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The Inhibition of Amine Oxidase by Amidines
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The enzymic oxidation of diamines such as putre-
scine, cadaverine or histamine by extracts from
pig's kidney was found to be somewhat inhibited by
guanidine (Blaschko, 1938, 1939), and Zeller (1938)
added the observation that some guanidine deri-
vatives, including synthalin (decamethylene di-
guanidine), acted as more powerful inhibitors. The
trypanocidal action of synthalin was the starting-
point of Yorke's (1940) work on diamidines. The
action of amidine derivatives on the amine oxidases
was therefore more fully studied.
The present paper gives our results with amine

oxidase only; the observations on diamine oxidase
will be reported separately.

METHODS

Rabbit liver was used throughout. The tissue was ground
with sand and its own weight of distilled water then added.
After centrifuging,the supernatant fluidwasdialyzed against
distilled water overnight and one-tenth volume of 0-2M-
sodium phosphate buffer pH 7*4 was added. The substrate
used was tyramine. The rate of oxidation was followed
manometrically. Open manometers and conical flasks fitted
with a side-bulb and a centre tube containing 0-3 ml.

N-KOH were used: the gas phase was oxygen and the
temperature 380.

For each experiment four vessels (I-IV) were used, each
containing 0-5 ml. extract + 141 ml. M/15 sodium phosphate
pH 7-5, made up to a total of 2 ml. with water or addition.
The additions were: nos. II and IV, 0-2 ml. 0 I M-tyramine
hydrochloride; nos. III and IV, 0-2 ml. inhibitor. The
inhibitor concentration varied according to the activity of
the compound. Final concentrations above 10-3M were
not used. The experiments were carried on for 30 or 45 min.
and readings were taken every 15 min. For the calculation
of the percentage inhibition the 02 uptake during either
the first 15 or 30 min. was taken, whichever was nearer to
lOO,ul. in vessel II. In the great majority of the experi-
ments there was no significant difference in the percentage
inhibition found at the end of the different periods.
The substances used in these experiments were kindly

given to us by Dr A. J. Ewins, F.R.S., and Dr H. King,
F.R.S., Boots Pure Drug Co. Ltd., provided those sub-
stances previously studied by Dr W. A. Broom (1*36).
The substances labelled V 147, V 187 and V335 and
'Marfanil' (p. 349) we obtained through the kindness of
Dr J. Walker. Unless stated otherwise the substances
were used as hydrochlorides (or dihydrochlorides). Tetra-
methylene diguanidine (arcaine) sulphate was a commercial
sample from Roche Products Ltd.; for the synthalin B
(dodecamethylene diguanidine dihydrochloride) we are
indebted to Dr E. M. Lourie.
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EXPERIMENTS
(1) Monoamidines of the type
CH3 . (CH2),,. C(:NH) .NH2

Six representatives of this group were examined,
four of which were studied by Broom (1936); in
these n was 3, 4, 8 and 10 respectively. In addition
we had from Dr King two substances in which n
was 14 and 16. The results are shown in Table 1.
Compared with some of the amidines to be dis-

cussed later, the inhibitions observed were not very
strong. The percentage inhibition -rose with an
increase of the length of the carbon chain up to the
substance with 10 CH, groups, but fell off rapidly
with the longer chains of 14 and 16.

Table 1. Inhibition of amine oxidase by mono-
a&hidines of the type CH3(CH2),,C(:NH)NH2

(Inhibitor concentration 10-3m)
Inhibition Inhibition

n (%)
3 15
4 42
8 505

n (%)
10 61
14 8
16 7-5

(2) Diamidines of the type
NH2(NH:)C(CH2),,C(:NH)NH2

In this series the number of compounds at our

disposal was greater. The substance with 7 CH1
groups, azelamidine, is one of Broom's substances
and we obtained from Dr King the diamidines with
8, 9, 10, 11, 12, 13, 14, and 16 CH2 groups. There
were great differences in the inhibitory activity of
the members of this series; two different diamidine
concentrations had, therefore, to be employed; the
short-chain members, which were relatively weak
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Fig. 1. Inhibition of amine oxidase by straight-chain
diamidinesNH2(NH:)C(CH2),C(:NH)NH2. Inhibitor con-
centrations as shown. Each dot represents one experi-
ment.

inhibitors, were used in a concentration of 10-3M,
those with higher m6lecular weights in 10-4M. The
results are shown in Fig. 1. It can be seen that the

inhibitor activity rises steadily from n 7 to n= 12
and with increasing chain length falls again.

