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Summary. Following the bilateral implantation of puromycin into the paraventricular 
nuclei of rats, the neurosecretory cells became atrophic and the amount of aldehyde-fuchsin 
(AF) positive material in the neural lobe decreased. In these rats, urine excretion and water 
intake increased remarkably. The supraoptic nuclei of the rats were not affected by this 
treatment. After the unilateral implantation of puromycin in the paraventricular nucleus, 
the neurosecretory cells of the implanted side became atrophic, while those of the unimplanted 
side hypertrophied. The neural lobe contained similar amounts of AF-positive material to 
those of the control rats with unilateral cholesterol implants. In the rats implanted bilaterally 
with puromycin immediately above the supraoptic nucleus, the neurosecretory cells of this 
nucleus contained little or no AF-positive material, and urine excretion and water intake 
increased greatly. The cells of the paraventricular nucleus remained unchanged in these rats. 

Key words: Puromycin - -  Paraveutricular nucleus - -  Supraoptic nucleus - -  Neuro- 
secretory material - -  Urine excretion - -  Water intake. 

Introduction 

Sachs and Takaba t ake  (1964) showed wi th  pharmacological  methods  t h a t  

puromycin  in jec ted  in t raven t r i cu la r ly  inhibi ted  synthesis of vasopressin in the 

rat.  Zambrano  and de Rober t i s  (1967) observed by electron microscopy t h a t  

puromycin  in jec ted  subarachnoidal ly  inhibi ted the synthesis of neurosecretory 

mater ia l  in the  cells of the  supraopt ic  nucleus of the rat.  I n  these exper iments ,  

there  is a possibil i ty t h a t  the puromycin  affected first  non-neurosecre tory  neurons 

and that ,  in turn,  these neurons t ransferred inhib i tory  informat ion  to the neuro- 

secretory cells. I n  the present  s tudy,  ~ cannula containing puromycin  was im- 

p lanted  into  the par~vent r icular  nucleus or the  supraopt ic  nucleus of the ra t  so 

t h a t  puromycin  could act  di rect ly  on the neurosecre tory  cells. 

Materials and Methods 
1. Paraventricular Implantation. Female rats of the Wistar strain were obtained from a 

commercial source when they were about one month old and from that time on their body 
weights were measured weekly. They were used for the experiments when they weighed 
between 280 and 350 g. Each rat was transferred to "a  metabolic cage" with a funnel at 
the bottom for urine collection, after the rat had gone through at least two regular estrous 
cycles. After transferring them to the metabolic cages, a vaginal smear was taken daily and 
examined together with their urine volumes and water intake. Their body weights were 
measured weekly during the experimental periods. For the implantation of puromycin, it 
was mixed with cholesterol in the ratio of 0.05 % by weight, and then the mixture was tamped 
into stainless steel cannulae with inside diameters of 0.7 ram. The implantations into the 
paraventricular nuclei of the rats were performed 10 to 15 days after their transfer to the 
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cages. By then they were adapted to the experimental  conditions and  showed regular estrous 
cycles, normal urine volume and normal water  intake. Wi th  the  aid of roentgenography the  
t ip of the  cannula was placed exactly in the paraventr icular  nucleus as described by  Uemura 
and  Kobayashi  (1971). Bilateral or unilateral implantat ions were performed. In  a preliminary 
experiment,  i t  was found histologically t h a t  the  maximum diffusion of puromycin from the 
t ip of the cannula was about  700 ~. 

The rats  were divided into four groups: (1) 19 rats  with  bilateral puromycin implants 
(experimental), (2) 15 rats  with  bilateral cholesterol implants  (control), (3) 8 rats  with  uni- 
lateral puromycin implants  (experimental), and (4) 8 rats  with  unilateral cholesterol implants 
(control). In  Groups 1 and 2, rats  were killed in groups of three or four 12, 17, 25 and 40 days 
after the implantat ion.  In  four of Group 1 rats  with  bilateral puromycin implant,  the  im- 
p lanta t ion  was so far anterior to the paraventr icular  nuclei t h a t  the data  of these ra ts  were 
excluded. In  Groups 3 and 4, rats  were killed in groups of four 20 and 40 days after the im- 
plantat ion.  

