
Biochemical Pharmacology, t966, Vol. 15, pp. 475-480. Pergamon Press Ltd., Printed in Great Britain. 

D I F F E R E N C E S  B E T W E E N  A M I N E  O X I D A S E S  

D E A M I N A T I N G  M E S C A L I N E  A N D  T H E  S T R U C T U R A L L Y  

R E L A T E D  3 , 4 - D I M E T H O X Y P H E N Y L E T H Y L  A M I N E  

Z. HUSZTI and J. BORSY 

Research Institute of Pharmaceutical Chemistry, Department of Pharmacology, 
Budapest, Hunga17¢ 

(Received 5 August 1965; accepted 22 October 1965) 

Abstract--Experiments were carried out with the compound T-134 to discriminate 
enzymes deaminating the structurally related amines. T-134 acts as a competitive 
inhibitor on mescaline deamination, while it does not exert any action 6n the degrada- 
tion of DM and tyramine. Experiments were made also with "mixed substrates and 
with octanol and semicarbazide" to confirm our results obtained with T-134. The 
enzymes degrading the two amines can be separated by the added oxygen consumptions 
of the mixed substrates by their resistance or sensitivity towards octanol and semi- 
carbazide, respectively. The assumption--that DM is destroyed by MAO in contrast to 
mescaline--was supported by measurements on competition between DM and 
serotonin. It is postulated, that DM decreased the serotonin degradation by rat liver 
homogenate. The fact that different enzymes are responsible for the deamination of 
DM and mescaline may explain thepharmacological differences between amines. 

THE EFFECTS and me tabo l i sm of  3 ,4-dimethoxyphenyle thyl  amine  (DM)  have come 
to the foref ront  o f  the interest  recently. This c o m p o u n d  was first i sola ted and  identif ied 
f rom the ur ine  o f  acute schizophrenics.  1,2 In  no rma l  ur ine no existence o f  D M  has 
been found,  z Accord ing  to  F r i edhof f ' s  assumpt ion  i t  results f rom the d is turbed  
me tabo l i sm of  dopamine  in schizophrenia.  8 Exper imenta l  evidence o f  this suggest ion 
was also furnished by  F r i edhof f  and  his co-workers  4 who could  identify 3,4-dimethoxy- 
phenyl  acetic ac id  in the urine o f  schizophrenics  after  dopamine  infusion. P r o b a b l y  
this reac t ion  is due to O-methyl- t ransferase  proper t ies  which were s tudied in m o r e  
detail  by  Axel rod .  s Fu r the r  ox ida t ion  o f  D M ,  p roduc ing  the acid metabol i te ,  is 
pe r fo rmed  p resumably  by  amine  oxidase,  according  to the first in-vitro studies o f  
Bhagvat  and  Blaschko.  6 

W e  have s tudied the in-vitro deamina t ion  o f  D M  in re la t ion to the  interest ing 
p rob lem of  mescal ine m e t a b o l i s m )  W e  appl ied  the me thod  o f  ' inh ib i to r  spect ra '  r 
to d iscr iminate  amine  oxidases deamina t ing  the s t ructura l ly  re la ted amines.  

M A T E R I A L S  A N D  ME T H O D S 

F o r  enzyme act ivi ty  measurements  mescal ine sulphate  Merck,  ty ramine  hydro-  
chlor ide  H u k a ,  serotonin,  creat inin sulphate  F l u k a  and  3 ,4-dimethoxyphenyle thyl  

Abbreviations used in the text: 
DM = 3,4-dimethoxyphenylethy! amine. 
MAO = monoamine oxidase. 
DAO = diamine oxidase. 
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amine sulphate were used. The compound T-134, N(3,4,5-trimethoxy benzoyi)-N'o 
(betaoxy propy D piperazine 3',4',5'-benzoic ester hydrochtoride, was syn&~dze~ in 
our Institute by Toldy and Toth. s Semicarbazide hydrochto~de (B.D~H° Ltd.) and 
octanol were analytical grade reagents. 

Fractionation of rabbit liver tissues for the isoiation of mitochondria by differentia! 
centrifugation in 0.25 M sucrose was performed according to the method of Burkard 
et aL s The mitochondria were taken up i~ 0.1 M phosphate buffer and the suspension 
was dialysed for 16 hr at 5 ° against distiiied water before the iyophilization2 Nitroge~ 
contents of the mitochondial preparations determh~ed by the micro-KjeidaM method 
amounted to 8-10 per cent. 

