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SUMMARY

Tryptophan hydroxylase activity is-as measured in v2tro in the pineal gland, brain stem,

and cerebral cortex of rats after treatment with p-chJorophenylalanine. Enzyme activity in
the brain stem or cortex, assayed at 10 j.�i tryptophan, decreased to 5 % of control 1-3 days

after tr(’atment- with p-chlorophenylalanine. Enzyme activity in the pineal remained at
60-75 % (if that in control rats. When the tryptophan concentration was greater than 100
/2M, trvptophan hydroxylase activity in the pineal did not differ betis-een control and p-

chiorophenylalanine-treated rats. Tryptophan hydroxylase in the pineal is thus relatively

resistant to inhibition with p-chlorophenyialanine.

p-Chlorophenylalanine depleted serotonin levels in the pineal as iscll as in the brain.

Xeither the pineal nor the brain could convert tracer doses of radioactive tryptophan to

serotonin, indicating that the biosynthetic capacity is-as impaired by treatment of the rats

with p-chlorophenylalanine. Hoisever, after injection of a large dose of L-tryptophan, the
pineals of p-chlorophcnylalanine-treated rats synthesized serotonin from t-ryptophan at
almost the same rate as the pilieals of control rats. Smaller doses of L-tryptophan were less

effective iii increasing scrotonin levels. These results indicate that, although the pineals of

p-chlorophenylalanine-treated rats retained tryptophan hydroxylase, the affinity of the

enzyme for tryptophaii was reduced.
The differential sensitivity to p-chlorophenylalanine of pineal tryptophan h�-’droxylase

as compared to the enzyme from various brain regions suggests that the pineal enzyme has
distinctive molecular properties.

INTRODUCTION

It has been demonstrated that p-chloro-

phenylala-iiine depletes serotonin in the
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brains of rat, mouse, and dog (1). CPA3 also
depletes serotonin in other tissues of the rat,

including pineal (2, 3). J#{233}quieret al. (4) have

shoisn that CPA is a competitive inhibitor

of tryptophan hydroxylase of braiii stem in
vitro. However, CPA caused irreversible in-

activation of tryptophan hydroxylase of
brain stem i-n vito. Gal et al. (5) proposed

that incorporation of CPA into cerebral

tryptophan hydroxylase could take place at

3 The abbreviation used is: CPA, p-chloro-
phenylalanine.
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tli(’ catalytically active center to produce
irreversible inhibitioii. The mechanism of the

effect of CPA on hvdroxvlation of trypto-

phan, hoisever, remains unclear. The present
study shows thiat CPA does not inactivate
tryptophan hydroxylase in rat- piiieal.

EXPERIMENTAL PHOCEI)URE

C/tent icals. L-[carbo.l-yl-’4C]Tryptophan (12

mCi/mmole) and L-[F-3H]tryptophan (7.3
Ci/mmole) is-crc purchased from Xciv Eng-

land Nuclear. CPA was purchased from

Aldrich. 6 , 7-Dimethvl-5 , 6 , 7 , 8-tetrahydro-

pterine, dithiothreitol, L-tryptophan (A

grade), and pyridoxal phosphate were pur-
chased from Calbiochem. Catalase from

bovine liver (15,000 units/mg) was j)ur-

chased from Sigma.
Preparation and cxlvi mist-ration of corn -

/)OUfl(iS. Male Sprague-Dawley rats weighing

180-200 g isere supplied by Simonsen Lab-
oratories, Gilroy, Cal. (‘PA is-as dissolved in

0.14 N HC1 by gentle heating. The solution
isas cooled to room temperature and iieu-
tralized by the dropwise addition of 1 N

XaOH. The concentration of the suspension
of CPA is-as 15 mg/nil. The suspension of
CPA (300 mg/kg of body is-eight) was in-

jected intraperitoneally into rats once a day

for 2 successive days. One or three days after

the second injectiol1 of CPA the rats were

killed by decapitation. In all experiments
animals is-crc killed between 1 : 00 and 3:00
p.m., because the serotoliin level of rat pineal
has been found to exhibit circadian varia-

tiOIls (6). Although we found that trypto-

phan hydroxylase activity in rat pineal mea-
sured in vitro did not shois- any circadian
Chalige, the rats to be used for tryptophan

hydroxylase assay were also killed during

the same time period.
L-[U-3H]Tryptophali was purified by pas-

sage through a Bio-Rex 70 (Nat form, 200-

400 mesh) column (0.4 X 2.0 cm), and the

effluent is-as lyophilized. L-[U-3HlTrypto-

phan (130 �zCi/ra-t) is-as dissolved in 0.5 ml

of isotonic NaCl and injected into the left

femoral Veiti of rats under slight ether
anesthesia.

