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Indirect Evidence of Synthesis of Norepinephrine from 3-Hydroxy-

Tyramine-1-C in vivo.*

(25437)

M. GorpsTEIN, A. J. Friepuorr, C. StMMoNs AND N. N. PROCHOROFF
(Introduced by N. Nelson)
Dept. of Psychiatry and Neurology, Psychopharmacology Research Unit,
N. Y. U. College of 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 at 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 vive makes it difficult to demon-
strate this reaction directly in the intact ani-
mal. Since Axelrod(4) has shown that the
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. Bicl, 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 Hoffmann-La Roche; 3-hydroxy-
tyramine-1-C'* was obtained from New Eng-
land Nuclear Corp.; 3-methoxytyramine-1-
C!* 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 Corp.

Methods. Groups of 6 rats were treated
with 100 mg, kg of iproniazid and 100 pg
of 3-hydroxyvtyramine-1-C'*, injected daily.
Urine was collected for 24 hours, and samples
were hydrolyzed at pH 2 by refluxing 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
methylene chloride, and aliquots of the con-
centrated extracts were applied for chromato-
graphic separation in the “C” solvent system
of Bush(7). Dry chromatograms were then
scanned in a calibrated counting chamber, so
as to locate all radioactive zones. Material in
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 & 39.. Deacetyia-
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 at 37°C, with air as
the gas phase. At end of incubation, O-acety]
groups were removed and N -acetyl derivatives
were extracted from the aqueous phase into
ethyl acetate. The combined ethyl acetate
extract was concentrated in vacuo, and ali-
quots were chromatographed in the “C” sys-
tem of Bush for 24 hours, then in amyl alco-
hol-water for 12 hours, or in a chloroform-
formamide solvent system overnight. Me-
tabolism of 3-methoxytyramine-1-C™. A
group of 6 rats was treated with 100 mg of
iproniazid/kg, and 25 pg of 3-methoxytyra-
mine-1-C!, were injected daily. Urine 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
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TABLE I. Mobilities of Catecholamine Triacetate

Derivatives and Methoxyeatecholamine Diacetate

Derivatives in Bush ¢¢C?’ Chromatography Sys-
tem* at 37°C.

Distance from  Mobility
Acetate derivate of starting line, em in em/hr
norepinephnne V-9 2
niethoxynorepinephrine 11-13 3
epinephrine 18-20 4.75
methoxyepinephrine 20-22 5.25
3-hydroxytyramine 23-25 6
A-methoxytyramine 27-29 7

* Descending technie with Whatman No. 1 filter
paper prewashed with benzene:methylaleohol (1:1)
was used. Catecholamines were developed by pass-
ing a narrow strip of paper through solution of
1% FeCI; and 2% potassiumferricyanide which
was then blotted and passed through a solution of
10% KOH in methylaleohol:water (1:1). Methoxy-
catecholamines were developed by passing a nar--
row strip through solution of 0.1% dichloroquinone
chlorimide in aleohol, blotting and then passing it
through a solution of 0.1 m borate buffer pH 10,
blotting again and exposing the strip to ammonia
VAPOTrs,
isolated. Labeled 3-methoxynorepinephrine
could not be detected. Skock stress of ani-
mals. 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) to be
delivered to the feet of rats. When the shock
was applied (for 10 seconds at intervals of 30
seconds) the normal response of the animals
was to run at 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-
cholamines 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-C'* 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-
norepinephrine diacetate.

When rats were stressed after one day of
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FIG. 1. Paper chromatography scparation of
acetylated amine fraction in urine of rats treated
one day with 100 mg/kg of iproniazid and 100 ug
3-hydroxytyramine-1-C*,

FIG. 2. Paper chromatography scparation of
acetylated amine fraction in urine of rats treated
3 days with 100 mg/kg of iproniazid and 100 ug
3-hydroxytyramine-1-C*,

FIG. 3. Paper chromatography separation of
acetylated amine fraction in urine of stressed rats
treated for first 3 days with 100 mg/kg of ipronia-
zid and 100 ug 3-hydroxytyramine-1-C*, and for
the last 2 days with iproniazid only.

A 24 hr urine speeimen was collected at end of
treatment period.

treatment with iproniazid and 3-hydroxytyra-
mine-1-C*, the amine fraction yielded the
same 2 radioactive peaks as in the unstressed
rats. However, a relatively higher excretion
of labeled 3-methoxytyramine was found in
stressed rats. When rats were stressed 2 days
after last injection of 3-hydroxytyramine-1-
C4, all radioactivity of the amine fraction ex-
creted in the next 24 hours was associated
with 3-methoxynorepinephrine diacetate (Fig.
3). Table II shows radioactivity of 3-me-
thoxynorepinephrine under various experi-
mental conditions. It 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 deacetylation with hog kid-
ney acylase to N-acetyl 3-methoxynorepine-
phrine. After chromatography in the “C”
system of Bush for 24 hours, radioactivity was
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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 II) 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°-
125°) and after 2 recrystallizations from
ethyl acetate constant specific activity was
obtained.

Discussion. Formation of 3-methoxynore-
pinephrine iz vivo may proceed by 2 possible
pathways, (a) hydroxylation of 3-hydroxyty-
ramine to norepinephrine followed by O-me-
thylation to 3-methoxynorepinephrine, or (b)
O-methylation followed by hydroxylation.
Since 3-methoxy-tyramine-1-C* could not be
converted into 3-methoxynorepinephrine, it
must be concluded that formation of 3-me-
thoxynorepinephrine proceeds through the
first pathway, and 3-methoxynorepinephrine
TABLE LL Radioactivity of 3-methoxynorepineph-

rine Derivatives Isolated from 24 Hour Rat Urine
by Paper Chromatography.*®

———————Radioaectivity, epmt -

—
Days after 3-methoxynor- N-acetyl 3-
completion epinephrinc methoxynor-
of treat- diacetate epinephrine
ment§ Unstressed  Stressed stressed

0 19508 4600§ 2450

2 1200 3100 1900

4 1050 2600 1100

6 850 2000 750

8 620 1300 550

* Rats were treated with 100 mg/kg of ipronia-
zid and 100 g of 3-hydroxytyramine-1-C* daily for
3 days. Iproniazid alome was then continued until
urine was collected.

+ Recovery as 3-methoxynorepinephrine average:d
70-909 of the total radioactivity excreted in the
urine with the exeeption of (§) whose values were
A7 and .85% respectively.

1 On day designated, electric shock was given to
stressed rats and a 24 hr urine sample was collected
from stressed and unstressed rats.



140

is the last 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 vivo. It 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-hydroxytyra-
mine and norepinephrine. It was found that
labeled 3-hydroxytyramine was no longer ex-
creted 48 hours after last injection of 3-hy-
droxytyramine-1-C'*.  However, radioactive
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-C'* is stored
for at least 8 days, while 3-hydroxytyramine-
1-C* 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.

Summary. 1. Formation in vivo of nore-
pinephrine from 3-hydroxytyramine-1-C!,
can be demonstrated indirectly by isolating

Rabies Virus Isolated from Brown Fat of Naturally Infected Bats.

J. FREDERICK BELL aND G. Joun Moore
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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-C'*. 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-1-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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The physiological nature of brown fat is
obscure, but is now receiving increased atten-
tion primarily because of numerous 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-

tionship(2). Sulkin et @l.(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 it may propagate in this tissue. We here
present evidence of the presence of rabies



