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Abstract-The present study describes investigations into the methaemoglobinaemia-inducing capacity 
of three mono- and five dinitro-compounds in both normal and antibiotically pretreated rats in uiuo, 
and in uitro on incubation with rat blood. The results obtained following administration of certain 
nitro-compounds indicated that the induction of methaemoglobinaemia and nitroreduction in uiuo could 
occur independently of the gastro-intestinal microflora. The in uitro studies suggest that in some cases 
the conversion of haemoglobin to methaemoglobin could occur possibly as a result of a direct interaction 
between unchanged nitro-compounds and haemoglobin. 

It is widely held that methaemoglobinaemia induced 
by the nitrobenzenes is associated with the formation 
of reactive intermediates of nitroreduction viz the 
nitrobenzenes and phenylhydroxylamines [ 11. This 
follows from the observations that nitroso- and 
hydroxylamino-compounds have been shown to be 
potent methaemoglobin (metHb) producers in vivo 
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and in vitro, while none of the corresponding ary- 
lamines nor the nitrobenzenes investigated were 
capable of directly oxidising haemoglobin (Hb) in 
vitro [2-4]. However it has been claimed by Kusu- 
moto and Nakajima [5] that nitrobenzene incubated 
in vitro in the presence of isolated native Hb 
increased the production of metHb in 5 hr by 
proximately 10 per cent over a control lacking nitro- 
benzene. These workers proposed that nitrobenzene 
could act directly on Hb in vitro by causing a 
transconformation to an unstable structure, and that 

NO2 

m-,o-,p 

NO2 NO2 

402 
dml trobenzcner 

NO2 

NO2 COOH 

3.5 - dmitrobcnroac acid 

niclosamlde ni trodon 
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as a consequence heme iron is oxidised to the ferric 
state by atmospheric oxygen resulting in metHb for- 
mation. More recently it has been claimed by Reddy 
et al. [6] that the in viuo induction of methamoglo- 
binaemia by nitrobenzene is dependent on the 
reduction of the compound to active intermediates 
and reduced metabolites by the gastro-intestinal 
(g.i.) microflora. 

A study was therefore undertaken to investigate 
the relationship between reduction of nitrogroups 
and induction of methaemoglobinaemia and the 
involvement of the g.i. microflora in both these pro- 
cesses using a range of mono- and dinitro-compounds 
(Fig. 1). Of the compounds used, m-dinitrobenzene 

171. niclosamide 181. nitromide(3.5dinitrobenza- 
mide) [9] and nitrobenzene [IO] are known to be 
extensively reduced to aminometabolites in uiuo 
although the metabolism of 3,5-dinitrobenzoic acid 
and o- and p-dinitrobenzene has not been investi- 
gated. Nitrodan is not reduced in uirlo [ 111. 

MATERIALS AND METHODS 

Animals. Male albino rats of the Wistar strain 
(2.50 g) were used in the study. Nitrocompounds were 
administered by intraperitoneal injection (i.p.) as a 
homogenized suspension in corn oil. Animals were 
treated with antibiotics (neomycin sulphate 
(lOOmg), tetracycline hydrochloride (50 mg) and 
bacitracin (50 mg)), twice daily for 2 days before the 
administration of the test compound and twice on 
the day of the experiment. Blood samples were 
obtained from an incision made in the tail vein at 
1,2.5,5 and 8 hr following the administration of the 
test compound. Appropriate control blood samples 
were obtained from animals receiving corn oil alone. 

Chemicals. All nitro-compounds were obtained 
from commercial sources and shown to be chro- 
matographically pure. free of reduced metabolites. 
At the onset of the investigation mononitro-com- 
pounds and dinitro-compounds were administered 
at a dose level of 200 and 100mgikgibody weight 
respectively. However, as the study progressed doses 
were lowered to reduce fatalities: niclosamide and 
nitrobenzene (200 mgikg body weight). 3.5dinitro- 
benzamide and 3,5-dinitrobenzoic acid (80 mgikg 
body weight), o- and m-dinitrobenzene (60mgikg 
body weight), p-dinitrobenzene (50 mgikg body 
weight) and nitrodan (30 mgikg body weight). 

In vitro incubations with rut blood. Fresh oxalated 
blood (1 ml) which was obtained by severing the 
jugular vein of a rat was incubated with 0.9cm’ of 
saline and 0.1 cm3 of ethanolic substrate solution to 
give an overall substrate concentration of 1 x 10-j 
M. Two controls were routinely set up, one in which 
the substrate was replaced by 0.1 cm’ of ethanol, and 
a second in which the blood was replaced by saline. 
Incubations were carried out for periods of 
1,2.5,5,6.5 and 8 hr at 37” in stoppered tubes. 

