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INHIBITION OF MONOAMINE OXIDASE BY FURAZOLIDONE IN THE
CHICKEN AND THE INFLUENCE OF THE ALIMENTARY FLORA

THEREON

B.H. ALI & A.L. BARTLET
Department of Veterinary Pharmacology, University of Edinburgh, Edinburgh, EH9 IQH

1 The addition of furazolidone to the feed at the therapeutic level (0.04% w/w, 10 days) inhibited
monoamine oxidase (MAO) activity by 47 to 72% in chicken duodenal mucosa, heart and brain, but
in the liver the enzyme activity was unaffected by the treatment.
2 Furazolidone (200 mg/kg) administered by crop tube inhibited MAO activities in duodenal
mucosa, liver, heart and brain.
3 Furazolidone (200 mg/kg) injected intramuscularly did not inhibit MAO activity in the chicken.
4 Pretreatment of the chickens with intramuscular neomycin did not antagonize the inhibition of
MAO activity produced by furazolidone (200 mg/kg, crop tube).
5 Pretreatment with neomycin by crop tube to suppress the alimentary flora significantly reduced
the effect of furazolidone on MAO activity, suggesting that the drug was transformed by the alimen-
tary flora to an active metabolite which subsequently inhibited MAO activity in other organs.
6 Furazolidone in the feed (0.04% w/w, 10 days) or administered by crop tube (200 mg/kg) had no
effect on the activity of aminopyrine demethylase in chicken liver.
7 The activity of aspartate transaminase in plasma was unaffected by the addition of furazolidone to
the feed (0.04% w/w, 10 days).

Introduction

Furazolidone [(N-5-nitro-2-furfurylidene)3-amino-2-
oxazolidine] is widely used in the prevention and
treatment of certain bacterial and protozoal diseases
which affect poultry (Harwood & Stunz, 1954;
Rogers, Belloff, Paul, Yurchenco & Gever, 1956). At
slightly above the therapeutic level the drug inhibits
growth, produces anaemia and arrests spermato-
genesis in the chicken (Cooper & Skulski, 1956; Mac-
Donald & Beilharz, 1961; Ehlhardt, Beuving & Haye,
1975) and may also produce cardiac dilatation and
ascites (Feron & Van Stratum, 1966). The biochemical
lesion associated with these toxic signs has not been
defined.

In rat and man, furazolidone inhibits monoamine
oxidase (MAO, monoamine:02 oxidoreductase
(deaminating) EC 1.4.3.4.). However, the drug does
not inhibit MAO in vitro suggesting that a transform-
ation product, possibly 2-diethylhydrazine, is respon-
sible for the enzyme inhibition in vivo (Stem, Holli-
field, Wilk & Buzard, 1967; Pettinger, Soyangco &
Oates, 1968).

In the present experiments we have investigated the
effect of furazolidone on the activity of MAO in the

chicken. A preliminary account of some of the work
was given to the British Pharmacological Society (Ali
& Bartlet, 1979).

Methods

Animals

Thomber chickens (8 weeks old, either sex) were
obtained from the Poultry Research Centre, Kings
Buildings, Edinburgh. The birds were fed a layer
mash (Douglas of Dalkeith, Edinburgh) which was
free from growth promoting and anticoccidial drugs.
In some experiments furazolidone was administered
in the feed at the therapeutic level of 0.04% w/w for 10
days, the controls receiving unmedicated feed. In
other experiments the drug (200 mg/kg) was adminis-
tered by intramuscular injection or crop tube, control
birds receiving 0.9% w/v aqueous NaCl or aqueous
acacia (20% w/v), respectively.
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Preparation of tissues

Chickens were killed by decapitation and the tissues
rapidly removed and chilled on ice. The lumen of the
duodenum was washed with chilled saline before cut-
ting it open and scraping away the mucosa with a
glass slide. The heart was opened and blotted to
remove blood. The tissues were cut into small pieces
and homogenized with six strokes in a Teflon hom-
ogenizer in an ice bath. Homogenates (20% w/v) of
each organ in 0.5 M phosphate buffer (pH 7.4) were
prepared for the estimation of MAO activity. For the
estimation of aminopyrine demethylase activity, a
liver homogenate (25% w/v) in isotonic KCI (1.15%
w/v) was centrifuged at 10,000 g for 20 min in an
MSE High Speed 18 Refrigerated centrifuge at 5°C,
and the microsome-rich supernatant used.

