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Abstract-The N-hydroxy derivatives of p-ethylaniline, p-chloroaniline, p- and m- 
aminopropiophenone, 4-aminobiphenyl, and 2-aminofluorene were found in the urine 
after injection. Rabbits excrete 30 per cent of thep-aminopropiophenone and 20 per cent 
of the 4-aminobiphenyl as N-hydroxy derivative. The N-hydroxy derivatives of the 
other amines appear in the urine to a much smaller extent. Guinea pigs excrete a smaller 
proportion of the amines as N-hydroxy derivative than rabbits; 15 per cent ofp-amino- 
propiophenone was found in the urine as N-hydroxy derivative. Dogs excrete only 
1 per cent or less of the amines tested as N-hydroxy derivative. N-Hydroxy-p-amino- 
propiophenone is excreted to a large extent as a conjugate which is split in acid solution. 
The fraction of p-aminopropiophenone excreted as N-hydroxy derivative is the same 
over a wide range of doses. The relationship between the concentration of N-hydroxy 
derivative, and nitroso analogue, in the blood and urine of rabbits is quite different from 
that observed in dogs. 

WHEN nitrosobenzene was found in the blood of dogs injected with aniline or N- 
methylanilinels~ 14 the urine was also tested for N-hydroxylation products, but none 
was found. A short time after, Cramer et ~~1.6 reported the appearance of N-hydroxy-Z 
acetylaminofluorene in the urine of rats fed on a diet containing 2-acetylamino- 
fluorene. After 5 weeks feeding the fraction excreted as N-hydroxy derivative had 
increased to 15 per cent of the administered amine. With rabbits Irving10 even found 
up to 30 per cent of the 2-acetylaminofluorene given orally as the N-hydroxy derivative 
in the urine. Further data concerning the urinary excretion of N-hydroxy-N-acetyl- 
arylamines have been compiled by Kiese. l6 Whether the acetylation of the nitrogen is 
essential for the urinary excretion of arylhydroxylamines or whether substituents 
in other positions of the aniline also render possible the urinary excretion of N- 
hydroxy derivatives was investigated and recently we reported that N-hydroxy-2- 
aminofluorene had been found in the urine of guinea pigs injected with 2-amino- 
fluorenels or 2-acetylaminofluorene.lQ 

METHODS 

For collecting urine the animals dosed with aromatic amines were housed indi- 
vidually in metabolism cages. The urine was acidified immediately after micturition. 
Samples which could not be extracted at once were stored at -20” after being adjusted 
to pH 4.5. In the experiments with guinea pigs the urine of ten animals was pooled. 

* Presented in part at the 29th Meeting of the Deutsche Pharmakologische Gesellschaft held at 
GGttingen on Sept. 27-30, 1965.l’ 
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Bile was obtained from dogs anaesthetized by intravenous injection of 0.05 g chlora- 

lose and 0.5 g urethane, and from rabbits anaesthetized by intraperitoneal injection 
of 1 g urethane per kg. 

Aniline, N-ethylaniline, p-ethylaniline, and p-chloroaniline were used as hydro- 
chlorides and injected intravenously in aqueous solution. For intravenous injection 
m- and p-aminopropiophenone, 4-aminobiphenyl, and 2-aminofluorene were mixed 
with 1.5 ml Tween 80 and then diluted with 10 ml 0.9 “/, sodium chloride solution; for 
i.p. injection these amines were suspended in a solution of 0.25 “/, agar agar in 0.9 “/, 
sodium chloride solution. 

N-Hydroxy-m-aminopropiophenone and N-hydroxy-p-aminopropiophenone had 
been prepared by Dr. Elli Rauscher. 89 l7 For intravenous injection into non-anaesthe- 
tized rabbits and for slow intravenous infusion into rabbits anaesthetized by intraperi- 

toneal injection of 1 g urethane per kg, N-hydroxy-p-aminopropiophenone was sus- 
pended under nitrogen in a mixture of one volume of Tween 80 and 4 volumes of 0.9 % 
sodium chloride solution. 