2. Supraoptic Implantation. Puromycin was mixed with cholesterol in the  ratio of 2% 
by weight and then  the mixture was tamped into stainless steel cannulae with inside dia- 
meters of 0.7 ram. The cannulae containing the  mixture were implanted bilaterally into the 
supraoptic nuclei of three Sprague-Dawley female ra ts  (200-250 g) after they showed normal 
urine volume and water intake in metabolic cages. The rats  were killed 12 days after the 
implantat ion.  The implantat ion and  other procedures were the same as those of the para- 
ventr icular  implantat ion.  

After killing the rats, the whole brain including the  p i tu i tary  was fixed in Bouin's  solution 
for 48 hours, and then  a small block containing the p i tu i tary  and hypothalamus was t r immed 
and  fixed for addit ional 24 hours. Sections were made at  10 ~z from the  paraffin-embedded 
tissues and double-stained with Gomori 's paraldehyde-fuchsin and  toluidine blue (Asai et al., 
1969) or paraldehyde-fuchsin only. The diameters of the  nuclei of the  cells of the  supraoptic 
and paraventr icular  nuclei were measured. In  each ra t  a min imum of 30 nuclei were measured. 
The presence of neurosecretory material  in the  neural lobe was noted. 

Observations 

I. E//ects o/Puromycin on Paraventrieular and Supraoptic Nuclei 
and Neural Lobe (Pars nervosa) o/the Hypophysis 

I n  t h e  g r o u p  w i t h  b i l a t e r a l  i m p l a n t a t i o n  of p u r o m y c i n  i n  t h e  p a r a v e n t r i c u l a r  

n u c l e u s ,  t h e  d i a m e t e r s  of t h e  cell  n u c l e i  i n  t h e  p a r a v e n t r i c u l a r  n u c l e i  we re  s ignif i -  

Table 1. Nuclear diameters of the cells of the paraventr icular  nucleus and amount  of neuro- 
secretory material  in the  neural lobes of rats  implanted bilaterally with puromycin or 

cholesterol 

Days Bilateral cholesterol Bilateral puromycin P 
after 
implan- Nuclear Neuro- Nuclear Neuro- 
rat ion diameter  secretory diameter  secretory 

(~) material  in (~) material in 
neural lobe neural lobe 

12 9.66 4- 0.03 a (4)b + 4 - 4 -  c 8.414-0.15(4) 4-4- 
17 9.48±0.17(3) 4-4-4-  7.224-0.04(3) 4- 
25 9.83 4- 0.08(4) + + + 9.04 4- 0.09(4) 4- 4- 
40 9.574-0.16(4) + + 4 -  9.704-0.08(4) 4 - 4 - +  

p < 0 . 0 1  
p < 0.01 
p < 0.01 
not  
significant 

a Mean and s tandard error. 
b Numbers  of rats  are indicated in parentheses. 
c 4- 4- 4- large amount ,  4- 4- moderate amount ,  4- trace or absence. 
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Fig. 1. Atrophic cells of the paraventricular nucleus 17 days after the implantation of puro- 
mycin. AF-toluidine blue staining. × 480 

Fig. 2. Cells of the paraventricular nucleus 25 days after the implantation of puromycin. 
Note the restoration of cell activity. AF-toluidine blue staining. × 480 

Fig. 3. Depletion of neuroseeretory material in the ventral portion of the neural lobe 17 days 
after the bilateral implantation of puromycin. P I  pars intermedia; P N  neural lobe. AF- 

toluidine blue staining. × 84 

Fig. 4. Reaccumulation of neuroseeretory material in the ventral portion of the neural lobe 
25 days after the implantation of puromycin. For abbreviations see Fig. 3. AF-toluidine 

blue staining. × 84 

Fig. 5. Neural lobe of a control rat. For abbreviations see Fig. 3. AF-toluidine blue staining. 
× 84 

