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The Effect of Gamisoyo-san(Jiaweixiaoyaosan) on Serotonin Metabolism
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Abstract

Objectives :
This experiment was designed to investigate the effect of Gamisoyo-sar( Jiaweixiaoyaosan, SYS) on serotonin
activity of P815 Mast Cell.

Methods :

The effects of SYS on activation of TPH-1 mRNA and AAADC mRNA in P815 mast cell were investigated.
The effect of SYS on content of serotonin in P815 mast cell was investigated.

The effects of SYS on activation of DPPH and SOD in P815 mast cell were investigated.

Results :

1. The SYS increased the activation of SOD and DPPH in P815 mast cell.
2. The SYS decreased the manifestation TPH-1 mRNA in P815 mast cell.
3. The SYS decreased the manifestation AAADC mRNA in P815 mast cell.

Conclusions :

This experiment shows that Gamisoyo-san might not be effective for treating depression in terms of biogenic amine
theory. However, Gamisoyo-san showed significant anti-oxidative effect and it can not yet be ruled out for treating
depression. Therefore, pathogenesis of depression and clinical research of Gamisoyo-san is suggested for future
research.
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Table |. Prescription of Gamisoyo-sariiaweixiaoyaosan,

0|8} SYS)

Herb Name  Pharmacognostic nomenclatures  Amount(g)
HA5 % Paeonia japonica 40
= Alractylodes macrocephala Koidzumi 40
Pl Anemarrhena asphodeloides 40
&g Lycium chinense Miler 40
= Angelica gigas 40
BkEs Poria cocos Wolf 32
EIRES Liriope piatyphyiia Wang et Tang 32
S Rehmannia glutinosa 32
e F Garaenia jasminoides for. 20
" M rutaceae 20
' E Glyeyrrhizae raclx 12
& & Platycodon grandifiorum A 12
EHF Oyperus rotunaus 40

Total amount 40.0




2) Alef & 77|

FBS(Gibco-BRL, US.A), DMEM(Gibco-BRL, US.A),
10 mm HEPES, 2 mm L-glutamine, 1 mm sodium
pyruvate, 100 U/m¢ penicillin, 100 pg/mé
streptomycin, 50 uM 2-mercaptoethanol, D-PBS
dulbecco’s phosphate buffered saline(Gibco-BRL,
US.A), POTASSIUM PHOSPHATE DIBASIC,
POTASSIUM PHOSPHATE MONOBASIC, Trypsin
-EDTA(Gibco-BRL, U.S.A)), Isopropanol, 3-(4.5-
dimethylthiazol-2yl)-2.5-diphenyl-2H-tetrazolium
bromide(MIT), NaOH, Dimethyl Sulfoxide(DMSO),
DPPH(2,2-Diphenyl-1-picrylhydrazyl)(Sigma,
US.A), Trizol(Life Technologies, Gaithersburg),
Superscript 1l reverse transcriptase(Life Technologies,
Gaithersburg), IQ SYBR green supermix(Bio-Rad
Laboratories, Inc, Hercules, CA),
hydrochloride, Palmatine hydrochloride, Coralyne
hydrochloride, L-tryptophan, 5-hydroxytryptophan,
Catalase, DL-6-methyl-5,6,7 8-tetrahydropterin(4H-PT),
Serotonin, Dithiothreitol ¥ 5-hydroxyindoleacetic
acid(HIAA)(Sigma, US.A), M|ZZ8%FE fetal calf
serum % penicillin/streptomycin, DMEM¥ ]
(Gibco, US.A), SOD assay kit(Dojindo, Japan),
EAE(ethyl ascorbyl ether)(Cosmol. Korea)E T
dske] ARGt o, ZIEf Ant AlokS S5 A
ok ARSIl

= Aol AR 711 AEFE71(HE, Korea),
Rotary vaccum evaporator(Biichi B-480, Switzerland),
Freeze dryer(EYELA FDU-540, Japan), CO2

incubator(Forma scientific Co., US.A), Clean

Berberine

bench(Vision 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, U.S.A),

Deep-freezer(Sanyo, Japan), Thermocycler system
(MWG Biotech,, Germeny), Ice-maker(Vision scientific
Co., Korea), Homogenizer(OMNI, US.A), Plate
shaker(Lab-Line, US.A) ¥ ELISA reader(Molecular
Devices, US.A), C18%9”} HPLC columne(Hypersil,
US.A), HPLC(Shimazu, Japan)s2] 71715 AR
sk

2
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IR 40 goll SRS 1,000 mé= 7}t
AT FZ7I0AM 24 FESt] 9L de &
¢ oJ#stial, o] Rotary evaporator® &3
?\i‘:} o]% T}A] Freeze dryers ©]43to &4
S o] YiE(207) ByahaA
AR Alefl= ';’éﬁl?l EX== phosphate buffer?]]
3438ke] 022 im ZEZ ofzste] AE-sAh

