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Electroeoagulat ion of the supraoptic or paravent r icu la r  nuclei of the hypothalamus in male Wistar ra ts  
did not give r i se  to a significant increase  in the 24 h excret ion of urine or water  intake. Combined des t ruc -  
tion of both these nuclei led to the development of polyuria  and polydipsia, most  marked in the f i r s t  week 
after  operat ion and disappearing by the 8th-10th day. Compensatory hypert rophy of undestroyed neurons of 
the magnocel lu lar  nuclei of the anter ior  hypothalamus reached its maximum in the 3rd-4th week. 

Experimental  and clinical evidence has now been obtained to indicate the development of a symptom-  
complex of diabetes insipidus as a resul t  of injury, not so much to the pituitary,  as to certain zones of the 
diencephalon or to the t rac ts  joining them to the pi tui tary [1, 2, 4, 9, 11]. Antidinretic hormone (ADH), a de-  
f iciency of which causes  the development of diabetes insipidus, is synthesized by the magnocel lular  neurons 
of the hypothalamus,  mos t  probably in the supraoptic and paravent r icu la r  nuclei [10, 12]. 

It  was therefore  decided to investigate whether polyuria  and polydipsia can develop after  the destruc~- 
tion of the supraoptic and paravent r icu la r  nuclei separate ly  and together,  and to examine the course  of dia-  
betes insipidus in relat ion to the sever i ty  of injury to the magnocel lular  nuclei of the hypothalamus and r e -  
pai r  p r o c e s s e s  in the zone of electrocoaguIat ion.  

E X P E R I M E N T A L  M E T H  OD 

Experiments  were ca r r i ed  out on 88 male Wistar albino ra ts  weighing 180-200 g. Under nembutal 
anesthesia,  and by means  of a s tereotaxic  apparatus,  electrocoagulat ion of the supraoptic nuclei (15 animals),  
the pa raven t r i cu la r  nuclei (10 animals),  and the supraoptic and paravent r icu lar  nuclei together (35 animals) 
was ca r r i ed  out on the experimental  animals .  When identifying the site of destruction, bearings were taken 
f rom De Groot ' s  maps [6]. To obtain more  complete blocking of the neurons of the supraoptic nucleus and, 
at the same time, with minimal  destruct ion of the surrounding tissue, the supraoptic nucleus was coagulated 
with a cur ren t  of 0~ mA for 5 sec at two points in plane A: 6.8 and 7.4, located 2 and 1.6 mm la tera l ly  to 
the sagit tal  sinus respec t ive ly .  Two hours  after  the operation the animals were placed in separate  cages so 
that the volume of urine excreted and fluid consumed every  24 h could be measured .  The rats  were decapi-  
tated 2, 7, 10, 14, 20, and 30 days af ter  the operation; 13 animals acted as controls .  

The hypothalamus and pi tui tary were fixed in Bouin's fluid. Serial paraffin sections of the hypothalamus 
were stained with para tdehyde-fuchsin  by Gomor i ' s  method as modified by V. F. Maiorova, and the pi tui tary 
was stained with para ldehyde-fuchs in  without counterstaining for  photometry  of the sections with the MF-4 
instrument .  Having regard  to the existing opinion on the identity of ADH and vasopress in ,  the p r e s s o r  ac -  
tivity of acetic acid ext rac ts  of the pos te r io r  lobe of the pihi i tary was determined for  each ra t  undergoing 
operat ion by Dekanski 's  method [5] with sl ight modifications.  Pituitr in P was used as the standard.  

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

Separate destruct ion of the supraoptic or  paravent r icu lar  nucleus led to a slight and transient  increase  
in diuresis  and to an increase  in the volume of water  drunk compared with that in the control  anesthetized 
animals .  On the 2nd day af ter  operation these indices re turned to normal ,  remaining at that level until the 
end of the experiment .  Histological  investigation of the hypothalamus showed that loci  of electrocoagulat ion 
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Fig.  1. Local izat ion of zones of e lee t rocoagu-  
lation of supraoptie (NSO) and paravent r ieu la r  
tNPV) nuclei respect ive ly .  I) considerable des -  
t ruct ion of nuclei; II) par t ia l  destruction; III) 
outside nuclei.  
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Fig. 2. Volume of urine excreted af ter  e l ec -  
t rocoagulat ion of supraoptic and pa raven t r i cu -  
lar  nuclei.  Abscissa ,  days af ter  operation (on 
logar i thmic scale); ordinate,  volume of urine 
excreted (in ml).  Continuous line, control; r e -  
mainder  of legend as in Fig. 1. 

