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Indirect Evidence of Synthesis of Norepinephrine from 3-Hydroxy- 
Tyramine-l-CI4 in viva.* (25437) 

M. GOLDSTEIN, A. J. FRIEDHOFF, C. SIMMONS AND N. N.  PROCHOROFF 
(Introduced by K. Nelson) 

Dept .  of Psychiatry and Neurology, Psychopharmacology Research Unit ,  
N .  Y .  U .  College o f  Medicine 

Considerable evidence is available that 3- 
hydroxytyramine is, in vitro, a precursor of 
norepinephrine ( 1,2,3). However, little evi- 
dence is available about the formation of nore- 
pinephrine from 3-hydroxytyramine in the in- 
tact animal. The low rate a t  which 3-hy- 
droxytyramine is utilized for conversion into 
norepinephrine, as well as the high rate of 
metabolism of 3-hydroxytyramine and nore- 
pinephrine in vivo makes i t  difficult to demon- 
strate this reaction directly in the intact ani- 
mal. Since Axelrod(4) has shown that t,he 
main metabolite of norepinephrine is 3-me- 
thoxy-norepinephrine, it  occurred to us that 

* This investigation supported by grant from Nat. 
Inst. Health, and presented in part to Fed. Am. Soc. 
for Exp. B i d ,  Atlantic City, April, 1959. 

conversion of 3-hydroxytyramine to norepine- 
phrine could be demonstrated in vivo indi- 
rectly by isolation of the end product of bio- 
synthesis, namely, 3-methoxynorepinephrine. 
Also, since various kinds of stresses have been 
reported to increase excretion of norepine- 
phrine, it  seemed likely that excretion of 3- 
methoxynorepinephrine would be affected un- 
der these conditions. 

Materials. Iproniazid phosphate was kindly 
supplied by Hoff mann-La Roche ; 3-hydroxy- 
tyramine- 1 -C14 was obtained from New Eng- 
land Nuclear Corp. ; 3-methoxytyramine- 1 - 
C14 was isolated from urine of rats treated 
with iproniazid ; 3-methoxynorepinephrine, 3- 
methoxyepinephrine and 3-methoxytyramine 
were kindly supplied by Sterling-Winthrop 
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Research Inst.; and hog kidney acylase was 
obtained from Nutritional Biochemicals C’orp. 

Groups of 6 rats were treated 
with 100 mg kg of iproniazid and 100 pg 
of 3-hydroxytyra1nine-l-C~~, injected daily. 
Crine was collected for 24 hours. and samples 
were hydrolyzed a t  pH 2 by refiuxing them 
under nitrogen for 30 minutes. After cooling 
to room temperature. the urine was extracted 
4 times with ethyl acetate. The organic layer 
contained all of the acid metabolites of 3-hy- 
droxytyramine, which were further separated 
by paper chromatography( 5 ) . The aqueous 
layer was adjusted to pH 4. and the amines 
were acetylated as described previously ( 6  ) . 
The acetylated amines were extracted into 
rnethylene chloride. and aliquots of the con- 
centrated extracts were applied for chromato- 
graphic separation in the “C“’ solvent system 
of Rush ( 7 ) . Dry chromatograms were then 
scanned in a calibrated counting chamber. so 
as to locate all radioactive zones. Material i n  
the radioactive zones was eluted with methyl 
alcohol and concentrated under nitrogen. Ali- 
quots of concentrated eluates were dried on 
planchets. and radioactivity measurements 
were made with Tracerlab SC-16 windowless 
flow counter on duplicate samples for a time 
to assure an accuracy of t 5y. DeacutJlu- 
tion. Dry samples of the acetylated cate- 
cholamines or methoxycatecholamines were 
dissolved in 1 to 2 ml water, and 50 to 100 mg 
of hog kidney acylase was added. The mixture 
was incubated 3 hours a t  37OC1, with air as 
the gas phase. At end of incubation, O-acetyl 
groups were removed and S-acetyl derivatives 
were extracted from the aqueous phase into 
ethyl acetate. The combined ethyl acetate 
extract was concentrated in zlnruo, and ali- 
quots were chromatographed in the “C“’ sys- 
tem of Bush for 24 hours. then in amyl alco- 
hol-water for 1 2  hours. or in a chloroform- 
formamide solvent system overnight. M e -  
tubolism of 3-methoxytyramine-1 -C’i. A 
group of 6 rats was treated with 100 mg of 
iproniazid/kg, and 2 5  pg of 3-methoxytyra- 
mine-l-C’*, were injected daily. Vrine sam- 
ples were collected for 24-hour periods during 
6 days. Urine was treated as described above 
and radioactive 3-methoxytyramine and 3- 
methoxy-4-hydroxyphenylacetic acid were 