Methaemoglobin determinations. Methaemoglo- 
bin levels and spectral analysis of blood samples 
were determined using a Pye Unicam Sp 1800 spec- 
trophotometer according to the method of Evelyn 
and Malloy [ 121. A pronounced peak at 635 nm which 
is observed on scanning diluted blood samples 
(0.1 cm3 of blood in 10 cm3 of M/60 phosphate buffer 

pH 6.6) and which disappears on addition tit ncu- 
tralized cyanide solution was taken as evidence of 
the presence of methaemoglobin. 

Extraction of metabolites from blood sumples. 
Blood incubates were extracted after 8 hr by a modi- 
fication of the Herr and Kiese method [ 131. To both 
control and test blood samples (volumes up to 
10 cm’) were added 0.1 cm-’ of 10?: potassium fer- 
ricyanide, 10 cm? of deionised HZ0 and the mixture 
shaken for 10 min. An equal volume of acetone was 
added with a further 1Omin shaking. The p;,rcipi- 
tated proteins were centrifuged down. The super- 
natant was reduced in volume in a vacuum oven, 
and made up to 3 cm’ with methanol for 
chromatography. 

Chromatography. All chromatography was carried 
out on Whatman 3MM chromatography paper. All 
chromatograms were developed by the ascending 
method in the following solvents: (A) Toluene : ethyl 
formate : formic acid (5 : 7: 1 by volume): (B) 
Butan-l-01 : acetic acid : water: benzene (6 : 2 : 6 : I by 
volume); (C) Propan-2-01 : ethanol : ammonia (2 : 2 : 1 

by volume); (D) Butan-l-ol:ethanol:water: 
ammonia (10: 10:4: 1 by volume): (E) Butan-I-ol: 
ethanol:water:acetic acid (30: 10: 10: 1 by volume). 

Detection reagents. (A) 4-Dimethylaminocinn- 
amaldehyde reagent [14] for the detection of aro- 
matic amines and their conjugates. (B) Titanium 
trichloride reagent [15] used to convert nitrocom- 
pounds to the corresponding amine, thus permitting 
their detection with reagent A. (C) Trisodium 
pentacyanoamino-ferroate [16] for the detection of 
hydroxylamino and nitroso derivatives. (D) Picryl 
chloride/ammonia [17] used to detect hydroxylamino 
derivatives. (E) 5% Silver nitrate in 0.88 ammonia 
[18] used to detect reducing substances. 

RESULTS 

In vivo study 

The results pertaining to the induction of methae- 
moglobinaemia by the nitro-compounds under inves- 
tigation are summarized in Table 1. 

Nitrobenzene was found to induce methaemoglo- 
binaemia to significant levels in normal animals but 
not in antibiotic-treated animals. Similarly, scanning 
of blood (sampled at 2.5 hr) from nitrobenzene dosed 
animals revealed the presence of the metHB peak 
only in the blood obtained from normal animals. 
These results were in good agreement with those 
obtained by Reddy and his co-workers [6] and fully 
validated the antibiotic pretreatment. 

All the dinitro-compounds investigated were 
capable of inducing methaemoglobinaemia in both 
normal and antibiotically pretreated rats to com- 
parable levels. Similarly scanning of blood samples 
taken 2.5 hr after dosing from both normal and 
antibiotically pretreated rats revealed the presence 
of the metHb peak at 635 nm. 

Nitrodan was initially administered at a level of 
200 mg/kg of body weight (b.w.) but produced 100% 
fatality within l-2 hr. Investigations of blood prior 
to death and even immediately post mortem failed 
to detect metHb. The dose was eventually reduced 



The involvement of the gastro-intestinal microflora in nitro-compound-induced methaemoglobinaemia 933 

Table 1. Methaemoglobin induction in uiuo after intraperitoneal administration of nitro-compounds 
to normal and antibiotically pretreated animals (AB) expressed as percentage of haemoglobin con- 

verted to methaemoglobin 

Time (hr) NM NM+AB NB NB+AB 

1 63.6 2 4.6 56.1 ? 2.6 18.2 * 5.0 1.7 2 0.4 
2.5 65.5 2 3.4 59.7 + 5.3 24.7 + 4.2 2.1 t 0.2 
5.0 43.7 2 6.9 37.9 I? 1.4 32.7 2 5.0 1.9 Itr 0.4 
8.0 22.0 t 0.1 16.0 -t 0.6 9.9 t 2.3 0.4 * 0.1 