For identification and determination N-hydroxy derivatives of aromatic amines 
in urine, blood, and bile were oxidized to the nitroso analogues by means of potassium 
hexacyanoferrate(II1) and extracted according to Herr and Kiese.9 When the con- 
centration of N-hydroxylation products in urine was very low, 10 ml of undiluted 
urine were extracted by means of 6 ml carbon tetrachloride. In the experiments 
with 4-aminobiphenyl the carbon tetrachloride extracts were washed twice with 5 N 
sulphuric acid and in the experiments with 2-aminofluorene the carbon tetrachloride 
extracts were washed seven to ten times with 0.5 N sulphuric acid. The u.v.-absorption 
of the carbon tetrachloride extracts was checked against that of similar extracts taken 
from urine, blood, or bile before the administration of the amines. Then the extracts 
were used for thin-layer chromatography or determination of the nitroso compounds 
by Herr and Kiese’sg method. The results presented below in the tables are corrected 
on the basis of recoveries obtained by the addition of known amounts of the substances 

determined. 
Silica gel HF 254 + 366 and a mixture of two volumes of ethylacetate and one 

volume n-hexane as the solvent system were used for thin-layer chromatography. 
The yield of N-hydroxy derivatives extracted into carbon tetrachloride as nitroso 

analogues was found to depend on the pH at which the urine was extracted by means 
of carbon tetrachloride. Experiments with N-hydroxy-p-aminopropiophenone added 
to urine in which the pH varied from 2 to 8 have shown that the highest yield, namely 
80 %, of nitroso analogue in carbon tetrachloride is obtained at a pH between 4 and 5 ; 
only half as much was recovered from urine at pH 7. With the N-hydroxy derivatives 
of the other aromatic amines used in this study too, a pH between 4 and 5 was found to 
yield most nitroso analogue in the carbon tetrachloride extract. 

Irving’slO method was used for determining N-hydroxy-2-acetylaminofluorene in 
urine samples incubated with /I-glucuronidase. 

Ferrihemoglobin was determined by the increase in extinction at 550 rnp which is 
caused by adding cyanide to the solution of a blood sample at pH 6.8. 

2-Nitrosofluorene was prepared by reducing 2nitrofluorene to 2-hydroxylamino- 
fluorene and, without purification, oxidizing the hydroxylamine to the nitroso 

analogue. 
Six grammes of 2nitrofluorene were dissolved in 3 1. hot ethanol (95 %, denatured 
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with 1% petrol ether) and mixed with 225 ml 12% aqueous ammonium chloride 
solution. The solution was cooled to 25” and kept at this tem~rature. Under nitrogen 
and rapid stirring, 6 g zinc dust were added to the clear yellowish solution. Five hours 
later the solution, which had been continuously stirred and kept undern itrogen, 
was filtered under nitrogen into a separatory funnel and mixed with 180 ml of a 25 % 
aqueous potassium hexacyanoferrate (III) solution and 18 ml concentrated hydro- 
chloric acid. Then the mixture was diluted with water until the colour turned green 
and extracted twice with ether. The ether which contained the 2nitrosofluorene was 
washed several times with each 100 ml 1 N hydrochloric acid until the extinction 
at 280-300 mp showed the acid to contain no more 2-aminofluorene. After being 
washed twice with water the ether was dried over calcium chloride and evaporated. 
The green residue was treated with warm n-hexane. From the undissolved residue 
2-nitrofluorene and 2,2’-azoxy-bis-fluorene were isolated and identified.* For further 
purification the hexane was passed through a column of silica gel EM 0*15-0+30 
(Gebr. Hermann, Koln). The green 2nitrosofluorene moved more rapidly than the 
impurities and was eiuted from the column by means of n-hexane. On concentrating 
and cooling of the turquoise coloured eluate, emerald-green crystals precipitated. After 
recrystallization from n-hexane the crystals were found to melt at 79.5-80”. The 
elementary analysis fits the formula C13HgNO: 

talc. C 79.98 H 4.64 N 7.17 0 8.19 
found 80.20 4.61 7.17 7.93 

79.80 4.68 7.12 

The extinction of 2-nitrosofluorene in carbon tetrachloride in the range from 330 to 
390 rnp may be found in the paper by Kiese and Wiedemann.lg In benzene the extinc- 
tion maximum was found at 3645 and in methanol at 363 ml*. 

Recently Lotlikar et aZ.20 have described the preparation of 2nitrosofluorene from 
N-hydroxy-2-aminofluorene by oxidation in aqueous dimethylformamide solution 
with ferric ammonium sulphate. After recrystallization from n-hexane the crystals 
melted at 77-79”. The extinction maximum in 95 % ethanol was found at 362 rnp. 

