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of isozyme patterns was specific for the 3’-
isomer,
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the livers of the dye-fed rats and for advice and
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Monoamine Oxidase Inhibition by a New Carcinostatic Agent,

N-Isopropyl-q- (2-Methylhydrazino)-p-Toluamide (MIH).
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In 1963, a new class of carcinostatic agents
was introduced by Bollag and Grunberg(1).
One compound in this class, N-isopropyl-a-
(2-methylhydrazino)-p-toluamide hydrochlor-
ide (MIH; RO-4-6467/1, NSC-77213), has
been subjected to extensive clinical trials in
Europe and has been shown to possess con-
siderable activity against Hodgkin’s disease
(2,3). In addition to an overall 60% response
rate, including 30% complete remissions,
there appears to be no cross resistance be-
tween this drug and others used in the treat-
ment of this disease. The major toxicity,

Md.

like most other antitumor agents, has been
hematopoietic. In addition, troublesome cen-
tral nervous system toxicity in the form of
hyperirritability, euphoria, ataxia and nystag-
mus has been noted, and the drug also poten-
tiates the effects of chloropromazine deriva-
tives, barbiturates and alcohol.

Because of its hydrazine structure and the
presence of the above side effects, we consid-
ered the possibility that some of these symp-
toms might be due to inhibition of the en-
zyme, monoamine oxidase (MAO). The lat-
ter was determined by measurement of the
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inhibition of guinea pig liver monoamine oxi-
dase and potentiation of the central nervous
system effects of L-tryptophan. The results
of these experiments form the substance of
this report.

Methods. MAO activity of guinea pig liver
was determined using a modification of the
method of Weissbach et al(4). Male NIH
all-purpose guinea pigs, weighing 250 to 500
g, were injected intraperitoneally (IP) with
a single dose of 175 mg/kg of MIH and sac-
rificed by a blow on the head at a predeter-
mined time, The liver was quickly excised,
weighed and homogenized in cold distilled
water with a Potter-Elvehjem homogenizer.
After straining through 2 layers of cheese-
cloth, the homogenate volume was adjusted
with cold distilled water so that each ml con-
tained 200 mg of liver. The homogenate was
then centrifuged at 1000 g for 30 minutes at
—4°C in an International PR centrifuge.
The supernatant fluid was removed and used
as the source of enzyme for the assay.

To each 4 ml quartz cuvette were added
0.5 ml of 0.5 molar phosphate buffer pH 7.4,
0.1 ml of the liver homogenate, and distilled
water to a volume of 3.1 ml. Immediately
after addition of 0.4 ml of kynuramine (0.5
pmol), the contents of the cuvette were
mixed, and the reaction followed at an ultra-
violet absorption wave length maxima of 360
my from 1 to 30 minutes at 5-minute inter-
vals using a Beckman Model DB Recording
Spectrophotometer. Distilled water replaced
kynuramine in the sample which served as
a blank. Livers of animals treated IP with 20
mg/kg of pheniprazine (JB 516), a known
potent in vivo and in vitro MAQ inhibitor,
were simultaneously run at various intervals,
and the results compared to MIH-treated
animals. Untreated animals were used as con-
trols with each determination, and all sam-
ples were run in duplicate. All drugs were
administered in 0.85% saline solution. MAO
activity was expressed in terms of percent of
the control activity for that particular de-
termination.

Estimation of MAO inhibitory activity of
MIH, monomethylhydrazine, JB 516, and N-
isopropyl terepthalamic acid (a metabolite of
MIH) was determined in vitro. These com-
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FIG. 1. Guinea pig liver monoamine oxidase in-

hibition by a single intraperitoneal dose of 175

mg/kg of MIH. Each bar represents the average
value of 5 guinea pigs.

pounds, in molar concentrations equivalent to
an in vivo dose of MIH (assuming equal dis-
tribution of the drug in body water), were
each incubated at 37°C in a Dubnoff shaker
with 2 g of guinea pig liver mince and 0.4 ml
of 0.5 M phosphate buffer pH 7.4. Follow-
ing an incubation period of 30 to 90 min-
utes, the supernatant fluid was decanted, and
the liver prepared for MAO assay as de-
scribed above.