Analysis of COfll/)OUflds. Pincals and brains
isere frozen tai Dry Ice immediately after

removal. For the serotomn assay, tiso pineals

wer(’ homog(’nized in 0.5 ml of 75 � ; ethiaiiol

ill a small glass llomogellizer. Ihe homoge-

nizer is-as rinsed thr(’e tim(’s with 0.5 ml of

75 (,� (‘thia!1(il for each sample. ilie homoge-
nate and rinses were combined and centri-
fuged at 35,000 X (J for 20 mm. These oper-

tttF)I15 were Performed at 4#{176}.The .superna-
tallt fluid was mixed wit-li 2 ml of cold dis-
tilled wat(’r and j)a.ssed through a Bio-Rex

70 (Xa� form, 200-400 mesh) column (0.4 X
2.0 (rn). TI1(� columli was washed with �3 ml
of 0.02 is sodium phosphate buffer (pH 6.5)

and then with 2 ml of distilled water. Sero-

toilili \V1IS eluted with 1 .5 ml Of 1 .2 N HCI.
lor the assay of serotonin from brain, a

\VIiOle braiti was homogenized with 10 ml of

0.4 N perchloric acid containing 0.2 � EDTA.

After centrifugation at- 35,000 X g for 20
mm, thie supernatant fraction was neutral-

iZe(1 to pH 6.0 by the dropwise addition of
2 x KOH. These operations were performed

at 4#{176}.The supernatant fluid was passed

through a Bio-Rex 70 (Na� form, 200-400

mesh) column (0.6 X 2.5 cm). The column

isas isashed with 10 ml of 0.02 is sodium
phosphate buffer (iH 6.5) containing 0.2 %

EDTA and then with 3 ml of distilli’d �vater.

Serotonin was eluted with 3 ml of 1.2 N HCI

and measured fluorometricallv in 3 x H(�i in

a Turner spectrophotofluorometer (7). The

eluate (0.5-2.0 ml) was mixed with 10 ml of
Bray’s solution (5), and the radioactivity

was measured by scintillat ion counting.
I’or the measurement of t-ryptophan, oiie

or two 9i!ieals were homogenized in 0.5 ml
of 5 � trichloracetic �tcid in a small glass
homogenizer. The homogenizer was rinsed

twice with 0.5 ml of 5 � trichloracetic acid

with each sample. Homogenate and rinses
were combined and centrifuged at 35,000 X g

for 20 milL Plasma (50 j.sl) was homogenized
in 2 ml of 5 % trichloracetic acid alid centri-

fuged at 35,000 X (1 for 20 mm. These oper-

ations were performed at 4#{176}.The tryptophan
contelit of the supernatant fluid is-as deter-

mined by the method of l)enckla and I)ewey
(9). Protein is-as determined by the method

of Lowry et al. (10).

Assay of tryptophan hy(iro.rylase. The cere-

bellum was removed, and the cerebral cortex

and brain stem were dissected and frozen on

Dry Ice. The cortex contained the cerebral
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cortex, hippocampus, and st-riatum ; the brain

stem Cofltaifl(’d the medulla-, pons, midbrain,

and hypothalamus. Cortex or brain stem is-as
homogenized in 2 or 4 volumes, respectively,

of 0.02 is Tris-acctate buffer (pH 5.1) con-
taming 1 mis dithiothreitol. We confirmed

the report of other investigators ( 1 1 , 12) that
ili brain all of the enzyme activity is present

in the supernatant fraction after homogeni-
zation in hypotonic buffer and that an inhib-

itor of tryptophan hydroxylase is present in

105,000 X ii precipitate fractions of brain.
Consequently the supernatant fraction (100-

200 �l) obtained by centrifugation at

105,000 X g for 30 mitt was used for the

assay Of tryptopliaii hydroxylase activity in
brain.

Tryptophan hydroxylase of rat pineal is

quite unstable compared to that of rat brain.

