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In sexually mature  male Wis ta r  rats in which electrolyt ic  injury to the median eminence of 
the hypothaiamus was followed by the development of a t r iphas ic  disturbance of water  metab-  
ol ism,  an u l t r a s t ruc tu ra l  study was made of the neurohypophysis at the periods of greates t  
abnormali ty.  Corre la t ion  was obtained between the physiological  pa rame te r s  (the volume 
of fluid consumed and of urine excreted) with the morphological  data in the pos te r io r  lobe 
of the pi tui tary (the relative numbers  of neu rosec re to ry  granules with dense and optically 
empty centers ,  the number  of synaptic ves ic les ,  and the state of the pituicytes).  

Lesions localized in the region of the median eminence and stalk of the pituitary gland lead to the 
development of the symptom-complex  of diabetes insipidus [2, 4, 5, 6, 9, 14]. Some workers  have observed 
a t r iphas ic  disturbance of wa te r  metabol ism under these c i rcumstances ;  i .e. ,  after  a b r ie f  increase  in di-  
u re s i s  there is a shor t  period of oliguria,  followed by polyuria  and poiydipsia [8, 10, 11]. Morphological 
analysis  ca r r ied  out at the height of these phases showed that the content of Gomori-posi t ive  mater ia l  in 
the neurohypophysis is vir tual ly  unchanged [3, 8]. Conversely,  in the later  postoperat ive per iods,  when the 
neurohypophysis undergoes atrophy and contains no neurosecre t ion  [8, 12], the normal  water  intake and 
u r ina ry  excret ion are  res tored  in the animals [4, 5]. The evident d iscrepancy between the phys{ological 
indices and the morphological  data can probably be explained by the low resolving power of the light m i c r o -  
scope, which does not permit  the fine changes taking place in the neurohypophysis to be studied. 

The investigation described below was accordingly  car r ied  out to study the pos te r io r  lobe of the pi-  
tu i tary  at the u l t r a s t ruc tu ra l  level in various phases of disturbance of wa te r  metabolism~ 

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

Pitui tary glands of sexually mature male Wis ta r  rats  which developed the symptom-complex  of dia-  
betes insipidus after  e lec t r ica l  coagulation of the median eminence of the hypothalamus by a direct  c u r -  
rent (1-2 mA, 10-20 sec) were  subjected to histological  and e l ec t ron -mic roscop ic  investigation. Animals 
with no signs of polyuria  o r  polydipsia were  used as the control .  The animals were killed by decapitation 
1, 2, 5, 9, 30, and 40 days after  the operation.  The pi tui tary gland was divided into two parts  in the sagi t -  
ta[ plane. One par t  was fixed in Bouin's  fluid and then used for light microscopy;  the other par t  was again 
divided into two or  three narrow str ips  which were  fixed by Palade ' s  method and embedded in Araldite or  
Epon after  standard t rea tment .  Ultrathin sections were  studied in the JEM-57 e lec t ron microscope .  
The region of injury was localized in ser ia l  frontal and sagittal  sections through the hypothalamus stained 
with para ldehyde-fuchsin  by the G o m o r i - G a b e  technique. 

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

In rats  with features of diabetes insipidus foci of destruct ion were  found in the ros t ra l  and central  
regions of the median eminence; in the lat ter  case the stalk of the pituitary gland also was damaged.  In 
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Fig. 1. U l t ras t ructure  of pos ter ior  lobe of pituitary:  a) pos te-  
r io r  lobe of control rat;  b-d) a reas  of pos te r io r  lobe of pitui- 
t a ry  of ra ts  with e lect r ical  coagulation of ros t ra l  region of 
median eminence, on 2nd (b), 5th (e), and 30th (d) days af ter  
operation. Magnification 5000 x (a); 12,000 x (b-d). 

such animals a considerable accumulation of Gomori-posi t ive mater ia l  was found 1, 2, 5, and 9 days af ter  
the operation,  an ter ior ly  to the focus of injury, indicating destruct ion of most of the axons of the magno-  
cel lular  nuclei.  In the late stages af ter  the operat ion (30-40 days) a glial s ca r  was formed at the site of 
the focus of e lec t r ica l  coagulation. Neurosecre t ion in the median eminence was represented at this t ime 
by single granules .  

In rats  with no signs of disturbance of water  metabol ism the focus of e lec t r ica l  coagulation was out- 
side the median eminence or  in its caudal par t .  Under these c i rcumstances  no accumulat ion of neurose-  
cret ion took place in the median eminence.  No changes could be detected in the neurohypophysis of these 
animals .  

In the f i rs t  week after  destruct ion of the ros t ra l  and central  regions of the median eminence,  when a 
disturbance of the wate r  balance was observed in the animals ,  the content of neurosecre t ion  in the neurohy-  
pophysis was unchanged although it lost its cus tomary  granular i ty  and became homogeneous.  A study of the 
fine organizat ion of the neurohypophys is  showed that most nerve fibers and, in par t icu lar ,  their  te rminals  
were  distended with neu rosec re to ry  granules ,  most  of which had no limiting membrane .  The density of 
the hyalopiasm reached the density of most  of the sec re to ry  granules ,  and for that reason the granules ap 2 
peared to merge  with it. The whole nerve ending, under these c i rcumstances ,  appeared osmiophilic (Fig. 
lb). No synaptic vesicles  were  present  in these s t ruc tures .  The pituicytes had little cytoplasm and were  
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Fig. 2. Volume of urine excreted af ter  
e lect r ical  coagulation of medium emi-  
nence of hypothalamus.  Absc issa ,  days 
af ter  operation (logarithmic p r o g r e s -  
sion); ordinate,  volume of urine ex-  
creted (in ml). Shaded band represen ts  
rat  undergoing mock operation: continu- 
ous line with confidence limits r e p r e -  
sents experimental  r a t s .  Number of 
animals undergoing operation given in 
parentheses .  

compressed  by the hypertrophied axon t e rmina l s .  In the con-  
t ro l  the nerve endings were  typical ly  few in number  and they 
contained many neu rosec re to ry  granules and sol i tary  m i c r o -  
ves ic les .  

