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Inhibition of PNMT activity in the adrenal glands 
and brain stem of rats* 
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Phenylcthanolaminc ,‘L’-mcthqltr;lnsfeerase (PNMT) cata- 
Iyzes the formation of epincphrinc from norcpinephrinc 
and S-adenosylmethioninc (SAM) scr+cs as R methyl donot 
[I], The enzyme is localised primarily in the adrenal 
medulla and small amounts of a PNMT cnzymc have been 
detected in the CNS [2. 31. USIII~ immunofluorescence 
techniquea, we habe mapped out the PNMT neuronal sy<- 
tern in the CNS of rats [4..5]. Subsequently. these results 
were confirmed by measuring biochemically. PNMT ac- 
tivitj in spcc~lic regions of the CNS [6, 71. Sc\rral inhihi- 
tors of adrenal PNMT have been dcscribcd [X. 91. but their 
inhibitory potency on the PNMT activity in the brain were 
not elucidated, This report describes the &ects of several 
PNMT inhibitors on the i/l rirr, and it? rifvo activity of 
PNMT in the brain. 

[-‘H].Mcthyl-SAM (sp. act. 12.3 C‘i’m-mole) was pu-- 
chased from New England Nuclear. 3-methyl-I-2.3.4-tetr:i- 
hydro( I)benrothieno(3.2-c) pyridine hydrochloride (SK&F 
7698) was obtained from Smith Kline & French LaboriL- 
tories. 2-amino-5-6.7.trifluoro-methyl benzimidazole and 
l-methyl-4 or 5-(4.trifuoromethylphenyl) imidazole from 
Merck Sharp & Dohme Research Laboratories and 
2.3-dichloro-a-methyl benzylamine (DCMB) from Eli Lilly 
& co. 

The rats were killed by decapitation and the tissues were 
immediately frozen. The tissues were homogenized with 
10 vols of isotonic KCI solution containing 5 x IO -’ M 
dithiothreitol, and the homogenate was centrifuged at 
40.000 q for 30 min. The supernatant solution was ubcd 
for the enzymatic assay. 

PNMT was assayed by a previously described procedure 
using phenylethanolamine as substrate [IO]. Each incuba- 
tion mixture consisted of 50,ul of the supernatant solution 
and 50 /‘I of a solution containing 50 nmoles of phenyleth- 
anolamine. 0.15 nmoles of [‘HImethyl-SAM (I /tCi: sp. act. 
12.3 Ci;m-mole), 4 /(moles of Tris-HCI. pH 8.0 buffer. The 
reaction mixture was incubated for 60 min at 37 and ter- 
minated by addition of 0.4mI of 0.32 M borate, pH IO 
buffer. The radioactive product was extracted mto 3 ml 
ot 3”,, isoaml I alcohol intolucne and re-extracted into I ml 
of 0.1 N HCI. The aqueous extract uas taken to dryness 
in a vacuum oven at 70 under slightlq reduced pressure. 
The dried residue nab dissolved in Bray’s counting solution 
and assayed for radioactivity. The re-extraction procedure 

_ 
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was nccessarl to remote the non-specific radioactibc prod- 
ucts. 

The kinetic studies were carried out under conditions 
in which the reaction was found to be linearly dependent 
on time (for 60 min) and substrate concentrations (for 
phenylethanolamine. 4 x lo-” M-4 x IO-“M and for 
SAM. lo-’ M-~3 x IO ’ M). The K, values wcrc deter- 
mined by the method of Lineweaver and Burke [I I] and 
the Ki values by the method of Dixon [12]. Kinetic data 
acre computed by fitting data to linear functions by the 
method of least square analysis. Statistics were calculated 
by paired Student’s r-tests. 

The cn’ects of several PNMT inhibitors on the acti\it) 
of the enzyme isolated from rat adrenals and the brain 
stem are summarired in Table I. Among the tested com- 
pounds SK&F 7698 was found to be the most potent in- 
hibitor of PNMT activity in the adrenals and in the brain 
stem. At various concentrations SK&F 769X was cquipo- 
tent in inhibiting the enzyme activity obtained from both 
tissues. DCMB was ;I less potent inhibitor of PNMT ac- 
ti\ity than SK&F 769X. The per cent of inhibition 1~) 
DCMB and the other tested compounds is the same for 
the enqme isolated from the adrenals as from the brain 
stem. The kinetic studies rcbeal that both SK&F 769X and 
DCMB alter the appaaent K,, for the substrate. phenyleth- 
anolamme. (K,, for phenylcthanolamine was found to be 
4 x IO ‘M in absence of the inhibitor and I x IO ’ M 
when the concentration of the inhibitor \?a?, 5 x IO i_ M) 
without aflecting the b’,,,,, values. This kinetic pattern with 
the enzyme isolated from the brain stem indicates a com- 
petitivc type inhibition with respect to phenylethanolamine 
and is consistent with the results obtained with the cnrqme 
obtained from the adrenals [X. 91. The k, wlucs for both 
inhibitors (SK&F 769X and DCMB) arc aummai-ilctl in 
Table 2. It is evident that approximately the safnc K, 

calucs were obtained for hoth inhibitors when mcnsurcd 
aith the enzyme isolated from the adrenal glands of rats 
or from brain stems of various species. 

