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Objectives: As a general emotion, everyone can temporarily experience depression, but depressive dis-
order is a disease that excessively affects daily life. Among the various causes of depression, the defi-
ciency of monoamine-based neurotransmitters such as serotonin and epinephrine are considered
significant. Thus, antidepressants that target monoamines are used frequently. However, side effects
such as nausea, vomiting, insomnia, anxiety, and sexual dysfunction are observed. Thus, it is necessary
to develop a new therapeutic agent with fewer side effects. In this study, we investigated the anti-
depressant effect of JG02, used to treat depression by normalizing the flow of gi (5) in Korean
medicine.

Methods: C57BL/6 mice were selected and randomly divided into six groups: normal, control, ami-
triptyline, and JG02 (50, 125, 250 mg/kg), respectively. Except for normal, depression was induced by
applying restraint stress at the same time for six hours daily for 14 consecutive days. Saline, amitripty-
line or JGO2 samples were orally administered two hours before applying the stress. After that, a forced
swimming test and an open field test were performed. Additionally, serum corticosterone, serotonin
mRNA, BDNF mRNA, and protein in the hippocampal region were measured and compared.
Results: JG02 decreased immobility time rate in the FST and increased the zone transition number and
travel distance in the OFT. Also, JGO2 inhibited the release of serum corticosterone, and increased sero-
tonin, BDNF gene expression, and BDNF protein in the hippocampus.

Conclusions: In this study, JG02 showed significant antidepressant effects on the chronic restraint
stress mice model. When further research is performed based on JG02, the development of a new anti-
depressant is considered highly possible.

Key Words: Depression, Depressive disorder, JG02, Jigyul-tang, Zhiju-tang, FST, OFT, Corticosterone,
Serotonin, BDNF.
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Video tracking system (SMART 3.0, Panlab SlI.,
Spain), microtube centrifuge (LaboLab, China), cen-
trifuge (Hanil, Korea), vortexer (Thermo Fisher
Scientific, UK), vacutainer tube (BD, USA), NanoDrop
2000 (Thermo Fisher Scientific, UK), polymerase
chain reaction machine, QuantStudio™ 3 Real Time
PCR system (Thermo Fisher Scientific, UK), Real-

Table 1. The Herbal Composition of JG02

Herb Galenical name Amount (g)
W5 Citri Pericarpium 16.0
W5 Aurantii Fructus Pericarpium 6.0
Pz Adenophorae Radix 4.0
Total amount 26.0
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Time PCR Instrument software (Thermo Fisher
Scientific, UK), microplate reader (Molecular Device,
USA), ChemiDoc (Bio-Rad, Hercules, USA).

= Ado] ARSRE Aok vt Ptk

Amitriptyline (Sigma-Aldrich, USA), PBS (Biosesang,
Korea), easy Blue (NtRON, Korea), chloroform
(Sigma-Aldrich, USA), isopropanol (Sigma-Aldrich,
USA), ethanol (Sigma-Aldrich, USA), DEPC water
(Invitrogen, USA), Easy cDNA Synthesis kit (Nano-
Helix, Korea), power SYBR Green PCR Master Mix
(Thermo Fisher Scientific, UK), corticosterone ELISA
kit (ENZO life sciences, USA), RIPA buffer (iNtRON,
Korea), PVDF membrane (Hybond-P, GE Healthcare,
UK), BDNF antibody (Santa Cruz Biotechnology Inc.,
USA) anti-mouse 1gG (1:2000; Santa Cruz Biotechnol-
ogy Inc., USA) anti-rabbit 1gG (1:2000; Santa Cruz
Biotechnology Inc., USA), ECL Western blotting de-

tection system (Amersham Biosciences, USA).
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itriptyline & JG02 FEEE 7559 HFig. 1.
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Fig. 1. Scheme of experiment for studying effects of JGO2 on chronic restraint stress model
through Forced Swimming Test (FST) & Open Field Test (OFT).
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8) AlA|Zt HZF PCR (Real-time quantitative

polymerase chain reaction, RT-qPCR)

