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Abstract- Analysis by thin-layer chromatography showed that ["*CN-acetvltryptamine and ['*C]N-
acetyl-f-phenylethylamine are formed from the incubation of ['*CJacetyl-CoA with tryptamine or
f-phenylethylamine. respectively. in the presence of rat brain extracts. The specific activity of the N-
acetyltransferase in fifteen discrete regions of rat ONS ranged from 164 + 0-05 nmoles of product
formed/mg of proteinhr in cercbellum to 0-37 + 005 nmole in occipital cortex with tryptamine as
substrate. and from 2:80 + 0-30 nmoles in cerebellum to 091 + 0-13nmoele in cervical cord with
f-phenvlethylamine as substrate. Comparison of the regional specific activitics in the presence of the
respective substrates vielded a correlation coetlicient of 0-83 (P < (0-01). In cerebellum N-acetyltransfer-
ase activity appears exclusively in cytosol. At two stages of purification (1. after Bio-Gel fractionation
as well as after ammonium sulfate precipitation). the cnzyme exhibited biphasic kinetics with respect
to acetyl-CoA in the presence of tryptamine or fi-phenylethylamine and with respect to cither substrate

m the presence of acetyl-CoA.

N-acetylation of endogenous or exogenous com-
pounds by means of the hepatic enzyme acetyl-CoA
arylamine N-acetyltransferase (EC 2.3.1.5) has been
documented as a significant systemic detoxification
process [ 1--6]. The finding of aromatic amine N-ace-
tylating activity in  brain outside the pincal
gland [7-11] and occasional reports of N-acetylated
metabolites of several endogenous and exogenous
amines in peripheral and/or CNS tissue [12-17] have
prompted us to continue our investigation of extra-
pineal N-acetylation of aromatic amines in rat brain.

We have reported that rat brain extract catalyzed
the production of N-acetyltryptamine from acetyl-
CoA and tryptamine at a pH optimum of 79, and
that the reaction was linear with incubation time for
as long as 60 min and with protein concentration up
to O-5mg. We also determined the relative specific
activities of progressively purified enzyme prep-
arations in the presence of various amines [11]. Now
we have examined the specific activity of N-acetyl-
transferase (NAT) in fifteen discrete regions of rat
CNS as well as mn six standard subcellular fractions
from cerebellum. the region of highest NAT activity.
In addition. we have studied the kinetics of the
enzyme with regard to acetyl-CoA in the presence
of either tryptamine or f-phenylethylamine (S®EA)
as well as with regard to each substrate.

MATERIALS AND METHODS

Animals and maierials. Adult male Sprague -Dawley
rats (150-200 g each) were obtained from Carworth
Farms, Portage. Mich. ["*CJacetyl-CoA (37 or
58 mCi/m-mole) was obtained from Amersham Searle,
Arlington Heights, 11l Acetyl-CoA and SPEA were
obtained from Sigma Chemical Co.. St. Louis, Mo.:

tryptamine from Regis Chemical Co., Morton Grove,
I, Acetic anhydride was purchased from Mallinck-
rodt Chemical Works, Los Angeles, Calif. Bio-Gel
A-1-5 m was purchased from Bio Rad Co., Richmond,
Calif. and Silica gel F-254 thin-layer chromato-
graphic (tlc.) sheets were purchased from EM
Laboratories, Elmsford, N.Y. Other chemicals, of
optimal purity. were obtained from standard sources.

Standard N-acetyltryptamine and N-acetyl-f@EA
were synthesized in our laboratory by N-acetylation
of tryptamine and S®EA, respectively, with acetic an-
hydride in alkaline cthanol solution [18]. The prod-
ucts were extracted into dichloromethane, and in each
case the solvent was subsequently evaporated under
nitrogen atmosphere. On tlc., N-acetyltryptamine
showed a single spot under shortwave u.v. light, with
R, values of 0-81 when developed in butanol-1 N ace-
tic acid -water (4:1:1) and 0-56 when developed in
chloroform -methanol-1 N acetic acid (97:3:1); stan-
dard tryptamine showed R, values of 0-38 and 0-00
with the respective solvent systems. N-acetyl-S®EA
showed a single spot with R, values of 0-78 when
developed in butanol-1 N acetic acid water (4:1:1)
and 081 when developed in  isopropanol- 1 N
ammonium hydroxide-water (8:1:1): standard SPEA
showed R, values of (-40 and 023 in the respective
solvent systems.