Methods .  

TABLE 1. Mobilities of Catecliolarriinc~ Triacetatr 
I k r i  vatives :i nd MetEioxycatecholaiiiiiie Diacetate 
I Jt1riv:itives i n  Hush ( C’ ’ Chromatography Sys 

tcm* a t  3 7 ° C .  

Distaiice from Mobility 
Avt1t:ttt‘ der.iv;tttJ of starting line, em in cm/’nr 

Descencliiig tcchriic with Whatiiian No. 1 filter 
paper prew-ashed with be1izene:methylalcohol (I : 1) 
W R P  used. Catwholamines were developed by pass- 
iiig :i iiarrow strip of paper through solution of 
1 (h Fe(’1, aiid 2 % potassiuinferricyariide which 
n : i h  tlieii blotted aiid passed through a solution of 
107~ KOR in iiieth~la1cohol:T~~ater (1: 1). Methoxy- 
c~:~tt~cliol:iiiiiii~s were developed by passing a nar- 
I.()\\ s t  r ip  tEirougEi solution of 0.1% dichloroquinotie 
cli loiinii t lr~ in  alcohol, blotting arid then passing i t  
t l i i  ougli ;I sohition of 0.1 ni borate buffer pH 10, 
Iilottirig :ig:ii i i  :irid ~xpos ing  the strip to ammoiria 

isolated. Labeled 3-methoxynorepinephrine 
could not be detected. Shock stress of an;- 
m d s .  Rats were stressed in a specially con- 
structed “activity wheel,” 15 inches diameter. 
The wheel was so arranged to permit a shock 
of moderate intensity (1.5 milliamperes) to1 be 
delivered to the feet of rats. When the shock 
was applied (for 10 seconds a t  intervals’ of 30 
seconds) the normal response of the animals 
was to run a t  high speed to minimize the in- 
tensity of the painful stimulus. The pro!- 
cedure was continued for 2 to 3 minutes for 
each rat. 

Results. Mobilities of acetylated cate- 
c holamines and methoxy-catecholamines in 
the “C” solvent system of Bush are listed in 
Table I. The  methoxy derivative moves 
somewhat faster than its corresponding cate- 
cholamine. 

A radiochromatogram of the acetylated 
urine fraction from rats which had been 
treated for only one day with iproniazid and 
hydroxytyramine-1 -C1* shows 2 radioactive 
peaks with the same mobility as 3-hydroxy- 
tyramine triacetate and 3-methoxytyramine 
diacetate (Fig. 1) .  However, after the same 
treatment was prolonged for 3 days, an addi- 
tional radioactive peak was detected (Fig. 2 )  
which had the same mobility as 3-methoxy- 
nor epinephrine diace ta te. 

When rats were stressed after one day of 

1 ;I]I(JI’S. 
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FIG. 1. Paper chroinatography separation of 
acetylated amine fraction in urine of rats treated 
one day with 100 mg/kg of iproniazid and 100 pg 
3-hydroxytyramine-l-C14. 