Storing a pineal homogenate at 4#{176}for 1 hr
reduced the enzyme activity by 50 %. Tryp-

tophan hydroxylase activity therefore was
measured immediately after obtaining and

homogenizing the tissues. Tiso pilleals (2.2-
2.5 mg) ii-ere chilled in 0.13 ml of the buffer

employed for brain, and homogenized in a
small glass homogenizer. The entire homoge-
nate was used for each assay of enzyme

activity.

Tryptophan hydroxylase activity was

measured according to the method of Ichi-

yama et al. (13). The assay mixture contained

the following reagents in a tot-al volume of
0.5 ml: Tris-acetate (pH 8.1), 50 Mmoles;
6 , 7-dimethyl-5 , 6 , 7 , 8-tet-rahydropterine, 1.0

,.�mole; dithiothreitol, 1.5 �smo1es; pyridoxal
phosphate, 0.1 �smole; catalase, 30 �g; fer-

rous ammoniuni sulfate, 10 timoles ; and

L-[cal-boxyl-’4C]trvptophan (12 mCi/mmole),
5 nmoles. Aromatic L-amino acid decarbox-
ylase purified from beef brain stem was
added to the assay mixture (13). Ferrous
ammonium sulfate was omitted from the as-

say mixture for brain because it did not acti-

vate the brain enzyme under the assay con-

ditions employed ill this study. Incubations

were carried out at 37#{176}.Incubation time is-as
60 mm for brain stem or cortex, and 30 mm
for pincal.

RESULTS

Effect of CPA on trypto/)/Ian /iydroxylase in

vivo. Trypt-ophan hydroxylase activity is-as
measured in brain stem, cerebral cortex, and

pineal of rats after treatment with CPA.

Tryptophan hydroxylase activity in brain

stem decreased to 5 % of the control value 1
day after injection of CPA, with a slight re-
turn 3 days after the injection (Table 1). In-

jection of CPA also decreased tryptophali

hydroxylase activity in the cerebral cortex to
almost zero. These results agree with the re-

port- by J#{233}quieret al. (4). Hoisever, CPA did
not abolish tryptophan hydroxylase activity
in the pineal. One or three days after the
second injection of CPA, 60-65 % of the en-
zvme activity in control rat-s is-as still pre.s-

cut. Injection of CPA did not result in any
change in pineal is-eight or in protein content

of the gland. In another set of experiments
CPA isas administered to rats every day for
6 consecutive days at a dose of 100 mg/kg of
body iseight. One day after the last injection
tryptophan hydroxylase activity is-as mea-

TABLE 1

Tryplophan hydroxylase activity after tieabnent with CPA

CPA was injected as described under EXPERIMENTAL PROCEDURE. One or three days after the second

injection, the rats were killed and try�)tophafl hydroxylase activity was measured. Two groups of rats

were chosen as controls: (a) rats without any injection and (b) rats receiving an injection of 0.9%

NaCI 1 5551(12 days before death. There was no difference in tryptophan hydroxylase activity between

these two control groups, an(l the values giveti for control rats in this table are the mean of these two

groups. Each group consisted of 6-10 samples. Result-s are expressed as means ± standard errors.

Treatment Brain stem Cortex Pineal

n;,:oles/g/hr n;nole/g//:r ,nnoles/g/hr

Control 3.57 ± 0.17 0.797 ± 0.038 358 ± 21

CPA-treated (1 day) 0.18 ± 0.01 0.003 ± 0.002 222 ± 14

CPA-treated (3 days) 0.28 ± 0.01 0.005 ± 0.002 205 ± 14
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FIG. 1. Tryplophan hydroxylase activity in pineals of CPA-treated and control rats

CPA-treated rats received CPA (300 mg/kg) 1 and 2 days before death. Control rats receive(I 0.9%

NaCl. Tryptophan hydroxylase activity was measured as described under EXPERIMENTAL PROCEDURE.

Incubation was carried out for 30 mm at the different concentrations of L-tryptophan indicated. The
amount of aromatic L-amino acid decarboxylase added in this reaction mixture was enough to decar-

boxylate 5 nmoles of L-5-hydroxytryptophan in 30 mm. Thereaction mixture without pineal homogenate
was run as a blank. Blank values have been subtracted from the enzyme activities given in the figure.

o-o, control rats; �- - -�, CPA-treated rats.

sured. Betiseeii 70 and 75 �- of the control

level of tryptophan hydroxylase activity is-as
found in the pincals of CPA-treated rats,
whereas t-rypt.ophan hydroxylase activity in

either the brain stem or cortex is-as less than

5 (;� of that ill control rats.