Enzyme preparation for product analysis and kinetic
studies. Rats were decapitated, and their brains were
quickly removed, special care being taken to remove
the pineal gland from the sample. Then the brains
were homogenized in 5 vol of ice-cold double-dis-
tilled water and centrifuged at 100.000¢ for 40 min.
A portion of the supernatant was dialyzed against
100 vol of 005 M potassium phosphate buffer
(pH 791 for 1 hr. and the dialyzed fraction was used

813



S L. L. Hst, M. A, Gever and AL 1. MaxpiLL

as the enzyme source for product analysis. Another
portion of the supernatant  was  saturated  with
ammonium sulfate {50 75 per cent), and the precipi-
tate (Ppsy) was picked up in appropriate amounts of
005 M potassium phosphate buffer (pH 79) and dia-
Iyzed against 200 vol. of the same bufler for 1 hr, Ali-
duots of the dialvzed precipitate (Ppasy) were used for
the kinetic studies deseribed below. In other exper-
iments Ppsowas picked up in a minimal amount of
005 M potassium - phosphate bufler (pH 79y and
applicd to a Bio Gel A-I:Sm column (25 x 20 em)
which was equilibrated with the same buffer. Protein
was eluted with the same bufler and collected in frac-
tions of 2:0ml for 3hr. Fractions with the highest
specific enzyme activities were pooled  for kinetic
studies as deseribed below.

Enzyme uctivity was assayed by the method of
Deguchi and Axclrod [ 197 with slight modification.
The incubation mixture contained 0-1 mM [ Jace-
B I-CoA (37 mCim-mole). 225mM substrate (il not
otherwise indicatedl. and an aliquot of enzyme pro-
tein 005 M potassium phosphate buffer (pH 7-9)
with a total volume of 0-2 or O-3ml. We used boiled
enzyme blanks as controls, having previously estab-
lished [117] that they vyiclded higher activity than
blanks consisting of cither buffer plus enzyme without
substrate or buffer plus substrate without enzyme.
Mixtures were incubated at 37 for 0-3 or 1 hr. Reac-
tions were stopped by the addition of 0-5ml of 0-5M
sodium borate bufler (pH 10-0). The radioactive prod-
ucts were extracted into 6 ml toluene containing 37
isoamyl aleohol. with an efliciency of 100 per cent.
Aliquots (4 mb) of the organic phase were transferred
to scintillation vials containing 10 ml of counting
solution (POPOP* and PPO in toluene and ethanaol),
and radioactivity was measured in a Beckman liquid
scintillation spectrophotometer. In all experiments,
protein concentrations were determined according to
the method of Lowry er afl. [20].

Product analysis. For each product, organic phases
from two identical incubations were pooled and com-
bined with 0-1 mg of the corresponding cold N-acety-
lated amine. The combination was evaporated to dry-
ness o vacuum oven at room temperature, and the
residue was taken up i 0-2ml ethanol. Aliquots of
the ethanol solutions were applied in lines 2-5 ecm long
alongside 10 pg of the corresponding standards on
Silica gel F-254 the sheets (3 % 8 em). Identical tle.
sheets were then developed in two different solvent
systems until the fronts were about 1em from the
top. After dryving, cach band visualized under u.v.
light wus seraped from the sheet and mashed in 2 ml
cthanol for measurement of radioactivity. Strips of
cqual size from between the bands. including the sol-
vent front and origin, were treated in the same way.

Subcellular fraction preparation. Three fresh rat cer-
chella were homogenized in 10 vol of 0-32 M sucrose
m 0001 M potassium phosphate buffer (pH 7-9) in a
Thomas glass Teflon homogenizer with clearance of
0-025 cm. Homogenate was then centrifuged and frac-
tionated according to the method of Gray and Whit-
taker | 21] with slight modifications [22]. The nuclear
pellet was taken after centrifugation at 900 ¢ for

FPOPOP = p-bis| 2-(3-phenvioxuzolyh]-benzene:
PPO - 2.5-diphensioxazole.