4-Nitrosobiphenyl was prepared from 4-nitrobiphenyl by a similar procedure as 
used for preparing 2-nitroso~uorene. After 30 g ~nitrobiphenyl had been reduced 
the mixture was filtered under nitrogen into 90 ml glacial acetic acid and diluted to 
twice its volume with water. The yellowish precipitate, which contains N-hydroxy-4- 
aminobiphenyl, was filtered off, dried, and dissolved in 1 1. ether. By shaking with 
1 1. of 25% hexacyanoferrate (III) solution the hydroxylamine was oxidized to 
4-nitrosobiphenyl. A yellow precipitate was filtered off and, after purification, identi- 
fied as 4,4’-azoxy-bis-biphenyl, m.p. 2 15-216 o ; elementary analysis : 

talc. C 82-26 H 5.18 N 7-99 
found 82-50 5.19 7.80 

* 2-Nitrofluorene: yellowish crystals from benzene, m.p. 157”. 
2,2’-Azoxy-bis-fluorene: orange crystals from xylene, m.p. 279”. Extinction maximum in carbon 
tetrachloride at 38.5 ml*, molar extinction coefficient log E = 4.62. 

calculated C 83.40 H 4.84 N 7.48 
found 8402 4.76 7.58 

2-Aminofluorene: colourless crystals from 50% ethanol, m.p. 1275-1285°. 
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The green ether was extracted several times with 100 ml 1 N hydrochloric acid, 
until by measuring the extinction at 249 rnp, no more 4-aminobiphenyl was found in 
the acid. The further procedure followed that described above for 2-nitrosofluorene. 

With fractional crystallization a green and a yellow crystalline substance precipi- 
tated in the eluate obtained from the silica gel column. On recrystallization from 
ethanol the yellow substance formed small rhombic crystals. They melted at 74.5” 
to give a green melt. The green solution in carbon tetrachloride showed an extinction 
maximum at 338.5 rnp (Fig. 1). The elementary analysis fits the formula CraHgNO: 

talc. 
found 

C 78.68 
78.74 
78.80 

The green crystals were found to 
and Cnitrobiphenyl (Rennerss). 

I.0 

c I 

H 4.95 N 7.65 0 8.73 
5.11 744 8.64 
5.13 7.41 8.68 

be mixed crystals of monomeric Cnitrosobiphenyl 

FIG. 1. 4-Nitrosobiphenyl in the carbon tetrachloride extract taken from urine of guinea pigs which 
was excreted during the 6th-24th hr after the intraperitoneal injection of 100 mg 4-aminobiphenyl 

per kg. 
A. 10 ml of urine acidified to pH 4.5 were oxidized with hexacyanoferrate(II1) and extracted by 
means of 6 ml carbon tetrachloride. After being washed with 0.5 N sulphuric acid the carbon tetra- 
chloride was checked against a similar extract taken from urine before the injection of 4-amino- 
biphenyl. Optical path 2 mm. 
B. 42.8 pg authentic 4nitrosobiphenyl per ml carbon tetrachloride. Optical path 2 mm. 

RESULTS 

A. N-Hydroxy derivatives of several aromatic amines in the urine 
No phenylhydroxylamine was detected in the urine of rabbits intravenously injected 

with as much as 200 mg aniline per kg. Substituted anilines, however, were found to 
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be excreted partly as N-hydroxy derivatives by rabbits, dogs, and guinea pigs. This is 
demonstrated by the extinctions of carbon tetrachloride extracts prepared from urines 
and the extinctions of the authentic nitroso compounds. Except for 4-nitrosobiphenyl 
extinction curves of the nitroso compounds may be found in earlier publicationss? i5,iQ 

The extinction of 4nitrosobiphenyl dissolved in carbon tetrachloride is shown in 
Fig. 1, which also demonstrates the N-hydroxylation of 4-aminobiphenyl by guinea 
pigs. Table 1 shows the doses of aromatic amines and the fraction of the dose which 
was determined as N-hydroxy derivative in the urine. Except for the N-hydroxy- 
aminopropiophenones these fractions refer to the amount of N-hydroxy derivative 
found in the urine collected as described above, because the N-hydroxy derivatives 
do not stand the incubation of the urine for 2 hr at 37”. The figures for the N-hydroxy- 
aminopropiophenones indicate the amount found after 2 hr incubation of the urine 
under nitrogen at 37”. When these hydroxylamines were added to urine and incubated 
at pH 45 less than 10 per cent was lost. 

p-Aminopropiophenone and 4-aminobiphenyl are excreted to a larger fraction as 
N-hydroxy derivatives than other aromatic amines by the species tested. Apart from 
N-hydroxy-2-aminofluorene its N-acetyl derivative was found in the urine of rabbits 
dosed with 2-aminofluorene, after it had been incubated with p-glucuronidase. 
In the urine of dogs only small fractions of the injected amines were found as N- 
hydroxy derivatives. p-Aminopropiophenone was not studied in dogs because of its 
high toxicity with this species. Several experiments with p-ethylaniline on dogs failed 
because the animals died too soon after the injection of 50 mg/kg. 

