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Objectives: Depression is a mood disorder showing low energy, loss of interest, anhedonia, and anxiety.
It affects a patients' daily life. This disease is considered a social problem because the patient may com-
mit suicide in extreme cases. JSB is composed of 12 Korean medicinal herbs. It has been prescribed to
patients with depression. The objective of this study is to investigate anti-depressive effects of JSB on
restraint stress-induced depression in a mouse model.

Methods: Depression was induced by restraint stress. Mice were orally administered JSB at 10, 20, or
40 mg/kg for 14 days. Forced swimming test (FST) and open field test (OFT) were performed. Brain-de-
rived neurotrophic factor (BDNF) mRNA level was measured by real time-PCR. Plasma levels of cortico-
sterone and serotonin were measured by ELISA. Blood levels of AST and ALS were measured using a bio-
chemical analyzer.

Results: JSB treatment significantly reduced the immobility time in FST. BDNF mRNA level was in-
creased by JSB treatment in the hippocampi of mice. Although the expression of TNF-o was also in-
creased by JSB, such increase was not statistically significant. The increase of corticosterone level in
plasma induced by restraint stress was significantly down-regulated by JSB. JSB reduced blood level
of AST, but not ALT.

Conclusions: JSB has a potential to manage depression, setting a foundation for clinical application of
Korean medicine with safety.
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Table 1. The Herbal Composition of JSB

BE Scientific name Weight (g)
EFA Nelumbo nucifera Gaertner 10
BRIC(H) Zizyphus jujuba Mill 10
i Rehmannia glutinosa 10
= Angelica gigas Nakai 8
%% Scrophularia buergeriana Mig. 8
e Bupleurum falcatum Linne 8
Lagi} Ostrea gigas Thunb. 6
Bz Paeonia albiflora Pallas 5
BiZ Amomum villosum Lour. 5
= Coptis chinensis 4
¥ Gardenia jasminoides 4
AEE Acorus gramineus Solander 3
Total amount 81
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Brain-derived neurotrophic factor (BDNF), TNF- «
©] mRNA 28& dotE7] 98l Power SYBR Green PCR
Master Mix (Applied Biosystems, UK)2 o]-&3}o] A4
7t % PCRE A3, 7171 QuantStudio™ 3 Real
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2 A5 DNA 1 #1910 #19] 2xSYBR Green PCR
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Table 2. Nucleotide Sequence of Primers

Gene Primer Sequence (5'—3)
BDNF Forward GAA AGT CCC GGT ATC CAA AG
Reverse CCA GCC AATTCT CTT TTT
TNF- @ Forward CTG TAG CCC ACG TCG TAG C
Reverse TTG AGATCC ATG CCG TTG
GAPDH Forward TGG CAAAGT GGA GAT TGT TG
Reverse CATTCT CGG CCTTGACTG TG




9. Enzyme-linked immunosorbent assay (ELISA)
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BAFGHARNA APsEC] HSAXE A5k Al

7He vlEE2 43 23 4 (Nor)2 63.98+4.55%°]
o, AFAEHAR Qg £-2F0] FUE thEwHCon)
2 86.12+2.40%% SAZoZ Folt T/ Btk &
AAZHPO)L 75.74+4.97%] FE5A] |4 AlZFS B
%k JSB 10, 20, 40 mg/kg Tl 7#74 70.84+4.23%,
73.01+1.51%, 74.6243.22%% AT Fogt A4

HAtHFig. 2A).

FHZIAPIA AR S 19j9] Ao R
R ZF LojlA] ThE L0 & o]F ke SIE ST
I} g2 208.50+44.158]9] 9 o5 YERA
o} 9-2%50] fatE iR 163.43+47.328]9] 7]
T IFE 01 1 357 £ 2 fluoxetines Foigh
FAHRTS 228.00+5.6632 1 J47t F7V6lh
JSB 10, 20, 40 mg/kg o372 27t 167.80+41.78,
173.60+32.68, 216.00+52.018]9] Fols 3145 Ko
FroEH 0" 47t F7leke o] WAEYTHFig. 2B).
Qo] 2¥= HHY JSBE FFAEH AR Gt 28
d P MAohs A2 oA,

g =243}

Y,

PBS
{ JSB (10, 20, 40 mg/kg)~‘

Fluoxetine (30 mg/kg)