SHRE9] WS 279517 QI8 Power SYBR Green
PCR Master Mix & ©|-&%t AAIZF 3% PCR (real time
quantitative PCR}& A1, 7]7]+ QuantStudioTM
3 Real Time PCR system& ARESIGITE 2E 57449
PCR AR&9] H7]+= 100 bp HeIZ 531, melting tem-
perature (Tm) = 60°C o2 MASIHT) Real-
time PCR ¥F-8-2 & 20 1 ol 1/3°2 3|43t cDNA
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Table 2. Nucleotide Sequence of Primer for Gene Expression measurement
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A} 2E fAef| tiste] PCR 55 Tl Table 2
9} 231, ZE cycle 40 cycle AAJ5I9IT) Hot starts
3l 95°CollA] 108, T DAY denaturation 95°Cell
A] 15%, annealinge 60°CollA] 60%, extension 72°C
oflA 30%7F REESIH, 7} cyclef] extension oIl B %k
o] 7|ZH Ut BE cycleo] &=EE ¥, primer®] £0l4
2 FRI5H] Y3l melting curve A4S AA|5HITE Ao}
o] B2 Thermo Fisher ScientificAtollA AlEFsk=

Real-Time PCR Instrument software® #4153t}

9) Western blot analysis

9] sutdFS £23t F RIPA buffers E3 %3]
47](homogenizer) = &3t | 3ol 10& 5 =
Slgit}. 0] 12,000 rpmolA 108 S YAlEe]sa
S Foto] GafE(lysate)S AL FLSH ol &

A< 10% polyacrylamide gel& ©]&5F] sodium do-

& oox oo

decyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE)E A5, 11 & semidry transfer systemS ©|
8519] geloll A¥ THAE PVDF membrane o &AF
5, 0.1% tween-20°] E3HE] TBS (tris-buffered saline)
|HS o]8sto] THE 5 % (w/v) skim milk= 4204 g
Al7F 71 blocking 3Fitt. 1 -2 BDNF antibodyS A}
B5to] 4°CollA] oF 24A17t B3t BFSAIF, RRAE o2
horseradish peroxidase (HRP)7} #X|¥ anti-rabbit T
+ anti-mouse IgG (1:2000; Santa Cruz Biotechnology
Inc., USAYE “d=20llAl g ARt 53 membrane®}t ¥H-A]
Aot 2F =792 ECL Western blotting detection sys-
tems AFHESFSITE Internal control2+ GAPDH anti-
bodyE AME-SIAH:

Primer sequences

Gene
Forward Reverse
m5HT1a* CCGCTGCGCTGATCTCGCTC GATCGGTCTTCCGGGGTGCG
mBDNF* GAAAGTCCCGGTATCCAAAG CCAGCCAATTCTCTTTTT
mGAPDH T CCCATCACCATCTTCCAGGAGC CCAGTGAGCTTCCCGTTCAGC

*5-Hydroxytryptamine 1a
Brain-derived neurotropic factor.
TGcheraldehyde-’d-phosphate dehydrogenase.
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Immobility duration
time/total time (%)

0 T T T T T 1
Nor Con Ami 50 125 250

JG02 (mg/kg)

Fig. 2. Effect of JG02 on immobility duration time/total time in forced
swimming test. Mice were orally administered with PBS, amitriptyline,
or JG02 (50, 125, 250 mg/kg) prior to restraint stress. After 2 h, de-
pression was induced by chronic restraint stress (6 h/day) in C57BL/6
mice (n=6/group) for 14 consecutive days. The next day, FST was per-
formed and immobility duration time for 4 min was analyzed by video
tracking system.

Data are mean=SEM values. Nor: without restraint stress, Con: re-
straint stress with vehicle, Ami: amitriptyline. *p<0.05 vs Nor, *p<
0.05, **p <0.01 vs Con.

L% G RS 2400484 cmE F-2l5HA ZAFt
&F I iRl Blg] amitriptyline FAHRTS
2953+164 cm® F2J5HA] 7%, JGO2 50, 125, 250 mg/
kg AL Z}7F 31234121, 30714176, 3346+97 cm
2, LE sZolA oot S7HItHFig. 3).

= 4
BeHETE 152£128]9] Folsg HEHHaL FEAE
AR QIR 9-=F F RS 114£103]= F<ols
o] FrofsHA At F&5 FE tixaol vIs ami-
triptyline &R 15041932 F7H3aL JGO2 50,
125, 250 mg/kg AT 22 15146, 148+13, 158+6
=, e FkoA FosH S7HIHFig. 4).