DNBA DNBA + AB o-DNB o-DNB + AB 
1 74.0 t 3.8 46.1 ? 2.5 58.6 t 6.6 62.5 +. 18.6 
2.5 83.4 t 2.2 86.7 t 13.9 46.0 * 5.2 42.82 6.7 
5.0 50.7 r 9.5 39.2 + 7.2 3.9 t 0.9 13.7 2 4.5 
8.0 20.4 t 4.9 6.6 t 3.1 1.6 r 0.1 0.0 r 0.0 

1 
2.5 
5.0 
8.0 

1 
2.5 
5.0 
8.0 

p-DNB 
84.2 2 13.0 
43.6 + 10.9 
37.6 -t- 12.2 
5.2 ? 1.7 

p-DNB + AB m-DNB m-DNB + AB 
78.9 + 10.3 41.1 ? 6.9 38.6 2 0.3 
47.6 t 8.3 56.6 ” 7.5 55.3 +- 2.80 
43.0 5 3.2 62.0? 3.3 54.8 r 1.5 
21.0” 3.5 45.1 * 10.1 33.8 r 2.0 

ND NC 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

All results are h S.E.M. of three determinations. 
NM = animals which received 3Jdinitrobenzamide (80 mgikg body wt). 
NB = animals which received nitrobenzene (200 mgikg body wt). 
NC = animals which received niclosamide (200 mgikg body wt). 
o-DNB = animals which received o-dinitrobenzene (60 mgikg body wt). 
m-DNB = animals which received m-dinitrobenzene (60 mgikg body wt). 
p-DNB = animals which received p-dinitrobenzene (50 mg/kg body wt). 
ND = animals which received nitrodan (30 mgikg body wt). 
DNBA = animals which received 3,5-dinitrobenzoic acid (80 mgikg body wt). 
AB = animals which had been treated with antibiotics. 

to 30 mg/kg of body weight but again no metHb was In vitro studies 
detected. 

Niclosamide did not adversely effect the animals 
Methaemoglobin formation. The results pertaining 

to which it had been administered and over the S 
to the formation of metHb by nitro-compounds in 

8 hr sampling time metHb was not detected. 
vitro are summarized in Table 2. 

All dinitro-compounds investigated were found to 

Table 2. Formation of methaemoglobin in uitro on incubation of nitro-compounds with oxalated 
blood expressed as percentage of haemoglobin converted to methaemoglobin 

Time (hr) CB NC NB NM 

1.0 0.2 f 0.0 0.0 + 0.0 0.0 t 0.0 22.5 2 5.7 
2.5 0.9 ? 0.4 0.0 t 0.0 0.0 t 0.0 32.9 r 2.0 
5.0 0.6 ? 0.4 0.2 ‘- 0.0 1.5 t 0.9 47.3 * 1.0 
6.5 1.5 2 0.8 0.0 f 0.0 0.4 r 0.3 42.7 ? 0.1 
8.0 0.8 t 0.5 0.4 r 0.1 0.5 * 0.3 45.9 2 3.1 

1.0 
2.5 
5.0 
6.5 
8.0 

DNBA m-DNB o-DNB p-DNB ND 
27.2 2 4.6 24.4 + 0.1 59.9 t 0.4 86.7 + 11.1 c0.o-to 
35.0 t 5.9 37.2 ? 3.0 75.3 ? 2.9 55.1 2 7.4 0.0 + 0 
37.3 ? 2.9 44.0 + 5.4 76.2 2 3.7 44.9 t 7.6 0.0 2 0 
31.9 2 3.3 39.7 t 4.2 76.6 2 0.4 36.8 r 2.5 0.0 -+ 0 
36.2 t 5.6 38.0 2 4.6 80.3 5 3.3 41.4 ? 8.0 0.0 -t 0 

Results are c S.E.M. of three determinations. 
CB = control blood; DNBA = 3,5-dinitrobenzoic acid; NC = Niclosamide; o-DNB = o- 
dinitrobenzene; NB = Nitrobenzene; p-DNB = p-dinitrobenzene; NM = 3,5_dinitrobenzamide; 
m-DNB = m-dinitrobenzene; NB = nitrodan. The nitrocompounds were incubated with saline 
(0.9 cm3) and oxalated blood (1.0 cm’) to give an overall concentration 2 X lo-‘M at 37”. 
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induce metHb formation to significant levels in vitro. 
These incubates showed the brown pigmentation 
characteristic of metHb. Scanning of these blood 
incubates revealed a pronounced peak at 635 nm. 