FIG. 2. Paper chromatography separation of 
acetylated amine fraction in urine of rats treated 
3 days with 100 mg/kg of iproniazid and 100 pg 
3 -hy droxytyramine- l-C". 

FIG. 3 .  Paper chromatography separatioii of 
acetylated amine fraction in  urine of stressed rats 
treated for first 3 days with 100 mg/kg of ipronia- 
zid and 100 p g  3-hydroxytyramine-l-C4, and for  
the last 2 days with iproniazid only. 

A 24 hr urine specimen was collected a t  end of 
treatment period. 

treatment with iproniazid and 3-hydroxytyra- 
mine-1 -C1*, the amine fraction yielded the 
same 2 radioactive peaks as in the unstressed 
rats. However, a relatively higher excretion 
of labeled 3-methcrxytyramine was found in 
stressed rats. When rats were stressed 2 days 
after last injection of 3-hydroxytyramine-l- 
C14, all radioactivity of the amine fraction ex- 
creted in the next 24 hours was associated 
with 3-methoxynorepinephrine diacetate (Fig. 
3 ) .  Table I1 shows radioactivity of 3-me- 
thoxynoirepinephrine under various experi- 
mental conditions. I t  is evident that 3-me- 
thoxynorepinephrine is still excreted 8 days 
after last injection of 3-hydroxytyramine. 

The radiochemical purity of 3-methoxy- 
norepinephrine was established by rechro- 
matography and deacelylation with hog kid- 
ney acylase to N-acetyl J-methoxynorepine- 
phrine, After chromatography in the "C" 
system of Bush for 24 hours, radioactivity was 

associated with N-acetyl 3-methoxynorepine- 
phrine. The same sample was chromato- 
graphed in amyl alcohol water overnight, and 
then in chloroform formamide solvent, and ra- 
dioactivity was still found to be associated 
with N-acetyl methoxynorepinephrine. The 
lower recovery of radioactivity after deacetyl- 
ation and rechromatography (Table IT) par- 
tially reflects a loss from the procedure, but 
is also a result of increased purity, since re- 
chromatography of the N-acetyl compounds 
results in a better separation of norepinephrine 
from 3-methoxynorepinephrine. 

Another radioactive sample of acetylated 3- 
methoxynorepinephrine diacetate was diluted 
with 30 mg of carrier of nonradioactive 3- 
methoxynorepinephrine diacetate (m.p. 123 '- 
12 5 O j and after 2 recrystallizatiolns from 
ethyl acetate constant specific activity was 
obtained. 
Discussion. Formation of 3-methoxynore- 

pinephrine in vivo may proceed by 2 possible 
pathways, (a) hydroxylation crf 3-hydroxyty- 
ramine to norepinephrine followed by O-me- 
thylation to 3-methoxynorepinephrine, or (b) 
O-methylation followed by hydroxylation. 
Since 3-methoxy-t~rarnine-1-C~~ could not be 
converted into 3-methoxynorepinephrine, i t  
must be colncluded that formation of 3-me- 
thoxynorepinephrine proceeds through the 
first pathway, and 5-methoxynorepinephrine 

TARIJC I I. Radioactivity of 3-nir~thox,ynorepiii~p~~- 
ririe 1)erivatives Isola tetd from 24 Hour Rat Uriw 

by Paper Chromatography." 

~----Rndioaetivity, cpm t ----, 
Days: after 3-methoxynor- N-acctyl 2- 
completion epinephrinc ntct hoxyllo I'- 

of treat- diacetate epinephrine 
ment $ Unstressed Stressed stressed 

0 19500 46U0$ 2450 - 1200 3100 1900 
4 I050 2600 1100 
6 850 2000 750 
8 620 1300 550 

Rats were treated with 100 nlg/kg of iproriiil- 
zicl and 100 pg. of 3-hydroxlytgrainine-1 dai ly  f o r  
3 days. Jproriiazicl alone w a s  then cwntinued r i i i t i l  
urjiic was collected. 

t Recovery as 3-met hoxy n oreyi tiephri n ci averagc~. 1 
70-90% of the  total radioactivity excrete11 i i i  t h r  
iirine with thp exccptjon o f  ( $ )  whose v:ilurs were. 
.47 :mcl .Sfiv) wspecfivel?-. 

