
A C T I O N  O F  2 , 4 - D I N I T R O P H E N O L  ON D I U R E S I S  I N  D O G S  

G .  D.  A n i k i n  UDC 612.464 : 547.564.3 

2 ,4-Dini t rophenol ,  in doses  of 6-10 m g / k g ,  when injected in t ravenously  into dogs , s t imula tes  d iu res i s ,  
inc reas ing  the excre t ion  of sodium,  po ta s s ium,  and chlor ide ions by diminishing the i r  r eabso rp t ion  in the 
tubules .  However ,  no d i rec t  action of these  doses  ofdini trophenol  could be demons t ra ted  on the kidney. 

2 ,4-Dini t rophenol  (DNP) is  a c lass ica l  m e m b e r  of the group of "dissocia t ing poisons ,"  and the study 
of i ts  action on renal  function is  impor tan t  for  the unders tanding of the m e c h a n i s m s  of ur ine  format ion .  
Mudge and Taggar t  [10], in expe r imen t s  on dogs,  obse rved  no changes in the d iu res i s  or  excre t ion  of e l e c -  
t ro ly tes  by the kidney following in t ravenous  injection of DNP. However ,  in exper imen t s  on kidney s l ices  
[3, 6, 11, 14], changes in ion t r a n s p o r t  were  found under  the influence of DNP. For  this r eason  the action 
of DNP was invest igated on kidney function in dogs following its  injection in t ravenously  and into the renal  a r t e r y .  
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Fig.  1. Effect of in t ravenous  
injection of 2 ,4-dini t rophenol  
(9.9 • 0.75 m g / k g )  on d iu re -  
sis and excre t ion of e l e c t r o -  
ly tes  (M • t). Broken l ines 
r e p r e s e n t  control  e x p e r i -  
ments ;  continuous line ex-  
p e r i m e n t s  with DNP; a r r o w  

i n d i c a t e s  injection of DNP. 
Absc i s sa ,  t ime  (in h); o rd i -  
nate ,  d iu res i s  (in ml /h}  and 
excre t ion  of sodium,  p o t a s -  
s ium,  and chlor ides  (in m e q / h ) .  

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

Chronic expe r imen t s  were  p e r f o r m e d  on 8 dogs with the 
u r e t e r i e  o r i f i ces  ex t e r io r i zed  onto the abdominal wall (by the 
Orbe l i - -Ts i tov ich  method).  The ur ine  was col lected eve ry  15 
min for  4-8 h. DNP was injected in t ravenously  in doses  of 6 -  
12 m g / k g  body weight. Acute exper imen t s  in which DNP was 
injected into one rena l  a r t e r y  were  c a r r i e d  out on 17 dogs by  
the method desc r ibed  p rev ious ly  [1, 2]. Urine was col lected 
f rom each kidney sepa ra t e ly .  The sodium and po tass ium con-  
cent ra t ions  in the ur ine  were  de te rmined  by f lame pho tomet ry ,  
and chloride by Volhard ' s  method.  The g lomeru l a r  f i l t ra t ion 
was es t imated  by de te rmin ing  the endogenous creat in ine  con-  
centra t ion in the ur ine  and p l a sma .  

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

In control  expe r imen t s  a gradual  dec r ea se  in d iu res i s  
with a dec r ea se  in the el iminat ion of sodium, chlor ides ,  and, 
to a l e s s e r  extent ,  of po ta s s ium was obse rved  in all dogs 
(Fig. 1) o Injection of DNP in doses  of 6-12 m g / k g  in mos t  ex-  
p e r i m e n t s  caused no change in the usual  pa t te rn  of spontane-  
ous d iu res i s  during the f i r s t  1-1.5 h. L a t e r ,  however ,  the d i -  
u r e s i s  was inc reased  and a f te r  3-5 h it was usual ly  1.5-2.2 
t imes  g r e a t e r  than i ts  or iginal  value~ More marked  changes 
sti l l  were  obse rved  in excre t ion  of e l ec t ro ly tes .  The e x c r e -  
tion of sodium and chlor ides  i nc rea sed  during this s ame  per iod 
by 2-6 t imes  over  i ts  init ial  level .  

The i nc r ea se  in po tass ium excre t ion  was pa r t i cu l a r ly  
grea t :  2-3 h a f te r  injection of DNP it was 4-10 t imes  higher 
than i ts  or iginal  level .  

The increase in electrolyte excretion under the influence 

of DNP was not associated with any change in their concentra- 
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TABLE 1. Changes in Diures is  and Excret ion of Elect ro lytes  
by Left Kidney Following Injection of Large  Doses (191 • 58.6 
pg/kg/min) of 2,4-Dinitrophenol into Left Renal Ar te ry  (M • t) 

Function in-  
vest igated 

Diuresis  (in 
m l /m in )  

Excret ion of 
sodium (in 
#eq/min) 

Excretion of 

potassium 

(in peq/ 
rain) 

Before injection of 
DNP 

0.53 • 0.098 

58.0 • 14.1 

23.8 • 6.44 

During injection of 
DNP (at t ime of 
maximal changes) 

i . i i  •  
p < 0.002 

85.0 + 22.7 
P < 0.05 

54.7 • 10.4 
P < 0.05 

TABLE 2. Effect of Injection of Small Doses (7.75 • 0.96 
p g / k g / r a i n )  of 2,4-Dinitrophenol  into Left Renal Ar t e ry  on 
Function of Left  Kidney (M • t) 

