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Effects of So-Ochim-tang-Gagam-bang on Oxidative Stress and
Serotonin Metabolism in P815 Cells

Ji-Yeon Hwang, Sang Ryong Lee, In Chul Jung*

Department of Neuropsychiatry, College of Korean Medicine, Daejeon University

This experiment was designed to investigate the effects of So-Oochim-tang-Gagam-bang (SOCT-G) on oxidative
stress and serotonin metabolism in P815 Mast Cells The effects of SOCT-G on activity of 2,2-Diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging and Super Oxide Dismutase (SOD) in P815 mast cells were investigated.
The effect of SOCT-G on content of serotonin in P815 mast cells was investigated. The effects of SOCT-G on
expression of 5-hydroxytryptamine transporter (5-HTT), Tryptophan hydroxylase 1 (TPH-1) mRNA in P815 mast cells

were investigated. The SOCT-G increased DPPH radical

scavenging activity in P815 mast cells. The SOCT-G

increased SOD activity in P815 mast cells. The SOCT-G decreased the intracellular content of serotonin in P815 mast
cells. The SOCT-G decreased 5-HTT and TPH-1 mRNA expression in P815 mast cells. This experiment shows that
So-Ochm-Tang-Gagam-bang has a significant effect of oxidative stress that help prevent free radical damage. And
So-Ochim-Tang-Gagam-bang decreased the intracellular content of serotonin and mRNA expression of 5-HTT and

TPH-1. Therefore, further researches are suggested

So-Ochim-Tang-Gagam-bang.

to reveal the anti-depressive effectiveness of
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288 71X Y. Serotonine $L=, Bor=, AR gy,
Aotgol, 3ol 5o BAADe) B o) Bo] Y A
o2 4HA gom?Y serotonin A9 FAHL FHEE BHL A
NAS AzAz $89 & ok @A ZAD GdolA Y o
g AMEstn e FEo] HEYFH serotonin AFSF JAA
(selective serotonin reuptake inhibitor, SSRI)E H %g+ -2
oy o]d EES9 ZdE g EE serotonin  FEA

(serotonin transporter)©] T},

P815 M X+ F1 hybrid miced] ascitic tumour| A 2
RO Z serotoning PG, AF Z EHISH, Tryptophan
hydroxylase (TPH) ¥ amino acid decarboxylase (AADC)E %
#3}aL histamineS A EA, A L E4H]3}H, histamine A 43
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o FEAY AFe}h mkEINET, SOREE Y, ki
9] &kl 2 serotonin ARG PIXE Gl thE Al
FA9 A7 RuEnl gloy, Gk td A3E oA
HtA £

ool MAle /Nothiol $2%F A8 #82 F Jege}
At =] olE A¥FHo=FT A,  2,2-Diphenyl-1-

picrylhydrazyl (DPPH) ¥ Super Oxide Dismutase (SOD) €73
7 P815 AEZWe] serotonin & E  5-hydroxytryptamine
transporter (5-HTT), TPH-1 mRNAS] @& #&3n} oF7he]
AAE A7) o]E Haste upeolt}
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E Ao ALEgh NGk i) AT (RTER
AR ) Ve ApNEEAA el A KES ARSIl KT,

e 1o 4 7
# 3 AAste] AgaA. A% 180 W8T §FL e

()]
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ZTH(Table 1).
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Table 1. Prescription of So-Ochim-Tang-Gagam-bang (SOCT-G)

Herb Botanical Nomenclature Quantity(q)
EHF Cyperi Rhizoma 4.0
BE Linderae Radix 2.0
AE Aucklandiae Radix 05
HE Glycyrrhizae Radix 0.5
AR Platycodi Radix 2.0
A Aurantii Fructus 2.0
Total amount 11.0(g)

2) Aok
Cell culture® FBS, DMEM, 10 mM HEPES, fetal calf
serum, 2 mM L-glutamine, 1 mM sodium pyruvate, D-PBS
dulbecco’s phosphate buffered saline, potassium phosphate
dibasic, potassium phosphate monobasic, Trypsin-EDTAE
Gibco-BRLAHUSA) AE< NaOH,
Dimethyl Sulfoxide (DMSO), 2,2-Diphenyl-1- picrylhydrazyl
(DPPH),
coralyne hydrochloride, L-tryptophan, 5-hydroxytryptophan,
DL-6-methyl-5,6,7,8-tetrahydropterin (4H-PT),

