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The monoamine oxidase inhibitor iproniazid, if given repeatedly to guinea pigs in a dose of 50 mg/kg,  
inhibits the formation of hypersensi t iv i ty  of delayed type to bovine serum albumin. The same effect is giv- 
en by a single dose of 100 mg/kg  iproniazid adminis tered 24 h before sensit ization, The inhibitory action 
was found during test ing on the 7th day after  sensit ization. Later  (9th and 12th days) hypersensi t ivi ty  of de- 
layed type was more  marked in the experimental  animals  than in controls .  

Prev ious  observat ions  [i, 2] have shown that changes in metabol ism of biogenic amines  such as 5-hy-  
droxytryptamine (serotonin) and noradrenal in  can influence the course  of the immune response .  

The object of this investigation was t o  study the effect of iproniazid, a monoamine oxidase (MAC)) in- 
hibitor, on the formation of hypersensi t ivi ty  of delayed type (HDT). 

E X P E R I M E N T A L  M E T H O D  

Exper iments  were ca r r i ed  out on male guinea pigs weighing 400-500 g. The animals  were sensit ized 
by injection of 12.5 #g bovine se rum albumin into the plantar  pads of all 4 l imbs in a volume of 0.1 ml together 
with F reund ' s  complete adjuvant. The cutaneous react ion of HDT was evoked on the 7th day by in t radermal  

injection of the same dose of bovine serum albumin in 0.1 ml physio-  
TABLE 1. Hypersensi t ivi ty  of De- 
layed Type in Guinea Pigs  Receiv-  
ing Iproniazid 

. . . .  ~ ]Size ofm. Dose(inmg/ ~,au ' ct' " 
�9 , �9 a i o n  a l -  

/kg) ln3ectl~ 18-24: P 

l0 0--5 9,7_+4,7 >0,2 
Control -- 12,5-+2, 8 

25 
COntrol 

0--5 6,3• 
- -  8,8_+2,1 

50 
Control 

0--5 2,2_0,7 
- -  9,7_+2,5 

50 
Control 

50 
Con~ol 

0--3 

( - 3 ) - 0  

5,5---2,0 
8,5---2,0 

0,3_+0,3 
11,5-+2,1 

>0,2 

<0,05 

>0,2 

<0,001 

logical saline (as a control, the same volume of physiological  saline 
was injected into the an imal ' s  other flank). The react ion was es t i -  
mated by size (diameter of induration in mil l imeters)  and intensity 
af ter  2, 4, 6, 24, and 48 h. 

The three degrees  of hyperemia  were equated with indices: a 
strong (+ + +) corresponded to 1.0, moderate  (+ +) to 0.66, weak yet  
distinct (+) to 0.33, and doubtful (=~) to 0.17 [8]. By multiplying the 
est imated size of the response  by the index corresponding to the de- 
gree of hyperemia,  a single index was obtained to ref lect  both charac -  
t e r i s t i c s  of the react ion.  

To t rans fe r  HDT, the regional  lymph glands were taken from 
sensitized guinea pigs 24 h after  skin testing. Cells obtained f rom 
them, after  appropriate  t reatment,  were injected intraperi toneal ly 
into intact guinea pigs;  each animal received (85 =~ 15) �9 106 living 
cells.  In paral le l  exper iments  blood was taken f rom sensitized gui- 
nea pigs to d iscover  whether t ransfer  of the response  by serum was 
possible~ 

The t ime of appearance of the react ion usually 6 h or more  
after  skin testing) and also reproduct ion of the react ion when t r ans -  
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Fig. i. Hypersensitivity of de- 
layed type after injection of i00 
mg/kg iproniazid at different 
times before and after sensitiza- 
tion. Absc i ssa ,  days  of inject ion 
of iproniazid;  ordinate,  size of 
reac t ion;  shaded column r e p r e -  
sents  control .  
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Fig.  2. Dynamics  of h y p e r s e n s i -  
t ivi ty of delayed type a f te r  a single 
injection of iproniazid on day 1 of 
the exper imen t .  I) Control;  ID ex-  
pe r imen t ;  absc i s sa ,  days  of skin 
tes t ing  a f te r  sensi t izat ion;  o rd i -  
nate, s ize  of reac t ion .  

ferred by lymph gland cells, under negative result if transferred by 
serum of sensitized guinea pigs, indicated the development of a re- 
action of delayed type~ 

Iproniazid was injected subcutaneously in doses of between 10 
and i00 mg/kg daily for several doses or once only. In the case of re- 
peated daily injections of iproniazid, administration of the drug began 
to be given from day 0 (day of sensitization)today5 or day 3 after sen- 
sitization inclusive, while single injections of the drug were given at 
various times either before the day of sensitization (days-l,-2, -3) 
or after sensitization (days i, 2, 3). Special experiments were carried 
out to rule out the effect of the last injection of iproniazid (when given 
repeatedly) directly on manifestation of the reaction. For this pur- 
pose a single dose of iproniazid was given before intradermal injec- 
tion of the antigen. 