cant ly  smaller t h a n  those of the control (cholesterol-implanted) groups killed 12, 
17 and  25 days after the imp lan ta t ion  (Table 1). The rats  killed 17 days after 
the imp lan ta t ion  showed max imal  damage as shown by  the loss of a defined 
nuclear  s t ruc ture ;  very  few cells had measurable  nuclei  (Fig. 1 ). The diameters 
22 Z. Zellforsch., Bd. 13,~ 
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of the cell nuclei began to increase sometime after the 20th day after implanta- 
tion (Table 1 and Fig. 2). Since the nuclei were more prominent and better defined 
in the rats killed 25 days after the implantation than those killed after 12 and 
17 days. However, the cell nuclei were still significantly smaller than those of the 
control group. The cells of the paraventricular nuclei in the experimental groups 
became completely normal 40 days after the implantation and their nuclei were 
almost the same size as those of the control rats (Table 1). 

The neural lobes of the rats of the control (cholesterol-implanted) group 
showed no change in the amounts of nenrosecretory material at any stage. How- 
ever, in the experimental groups, as well as changes in the cellular structure of 
the paraventricular neurons, there were also changes in their neurosecretory 
activity as shown by the amount of neurosecretory material in the neural lobe. 
In  the neural lobes of those rats that  were killed 12 days after implantation of 
puromycin, there was less neurosecretory material and this was scantly distrib- 
uted compared to the control groups (Table 1). Seventeen days after implanta- 
tion, when the cellular damage was maximal, neurosecretory material was almost 
absent in the ventral part of the neural lobe (Table 1 and Fig. 3). Twenty-five 
days after implantation, when the cells in the paraventricular nucleus had begun 
to recover, neurosecretory material reappeared in the ventral portion of the 
neural lobe (Table 1 and Fig. 4). After 40 days, the amount of neurosecretory 
material equalled that  of the control rats (Table 1 and Fig. 5). 

In  the group with unilateral implantation of puromycin, the cells of the para- 
ventrieular nucleus of the implanted side showed damage when observed after 
20 days, but they became normal 40 days after the implantation (Table 2). The 
cells of the unimplanted side seemed to be hyperactive in those rats which were 
killed 20 days after the implantation (Table 2). Their nuclei were significantly 
larger than those of the cholesterol implanted rats (Table 2). Fourty  days after 
implantation, they had lost most of their hyperactivity, but were still slightly 
more active than the cells of the other side. There was no change in the amount 
of neurosecretory material in the neural lobe of these rats (Table 2). In  the group 
with unilateral implantation of cholesterol there was no change in the para- 
ventricular nuclei or in the neural lobes (Table 2). 

Table 2. Nuclear diameters of the ceils of the paraventricular nucleus and amount of neuro- 
secretory ma~eriat in the neural lobes of rats implanted unilaterally with puromycin or 

cholesterol 

Days Number Puromycin Puromycin p Neuro- 
~fter of implanted unimplanted secretory 
implan- rats side (it) side (~) material in 
ration neural lobe 

20 4 7.91 ± 0.08 11.62 ~ 0.03 p < 0.01 + + + 
40 4 9.55 ± 0.04 9.92 ~ 0.10 p ~ 0.05 + + 

Cholesterol- Cholesterol- 
implanted unimplanted 
side (it) side (~z) 

20 4 9.73 ~-0A3 9.51 ±0.09 p ~  0.05 + + +  
40 4 9.82 ~- 0.09 9.35 -L 0.14 p ~ 0.05 + + + 
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Fig. 6. Neurons of the supraoptic nucleus of the rat (see Fig. 9a) 12 days after bilateral 
implantation of puromycin. AF staining. × 800 

Fig. 7. Neurons of the supraoptie nucleus of the rat (see Fig. 9b) bearing the tips of puromycin 
cannulae in the rostro-lateral region of the nucleus. AF staining. X 800 

Table 3. Nuclear diameters of the cells of the supraoptic nucleus of rats killed 17 days after 
the bilateral implantation of puromycin or cholesterol into the paraventrieular nucleus 

Treatment Puromycin Cholesterol 

Nuclear 10.3 :t: 0.08(3) a 10.2 ± 0.03(3) 
diameter 

a Number of rats is indicated in parentheses. 