Incubation under nitrogen for 2 hr at pH 4.5 and 37” of the urine of rabbits and 
guinea pigs injected with p-aminopropiophenone was found to increase the amount 
of N-hydroxy-p-aminopropiophenone determined by about 200 per cent. No further 
increase in free N-hydroxy-p-aminopropiophenone was observed if the urine was 
incubated with 2000 units /?-glucuronidase Boehringer per ml. Incubation of the urine 
of rabbits or guinea pigs dosed with m-aminopropiophenone increased the amount of 

N-hydroxy derivative found in the urine by only about 50 per cent. 
The large fraction of p-aminopropiophenone excreted as the N-hydroxy derivative 

by rabbits and guinea pigs and the stability of the N-hydroxy derivative during the 
incubation for splitting conjugates recommended this amine as a model for studying 
its metabolism and excretion in more detail. The relationship between the dose of 
p-aminopropiophenone injected and the fraction excreted as N-hydroxy derivative was 
studied with guinea pigs and rabbits using doses from 1 to 100 mg/kg and from 1 to 40 
mg/kg respectively. The data listed in Tables 2 and 3 show that with guinea pigs as 
well as rabbits the fraction of the amine excreted as N-hydroxy derivative is indepen- 
dent of the dose injected for a wide range of doses. The data presented in Tables 2 
and 3 also show that most of the N-hydroxy derivative found in the urine was excreted 
in the 4 hr following the injection of the amine. In this period rabbits excreted 90 
per cent and guinea pigs 70 per cent of the N-hydroxy-p-aminopropiophenone. A 
similar ratio was observed with the excretion of N-hydroxy-4-aminobiphenyl and 

N-hydroxy-2-aminofluorene. 

B. Excretion of N-hydroxy-p-aminopropiophenone following its intravenous injection 
The excretion of a large fraction of p-aminopropiophenone as the N-hydroxy 

derivative points to a rapid N-hydroxylation of the amine in rabbits and guinea pigs. 
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Since N-hydroxy arylamines are also reduced to the amines in civo it appeared of 
interest to compare the amount of N-hydroxy-p-aminopropiophenone found in 
the urine of rabbits after the intravenous injection of this compound and an equimolar 
dose of p-aminopropiophenone. The amine was intravenously injected in about 10 
min. In order to avoid high concentrations of N-hydroxy-p-aminopropiophenone 
in the blood, quite different from what was observed after the injection of the amine, 
the N-hydroxy-p-aminopropiophenone was injected more slowly. The dose was 
divided in four portions. The intravenous injection of each portion took 10 min and 
was followed by the next one after 10 min intermission. 

This procedure caused about the same increase in ferrihaemoglobin concentration 
in the rabbit’s blood as was observed after the injection of the amine. Therefore the 
concentrations of N-hydroxy derivative and the time they prevailed in the blood were 
probably similar (see below). As an average of three experiments with 6.7 mg N- 
hydroxy-p-aminopropiophenone per kg and 6 mg p-aminopropiophenone 29 per 
cent and 31 per cent respectively of the dose were found in the urine as N-hydroxy-p- 
aminopropiophenone. 

The rate of elimination of N-hydroxy-p-aminopropiophenone from the blood of 
anaesthetized rabbits was determined by continuous intravenous infusion of 
N-hydroxy-p-aminopropiophenone until its concentration remained constant. Figure 2 

p-Nllrosopropiophenone 

Ferrihaemoglobinl 

0 10 20 30 40 50 60 70mln 

FIG. 2. Concentration of N-hydroxy-p-aminopropiophenone and p- nitrosopropiophenone (both 
determined as p-nitrosopropiophenone) and of ferrihaemoglobin in the blood of rabbits during the 
intravenous infusion of 55 pg N-hydroxy-p-aminopropiophenone per kg and min. The infusion 

was ended after 60 min (arrow). The symbols indicate the means of three experiments. 

presents the results of these experiments. During an infusion of 55 pg/kg/min the con- 
centration of N-hydroxy-p-aminopropiophenone and its nitroso analogue increased 
in 30 min to 3.3 pg/ml blood and stayed so until the infusion was finished. Then it 
dropped to half its value in 10 min. The ferrihaemoglobin concentration increased 
with the N-hydroxy compound and levelled to 30 per cent of the haemoglobin. 