Acclimation Restraint stress Behavior tests
| | | | |
f T T T 1
0 7 22 23 24 days

Fig. 1. Schematic diagram of experiments.
OFT. open field test, FST. forced swimming test.
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Fig. 2. Effects of JSB on depressive-like behaviors. Mice were orally administered with PBS, fluoxetine, or JSB (10, 20, 40 mg/kg) prior to restraint
stress. Depression was induced by chronic restraint stress in C57BL/6 mice (n=6/group) for 14 consecutive days. (A) FST was performed and im-
mobility duration time for 4 min was analyzed by video tracking system. (B) OFT was performed and the number of transition across asigned quad-
rant zones for 15 min was analyzed. Data are mean+SEM values.

Nor: without restraint stress, Con: restraint stress with vehicle, PC: positive control (fluoxetine). “*p <0.01 vs Nor, *p <0.05, **p <0.05 vs Con.

A 4 B 20-
T~ 3- % o _ 1.5+
HE 8% T -
So 2o
Eo 2 £ 0]
Lo s
58 L8
m 11 . £ 0.5
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Fig. 3. Effects of JSB on expressions of BDNF and TNF- & in brain. Mice were orally administered with PBS, fluoxetine, or JSB (10, 20, 40 mg/kg) pri-
or to restraint stress. Depression was induced by chronic restraint stress in C57BL/6 mice (n=6/group) for 14 consecutive days. Total mRNAs were
isolated from hippocampus of mice and real-time PCR was performed using (A) BDNF and (B) TNF- @ specific primer sets. Data are mean=SD
values.

Nor: without restraint stress, Con: restraint stress with vehicle, PC: positive control (fluoxetine). **p <0.01 vs Con.

. TNF- e 9] HazS 5743 A3 Yz 44
2. BDNF2t TNF-a2 mRNA &3 24 S 10040310 T8 T OFTEo] Heske.
JSB7} FEAEHAR 9-820] SuE AFEEO] Fju} 247} 1.0140.33, 0.95+0.272 =] Wi} Ao 2
oA BDNF2} TNF- @ 2] mRNA o] v Jeke & SA] 4. JSB 10, 20, 40 mg/kg Folwte 242} 1.34+
op 112} Real time-PCRE <3st9itt. sfutyd oA 0.44, 1.25+0.46, 1.27+0.20% x4} vlwsto] SAH
BDNF9] aleke 243t A7} HAH1.00+0.464) Ty o0& {3t ApolE Uizl 2ttkFig. 3B). 919 2t
g4 mRNA o] QlojA] tixte] Tz 0.63+ £ 29 JSBE FFAEHAR A3 74 BDNF LI
0.2281= ZHAaotqdet. vhdo] Ptz 1.82+0.38 (p< < Z7HAIZIAEE TNF- ¢ ol 2 93 vAA] g 2o

0.0D)LZE ti2Fol H[ste] mRNA ¥dzo] 3514 57t 2 Holth
5 E o uksgko.
T3tk JSB 10, 20, 40 mg/ke $917-9] BDNF @d=zRe 3 sml) s2E ua S

Z¥7+ 1.60+0.46, 1.95+0.58, 2.43+1.108H(p<0.0DE &
AHoz 9olslA Z7}strKFig. 3A). JSB7} FEFAEHAR 2-&F0] FE AF oA AEE



20} E TEEQ] FEEFAH
o Al FFS Fotaar A4
7y 32209 & ELISAR &%

H29] A Fdate] Aol 37.14+13.81 ng/mi<l
Y iRt PPN RT-E 27} 45.69+11.64, 43.47+
22.76 ng/ml9] F2E|FAHEC] 24513 JSB 10, 20,
40 mg/kg Fo-S 217} 30.51+7.39, 28.27+9.47 (p<
0.05), 21.17+11.43 (p<0.05) ng/mlZ FEo|EHo=Z
SARCE FfotA HastthFig. 4A).