10 min. and the supernatant was spun at 14000 ¢ for
20 min to yield the crude mitochondrial pelict. The
remaining supernatant was centrifuged at 100,000 ¢
for 1 hr to yield the microsomal pellet und the soluble
eytosol fraction. The crude mitochondrial peliet was
washed once with 0132 M sucrose. suspended in 3mi
sucrose, layered over the modified sucrose gradient
(120ml of I 2M:8ml of 08 M: 2ml of 06 M: 2ml
of 0-4 M) and centrifuged at 100.,000¢ for 45 min.
Myelin was taken from the interface between the
layers of 04 and 0-6 M sucrose and centriluged at
100,000 ¢ for 40 min to yield a pellet. The synaptoso-
mal fraction was obtained from the interface between
the layers of 0-8 and 112 M sucrose. diluted with 2
vol. of cold 0001 M potassium  phosphate  buffer
(pH 7-9), and centrifuged at 100,000 ¢ for 0 min to
yield u pellet. The mitochondrial pellet at the bottom
of the gradient was rinsed with 0-32M sucrose. All
the rinsed pellets were resuspended in minimal
amounts of 0-32M sucrose in 0001 M potassium
phosphate bufter. and NAT activity was assaved in
all fractions as desceribed above.

Regional fraction preparation. Bram regions were
disseeted frechand over ice immediately after the ruts
were sacrificed. according o Craigic's Newroanatony
of the Rar [ 23], as follows. Representative wet weights
arc given in parentheses. Gentle pulling apart of the
cerebral cortices  stretched  the  corpus callosum
(25 mg) which. after being teased away from its lateral
msertions, wus pinched away from the hippocampus,
any gray matter being excluded. The corpus striatum
(30 mg). including most of the caudate and the
putamen and some globus pallidus, was excised from
the cortices. Both the lateral und mediul septal nuclei
(20 mg) were cut free in one piece. After the cingulate
region {100 mg) was taken. the frontal cortex (180 my)
was separated from the parietal cortex (78 mg). Simi-
larly, the oceipital cortex (60 mg) was taken after the
entorhinal and posterior cingulate had been  dis-
carded. The dorsal hippocampi (100 mg) were separ-
ated at the midline und cut to include only dorsal
hippocampus proper and dentate gyrus. The cerebel-
lum (280 mg) was removed intact. The medulla
(130 mg) extended [rom the cliva up to the caudal
border of the trapezoid body. The pons. trupezoid
(60 mg) was bordered rostrally by the caudal aspects
of the interpeduncular fossa and the inferior colliculi.
The midbrain piece (130 myg) extended rostrally up to
the mamillary bodies and included the corpora quad-
rigemini. The hypothalamus (30 mg) wus defined ven-
trally by the outline of the tuber cinereum und dor-
sally by the top of the third ventricle. For dissection
of the cervical spinal cord and Tumbosacral cord. @
dorsal 1ncision was made forward from the tail.
exposing the vertebrae. The musculature was then dis-
sected away from the point of decapitation back to
the seventh vertebra and from the first lumbar ver-
tebra to the fourth sacral vertebra. The cervical seg-
ment was cut from the vertebral column at the space
between the seventh cervical vertebra and tirst thora-
cic vertebra as defined by its relationship o the tall
spine of the third thoracic vertebra. The lumbosacral
segment wus severed anterior 1o the first lumbar ver-
tebra and posterior to the fourth sacral vertebra. The
vertebral segments were opened with scissors, and the
cord was removed with foreeps.
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Fig. [. T.lc identification of reaction product. A = stan-

dard N-acetyltryptamine. T = tryptamine. The numbers

are the cpm in the bands. On the left the solvent system

was chloroform-methanol-1 N acetic acid (97:3:1). On the

right the solvent system was butanol -1 N acetic acid-water
(4:1:1).

Like regions from four to eight rats were pooled,
homogenized in 5-7-5 vol of double-distilled water
at 47, and centrifuged at 100,000y for 40 min. The
supernatants were dialyzed for 2 hr against 200 vol.
of 0-05 M potassium phosphate buffer (pH 7-9), and
the NAT activity was assayed as described above. Re-
gardless of region, boiled enzyme blanks yielded ap-
proximately [125cpm: counts in each regional
sample were at least twice those in the corresponding
boiled enzyme blank.