The concentration of L-trvptophIaIi em-

ployed in the routine assay mixture is-as 10
pM, which is far below the Km value for tryp-
tophan hydroxylase (see below) . Enzyme ac-
tivit-y therefore was assayed at various cost-

centrations of substrate from 10 to 300 j.�u.

As shown 111 Fig. 1 , tryptophan h.�-droxylase
activity in the pincals of CPA-treated rats

was 75 % of that iii control rats when L-trvp-

tophan was a-t 10 pM. At concentrations

higher than 100 � L-tryptophan, however,

enzyme activity reached the same value in
both control and CPA-treated rats. Double-
reciprocal plots showed that the Umax isas the
same with pineal homogenates from both

control and CPA-treated rat-s. The V,�,X was
calculated to be 9 nmoles -� mg, ‘30 mlii, or 1.3

iinioles/pineaF30 mitt. The K5 values of

trvptophan were calculated to be 60 p�t for

trypt.ophan hydroxylase from control rats
and SO ��-I for the enzyme from CPA-treated
rats. These results indicate that- total tryp-

tophan hydroxylase activity is the same in
the pineals of both groups of rats. Lovenberg

et al. (14) reported a high Km value (400 ii\i)

of tryptophan for tryptophan hydroxylase of
beef pineal, whereas our value with rat pincal
was 60 �M. Although we repeated the eXperi-

meats �vitli the sup(’rnatant enzyme obtained
by centrifugation at 105,000 X g, the Km

value was the same as is-ith the honiog(’Ilatc.

The differences itt the Km valu(Os might rep-

resent species differences.

The supernatant fraction from brain stem

of CPA-treated rats showed almost- no trvp-

tophan hydroxylase activity at concetitra-

tions of L-tryptOphttll front 10 to 500 pM.

Brain homogenates of CPA-treated rats also

showed no trvptopliati hy(lrOxylase activity.

The Km value of L-tryptophali wa.s 250 MM

for trvptopliaii lr�-droxvlase from brain stem
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FIG. 2. Effect of CPA on tryptophan hydroxylase in vitro

Double-reciprocal plots of tryptophan hydroxylase in pineal and brain stem. Tryptophan hydroxylase

activity was measured as described in Fig. 1 in the absence or in the presence of CPA. V = nanomoles
per milligram of protein per 30 mm; S = moles per liter.

TABLE 2

Conversion of L-[’Hltryptophan to {3H]serotonin in pineal
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L-[U-’II]Tryptophan was injecte(l intravenously, and the tritiated serotonin formed was analyzed

as described under EXPERIMENTAL PROCEDURE. The radioactive compound in the serotonin fraction was

identified as serotonin by paper chromatography in 1-butanol-acetic acid-water (12:3:5). Benzene

did not extract the radioactivity in the serotonin fraction at pH 12, indicating that radioactive trypta-
mine or 5-methoxytryptamine was not produced. Most of the radioactive compound in the effluent

from the Bio-llex 70 column was identified as tryptophan by paper chromatography. Each group con-

sisted of 10 rats, and two pineals were pooled for each analysis. Results are expressed as means ± stand-

ard errors.

Time after
injection of
tryptophan

Treatment of rat Total radioactivity
in supernatant

Radioactivity in
serotonin fraction

Radioactivity in
tryptophan

fraction

mis d/nn/pineal dpn:/pineal dpm/pineal

10 Control

CPA-treated

14,250 ± 453

2,328 ± 120

12,596 ± 380

614 ± 37

1,402 ± 145

1,453 ± 102

30 Control

CPA-treated

6,478 ± 387

1,076 ± 83

5,558 ± 355

279 ± 39

918 ± 44

797 ± 59

of normal rats, which agrees wit-h the value
reported by other investigators (5, 13, 14).