This measures the rate at which absorbance at 340
nm decreases as NADH is oxidized to NAD. Blood
was withdrawn from a wing vein by means of a hepar-
inised syringe fitted with a 21G needle (external diam-
eter 0.8 mm) and spun down in a refrigerated centri-
fuge (5°C) at 900 g for 20 min to separate plasma.

Statistical analysis

The values in the text, tables and figures are
means + the standard error of the mean (+ s.e. mean)
with the number of observations in parentheses. Sig-
nificant difference between means was estimated by
the t test and probability (P) values are given. A value
of P < 0.05 is regarded as significant.

Drugs and chemicals

Measurement of enzyme activity
Monoamine oxidase activity MAO activity was esti-
mated according to the method of Krajl (1965), in
which the production of 4-hydroxyquinoline from the
oxidative deamination of kynuramine is measured.
The incubation mixture contained kynuramine dihyd-
robromide (100 jg) 0.5 M phosphate buffer pH 7.4
(0.5 ml), homogenate (equivalent to 0.78 mg duodenal
mucosa, 3.13 mg liver or brain or 12.5 mg heart) and
de-ionised water to a final volume of 3 ml. An incu-
bate without substrate served as the blank. The reac-
tion mixtures were incubated at 37°C for 30 min
under air and with shaking. The incubates were then
deproteinised with perchloric acid (0.6 M) as recom-
mended by Century & Rupp (1968) followed by centri-
fugation at 900 g for 10 min at 5°C. Supernatant (1
ml) was mixed with 1 N NaOH (2 ml) and placed in a
quartz cuvette. The solution was activated at 315 nm
and the peak in the fluorescence scan at 380 nm
measured in an Aminco-Bowman spectrofluorimeter.
The presence of substances affecting the fluorescence
of 4-hydroxyquinoline was sought by mixing equal
volumes of tissue blank and 4-hydroxyquinoline solu-
tion. In all cases the fluorescence of the mixture was
half that of the undiluted solution of 4-hydroxyquino-
line, demonstrating an absence of augmentation or
quenching of fluorescence.

Aminopyrine demethylase activity was estimated in
the 10,000 g supernatant fraction of liver. The con-
ditions of the incubation were those described by
Mazel (1971), except that the concentrations of amin-
opyrine and semicarbazide in the incubation mixture
were both 10 mm. The formaldehyde produced in the
reaction was estimated by the method of Nash (1953).
Aspartate transaminase [AST (EC 2.6.1.1.)] activity
was estimated in chicken plasma by the method de-
scribed by Wilkinson, Baron, Moss & Walker (1972).

A premix containing 4% w/w furazolidone (Neftin)
was used for the addition of the drug to the feed, and
a micronized preparation of furazolidone (particle size
5 gm) for administration by injection and crop tube.
Acetylacetone (Koch Light), aminopyrine
(4-dimethylamine-antipyrine 97%) (Ralph Emanuel),
L-aspartic acid (Sigma), D-glucose-6-phosphate mono-
sodium salt (Sigma), 4-hydroxyquinoline (Sigma),
kynuramine dihydrobromide (Sigma), malate de-
hydrogenase (Sigma), neomycin sulphate (70% soluble
powder, veterinary) (Squibb & Sons), nicotinamide
(Sigma), nicotinamide adenine dinucleotide phosphate
(Sigma), nicotinamide adenine dinucleotide, reduced
form (Sigma) and 2-oxoglutaric acid (Sigma) were
used. The other chemicals were Analytical Reagent
grade.

Results

In the chicken the activity of MAO in heart and liver
is reported to increase with age (Ignarro & Shideman,
1968), and our data (Table 1) confirmed this trend.

Table 1 Monoamine oxidase (MAO) activity in homo-
genates of organs from chickens of different ages

MAO activity
(4-Hydroxyquinoline, pmol g'- tissue h-')

I day 8 weeks P

Duodenum
Liver
Heart
Brain

36.9 + 5.1 (6)
2.5 + 0.4 (6)
1.2 + 0.1 (6)

12.7 + 1.1 (7)

90.7 ± 12.5 (8)
22.3 + 1.9 (7)
3.3 _ 0.3 (7)

15.6 + 2.0 (7)

<0.02
<0.001
<0.001
>0.2

The values in the table are means + s.e. means (No. of
animals).



