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Anti-Depressive Effects of OnDam-Tang with Addition of Linderae
Radix (ODT-L) after Chronic Immobilization Stress in C57BL/6 Mice

Eun Hee Lee, In Chul Jung*

Department of Neuropsychiatry, College of Korean Medicine, Daejeon University

The purpose of this study was to examine the anti-depressive effects of OnDam-Tang with addition of Linderae
Radix (ODT-L) on the animal model of depression induced by chronic immobilization stress. Depression model was
made by chronic immobilization stress for 2 hours for 21 days. And we performed forced swimming test, analysis of
the neurotransmitter and immunohistochemical staining, measured expression levels of serotonin in the brain. ODT-L
has decreased immobilization time in forced swimming test. ODT-L has increased amount of melatonin in the brain.
ODT-L has increased expression levels of serotonin in the brain. ODT-L prevented damage in the hippocampal region.
ODT-L has reduced the expression level of CRF receptors in in hippocampus region. These results suggest that
ODT-L may have anti-depressive effects on depression.

Key words : OnDam-Tang with addition of Linderae Radix (ODT-L), Immobilization stress, Anti-depressive effect,
Depression, Serotonin
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Ado]  ARESH BESMEZE(OnDam-Tang  with
addition of Linderae radix, ODT-L)2 (BREETIHE-25) 0 O] @A
Boll BEE 40 g 7108t AR, thEthshal F&GhPE ofA]
T T FH6kd ARESIATE A 1559 W

1} ZTH(Table 1).

27 &
o o

Table 1. Prescription of OnDamT-tang with addition of Linderae
Radix (ODT-L)
Herb Botanical Nomenclature Quantity(g)
£} Rhizoma Pinellaiae 8.0
R Pericarpium Citri Reticulatae 8.0
B%% Poria 8.0
RE Fructus Aurantii Immaturus 8.0
GRET Folium Phyllostachydis Henonis 40
48 Rhizoma Zingiberis Recens 40
XE Fructus Jujubae 20
HE Glycyrrhizae Radix 20
55 Linderae Radix 40
Total amount 48.0(q)
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2) Al

=2 gl AIgF 248 A9+ formaldehyde, dopamine,
serotonin, melatonin, epinephrine, norepinephrine, fluoxetine,
phosphate  buffered (D-PBS),
spermine, spermidine, HEPES, MgCl,, KCI, DTT, PMSF,
protease inhibitor, phosphatase inhibitor, NP-40& SigmaAk(St
Louis, MO, US.A) AlE&& AKESI% 2, HPLC grade:MeOH,
HPLC grade:CHCl;, HPLC grade:Water, HPLC grade:CHﬁN%
= MerckAK(Darmstadt, Germany) XME& AHZOIR L, Serotonin
ELISA (Enzyme-linked immunosorbent assay) kit Enzo life
SciencesAKNY, US.A) #|EE, Fluorescein goat anti-rabbit
IgG-conjugated secondary Ab(1:4000, Amersham, US.A)S}

dulbecco’s saline sucrose,

ECL-Hybond film (Amersham, U.S.A.), Rabbit anti-mouse CRF,
anti-mouse CRF-1 mAb+= Santa-CruzA}(California, US.A.) A&
S, LSAB kite= DAKO AKGlostrup, Denmark) &g AHS0IA
om, 11 9 AOFEE E5 B dae ARESIr.
3) 7171

GEEZ7)(HE, DWT-1800T, Korea),
(Rotary vacuum evaporator, BUCHI B-480, Switzerland), &2
A% 7] (freeze dryer, EYELA FDU-540, Japan), CO, HH7]
(Forma scientific Co.,, US.A), 4E2]7]|(SHd st Korea),

plate shaker (Lab-Line, U.S.A.), spectrophotometer (Shimazue,

aY SRR

Japan), Bio-freezer (Sanyo, Japan), ELISA reader (Molecular
Devices, US.A.), HPLC (Waters Co. Milford, MA, US.A),
DAD detector (Agilent Technologies, Waldbronn, Germany),

degasser (Agilent Technologies, Tokyo, Japan), Luna CI18
column (Phenomenex, Torrance, CA, US.A.), Axio Scope. Al
(Zeiss, Germany) &€ AMESIA
4) 5=

7 6578 9] 20~22 g C57bl/6 AF (thotulo] @& A, tieh
=g Saiol 4% OLOE‘ THAl LEAE (A FH7T, A
AIE Co) BES 586 S50t 2% 22+2T, & 55415%,

