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Abstract. 4-Dimethylaminophenol hydrochloride (DMAP), 20 mg/kg i.v., was found to 
oxidize in rats as much as 50 % of the hemoglobin to ferrihemoglobin but did not cause kidney 
lesions. 4-Aminophenol hydrochloride, 400 mg/kg i.v., oxidized only 25 % of the hemoglobin 
and produced large tubular necroses. In  highly toxic doses only, e.g., twice the LDs0, DMAP 
also produced tubular necroses. 
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Zusammenfassung. 4-Dimethylaminophenolhydrochlorid (DMAP) 20 mg/kg i.v., oxidierte 
in Ratten 50 % des H~moglobins zu Ferrih~moglobin, verursachte aber in dieser Dosis keine 
Nierensch~iden.4-Aminophenolhydrochlorid, 400 mg/kg i.v., oxidierte nur 25% des H~moglo- 
bin, bewirkte aber ausgedchnte Nekrosen der Nierentubuli. Nur in hSchst toxischen Dosen, 
etwa der zweifachen LDs0, bewirkte auch ])MAP l~ekrosen der Tubuli. 

Schliisselw6rter: 4-Dimethylaminophenol -- 4-Aminophenol -- Ferrih~moglobin -- Nieren- 
sch~den. 

Kiese d al. (i966, i969) have shown t h a t  4 -d imethylaminophenol  after 
in t ravenous  in jec t ion  rap id ly  produces l imi ted amoun t s  of ferr ihemoglobin 
and  t h a t  i t  is superior to n i t r i te  in  the  t r e a t m e n t  of cyanide poisoning. Since 
4-aminophenol  after  i .e.  in jec t ion  has been found to produce k idney  lesions 
(Hinsberg and  Treupel,  i894;  Green et al., i969;  Calder et al., i97 i ) ,  i t  was of 
in teres t  whether  ] )MAP also causes k idney  lesions in  doses which produce thera-  
peutic amoun t s  of ferrihemoglobin.  

Materials and Methods 
Male Sprague-Dawley rats weighing 150 to 200 g were used. They were fed Altromin 

standard diet and water ad lib. In experiments on the effect of low sodium or high sodium on 
kidney lesions the rats were fed low sodium Altromin diet and water ad lib or the same diet 
with 60 g sodium chloride per kg and 0.9 % sodium chloride solution ad lib. The control 
animals received the same diet with 6 g sodium chloride per kg and water ad lib. 

Blood for the determination of ferrihemoglobin was obtained by cutting off the tip of the 
tail, or from the blood vessels when the animals were sacrificed by decapitation, l%rrihemo- 
globin was measured by the increase in absorbance at 550 nm after the addition of potassium 
cyanide (Kiese, t959). 

For the collection of urine rats were kept individually in metabolic cages for 48 hrs. 
Combi-Uristix (Ames) were used to detect increased glucose content of urine. 

Abbreviations used: ]:)MAP = 4-Dimethylaminophenol hydrochloride, AP ffi 4-Aminophe- 
nol hydrochloride. 
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At various intervals after the administration of/)MAP or AP, animals were sacrificed 
and samples of kidneys, livers, hearts, spleens, and lungs prepared for microscopic examina- 
tion. 

Tissues were fixed in 3 % formaldehyde and studied with standard histologic techniques. 

R e s u l t s  

Acute Toxicity o/4.Dimethylaminophenol 
Five groups of t0 rats  each were injected i.v. with various doses of DMAP. 

Animals which did not survive the respective dose died within 7 to 40 rain after 
injection of DMAP. Only one animal died 4 days after injection. The LDs0 was 
calculated according to van  der Waerdon (1940) to be 57 + J 1 mg/kg. The LDs0 
after intraperitoneal injection o f / )M AP  was found to be 90 + i 1 mg/kg. 