C. Concentrations of N-hydroxy arylamines and their nitroso analogues in the blood 
after the administration of arylamines 

In several experiments with rabbits and dogs the concentration of the N-hydroxy 
derivative and its nitroso analogue has been determined in the blood as they appear 
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after the injection of some aromatic amines. The results presented in Figs. 3 and 4 
show wide species differences in the accumulation of N-hydroxylation products in the 
blood. N-hydroxy-p-ethylaniline and its nitroso analogue accumulated to much higher 
concentrations in the blood of dogs than the same derivatives of 2-aminofluorene and 
4-aminobiphenyl. But in the rabbit the opposite was true. The derivatives of p-ethyl- 
aniline could hardly be determined, while those of 2-aminofluorene and 4-amino- 
biphenyl accumulated to respectable concentration. Furthermore, the experiments 

0.8 

30 60 min 120 30 60 min 120 

FIG. 3. Concentrations of N-hydroxy derivatives and nitroso analogues (determined as nitroso com- 
pounds) and concentration of ferrihaemoglobin in the blood of dogs after the intravenous injection 
of aromatic amines. 

,( ---Ethylaniline, 75 mg/kg; five experiments. 
C - 2-Aminofluorene, 100 mg/kg; one experiment. 
l - 4Aminobipheny1, 80 mg/kg; one experiment. 

30 min 60 30 m,n 60 

FIG. 4. Concentration of N-hydroxy derivatives and nitroso analogues (determined as nitroso com- 
pounds) and concentration of ferrihaemoglobin in the blood of rabbits after the intravenous injection 
of some aromatic amines. 

x --p-Ethylaniline 50 mg/kg; one experiment. 
0 - 2-Aminofluorene 100 mg/kg; four experiments. 
l - 4-Aminobiphenyl 100 mg/kg; two experiments. 
c - p-Aminopropiophenone 30 mg/kg; four experiments. 
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demonstrate that no relationship exists between the tendency for N-hydroxylation 
products to accumulate in the blood and the rate of urinary excretion. N-Hydroxy-p- 
ethylaniline and its nitroso analogue accumulated in dog’s blood to concentrations 
more than twenty times higher than in rabbit’s blood, but rabbit’s urine contained 
more N-hydroxy-~-ethylaniline than dog’s urine. The intravenous injection of 78 mg 
~-chloroaniline per kg into rabbits caused an average increase in the concentration 
of the N-hydroxy derivative and nitroso analogue in the blood to 1.9 pgjml. Ten 
minutes later the concentration had already dropped to 0.8 pg/ml. Much higher 
concentrations of N-hydroxy-p-chloroaniline and nitroso analogue have been observed 
n the blood of dogs,15 but the urinary excretion by dogs is much lower than by 
rabbits. After the injection of 4-aminobiphenyl similar concentrations of N-hydroxy- 
4-aminobiphenyl and its nitroso analogue were observed in the blood of dogs and 
rabbits, but in rabbit’s urine almost twenty times more N-hydroxy-4-aminobiphenyl 
was found than in dog’s urine. 

Figures 3 and 4 also show the change in ferrihaemoglobin concentration in dog’s 
and rabbit’s blood following the injection of various arylamines. In experiments 
with rabbits, the results of which are not shown in the figures, the intravenous injec- 
tion of 78 mg p-chloroaniline per kg was followed within 5 min by an increase in 
ferrihaemoglobin concentration to about 30 per cent of the haemoglobin. It may be 
pointed out that in rabbit’s blood changes in ferrihaemoglobin concentration follow 
changes in the con~ntration of the respective N-hydroxy and nitroso compound 
with only a short delay. The curves delineating the concentrations of N-hydroxylation 
product and ferrihaemoglobin are similar in shape. This does not hold for dogs. 