Niclosamide, nitrodan and nitrobenzene were 
shown to be incapable of converting Hb of the red 
blood cell (r.b.c.) to metHb in vitro. In contrast to 
the results of Kusumoto and Nakajima [S] who have 
reported formation of metHb on incubation of nitro- 
benzene with isolated Hb, no significant formation 
of metHb was detected on incubation of this nitro- 
compound with intact blood cells. 

Chromatogruphic investigation. Extracts of the 
8 hr blood incubates containing dinitro-compounds 
in which the presence of metHb had been confirmed 
were subjected to paper chromatography in the sol- 
vents listed above, and sprayed with reagents specific 
for amino-, nitroso- and hydroxylamino-metabolites. 
This screening for the presence of reduced metab- 
olites was undertaken because a small but detectable 
nitroreductase activity has earlier been attributed to 
the red blood cell (r.b.c.) [lY]. which,might prove 
capable of reducing sufficient nitro-compound to 
metabolites capable of oxidising Hb to metHb. 
Chromatography revealed the presence of the 
unchanged parent compound but no evidence for 
the presence of nitroso- or hydroxylamino-metab- 
elites was found. Trace amounts only of amino com- 
pounds were detected and these were present to a 
similar extent in control incubations. 

These results would appear to imply direct inter- 
action in vitro between the parent nitro-compound 
(without prior reduction) and Hb resulting in the 
oxidation of the latter to metHb by a mechanism 
analogous to that suggested by Kusumoto and 
Nakajima [5]. 

DISCUSSION 

The fact that dinitro-compounds such as 3,5-di- 
nitrobenzamide induce metHb in both normal and 
antibiotically pretreated rats, while nitrobenzene is 
capable only of inducing the condition in the former 
indicates that more than one mechanism may be 
involved in the induction of methaemoglobinaemia 
in vivo by nitro-compounds. Certainly the findings 
of Reddy et al. [6] relating metHb formation to 
nitro-reduction mediated by the g.i. microflora 
should be seen as valid only for the nitro-compound 
they investigated, namely nitrobenzene. MetHb for- 
mation in vivo by dinitro-compounds has in the 
current study been shown to be independent of g.i 
microfloral action. Although the observations of 
Bray et al. [20] and Flynn and Kohl [21] suggest that 
tissue nitro-reductases may be active in the reduction 
of some nitro-compounds our in vitro results suggest 
that the dinitro-compounds investigated can react 
directly with Hb in situ in the r.b.c., resulting in 
oxidation of the latter to metHb without significant 
biological reduction of the parent nitro-compound 
to nitroso- and hydroxylamino intermediates or 
amino metabolites. The induction of metI% by these 
dinitro-compounds in v~vo may therefore. not only 
occur independently of the g.i. microflora, but also 
independently of tissue mediated nitroreduction. 