EXPERIMENTAL RESULTS 

Repeated daily injection of various doses of iproniazid into gui- 
nea pigs showed that the minimal effective dose was 50 mg/kg, and if 
given from clay 0 to day 5 of the experiment it reduced both the size 
and intensity of the HDT (Table i) on day 7 of the experiment, when 
the reaction in the control animals reached a maximum. The use of 
the same dose from the day of sensitization, but on fewer days (0, 1, 
2, 3), had no significant effect on the reaction. Meanwhile, injection of 
50 rag/rag iproniazid for 4 days, but before sensitization (days -3, -2, 
-i, 0), caused almost total inhibiton of the reaction at these times. 
These experiments thus suggest that the action of iproniazid is depen- 
dent on the times of its injection relative to the day of sensitization. 
To test this hypothesis a special series of experiments were carried 
out in which a single injection of 100 mg/kg iproniazid was given at 
various times both before and after sensitization. These experiments 
showed that a single injection of the drug on various days after sensi- 
tization caused no changes in the reaction compared with the control 
animals, whereas a single injection of iproniazid before sensitization 
on day -i (Fig. i) considerably inhibited HDT when tested on day 7. 

When given as a single dose of I00 mg/kg, iproniazid inhibits 
MAO by 90-100% after 2-3 h, but the seretonin level rises during this 
per iod  by only 20-30%, and is  doubled a f te r  14-24 h. Iproniazid causes  
prolonged inhibition of MAO, and the serotonin level  in different  t i s -  
sues  r e m a i n s  e leva ted to  150% f o r m o r e  than4 days  [3-7]. 

Next, using results indicating the most effective injection of 100 mg/kg iproniazid on clay -1, the dy- 
namics of HDT development associated with MAO inhibition was studied. Skin tests were carried out at 
various times: on days 5, 6, 7, 9, 12, and 15 after sensitization. In the animals of the control series the 
reaction reached a maximum on day 7 (Fig. 2), after which the HDT diminished, so that by day 15 of the ex- 
periment hypersens i t iv i ty  of immed ia t e  type was obse rved  in all the an imals .  

In guinea pigs  rece iv ing  iproniazid as  a single dose on day -1, in con t ras t  to the control ,  maximal  in- 
hibition of HDT was observed  on day 7 of the exper imen t ;  on day 9 not only was no inhibition of the reac t ion  
obse rved  but, on the con t ra ry ,  it was m ax i ma l  in degree .  On day 15 hypersens i t iv i ty  of immedia te  type was 
obse rved  in both g roups  of animals~ 

T r a n s f e r  of the reac t ion  by lymph gland ce l l s  was successfu l ly  accompl ished  in control  an imals  on 
days  5, 6, and 7 of the exper iment ,  while in guinea pigs  rece iv ing  iproniazid  lymph gland ce l l s  were  capable  
of t r a n s f e r r i n g  HDT at l a t e r  pe r iods  (days 7 and 9). On day 15 t r a n s f e r  of the reac t ion  was poss ib le  only 
by s e r u m  in both g roups  of an imals ,  indicating the addition of hypersens i t i za t ion  of immedia te  type. 
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The time of appearance of the reaction, which was characteristic of both delayed and immediate type, 
agreed with results obtained during transfer of the reaction by lymph gland cells and serum. Whereas un- 
til day 9 inclusive a skin reaction developed in all observed guinea pigs 6 h or more after the reacting in- 
jection of antigen; on the 12th day a reaction was f()und in 40% of the control animals after only 2 h. In gui- 
nea pigs treated with iproniazid, however, the reaction still appeared on this day after 6 h or more. On the 
15th day in both the experimental and control animals the reaction was recorded 2 h after skin testing. 

The results illustrating the character of development of HDT in the animals which received iproniazid 
point to delay in the times of formation of HDT against the background of iproniazid action and as the re- 
sult of prolongation of the state of HDT. 

MAC inhibition raises the level of both serotonin ahd eatecholamines. The results of earlier investi- 

gations [i] revealed inhibition of HDT by administration of serotonin or of its precursor, 5-hydroxytrypto- 
phan, whereas adrenomimetrie substances and 3, 4-dihydroxyphenylalanine, precursor of the cateehola- 
mines did not inhibit but, in fact, slightly stimulated the immune responses [21. The analogy between the 
action of serotonin, its precursor 5-hydroxytryptophan, and the MAC inhibitor iproniazid suggest that the 
effect of delay in the formation of HDT in guinea pigs associated with MAC inhibition is probably due to 

elevation of the endogenous serotonin level. 
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