HSAI = g

12 AR} light-dark cycle BHFolA] 157t
M%’cﬂ‘ﬁﬂ SEAEY ®ElH, BeA Bgd 4E ¥ 384

ol Al FIold sty sE487el?13] (Institutional
Animal Care and Use Committee, IACUC)S] £01(E01HS
DJUARB2012-016)S 2¥QITH.
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FR(CS7BI/6WT) : Tds AEFA
glol Abs, &7 4759,

(2) R (CIS-NS) : 21947F 2817 HEZ & ZFSE conical
tubeoll Al FEA7 AL, FEAEHAE 71617] 2417 Ao
& GT5A.

(B) GEUET (CIS-FLU)

O]

stress)

(immobilization

2o o
O O>~

3

o

=
T

HETY Yo TEAEHA

£ 7}6l1L, T4 2417 Aol fluoxetine 100 mg/kg BT T
(4) A8 (CIS-ODT-L 204 mg/kg) : thAT I} SLUSHA T
AEHAE 7181, T4 2417 Mol BIEEMEEES 204 ng/ke
AT Fol.
(5) A&t (CIS-ODT-L 612 mg/ke) : thETI LA T
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Fe5 7 A BEENEEY g9 33t

2EUAE 7I6HL, 74 24170 Woll BIEEMSEES 612 mg/ke

87 7o,

3) Immobilization stressol 2]t %% a4z 2yl
$71 C57bl/6 MFS 1A, IH, vl AEi7ie) :r”:HO]

L}QJ= 50 ml conical tube (FALCON BD)E Al&l5ld 745 AE

d& 225 4724 Azl ARESISL, 5HE 2 AR 21 o
St &7 4 AE#H A (chronic immobilization stress)ol] =&
8 nleso 9825 FUS WS

L= =

ZReE HAks S0l MYE AFES] ol gy 4RI
(RIZ 20 cm, =01 40 em)oll ART FHRE (P 25420)S L
O HIFOMRE 15 abA] B2 &, 285 475 HEE 158
st ZAE £=PAI71A, EollA A &8 2 SH0E Wi
AVSUAIE EE%E‘Ml“/}(pretes’t session). 24A|7t Foll SEE &
sk 2ol 58 St mHERCHtest session). AANY TAE
#iH 59 715 OXW o185l 718511, 71EE gie B

ifl

5l test session(52) SO tH29 529 dE0] LEh k= A7t

£45 91 e 5%0] oF M4 sampling SH= 21O 2 35

/] AlZHtime)T} B1%E (frequency)E SE8IAT
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E é} 2l
(immoblhty behavior). 121l ARIH FAE 48 4
= HS5CE Immobility behavior HUE T H=
K‘O] 3 E(swimming behavior)T} B & gkl QHreS =
Zt]E thd 485 22015 Y S (climbing behavior) 2
E519T) AA} §)7](test session)&¢t 7 s S FH5HA
2 DAL A 3]7](pretest session) 152 & PIAE 523} 4
589] ZHAE 8| 1IATHFig. 1).
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Fig. 1. Forced swimming test

5) X Qo] AATY 4 24
A7 9 5 HEole] S EAIL0]ZE (homogenizer) E &5}
ot & 5 ml HERE(Methanol, Merck)S 715l 6417} o]
shaklng water bath(H]ZZ}SHoll A vl et 5 3M filterZ 5 A
E TS 02 mE 7}9; SZBI} o:ﬁ‘E e FE9%8 HPLC

A1 autosampler, column oven, binary pump, DAD detector,
degasserE AFE5I OM, software= AgilentAl2] Chemstation
software (Agilent Technologies, Avondale, CA, US.A)E A
SIATE HPLC ZHCE Y 289 2E& 25T, B0
220 mm, F42 03 ml/ming AMSSI9 1L, ZE S Luna CI8
column (250 mn x 4.6 mm, particle size 5 ym)E AFSSIATE Ol&
A2 A SUE 100% 3% S84(01% TFA )9t B &1
100% OWLEME%‘E 247} 0.1% imﬁ—% Brksle] ARETIRe

QAL
= /\] Serotoan/} Melatonma /\]-%o} 331, ] ) }% =z
Bo|A] HEEMS 5190

o= O

Table 2. Solvent gradient condition for HPLC-DAD

Final time (min) Flow rate (mg/min) A B
0 0.3 85 15
10 03 80 20
30 03 65 35
35 0.3 65 35
40 0.3 85 15

A Water with 0.1% formic acid, B : Acetonitrile with 0.1% formic acid, HPLC-DAD :
High-Performance Liquid Chromatography with Diode-Array Detection.

