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Some Relationships Between Peripheral Monoamine Oxidase Inhibition and 
Brain 5-Hydroxytryptamine Levels in Rats.* (24969) 

I. I. A. TABACHNICK AND A. A. RUBIN (Introduced by M. M. Winbury) 
Dept. of Pharmacology, Research Division, Schering Corp., Bloomfield, N .  J .  

Recently Sjoerdsma et aZ.( 1) suggested in 
vivo assay in man of monoamine oxidase 
(MAO) inhibitors based on ability to suppress 
excretion of 5-hydroxyindoleacetic acid ( 5- 
HIAA) , a metabolite of 5-hydroxytryptamine 
(5-HT). Since rats excrete 5-HIAA(2), i t  
seemed probable that the Sjoerdsma proce- 
dure could be modified into routine method of 
evaluation of in vivo peripheral MA0 inhibi- 
tion in the rat. In addition, by measuring the 
effect of same M A 0  inhibitors on brain 5-HT 
levels a comparison of peripheral with central 
effects would be obtained. 

Methods and materiazs. 5-HIAA excre- 
tion: Male albino rats (175-225 g) were ob- 
tained from Carworth Farms. Compounds 
were administered orally to minimum of 6 
rats. At various times after administration 
of inhibitor, 10 mg/kg of 5-HT (free base) 
was administered orally. Rats were then 
placed in metabolism cages and urine col- 
lected over subsequent 6 hours. Urines were 
stored in refrigerator overnight and analyzed 
next day. The nitroso-naphtha1 method (3) 
was employed to measure 5-HIAA levels with 
following modification: One ml of urine was 
placed in 50 ml glass-stoppered bottle contain- 
ing 5 ml of water, to which was added 6 ml of 
2,4-dini trophenyl- hydrazine reagent . Optical 
measurements were performed with Beckman 

*We arc grateful to Drs. A. Sjocrdsma and S. 
Illdenfriend for advice and Mary Grelis for assistance. 

DU spectrophotometer and Pyrocell microcu- 
vettes. Byain 5-HT concentrations: The pro- 
cedure of Bogdanski et al. (4) was employed. 
5-HT was determined with Farrand spectro- 
fluorometer. The following test compounids 
were employed : Phenylisopropylhydrazine : 
PIH or JB-516 (Dr. J. Biel, Lakeside Labs‘); 
2 -isopropyl- 1 -ischnicotinyl hydrazine : IPH or 
iproniazid (Dr. L. 0. Randall, Hoffmann- 
LaRoche) ; harmine, harmaline, and tetrahy- 
droharmine (Dr. F. R. Clarke, Schering 
Corp.); the authors are indebted to these in- 
vestigators for these compounds. 

Results. 5 -HIAA excretion: Excretion (of 
5-HIAA by normal rats is 8.9 ?/lo0 g BW 
(95% confidence limits: 7-10.8 based on 18 
determinations). Rats given 10 mg/kg (of 
5-HT orally will excrete 65.8 y/lOO g BW 
(95% confidence limits: 58.3-73.3 based on 
83 determinations) or 5.6% of dose in urine 
as measurable 5-HIAA over 6 hours. Ers- 
pamer(2) reported that the rat excretes SS:% 
of orally administered 5-HT (6 mg/kg) as 5 -  
HIAA. Preliminary experiments indicated 
that inhibitor studies were more reliable when 
employing the exogenous 5-HT test rather 
than measuring only the endogenous 5-HIAA. 

Fig. 1 indicates efficacy of various sub- 
stances in diminishing excretion of 5-HIAA. 
The most potent compound was PIH. Har- 
mine, harmaline, and tetrahydroharmine were 
somewhat less potent. Lysergic acid diethyl- 
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after administration of PIH, administration of 
5-HT was not followed by usual rise of 5- 
HIAA excretion in urine. No other agent 
tested was as effective as PIH. The  potency 
of P I H  agrees with that reported by Horita 
( 5 )  and Biel ct  aZ.(6) employing other tech- 
nics. 

Comparison of harmaline, a potent M A 0  
inhibitor ( 7 ) ,  with PIH in the 5-HIAA excre- 
tion test indicates that these agents were ap- A B C D E 
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1lro~i111ately equiactive until the 24th hour* 
Differences a t  this time could be explained on 

amide and D-amphetamine (10 mg ’kg PO). 
both of which are weak 1IXO inhibitors. it? 
~ i t r o ,  reduced 5-HIAX excretion from 65.8 -1 
to 53.6 and 57.1 7 ‘100 g BIT respectively. 
Pentobarbital (10 and 35 mg kg PO) was in- 
active as inhibitor of 5-HIXA excretion. 

IVhen doses of TPH less than 5 mg kg were 
administered 0.5 hour prior to 5-HT. IPH 
was ineffective in decreasing excretion of 5- 
HIA-4. -4 single close of 5 or 10 mg ’kg, how- 
ever, reduced excretion of 5-HTAA from con- 
trol level of 65.8 y to 49.1 and 28.6 ~//100 g 
BW, respectively. 

