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Antidepressant Effects of Citri Reticulatae Viride Pericarpium
in the Forced Swimming Test

Yong-Uk Kwon, Tae-Hee Lee’

Dept. of Formulae Pharmacology, College of Oriental Medicine, Kyungwon University

ABSTRACT

Objectives : Investigation of the antidepressant effects of Citri Reticulatae Viride Pericarpium(CR)

Methods :

In order to investigate the antidepressant effects of Citri Reticulatae Viride Pericarpium(CR),

we performed the forced swimming test. Also the expression of CRF, HSP70 and c-fos was measured

with immunohistochemical method at PVN.
Results :
CR 100mg/kg, 400mg/kg groups.

1. The duration of immobility in the forced swimming test was significantly decreased in the

2. In the Control group, CRF expression was significantly increased in the PVN. Also, these CRF
increase were significantly reduced in the CR 100mg/kg and 400mg/kg treated group.
3. HSP70 expression was significantly decreased at PVN in the CR 100mg/kg and 400mg/kg treated

group.

4. C-fos expression was significantly decreased at PVN in the CR 100mg/kg and 400mg/kg treated

group.

Conclusions : According to the results, it can be considered that Citri Reticulatae Viride Pericarpium

has antidepressant effect.
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F7heeS Busga, 1 58 A
=7t BF 9] EZFs)oret AutellA TH(tyrosine
hydroxylase) 492 95 YehgS 2
Nk

F I (Citri Reticulatae Viride Pericarpium)~ 2R
of &8 HHkINGAY BUEGE Cirus reticulata
Blanco)®] izt FgE GHmIMNK, St Rt
fehe 8% 7K o] FiE I3 SA4E
AR G OlRE IS TAEE &
Ef2 5O Kbk sgo] e s Teled,
wkoF o] L IMmfrE AiGA SPE Jimely ek
o] HAEoZN toet FA4EC] YehiA Hoh
olgigh Hizol gk 71Ee AFAT HiZ= i
ISR, G, A9Axd vxe 93 Fo o
& Bt gglen, = 5 i ARZEY A%
F5 A AT ZH G285 7HAA Q)
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o] AR HEAA(FST, Forced Swimming Test)
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48| F9LENE ATBE AED Bo|

259 e dsiMe oY 7HA Mol itk
Hiolwl 7P e o) k2olegdy 5o AREY
9] BZFo] £E&59 FAES Fidste ddo] H9
= 7Mdelth. g2 JMHdE= HPA(Hypothalamo-
pituitary-adrenocortical) axis®] ©}de] CRF(corticotropin-
releasing factor)9] #HIE F7HA17]3 o]He] ACTH
(adrenocorticotropic hormone), ZE|Z9] EB|E =2}
F3he Aotk Al HA /M2 A EsA] o]
o] glEH o]& AlolEFN]  IL-1(interleukine-1),
INF-a(interferon-a)9] o]3&HZ 18] CRF, ACTH,
prolactin, cortisol®] ©|&EHI7} YElA Ha o2
A3l 259 SFwro] TS dArk= Aotk

old] MA= FHE7F FSTollA 3H 9 92350
VX B2 golry] 3l AF A FSTE HA
3lo] FRsts AuET, WYz oa HPA
axiso} Esto] APFsHEe] AMSI(PVN, paraventricular
nucleus)olA] CRF, HSP70(heat shock protein 70),
cfos?] FEE A3 FA e AHE AWV
o o]2 Hish= nvlo|th

=% 200g Welel Sprague DawleyAl A
(OrientAhE 1@AIESE B T83] FFshx
TU A Aol Fg A7l & Aol A8
ok s i e oK TARE % AAIE e

= o
=

B N-2A4C, 555 6-04%=2 FA54Tk

2) M2k

Aol ARG kA= A FHRutaceae)oll 43
RN BUS-(HHE, Citrus reticulata Blanco)
o] REEN B T WIS AXI AL FEE A
B2 ARETh HE 300gol 109 (w/v) =S 33}
FE 71 100TCAA 4417 &9 Wd71Es &
g AER B FEI tE, AZRE AFste, 9T

D ofX
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2. 4¢
1) 3z

APE F HAZ o] At WA FST
oAM= Control(BE] A E4 Fol. N=8), CRIO0(F
100mg/kg po.Fel. N=8), CRA00(iHi 400mg/kg
p.o. 7ol N=8)¢] 335702 ro] AAskGlaL, HY
ZA 3P o A= Normal(N=8), Control(R]2d4
Ea]. N=8), CRI00(#% 100mg/kg po. 5ol N-8),
CRA00(F 1z 400mg/kg p.o.Fel. N=8)o] 41802
o] AAIsH T