(3) Diamidine8 of the type
NH\ /NH
NH (CH2)nO{\ >-C/H2 \NH2
This group included the two trypanocidal drugs,

propamidine (n = 3) and pentamidine (n =5). We
were given the substances with 1-6 CH2 groups and
the compound with 10 CH2 gloups by Dr Ewin#;
of these, the substances where n was 3, 5, 6 and
10 were the di-isethionates (isethionic acid is 2-
hydroxyethane-l-sulphonic acid).
Some of the substances in this group proved to

be very powerful inhibitors of the enzyme; Fig. 2
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Fig. 2. Inhibition of amine oxidase by diamidines of the
type

NH,, /NH

O(CH2),,O
NHiN Hs
Inhibitor concentration 10-51m. Each dot represents one

experiment.

shows the effect of 10-5M inhibitor. The strongest
inhibitors were propamidine and pentamidine, the
intermediary substance with 4 CH2 groups was less
active.
Three methods were employed to decide if the

pentamidine inhibition was reversible:
(a) When the extract together with pentamidine

was dialyzed for 24 hr. against water the inhibitory
effect of the pentamidine was not removed.

(b) Pentamidine gives a precipitate with salts of
dibasic acids, e.g. sodium oxalate and sodium suc-

cinate; an experiment was therefore set up in which
the inhibition by 10-5M-pentamidine was examined
in the presence and in the absence of 10-2msodium
oxalate. There was no difference in the percentage
inhibition.
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VAMIDENES AS AMINE OXIDASE INHIBITORS

(c) By prolonged centrifugation and repeated
washing (three times) with M/15 phosphate buffer
a completely insoluble preparation of amine oxidase
can be obtained from the rabbit's liver (Bernheim
& Bernheim, 1938). Pentamidine in 10-5M concen-

tration was added to such an enzyme preparation
and the suspension was then repeatedly washed
with phosphate buffer and centrifuged: after four
washings there was no certain evidence that the
pentamidine inhibition had been diminished in
intensity, but after eight successive washings the
inhibition had been noticeably reduiced (from 94
to 66%). This showed that the inhibition was at
least partly reversible, but that the diamidine was

very firmnly held by the enzyme.

(4) Other amidines
NH2

(a) NH2-82-sNO
V147

N2

CH2-S02ONH

V 187

The two substances V 147 and V 187 were tested
in 10-3M concentration: the former caused about
57% inhibition, the latter none. It is interesting
that these two amidines had little or no affinity for
amine oxidase, although the corresponding amines

(Marfanil and V335),

NH280 CH2NH2 Marfanil,

CH3SO2 -CH2NH2 V335,

were readily oxidized as was shown by comparison

with benzylamine (all substrates 10-2M; rabbit liver
extract).

02 uptakes in excess of blank (p1l.)
Duration
(min.)
15
30
45

With
benzylamine

33
47
58

With
V335
17
26
32

With
Marfanil

6
12
16

This experiment confirms a suggestion made by
Evans, Fuller & Walker (1944) that the two amines
might be substrates of amine oxidase. The oxidation
of Marfanil by guinea-pig liver has recently been
reported by Beyer & Govier (1945).

(b) Stilbamidine and dimethyistilbamidine
NH HH:CH

NH~~ ~ ~ ~ ~ N2

Stilbamidine

NH){C(C~~(H,):C(CH8))
Dimethylstilbamidine

Biochem. 1945, 39

These were tested in 10-3s concentration. The
inhibitions in one experiment were 44% for stilb-
amidine and 55% for dimethylstilbamidine. In two
more experiments stilbamidine gave inhibitions of
24 and 34%. The stilbamidine was used as the
diisethionate, whilst the dimethylstilbamidine was

the dihydrochloride.
HNN NHN

The dihydrochloride (10-3m) gave 33% inhibi-
tion.

HN
(d)

1N2 H2

Phenamidine (10-3M) inhibited only 15 and 25%
respectively, in two experiments.

(5) Monoguanidir&ns of the type
CH,(CH2).NHC(:NH)NH2

Only the compounds where n= 8 (the hydriodide)
and n= 13 (the hydrochloride) were tested (10-3M).
Two additional substances with n= 15 and n= 17
were not sufficiently soluble. The inhibitions were

49% (n=8) and 32% (n=13).