AH8-3199 31, isopropanol,

berberine hydrochloride, palmatine hydrochloride,

catalase,
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serotonin (5-HT),
5-hydroxyindoleacetic acid (HIAA), dithiothreitol= SigmaAt
(USA) AIFS AME3IAT.  Trizol,
transcriptase Life TechnologiesAH(USA) A&<, iQ SYBR
Bio-Rad LaboratoriesAH(USA) A &<,
methalnol-> Chemical*HKorea),
ItsbioA}(Korea) A1#-S, SOD assay kit=
& Agaigon, 1wl 4

5-hydroxytryptamine transporter (5-HTT),

Superscript I reverse

green  supermixte
ethanol, Samchun Pure
Ez-cytox assay kit=
DojindoAH(Japan) Al &
LFE AHEsEAT
3) 717
E®FZ7](H-8, Korea), rotary vaccum evaporator (Biichi
B-480, Switzerland), freeze dryer (EYELA FDU 540, Japan),
CO2 incubator (Forma scientific Co., USA), clean bench (Vision

]01:_0_15_1 ol
b IR T = BN

N

scientific Co., Korea), autoclave (Sanyo, Japan), micro-pipet
(Gilson, France), water bath (Vision scientific Co., Korea),
vortex mixer (Vision scientific Co., Korea), spectrophotometer
(Shimazue, Japan), centrifuge (Sigma, USA),
Japan), (MWG  Biotech.,
Germany), Co.,
homogenizer (OMNI, USA), plate shaker (Lab Line, USA) %
ELISA reader (Molecular Devices, USA), C18%97% HPLC

columne (Hypersil, USA), HPLC (Shimazu, Japan) &< AH&3f

deep freezer

(Sanyo, thermocycler ~ system

ice maker (Vision scientific Korea),

NS AW 33.0 g& FF4 1,000 meoll ¥ 24
T At A& AAGES rotary vacuum
evaporatord] A ¢t FFstd RS FE5A
SN freeze dryerZ 4 Uzt 276 g9 £¢S
Bojx L WEA(-200) BRA3IAA AHE Aloe
FXZ = phosphate bufferd] 3|43t 022 ymm BHE

ol
ol

3
o oX
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2) P815 Al E 9] v

P815 A E= Folthdta S Aohsh(eh -3t wA)ellA &k
worow, vl 10% fetal calf serum, 100 unit/ml penicillin®}
100 pg/me streptomycing XE &g DMEM H]#], 10 mM HEPES,
2 mM L-glutamine, 1 mM sodium pyruvateE A3}, cell
culture§ disholl A 37°C, 5% CO, 2ol A vj s} ch

P815 Al Z(2x10° cells/cm’, 60 mm culture dish)Z

5, ©) AlZol MR BN S 50 ng, 100 ng 7Hek Th 484

v st ATt mi Y $ cell lines ice cold phosphate buffered
saline (PBS)& NS Z harvestste] H4EE 3t pellets A
%, pellet2 -70C freezerol| KE.33}HA] serotonin 33 SHAIE
2 AR Th
3) Ez-cytoxE ©] &3 AX A =7

Hj kgt M EZE phosphate buffered saline (PBS)2.2 33] Al
28 e 96 multi welldl 2x10° cells/well®] A EF7} H 22

o 3t

=z =

Zzg =3



st AFRSIA Y. A= FBS7F 919 DMEM Hj %kl of
A NSRS I S 50 pg/me, 100 ug/me, 200 ug/me, 400 ug/
o FEZ A F 2447 B wjdsich

ojlF AT AEE Hol siA A5
Ez-cytox ®4H2 wigo] @88 AEd 50 ug/ml Bz-cytoxS
314 A3t ¥EEAIZ] T microplate readerZ 570 nmoll 4]
ZA A
4) DPPH free radical scavenging &4 34

A5 free radical &27H &4 DPPHel
3 SAdES S A2, 5 AEE 44 ethanol2 3]
At ICy #s YEtE & e 357 TFEHEE NSk
W< 10 ug/me, 100 ug/me, 200 ug/ml, 400 ug/ml FE=Z A ZE
stk o3 7]el 2,2'-diphenyl-2-picrylhydrazylS methanolol
o] 0.1 mM DPPH £ 95 #A|z39 . o] DPPH €9 2 mE
H3 AlZ 1 meo}h T 3087t 2] daelA EAEA
517 nmol| X EZFE=AE AME-ste] FF SA43Ad. o