RESULTS

Products. The radioactive product resulting from
the reaction between tryptamine and ['*ClJacetyl-
CoA was isographic with standard N-acetyltrypta-
mine on TLC chromatograms developed in two dif-

Table 1. Regional NAT activity in dialyzed soluble frac-
tions from rat brain*

Specific activity
(nmoles product/mg protein/hr}

Sample Tryptamine SOEA
Cerebellum 1-64 + 0:05 280 + 030
Whole brain 15 + 014 198 4+ 013
Corpus callosum 1-04 + 008 196 + O-11
Frontal cortex 1-02 + 008 1440 + O-15
Hippocampus 097 + 003 1-60 + 0-16
Parietal cortex 091 + 0-10 1:229 + 013
Pons/trapezoid -89 + 0-08 134 + 013
Remainder of brain 88 + 0-07 143 + 012
Cingulate cortex 86 + 0-05 191 + 017
Medulla 082 + 0:06 1-57 + 0-16
Midbrain 076 + 0-09 147 + 011
Septal nuclei 074 + 006 103 + 009
Lumbosacral cord 072 + 0:06 1-69 4 0-0K
Hypothalamus 069 + 0-10 1-18 + 011
Corpus striatum 063 + 0-06 1-32 + 008
Cervical cord 059 + 0:06 091 + 013
Occipital cortex 0-57 £ 005 1-46 + 0-14

* Values are the means of four to six independent deter-
minations + S. E. M. Protein concentrations were between
0-15 and 0-25mg/0-2ml of reaction volume. Regional
supernatants from 100,000y centrifugation, dialyzed for
2 hr, were incubated for 0-5 hr with 0:-1 mM ["*Clacetyl-
CoA and 2-5mM tryptamine or fPEA in 0-:05M potas-
sium phosphate buffer (pH 79).
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Fig. 2. NAT activity as a function of acetyl-CoA in the
presence of tryptamine or f®EA. Combined Bio-Gel frac-
tions were the enzvme source. The incubation mixtures
contained (19 mg protein, 2:5mM of cither substrate. and
various amounts of [*CJacetyl-CoA in a total volume of
030 ml of 0-05SM potassium phosphate buffer (pH 7:9).
Reaction velocity is expressed as 107* x pmoles of N-ace-
tylated amine produced. mg of protein‘hr, Each point rep-
resents the mean of duplicate determinations. ny, = Hill
slope.

ferent solvent systems (Fig. 1). The radioactive prod-
uct from the reaction between fPEA and ['*CJacetyl-
CoA was isographic with N-acetyl-f®EA after devel-
opment in the two solvent systems described in
Materials and Methods. Over 80 per cent of the
radioactivity applied to the tlc. plates was recovered
from all the bands measured, and almost all of such
radioactivity was localized in the N-acetylated prod-
uct bands. No other bands with appreciable radioacti-
vity were observed.

Subcellulur localization. With tryptamine as sub-
strate, we assayed the enzyme activity in subcellular
fractions from cerebellum because preliminary
regional studies had shown that NAT activity was
relatively high in that region. In the cercbellum NAT
activity appeared cxclusively in the cytosol: the speci-
fic activity was 1-05 + 0-06 nmoles of N-acetyltrypta-
mine formed/mg of protein/hr. No activity was
detected in the nuclear, microsomal, myelin, synapto-
somal or mitochondrial fractions.

Regional distribution. As shown in Table . N-ace-
tyltryptamine formation is not uniformly distributed
in rat brain. Specific activities in fractions from fifteen
discrete regions of the CNS plus the remainder of
the brain ranged from 1-64 + 0-05 nmoles of N-acetyl-
tryptamine formed mg of protein/hr in cerebellum to
0-57 + 0-05 nmole in occipital cortex. Regional distri-
bution of N-acetyl-fPEA formation was only slightly
more uniformly distributed, with a range of
2:80 + 0-30 nmoles of product formed;mg of pro-
tein/hr in cerebellum to 091 + 0-13 nmole formed in
cervical cord. When we performed a statistical com-
parison of the regional NAT activity in the presence
of these two substrates, we obtained a correlation
cocthicient of 0-83 (P < 0:01).