Effect of CPA (ifl tryptopltan hydroxylase in

vitro. The effect of CPA on tryptophan hy-
droxylase in cilia iS shown in 1’ig. 2. CPA was
a competitive inhibitor of tryptophati hy-
droxylase in both pilieal and brain stem. The

K value is 20 p� for the pineal enzyme and

300 p�i for the brain stem enzyme.
Effect of CPA on levels of serot,onin. In con-

firmat-ion of previous investigations, seroto-
nm levels in the brain decreased to less than
10 % of that of control rats 1 or 3 days after
injection of CPA. Serotonin levels in the
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pineal also decreased to 5 % of control rats

1 day after injection of CPA. Pargyline, a
monoamine oxidase inhibitor, did not in-
crease serotonin levels in the pineal or brain
of CPA-treated rats is-hen injected at a dose
of 75 mg/kg 1 day after the second injection
of CPA.

Convei-sion of L-[3H]ti-yptophan to [3Hjsero-

tonin. The conversion of tryptophan to sero-

tonin was studied by injecting a tracer dose

of t-ryptophan. As shois-n in Table 2, more
than 80 % of the tritiated tryptophan was

converted to serotonin in the pineals of con-
trol rats within 10 mm. Thirty minutes after

administration of t-ritiated tryptophan, ra-
dioactive serotonin decreased by more than

50 %, indicating a rapid turnover of serotonin

iii the pineal. In the pineals of CPA-treated

rats, hois-ever, almost no radioactivity was

detected in the serotonin fraction, indicating
that the conversion of a tracer dose of tryp-
tophan to serotonin is-as blocked. Although

the total radioact-ivities in the supernatant

fractions is-crc different, the amounts of ra-

dioactivity found in the tryptophan fraction

were the same in both groups of rats.

Radioactive scrotonin was detected in the
brains of control rats, is-hereas no radioactiv-

ity was detected iii the serotonin fraction of

CPA-treated rats, suggesting that CPA com-
pletely blocked the conversion of tryptophan

to serotonin.
Inc-reuse of serotonin after loadinq of L-

tryptophan. A large dose of L-tryptophan
(500 mg/kg) was injected intraperit-oiieally
into rats, and the serotonin level in the

pincal was measured. As shown in Fig. 3,

the serotonin level in the pineals of control
rats increased 3-fold above the initial level
in 30 IUII1 and remained at the increased

level for 4 hr, returning to the initial level

7 hr after the injection. In the pineals of
CPA-treated rats the level of serotonin also
increased, at almost the same rate as in con-

trol rats, reaching a maximum 30 mm after
injection. Serotonin levels in the pineals of

CPA-treated rats, hois-evcr, decreased more
rapidly than in control rats. Four hours after

injection of i�-tryptophan the scrotonin level

decreased to 40 % of the maximum level, re-

turning to zero 7 hr after the injection. These
results clearly show that the pineals of CPA-

treat-ed rats can synthesize serotonin from

L-tryptophan at almost the same rate as in

control rats, after loading with a large

amount of L-tryptophan.

FIG. 3. Increase of serotonin level in pined after injection of L-tryptophan

L-TryptOphan (500 mg/kg) was injected intraperit-oneally, and serotonin levels in the pineal were

measured. 5-Methoxytryptamine in the serotonin fraction was extracted into chloroform at pH 12 and

measured fluorometrically. Fluorescence due to 5-methoxytryptamine was less than 3% of the total

fluorescence. At each time point 10 rats were used, and two l)ineals were pooled for each analysis. Vertical

bars indicate standard errors of the menu. O---�O, contr(,l rats; A- - -A, CPA-treated rats.
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Hc,ur�

FIG. 4. Increase of serotonin level in brain after injection of L-tryptophan

The experimental design was the same as that in Fig. 3. A whole brain was analyzed for serotonin,

and each group consisted of five rats. Vertical bars indicate standard errors of the mean. 0-0,
control rats; #{149}-- -#{149},CPA-treated rats.

TABLE 3

Dose response of pineal serotonin to L-tryptophan

L-Tryptophan was injected intraperitoneally

at the doses indicated, and the rats were killed 30

mm later. Each group consisted of 10 rats, and two

pineals were pooled for each analysis. Hesults are

expressed as means ± standard errors.

CPA-treated rats

Serotonin Increase of
level serotonin

mg/kg ,sgi’pineal ,sg/pineal/
30 mis

ng,-’pi,seai ng/pineal/
30 ,,iIn

0 75±4 3±1

20 195 ± 17 120 18 ± 3 15

40 232 ± 36 157 26 ± 2 23

100 257 ± 26 182 70 ± 4 67

300 215 ± 13 140 92 ± 5 89

500 267 ± 41 192 154 ± 20 151

The result- with brain is showii in Fig. 4.