—|—’

2 24=9| High  Performance
Chromatography(HPLC) £44
nkiEEse] 84 4RSS 243517 S8k
s

Liquid

C18%’¢ HPLC columnes 42} LCE AL
S AA EAA7EE 305‘« 2 o)EAle]
4 27 58 Ee HOE EFL, ©1F 20
&}k acetonitrile gradientE 3} acetonitrile
& 100%7H] &Hom, 11 Am} 5571 %25
gttt 214 molAY FFEE =Hsl] A2
[e)

1S st

3) P815M|2| HiQF
P815*ﬂ DASS 1-?_)\]_ \;H‘d—jr_ Jﬂ'EHEL(OHTaL _ﬁr_}\l)
oA FoF wierom, ik 10% fetal calf serum,
100 unit/m¢ penicillin?} 100 xg/ml streptomycin
S ¥3% DMEM ®i%], 10 mm HEPES, 2 mm
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AFg-5toq,
cell culture® dishollA 37C, 5% CO, 7JolA
stk

P8154|3£(2 x 105cells/ci, 60 mn culture dish)
5 S v, o] ARl ks A
10-200 pg 7HA 7FeE s 48A1%F Hﬂoké}oﬂﬁr
HjeF 2 cell lines ice-cold phosphate buffered
sahne(PBS)%‘?Hii harveststo]  4lEgskal
pellets A& ¥, pellet:> -70TC et -erof] B3
3P serotonin & FHARE ARSI

L-glutamine, 1 mm sodium pyruvate=

4) MTTE 0|88t MESA &

Hjekst MEE PBSE 33 AT U
96-multiwell®l] 2 x 104 cells/well®] A3E57}
HEs APgsto] AREsEelTh A2 FBSTF &
o130 DMEM Hi bl A 2t 2} tpeFdh 55
e dt 5 24713 5k wj ksl

o] MEZFAE MITAHel SJsliA 241519l
CE MIT 2492 wleke] kgl Aol 50 pg/ml
MTT(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide)s 2|4 A g|ste] HESAIZ]

U3 Microplate reader® 570 nmellA] 37 8F3itt.
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5 DPPH Free
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4 e wet As He gz AR 2
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radical 274 B4 stable radical?! DPPHel
st #dgS S 202, A|SE Phosphate
buffere] ¢ 100 e 200 nm DPPH 900 =
shaking &k Fof A2olx 1087 WA Fof
Eppendorf tubeclA 96-¥ Zd|o]ES] 7} o
w8t OD 517 mellAl 5% $ch(Blank :

Radical-Scavenging &t

40 =9

=

2D 33X H22A H1E(20114 32)

phosphate buffer, Control : phosphate buffer +
DPPH )
Free radical scavenging activity(%) =
[1-(Absorbance of test compound/Absorbance

of control)] x 100.

6) SOD &4 =4 &9

%-4 EH°|ES] 7} Do sample solution 20
s H71et F reagent solution 200 wlE B
& mAEOE enzyme working solutions W
olF F, 37%elA 2087+ WHEAIZITE ELISA
g3te] OD 450 mellA =73t
ARkad et

readerg ©]
SOD activity(inhibition rate %)E

7) Serotonin &2 &

serotonin 32 HPLC-333 =AM o=
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(150 )< trichloroacetic acid(l M, 150 wf),
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P8I5A|2E pelletel] RNAzolBS H7Fste] MEE
3|A1Z1 ¥ chloroform 200 (& Y1l inverting

HHEate] 27 A U 4ColA 5% &
WA Al7]31, ©]F 14,000 rpmollA 158 F<t
AEe@C)sto] FAe] Aol wha 400
st ¥ %9 isopropanols Wil invertings
Eato] 412 they 4TolA 158 53 XA
137 14,000 rpmollA] 15% b AR 4C)s}
o] A& pellet(RNA)9l 75% ethanol(DEPC treated
water) 500 £S5 9o} 15000 rpmelA 15% &
b AR TC)3HL ethanolS €HH3] A A
o] DEPC water 50 ulES Yo]4 RNAE &3
ato] A260 mellM FFEE 745t RNA &