AHE e A e Feeass A4

=

of AEQ m|7} uigte] Bx S AL & F9
o] ZAAZ wd oS 1587 A SETh He 4
7+ o2 Hlojuy] 93] HET} 43 AFE Ho)
S52 HY BEAAE Hole Alglo]

WA g, = 2423 Folle 58 22

Pre-swiming (For 15min)

|

1% drugs treatment

(After pre-swimming) before 24hrs
| 2" drugs treatment | before Shrs
| 3" drugs treatment | before 1hrs

| Postswimming (For 5 min) |

Fig. 1. Experimental scheme of forced swimming test

NN A 59L& 21713, 3714 climbing, swimming,
immobility Al 7FAE &3ttt A8 A< immobility

¢ UETL QES TYH A QREY FH 9z
S A B BHE KA 5ol o) ¢4
Qe Uehd w2 9] @ gl el 3
swimming& JE7} 59 95 WA $Holw, 115
gYo2 FFIE sHe ejoltk dimbinge /M3
AY% £ A, EE AFHOZ gl of

I8 9% 9= 22981 AAE tF A= Aot A
sb Al ol 934 Zol7] Y3 Hl el
Z43lo) 282 FH3IG

(1) CRF

A Harde] B S sodium pentobarbital
(80mg/kg, ip.)2 3 A7l % 0.9% saline 200méell
o]o] phosphate buffer® FHI3F 4% formalin &
100mes A4S B3 #ARSAT. 28 A9 A5 300
mE 287 UHA 700 2587k A4 AFsA
. 10| B¢ FAv HE AU 22 aARoZ 24
7+ 3 AT, 20% sucrose’t T phosphate
buffered saline(PBS)oll o] 4Tolx Bst3ich
e HE 4 Wsd § ¥ =4S 30me FA
Z Zgith PBSE 2 8] Aal, CRF expression®
71 g8l AMSEl= Goat anti CRF (santa cruz
biotechnology)oll B2t} Primary antibody+ 0.3%
Triton X100(PBST)ollA 2% normal donky serum
3} 0.001% kehole limpit hemocyanin (sigma)o-Z
200082 343t FHlSATE ¥ 222 primary
antiserumoll A 72417 BlFEIATE 2 F o 24
PBSTZ A& ths, 2413 &< A4 2% normal
donky serum -3k PBSTelA 200812 343
biotinylates goat anti goat serum(Santa Cruz
Biotechnology)oll ¥FAIZth ©fA] PBSTZ A& o
5 ¥ 242 AeoA 1AZF F¢t Santa Cruz ABC
reagent (Santa Cruz)ol @7} ¥-SAIF L PBSTZ ¥
H T o ¥ 22E ZFAAQ] diaminobenzidine S
ARESle] BAAIZ T BAo] Bt AL slidedl] &
o 2417 B A2oA AR AR F xylenelE
FH3AA polymountZ B-HJetAh Hz2Ae 7}
e dags Fgdugoez 1008 o BEe)
ARES Zogstdnt w9 7 F99 $x9 ¥
£ Franklin® Paxinos®] ¥ &2 stk date
ARRIOIA - AZH2x2cm) S ©]83te] FTYTH A G4
AAQSE o] wreEo Yehd
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counting 3FAth

(2) HSP70

A FlAIgol ¢ FE sodium pentobarbital
(80mg/kg, ip)Z "F A7l &, 0.9% saline 200m{oll
o]o] phosphate bufferZ HI3F 4% formalin £}
100meE 474S B3l BRI 2R 2 300me

X713, 20% sucrose’} $H-E phosphate buffered
saline (PBS)ell €] 4TCoA R4t tad o
g 35 Y & ¥ 248 0w 272 Fsith
PBSE ¥ z}a] A i, HSP70 expressiond] 7Fg g
AHEEE Mouse anti HSP70 (Zymed Laboratories,
Sanfranci sco, CA)oll E3tt}h. primary antibody =
0.3% Triton X100 (PBST)elA 2% normal goat
serum¥ 0.001% kehole limpit hemocyanin (sigma)
oF 2000MiZ M3t FHIEIGATE o 2He
primary antiserumell A 72417t vjkEtdT 1 & ¥
Z2& PBSTE A2 o, 2A7F 5t A00A 2%
normal goat serumS ¥HFShs PBSTOlA 20082
343} biotinylates goat anti mouse serum (Santa
Cruz Biotechnology.)ell ¥H-&-AI#HTE ThA] PBSTZ A
2 O o 242 A4 1A1ZF B9 Santa Cruz
ABC reagent (Santa Cruz)o] B7F ¥-AZth
PBSTZ % W 37 o o 23S ZAFY
diaminobenzidine S ARE-5te] WA Z ) wao] £
& ZAL slided] &8 2A17F SR ALolA XA
71 T, xylene2Z FH3IAIA polymountZ B3}
ATt ¥ xA 7 FBoe GAAS AetEn| s
1008 o) #Esta ARKS EF9T wo 7 2
9] $1A19} WAL Franklin? Paxinos?] 55 a1}
Aok @4 ARlA Az} (2x2em)E ©]8-5)