To evaluate the degree of inhibition of
monoamine oxidase in the brain of guinea
pigs, the following procedure was employed:
Two groups of 6 animals were given a single
IP injection of MIH (175 mg/kg) and 3
groups of 6 animals were injected IP with
single doses of JB 516 (20 mg/kg). Another
group of 9 animals was chronically treated
with single daily IP doses of 100 mg/kg of
MIH for 5 days. Each group of animals was
then given a single IP injection of 1000 mg/
kg of L-tryptophan at various intervals. The
L-tryptophan was prepared by suspending the
finely ground powder in 0.5% saline solution
of sodium carboxy methyl cellulose to assist
dispersion. The effects were noted at 15- to
1-hour intervals up to 24 hours from the time
of the tryptophan injection.

Results. MAO inkibition—in vivo. The
results of the MAQO determination are illus-
trated in Fig. 1. At a dose of 175 mg/kg,
which was determined to be well under lethal
dose for guinea pigs (one death in 100 ani-
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mals), 40% inhibition was seen at 30 min-
utes and at 2 hours. The peak inhibition for
this dose was 88% and occurred at 24 hours
after MIH treatment. As has been noted for
other MAO inhibitors(5), the effects after a
single dose persisted to a significant degree
through 48 hours and thereafter trailed off.

Results with pheniprazine were similar to
those reported by Horita(6) with complete
inhibition at 30 minutes persisting for at least
24 hours. Control animals were analyzed
with each experiment, and the results were
remarkably consistent from day to day with
0.1 ml of the homogenate, as prepared above,
metabolizing about 0.5 pmol of substrate in
30 minutes at room temperature.

In vitro incubations. Incubation of guinea
pig liver alone, in 0.5 M phosphate buffer
pH 7.4 at 37°C for periods of one hour or
more, resulted in an average loss of 40% of
the available enzyme. Samples from the same
animals without incubation consistently me-
tabolized about 0.5 pmol of kynuramine,
while incubated samples metabolized only 0.3
pmol, When compared to controls, liver in-
cubated in the presence of MIH for periods
up to 90 minutes did not inhibit monoamine
oxidase. The major metabolic product of
MIH, N-isopropyl terepthalamic acid(7),
also produced no inhibition. On the other
hand, monomethylhydrazine and pheniprazine
produced complete inhibition when incubated
with liver mince for one hour.

Accentuation of effects of L-tryptophan on
the central nervous system. It has been dem-
onstrated that the effects of L-tryptophan on
the brain can be markedly potentiated in
guinea pigs by pre-treatment with a mono-
amine oxidase inhibitor(8). A typical syn-
drome is produced within one-half hour con-
sisting of hyperpyrexia, jerking movements
of the head, paralysis of the hind legs, arch-
ing of the back, prostration, cyanosis and
death when a dose of 1000 mg/kg is admin-
istered IP. These effects are produced by ac-
cumulation in the brain of pharmacologically
active amines resulting from the metabolism
of tryptophan. The effects can be prevented
by co-administration of a centrally active de-
carboxylase inhibitor, which prevents the ac-
cumulation of these amines by inhibiting
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their decarboxylation to the active form. Ad-
ministration of a single dose of L-tryptophan
alone at 1000 mg/kg did not produce this
syndrome in 10 control animals. There were
no deaths in either group of 6 guinea pigs
pre-treated with 175 mg/kg of MIH and
then given L-tryptophan at 2 and at 24 hours.
Animals treated with L-tryptophan at 2
hours appeared irritable but demonstrated no
other CNS symptoms, while the animals
treated at 24 hours appeared normal. When
a single dose of pheniprazine was followed by
L-tryptophan at 30 minutes, 18 hours and
24 hours, all the animals had the typical syn-
drome within 30 minutes, and all 6 animals
in each of the 3 groups died between 2 and 3
hours. Chronic treatment of guinea pigs with
MIH followed by tryptophan at 2 hours after
last dose, however, resulted in death of all
animals preceded by CNS symptoms similar
to those observed in the pheniprazine-treated
animals. No deaths occurred in a control
group of 5 guinea pigs given 100 mg/kg of
MIH IP daily for as long as 8 days. To rule
out the possibility that MIH was also inhi-
biting brain decarboxylase, thereby prevent-
ing expression of brain MAQ inhibition, a
group of 6 animals was given both single
doses of MIH (175 mg/kg) and of JB 516
(20 mg/kg) followed in 24 hours by a single
dose of L-tryptophan (1000 mg/kg). All of
these animals exhibited the characteristic syn-
drome and expired within 3 hours.