(6) Diguanidines of the type
NH2C(:NH)NH(CH2)nNHC(:NH)NH2

Fig. 3 gives the results for the straight chain
diguanidines (10-3M). There was a rise of inhibitor
activity up to the substance with 14 CH2 groups,
whilst that with 18 CH2 seemed a little less active
(at a concentration of 10-4M the figures were 43%
for the substance n= 14 and 39% for n= 18).
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Fig. 3. Inhibition of amine oxidase by diguanidines of
the type NH2C(:NH)NH(CH2)uNHC(:NH)NH2. Inhibitor
concentration 102- M. Each dot represents one experiment.

In addition a spermine derivative,

NH2C(:NH)NH(CH2)sNH(CH2)4
NH(CH2)sNHC(:NH)NH2. 4HCI,

was examined. Its inhibitory activity was rela-
tively low (17% in 10-8M concentration).
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-(7) Dii8othiourea8 of the type
NHj(NH:)CS(CH2)nSC(:NH)NH2.HBr

The substances, obtained from Dr King, were
those with 2, 3, 6, 10 and 12 CH2 groups. The results
are shown in Table 2. Of the substances examined
the compound with 10 CH2 groups was most active.

Table 2. Inhibition of amine oxida8e by dii8o-
thiourea of the type

NH2(NH:)CS(CH2)RSC(:NH)NH2
Inhibition (%)

n 10-3M 10-4

2 0 -
3 0
6 31 -
10 100 87
12 93 68

DISCUSSION
The experiments described show that amidines
have an affinity for amine oxidase, but their affinity,
as measured by their inhibitory activity, depends
considerably upon the general configuration of the
substances examined. This is not surprising. It is
known that not all amines react with amine oxidase,
here too the molecular configuration determines
affinity.

I

Inhibitors are usually more suitable for the study
of the effects of molecular groupings on affinity than
are substrates, as the rate of reaction is partly
determined by other factors. The results obtained
with the monoamidines and diamidines allow the
following conclusions:

(1) In each series there is an increase in inhibitory
activity with an increasing number of CH2 groups
until a certain chain length is reached; beyond this
point a further increase in chain length causes a fall
in inhibitory activity.

*(2) The di-substituted compounds include sub-
stances with great inhibitory activity. This may
seem surprising, as it is held that dianiines have no
affinity to amine oxidase. It can be shown, however,
that this is not true for all diamines; we have re-
cently found that the straight-chain diamines of
the type NH2(CH2),nNH2 with 14, 16 and 18 CH2
groups respectively are substrates of amine oxidase;
there seems to be a maximum of affinity at a certain
chain length (Blaschko & Duthie, unpublished).

The guanidine and isothiourea derivatives owe
their inhibitory activity probably also to the pre-
sence of the amidine group. Here, too, the di-substi-
tuted derivatives are active as inhibitors.

There is no general parallelism of inhibitory
action on amine oxidase and trypanocidal effect.
For instance stilbamidine, which is highly active as
a trypanocidal drug, is not a strong inhibitor. On
the other hand, in the series of compounds which
includes propamidine and pentamidine, there is a
parallelism: the curves of both trypanocidal and
inhibitory activities showma'ima for the sub-
stances with 3 and 5 CH2 groups. With the straight-
chain diamidines we find the maximal inhibitory
action in the -(CH2)12- compound; King, Lourie
& Yorke (1938) found the maximum trypanocidal
activity in the compound with 11 CH2 groups.
The demonstration of an inhibitory action of

trypanocidal drugs on enzymes is of interest in
connexion with possible toxic actions on the host,
but it may also have some bearing on the action of
these substances on the parasite. Little is known
about the mechanism of their therapeutic action,
but it seems possible that in the parasite the drugs
may interfere with enzymic systems which are in
some way chemically related to amine oxidase.

SUMMARY

1. The inhibitory action of amidine derivatives
on the amine oxidase activity of rabbit's liver has
been examined,.

2. Monoamidines, diamidines, mono- and di-
guanidines and diisothiourea derivatives inhibit
the enzyme.

3. With increasing length of the carbon chain
there is at first an increase of activity but with a
further lengthening of the chain there is a decrease
of inhibitory action.

4. Stilbamidine is not a strong infiibitor of the
enzyme, but propamidine and pentamidine inhibit
very strongly. The pentamidine inhibition is at
least partially reversible.

5. Marfanil and V335 are substrates of amine
oxidase, but the corresponding amidines (V 147 and
V 187) have little affinity for the enzyme.

This work has been carried out while the authors held
grants from the Medical Research Council.
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