INHIBITION OF MAO BY FURAZOLIDONE IN CHICKEN 221

Thus in our other experiments all the birds were
killed at the same age, 8 weeks, at which age the
activities of MAO in control organs was consistent.

Effect offurazolidone in thefeed on monoamine oxidase
activity

When furazolidone was added to the feed at a thera-
peutic concentration of 0.04% w/w for 10 days, the
activity of MAO was reduced significantly in duo-
denal mucosa, heart and brain, and not in liver
(Table 2). Another experiment investigated the recov-
ery in enzyme activity after discontinuing the medi-
cated feed. This experiment confirmed the effect of
feeding furazolidone on MAO activity, which was in-
hibited in the duodenal mucosa (P < 0.001), heart
(P < 0.02) and brain (P < 0.02), and not in liver
(P > 0.1) (Figure 1). Seven days after discontinuing
furazolidone in the feed a significant recovery of
MAO activity was only evident in the duodenal
mucosa (P < 0.02). Fourteen days after discontinuing
the drug the recovery of MAO activity was complete
in each organ, there being no significant difference
from the control values (P > 0.1 for each organ).

Effect of furazolidone by crop tube or intramuscular
injection on MAO activity

The drug was administered at a dose of 200 mg/kg
body weight, which is about half the reported LD50 in
the chicken (Radchuk, 1965). Furazolidone adminis-
tered by crop tube inhibited MAO activity in the liver
as well as that in duodenal mucosa, heart and brain
(Table 3). The time course of the inhibition was differ-
ent in various organs, however, being maximal in the
liver 12 h after drug administration and in the duo-
denal mucosa and brain after 24 h.

In another experiment furazolidone (200 mg/kg)
was administered by crop tube or intramuscular injec-
tion and MAO activities estimated 24 h later. This
experiment confirmed that the drug given by crop
tube inhibited MAO activity in the liver as well as in
the other organs studied (P < 0.001 for each organ, 6
birds). In contrast, furazolidone injected intramuscu-
larly did not affect MAO activity in any of the organs
studied (P > 0.1 for each organ, 6 birds).
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Figure 1 Monoamine oxidase activity (MAO) in
homogenates of chicken organs after discontinuing fur-
azolidone in the feed (0.04% w/w, 10 days). Ordinate
scale: MAO activity as a percentage of the control
value. The columns represent mean values for duodenal
mucosa (D), liver (L), heart (H) and brain (B) at 0, 7 and
14 days after discontinuing furazolidone medication.
The vertical bar at the head of each column depicts s.e.
mean (3 birds). The asterisks mark significant inhibition
of MAO, at the 2% (*), 0.2% (**) and 0.1% (***) levels.

chickens pretreated with saline or neomycin and
given acacia mucilage (crop tube) were pooled and
used as controls. As shown in Table 4, furazolidone
administered by crop tube inhibited MAO activity in
each organ as before (P < 0.01), and pretreatment

Table 2 Effect of feeding furazolidone (0.04% w/w, 10
days) on monoamine oxidase (MAO) activity in homo-
genates of chicken tissue

Effect of neomycin on the inhibition of monoamine
oxidase byfurazolidone

In this experiment the birds were given neomycin,
either 20 mg by intramuscular injection or 200 mg by
crop tube twice daily for 5 days before MAO estima-
tion. Furazolidone (200 mg/kg) was administered by
crop tube to saline- and neomycin-treated birds 24 h
before the enzyme estimation. Neomycin did not
affect MAO activity and the values obtained from

MAO activity
(4-Hydroxyquinoline, pmol g- 1 tissue h -l)

Control Furazolidone P

Duodenum
Liver
Heart
Brain

92.6 + 10.0 (10)
21.9 + 3.9 (8)
3.4 + 0.3 (7)

15.5 + 2.0 (7)

58.9 + 7.5 (9)
22.3 + 1.9 (8)
1.7 + 0.3 (6)
9.4 + 0.7 (6)

<0.02
>0.9
<0.002
<0.02

The values in the table are means + s.e. means (No. of
animals).

