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Quantitation of Monoarnine Oxidase Inhibition Produced with Various 
Drugs in Man.* (25567) 
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Srction o n  Experiinental Therapeutics,  X a t .  Heart Inst . ,  Bcthesda, M d .  

Use of rnonoamine oxidase (MAO) inhibi- 
tors in treatment of such clinical conditions 
as psychic depression ( 1 ) , hypertension (2,3), 
angina pectoris (4,5) and rheumatoid arthritis 
(6)  constitutes a new and promising area of 
therapeutics. It seemed important to deter- 
mine the enzyme-inhibiting potency of these 
newly-developed agents in man as well as to 
clarify the relationship between M A 0  inhibi- 
tion and alleged therapeutic effects. To aid 
in accomplishing this, 2 methods were devised 
to quantify M A 0  inhibition in the human. 
The first consisted of measuring percentage of 
oral dose of serotonin excreted as urinary 5- 
hydroxyindoleacetic acid ( 5HIAA) , before 
and after administration of a presumed M A 0  
inhibitor ( 7 ) .  Secondly, we found that meas- 
urement of urinary excretion of tryptamine 
affords a convenient and sensitive method of 
estimating M A 0  inhibition in man ( 8 ) .  This 
report prelsents the effects of several M A 0  in- 
hibitors of current clinical interest on excre- 
tion of tryptamine. 

The  subjects were 15 patients 
with uncomplicated hypertension. Twenty- 
four hour collections of urine were obtained 
during control and experimental periods and 
tryptamine was measured by method already 
reported (8 ) .  Five compounds designated as 
M A 0  inhibitors from animal studies were 
evaluated ; these were iproniazid (Marsilid) , 
B-phenylisopropylhydrazine (JB-5 16, Cat- 
roa) , D L  - phenylc_vclopropylaI.nine (SKF- 
385), N- ( 2 -  (Benzylcarbamyl) ethylamino) - 
isonicotinamide (nialamide, Niamid) and phe- 
nelzine (Nardil) . Dosage schedules included 
those suggested by the manufacturers and ex- 
cept for iproniazid the recommended daily 
dosage was exceeded to 2-fold in each in- 

* CVe appreciate the technical assistance of Con- 
suelo Muellenberg and thank the following organiza- 
tions for supplies of drugs: iproniazid-Hoff mann- 
LaRoche ; JB-516-Lakeside Labs. ; SKF-385- 
Smith, Kline and French Labs. ; nialamide-Chas. 
Pfizer and Co., and phenelzine-Warner-Chilcott. 

Methods. 

stance to observe “maximal” enzymatic ef- 
fects. The drugs were administered orally in 
single daily doses (iproniazid, JB-5 16) a t  be- 
ginning of each day’s urine collection (8 a.m.) 
or initially in single daily doses and subse- 
quently a t  12 ,  8 or 6 hour intervals (SKF- 
385, nialamide and phenelzine) . A specific 
dosage was maintained 5 to  14 days and 
changed only after daily excretion of trypta- 
mine appeared constant. The tryptamine val- 
ues for each dose-schedule were then recorded 
as  the range occurring a t  time a new plateau 
had been reached. 

For purposes of comparison, al- 
terations in urinary tryptamine and excretion 
of 5HIAA following oral administration of 
serotonin in a patient receiving JB-516 are 
shown in Fig. 1. A 701% inhibition of sero- 
tonin conversion to 5HIAA corresponded to a 
5-fold increase in urinary tryptamine in this 
case. 

Fig. 2 represents tryptamine excretion in 
another patient before and during administra- 
tioln of JB-516 and nialamide, the drugs given 
a t  separate periods of time. Daily excretion 
of tryptamine during administration of 25 
mg/day JB-516 reached levels of 500-600 pg/ 
day while a daily dose of 200 mg nialamide 
was required to produce a similar effect. In- 
creasing the dosage of JB-516 to 50 mg/’day 
failed to result in a proportionate increase of 
urinary tryptamine. 

Table I is a summary of alterations in uri- 
nary tryptamine produced by various doses of 
the 5 inhibitors studied. A satisfactory dose- 
response relationship is apparent from the 
mean values of each group, particularly in the 
case of nialamide and SKF-385. However, it  
is also apparent that a rather wide range of 
values was obtained in different cases with a 
given dose of an inhibitor. A more reliable 
index of MA0 inhibition for a given dose of 
drug results from expressing the ratio of av- 
erage level of tryptamine excretion during ex- 
perimental period to average level during con- 

Resul ls .  
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trol period in each case individually. This 
obviates the variability of control levels of 
tryptamine excretion from patient to patient. 
An average of individual ratios at  a given dose 
results in a mean ratio for the entire group. 
Range of individual ratios and mean ratios for 
each dose group is listed in last column in 
Table I. 