Standard assays of amine oxidases activity were carried out in Warburg vessels at 
38 °. 20-50 mg of lyophilized mitochondria! preparations_ was suspended ~n ?I nql 0.1 M 
phosphate buffer, pH 7"4, and 5 × 10 -a to 5 × 10 -~ M of inhibitor ~ 0 '3  mi, was 
added to the enzyme. The mixture was made up to a totai volume of 3 ml. The side 
arm contained buffered amine to yie]d a final, concentration of 6-5 × !0 -~ M. The 
inner weil of the vessels held a strip of pleated fiiter soaked with 10% sodium 
hydroxide. Enzyme and reagent bianks were run in the same manner. MAO-acdvity 
measurements were carried out according to Creosey. a° Qox and Q;ox values were 
calculated as micro atoms of  oxygen consumed per hr per mg protein or per g tissue 
respectively. For  the determination of serotonin concentration we used the spectroo 
photometric method of Zile22 The reaction mixtures co~tained substrate and homo~ 
genate amounts similar to previously described2 a 
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FIG. l. Oxygen consumptions of rabbit liver mitochondria in the presence cf tyramine, DM and 
mescaline. Standard assay was carried ou~ with ]yophilized rabbit liver mitochondria equivalent to 
23.5 mg proteil~ ~n a total volume of 3 m| per manometric vesseI. Qo~ value for tyramine, DM and 

mesca!ine were I, 66, 1.07 al~d 0-] 8 respectively. 
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RESULTS 

We have demonstrated the oxidation rates of tyramine, DM and mescaline, 
respectively by rabbit liver mitochondria (Fig. 1). Different velocities can be observed 
using the same mitochondrial preparation, but different amines as substrates. Specific 
activities of rabbit liver mitochondria, expressed in Qox, were 1-07 and 0.18 for 
DM and mescaline, respectively. 

Our new compoundT-134, representative of the piperazine derivatives (possessing a 
rather high anti-ulcerogen effect) was tested against mescaline oxidase of rabbit liver. 
The structure of this compound is presented in Fig. 2. 

o 

CH CH~ - -  0CH3 

T [34 

FIG. 2. Chemical structure of  T-134. 

Addition of 5 × 10 -s M and 10 -3 M of T-134 to the incubation mixture gave a 
rather high effect on mescaline deamination, but no effect on the oxidation of  DM 
and tyramine could be observed (Table 1). 

TABLE 1. ACTION OF T-134 ON AMINE OXIDASES DEAMINATING 
MESCALINE; DM AND TYRAMINE 

Substrate Inhibitions 
O /  (,o) 

Final T-134 
Name conc. Control 

(M) Qox (5 x 10 -3M) (10 -3M) (5× 10-'M) 

Mescaline 6-6× 10 -3 0.17 85 65 40 
DM 6-6 x 10 -3 1.07 0 0 0 
Tyramine 6.6 × 10 -3 1.83 0 0 0 

Standard assays were carried out as it was described in Methods. Each vessel 
contained rabbit liver mitochondria equivalent to 23.5 mg protein. 

We plotted our results according to Lineweaver and Burk to obtain some informa- 
tion about the type of  the inhibition (Fig. 3). 

Data with octanol and semicarbazide are summarized in Table 2. No, or hardly 
any, action of semicarbazide, was observed. A rather high effect of octanol on the 
DM deamination could be observed. 

Subsequent experiments were carried out with mixed substrates. Figure 4 shows the 
oxygen consumption in the presence of mescaline or DM and that of adding the two 
substrates simultaneously to the mixture. 

Oxygen consUmption in the presence of DM and serotonin were presented in 
Figure 5. Q'ox values, calculated from the initial rate of the reaction were: 56 and 26 
for serotonin and DM respectively. 

