middle p a r t s  of the hypothalamus.  No information of this type 
could be found in the l i t e ra tu re .  

EXPERIMENTAL METHOD 

Exper imen t s  were  c a r r i e d  out on albino rabb i t s .  The hypothalamus was s t imulated with square  
pulses  (0.05-0.1 msec ,  60-80 Hz, 0.5-4 V, 3 min) applied through unipolar  e l ec t rodes  implanted by a 
s te reo tax ic  appara tus .  The s t imulat ion was given repea ted ly  at in te rva ls  of 3-4 days for  1 month. The 
an imals  were  unanesthet ized during the expe r imen t s .  The posit ion of the e lec t rodes  was ver i f ied  his tologi-  
ca l ly .  After  the las t  s t imulat ion the an imals  were  killed by  a i r  e m b o l i s m .  Immedia te ly  a f te r  e m b o l i s m  
the eye was inves t igated on the side of the e lec t rode .  In seven an imals  the an te r io r ,  and in four the middle 
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Fig. 1 Fig. 2 

Fig. 1. Distribution of SDH in s t ruc tures  of p rocesses  of c i l iary  body 
in the normal  rabbi t ' s  eye.  Highest enzyme activity visible in c i l ia ry  
epithelium, especia l ly  in its apical par ts  (200 x). 

Fig. 2. Decrease in SDH activity in c i l ia ry  epithelium of a rabbi t ' s  eye 
after  stimulation of the an ter ior  hypothalamus (200 • 

par t  of the hypothalamus was st imulated.  The eyes of 11 intact rabbits were used as the control .  Pieces 
of tissue were frozen and sections cut in a c ryos ta t .  To obtain a more prec ise  a s ses smen t  of the SDH 
activity pieces of t issues f rom the control and experimental  animals were mounted in the same block, so 
that they were cut s imultaneously and the sections were of equal thickness (8 #),  and subsequent incubation 
also took place at the same t ime. The sections were incubated for 40 rain by the method of Shelton and 
Schneider [15], using n i t ro -BT.  The SDH activity in the c i l ia ry  epithelial cells was a s ses sed  by mic ro -  
scopic examination of the specimens,  followed by their cytophotometry by the scanning method [2, 7] on 
the MUF-5 ins t rument  in visible light at a wavelength of 546 rim, with a 50 • objective. The work of 
Anders [1] showed that cytochemical  analysis  of dehydrogenase activity by the use of n i t ro-BT can be 
c a r r i ed  out quantitatively. During cytophotometry the optical density of the diformazan grains in the 
different a reas  (at least  60 in each group of experiments)  of the c i l ia ry  epithelium was recorded .  Alto- 
gether  297 measurements  were made.  The eytophotometric resul ts  were subjected to stat ist ical  analysis .  
The mean values and variants  curves  of optical density in the control and experimental  groups were com-  
pared.  

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

In the section the sites of SDH activity were revealed  by deposits of dark blue diformazan granules.  
A marked zonal distribution of SDH was observed.  The diformazan granules were deposited mainly and in 
large numbers  in the epithelial cel ls .  Only sol i tary  granules were found in the s t roma,  while in the blood 
vesse ls  of different cal iber  and the capi l lar ies  they were present  mainly in the endothelium. As a resul t ,  
on a general  inspection of the sections the c i l ia ry  epithelium appeared as a c lear ly  demarcated  band 
consist ing of diformazan granules (Fig. 1). Some granules were small and round, others large and round, 
and others  were i r r egu la r  in shape. In some ceils the diformazan granules were regular ly  distributed in 
the cytoplasm.  In other cei ls  (the majority) the granules were concentrated close under the nuclear  mem-  
brane as a thick dotted line or they appeared as conglomerat ions of tiny diformazan deposits.  The abun- 
dance of diformazan granules  in the c i l ia ry  epithelium is in agreement  with observations on the large 
numbers  of mitoehondria found in these ceils  by means of the light microscope [14], and more recent ly  
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Fig. 3. Variance cu rves  of optical  
density of d i formazan  deposi ts  in 
c i l i a ry  epi thel ium of r abb i t ' s  eye 
under no rma l  conditions and af ter  
s t imulat ion of an te r io r  hypothalamus: 
1) control;  2) exper imen t .  Absc i ssa ,  
optical  density; ordinate ,  f requency 
(in percent ) .  

a lso  by the e lec t ron  microscope  [11, 16]. The format ion  of the 
aqueous humor is accompanied  by cons iderable  expenditure of 
energy  [9, 12], and this a lso  ag rees  with the high SDH act ivi ty 
detected in the cel ls  of the c i l i a ry  epi thel ium.  The ene rgy  is 
evidently produced by oxidation of subs t r a t e s  brought  by the blood- 
s t r e a m ,  in a g r e e m e n t  With the r i ch  blood supply of the p r o c e s s e s  
of the c i l i a ry  body. The high level  of SDH act ivi ty  in the pe r inuc lea r  
zone of the ce l l s  is evidence of the high intensi ty of the b iochemica l  
p r o c e s s e s ,  p robab ly  connected with the secre t ion  of the compon-  
ents  of the aqueous humor,  taking place in that zone.  