Kinetic properties of partially purified N AT Line-
weaver -Burk double reciprocal plots of the reactions
incorporating Bio-Gel fractions as the enzyme source
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Fig. 30 NAT activity as o function of substrate amines.
Combined Bio-Gel fractions were the enzyme source. The
incubation mixtures contained 0-12 mg protein. 0-30 mM
["FClacetyl-CoA, and various amounts of cither trypta-
mine or fPEA in a total volume of 030 ml of 0-05M
potassium phosphate bufler (pH 7-9). Reaction velocity is
expressed as 10 % x pmoles of N-acetylated amine produ-
ced'mg of protein hr. Fach point represents the mean of

duplicate determinations. n, = Hill slope.

show biphasic kinetics with regard to acetyl-CoA in
the presence of cither tryptamine or fOEA (Fig. 2).
The partially puritied enzyme shows similar biphasic
kinetics with regard to cither substrate (Fig. 3). The
enzyme activity was inhibited at concentrations of
cither tryptamine or S®EA ranging {from 66 to
33mM. The interaction of the enzyme with acetyl-
CoA in the presence of either tryptamine or ffJPEA
vielded Hill plots with slopes less than 10 (Fig.
4)[24]). The mteraction of the enzyme with trypta-
mine or SPEA also yielded Hill plots with slopes less
than 1-0 (Fig. 4). Similar kinetic data were obtained
when Ppap was used as the enzyme source (Table
2).

DISCUSSION
Although N-acetylation of various cxogenous

amines 1s a well-deseribed  systemic  detoxification

Tryptamine

BEA
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Fig. 4. Hill plots for NAT activity as a function of acetyl-

CoA in the presence of cither substrate (top) and as a

function of either substrate (bottom). The data were taken
from Figs. 2 and 3 respectively.

Hst. M. AL GeEviR and AL ] MAaNDELL

Table 2. Apparent K, and ny values for NAT with Ppyy,
as the enzyme souree®

Acenvi-CoA Amines
Substrate K, Ny K, iy
Tryptamine 014 mM 091 199 mM 0-33
220 M 025 mM
SPEA 0-22mM 076 010 mM - 067

710 M R EANTAY|

* K, and ny values were obtained from Lmeweaver
Burk double reciprocal plots and Hill plots similur to those
in Figs. 24 In determinations with respect to acetyl-CoA,
the incubation mixture contained 0-28 mg protein. 2-5mM
of cither substrate, and various amounts of acetyl-CoA
a total volume of 0-2ml of 0:03 M potassium phasphate
buffer (pH 79). In determinations with respect 10 the
amines. the incubation mixtures contained (-28 myg protein.
0-1 mM acetyl-CoA and various amounts of either rypta-
mine or fPEA in a total volume of 02 ml of 005 M potas-
stum phosphate butfer (pH 79).

mechanism [25. 267, relatvely little s known about
N-acetylation by any organ other than the liver [27]
with regard to the inactivation of endogenous amines.
Meclsaac and Page (28] estimated from studying uri-
nary indoleamine metabolites in patients with car-
cinoid tumors that between S and 25 per cent of sero-
tonin s rendered inactive by N-acetvlation,  the
majority of that presumably by hepatic cnzyvmatic ac-
tivity. Morcover. i the pincal gland. serotonin con-
centration is apparently regulated by N-acetvlation
mediated through f-receptor stimulation by nore-
pinephrine [19.29 347 A similar mechunism could be
speculated to exist for serotonin metabolism in the
brain itself. specificaliv in those structures that receive
both serotonergic and adrenergic mput{3S]. Ow
product analysis by the. clearly showed that N-ace-
tyltryptamine and N-acetyl-ffPEA were formed from
the mecubation of acetyl-CoA with wyptumine and
PPEA. respectively. in the presence of brim extructs.

