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Injection of morphine into ra ts  after an o rd inary  diuret ic  s t imulates both water  and sodium 
excretion.  In adrenalectomized o r  hypophysectomized animals ,  morphine has no such action. 
Morphine reduces  the ascorb ic  acid concentrat ion in the adrenals .  Injection of ACTH into 
intact ra ts  also p romotes  the excret ion of water  and sal ts .  
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Morphine inhibits water  d iures is  in animals ,  evidently by inc reas ing  the secret ion of ADH [4, 9, 10]. 
Against the background of spontaneous excret ion of ur ine,  morphine induces polyurina and an increased salt  
excret ion [2, 13, 14], the mechanism of which has not been explained. 

Since morphine s t imulates  the p i t u i t a r y - a d r e n a l  sys tem [12], it was decided to study whether this 
effect is connected with the diuret ic  and sa l t - exc re to ry  action of the drug.  

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

Exper iments  were ca r r i ed  out on 65 albino ra ts  weighing 160-200 g, kept in metabol ism cages on a 
constant food and water  intake. The daily water  consumption,  d iures i s ,  and excretion of sodium, potass ium 
(flame photometry) ,  and creatinine (Folin 's  method) under the influence of morphine (1.5 mg /100  g body 
weight) was determined in intact animals and in rats  3 days af ter  adrenalectomy or  6 days af ter  hypophy- 
sec tomy.  The adrenalectomized animals received DOCA in a dose of 0.5 mg/100 g body weight. Hypophy- 
sectomy was per formed by the pa ra t rachea l  method [1]. The effect of ACTH (4 units/100 g body weight) 
on the excret ion of urine and the effect of morphine on the ascorbic  acid concentrat ion in the adrenals  [7] 
also were investigated 1, 2, 6, and 12 h af ter  injection of the drug.  

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

Injection of morphine was followed by a diuret ic  effect accompanied by increased sodium excretion; 

TABLE 1. Effect of Morphine on 24-Hourly Diuresis  in Intact and Adrenalectomized 
Rats (M ~: m) 

Number of Water intake Diuresis Sodium Potassium Creatinine 
Experimental conditions experiments (in ml) (in ml) (in/leq) (in peq) (in mg) 

Intact rats 
control 
morphine (1.5 mg/100 g) 
After adrenalect6my 
corl~O1 
morphine (1.5 mg/lO0 g) 

20 
20 

21 
21 

19• 
16_+ 1,24 

22--+ 0.89 
17• 1,05 

6,3• 0,56 
10,4• 0,90 

10,4• 
9,3• 0,55 

12,1• 
31,0• 

10,54- 1,41 
II,1• 1,66 

558• 48 
777• 47 

581• 
594• 38 

2,1• 
2,1• 

1,3__+ 0,27 
1,0-4-0,12 

Note. Here and in Tables  2 and 3 the values of P are not given when they exceed 0.05 
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Fig. 1. Effect of morphine on ascorb ic  acid 
concentrat ion in rat  adrenals :  1) ascorb ic  
acid concentration; 2) weight of adrenals .  
L i m i t s  of var ia t ions  of both p a r a m e t e r s  shown. 
Abscissa ,  t ime af ter  injection of morphine 
(1.5 rag/100 g body weight); ordinate:  l e f t -  
a scorb ic  acid concentrat ion,  r i g h t -  weight of 
adrenal .  

TABLE 2. Effect of Morphine on 24-Hourly Diuresis  in Intact and Hypophysectomized 
Rats (M + m) 

Number of Water intake Diuresis S o d i u m  Potassium Creatinine 
Experimental conditions experiments (in ml) (in ml) (in peq)  (in/~eq) (in mg) 

Intact rats 
control 
morphine (1.g mg/100 g) 

After adrenalectomy 
control 
morphine (1.5 mg/100 g) 

16 
16 

24 
23 

I9,4+ 1,0 
18,4• 1,0 

16,84- 0,94 
14,44-0,98 

5,7• 
11,0• 0,71 
P <0,001 

7,84- 0,68 
8,34- 0,62 

13,8-+ 1,66 
49,7-+ 6,8 
P <0,001 

18,04-2,6 
17,6- + 1,5 

685• 76 
727+ 57 

6544- 44 
574--_ 60 

2,9• 0,20 
3,14-0,25 

2,34-0,22 
2,3- + 0,22 

TABLE 3. Effect of ACTH on 24-Hourly Diures is  in Rats (M :~ m) 

Number of I Water intake Diuresis Sodium (in 
Experimental conditions experiments I (in ml) (in ml) •eq) 

t I Control 10 20,7__+ 1,13 6,2• 10,2• 
ACTH (4 units/100 g) 10 t9,54-1,33 10,24- 1,02 15,5• 

P<0,01 P<0,01 

Potassium Creatinine 
(in geq) fin mg) 

6754-0'77 t t,14-0,11 
10~9+96 1,2+--_0,15 
P <0,02 

this effect depended on a dec rease  in tubular reabsorp t ion , 'because  the 24-hourly excretion of creatinine,  
a measure  of fi l tration, was unchanged (Table 1). Considering that glucocort icoids  promote  d iures i s  and 
inc rease  salt  excretion [5, 6, 8], the effect of adrenalectomy on the response to morphine was tested. Ex- 
per iments  showed that no response to morphine appeared under these conditions (Table 1); this indicates 
that adrenocor t ical  hormones  par t ic ipate  in the diuret ic  and sod ium-excre to ry  effects of morphine.  In 
fact ,  as Fig. 1 shows, morphine act ivates  the function of the adrenal cortex,  judging f rom the decrease  in 
the ascorbie  acid concentrat ion in it. These  observat ions  are in agreement  with resul ts  obtained by other 
workers  [12]. 

Other worke r s  [11, 15] have shown that in the absence of the pituitary morphine can no longer in- 
c rease  the cor t icos terone  concentrat ion in the adrenals  and per iphera l  blood. It was natural  to suggest  
that the diuret ic  effect of morphine is connected with its activating action on the adenohypophysis,  which 
s t imulates  cor t icos tero id  production~ 

E~periments  on hypophyseetomized animals confirmed this view (Table 2). Moreover ,  af ter  injection 
of ACTH into intact ra ts  the 24-hourly excret ion of urine and salts increased {Table 3). These  resul ts  are  
in agreement  with previous  observat ions  on dogs [3]. 

It can accordingly  be concluded that morphine activates ACTH secre t ion by the adenohypophysis,  and 
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this, by causing an increase in the synthesis and secretion of glucocorticoids by the adrenal cortex, is re- 
sponsible for the increase in the diuresis and salt excretion produced by morphine through inhibition of the 
reabsorption of water and electrolytes. 
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