At this t ime the animals developed polyuria,  which was 
soon followed by a short  period of ol iguria (Fig. 2). 

In the phase of oliguria the number  of optically dense 
te rminals  and their  u l t ras t ruc tura l  organizat ion were virtually 
unchanged, but individual nerve endings which were  evidently 
undamaged by e lec t r ica l  coagulation were filled with granules 
with an optically light center .  The total number  of neurose -  
c r e to ry  granules fell sharply  under these c i rcumstances  while 
the number  of synaptic vesicles  increased (Fig. lc) .  

Permanent  polyuria  and polydipsia were  established in 
the animals 9 days af ter  destruct ion of the ros t r a l  and central  
regions of the median eminence (Fig. 2). Termina ls  with an 
ex t remely  dense center  predominated in the neurohypophysis .  
The limiting membrane  of the granules was c lear ly  dis t inguish-  
able, and the hyaloplasm was t ranslucent .  Such endings ei ther  
had no synaptic vesic les  or they were  concentrated in the cen-  

t ra l  par ts  of the endings. The pituicytes were  modera te ly  hyper t rophied,  and their  cytot~lasm began to de-  
velop appendages. It contained a few mitochondria  and a poorly  developed endoplasmic ret iculum. The 
Golgi complex consisted of short  dic tyosomes and smal l  ves ic les .  

Later  during the investigation (30-40 days) of the rats  with diabetes insipidus their  neurohypophysis 
had lost near ly  all its Gomori-posi t ive  mater ia l .  The normal  water  intake and u r ina ry  excret ion were  r e -  
stored by this t ime (Fig. 2). Besides nerve endings, which have a l ready been descr ibed,  te rminals  c o m -  
pletely devoid of s e c r e t o r y  granules and of synaptic vesic les  appeared in the neurohypophysis {Fig. ld), 
and they were  accompanied by large formations filled with atypical s t ruc tures  of curious shape with a 
s t rongly  osmiophilic center  and with numerous single membranes  at the per iphery  (Fig. ld). These fo rma-  
tions are evidently a reflection of advanced degenerat ive changes in the te rmina ls ,  and later they probably 
atrophy. Among the te rminals  listed above there  were  nerve f ibers indistinguishable in s t ruc ture  f r o m  
those in the control  an ima l s  and animals undergoing the mock operation.  Most of these te rminals  con-  
tained many synaptic vesicles  and e lec t ron-empty  granules .  Individual endings were  filled ent i re ly with 
synaptic ves ic les .  

In the f i rs t  phase of dis turbance of water  metabol ism (1-2 days af ter  destruct ion of the ros t ra l  and 
centra l  regions of the medium eminence) deposition of neu rosec re to ry  mater ia l  was observed in the pos -  
t e r io r  lobe of the pi tui tary.  It spread both to endings whose nerve fibers had been damaged by the e lec t r ic  
cur ren t  and also to endings which were  evidently unharmed by e lec t r ica l  coagulation but which, in all p rob-  
ability, were  compressed  by the react ive inflammation developing around the zone of destruct ion,  In the 
phase of ol iguria  (4th-5th day af ter  the operation), when the inflammation in the median eminence had sub- 
sided and information was beginning to reach the neurohypophysis along undestroyed axons f rom the hypo-  
thalamic centers ,  the nerve endings began to respond with a massive l iberation of neurosecre t ion  into the 
blood s t r eam.  An increase  in the number  of synaptic vesicles  and s e c r e t o r y  granules with an optically 
empty center  was then observed in the t e rmina l s .  This state of the te rminals  is interpreted as increased 
function [1, 13]. The content of antidiuretic hormone in the neurohypophysis in this phase was cons ider -  
ably reduced,  while its excret ion in the urine w a s  g rea te r  than normal  [10, 11]. Since the number of un- 
destroyed axons and, consequently,  of functioning neuroeytes  was small ,  they could not sat isfy the an imal ' s  
requi rement  for ADH and for that reason the stage of compensat ion quickly changed into a stage of decom-  
pensation.  The animals therefore  developed prolonged polyuria and polydipsia.  Destructive changes in 
the endings which were  seen during the f i rs t  days af ter  the operation were probably revers ib le ,  for later  
wel l -marked  po lymorphism of the nerve endings was found in the neurohypophysis and some of them r e -  
gained their u l t ras t ruc tu re  completely.  T ranspor t  of neurosecre t ion  was increased at this stage of the in- 
vestigation,  as shown by the absence of Her r ing ' s  bodies and the appearance of many terminals  with opti- 
cally empty granules and synaptic ves ic les .  The resul t  of this p rocess  was the vir tual ly complete disap-  
pearance of the polyuria and polydipsia in these animals .  
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