24

Ez-cytox

o

stable radical®l

=
=

=
e
PSR
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=

=

9] A& o]&3ly 7t A9 FE W free radical scavenging
activity F4& 29 F, 50%9] DPPH free radical scavenging

activity (DPPH 1Cs)”' 2 YehHE g
Free radical scavenging activity (%) =
S/AE FHATEY FRE)00
5 SOD &4 &4 4%

96-well plate®] 7z wellell /NGILE IR 50 pg/me, 100
ug/ml FE°] sample solution 20 wE H7/s F
solution 200 plE 9o &
HolE &, 37CAA 2083 ¥HEA]
&3] 450 mm°ﬂ*194
(inhibition rate, %)
6) Serotonin ¥ 74

Serotonin ¥ %2 HPLC
P815 A|E WH 9 serotonin L=
ug/me, 100 ug/ml FZ] /NG i g
Hj X2 A A F, 1xPBS pH 7.29] ¢+59
W A 28T 1xPBS 200 S H7}ET A XS Zof 2o
Easta, dAdrdstd d45ds Aok
S8 N (150 )< trichloroacetic acid (1M, 150 ul),
HIAA (10uM, 50 uf; WREZ)E 748 ThS 10,000 rpmo.2
4 Bgsgt. 4598 Millex-GV (022 mz =3
HPLCo] %3} serotonin IHS

Ztzbe] AlgFe] v A

3tkS bovine

Taheie.
1-= #7h7e §%

reagent
w0 2 enzyme working solution
71}, ELISA readerE ©)
TolM ZA gtk SOD activity

[e]

3.3
=)

=

column®l] A

=
S o
“ﬁ-%}:i

ul 2 serum albumins
Bradford’s method®' & o] &3} =431}

HPLC Condition: column, TSK-gel ODS 120T (5 fm,
0.45x15 cm); NaOAc buffer (50 mM, pH
3.5)-acetonitrile methanol (90:6:4 v/v); the velocity of a
moving fluid, 1 ml/min
7) Real-time PCRE ©]-§3 mRNA =4

PS1I5H X pellets]l RNAzolBS 713l MEE &afA]

a movement,

1

% chloroform 200 (& 21 invertingS W3l 127 412
TS 4ToA 58 5 WA A71aL, °]& 14,000 rpmol| A 15%

ukS 4
LE

¢ DALIETC)3H] FA o] GRS 400 w A H TF
9] isopropanolS ¥ 1l invertingS RHESF] 412 ThE 4Tl A
15% 59 WX A7) 2 14,000 rpmel A 158 F2 9AE2](4T)
sl G2 pellet (RNA)C 75% ethanol (DEPC treated water)
500 S 2ol 15000 rpmollA] 158 FoF YAE(4T)st
ethanolS 3] A A% ZFo] DEPC water 50 ulES oA
RNAE &slste] 260 nmolX FFEE ZH3to] RNA TS
Akttt £283 RNAC a9 F31AE59] oligo dT primer®}
DEPC waterS 93 65T A 108 5 w&A17 & 2204
B Zob "Wx|3 th& 10xbuffer, 10 mM dNTP, AMV reverse

=1

2 DEPC treated waterE ¥ 3
7ColA 1AZF Et WHEAIAA  reverse transcriptase (RT)
product® YHETE THE0] X RT product (template cDNA)E A}
4314 real-time PCRS Al&3}o] =A 3t}

Zt §- 44 28 A EE real-time PCRS o] &3 24340
100 pg/mb /NSRS sample®] FZF RNAC| 2X SYBR
Green Master Mix 25 ul9} 7}7ve] §-2A253 10pM forward
A7vetel 42k 50w WhE-o] o] F
oAF o™ 95Tl 108 ¥ 3027 40 cycleS & TS 60Tl
A 30%, 72ColA 30% &<t ¥ ot U= FAAE B
actin mRNAS control2 ©]8-3}¢] target mRNAE A F3t3L
A2 wdS W ask g rh(Table 2).