When DM and serotonin were simultaneously added to the mixture, a rather 
pronounced effect of DM on the serotonin degradation can be observed. Kinetic 
studies carried out on the serotonin degradation in the presence of DM have shown 
that inhibition of serotonin oxidation may be considered as a "mixed type" one. 
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F ,o .  3. Compet i t ive  inhibi t ion o f  mescal ine deamina t ion  by T-134. Abscissa :  moles  mescal ine per  
liter; Ordinate :  >l oxygen /h r /mg  protein.  The  rate of  oxidat ion was me_~asured under  s t andard  
condi t ions :  phospha t e  buffer  p H  7 .4 ,  oxygen a tmosphere  38% 80 m g  lyophilized mi tochondr ia  

equivaient  to 62 m g  protein° 

TABLE 2. ACTION OF OCTANOL AND SEMtCARBAZIDE ON AMINE 

OXIDASES DEAMINATING MESCAL][NE, D ) v ~  AND TYRAMINE 

Substrate  Inhibi t ions 
% 

Finai  10 a M 
N a m e  conc.  Control  Sat. Semi- 

(M) (Qo~) Octanoi  carbazide 

Mescal ine 6-6  × i0  -~ M 0,18 0* 109" 
D M  6 .6  X 10 -a M 1,17 90 20 
Tyramine  6-6  × I0 --a M t ,80 88 20 

* = f rom Zeller e t a ] .  ~ 
Standard  assays were carried out  as it was desGibed in Methods .  

Each  vessel contained 
12-30 m g  protein.  
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Fro. 4. Oxygen  consumpt ions  in the  presence o f  D M  and mescal ine and  in the  presence o f  " m i x e d "  
substra tes .  S tandard  assays  was carried out  as it was described in Methods .  Each  vessei conta ined 
rabbi t  liver mi tochondr ia  equivalent  to 33- 2 nag protein, in  the  first case mescal ine and  D M  were added 
a lone to the  incnbat ion  mixture  however  in the  second case the subst ra tes  were mixed before addit ion.  
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F1G. 5. Oxygen consumptions of rat liver homogenate in the presence of serotonin and DM 
respectively. Standard assay was carried out by Creasey's method. The side arm contained buffered 
serotonin or DM to yield a final substrate concentration of 6.6 × 10 -3 M. The inner well of the 
vessel held a strip with 0.2M KCN to absorb the liberated ammonia. Incubation mixtures included 
10 -3 M cyanide and 10 -z M semicarbazide to block secondary oxidations. Each vessel contained rat 

liver homogenate equivalent to 220 mg of tissue. 
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FIG. 6. Inhibition of serotonin deamination by DM. Abscissa: moles serotonin/1.; Ordinate: 
/x E/100 mg tissue (30 minutes). Standard assays were carried out by Zile's spectrophotometric 
method. The differences between serotonin concentrations measured before and after the reaction 

were expressed in extinction values. 

D I S C U S S I O N  

Our  exper iments  with T-134, oc tanol  and  semicarbazide  suggest tha t  different 
enzymes might  par t ic ipa te  in the respective deamina t ions  o f  D M  and  mescaline.  This 
assumpt ion  was conf i rmed b y  the compet i t ion  react ions carr ied  ou t  wi th  D M  and  
mescaline,  when a p ronounced  increase o f  the oxygen consumpt ions  might  be 
observed.  D a t a  ob ta ined  in the measurements  o f  serotonin  degrada t ion  by  ra t  l iver 
homogena te  agree with our  suggestion tha t  D M  is oxidized s imilar ly  to other  mon0-  
amines by  M A O .  Previous  assumpt ions  tha t  mescal ine deamina t ion  is carr ied out  by  
the so called "mescal ine  oxidase"  belonging to the group  o f  d iamine  oxidases was 
also confirmed,  14 bu t  our  da t a  ob ta ined  with T-134 suggest a slight difference between 
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mescaline oxidase and soluble diamine oxidases. According to our  previous resuks 
T-134 does no t  exert any action on solv.ble diamine oxidases)  -~ That  T- i34  acts 
competit ively on the mescaline deamina t ion  indicates that  the alterat_~on may exist 
in the active sites of  enzymes. Our  sugges t ion- - tha t  different enzymes are responsible 
for the deaminat ion  of D M  and mesca l ine - -may  explain the differences between their 
pharmacological  act ion reported by Smythies e t a l )  ~ and recently by Borsy et  aL x'~ 

According to Zeller 's suggestion of sterie factors l~_aving similar role ia the ~nter- 
act ion between chemoreceptors and certain drugs as in the format ion o~ ~ enzyme- 
substrate complexes, we may assume a parallelism between the pharmacological  and 
biochemical action of these amines. ~s 
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