The nuclei of the neurosecretory cells of the supraoptic  nucleus did no t  show 
any  change in diameter  following the implan ta t ion  of puromyc in  or cholesterol 
into the paravent r icu la r  nucleus (Table 3). 
? 2 *  
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Fig. 8. Body weight, urine volum~ and water intake of rats bearing puromycin in the para- 
ventricular nucleus 

In  one ra t  with bilateral supraoptic implants, the tips of the cannulae were 
placed 300 to 450 ~z above the supraoptic nucleus, covering almost entire dorsal 
area (Fig. 9 a). In  this rat ,  AF-positive material disappeared completely from the 
neurosecretory cells, and the nucleolus was not prominent (Fig. 6). In  the second 
rat,  the tips were placed immediately rostro-lateral to the nucleus (Fig. 9b). 
AF-positive material decreased slightly only in the cells near the tips, but  not 
in other cells (Fig. 7). In  the remaining rat,  the tip of one cannula was placed 
just above the right supraoptic nucleus and the tip of the other cannula was 
placed immediately lateral to the left nucleus. In  the right nucleus, half of 
the cells showed a decrease of AF-positive material and in the left nucleus no 
change was observed in the cells. In  the neural lobes of all three rats, no significant 
decrease in AF-positive material was detected. No change in the amount  of 
AF-positive material was induced in the cells of the paraventricular nuclei by 
the supraoptic implantation. 

I I .  Ur ine  V o l u m e  a n d  Water  I n t a k e  

For a few days after the rats had been transferred to the metabolic cages, the 
urine volume and water intake per day were remarkably reduced. They were 
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Table 4. Urine volumes and water intake of rats implanted bilaterally with puromycin or 
cholesterol 

Days before Number 
implantation of 

rats 

Urine excretion (ml) Water intake (ml) 

4 19 19.5 ~- 0.92 
0 19 18.7~:1.67 

Days after Puromyein Cholesterol 
implantation 

12 15 29.5 ~_0.66 b 19.4~0.78 
17 11 36.3=~1.27 b 19.6 :~0.41 
25 8 25.0~=0.75 b 18.3±0.45 
40 4 19.5~0.50 19.8 =~0.47 

46.8 =~ 1.60 
42.6 ± 2.30 

Puromyein Cholesterol 

64.3 ~- 1.42b 42.7 ± 1.00 
73.3 =~ 1.27b 49.4±1.39 
54.8 ± 2.50 b 46.3 ~- 1.57 
48.5±1.70 51.0±1.29 

Mean ± standard error. 
b Significantly different (p ~ 0.01) from the 0-day group. 

around 3 to 5 ml and 10 to 15 ml, respectively (Fig. 8). After 3 to 5 days, they 
began to increase, and attained normal levels (Fig. 8 and Table 4) 8 days after 
the transfer. Following bilateral implantation into the paraventricular nucleus, 
the quanti ty of urine excreted and water intake decreased for a few days perhaps 
due to stress; thereafter both increased and reached normal pre-operation values 
about one week after the operation in all rats (Fig. 8). After this, there were 
continuous increases, and maximal urine volume and water intake levels were 
recorded about 15 days after the operation (Fig. 8 and Table 4). These values 
were significantly higher than those of the control rats. Subsequently, their levels 
slowly decreased, returning to normal 30 to 40 days after the operation (Fig. 8 
and Table 4). 

Soon after the puromyein implantation just above the supraoptic nucleus, 
urine volume and water intake decreased (Fig. 9 a), as in the case of the para- 
ventrieular implantation. Thereafter, they increased gradually and reached maxi- 
real values on the sixth day of the implantation. Thereafter there were large 
fluctuations until autopsy (Fig. 9 a). In  the rat in which the tips of the cannulae 
were placed immediately rostro-laterally to the supraoptic nucleus, the urine 
volume and water intake showed slight increases (Fig. 9b). In  the rat, bearing 
the tip of one cannula just above the right nucleus and that  of the other cannula 
lateral to the left nucleus, both urine volume and water intake wer unchanged. 

III.  Body Weight and Estrou~ Cycle 
Whenever rats were transferred to metabolic cages and implanted; thereafter 

there were decreases in the body weights (t0 to 20 g) during the first week, and 
there were gradual increases (Figs. 8 and 9). 