< AXtekelt sk RNAY &g FdAE
9] oligo dT primer$} DEPC waters 2l 65T
oA 103 &<t WA = A2o)A 37 F<t
WAgE thy 10 x buffer, 10 mn dNTP, AMV

p
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Y

Reverse transcriptase, 50 mm mg CI2 4l DEPC
W 37°CelA 17 F Wk
Al#HA] reverse transcriptase(RT) productE Tk
Stk U]'MOV RT product(template cDNA)
= AHget

treated water=

U} %ﬁd 5 E Real-Time PCRS ©]
Jstalth. Z47+e] A= 947 A4
< Table O¥ T} 7 Sample®] =¥ RNA
°] 2X SYBR Green Master Mix(Bio-Rad) 25 10}
747ke] 2= 2 10pM forward and reverse
primersE 1 WA 374ste] 242} 50 ub wEg-]
o]FojH o 95To|A 10 ¥ 30%7}F 40 cycle
< =9 o 60TelA 30% 72TelA 30x &
o Whg-S Aotk tlx FHAR! Bactin®®
AHE-EFA L Beta-actin mRNAS control = ©]-&
sto] Bl mRNAE A &Fate] a4 23S v

EEDES
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Table Il. Sequences of Primer Set Used Quantative Real-Time PCR

Primers Foward

Beta—actin,(3-actin)

aromatic L-amino acid

decarboxylase, dopa decarboxylase AAGCAGTCCCTTCGGATGGCA GCAGCGTCAATGTGCAGCCA

(AAAD, DDC)
monoamine oxidase A (MAQa)

TCTGAACCCTAAGGCCAACCGTG ATGGCATGAGGGAGCGCGTA
Tryptophan hydroxylase 1 (TPH-1) CTGCGACATCAGCCGAGAACAGT CGGCGTCAAGTTCGGATCCA

CGGCCAGGAACGGAAATTTGTAG TGGCAGTCAAAACCGGTGGG

Reverse Tm(*C)  Product size (bp)
60 198
60 200
60 199
60 200

9 SA Xz

2§ A7}= meantstandard error® 7]=3}S
o oA AFTS Student's t-tests ©]-2-3hod
Ao P<0.05 olstellA #ods ASel

ek

m. A 3

1. Hg Pefomence Liqud  Chrometogaphy
(HPLC) B4

CI1894F HPLCE Alg3lo] ki) <

84 AaE wAskalth 9% HPLC w4 23t
W FE s IRIEIt(Fig 1)
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Fig. 1. Analysis of HPLC profile of Gam/soyo—san
Water extracts were subjected to C18 column
Chromatography  on  acetonitrile  linear  gradient
(line) over a 30 min period at a flow rate of 1 mé
/min. Absorbance was monitored at 214 nm,

2. MTT assayol| 25t cell viabilty =X

P815 AlXE =
o Ft mjekst ? Al SAE 27 A6
kEERE HA7F ket AE djzat At
ol MRIEES 20 pg/meelA 10146 + 1.88%
IRHEERL 60 ug/mlelA 101.21 + 4.37% itk
WER 120 pg/miel A= 10059 + 1.95% YR
fro)/de] lSlthFig. 2).

110
100 |

Proliferation (%)
2

Control 20 pg/ml 40 pg/ml 60 pg/ml 80 pg/mil 100 pg/m 120 pg/ml

Fig. 2. Additional Effects of Gamisoyo-san on
Proliferation of P815 Cells Determined
by MTT assay.
The cell proliferation was measured by MTT
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.
Statistically - significant  value compared with control
by T test(*~<0.05).

3. DPPH 475 =X

42 SMFFEND SEIA M2 M15(2011E 38)

DPPHE ©]&% g ozt &7 weow
kiEERe] A 28-S FAT A9, 100
pg/mb 4w, 17.18 £ 1.65% DPPH radical 27
25 YERE A, 10 pg/mé E WlE 649 £ 259
9] DPPH radical 2422 Yeh) Exd u}
2t 94 Al S7FeESItHTable ).

Table lll. Effect of Gamisoyo-san on DPPH radical
—-scavenging activity

Sample Concentraion  Scavenging effect (%)
100 ug/me 17.18 + 1.65
Gamisoyo-san 10 pg/mt 6.49 + 250+
1 pg/mt 551 + 448
0.1 ug/mt 0.33 + 6.15
1000 mm 8358 + 0.20+
EAE 500 mm 8253 + 0.14x
eyl ascortyl ether) 220 ™ 7613 + 0.29-
120 mm 7454 + 0.58+
60 mm 71.76 = 0.20+

Each value is mean * SD (n>3)
Statistically significant value compared with control(EAE)
by T test(*/~0.05).

SOD &S S7st A7, 100 pg/meollAl= 17.18
+ 165 %, 10 pg/mii= 649 = 259 %, 1 pg/ml
o4& 551 + 448 %, 2 Jeh} Fxo] uwet
T4 Al S7FeFSAtHFg. 3).

SYS

| I

10pg 0.1pg

Fig. 3. Effect of Gam/soyo-san on the Superoxide
dismutase(SOD) activity.
The effect on SOD was tested with Gamisoyo-san,
date are expressed as % of control and each column
represents the mean=S.E. of three determination.
Statistically  significant value compared with control
by T test(~<0.05).