In our examimation of anune V-acetvlation m it
teen discrete regions of the rat CNSO we found o
3fold difference moactivity between the east and
most active regions with cither substrate. Tt seems
that the high N-acetvlating activity we found ' rat
cercbellum might be associated with the N-acelvl-
alkylamines localized there by immunohistological
methods after pincalectomy [36]. NAT activity bemg
relatively high in cerebellum,  cortical arcas. and
corpus callosum suggests that the enzvme s not dis-
tributed with axons and nerve endings OF known
aminergic systems i the bram. Unlike e activity
of enzyme known to be related to putative neuaro-
transmitter biosynthesis and degradation. this activiny
was relatively low n corpus striatum,

The activity wue report, ranging  lrom 164 4
03 nmoles  of  N-acetvitryptamine  formed. mg of
proteinhr in cerebellum o 037 £ G053 nmole m
occipital cortex. is higher than the activity reported
by Yang and NeflT10]. the range ol which was
840 + 80 to 370 + 70 pmoles in seven unspectfied
brain regions. Ellison et ol [77 also reported lower
N-acetylating activity (170, 1530 and 140 pmoles of
N-acetylserotonin formed: mg of tissue in rat olfactory
bulb. cerebellum and cerebrum respectively ). Alowing
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for the 10-20 per cent protein content of brain tissue,
Ellison ¢t «l.[7] found activity comparable to that
reported by Yang and Neff [10]. Although Yang and
NefI [107 do not specify the pH of their assay, Ellison
et al. [7] used pH 6:8. We found that at pH 6-5. 40
per cent of the [**Clacetyl-CoA decomposed in a
0-5-hr incubation. Such a loss could decrease the rate
of the N-acetylation reaction, yielding lower enzymic
specific activity.

The enzyme 1s apparently relatively unstable too.
In our assays for regional enzyme activity, the soluble
fractions were dialyzed for 2 hr. which was only half
the dialysis time ol our carlier assays.[117 and the
shorter dialysis time nearly doubled the measurable
CnZymatic activity. i

In the regional and subcellular experiments, our
concentration of acetyl-CoA was 01 mM, which
turned out to be between the two apparent K,, values
in reactions with either substrate. In the presence of
tryptamine, the K, values were 0-28 mM (low afhnity
for acetyl-CoAy} and 100 uM (high affinity for acetyl
Co-A): with fPEA they were 3-:2mM and 4-6 M re-
spectively (Fig. 2). With regard to substrate concent-
rations, it turned out that our concentration of trypta-
mine (2:5mM) was adequate to elicit enzymatic ac-
tivity with both high and low affinity for substrate,
whereas our concentration of SfPEA (2:5mM) fell
between the apparent K,, values in reactions with that
substrate (Fig. 3). Hence. NAT specific activity in
brain regions might be different i higher or lower
concentrations of acetyl-CoA or SPEA were to be
used. It seems that only the high-affinity enzyme ac-
tivities were being measured under our assay condi-
tions: the differential distributions of high- and low-
affinity NAT activities in the brain remain to be
determined. However, the biphasic kinetics at two
stages of purification suggest that the enzyme may
be polymorphic or that it may include non-identical
peptide chains that have active sites with different
binding constants as isozymes do [37].

The extrapineal presence of both S-methoxytryp-

tamine [38.39] and 3-methoxy-N-acetyltryptamine
(melatonin) [39] has been reported. Our finding [ 117,
also reported by others [7. 10], that the brain is in-
decd capable of N-acetylating biogenic amines raiscs
the possibility that extrapineal melatonin is in fact
synthesized in the brain itself rather than transported
from the pineal gland or from other structures in the
region of the lamina intercalaris (39.40]. Moreover,
we have some preliminary data showing that after
intraventricular infusion of labeled tryptamine or
labeled fPEA. the corresponding N-acetylated prod-
ucts are present in rat brain,
Acknowledgements- This work is supported by USPHS
Grants MH-14360-07 and DA-00265-03. Mark Crissey and
Jack Mueller provided able technical assistance through-
out. Some of these data were presented by Dr, Hsu at
the April 1975 meeting of the Federation of American
Societies for Experimental Biology.

REFERENCES
1. H. Tabor, A. H. Mehler and E. R. Stadtman, J. biol.
Chem. 204, 127 (1953).
2. R T. Williams. Detoxification Mechanisms, Chapman
& Hall. London (1959).
3. H. Weissbach, B. G. Redfield and J. Axelrod. Biochim.
hiophys. Acta 84, 190 (1961).