The results in Table 3 show that follouing II smgle 
administration of SK&F 7698 or of DCMB. the PNMT 
activity in the brain stem is effectively Inhibited. SK&F 
769X, at a dose of lOOmg;kg (i.p.). and DCMB. at a dose 
of 45 mg, kg (i.p.1. almost completely inhibit PNMT activity 
in the brain stem. The relative higher potency of DC‘MB 
as compared with SK&F to inhibit the brain enqme ;!I 
riro might be due to its greater accumulation m the 
PNMT containing neurons. 

Table I. The inhibition of PNMT activity obtained from rat adrenal gland and brain stem b) various 
compounds 

Inhibition per cent 

Adrenal gland Brain stem 
Inhibitor IO-~‘M IO-“M IO-‘M IO-‘M IO-‘M IO-“M IO-‘M IO-&M 

SK&F 769X 58 1.5 9X 100 61 7x 94 100 
DCMB I2 31 80 9X 30 53 91 I 00 
ATMB 14 55 90 20 53 92 
MTMI 9 34 X5 8 40 x5 

Abbreviations used: ATMB (2-amino-5-(6).trifluoro-methyl bcn7imidazolc) MTMI (I-methyl-4 or 
5-(4-trifluoro-methyl phenyl) imidazole) [IS]. 

The results arc the means of 3 experiments iS.E.M. (5~~10”~. 
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Table 2. The h’, value> for SK&F 769X and fbr DCMB 

li, (/‘MI* 

En74 me wurcc SK&F 769X DCMB 

Adrenal gland\ 
(rats) 

Brain stcmx 
(rats) 

Brain stem 
(monke>) 

c‘, and CZ areas 
(post-mortem human) 

0.3 15 2.0 

0.3l-t 0.66 

0.3 IS 0.4 I 

0.303 0.425 

* Each value IS the mean + S.E.M. (5512”,,) generated 
from intercepts 01‘ 5 separate lines. The E<, values were 
determined at 7 concentrations of phenylethanolamines 
(ranging from 4 x IO- ‘Mu 4 x IO-“M). constant SAM 
concentration (1.4 x I()-” M) and at 7 concentrations of 
the Irapectivc inhihitors (5 x I(~~- and I x IO-” M). 

hibltors ol’ PNMT activity in the adrenal glands have 
almost the same inhibitor) effectiveness in the brain stem. 
The immunotitration curve of PNMT from rat adrenal 
glands and from rat brain stem against bovine adrenal 
PNMT antiserum are similar (Lew and Goldstein, unpub- 
lished data). indicating that the enzyme from both tissues 
ha\c similar antigenic determinants. Unlike the PNMT ac- 
ti\ity in the adrenal glands. the activity in the brain stem 
i\ no1 nltercd significantly by h! pt,ph! wctom! repel-ted 
(Lea and Goldstein. unpublished data). Thuh. although the 
regulation of PNMT in the adrenal may be different than 
in the brain stem. the enzymes themselves appear to be 
similar. 

The c\istcncc 01‘ a PNMT-containing neuronal system 
\\hich ariws from cells in the medulla oblongatn (cell 

Table 3. The effect of SK&F 7698 and DCMB adminis- 
tration on PNMT activity obtained from the brain stem 

of ratq 
_____ 

Inhibition 
Inhibitor per cent 

SK&F 7698 (45 mg, kg: i.p.) ‘4+ 5 
SK&F 769X (IO0 1ng:k.g; 1.p.) 90 f 8 
DCMB (35 mg kg: i.p.) Y3 * IO 

The results arc the means i S.E.M. of 5 experiments. 
The anmlals wcrc sacrificed I hr after administration of 
ihc mhihitor. 

groups c‘, and C‘?) and pro_jecth to the spinal cord. pans. 
midbrain. hypothalamu? and th:tlamu% [I. 51 raw\ the 
quchtlon on the role of these neurons m the control ol 
various brain lunctions. It wab also shown that small c)uaw 
tities of epinephrine are localircd in the PNMT-cont;unmg 
regions of the C‘NS 113. 141. The clfccts OT the PNMT 
inhibitora on spinephrinc Icbels in the spwfic rcgmn\ of 
the (‘NS arc now under inwstigation and thcbc \tudlc\ 
may contribute to the elucidation of the role ol’cp~nephr~nc 
in the CNS functions. 
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