A Gol| A Ggst FHo] wEEEHo] Yepd GAAd9] A
== counting 3}tk

(3) c—fos

A FetAde] ¥t HE sodium pentobarbital
(80mg/kg, ip.)Z v ARl &, 0.9% saline 200m{l]
o]0} phosphate buffer® FHIE 4% formalin &%
100mE AS B3l #FIGTE 24N HE 300
mE 287 UmA 7100m-S 2587t A BF3IA
o 3ol 4 Fe HE AU B2 IAHYOE 24]
7 3 A, 20% sucrose’t E-+E phosphate
buffered saline (PBS)ell o] 4Ceolx HaAstGict
e HE 3% Yss $ H =4S 30me =27

2 Z9tt PBSE 2 x4 Aal, c—fos expressiondl]
74 48] AR&E+< Rabhit anti c—fos (santa cruz
biotechnology)dll B3}t}. primary antibody= 0.3%
Triton X100(PBST)ollA 2% normal goat serum¥}
0.001% kehole limpit hemocyanin (sigma)o.=
20008 BAste] FRISIATE ¥ AL primary
antiserumol| Al 72A17F wiFsAYE 1§ o A S
PBSTZ A& U3, 2417t B9 A4 2% normal
goat serum< 3= PBSTOA 20082 343
biotinylates goat anti rabbit serum(Santa Cruz
Biotechnology.)ell ¥H-AIZiTh ©A] PBSTZ A&
s ¥ 232 Aol 143F ¢ Santa Cruz
ABC reagent (Santa Cruz)el B7F w-EAFTH
PBSTEZ % ¥ 7 o ¥ 23s FYAQ
diaminobenzidineg A8} WAAIZ T, wHo] £
% Z2L lided] 28 2A1F B Ao HAx
A7l & xylene®® EW3IAA polymount® B
StAh ¥ 2329 7 Roe GA4S FEEnFL
Z 1000 o) sl ARRS G He 7t
2ol $x)9} HAS Franklin® Paxinos?] H &2
Fastnh ddE AROlA ARl (2x2em)E ©]-8-3)
TUS A QoA AT FHo WHgHo] et
Aol AT E counting 3FATH
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FST Z3+= Fig. 2, 3% 2t} Controlol| A 104+1.3
secE yeRd A BlwEiA #HiE 100me/kg 1E
(CRI00)9I M= 3.0+0.8sec, i /%400mg/kg1-5(CR400)
ANME 671.8secE YEN FEF3Fol FAHUA
Edgns i =



Tt ARl wE -yl e IF 63

250+

200

150

sec

100+

50

Control

CR400

CR100

Fig. 2. Effect of Citi Reticulatae Viride Pericarpium in the
forced swimming test

Control : Saline.

CRI100 : Citri Reticulatae Viride Pericarpium(100mg/kg).
CR400 : Citri Reticulatae Viride Pericarpium(400mg/kg).
* sl Significant difference from the control group.

x* P <005, #x P < 0.00L

—
an
CR100 CRA400
(swimming)
e
150
100
o
2
s —
Control CR100 CR400
(climbing)
12.5-
10.04 -
7.5
(23
@
w
5.0 B
—
2.5
0.0 ¥ T
Control CR100 CR400
(immobility)

Fig. 3. Effect of Citri Reticulatae Viride Pericarpium in the
forced swimming test

Control : Saline.

CRI100 : Citri Reticulatae Viride Pericarpium(100mg/kg).
CR400 : Citri Reticulatae Viride Pericarpium(400mg/kg).
# ekl Significant difference from the control group.
w0 P <005, = P < 0.0L et P <0001

1) AESH(PYN, paraventricular nucleus)oi|A

FST 4A] &, PVN WiellA 9] CRF ¥de Fig. 4,
5 ¢} 2t} URTS 1002 By Zhzte] W A|E4
2 %E W) B A} i 100mg/kg ZE(CR100)2}
7 400mg/kg 1E(CRA00)IA  ZH2t 80.76+7.5%,
53.84+82%E JEN, PVN Wjelx¢] CRFY W&o]
Z2Ea, B3] FHE 400mg/kg TE(CR400)ol A4
= 94 A BAIYUTHEG3) = 11319, p <

Fig. 4. Expression of CRF-immunoreactive cells in the PVN
(paraventricular nucleus)

Normal @ No treatment.