4. M. S. Steinberg, S. N. Cohen and W. W. Weber. Bio-
chim. biophys., Acta 184, 210 (1969).

5. H. G. Mandel. in Fundamentals of Drug Metabolism
and Druy Disposition (Eds. B. N. LaDu, H. G. Mandel
and E. L. Way), p. 149. Williams & Wilkins. Baltimore
{1971).

6. H. Kalant, A, E. LeBlane and R, J. Gibbons, Pharmac.
Rer. 23, 135 (1971).

7. N. Ellison, J. L. Weller and D. C. Klein. J. Neurochem.
19, 1335 (1972).

8. D. I. Hearsc and W. W. Weber. Biochem. J. 132, 519
(1973).

9. W. W. Weber and S. N. Cohen. Molec. Pharmuc. 3,
266 (1967).

10. H-Y. Yang and N. H. Nefl. Pharmacologist 16, 199
(1974).

11. S. M. Paul, L. L. Hsu and A. J.
15, 2135 (1974).

12. H. Tabor and E. Mosettig. J. hiol. Chem. 180, 703
(1949).

13. A. A. Smith and S. B. Wortis. Biochim. hiophys. Acta
60, 420 (1962).

14. K. D. Charalampous, K. E. Walker and J. Kinross-
Wright. Psychopharmacologia 9, 48 (1966).

15. J. M. Musacchio and M. Goldstein, Biochent. Pharmac.
16, 963 (1967).

16. N. Sciler and L. Demisch, Biochem. Pharmac. 23, 259
(1974).

17. N. Seiler and L. Demisch. Biochem. Pharmac. 23, 273
(1974).

18. F. D. Chattaway, J. chem. Soc. 2495 (1931).

19. T. Deguchi and J. Axelrod. Analyi. Biochem. 50, 174
{1972).

20. O. L. Lowry. N. J. Roscbrough. A. L. Farr and R.
J. Randall, J. biol. Chem. 193, 265 (1951).

21. E. G. Gray and V. P. Whittaker, J. Anat. 96, 71 (1962).

22, I T. Wajda. 1. Manigault. J. P. Hudnick and A. Lajtha.
J. Neurochem. 21, 1385 (1973).

23. W. Zeman and J. R. M. Innes. Craigie’s Neuroanatomy
of the Rat. Academic Press. New York (1963),

24. A. V. Hill. Biochem. J. 7, 471 (1913).

25. ). W, Frymover and R. F. Jacox. J. Lab. clin. Med.
62, 891 (1963).

26, W. W. Weber. Handbk e¢xp. Pharmac. 28, 564 (1971).

27. G. M. Tyce. E. V. Flock and C. W. Owen, Biochent.
Pharmac. 17, 1543 (1968).

28. W. M. Mclsaac and 1. H. Page. J. hiol. Chem. 234,
858 (1959).

29. D. C. Klein. G. R. Berg and ). Weller, Science. NJY.
168, 979 (1970).

30. D. C. Klein and J. Weller. Science, N.Y. 169, 1093
(1970).

31. D. C. Klein and J. Weller. J. Pharmac. exp. Ther. 186,
516 (1973).

32, D. C. Klein. A. Yuwiler, J. L. Weller and S. Plotkin,
J. Neuwrochem. 21, 1261 (1973).

Mandell, Life Sci.

34. N. Brownstein. R. W. Holz and I. Axelrod. J. Pharmuc.
exp. Ther. 186, 109 (1973).

35. D. C. Klein. in The Newrosciences. Third Study Pro-
gram (Eds. F. O. Schmitt and F. G. Worden). p. 509,
MIT Press, Cambridge. Mass. (1974),

36. G. A. Bubenik. G. M. Brown. 1. Uhlir and L. J. Grota.
Brain Res. 81, 233 (1974).

37. A. Levitzki and D. E. Koshland. Proc. N.4.S. 62, 1121
(1969).

38. A. R, Green. S. H. Koslow and E.
S1, 371 (1973).

39. S, H. Koslow. in Serotonin-New Vistas. adv. in Bio-
chem. Pharmace. Yol 11, p. 95, Raven Press, New York
(1974).

40. A. Bjorklund. C. H. Owman and K. K. West. Z. Zell-
Jorsch. mikrosk. Anar. 127, 370 (1972).

Costa. Bruin Res.