I I I
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with neomycin by the intramuscular route did not
affect the MAO inhibition (P > 0.1). On the other
hand, pretreatment with neomycin by crop tube sig-
nificantly reduced the MAO inhibiting action of fura-
zolidone in each organ (P < 0.01 to < 0.001). Follow-
ing oral administration of neomycin and furazolidone
the activity ofMAO was less than the control value in
the liver (P < 0.002) and brain (P < 0.05) but not in
the duodenal mucosa (P > 0.1) and heart (P > 0.05).
Thus the suppression of the MAO inhibiting action of

furazolidone by the oral neomycin was complete in
the duodenal mucosa and heart and not in the liver
and brain.

Effect of furazolidone on aspartate transaminase and
aminopyrine demethylase activities

Addition of furazolidone (0.04% w/w, 10 days) to the
feed had no significant effect on the activity of aspar-
tate transaminase in plasma (Table 5).

Table 3 Effect of time on monoamine oxidase (MAO) inhibition produced by furazolidone (200 mg/kg) given by
crop tube

MAO activity
(4-Hydroxyquinoline, 1imol g1 tissue h-')

95.95 + 6.21 (3)
40.43 + 0.92 (3)
34.66 + 1.67 (3)
36.63 + 2.65 (3)

Liver

29.72 + 4.70 (3)
9.93 + 0.31 (3)
11.65 + 0.53 (3)
15.27 + 1.12 (3)

Heart

2.51 + 0.21 (3)
0.90 + 0.01 (3)
0.92 ± 0.10 (3)
0.82 ± 0.06 (3)

Brain

15.41 + 1.76 (3)
8.80 + 0.41 (3)
7.02 + 0.85 (3)
8.04 + 0.18 (3)

The values in the table are means + s.e. means (No. of animals).

Table 4 Monoamine oxidase (MAO) activity in homogenates of chicken organs 24 h after administration of
furazolidone (200 mg/kg, crop tube) and the influence of neomycin thereon

MAO activity
(4-Hydroxyquinoline, pmol g-' tissue h- 1)

(3)Furazolidone + (4) Furazolidone +
(1) Control (2) Furazolidone *neomycin (i.m.) **neomycin (oral)

p
Intramuscular

neomycin
[cf (3) and (2)]

93.71 _ 5.29 (15)
2.66 + 0.13 (15)
11.77 + 0.71 (15)

32.83 + 6.65 (6)
0.81 + 0.09 (6)
7.11 +0.65 (6)

38.10 ± 2.20 (3)
1.18 _ 0.30 (3)
7.38 + 0.37 (3)

75.19 + 11.54 (6)
2.32 + 0.14 (6)
10.05 + 0.27 (6)

The values in the table are means + s.e. means (No. of animals).
* Neomycin, 20 mg/bird by intramuscular injection, twice daily for 5 days before the MAO estimation.
** Neomycin, 200 mg/bird by crop tube, twice daily for 5 days before the MAO estimation.

Table 5 Effect of furazolidone on the activities of aminopyrine demethylase in liver and aspartate transaminase in
plasma from chickens

Treatment

1 Control feed
Furazolidone, 0.04% w/w in feed, 10 days

2 Acacia mucilage (crop tube)
Furazolidone, 200 mg/kg (crop tube)

Aminopyrine demethylase
(H. CHO pmol* ml-' h-)

0.37 + 0.04 (6)
0.37 + 0.05 (6)
0.30 + 0.03 (5)
0.35 + 0.08 (6)

Aspartate transaminase
(iu/l)

56.2 ± 5.2 (5)
59.1 + 5.2 (8)

* Per ml of 10,000 g supernatant of liver homogenate (25% w/v).
The values in the table are means + s.e. means (No. of animals).
The drug had no significant effect on the activities of either enzyme.

Time (h) after
furazolidone Duodenal mucosa

0
12
24
48

Duodenal
mucosa
Heart
Brain

p
Oral

neomycin
[cf. (4) and (2)]

>0.1
>0.1
>0.1

<0.01
<0.001
<0.002

Expt



INHIBITION OF MAO BY FURAZOLIDONE IN CHICKEN 223

In two experiments the effect of furazolidone on
aminopyrine demethylase activity in a microsome-
rich supernatant fraction of chicken liver was investi-
gated (Table 5). In one experiment the drug was ad-
ministered in the feed at the therapeutic dose, and in
the other by crop tube at a dose of 200 mg/kg 24 h
before estimation of the enzyme activity. In both ex-
periments the activity of aminopyrine demethylase
was unaffected by the drug.