transcriptase, 50 mM MgCl,

and reverse primers& 1 pl¥

Table 2. Sequences of primer set used Quantative Real-Time PCR

Primers Foward Reverse Tm(°C) Sl?zrgd(técpt)
Betaactin,  TCTGAACCCTAAG ATGGCATGAGGG 198
(B-actin) GCCAACCGTG AGCGCGTA
S-hydroxytrypta e or160C6CTC GAGGGACTGAGC
mine transporter TGAATGC TGGACAACCAC 60 484
(5-HTT)
hTéVrF;;OFl’ahsaenl CTGCGACATCAGC CGGCGTCAAGTTC o 200
yaroxyk CGAGAACAGT GGATCCA
(TPH-1)
8) A Azl
A Av+= meantstandard errorZ 71E5G . FA

< Student’s t-test® |83t H435FH o P<0.059 A v«]
AoZ FAINA

ol o\

4 3
1. Cell viability

P815 Mol NSk I Ji S 50 ug/me, 100 ug/me, 200
ug/me, 400 pg/ml FEE At NE &S S 27, 50
ug/ml F=o1A 108.0 + 3.672, 100 ug/ml F=A 1004 +
3702, 200 ug/ml FEANME 9.9 + 6.40=, 400 ug/ml &=l
A= 925 £ 2942 A E AT JE VXA Be ALZE <
= SAth(Fig. 1).
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Fig. 1. Cell viability of SOCT-G on P815 cells by EZ-cytox assay.
The cell viability was measured by Ez-cytox assay as described in Material and
Methods. Date are expressed as % of control (treated with normal saline) and
each column represents the mean * S.E. of three determination.

2. DPPH &A%

DPPHE ©] &% free radical A%< 43 A, 10 ug/
ml NSTLG IR T4 9.0 £ 0.77, 100 pg/miTolA 107 +
1.03, 200 pg/ml=ell A 19.9 + 2.28, 400 pg/méw=oll A 21.4 + 2.43
©] DPPH radical 47285 WUElgtHTable 3).

Table 3. Effect of SOCT-G on DPPH radical scavenging activity

Sample Concentration Scavenging effect (%)
10 pg/ne 9.0 + 077
100 pg/m 107 + 1.03
S0CT-6 200 pg/m 199 + 2.28
400 pg/ne 214 + 243
10 pg/ml 38.0 + 6.08
20 pg/ml 79.0 + 6.08
. 30 pg/me 82.7 + 351
Ascorbic acid 40 g/l 870 + 400
50 pg/m 937 + 493
60 pg/ml 993 £ 1.15

DPPH Scavenging Activity was measured as described in Material and Methods. Each
value is mean + SD (n>3). Positive control: ascorbic acid.

3. SOD 4

SOD &4 24 23, 50 ug/me NSRSl e
740 £ 22 U/ml, 100 pg/mesell X< 945 + 7.0 U/mlZE SOD &
gol 748t 50 pg/ml<r, 100 pg/méwt 27 Fo 3 AHE 4
A th(Fig. 2).

T

HH

80D adivity (Ufml)

0 50 100
Concentrations of SOCT-G (ug/m)
Fig. 2. Effect of SOCT-G on the SOD activity. The effect on SOD was
tested with  SOCT-G. Date are expressed as SOD activity (U/m€) and each column
represents the mean+SD of two determination. Statistically significant value
compared with control by T test (+++:P<0.001).

4. Serotonin 3%

P815 Al Z ] serotonin & 4 A¥, /NGILE I &
A 3tA -2 txTol A 1244 + 9.9 ng/ml protein (100%) <
Aol B3] 50 ng/ml /NG BTl A 108.7 + 14.1 ng/ml
protein (87.4%), 100 ng/mé-ell A 79.1 + 5.0 ng/ml protein (63.6%)
°2 100 pg/m AT Fgnd A4S HAhFig 3).

0 Berberine S0 100
(3 uM) Concentraton (ugml)
Fig. 3. Effects of SOCT-G on the intracellular serotonin content in
P815 cells. P815 cells were cultivated in DMEM medium plus 10% heat
inactivated FBS and 100 units/m¢ penicillin and 100 xg/m¢ streptomycin at 37.8C,
then SOCT-G or none (control) or berberine (positive control) was added and
incubated for 24 hours. P815 cells were harvested and serotonin content was
determined by an HPLC method. Significantly different from the control value
(+++:P<0.001).

* %

Berberine (1.0) SOCT-G (1007
Concentration (pg'ml)
Fig. 4. Effect of SOCT-G on 5-HTT mRNA in P815 cells. The
expression levels of 5-HTT mRNA and beta actin were analyzed by real-time
RT-PCR. The 5-HTT mRNA expression was normalized to beta actin mRNA
expression in the corresponding sample. Values are means * SEM (++:<0.01,
»+P<0.,001). Positive control: berberine.