7) A7 k] FEHA] serotoning FF

AF O HE FESI 20Tol4 g7 & gjuiRE
200~500 0] extraction buffer (03 M sucrose, 015 mM
spermine, 0.5 mM spermidine, 10 mM HEPES (pH 7.9), 1.5
mM MgCl, 10mM KCl, 0.5mM DTT, 02mM PMSF, 0.1%
protease inhibitor, 0.1% phosphatase inhibitor, 0.5% NP 40)&
o] SHALOIZE (homogenizer)E TZESISH & Z& Fu|7t
0.2 mo] T]E & extraction bufferS 7}6H ZF 3l 5 2417 =
Qb 4TOolA lysisAIZATE. 7)ol ¥kE0] ELiH AIEE 15 m
tubeo]] B0} 324 51 =0t vortex’d]-ﬂ 47, 15,000 rpmollA] 15
2 PAEE o = 489100 w)e FIoKATE Serotonin
ELISA kit (ADI-900-175, Enzo life Sciences)S A}&5lo] A A}
9 XAlofl wigl 2+ wellE wash buffer® A&} Assay
diluentZ 100 0 2 EojA] 1A]17F ¢ wellS TFS & A 20)4]
H 519 EEES SMcll 43ds 2008 s =
nucroplate-— MASHL 7 FFEEI} SN S 100 o A LTt
2817 SOF wellg 2 T A20l4] #iFSIATE microplateE
MA B working detectorg THEAT Zt welloll 100 ul 4 &
I 1AIZE &9t wellg B & A2olA] BBl E) microplate
= MAS}IL substrate solutionS TFHEO1A] ZF wellol] 200 xf A
Ha 308 S0 oJFE oA H2o= miYSIRIT stop
solutione 74 wellofl 50 w0 A il
spectrophotometerol|A]l SZ% 405 mZ 5851
8) &)@l (brain H&E staining)

&0t YF 9 k& 4% paraformaldehyde 0|41 124]7F
AHZ 15% sucrose SHAA] AZAA] HE & S5 S0
gl xAg  SZdl SZ8xZ2E  Cryostate
(Reichert-Jung  Co. 2800)& ol&8dld &EHE HZESIA
Hematoxylin & Eosin 445 AAIGHL Bokein|gd oAl #2

Microplate
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SIoATt
9) W £ 2] 515Hd A (immunohistochemical staining)
221F 4F9 xHE  Zamboni's  fluid = (4%

paraformaldehyde, 1.5% saturated picric acid, 0.IM PB)& 2
2 UE -0 & 4417 H3EIATE 0]& 30% sucrosed] &
Zlo] x3kE uw 7HA] 4T Eﬁ' Z OCT compound® Z£&& B
& CO, gas B 2% &40l CryostateE 30 um FAZ free
. HISE RA12 Aol wiet A&
T}E 10% Serum (5-5000, VECTOR)2.E 1417} S0F ALof|A]
ARe] 8 = ASAE ASIirt. A= AL 2o
w2} Rabbit anti-CRF (T-4037, Peninsula Lab., diluted 1:10,000),
anti CRF-R1 (sc-1757, SANTA CRUZ, diluted 1:1,000) A3}
Frh LAFGA = 4TolA] 48417} Obital-shakerol]A] BFSAIZ]
= PBS®} 1% triton X-100& £H70F PBSE 1512 4 HZO} Al A}
gl Mojll = OIAIAE A2Isirt. OJAFSA = Fluorescein
goat anti-rabbit IgG (F-2765, Molecular probe, diluted 1:200)=
4°Cof|A] 2417t SQt Obital-shakeroll Al BFSAIZ] & PBSS}F 1%
triton X-100S 270k PBSE 15% A \ﬂjQO} vl &R Aol =
SofolEdl RAS 684 2rk Mounting2 g HEY
(H1000, VECTOR)S AMSSIGICE FEZENZES  AXIO
scope(CARL ZEIZZ)E AHEGIR2M, programe Meta Morph
(ver.6.1r6)Z 2151

10) EARE]

floating brain sections S}
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& SPSS for Windows (version
g BEN