1t

fol

4. Corticosterone £H| ZiA

4 Yol ZA51= corticosterone?] %+ ELISAZ ©]
f3lo] 2435+ A YATNZ79] EF corticosterone %
2 13.49+0.99 ng/mlY] FEE Ui 7EAEH AR
At 02 S 2L 31.1442.63 ng/mlE F2J5HA
Z7H 925 8 di2woll 18| amitriptyline 943

272 19.9143.23 ng/mlZ FlsHA| T4 JGO2

4,000
35004 | . I
3,000 -
2,500
2,000
1,500
1,000 -

500

0 T T T T T 1
Nor Con Ami 50 125 250

Travel distance (cm)

JG02 (mg/kg)

Fig. 3. Effect of JG02 on travel distance in open field test. Mice were
orally administered with PBS, amitriptyline, or JG02 (50, 125, 250
mg/kg) prior to restraint stress. After 2 h, depression was induced by
chronic restraint stress (6 h/day) in C57BL/6 mice (n=6/group) for 14
consecutive days. The next day of FST, OFT was performed and travel
distance 15 min was analyzed by video tracking system.

Data are mean=SEM values. Nor: without restraint stress, Con: re-
straint stress with vehicle, Ami: amitriptyline. *p<0.05 vs Nor, *p<
0.05, **p <0.01, ***p<0.001 vs Con.
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Zone transition number

Fig. 4. Effect of JG02 on zone transition in open field test. Mice were
orally administered with PBS, amitriptyline, or JG02 (50, 125, 250
mg/kg) prior to restraint stress. After 2 h, depression was induced by
chronic restraint stress (6 h/day) in C57BL/6 mice (n=6/group) for 14
consecutive days. The next day of FST, OFT was performed and tran-
sition number between 4 zones in open filed was analyzed by video
tracking system.

Data are mean=SEM values. Nor: without restraint stress, Con: re-
straint stress with vehicle, Ami: amitriptyline. *p<0.05 vs Nor, *p<
0.05, **p <0.01 vs Con.

40 -
fHt
35
T
30
25 **
20

Corticosterone (ng/ml)

15— ol *k kkk
10
5_

50 125 250

Nor Con Ami

JG02 (mg/kg)

Fig. 5. Effect of JG02 on level of corticosterone in blood plasma. Mice
were orally administered with PBS, amitriptyline, or JG02 (50, 125, 250
mg/kg) prior to restraint stress. After 2 h, depression was induced by
chronic restraint stress (6 h/day) in C57BL/6 mice (n=6/group) for 14
consecutive days. The level of corticosterone in blood plasma was
measured by using commercially available ELISA kit.

Data are mean=SD values. Nor; without restraint stress, Con; restraint
stress with vehicle, Ami; amitriptyline. **p<0.01 vs Nor, **p<0.01,
***p<0.001 vs Con.

50, 125, 250 mg/kg AT 217+ 13.09+2.06, 13.15+
2.14, 12.69£1.47 ng/ml=, 2E 5%

FHcKFig. 5).
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1.6
1.4 1

1.2 1 l

0.8 1
0.6 1
0.4
0.2

O_O T T T T T 1
Nor Con Ami 50 125 250

JGO2 (mg/kg)

Relative 5—HT expression

Fig. 6. Effect of JGO2 on mRNA expression of serotonin. Mice were or-
ally administered with PBS, amitriptyline, or JG02 (50, 125, 250 mg/kg)
prior to restraint stress. After 2 h, depression was induced by chronic
restraint stress (6 h/day) in C57BL/6 mice (n=6/group) for 14 consec-
utive days. The mRNA level of serotonin in hippocampus was meas-
ured by real time PCR using serotonin specific primer set.

Data are mean=SD values. Nor: without restraint stress, Con: restraint
stress with vehicle, Ami: amitriptyline. *p <0.05 vs. Con.
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Fig. 7. Effect of JG02 on mRNA expression of BONF. Mice were orally
administered with PBS, amitriptyline, or JG02 (50, 125, 250 mg/kg) pri-
or to restraint stress. After 2 h, depression was induced by chronic re-
straint stress (6 h/day) in C57BL/6 mice (n=6/group) for 14 consec-
utive days. The mRNA level of BDNF in hippocampus was measured
by real time PCR using BDNF specific primer set.

Data are mean=SD values. Nor: without restraint stress, Con: restraint
stress with vehicle, Ami: amitriptyline. **p <0.01 vs. Con.
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Fig. 8. Effect of JG02 on BDNF production in hippocampus. Mice were
orally administered with PBS, amitriptyline, or JG02 (50, 125, 250
mg/kg) prior to restraint stress. After 2 h, depression was induced by
chronic restraint stress (6 h/day) in C57BL/6 mice for 14 consecutive
days. Total proteins were isolated from hippocampus, and production
of BDNF was determined by westem blot analysis. Two individual brain
lysates were analyzed in each group.

Nor: without restraint stress, Con: restraint stress with vehicle, Ami: amitriptyline.
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