5-HT brain levels. Harmine. unlike PIH or 
IF’H, did not markedly raise the level of 5-HT 
in brain when administered orally (Table I ) .  
However, when these drugs were administered 
by intraperitoiieal route, harmine was as ac- 
tive as PIH and more active than IPH 
(Table T) . 

Disrussioiz. The 5-H1-U excretion test ap- 
pears to be sensitive and may be employed to 
evaluate Xi0 inhibitors. The most potent 
compound was PIH. Twenty-four hours 

Increase in 5-HT concentrations in brain 
after oral administration of PIH and harmine 
did not parallel the effects noted in the 5- 
HIAA excretion test. Although PIH was 
quite potent. harmine was relatively inactive. 
However, when given by intraperitoneal route, 
harmine considerably increased rat brain 5- 
HT concentration. This effect was equivalent 
to that noted previously with harmaline. It 
appears, therefore, that ineffectiveness of oral 
harmine in increasing the levels of brain 5-HT 
is due to lack of absorption from gastrointes- 
tinal tract or a more rapid inactivation when 
administered by this route. 

Since 5-HT usually does not penetrate the 
‘&blood-brain barrier”( 9 ) ,  any blockade of 5 -  
HT metabolism as measured in the 5-HIAA 
test is a manifestation of a predominant peri- 
pheral rather than central actiqn. This type 
of specificity may be useful in broad evalua- 
tion of compounds. For example, pentobar- 
bital, which increases brain 5-HT concentra- 
tions( l o )  does not inhibit excretion of 5- 
HIAA. The  5-HIAA method, therefore, of- 



INDUCTION OF PLASMA-CELL TUMORS 43 :7 

fers a means of detecting M A 0  inhibition di- 
rectly, and when used in conjunction with 
other technics, serves to enlarge the pharma- 
cology of various drugs. 

Szinzvzary. A method for measuring activ- 
ity of monoamine oxidase inhibitors as a func- 
tion of suppression of 5-hydroxy-indoleacetic 
acid (5-HIAA j excretion is described. In- 
creased excretion of 5-HTAA after 5-hydroxy- 
tyramine (5-HT) is effectively blocked by 
orally administered iproniazid, JB-5 16, and 
several harmala alkaloids. Correlation of 
these results with increased brain 5-HT is pre- 
sented. Instances of non-correlation such as 
lack of effect of oral harmine on brain 5-HT 
with concomitant suppression of 5-HIAA ex- 
cretion are discussed. 
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Induction of Plasma-Clell Neoplasms and Fibrosarcomas in BALB/c Mice 
Carrying Diffusion Chambers. (24970) 

RUTH &!I. &!IERWIN* AND GLENN H. ALGIRE~ 
(Introduced by Howard B. Andervont j 

National Cancer Inst., Public Health Service, U.S.D.H.E.W., Bethesda, M d .  

Plasma-cell neoplasms are rare in mice 
( 1,2 ) . Rask-Nielsen ( 2  j increased the inci- 
dence of these tumors in mice of 2 strains by 
injecting a carcinogen into the thymus. The 
findings reported here suggest that a new 
rnethod of inducing plasma-cell tumors has 
been found. Seven plasma-cell tumors arose 
in mice in 2 experiments which were set up 
by Dr. Algire for another purpose. The tu- 
mors arose in BALB/c mice, a strain in which 
plasma-cell tumors have not been found pre- 
viously. These induced tumors are of par- 
ticular interest because at  least 4 are trans- 
plan table and synthesize abnormal proteins. 
Six spindle-cell sarcomas also arolse but simi- 
lar tumors have been found in other experi- 

__ 
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B. Dunn of Dept. of Pathology, Nat. Cancer Inst. 
flor diagnosing the tumors and supplying photomicro- 
graphs. 

1 Deceased. 

ments in association with diffusion chambers. 
Experiments are now in progress to obtain 
more information about induction of plasma.- 
cell tumors, but since it will require a year or 
more to complete them, preliminary findings 
are reported now. 

Procedure. Diffusion chambers were of the 
cell-impenetrable type described by Algire ( 3  :I. 
The chambers were made of lucite rings and 
Millipore membranes which had pores averag- 
ing 0.10, 0.05 or 0.01 p diameter. Tissue for 
pIacement in the chambers was obtained frorn 
spontaneous mammary tumors that arose in 
C3H mice carrying the milk agent. Two tti- 
rnors were used, one in each experiment. 14 
piece of tumo,r tissue about 08.5 mm diameter 
moistened with balanced saline containing t rk  
buffer, horse serum, penicillin and streptomy- 
cin(3), was sealed into each chamber. The 
chamber was inserted into peritoneal cavity of  
agent-free BALB/c female mouse 5 or 6 weeks 