Formation o/Ferrihemoglobin 
The data  presented in Fig. I show tha t  DMAP, 20 mg/kg i.v., rapidly oxidized 

half the hemoglobin in rats. The maximum of the ferrihemoglobin concentration 
was observed between l0 and 20 rain after i.v. injection. Then the ferrihemoglobin 
concentration quickly decreased. AP produced ferrihemoglobin more slowly and 
was much less effective than  DMAP. Intravenous injection of AP, 400 mg/kg, 
raised the ferrihemoglobin concentration only haft  as high as DMAP, 20 mg/kg. 
20 rain after i.v. injections of  AP, 250 mg/kg, or 100 mg/kg, the ferrihemoglobin 
concentration was found increased by  15.4 and 3.8 % of the total  hemoglobin, 
respectively. 

Microscopic Examination o/the Kidneys 
For the s tudy of the effect on the kichleys 30 rats  were injected i.v. once with 

DMAP or AP. After l ,  2, 3, 7, and i4 days 6 animals were sacrified and the tissues 
microscopically examined. Intravenous injection of DMAP, i00 mg/kg, i.e., nearly 
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Fig. 1. Formation of ferrihemoglobin in rats by 4-d~methylamlnopheno] hydrochloride or 
4-aminophenol hydroehloride. O 4-Aminophenol hydroch|oride, 400 mgfkg i.v.; 6 experiments. 

• 4-Dimethylamiuophenol hydrochloride, 20 mg[kg i.v. injected in 5 sec; 4 experiments 

1 SEM. 
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twice the LDs0, which oxidized about  60 % of the hemoglobin to ferrihemoglobin, 
caused renal damage in the rats. Moderate to large necrosis of the convoluted 
tubules with no or only a few inflammatory cells was found 24 hrs after injection. 
The glomeruli were not  affected, nor was papillary damage found. 

The amount  of inflammatory cells increased up to the 7th day postinjection. 
4 days after injection some tubules were found to be coated with a new flat 
basophilic epithelium. I week after injection the regeneration of the tubules was 
nearly complete, and 2 weeks after the injection no signs of tubular  damage were 
detectable, except increased amounts of inf lammatory cells. 

No tubular  necrosis was found after injection of DMAP, 30 mg/kg. The only 
difference from the findings in control animals was a slight increase in inf lammatory 
cells, 1 and 2 weeks after the injection of DMAP. 

The i.v. injection of AP, 400 mg/kg, which transformed only 25% of the 
hemoglobin to ferrihemoglobin, caused large bandshaped necroses of the convo- 
luted tubules in the deepest cortical zone. I and 2 days after injection only a few 
inflammatory cells were found. Henle 's  loops and collecting tubules were filled 
with eosinophilic debris. 4 days after injection regeneration of tubular  epithelium 
was observed, but  it was still incomplete 2 weeks after injection. The inf lammatory 
reaction was most  severe I and 2 weeks after injection. 

Lower doses of AP caused less severe renal damage. After 250 mg/kg micro- 
scopic findings in the kidneys were similar to those described above with DMAP, 
100 mg/kg. Tubular  necrosis was also found after i.v. injection of AP, 100 mg/kg. 
Regeneration was complete after 2 weeks. 

High or low sodium diet did not noticeably affect the nephrotoxicity of DMAP 
or  J~e. 

No pathologic changes were found in livers, hearts, or spleens. Changes in the 
lungs were not more frequent than  in the control animals. 

Glucose was found in the urine of all of 10 rats i.v. injected with DMAP, 
50 mg/kg. Only 5 of l0 rats  injected with AP, 250 mg/kg, showed increased 
glucose content of urine. 

Discussion 

The ferrihemoglobin-forming activi ty of  DMAP in rats was found to be higher 
than  in mice and rabbits  and much lower than  in dogs and cats, as determined by 
Kiese and Weger (1969). As in these earlier experiments, the net ferrihemoglobin 
formation is in inverse proportion to the rate of ferrihemoglobin reduction which is 
found between the rates of mice and rabbits  on the one hand and dogs and cats on 
the other. 