The serotonin level in the brains of control

rats increased by 40 � 30 ruin after injection

of tryptophan. In the CPA-treated rats
brain serotonin also increased significantly

and remained at- this level for 7 hr. The
amount of increase, however, was less than
half that. in control rats. The serotonin level
was far lower iii the brains of CPA-treated
rats than in controls, indicating that biosyn-

thetic capacity is-as impaired in the brains of

CPA-treated rat-s.
Dose response of pineal serotonin to L-tryp-

top1�an. Since the amount of serotonin in-

creased linearly for 30 mm, serotonin is-as

measured 30 IIdI1 after the injection of van-

ous doses of L-t-ryptophan. Serotonin levels
iii the pineals of control rats reached almost

the maximum level 30 n�in after a dose of 20

mgkg (Table 3). 115 contrast, serotonin
levels in the pin(’als of CPA-treated rats

gradually increased with increasing closes of

L-trvptophan. Double-reciprocal plot-s of the
increase lIi serotonin as a function of the dose

of L-tryptophan are shown in Fig. 5. From
the intercept, the V,,� value was calculated

to be 220 ng pineal /30 Iflili, or 1.25 nmoles/
pineal/30 mm for both control an(I CPA-

treated rats, which is identical with the Umax

value obtained from the study in vitro. We
also calculated that roughly half the V105X

isas obtained at the L-tryptophan dose of
300 mg/kg for CPA-treated rats and at 10
mg,/kg for control rats. The result indicates
that the maximum amount of hydroxvlation

is-as the same in pinea-ls of both groups of

rats. The rat-c of hydroxylation of trypto-

phan, however, is-a-s sloiser in the pineals of
CPA-treated rats thait in controls after load-



TABLE 4

Concentration of tryptophan in pineal and plasma of rats

The experimental design was the same as that in Table 3. Tryptophan levels in the pineal and plasma
were measured as described under EXPERIMENTAL PROCEDURE. Results are expressed as means ± stand-

ard errors.

Dose of
L-tryptophan

Pineal

mg/kg ag/mg

Control CPA-treated Control CPA-treated

Plasma

sg/,nl

0 10.6 ± 1.1 12.6 ± 0.6 16.6 ± 1.9 12.4 ± 1.1

�20 30.8 ± 4.6 34.7 ± 2.2 24.7 ± 0.8 20.5 ± 0.9

100 112±11 135±20 77.8±8.9 87.6±4.5

500 646 ± 28 741 ± 37 368 ± 24 439 ± 39
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FIG. 5. Double-reciprocal pinis of increase in

pineal serotonin as a function of dose of L-trypto-

phan

The values are calculated front Table 3.
0-0, control rats; A- - -A, CPA-treated

rats. Increase its serotoisin is expressed as nano-

grams per pineal pe�� 30 rain. Dose is expressed in
moles/kg.

ing with lower doses of L-tryptophan. rfhe
difference might be due eitlmr to a lower
affinity of tryptophan hydroxylase for i�-

tryptophan or to a lower concentration of
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trvpt-oplian ‘II the pin(’als of CPA-treated
rats thaI! in controls.

To investigate the second possibility, L-

tryptophan levels ill the I)ilieal and plasma
were measured (Table 4). Tryptophan is-as
I11)t significantly higher in the pineals of

CPA-treated rat than in controls. There
was no statistically significant difference in

th(� trvpt(iplian level in plasma between con-

trol �Ii1(l CPA-treated rats.
rfll( results suggest that the difference in

the rate of liydroxylation of tryptophan in
the l)itleals of control and CPA-treated rats
is not- clue to a difference in the level of
trvptophan but- to a difference in affinity of

t-h(� enzyme for trvptophan.

I)ISCUSSION

It has been ProPos(�d that CPA inactivatcs

i)henYlalanille Iivdroxvlase in the liver (2)
and tryptophan livdroxvlase in the brain (4).
The results in tins study show that CPA
does not iliactivate trvptophan hydroxylase
iii the Pilieals (if rats. In the brains of CPA-

treated rats, lll)Wever, t ryptophan liydrox-
\-lase aetiVity decreased to undetectable 1ev-
(15 under aiiv assay conditions employed.