The estrous cycle was a]most regular in all rats, except for a few days after 
the operation when one or two cycles were irregular because of prolonged diestrous 
phases. 
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Fig. 9a and b. Body weight, urine volume and water intake of the rat bearing puromycin 
just above the supraoptic nuclei (a), and those of the rat bearing it immediately rostro- 
laterally to the supraoptic nuclei (b). Sites of the tips of cannulae containing puromycin 
are indicated in a rectangle. The two upper figures in the rectangle are cross sections of the 
hypothalamus through the traces of the implanted cannulae. The two lower figures are dorsal 
views of the tips (T) of the cannulae and regions distributed with neurosecretery cells (NSO).  
Neurosecretory material in the nucleus is indicated by dots. In the rat (a) the neurosecretory 
material disappeared from almost all the neurosecretory cells, while in the rat (b) the neuro- 
secretory material disappeared only in the cells of restricted regions near the tips of the 
cannulae. A C  anterior commissure; B blood vessel; OC optic chiasma; T trace of a can~ulae, 

I I I  third ventricle 

Discussion 

P u r o m y c i n  i m p l a n t e d  into the  pa r aven t r i cu l a r  nucleus seems to d i rec t ly  
inh ib i t  the  b iosynthes is  o3 the  neu rohypophys i a l  hormones.  One of these is 
p r o b a b l y  vasopressin,  because the  ur ine  volume and  wate r  i n t ake  of ra t s  with 
pu romyc in  imp lan t s  showed r emarkab l e  increases.  This suggests t h a t  the  para-  
ven t r i cu la r  nucleus can synthesize  vasopressin,  and  t h a t  vasopress in  p roduced  
in th is  nucleus is to  some ex t en t  phys io logica l ly  responsible  for wate r  r e t en t ion  
in rats .  There  seems to have  been also a d i rec t  effect of pu romyc in  on the  supra-  
opt ic  nucleus t h a t  inh ib i ted  the  b iosynthes is  of vasopressin,  since the  quant i t ies  
of ur ine  vo lume and  wate r  i n t ake  increased in the  i m p l a n t e d  ra t .  Thus i t  is 
p robab le  t h a t  bo th  the  pa raven t r i cu l a r  and  supraop t i c  nuclei  synthesize  vaso- 
press in  and  t h e y  are  phys io logica l ly  responsible  for water  r e t en t ion  in rats ,  
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although it has been reported that  the paraventricular nucleus produces oxytocin 
and the supraoptic nucleus secretes vasopressin (Olivecrona, 1957). 

In  the rats bearing puromycin in the paraventricular nuclei and showing in- 
creased urine volumes, AF-positive material  was absent in the ventral  portion 
of the neural lobe. This suggests tha t  the neurosecretory cells producing vaso- 
pressin in the paraventricular nucleus send their axons to the ventral  portion of 
the neural lobe. The lack of change in the amount  of AF-positive material in 
the neural lobe of the rats bearing puromycin just above or near the supraoptic 
nucleus may  be due to the fact that  the neurosecretory act ivi ty was almost at  
the normal level when they were killed, judging from the urine volume and the 
water intake level. 

In  the rats with a unilateral puromycin implant  in the paraventricular nucleus, 
the neurosecretory cells of the implanted side showed atrophy, whereas those of 
the unimplanted side showed hypertrophy. The neural lobe showed no change 
in the amount  of neurosecretory material. This may  be due to the compensatory 
neurosecretory activity of the hyptertrophied cells of the unimplanted side and 
may  not be due to the hypertrophic activity of the neurosecretory cells of the 
supraoptic nucleus. This is because the supraoptic nucleus did not show any 
histological hypertrophic change following bilateral puromycin implantation into 
the paraventricular nucleus. The paraventricular nucleus did not show any change 
in amount  of AF-positive material following the supraoptic puromycin implanta- 
tion. These findings suggest tha t  the supraoptic nucleus and the paraventricular 
nucleus are mutual ly independent in their function, at  least in secretion of vaso- 
pressin. The neurosecretory cell groups of both sides of the supraoptic or para- 
ventricular nucleus have some compensatory function with respect to the contra- 
lateral side. 
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