D. Biliary excretion of N-hydroxy derivatives 
After the intravenous injection of 200 mg aniline, 30 mg p-ethylaniline or 78 mg 

p-chloroaniline per kg, no N-hydroxy derivative was detected in the bile. N-Hydroxy- 
~-aminopropiophenone appeared in the bile of rabbits after the intravenous injection of 
40 mg p-aminopropiophenone per kg. As an average of four experiments 0.6 per cent 
of the dose was found in the bile after it had been incubated with /3-glucuronidase at 
pH 4.5. Only 5 per cent of this amount was determined before incubating the bile. 
More than 90 per cent of the N-hydroxy-p-aminopropiophenone found in the bile 
was excreted in the 1st hr following the injection of the amine. In the bile collected 
during the 1st hr the average concentration of N-hydroxy-p-aminopropiophenone 
amounted to 47 pg,iml. 

No N-hydroxy derivative was detected in the bile of dogs injected intravenously 
with 39 mg ~-chloroaniline or 12 mg ~-aminopropiophenone per kg. 

DISCUSSION 

The results of our experiments show that acetylation of the nitrogen is not necessary 
for urinary excretion of N-hydroxylation products of aromatic amines. Some aro- 
matic amines, like p-aminopropiophenone and 4-aminobiphenyl, are excreted to a 
large extent as N-hydroxy derivatives in the urine. There are only few data in the 
Iiterature for comparison with the excretion of the acetylated compounds16 Except 
for N-hydroxy-amino~ropiophenones the amounts of N-hydroxy derivatives found 
in the urine in our experiments are probably lower than the amounts actually 
excreted. The instability of most N-hydroxy derivatives in urine prevented the 
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determination of the fraction excreted in a conjugated form. The experiments with 
p-aminopropiophenone demonstrate that this fraction can be much larger than the 
part excreted unconjugated. The nature of the conjugate of N-hydroxy-p-aminopropio- 
phenone can only be conjectured. Since no further increase in free N-hydroxy deriva- 
tive is observed after incubation with glucuronidase, either no 0-glucosiduronic acid 
is excreted or it decays rapidly at 37” in solutions of pH 4-5. It is more likely that the 
conjugate is an N-glucosiduronic acid or sulphamic acid derivative. These con- 
jugates of aromatic amines are known to be unstable in acid solution,l* 3-5 whereas 
0-glucosiduronic acids are fairly stable. Other unknown types of conjugate cannot be 
excluded. 

The state in which the N-hydroxy derivatives of the other aromatic amines are 
excreted is not known. The urine was acidified immediately after being voided. Con- 
jugates may have been split in the cold before the urine was extracted. 

The urinary excretion of N-hydroxy derivatives is favored by ~-substitution of 
aniline. The experiments with the aminopropiophenones show that the same group in 
m-position is much less effective than in p-position. p-Substitution blocks the p- 
hydroxylation, which is the major metabolic change of many aniline derivatives. 
The lower fraction of 2-aminofluorene found in the urine as N-hydroxy derivative 
is possibly an illustration of this effect, since this amine is readily hydroxylated in 
position 5 and 7. Our results do not indicate whether the enhancing effect of p-substi- 
tution on the urinary excretion of N-hydroxy derivatives is due to the more rapid 
microsomal N-hydroxylation of these compounds16 or to differences in the extent of 
conjugation or behaviour in the kidneys. 

The rate of N-hydroxylation is certainly of primary importance, since a rapid 
reduction of the N-hydroxy derivatives to the amines occurs in various tissues.l67 2O 
N-Hydroxylation and dehydroxylation of p-aminopropiophenone proceed so rapidly 
in the rabbit that the same amount of N-hydroxylation product is excreted in the 
urine when the amine or the N-hydroxy derivative is injected. In unpublished experi- 
ments we found that rabbit liver microsomes N-hydroxylate ~-aminopropiophenone 
about four times more rapidly than m-aminopropiophenone. 

The metabolism and urinary excretion of N-hydroxy-2-acetylaminofluorene in the 
rat has been studied by Miller et al.21 as well as Weisburger et al.25 and Shirasu et al.24 
In spite of the complication caused by the deacetylation the results may be assumed 
to show that N-hydroxylation and dehydroxylation of 2-acetylaminofluorene in the 
rat proceed more slowly than that of p-aminopropiophenone in the rabbit. 