Berberine 0
SOCT-G 0

=
&
=g
£

Berberine (1.0) SOCT-G (1007
Concentration (pg'ml)
Fig. 5. Effect of SOCT-G on TPH-1 mRNA in P815 cells. The
expression levels of TPH-1 mRNA and beta actin were analyzed by real-time
RT-PCR. The TPH-1 mRNA expression was normalized to beta actin mRNA
expression in the corresponding sample. Values are means * SEM (xP<0.05,
»+P<0,001). Positive control: berberine.

Berberine 0
SOCT-G 0
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5. 5-HTT, TPH-1 mRNA '%&

P815 A ¢] 5-HTT, TPH-1 mRNA 2H&d& =43 A3
NSEINETTE AR g dzT oA 5-HITE 0.99%
0.005 (100%), TPH-1-2 0.996 + 0.005 (100%)¢] mRNA &3 & B
AR BB 100 ug/me NG KT Aol Al 5-HTT=
0.823 + 0.067 (82.6%), TPH-1-2 0.792 + 0.097 (79.5%)¢] mRNA
BEo] Vel foju| g HAE B STHFig. 4, 5).

v =

~

i3
0.

I+

I
(KTFMEMAR B2 =) w—0x) 28
INESRS AR, OB o)
SRR FED RRAAME L SR
N %M"a} 6}%14 £ CRESEIE- PR ) T
9 BB A MR T R NS -2 stk

o) HF NBIHS R QA Ll FEHE A%
M|, B AFAME F T, B E, TEE FAE T
BB LY 7N Al AES 3317 o8 A
A RFS AR CRERE- MR R g B8
EAE Saiel B, BURE MRthe RS Fasted, i,
NS 7}2 NS I TS AHEsk T
F T, 5%, AFS BF fTRILEeE &%) §
=, :.fﬂ'%% B OEMHEIA e ke Mg, 7
el axol ol MMl IR, WAL K, e, e,
sz;ﬂU“ AR, S 58 A gt B ke f;&o}
& ek L, BRI B0l o) MRImIE,
}TEHEF, FEEEI, I 52 AR, AFS ke %???3}
TP WA (PRI, AR RIE ] E5o] Qo) rhEs, N
I 52 Ma2dg”.

RS (LI, FINBE S, EIMiRe] E50] 9o, AL
3E-o] o °‘°1 AGAE, vl 248, 215 9 ¥4

N R
w50 9= Ao

e, (

“Fﬂ—‘&é

o

A=
=

o 2

\%Q—

a

u
% 280l 9
R, L#TES Aol Slom Eguiols
I} naringinO] _[_;\g_\:'ho 2 AYFFE =71 w
% 59 anyt 9 é—__lw o2 Rigo] AM“ 5
) A e MR %%
& d7ert o

RE Qs A=

5]

I Flﬁ
ol Mt wy o Ul
[U[O F}O

o,

o
o

°] )bl'ol %= AEL panic disorder,
depression, two or more simple phobia¥] f+#&°] =t}1 3}
9L, Serlie” ] o5 HlAAA FESAI AL
Beb Aol wrta Bustgeh B ostw ¢
74 #4 gle HH‘:‘ 14 (non-cardiac) % A5 o

H2 PYrrs AAE A B FARTE 2 S0 °

major

oE.

FAE Btk soh

oo Azl= LIS 7FA A
WM& &8 4 doge AtaE, $-
o] Jd& Aoz ¥ 3 2EH LY &
serotonin®l] et NSk e EE A
12, DPPH 2 SOD &A% P815 A ZW 9 serotonin &3 2

5-HTT, TPH-1 mRNA<] @& Z43}3th

Free radical® Aol A HAH £& B34S 71 242
Ao A4, g, ik g g2 Ax Fx2E gt 4
2 AAAE wdste] &3S 4 A =5ket AW T
AL FANIE a9lo] AP g o2 fiEs 43 2E
] 2 (oxidative stress) o] $&F7 22 ANFHNT AFE9
o] Aol tke ®url PP

B Ao M s NSE MRS FAst 8-S dotR A}

DPPH £A%% SOD €4& =434t

DPPHE &8tz oz <t 3t | 84 free radical 24| 517
nmmol A EAAR FEFE YEplE B et
radical > ¢Z-& 5 F71-8mjolA v At FFitkstaAd
o] ¥ EA¥ vl AAE HolF WA radicalo] A EE o)A
ALl Bl WA Moz Mol wWatA wHo] ksl