9 

f rom stresscd and mist rrssed ruts. 
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is the Iast step in biosynthesis of norepine- 
phrine. The finding that 3-hydroxytyramine 
is a precursor of norepinephrine is in agree- 
ment with many studies in vitro. However, 
these findings are the first evidence of synthe- 
sis of norepinephrine from 3-hydroxytyramine 
in vioo. I t  is known that certain stresses in- 
crease excretion of norepinephrine (8) .  and in 
our stress experiments a higher excretion of 
3-methoxynorepinephrine was also observed. 

Of special interest may be the discrepancy 
in the biological half-life of 3-hydroxyty-a- 
mine and norepinephrine. I t  was found that 
labeled 3-hydroxytyramine was no longer ex- 
creted 48 hours after last injection of 3-hy- 
droxytyramine- 1 -C' j .  However, radioacti\Te 
3-methoxynorepinephrine was still being ex- 
creted 8 days after last injection of 3-hydroxy- 
tyramine. Although a more quantitative study 
is necessary to permit exact calculation of 
turnover rates of these 2 catecholamines. it is 
evident that their half-life is different. 

The fact that norepinephrine-CI4 is stored 
for a t  least 8 days, while 3-hydroxytyramine- 
l-CX4 appears to be completely replaced by 
synthesis of endogenous hydroxytyramine in 
48 hours, suggests that the turnover rate of 
dihydroxyphenylalanine to hydroxytyramine 
is faster than the turnover of 3-hydroxytyra- 
mine to norepinephrine. This may mean that 
conversion of hydroxytyramine to norepine- 
phrine is the rate-limiting step in the synthe- 
sis. 

1. Formation in vivo of nore- 
pinephrine from 3-hydroxytyramine-1 -Cl4? 
can be demonstrated indirectly by isolating 

Summary. 

the end product of biosynthesis, namely, 3- 
methoxynorepinephrine. 2.  Labeled 3-me- 
thoxynorepinephrine was isolated as a diace- 
tate derivative from urine of unstressed and 
stressed rats treated with iproniazid and 3- 
hydroxytyramine- 1 -C1*. Radiochemical pur- 
ity of the diacetate and the N-acetyl deriva- 
tive was established by paper chromatography, 
and by recrystallization of the diacetate de- 
rivative to constant specific activity. 3. Ra- 
dioactivity of 3-methoxynorepinephrine iso- 
lated from urine of rats was higher in stressed 
rats. 4. Labeled 3-methoxynorepinephrine 
continued to be excreted for 8 days after treat- 
ment with 3-hydroxytyramine-l-C" in con- 
trast to radioactive 3-hydroxytyramine and 3- 
methoxytyramine which disappeared from 
urine after 48 hours. 

The authors thank Dr. S. Bernard Wortis for en- 
couragement of this research, Stephen L. Chorover 
and Dr. Hans L. Teuber for help in stress experi- 
ments, and Linda E. Law for technical assistance. 
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R o c k y  M t .  Lab., Handton ,  Mont .  

The physiological nature of brown fa t  is tionship( 2 ) .  Sulkin ef aZ.( 1 )  adduced evi- 
dence from bats experimentally infected with 
rabies virus that this virus may be present in 
brown fat when absent from other organs, and 
that i t  may propagate in this tissue. We here 
present evidence of the presence of rabies 

obscure, but is now receiving increased atten- 
tion primarily because of nunierous isolations 
of several kinds of viruses from brown fat of 
various animals( 1) and an inference that it 
may play a special role in host-virus rela- 