Discussion. The parent compound of MIH,
1-methyl-2-benzyl hydrazine, was initially
synthesized in search of compounds with
monoamine oxidase inhibitory properties and
was found to be a cytostatic agent(l). A
series of hydrazine derivatives was then syn-
thesized in search of a compound with a
higher therapeutic index, thus from this group
evolved MIH. MIH appears to be a “hit
and run” inhibitor of monoamine oxidase, a
phenomenon described by Brodie(9). Peak
inhibition occurred at 24 hours. Information
obtained in our laboratory using radioiso-
topically labeled MIH has shown that greater
than 90% of the drug is excreted in 24 hours.
Persistent inhibition at 48 and 72 hours after
a single dose is probably related to the time
required to synthesize new enzyme.
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When compared to pheniprazine, MIH
does not appear to be a potent inhibitor of
liver MAO, and indeed, was less effective as
an inhibitor of brain MAQ. The reason for
the decreased effect on the central nervous
system is not readily apparent since pharma-
cological studies have shown that the drug
readily passes the blood brain barrier(7). In-
hibition of brain decarboxylase might explain
these results(8), but co-administration of
MIH and pheniprazine followed by L-trypto-
phan produced the effects expected of mono-
amine oxidase inhibition alone. MIH has
been shown to auto-oxidize in aqueous media
and physiologic fluid to N-isopropyl terep-
thalamic acid(7). This degradation suggests
the release of monomethylhydrazine, a com-
pound which has not yet been identified in
animals or patients treated with MIH. It is
not known whether the parent compound or
free methylhydrazine acts as the inhibitor of
MAO in vivo. However, in vitro, the parent
compound, MIH, had no inhibitory prop-
erties, while free monomethylhydrazine is a
potent inhibitor at equimolar doses. The me-
tabolite of MIH, N-isopropyl terepthalamic
acid, was inactive. Both the delay in onset
of peak inhibition and the in vitro experi-
ments may indicate that the parent com-
pound must be altered metabolically before
it is active as a MAO inhibitor.

The dose used in these experiments in
guinea pigs caused death in one out of 100
animals treated. In our own clinical study,
the drug is given orally at a dose of 100-150
mg/m? body surface area (2.5-3.5 mg/kg)
daily in divided doses for periods up to sev-
eral months. Since the effect of a single dose
in animals is delayed and prolonged, one
would expect the daily administration of
MIH for extended periods to deplete gradu-
ally the available supply of the enzyme and
the effects to be cumulative. )

Several adverse side effects of MAO inhi-
bition have received considerable attention in
the literature. Of particular interest are the
severe hypertensive reactions associated with
headaches, cerebrovascular accidents and pul-
monary edema, associated with the ingestion
of foods rich in tyramine, particularly ripe
cheeses but also beers, wines and yogurt(10).
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In addition, orthostatic hypotension, usually
a by-product of treatment of hypertension
with MAO inhibitors has been noted when
these drugs are used for depressive reactions.

It is of interest that a patient has been
observed with hypertension and Hodgkin’s
disease whose blood pressure returned to nor-
mal following treatment with MIH.*

Although we were unable to demonstrate
potentiation of the effects of L-tryptophan on
the central nervous system after a single dose
of MIH, chronic administration of MIH did
result in significant inhibition of brain MAO.
In addition, severe side effects associated with
administration of MAO inhibitors, hyperten-
sive reactions and orthostatic hypotension,
are associated with inhibition of monoamine
oxidase outside the brain.