However, there still remains to be explained the 

mechanism by which the dinitro-compounds studied 
but not nitrobenzene. niclosamide and nitrodan 
induce oxidation of erythrocyte Hb to metHb irl 
vitro. Furthermore, an explanation must be found 
as to why dinitro-compounds are capable of inducing 
metHb formation in antibiotically pretreated rats. 
while nitrcbenzene is not. The question also remains 
why nitrobenzene employed in our ilz clitro \tudv 
employing intact blood cells was incapablr of pro- 
ducing metHb, although increased nitrobenzene- 
induced metHb formation from isolated Hb has been 
claimed by Kusumoto and Nakajima [S]. It appears 
possible that the mechanism by which a nitro-com- 
pound or a metabolite induces the oxidation of Hb 
to metHb in Go or in vitro may be largely deter- 
mined by the ability of the compound to penetrate 
the r.b.c. membrane. Indeed failure of nitrobenzene 
to induce the formation of metHb in blood cell 
incubates, despite its ability to increase the conver- 
sion of purified isolated Hb in vitro to metHb 151 
suggests that nitrobenzene is unable to penetrate the 
r.b.c. membrane to catalyse the atmospheric oxi- 
dation of Hb to metHb. If on the other hand a 
nitro-compound is able to penetrate the r.h.c. mem- 
brane then it may bind to Hb and precipitate the 
sequence of reactions leading to metHb. Heinz body 
formation and eventual haemolysis leading to even 
greater atmospheric oxidation of any liberated Hb. 
If the nitro-compound is unable however to pcn- 
etrate the r.b.c. membrane or bind to Ilb once rn 
the cell, it may require metabolic conversion to active 
intermediates i.e. nitroso- and hydroxylamino-com- 
pounds. Thus this hypothesis would explain the dis- 
crepancy between our in vitro nitrobenzene results 
utilizing erythrocytes and those obtained by Kusu- 
moto and Nakajima [S] employing isolated Hb. The 
hypothesis is also applicable to the irk rGw situation. 
where in normal animals, nitrobenzene which is 
incapable of reacting with Hb directly. because it is 
unable to penetrate the r.b.c. membrane, is reduced 
to active intermediates which induce the condition. 
Both nitrosobenzene and phenylhydroxyl~mine arc 
capable of reacting with Hb of the r.h.c. in rlitro 
oxidising it to metHb. In the antibiotically pretreated 
rats, no metHb is produced by nitrobenzene because 
there is no reduction by the g.i. microflora to metab- 
olites capable of inducing the condition. tissue 
reduction of nitrobenzene does not occur. and nitro- 
benzene itself is unable to penetrate the r.b.c. mem- 
brane to react with Hb. Our observations sugg,est 
that dinitro-compounds are capable of penetratrng 
the r.b.c. membrane and can catalyse the oxidation 
of Hb directly. Niclosamide however, although 
extensively reduced irz oiuo does not product rnetllb. 
This may be attributable to failure of the reduced 
metabolites to penetrate the r.b.c. membrane or to 
bind the Hb once within the cell; certainly the parent 
compound itself is incapable of oxidising Hh of the 
r.b.c. Similarly nitrodan which is not reduced irr rlic~j 
was not observed to elevate metHb irz rlic~ or i/r 
vitro suggesting non-penetration of the r.b.c. or 
inability to bind Hb once within the cell. On the 
basis of the results obtained in this and other studies. 
nitro-compounds may be tentatively grouped into 
four categories. I-IV, m relation to their metabolism 
and ability to induce methaemoglobinaemia 



The involvement of the gastro-intestinal microflora in nitro-compound-induced methaemoglobinaemia 935 

Type I nitro-compounds which resemble nitro- 
benzene and are extensively reduced in vivo to 
amino-metabolites prior to the induction of methae- 
moglobinaemia. For these compounds the reduction 
of the nitrogroup and the induction of methaemo- 
globinaemia in vivo require viable gut microflora. 
Type I nitro-compounds are also incapable of direct 
interaction with Hb of the r.b.c. in situ either in vivo 
or in vitro. 

Type II compounds (which include the dinitro- 
compounds investigated) induce methaemoglobi- 
naemia in both normal and antibiotically pretreated 
animals. For type II nitro-compounds, the induction 
of methaemoglobinaemia is independent of the gut 
microflora. For 3,Sdinitrobenzamide it can also be 
stated that reduction to amino metabolites is also 
independent of the gut microflora, since reduction 
of the compound cannot be prevented in animals 
administered antibiotics, and furthermore this reduc- 
tion can be achieved in vitro by liver homogenates 
under aerobic conditions [9]. Furthermore these 
compounds are capable of direct interaction with the 
Hb of the r.b.c. in vitro. This suggests that metHb 
formation in antibiotically pretreated rats following 
the i.p. administration of these dinitro-compounds 
may be a product of the interaction of Hb with both 
the parent nitro-compound and with reactive inter- 
mediates produced by tissue reduction. 

Type III compounds are extensively reduced in 
vivo to amino metabolites yet are incapable of 
inducing methaemoglobinaemia in experimental 
animals, e.g. niclosamide [22] and pentachloronitro- 
benzene [23, 241. For niclosamide it has been estab- 
lished that nitro-reduction is effected by the g.i. 
microflora, yet the compound will not induce metHb 
formation following either oral or i.p. administra- 
tion. Furthermore niclosamide is incapable of in vitro 
reaction with Hb of the r.b.c. 

Type IV compounds are not reduced in vivo to 
amino metabolites, nor are they capable of a direct 
reaction with Hb of the r.b.c. (as shown by the 
non-production of metHb following the addition of 
nitrodan to blood incubates) consequently methae- 
moglobinaemia is not produced in vivo. 

This study indicates that the mechanism of induc- 
tion of methaemoglobinaemia varies with different 
nitro-compounds and that although the induction of 
methaemoglobinaemia by nitrobenzene is dependent 
upon the presence of a viable microflora as shown 
by Reddy et al. (61, induction by other nitro-com- 

pounds may proceed independently of the intestinal 
microflora. 
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