Discussion

Furazolidone administered in the feed at the thera-
peutic dose inhibited MAO activity in the duodenal
mucosa, heart and brain, but in the liver the enzyme
activity was unaffected by the treatment. MAO is in-
hibited by a transformation product of furazolidone
(Stern et al., 1967; Pettinger et al., 1968), and MAO
inhibition would be expected at the site of transform-
ation. As MAO activity was not inhibited in the liver,
it seems improbable that the transformation of fura-
zolidone occurred here. Following withdrawal of
medication, the enzyme activity recovered more
promptly in the duodenal mucosa than in the other
organs. The recovery of activity was probably due to
synthesis of new enzyme, as dialysis does not restore
activity to MAO inhibited by furazolidone (Stem et
al., 1967).

Furazolidone administered by crop tube inhibited
the activity of MAO in the duodenal mucosa, liver,
heart and brain. Thus furazolidone given as a bolus
inhibited the hepatic enzyme although it did not do
so when fed continuously. In the hepatocytes, the fur-
azolidone metabolite may inhibit mitochondrial
MAO, or, it may be metabolized further and/or
excreted with bile. The present observations suggest
that clearance of the metabolite was insufficient to
protect hepatic MAO from inhibition when the drug
was given as a bolus (200 mng/kg), but was sufficient
when it was given as a feed additive (0.04% w/w, 10
days). Following furazolidone by crop tube a maxi-
mum inhibition of MAO in the liver was found after
12 h and in other organs after 24 h. This observation
suggests that hepatic clearance of the furazolidone
metabolite resulted in a briefer inhibition of MAO in
the liver than elsewhere.

Furazolidone administered by intramuscular injec-
tion did not affect the activity of MAO in any of the
organs studied. This observation suggests that the
conversion of the drug to an MAO inhibitor did not
occur in chicken tissues. However, this finding may
not extend to other species as furazolidone given by
intravenous or intraperitoneal injection is reported to
inhibit MAO in the rat (Stern et al., 1967).
The alimentary flora might have produced the

metabolite which inhibited MAO activity. To test this
hypothesis furazolidone was given by crop tube after
suppressing the alimentary flora with neomycin. Pre-
treatment with neomycin by crop tube antagonized
the action of furazolidone on MAO activity, but neo-
mycin injected intramuscularly at 1/10th of the oral
dose did not do so. Less than 10% of neomycin is
absorbed from the alimentary tract (Waksman, 1953;
Freyburger & Johnson, 1956), so in the present ex-
periments absorbed neomycin could not have
influenced the action of furazolidone on MAO ac-
tivity. The inhibition of MAO activity by furazolidone
was suppressed by unabsorbed neomycin, which sup-
ports the hypothesis that the alimentary flora trans-
forms furazolidone to an active metabolite which is
subsequently responsible for the inhibition of MAO
activities in other organs.

Inclusion of furazolidone in the feed (0.04% w/w, 10
days) did not affect the activity of aspartate trans-
aminase in plasma. This is a cytoplasmic enzyme, and
the present observation suggests that furazolidone did
not produce a detectable damage in cell membranes.
However, furazolidone at a higher dose (0.05% w/w,
28 days) has been reported to increase significantly
the activity of this enzyme in turkey plasma (Staley,
Noren, Bandt & Sharp, 1978).
Many drugs inhibit both MAO and mixed function

oxidase (Kato, Takanaka & Shoji, 1969). Aminopyr-
ine demethylase activity in chicken liver, however,
was unaffected by furazolidone treatment (0.04% w/w,
10 days, or 200 mg/kg by crop tube). Thus furazo-
lidone at the recommended therapeutic dose would
not be expected to potentiate the actions of other
drugs metabolized by mixed function oxidase.
B.H.A. is supported by the British Council. We wish to
thank Mr Ian Warwick for technical assistance and the
Wellcome Animal Unit for housing the birds. Furazolidone
and neomycin were kindly supplied by Eaton Laboratories
and Squibb Ltd., respectively.
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