were presen t  in the zones of the corresponding nuclei.  As 
a rule neurons of the paravent r icu la r  nucleus were com-  
pletely destroyed,  and only in r a r e  cases  were single cells 
left intact in the zone of the burn or  in the central  par t  of 
the react ive  inflammation. So far  as the supraoptic nu-  
cleus is concerned, after  application of a current  of 0.5 
mA for 5 sec,  not all the neurons were destroyed, and for  
this reason a cur rent  of 1 mA was applied to 5 ra ts  for 10 
sec.  Under these conditions histological  examination of 
the zone of eIectrocoagulat ion revealed mass ive  des t ruc -  
tion of the supraoptic nucleus, involving surrounding t i s -  
sue. However, even in these animals the permanent  de-  
velopment of manifestat ions of diabetes insipidus was not 
observed.  The v a s o p r e s s o r  activity of acetic acid extracts  
of the pos te r io r  lobe of the pi tui tary of these rats  as a 
rule was reduced by 30-40 % on the 2nd-5th day af te r  opera -  
tion, re turning to normal  by the 7th day. 

Following simultaneous destruct ion of the supraoptic 
and paraven t r i cu la r  nuclei in the ra ts  a marked d i s tu r -  
bance of water  balance was observed.  Some animals de-  
veloped polyuria  and polydipsia, others oliguria,  and only 
in 8 ra t s  was there  no significant disturbance of d iures is .  
Histological examination of the hypothalamus of these ani-  
mals  revealed three conventional zones of predominant  
distribution of the foci of injury (Fig. 1). 

1. The focus of electrocoagulat ion covers  the whole 
a rea  of the paravent r icu la r  nucleus and a large pa r t  of 
the supraoptic nucleus.  In this case the residual  neurons 
of the supraoptic nucleus were shrunken and h y p e r c h r o m a -  
tic, with a pycnotic nucleus.  Occasional  cells among them 
were ve ry  little different f rom the control ,  they contained 
a modera te  amount of Niss l ' s  substance at the per iphery  
of the cytoplasm and a nar row border  of neu rosec re to ry  

granules in the per inuc lear  zone. The volume of urine excreted and of fluid drunk by these animals was 
sharp ly  increased,  reaching a maximum on the 2nd day after  operat ion (Fig. 2). With such marked  polyuria  
and polydipsia,  absence of va sop re s so r  activity (or of ADH, which amounts to the same thing in the opinion 
of mos t  workers)  would be expected in the pos te r io r  lobe of the pitui tary,  but the v a s o p r e s s o r  activity of ex-  
t r ac t s  of the neurohypophysis  was in fact lowered only by 50-60%. This d iscrepancy can apparently be a t -  
tr ibuted e i ther  to the presence  of two different hormones  --  vacopress in  and ADH [3], or  to disturbance of 
the connection between the hypothalamus and pos te r io r  lobe of the pi tui tary as a resul t  of the destruct ion 
and subsequent development of react ive  inflammation. This evidently stopped the a r r iva l  of information 
in the pos te r io r  lobe of the pi tui tary about the actual  requi rements  of ADH of the body, and as a resul t  of 
this an insufficient amount of it was liberated into the blood s t ream.  The second hypothesis appears  more  
possible,  more  especia l ly  because the development of diabetes insipidus, somet imes  of a more  severe de-  
gree,  is observed af ter  destruct ion of the median eminence and the pi tui tary stalk [7-9]. Fur ther  evidence 
in support of this view is the fact that, despite the marked  polyur ia  and polydipsia, in no case was the com-  
plete absence of neurosecre t ion  observed in the proximal  par t  of the neurohypophysis,  although the amount 
of secretion,  determined by photometry,  was reduced by 60-70% below the control  level. 

On the 8th-10th day af ter  operat ion the volume of urine excreted fell to normal ,  evidently because of 
the adequate a r r iva l  of ADH in the blood s t r eam with res to ra t ion  of communicat ion between the magnocel lu-  
lar  neurons of the hypothalamus and the neurohypophysis (Fig. 2). Histological examination showed that the 
res idual  neurons of the supraoptic and paravent r icu la r  nuclei were  modera te ly  hyper t rophied (9030 ~3), while 
in the la ter  per iod (14th-20th day) their volume reached 26,099/~3 compared with 5686 #3 in the control.  The 
large  quantity of Ni s s l ' s  substance and of neu rosec re to ry  ma te r i a l  in the cytoplasm of the cells and axons, 
together  with the large nucleus and nucleolus are  all evidence of hyperfunction of these neurons.  The median 
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Fig.  3. Neurons  of the diffuse supraopt ic  nucleus.  
Hyper t rophy  of nucleus and nucleolus 8-10 days 
a f te r  des t ruc t ion  of supraopt ic  and p a r a v e n t r i c u -  
la r  nuclei  (a). Accumulat ion of Gomor i -pos i t i ve  
neu rosec re t i on  in median  eminence  a f te r  pa r t i a l  
des t ruc t ion  of supraopt ic  and p a r a v e n t r i c u l a r  nu-  
clei  (b). Stained by G o m o r i ' s  method as modif ied 
by Maiorova .  1800 x.  