Our experiments with AP confirm the results of Green et al. (1969) and Calder 
et al. (197i, 1975). The latter studied a var ie ty  of aminophenols and their deriva- 
tives and found large differences in nephrotoxicity. 4-Methylaminophenol in a dose 
as low as 12 mg/kg produced necrosis of the distal third of all proximal convoluted 
tubules. This seems to be an effect even stronger than  the effect of 4-dimethyl- 
aminophenol, 100 mg/kg, in our experiments. Calder et al. (1971, 1975) give no 
data on the ferrihemoglobin formation by  4-methylaminophenol. Therefore, no 
comparison of nephrotoxicity on the basis of ferrihemoglobin-forming activi ty is 
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possible.  Bu t  there  is no d o u b t  t h a t  the  neph ro tox i c i t y  of  4 -d ime thy laminopheno l  
is much  lower t h a n  t h a t  of  4 -methy laminopheno l .  Compared  on the  basis  of  ferri- 
hemoglob in- forming  a c t i v i t y  t he  neph ro tox i c i t y  of  ] ) M A P  is much  lower t h a n  
t h a t  of  4-aminophenol .  A dose of  ] ) M A P  20 mg/kg,  which qu ick ly  oxidizes 50 % of  
the  hemoglob in  and  therefore  would  be ve ry  effective in the  t r e a t m e n t  of  cyanide  
poisoning d id  no t  cause a n y  t u b u l a r  necrosis in the  k idneys .  I n  species where 
] ) M A P  produces  t he r apeu t i c a l l y  effective fer r ihemoglobin  concent ra t ions  wi th  
much  smal ler  doses, in  dogs, cats,  and  humans ,  no k idney  damage  is to  be expected .  
This  has  been  conf i rmed b y  as y e t  unpubl i shed  exper iments  on the  chronic 
t o x i c i t y  of  D M A P  in dogs. I n t r a v e n o u s  in ject ions  twice a week for 15 weeks of  
DMAP,  3 mg/kg,  which oxid ized  30 to  40 % of  the  hemoglobin,  d id  no t  produce  
a n y  k i d n e y  lesions. 

The  mechan i sm of  t he  glucosuria  observed  af te r  a large dose of  ] )MAP,  
50 mg/kg,  needs fu r the r  inves t iga t ion .  

Acknowledgments. The authors are grateful to Dr. Odward Geisel, Institut fiir allgemeine 
Pathologie und pathologische Anatomie der Tier~rztlichen Fakult~t der Universit~t Miinchen, 
tbr advice and discussion, and to Miss Ingrid Fruss for competent technical assistance. 

References 
Calder, I. C., Funder, C. C., Green, C. R., Ham, K. N., Tange, J. D. : Comparative nephro- 

toxicity of aspirin and phenacetin derivatives. Brit. med. J. 1971 IV, 518--52t 
Calder, I. C., Williams, P. J., Woods, R. A., Funder, C. C., Green, C. R., Ham, K. N., Tange, 

J. D. : Nephrotoxicity and molecular structure. Xenobiotica 5, 303--307 (1975) 
Green, C. R., Ham, K. :N., Tange, J. I).: Kidney lesions induced in rats by p-aminophenol. 

Brit. med. J. 1969 I, 162--164 
Hinsberg, O., Treupel, G. : ?J~ber die physiologische Wirkung des p-Aminophenols und einiger 

Derivate desselben. Naunyn-Schmiedebergs Arch. exp. Path. Pharmak. 33, 216--250 (1894) 
Kiese, M. : Oxydation yon Anilin zu Nitrosobenzol im Hunde. Naunyn-Schmiedebergs Arch. 

exp. Path. Pharmak. 235, 354--359 (1959) 
Kiese, M., Rauscher, E., Weger, N.: The role of N,N-dimethylaniline-N-oxide in the formation 

of hemiglobin following the absorption of N,:N-dimethylaniline. Naunyn-Schmiedebergs 
Arch. Pharmak. exp. Path. 254, 253--260 (1966) 

Kiese, M., ~,Veger, :N. : Formation of ferrihemoglobin with aminophenols in the human for the 
treatment of cyanide poisoning. Europ. J. Pharmacol. 7, 97--105 (1969) 

Van der Waerden, B. L. : Wirksamkeits- und Konzentrationsbestimmung durch Tierversuche. 
Naunyn-Schmiedebergs Arch. exp. Path. Pharmak. 195, 389--412 (1940) 

Prof. Dr. Manfred Kiese 
Pharmakologisches Institut der Universit~t 
D-8000 Miinchen 
Nussbaumstr. 26 
Federal Republic of Germany 