Function in-  Before injection of During injection 
vest igated DNP of DNP 

Diures is  ( i n m l /  0.56 • 0.212 0.54 • 0.088 
min) P < 0.05 

Excret ion of so-  45 • 9.3 34 �9 11.8 
dium (in p e q /  P < 0.05 
rain) 

Exc re t i ono fpo -  20 • 2.5 25 • 3.8 
tass ium (in 1 ) < 0.05 
peq/min)  

Filtration (in ml Ii • 1.87 i0.0 • 1.73 
/rain) P < 0.05 

tion in the blood plasma; in the case of sodium this remalned unchanged, and the plasma potassium 
concentration actually fell slightly (by 0.2-0.3 mecl/liter), 

Under the influence of DNP the glomerular filtration either remained unchanged or increased slightly. 
Subsequently, the increase in diuresis was due to changes in reabsorption in the renal rubles. To identify 

the point of action of DNP, the compound was injected in acute experiments into one of the renal arteries. 
If the observed effects were due to the direct action of DNP on the renal tubules, administration in this 
manner should give rise to a unilateral effect -- in the ipsilateral kidney only. 

The results of these experiments are given in Tables 1 and 2. After injection of DNP into the left 
renal artery doses approximately equivalent to those injected intravenously, a marked increase in diuresis 
by 1.5-3 times was observed in the left kidney 1-2 h after the beginning of the injections. The excretion of 
sodium ions was increased on the average by 1.5 times, and that of potassium by 2.5 times. However, simi- 
lar changes were found between the magnitude of the responses of the injected and control kidneys~ 

The changes observed in diuresis were due to a decrease in reabsorption in the renal tubules, be- 
cause no regular changes in the clearance of endogenous creatinine under the influence of DNP Were observed. 

Changes in the function of the contralateral kidney could indicate penetration of DNP into the general 
blood stream. In the next experiments, the dose of the compound was therefore reduced to 5-14 pg/kg/min. 
When these doses of DNP were injected into the left renal artery, no significant changes were found in the 
diuresis and excretion of potassium ions (Table 2). 

The absolute value of sodium excretion by the injected kidney 2 h after the beginning of the injection 
was not significantly different from its initial value, but was 46 % less (P < 0.05) than excretion by the con- 
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t ro l  (right) kidney. Sodium excre t ion  was reduced because  of an i nc rea se  in tubular  r eabsorp t ion ,  for  
f i l t ra t ion  in the left  kidney r ema ined  unchanged by compar i son  with the r ight .  

These  r e su l t s  do not ag ree  with those obtained by Mudge and Taggar t  [10]. However ,  these  work e r s  
col lected urine only for  30-60 min a f t e r  injection of DNP. The p r e sen t  exper imen t s  showed that this per iod 
was too shor t  for  m a rked  changes in kidney function to develop.  

The absence  of significant changes in the reac t ion  of the kidney to injection of DNP into one rena l  a r -  
t e r y  is evidence of the e x t r a r e n a l  m e c h a n i s m s  of the obse rved  changes in kidney function. Fur the r  evidence 
of this i s  the fact  that the i nc r ea s e  in d iu res i s  coincided in t ime  with the appearance  of marked  dyspnea in 
the animal ,  which can i t se l f  cause  ref lex  changes in kidney function [4]~ 

The doses  of DNP used cons iderably  i n c r ea se  the oxygen consumption in the kidneys [9], by d i s s o c i a -  
t ing oxidation and phosphoryla t ion.  The absence  of a d i rec t  effect  of DNP on reabsorp t ion  of e lec t ro ly tes  
in the tubules may  indicate that the fo rmat ion  of h igh-energy  compounds in the course  of t i ssue  r e sp i ra t ion  
is  not essen t ia l  for  the supplying of energy  for  tubular  r eabsorp t ion  in dogs.  The s ame  conclusion is drawn 
by S t r ick le r  [13] and Fuj imoto [5]. Recent ly  a magnes ium-dependen t  adenosine t r iphospha tase ,  act ivated by 
sodium and po tas s ium,  has been d i scovered  in the kidneys and is a sc r ibed  a ro le  in sodium t r a n s p o r t  [7, 12]. 
It is evident that  amounts  of ATP which can be produced independently of oxidative p r o c e s s e s ,  during g ly-  
coIys is  for  example ,  a r e  adequate for  the functioning of this sy s t em.  

It  is  in te res t ing  to note that in the p r e s e n t  expe r imen t s  smal l  doses  of DNP (7.75 * 0.96 # g / k g / m i n )  
s t imula ted  sodium reabso rp t ion  to some extent in the injected kidney, and unlike in S t r i ck le r ' s  exper imen t s  
[13], this was not a s soc ia ted  with a d e c r e a s e  in f i l t ra t ion.  This effect  can provis iona l ly  be explained e i ther  
by s t imulat ion of t i s sue  r e sp i r a t i on  under  the influence of DNP or  by s t imulat ion of the m a g n e s i u m - d e p e n -  
dent,  sod ium-  and po t a s s ium act ivated adenosine t r iphospha tase  [8]. 
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