eminence  and neurohypophysis  contained l a rge  quant i -  
t ies  of Gomor i -pos i t i ve  subs tance .  An ex t r ac t  of the 
p o s t e r i o r  lobe of the p i tu i t a ry  p o s s e s s e d  v a s o p r e s s o r  
act ivi ty,  which as a rule  was indist inguishable f r o m  
that  of the control .  

After  injury to the supraopt ic  and p a r a v e n t r i c u l a r  
nuclei,  evidence of m a r k e d  act ivat ion of the function of 
some  other  nuclear  s t r u c t u r e s  of the hypothalamus was 
obse rved :  the diffuse supraopt ic  nucleus and magno-  
ce l lu lar  neurons  of the r e t r o c h i a s m a l  region (Fig. 3a), 
which, together  with the res idua l  neurons  of the s u p r a -  
optic and pa r aven t r i cu l a r  nuclei can evidently take ove r  
to a cons iderable  extent  the function of the des t royed  
neurons  under  these c i r cums tances ,  leading in the 
course  of t ime to the adequate sa t i s fac t ion  of the ADH 
r e q u i r e m e n t s  of the body. The val idi ty  of this hypo-  
thesis  is conf i rmed by the fact  that  in these  e x p e r i -  
ments  no s table  or  prolonged d is turbance  of wa te r  
m e t a b o l i s m  was obse rved  even a f t e r  total  inact ivat ion 
of the supraopt ic  and p a r a v e n t r i c u l a r  nuclei .  Other  
w o r k e r s  have obtained s i m i l a r  r e su l t s  [12]. 

2. The zone of e lee t rocoagula t ion  covers  p e r i p h e r a l  p a r t s  of the nuclei ,  with cer ta in  v a r i a t i o n s  (Fig. 
1). In this case  the focus of in jury evidently acted as a spec ia l  type of s t imulus  for  neurons  of the s u p r a -  
optic and p a r a v e n t r i c u l a r  nuclei,  resu l t ing  in m a r k e d  act ivat ion of the l ibera t ion of neu rosec re t i on  into the 
axons.  The median  eminence  and p o s t e r i o r  lobe of the p i tu i t a ry  were  packed with neu rosec re t ion  (Fig. 3b). 
The v a s o p r e s s o r  ac t iv i ty  of ex t rac t s  of the neurohypophysis  in some cases  was actual ly  somewhat  h igher  
than in the control .  As a ru le ,  the excre t ion  of ur ine  by these  r a t s  was sl ightly reduced,  subsequent ly  r e -  
turning to n o r m a l  on the 5th-6th day a f t e r  opera t ion  (Fig. 2). 

3. In 8 r a t s ,  because  of c rania l  anomal ies  or  technical  e r r o r s ,  the focus of des t ruc t ion  lay at a cons i -  
derab le  dis tance f r o m  these  nuclei  (Fig~ 1), so that  these  an imals  could be r ega rded  as having undergone 
mock  opera t ions .  No signif icant  d i s turbances  of water  ba lance  were  obse rved  in them.  His tological  e x a m i n a -  
tion of the supraopt ic  and p a r a v e n t r i c u l a r  nuclei  of the hypothalamus and neurohypophysis  l ikewise r evea led  
no d i f fe rences  f r o m  the control .  The v a s o p r e s s o r  act ivi ty  of ex t r ac t s  of the neurohypophysis  was indis t in-  
guishable f r o m  no rma l .  

These  r e su l t s  thus suppor t  the suggest ion that the single s y s t e m  of magnoce l lu la r  neurons  of the hypo-  
tha lamus  is r e spons ib l e  for  ADH product ion.  Development  of po lyur ia  and polydips ia  a f t e r  des t ruc t ion  of 
the supraopt ic  and p a r a v e n t r i c u l a r  nuclei  o r  med ia  eminence  is evidently the r e su l t  of d is turbance  of the 
connection between the hypothalamus and neurohypophysis ,  while l ibera t ion  of ADH f r o m  the p o s t e r i o r  lobe 
of the p i tu i t a ry  is an ac t ive  p r o c e s s  under  the control  of neurons  of the magnoce l lu l a r  nuclei of the hypo-  
tha lamus .  
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