This observat toIl indicates that t rvptophan
hydroxylase iii piIl(’al may have markedly
different prop(’rt-i(’s from brain t-ryptophan

hvdroxvlase.
In addition to the difference in susceptibil-

ity to CPA, ther(’ are several other properties
which differ between brain and j)illeal trypto-
phati h�-droxylase. Both the Km values of

tryptophan and the K values of CPA are

different for th(’se tsV() enzymes. Lovenberg
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et al. (14) (lenionstrated that CPA does not
inactivate tryptophan hydroxylase in mast
cell tumors of mice, although it depletes
senotonin levels to about 30 %. This phenom-

enon is similar to that observed in rat pineal.
The Km value for tryptophan hydroxylase in
mast cell tumor was shown to be 40 �i by

these investigators, is-hich is almost identical

with the Km for tryptophan hydroxylase of
rat pineal. Jequier et al. (15) suggested that

the molecular nature of the beef pincal and

rat brain stem enzymes may be different-, be-

cause the pineal enzyme preparation hydrox-

\-lates both tryptophan and phenylalanine,

whereas the brain stem enzyme preparation
has negligible pheitylalaninc hydroxylase ac-
tivitv. For several reasons mentioned above,
it might prove true that pineal tryptophan
hydroxylase is the same enzyme as that in
mast cell tumor, but different- from brain

tryptophan hydroxylasc.
The studies i-n vivo show that CPA de-

l)l(’t(�5 serotonin in rat- pineal. C1�k also
blocks the �-oiiversion of tracer closes of tryp-
toj)ltaII to serotonin. After loading with a
large amount of L-try�)tophan , however, the
CPA-treated rat-s can synthesize serotonin at
almost- the same rate as the control rats.

These observat ions support the conclusion,

obtained with studies i-n vitro, that CPA does
not inactivate t-rvptophan hydroxylase in rat

pineal. Ho�vever, CPA lowers the affinity of
tryptophan hydroxylase for tryptophan. Un-

der normal conditions, therefore, the pineals

of CPA-treated rats cannot synthesize sero-
t-oniii, because the concentration of trypto-

phan is far lower titan the apparent Km value

for tryptoplian hydroxylase in the PitiealS of

CPA-treated rats. Thus the serot-onin in the
pincal was depleted by CPA.

The affinity of the j)ineal eiizy�ie for tryp-

t(ipliahl nieasurcd in v-ili-o was slightly lower
in CPA-treated rats than in control rats,

whereas the effect of Cl�k in lowering the

affinity for tryptophan was striking in- vivo.

Ihe difference \VOUld be due to dilution of the

tissue ill the assay in vitro. Since (‘Itch. ho-

mogenate of two pineals was assayed in a

reaction volume of 0.5 ml, the inhibitor pres-

ent in the gland might have been diluted to

th( extent that- it exerted almost no inhibi-

tory effect on the enzyme activity. In con-

trast to the proposal of Gal et al. (5), these
observations indicate that CPA might not be

incorporated into the catalytically active site

of the e�izymc protein of rat pineal. It is

more likely that CPA or one of its metabo-

lites attaches reversibly to a site on the en-

zyme, resulting in competitive inhibition in

vivo.

The brains of CPA-treated rats could syn-

t-hesize serotonin from tryptophan after load-
ing with a large amount of tryptophan, al-

though the amount of increase was far less
than that of controls. This observation sug-
gests that the brains of CPA-treated rats re-
tamed tryptophan hydroxylase activity to
some extent in vivo. It remains questionable
whether CPA induces total inactivation of

cerebral tryptophan hydroxylase, although
tryptophan hydroxylase activity of brain
measured in vitro decreased to an undetect-

able level after treatment with CPA. Re-

cently Aghajanian and Asher (16) reported

that a large dose of L-tryptophan increased

yellow fluorescence (which might be due to
serotonin) in raphe neurons of CPA-treated
rats. Tryptophan hydroxylase in raphe nu-
dci of rats may respond in the same way as

the pineal eiizyme to CPA.
CPA is a unique pharmacological agent

because it alters sleep patterns and behavior

in cats, rats, and other mammals (17-19).
These changes are thought to be due to
depletion of brain serotonin. Our results sug-

gest that the biochemical mechanism of de-
pletiots of scrotonin may be different from
tissue to tissue. It is-ould be interesting to
determine whether or not some of the be-
havioral changes induced by CPA can be
restored by administration of a large dose of

L-t rvpt ophttii.
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