0.07} o] 8= XA

40

gl

1. ZASY BAalollA] BEAITtl
BAEE SIS o7} UW?L%
BrRIE HAIA BEAZ] vlR]= %@% BES 43, g3y
o 122.0+17.1 sec, AT 176.5+19.6 sec, fluoxetine FOIt
165.822.7 sec, {SAEEINEZE 204 ng/ke T 158.346.6 sec, 1%
FEEINEZE 612 ng/ke Fo) T 149.8+10.6 secE S F T F&t
ol Blgkd tHETo] ZASE HAlollA] BEAlTto] E716HA
3L, BAEEINEZE 204 mg/ke FITH(p<0.01)1} 612 mg/kg FoIT
(p<0.05)2 thx ol Hlgl] Fo8 YA BSAII0] 4453
(Fig. 2).
=2 Jolx9l g3}
A

HE 24
2} C57bl/6 8 X]OHHQI serotonin

&t g

2. HPLCE o]&3t X18H
3] HEE FEYolA]

~ mﬂ

I} melatonin®| $EZ F thEFoA] 245619 1L, Fluoxetine
BOi T, [BAESINEBEE F071 (204 ng/ke, 612 mg/kg)S THERE T

H]5}0d melatonin®] 571518 CH(Fig. 3).

b

0x

U]

C57bl/6-WT CIS-NC CIS-FLU

(100 mg/kg)

CIS-ODT-L
(204 mg/kg)

CIS-ODT-L

(612 mg/kg)
Fig. 2. Effects of OnDam-Tang with addition of Linderae Radix
(ODT-L), and all of its contents, fluoxetine on the mouse forced
swim test. The immobilization time (sec) was measured for the first 5 min after
each animal was placed in the water. C57bl/6-WT : Normal group untreated
immobilization stress, CIS-NC : Control group freated immobilization stress,
CIS-FLU : Positive control group treated fluoxetine before immobilization stress,
CIS-ODT-L : Experimental group treated ODT-L before immobilization stress.
*p<0.05, *p<0.01, ®*p<0.001 as compared with the control group.
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C CIs-Ne
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05
D 5 CIS-FLU (100 mg/kg)
031
Tam . melatonin
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010! 17544
oto— |/
W 200 400 500 B0 1000 1200 1400 1600 1500 2000 2200 2400 2500 2300 3000 3200 W00 3600 B0 4000
Minutes.
05
E ;. CIS-0DT-L (204 mg/kg)
030
2o serotonin melatonin
0.00 Z‘UD 4‘“0 E-i]ﬂ Ebﬂ W‘ﬂﬂ |Z‘ﬂﬂ H‘ﬂﬂ 15‘0“ ‘S‘HU Zﬂ‘ﬂn EZ‘ﬂH 2-“\7“ ZE‘UI) Zﬂ‘ﬂn Z-D‘ﬂn ﬂlﬂn JJ‘W Z-E-Iﬂﬂ ZE‘UU 40.00
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1
F oo CI5-0DT-L (612mg/kg) )
melatonin
050 31352
2pe0 .
serotonin
020 1752
0.0 e e

000 200 400 500 800 10.00 1200 14.00 1600 1800 2000 2200 2400 2600 2800 3000 3200 2400 3600 3800 4000

Minutes

Fig. 3. HPLC chromatograms of standard mixture and extract of
OnDam-Tang with addition of Linderae Radix (ODT-L). Chromatograms
of serotonin & melatonin standard (A), C57bl/6 normal group (B), CIS-NC group
(C), CIS-FLU (100 mg/ke) group (D), CIS-ODT-L (204 mg/ke) group (E), and
CIS-ODT-L (612 meg/kg) group (F) are recorded at 220 nm. HPLC
High-Performance Liquid Chromatography, C57bl/6-WT : Normal group, CIS-NC :
Control group, CIS-FLU : Positive control group treated fluoxetine, CIS-ODT-L :
Experimental group treated ODT-L.
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=5 7 dFdA BEENEES e

3. 45 x| SEHOA] serotonin® EFoll AIXl= 3
BAEEMEEES] Fo7 W4 AEH A 45 HEoAg]
=] SEFHOIA] serotonin o BIX]= &
At 66.9%9.17 ng/ml, THET 38.849.17 ng/mﬂ, Fluoxetine ¢
o 81.447.40 ng/ml, WIEEMNEZE 204 ng/ke T 69.1+10.50
ng/ml, BAEGINEEE 612 ng/kg oI 85.8+17.46 ng/m=E &
AEIACE Zaratol 8151 thAE Q] serotonin 44 7F0] ZH46)
QL BAEEINEZE 204 ng/ ke FOIT(p<0.05)2 612 mg/kg T
TH(p<0.05)2 thETol ISl serotonin B4H0] FoE UA
S7ToIATHFig. 4).