The appearance of N-hydroxylation products of some aromatic amines in the blood 
of rabbits in substantial concentration and the formation of ferrihaemoglobin is worth 
mentioning. Aniline and N-ethylaniline produce only traces of ferrihaemoglobin in 
rabbits. Phenylhydroxylamine and nitrosobenzene could not be demonstrated in the 
blood after the amines had been injected.2 The formation of ferrihaemoglobin by an 
aromatic amine in easily recognizable concentrations in rabbits has earlier been 
observed with p-bromoaniIine26 and p-chloroaniline.12 p-Aminopropriophenone and 
4-aminobiphenyl surpass p-chloroaniline in the accumulation of N-hydroxylation 
product in the blood as well as in formation of ferrihaemoglobin. 

Ackrzowledgemenfs-Tl~e authors are grateful to Miss Ursula Franz, Miss Hilde Weigel and Miss 
Hanne Wilhelmi for competent technical assistance. 



1910 RO~EMARIE VON JAGOW, MANFRED KIESE and GERHARD RENNER 

REFERENCES 

1. J. AXELROD, J. K. INSCOE and G. M. TOMKINS, Nature, Land. 179, 538 (.1957). 
2. P. BAYERL and M. KIESE, Naunyn-Schmiedebergs Arch. exp. Path. Pharmak. 251, 212 (1965). 
3. E. BOYLAND and D. MANSON, B&hem. J. 60, 11 (1955). 
4. E. BOYLAND, D. MANSON and S. F. D. ORR, Biochem. J. 65,417 (1957). 
5. 8. R. M. BUSHBY and A. J. WOIWOD, Biochem. J. 63,406 (1956). 
6. J. W. CRAMER, J. A. MILLER and E. C. MILLER, J. bioi. Chem. 235, 885 (1960). 
7. M. ENOMOTO, P. LOTLIKAR, J. A. MILLER and C. E. MILLER, Cancer. Res. 22, 1336 (1962). 
8. W. GRAFFE, M. KIESE and E. RAUSCHER, Naunyn-Schmiedebergs Arch. exp. Path. Pharmak. 249, 

168 (1964). 
9. F. HERR and M. KIESE, Naunyn-Schmiedebergs Arch. exp. Path. Pharmak. 235, 351 (1959). 

10. C. C. IRVING, Cancer Res. 22, 867 (1962). 
11. R. VON JAGOW, M. KIESE, G. RENNER und 1. WIEDEMANN, Naunyn-Schmiedebergs Arch. exp. 

Path. Pharmak. 253,47 (1966). 
12. R. KAWATA, Tokyo Jikeikai ikada~aku Zasshi 76 (1 l), 2458 (1961), Chem. Absfr. 61,7589 (1964) 
13. M. KIESE, Na~~nyn-Sclzmiedebergs Arch. exp. Path. Pharmak. 235, 354 (1959). 
14. M. KIESE, N~turwjssetzscha~en 46, 384 (19.59). 
15”. M. KIESE, Naunyn-Schmiedebergs Arch. exp. Path. Pharmak. 244, 387 (1963). 
16. M. KIESE, Pharmac. Ren. In press (1966). 
17. M. KIESE and E. RAUSCHER, Naunyn-Schmiedebergs Arch. exp. Path. Pharmak. 251, 201 (1965) 
18. M. KIESE, G. RENNER and I. WIEDEMANN, Naunyn-Schmiedebergs Arch. exp. Path. Pharmak. 252, 

418 (1966). 
19. M. KIESE, and I. WIEDEMANN, Biuchem. Pharmac. 15, 1882 (1966). 
20. P. D. LOTLIKAR, E. C. MILLER, J. A. MILLER, and A. MARGRETH, Cancer Res. 25, 1743 (1965). 
21. J. A. MILLER, J. W. CRAMER and E. C. MILLER, Cancer Res. 20, 950 (1960). 
22. J. A. MILLER, t. A. POIRIER, M. ENOMOTO and P. LOTLIKAR, Proc. Am. Ass. Cancer Res. 3, 

344 (1962). 
23. G. RENNER, Naturwissenschaften, 53, 381 (1966). 
24. Y. SHIRASU, P. H. GRANTHAM, R. S. YAMAMOTO and J. H. WEISBURGER, Cancer Res. 26, 

600 (1966). 
25. E. K. WEISBURGER, P. H. GRANTHAM and J. II. WEISBURGER, Biochemistry 3, 808 (1964). 
26. J. R. WILLIAMS and F. E. CHALLIS, J. Lab. c/in. Med. 19, 166 (1933). 