MNZ2EUS 243 A7 AARL] Xol= 261.52+
99.16 ng/ml &=2] A2EUC] EA5 oM, $-&F50]
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2 [olobA HAsint FAdHET-S 60.36+54.29 ng/ml
o] Alg&do] 4519t} JSB 10, 20, 40 mg/kg Foi-
2 717} 91.03431.40, 108.83+70.18, 146.93+42.09 ng/ml
E tjzxo] Hlsto] 7 W AIREUS] o] FojER 0

2 J7IeI oy ool AktthFig. 4B). 919 A%
£ H4 JSBE FFAEHAR 9-250] fukE AF oA
AEHATERQ] FEE|FAHE] FHIE Aok W
BARCE [oJskA] gtout AlREU ] HHIE SV
Zrt.
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Corticosterone (ng/ml)

Nor Con

gotlet. 11 23 F=E I
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Ad2 87.20+26.89 mg/dl, HET- 99.63+23.27 mg/d!
o]9lom JSB 10, 20, 40 mg/kg o7+ 72+ 89.00+
16.52, 101.17418.90, 92.50+20.30 mg/dl®] g0z
e Halt IIEFig. 5A). R 159 &% FoIdt
T g =79t Ax AAES 117.40+15.63 mg/dl, o
272 103.38+13.39 mg/dlo] Bde Uehhlct JSB
10, 20, 40 mg/kg Foiwte] 2> 217 99.67+15.12,
123.00+14.72, 124.67+14.56 mg/dlo & e JSB 20,
40 mg/kg FolTolA] dixtol vlgl fejFoz dgo
=7t S7Fol 9t Fig. 5B).

5. ALTet AST &M

JSBE Foigt AHEES] EY ol EAfck= ALTS}F AST
9] k& AT A3} ALT= AA 25004 55~60 U/L=
Hl35E S22 Ueho] JSBof 2J3t Hsk= IicKFig.
6A). ASTY] 3¢ JAIT-S 263.85+71.29 U/LR]UL iz
T2 237.31431.46 U/LE FFAEH 20 4611 AST9] &

L EAFoz #Wsp} gict. 28U JSBE Sojst A%

10, 20, 40 mg/keolA 22} 182.52+45.75 U/L 156.88+

14.98 U/L, 137.73+£9.86 U/LE BroEFog 7Asky

om 7MY £2 &2 JSBE RO IAFoAE sAHL
2 FYGUA ASTY] 5=7t %}ﬁ}?‘;ﬁk

Iv. 1

H J3Lof|A= C57BL/6 mouse®l| TFEAEHAS 75}

B 400+
< 300
~
o
£
< 200+
C
[e]
o |—L‘
[0
@ 100+ ﬁ ’J_‘

O_

Nor "JSB 10 JSB 20 JSB 40

Fig. 4. Effects of JSB on the levels of corticosterone and serotonin in plasma. Mice were orally administered with PBS, fluoxetine, or JSB (10, 20, 40 mg/kg)
prior to restraint stress. Depression was induced by chronic restraint stress in C57BL/6 mice (n=6/group) for 14 consecutive days. The levels of (A)
corticosterone and (B) serotonin in blood plasma were measured by ELISA kits. Data are mean=SEM values.

Nor: without restraint stress, Con: restraint stress with vehicle, PC: positive control (fluoxetine). #p <0.05 vs Nor, *p<0.05 vs Con.
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Fig. 5. Effects of JSB on the level of blood glucose. Mice were orally administered with PBS, fluoxetine, or JSB (10, 20, 40 mg/kg) prior to restraint
stress. Depression was induced by chronic restraint stress in C57BL/6 mice (n=6/group) for 14 consecutive days. The level of blood glucose was

measured on (A) 7 days and (B) 14 days. Data are mean+SEM values.

Nor: without restraint stress, Con: restraint stress with vehicle, PC: positive control (fluoxetine). *p <0.05 vs Con.
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Fig. 6. Effects of JSB on the levels of ALT and AST in plasma. Mice were orally administered with PBS, fluoxetine, or JSB (10, 20, 40 mg/kg) prior to
restraint stress. Depression was induced by chronic restraint stress in C57BL/6 mice (n=6/group) for 14 consecutive days. The levels of (A) ALT and
(B) AST in blood plasma were measured by automatic biochemical analyzer. Data are mean+SEM values.

Nor: without restraint stress, Con: restraint stress with vehicle, PC: positive control (fluoxetine). *p <0.05 vs Con.
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