MIH is now being marketed in Europe
under the name of Natulan. In this country,
it is being widely used in studies designed by
the Lymphoma Task Force. Physicians using
this drug in the future should be cognizant
of the possibility of unwanted side effects as-
sociated with inhibition of monoamine oxi-
dase.

Summary. N-isopropyl-a-(2-methylhydrazi-
no)-p-toluamide (MIH), a methylhydrazine
derivative, is a member of a new class of
carcinostatic agents with significant therapeu-
tic effect in the treatment of Hodgkin’s dis-
ease. It was found to inhibit guinea pig liver
monoamine oxidase to a significant degree
with a prolonged effect after a single dose.
The compound was not as potent as a known
MAO inhibitor, pheniprazine (JB 516). The
CNS effects of a tryptophan load following
a single dose of MIH were minimal; how-
ever, following chronic treatment with MIH,
such a tryptophan load produced lethal con-
vulsions indicating significant inhibition of
brain MAQO. The clinical implications are dis-
cussed. Physicians using this compound in
the treatment of malignancies should beware
of unwanted side effects associated with
monoamine oxidase inhibitors.

* Frei, E., IT], personal communication.
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Rapid Changes in Bacteria Following Introduction into Hypertonic

Media.
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When the osmotic environment of Gram-
negative bacteria is changed the bacteria re-
spond by losing or gaining water in hyper-
tonic or hypotonic solutions respectively (1).
In solutions of non-permeating solutes the
bacteria remain in a dehydrated condition
and, if the concentration of the solute is great
enough, plasmolysis occurs and the protoplast
shrinks to a small volume and breaks away
from the cell wall. Solutes which can pass
freely across the cell membrane allow osmotic
equilibrium to be established across the mem-
brane, and the cell volume at equilibrium
will be approximately equal to the volume of
the cell before it was introduced into the
solution of the permeating solute. A conven-
ient technique for study of the changes which
bacteria undergo on immersion in various os-
motic environments is measurement of the
changes in the light scattering ability of sus-
pensions of the bacteria(2,3). However, a
limitation to the methods so far used has
been the inability to follow the rapid changes
in light scattering which occur immediately
after bacteria are introduced into a new os-
motic environment. From a knowledge of the
kinetics of the osmotic dehydration of bac-
teria obtained from such a technique and
rates of entry of permeating substances, esti-
mates of the hydraulic permeability and other
pertinent information about the permeability
properties of the bacteria might be made. By
modifying the rapid mixing stopped-flow ap-

* Exchange Scientist from Microbiological Research
Establishment, Porton, Salisbury, Wiltshire, England.

paratus designed by Gibson and Milnes(4)
the changes in the intensity of light scattered
at 90° to an incident beam can be followed
approximately 2.0 to 3.0 milliseconds after a
suspension of Gram-negative bacteria is rap-
idly and efficiently introduced into a new
osmotic environment.

Description of apparatus. The modification
made to the Gibson-Milnes apparatus is il-
lustrated in Fig. 1; the remainder of the ap-
paratus is exactly as in the original design.
The mode of operation is the same as de-
scribed by Gibson and Milnes(4) except that
a suspension of bacteria is mixed with a so-
lution of the solute under investigation by
pulling the arm of the hydraulic actuator. A
parallel beam of light is directed through the
mixed bacterial suspension approximately 5
mm from the second mixer. This distance
represents a time of 2.0 to 3.0 milliseconds
at the flow rates obtained in the apparatus.
A small lens, placed at its focal distance from
the illuminated suspension, collects light lat-
erally scattered from the incident beam and
directs this light onto the cathode of an end-
window photomultiplier. The signal from the
photomultiplier is fed into a cathode follower
and then into an oscilloscope. The sensitivity
of the photomultiplier is varied as required
by using different load resistors and the time
constant of the circuit is kept at 5 millisec-
onds by the insertion of an appropriate ca-
pacitor in parallel with the load resistor. The
oscilloscope trace is triggered by the oper-
ation of a microswitch, actuated by the arm