100 -

80 A

60

40 4

Serotonin levelin brain tissue (ng/ml)

) C57bl/6-WT CIS-NC CIS-FLU CIS-ODT-L CIS-ODT-L

(100 mg/kg) (204 mg/kg) (612 mg/kg)
Fig. 4. Effects of OnDam-Tang with addition of Linderae Radix
(ODT-L) on Serotonin production in brain. Brain extract samples were
obtained by centrifugation and stored at -20°C until use. Total Serotonin levels
were measured by a sandwich ELISA using an ELISA kit (Enzo life Sciences).
C57b1/6-WT = Normal group, CIS-NC : Control group, CIS-FLU : Positive control
group treated fluoxetine, CIS-ODT-L : Experimental group treated ODT-L.*p<0.05
*p<0.01, **p<0.001 as compared with the control group.

C57bl/6-WT CIS-NC CIS-FLU (100mg/kg)

: Hippocampus area
D6

AL cts
—

CIS-ODT-L (204 mg/kg) | €IS-ODT-L (#2 mg/kg)

Fig. 5. Histological analysis of hippocampal lesions and neural loss
of CIS-mice Brain. C57bl/6 mice were sacrificed, brain was fixed in 10%
buffered formalin and embedded in paraffin. Paraffin sections were stained with
hematoxylin&eosin. The panels are representative photomicrographs of each of
these risk (red arrow) at bright microscope (Nikon, X40). DG : Dentate gyrus, CA1
: Cornu Ammonis 1, CA3 : Cornu Ammonis 3, C57bl/6-WT : Normal group, CIS-NC
. Control group, CIS-FLU : Positive control group treated fluoxetine, CIS-ODT-L :
Experimental group treated ODT-L.

4 =5 YFHY HEZA HS g
ETAME T 74 AEBAE Qo sintRelY 24

oligodendrocytes-like  cells,

E

l>

2O F  stratum  radiatum,
astrocytes-like cell, pyramidal cell layer(CA1, CA3), neurons L
2]l dentate gyrus(DG) S0| &&wol vlgld AR SLL
Fluoxetine T3} HAESMEEE FoIT(204 mg/ke, 612 mg/

kg)= CAl, CA3, neurons 1211 DG &0] FAEIL ASe &

% QATKFig. 5).

o1

=5 AF2Y HZEA9 CRF ¢80 gt a3

Sl P H7 2] (hipocampus ~ area)ollA]  corticotropin  releasing
factor (CRF) S~870] WSlZS Mozxslsldm oz pash
Z1}, Fluoxetine 071} HAESINEEE 204 mg/kg, 612 mg/kg
FoT2 tAETol HIsle CRF ¢8X wadzo] ZAAEATt
(Fig. 6).

C57bl/6-WT CIS-FLU (100 mg/kg)

SCRF

CRF

CIS-ODT-L (612 mg/kg)

CIS-ODT-L (204 mg/kg)

Fig. 6. Immunohistochemistry analysis of CRF receptor tissue in the
hippocampus of CIS-mice. Immunohistochemical staining for CRF protein
was performed on brain tissue sections. The panels are representative
photomicrographs of each of these risk at contrast fluorescence-microscope
(Nikon, X200). C57bl/6-WT : Normal group, CIS-NC : Control group, CIS-FLU :
Positive control group treated fluoxetine, CIS-ODT-L : Experimental group treated
ODT-L, CRF : Corticotropin Releasing Factor.
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HYslE 012 F 3l 0|2 & shizt Bolgl 7o,
T ol 74 monoamine &ollA1 T £3] serotonin®] & T
7} 245l 2250] ehlsitl= 740t} serotonine Q1A 9]
FHAY F, 4y, 344, EY, #42s el
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BE 7157 R8I
UEA AUTH?.

S2509 AT 20l= PLBAE B87IF W MY
NZEY  MES APl (Selective
inhibitors, SSRI), &k
antidepressants, TCA), Tt7}o}al

b serotonin reuptake
SF-EA) (Tricyclic and tetracyclic
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