SOD activity (inhibition %)
EEX:

o wa o




5. MZLH serotonindl| O|X|= &f

kgl AE RS AREd Fkd
AE dEFE 4] flete, HPLC-33%
AR R 54 A3, 247 157 + 016 nmol/mg
(20 pg/ml hkiHiERY), 1.55
(40 pg/ml JnekEERY), 1.58 + 017 nmol/mg
(
(

H+

012 nmol/mg

+

I+

60 pg/ml InkiE#EH), 1.58 £ 0.15 nmol/mg
80 ng/ml MHER)E YEh it e] 153
+ 023 nmol/mgell Hdte] FFo] thi F7H3
ARk FAH O fo et kSt TH(Table V).

Table IV. Effects of Gamisoyo-san on the
Intracellular  Serotonin  Content in
P815 Cells

Serotonin content (nmol/mg protein)

Compounds (% of control)
Control 153 = 0.23 (100)
SYS (20 pg/ml ) 1.57 + 0.16 (102.6)
SYS (40 ug/ml ) 155 + 0.12 (101.9)
SYS (60 pg/ml ) 1.58 + 0.17 (103.2)
SYS (80 ug/ml ) 1.58 + 0.15 (103.2)

P815 cells were cultivated in DMEM medium plus 10%
heat-inactivated FBS and 100 units/m¢ penicilin and 100
Ag/im¢ streptomycin at 37 8C, then Gamisoyo-san or none
(control) were added and incubated for 24 hours. P815
cells were harvested and serotonin content was determined
by an HPLC method. Significantly different from the control
valug: *, p 0.05 (Student’s t-test).

6. TPH-1 FXXI &&0| O|X|= HE
ks Ee] TPH-1 mRNASEol] nx|= o
S olry] sto] hikitES e uy

Ao A 293 wjeFst ¥ TPH-1 mRNA %
sFQiTh. hikiEiEse] 2k TPH-1 mRN
& 747 0035 + 0.0009(50 pg/ml kit
0.033 + 0.0009(100 pg/ml HNwk:EE ) ©.

1 $o40] 2lthFig. 4).

oSS

H“ @%
L = = =T\

m;:‘_l‘ﬂo.n{_‘O_u

TPH-1

2 0.038
< 0.037 T

0.036
= 0.035 i
E 0.034
=
2 0.033
E 0032
Z 0031 : .

Control SYS (50 pg/ml ) SYS (100 pg/ml)
Fig. 4. Effect of Gamisoyo-san 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.

Statistically significant value compared with control
(beta—actin mRNA) by T test(+/%0.05).

7. AAADC RMAL 260 O|x|= H&k

ki o] AAADC mRNAZE o
JFS dolrr] ko] kB RS

)

A

i
o

o
o

oA 297+ wjekst ¥ AAADC mRNAZ
=3k Tk kit el 28 AAADC mRNA
FA2 717} 0.0017 + 0.0008(50 pg/ml A
7} 00021 + 0.0009(100 pg/mb hnsksEEH) = L

Bl f-o4do] IS1tHFig. 5).
AAADC
E 0.01
-
Z 0.
;é 0.008 ‘[
g 0.006
E 0.004 . -
Em BN
3
& 0 .
Control SYS (50 pg/ml) SYS (100 pg/ml )

Fig. 5. Effect of Gamisoyo-san on AAADC mRNA

in P815 cells.

The expression levels of AAADC mRNA and beta—
actin were analyzed by real-time RT-PCR. The
AAADC mRNA expression was normalized to beta—
actin mBNA expression in the corresponding sample.
Values are means + SEM.

Statistically significant value compared with control
(beta—actin mRNA) by T test(x/0.05).
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8. MAOa FXA} 20| 0|X|= &
kg H©] MAOa mRNA‘?j}fﬁoﬂ X 9
Fe dokry] Sstel mukiEsE T W)

Aof|A 297F wlFs T MAOa mRNAE =7
SFITE nkEEsel 2 MAOa mRNA #H&
& 7H7} 0.0008 + 0.0001(50 rg/ml MNkiEiE )
7 0.0009 + 0.0004(100 pg/me hnvkiEER)E
Eb o140 §1SITHFig. 6).

MAOa

&

2 0.0016

2 0.0014

§ 0.0012 T

£ 0.001

§ 0.0008

= 0.0006

2 0.0004

5 0.0002

X 0 " .

Control SYS (50 pg/ml) SYS (100 pg/ml )

Fig. 6. Effect of Gamisoyo-san on MAOa mRNA

in P815 Cells.

The expression levels of MAOamRNA and beta-
actin were analyzed by real-tme RT-PCR. The
MAOa mRNA expression was normalized to beta-
actin mRNA expression in the corresponding sample.
Values are means + SEM.

Statistically significant value compared with control
(beta—actin mMRNA) by T test(x/<0.05).
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