After s t imulat ion of the an te r io r  port ion of the hypothalamus 
(the region of the supraopt ic  nucleus) the localization of d i formazan  
granules  r ema ined  unchanged, but the total  act iv i ty  of the enzyme 
was apprec iab ly  reduced.  This was shown by a dec rease  in the 
number  of granules ,  so that in some places  only very  tiny specks  
of d i formazan  could be seen.  The intensi ty  of staining of the 
granules  was reduced,  and in some p laces  the granules  looked like 
"ghosts"  or  were comple te ly  absent .  The density of thei r  deposi ts  
in the ce l l s  was reduced,  e spec ia l ly  in the basa l  por t ions  of the 
epi thel ium. As a resu l t ,  the width of the band cor responding  to the 
epi thel ium cover ing  the p r o c e s s e s ,  which was abundantly filled with 
granules  in the control  sec t ions ,  was apprec iab ly  n a r r o w e r  a f t e r  

s t imulat ion of the hypothalamus (Fig. 2). Hardly  any of the c lu s t e r s  of d i formazan  granules  in the apical  
pa r t s  of the ce i l s ,  cha rac t e r i s t i c  of the normal  appearance ,  were  found in the sect ions  through the c i l i a ry  
body of the exper imen ta l  an imals .  Against  this background of a genera l  dec rease  in SDH act ivi ty,  however ,  
some a r e a s  stil l  re ta ined  a fa i r ly  high d i formazan  content,  and in those p laces  the i r  distr ibution was sti l l  
of the the same  type: concentrat ion of granules  in the outer  epi~"helial ce l l s ,  in their  apical  port ions and in 
the pe r inuc lea r  zone.  

The r e su l t s  of this visual  study of the sect ions  concur red  with the cy tophotometr ic  r e su l t s .  For  
example ,  the optical  density of the d i formazan granules  and of thei r  deposi ts  in the c i l i a ry  epi thel ium of 
the control  sect ions averaged  0.428 + 0.024 (in optical  densi ty units), and a f te r  e l ec t r i ca l  s t imulat ion of 
the an te r io r  zone of the hypothalamus this f igure was reduced  to 0.118 =~ 0.015. In other words ,  SDH 
act ivi ty in the c i l i a ry  epi thel ium was reduced  by 2.2 t imes  below the control  level  (1) < 0.001). The 
dec rease  in the mean optical  density in the expe r imen ta l  group was accompanied  by a shift  to the left of the 
var iance  curve  (Fig. 3). The r e su l t s  thus show that the state of the SDH act ivi ty  in the cei ls  sec re t ing  
the aqueous humor  depends on influences a r i s ing  f rom the an te r io r  hypothalamic region.  It was acc o rd -  
ingly in teres t ing to compare  these r e su l t s  with the opthalmotonus under the same condit ions.  The w r i t e r s '  
e a r l i e r  invest igat ions [6] and also the study of the ophthalmotonus in the p r e sen t  group of an imals ,  r evea l ed  
a r e l a t ive ly  long wave of dec rease  of ophthalmotonus (up to 3.4 h) approx imate ly  20-30 rain af ter  e l ec t r i ca l  
s t imulat ion of the an te r io r  hypothalamus (the region of the supraopt ic  nucleus) .  These re la t ive ly  prolonged 
changes in ophthalmotonus a r i s ing  s o m e t i m e s  a f te r  hypothalamic s t imulat ion are  evidently due to the 
influence of hormonal  f ac to r s .  At the t ime of s t imulat ion and immedia te ly  a f te r  it, a very  smal l  inc rease  
in i n t r a -ocu la r  p r e s s u r e  was observed ,  or  in some ca se s  the p r e s s u r e  was reduced.  The rap id  appearance  
(short  latent  period) and the shor t  duration of these changes a re  evidence of their  neurogenic  or igin.  It 
can accordingly  be concluded that in these expe r imen t s  SDH act ivi ty  in the c i l i a ry  epi thel ium accompanied  
the dec rease  in i n t r a -ocu la r  p r e s s u r e .  The influence of the an te r io r  hypothalamus on ophthalmotonus may 
the re fore  be exe r t ed  through a t r o p h i c  component  in the s y s t e m  respons ib le  for s tabi l izing the i n t r a -ocu l a r  
p r e s s u r e  or ,  more  specif ical ly ,  through its  influence on SDH act ivi ty  in the cel ls  secre t ing  the aqueous 
humor .  

In the e x p e r i m e n t s  in which the middle port ion of the hypothalamus (region of the ven t romedia l  nuc-  
leus) was s t imula ted  no c l ea r  and r egu la r  changes in the deposition and c h a r a c t e r  of the d i formazan  g ran -  
ules in the c i l i a ry  epi thel ium could be seen on visual  inspect ion.  Only here and there could sl ight signs of 
i n c r e a s e d  SDH act ivi ty  be detected.  The mean density of the d i formazan  deposi ts  in the epithel ial  ce i l s  
of the c i l i a ry  body af ter  s t imulat ion of the middle hypothalamus was 0.263 * 0.017, while in the para l l e l  
control  sect ions it was a little lower,  namely  0.210 • 0.012. In these expe r imen t s  a very  sl ight  i nc rea se  
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in optical  density of SDH com pared  with the control  was thus found (P < 0.05). Analysis  of the var iance 
cu rves  for  the comparab le  groups of expe r imen t s  showed no definite difference between them. On][y a slight 
shift  of the curve for  the exper imen ta l  group to the r ight  re la t ive  to the control  curve  could be noted. In 
these expe r imen t s  there  was no dec rease  in the opthalmotonus,  but the i n t r a -ocu la r  p r e s s u r e ,  on the other  
hand, inc reased .  

The r e su l t s  desc r ibed  a re  impor tan t  in connection with the role  of the hypothalamo-hypophyseal  
n e u r o s e c r e t o r y  s y s t e m  in the homeos ta t ic  regula t ion of the i n t r a -ocu la r  p r e s s u r e .  
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