A detailed account of other effects observed 
is beyond the scope of this paper. No overt 
psychic alterations were detected. A postural 

lowering of hloocl pressure was observecl with 
0 0 - X O  mg.’day SKF-385, 120 mg/day phenel- 
zine and in all cases to which JB-5 16 was ad- 
ministered. No alteration of blood pressure 
occurred with the reduced dose of iproniazid 
used or with nialamide a t  doses employed. 

IAscussion. These studies establish the 
drugs included in this report as M A 0  inhibi- 
tors in man. The daily doses of these agents, 
purported to give favorable results in psychi- 
atric patients, are also the doses which result 
in a t  least a 4-fold increase in daily excretion 
of tryptamine (e.g. JB-516 - 12.5 mg; niala- 
mide - 100-150 mg, and phenelzine - 60 
nifi). ITith the exception of nialamide. 
similar doses of the various drugs ap- 
pear to produce a postural lowering of blood 
pressure in human hypertensives. It is im- 
portant to note that nialamide, a t  doses used, 
failed to alter blood pressure even though 
tryptamine excretion was similar in amount 
to that observed with doses of other inhibitors 
which cause lowering of blood pressure. We 
have recently found, however, that higher 
doses of nialamide (400-500 mg/day) result 
i n  orthostatic lowering of blood pressure in 
hypertensives. 

While increases in urinary tryptamine may 
not be exactly proportional to the effects of 
3IAO inhibitors in every tissue, the method is 
simple and is nearest to a chemical test re- 
ilecting therapeutic activity now available. 
.%lso, conclusions can be drawn from studies 
on relatively few patients. The test appears 
to be quite sensitive, although i t  is not known 
to what extent hfAO is actually inhibited in 
tissues a t  various levels of tryptamine excre- 
tion. It will be interesting to determine this 
on biopsy and autopsy material. 

Other factors affecting use of urinary tryp- 
tamine as index of M A 0  inhibition have been 
discussed(8). One of these is the possibility 
of inhibition of tryptophan decarboxylation 
to tryptamine as might be expected to occur 
with certain hydrazine compounds ; urinary 
tryptamine levels would thus fail to rise as 
much as with M A 0  inhibition alone. Also ex- 
cretion of drug metabolites may interfere with 
the fluorimetric assay of tryptamine. I n  these 
respects the serotonin test may still be useful 
hecause of its specificity in indicating M A 0  
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‘L’Al3LE I. Effevt of Various Doses of X40 Inhibitors on Urinary Tryptainine. 

Urinary tryptamiw 
ratio,” avg during 

(pg  24 hr) therap-y/control avg 
Daily dose No. cases Range Mean 

Urinary trgptami ne 

])rug (W) (No. determ.) Range Mean (individual) (group) 

Chit r 01 
JE-516 12.5 

25 
50 

Ni tilarrii dc 50- 60 
100- 120 

150 
2 0 0 

1 0  
20- 50 

4 0 
li0- 80 

1’11 iwdziiie 4 ti 
6 0 

120 

SI< 1”- 3 x 5 

Iproniazicl 50 

30- 111 
115- ti18 
245- 750 
656- 885 
100- 234 
209- 540 
353- 515 
337-- 975 

87- 159 
1x9- 544 
235- 517 
4 6 6-1 0 3 0 

69- 100 
120- 251 
177- 512 
91- 231 

63 * 2 2 t  

313 
484 
704 
157 
3 1  5 
444 
558 
120 
28 1 
402 
719 

85 
184 
299 
161 

2.7- 7.0 
5.2-1 0.0 

1 1.3-1 4.2 
1.7- 4.0 
3.3- 7.8 
6.2- 7.2 
5.9-12.3 
1.5- 1.8 
2.2- 6.9 
3 &I0 .B 
5.6-1 3.0 
1.3- 2.0 
2.3- 6.1 
4.3-12.5 
1.0- 2.6 

5.3 
7.2 

12.1 
2.4 
4.3 
6.5 
7.9 
1 .(i 
3.S 
6.2 

10.6 
1.6 
4.0 
7.3 
2.2 

* See text for explanation. 

inhibition and the fact that few agents inter- 
fere with assay of 5HIAA. Additionally, one 
may measure the increase in excretion of an- 
other amine, tyramine(9)) where metabolism 
is also primarily dependent on MAO. 

Summtzry . An increased urinary excretion 
of tryptamine occurred in human hyperten- 
sives during treatment with 5 monoamine oxi- 
dase inhibitors. Doses of drugs purported to 
produce comparable clinical effects, appear to 
have approximately equivalent enzymatic ef- 
fects as indicated by changes in urinary tryp- 
tamine. It is recommended that biochemical 
observations of this type be included in fur- 
ther studies on therapeutic effects of these 
agents. 
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