°]

-

F

44 gotonn 44 B2 £ Je FHo I
DPPH &A% 54 A7, 10 ng/ml /NS i il A

9.0 + 0.77, 100 ug/mésoll A 10.7 + 1.03, 200 ug/méoll A 19.9
+ 228, 400 ug/mé=oll A 21.4 + 2.43¢] DPPH radical 42§
& ol 5= AEA02 B3 4801 SR Table )

SOD+= —ri /HIJJH Al 3 nEZCgo}l Yo B ¥3}
o gxAel & < Al
Azt A Zﬂ ). SODE 0 H+9} ¥Hg-A]
A H0,% 0,2 3 &itst A48 shet 2
g QA0 R Q3 2EG 20 3 A TE2A AR
A Mg Bl 374 A F9 sl

SOD &4 &4 43 23, 50 ug/ml /) ‘%(A/rﬁbﬂ(fﬁb*ﬂw
£ 740 £ 22 U/ml, 100 pg/mbol M 945 + 70 U/ME 5
o we} SOD &4°] F7}13lth(Fig. 2).

£19] DPPH 4 7%, SOD &4
i gjol &atsl 28l &
Yt =394 o F YA
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Al A5 FEAY 24d o]
serotonin (5-HT)¥} norepinephrine (NE)©] 7}
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£ A (tricyclic antidepressant,
1\] norepinephrine, serotonin,
SrbolRl Adstas Al
MAOI)% norepinephrine,

TN FEEEE ¥

inhibitors,

serotonin, dopamines #33t= &

(Monoamine oxidase

EE
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INSTRE I ] 2B~ E @ 29} serotonin TIAF Aol X = Pk

7t9Ho g2 JAst AlYW2o] ©]E monoamineES S7HA
At 238y @4 ol FEEL 11 BFEOE 3ty 925
o A 5ol 27 F2 332 AHEHE FER AHEHI AT A
Q] serotonin Al FF A Al (selective serotonin reuptake
inhibitor, SSRN)E @A) $-¢Z9] Az 13 FEZ 1HHw
2t SSRIE-2 al-norepinephrine, histamine 1 (H1) ¥ 27
FEAE e ﬂi}aol glo} ol thgk Hl}go] A9 2l
Fol thajAut Aol ZFestA A
[} R=ik=Nye]

=)
31, ©@A serotonin A&
e Ho 11]2"*]"41 GAAY FEEL serotonin £

o Fgo 2S£ gEEolth AAY FANE FE2
serotonin-dopamine 7% 2H-8-o] <3t 9] dopamine &3S 5
ANA =4 AxZ=AL NAA T ALY serotonin I

o
tlo
LIS
2 m[o

o thek HHg A &
A4 Ao

E AF e NEMEINE o] serotonin THAFA o]
dolr 1z P15 A EWS] serotonin T
5-HTT, TPH-1 mRNA<] &dS =439}

P815 AZ = F1 hybrid mice?] ascitic tumourol A &gt
A0 2 serotonine AFA, A 2 EH|sly, TPH 2 AADCE
W 33 histamineS A4, A 2 #4354, histamine A §

J E 2 23y,
P815 MXEW 9] serotonin &% A A, 50 ng/ml NGk
s aoll A 108.7 + 14.1 ng/m{ protein (87.4%), 100 ng/ml
oA 791 = 50 ng/ml protein (63.6%)2-Z P815 A Euj
serotonin %o = EH o T A TH(Fig. 3).

Serotonine B4 o}v| =2l tryptophan®] F4+EHeE-g-3}
gebihibgol] 93l tryptophandl A 5-hydroxytryptophans 7
S35t FA4EH Z @AE TPH, AADC/F Eustn 9o,
TPH”} serotonin A3 #4 <] rate-limiting &24:0] o, TPH
= TPH-13%} TPH-27} £A)8tEH|, TPH-1S 2322744 92
A €838} serotoning WHEAWH, TPH-2= 321744 Wl

A serotoning A A+,

PPN T} Jedta o

=)

A 4

A

d B A2l histidine decarboxylase

Serotonin  FFEHA(5 hydroxytryptamine transporter,
5-HTT)Z serotoning Al A AAAMZE A FF3te] A%
o ARAGE TAs= %ﬁ 3 Adge gastn YoM =
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