Control : Saline and the forced swimming test.

CR100 : Citri Reticulatae Viride Pericarpium(100mg/kg) and the forced
swimming test.

CR400 : Citri Reticulatae Viride Pericarpium(400mg/kg) and the forced
swimming test.

## © Significant difference from the Normal group (## P < 0.001).

#+ | Significant difference from the control group (++ P < 0.01).

—

Fig. 5. Expression of CRF-immunoreactive cells in the PVN

scale bar represents 200um.
A Normal, B: Control, C: CRI100, D: CR400.
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2) AEksH(PYN,
HSP70 2t&
FST AAl & PVN WelMe] HSP709] &de
Fig. 6, 7% 2t} fz27S 10008 B zhzke]
d MEFE %2 vlws] B A3 557 100mg/kg L
Z(CRI00)SIME 7364+1397%, % 400mg/kg 1
(CRA0D)NAME 50.38+7.14%= FERN, K¢ 400mg/
kg5 (CRA00)9IAM FAAUMA 4SS & F
ATHE(3,23)=4.840, p < 0.05).

paraventricular  nucleus)ol|A{

Fig. 6. Expression of HSP70-immunoreactive cells in the PVN

Normal : No treatment.

Control : Saline and the forced swimming test.

CR100 : Citri Reticulatae Viride Pericarpium(100mg/kg) and the forced
swimming test.

CR400 : Citri Reticulatae Viride Pericarpium(400mg/kg) and the forced
swimming test.

# . Significant difference from the normal group (# P < 0.01).

## . Significant difference from the control group (++ P < 0.01).

Fig. 7. Expression of HSP70-immunoreactive cells in the PVN

scale bar represents 200y,
A: Normal, B: Control, C: CR100, D: CR400.

3) AHSH(PYN, paraventricular nucleus)o|A
c-fos 2¥sd
FST 4] & PVN UlellX<] c-fose] &2 Fig.
8 99 2tk URTS 10002 B zZ}zte] gl 4

EL @ 55 — Vol. 23, No. 4, 2008

TE %2 ¥ws] B A3 FHE 100mg/ke1E
(CR100)~ 73.64+13. 97/0, 7] 400mg/kg 1E(CR400)-
50.38+7.14%% UER, thzatel vl foAdde 7

25 UERATHE(3,26)=8.585, p<0.01).

Fig. 8. Expression of c-fos-immunoreactive cells in the PVN

Normal : No treatment.

Control : Saline and the forced swimming test.

CR100 : Citri Reticulatae Viride Pericarpium(100mg/kg) and the forced
swimming test.

CR400 : Citri Reticulatae Viride Pericarpium(400mg/kg) and the forced
swimming test.

# . Significant difference from the normal group (# P < 0.01).

#xx 1 Significant difference from the control group (+++ P < 0.001).

Fig. 9. Expression of c-fos-immunoreactive cells in the PVN

scale bar represents 200um.
A Normal, B: Control, C: CR100, D: CR400.
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FE5Yd5S oS JAste Ao=2 Uehd 22 23
Aol Aol Wsyt e A7t E At
W7 Yeh= AI7E Atoldll 7o) Qlof ol#e &
4= Yeldle Ro| oldrt 5T & ALY
HE F4vt pEFe AR o wEA 8 Eo
y5/de] Wl =g o W YehgA she AoZ
AZA. o]5 Rl Y3 &3S oS AEsks
F&H3o] FastE]E}t JAZI.

TS wAo] dile S ohgs FeH
2EH 27t e FFHoA dojdths H2 vE 2~
Ef2v) 9258 dodl= FEZHL ol &4
g5 70 5 I F23 9FgS I
Ues AAFETE o] g THAA S8 FollA
Y2 ke £23F 949 HPA axisE $&
Aol Ao QAT Tl 2Ho] Holgth

Rk o s ~E# A @42 HPA axisd &gt
% 2 a7 Q3 glucocorticoidd] Z71el #HHETH
A 2Bl e gHgds 58 QalEo] HAA
£ 53l AVRIEE AeEa, A 2y A= HZE
S B3 A APFRRER AgEe FAoE dEA Ut
2EY 27} AEEE AVFEe] PVNelX CRFE %

2 ol Ml A AYGLE o)Fdte] ACTH/ #
HEEE §53511 o] ACTHE d+3e i) 74
o2 o)Fdta FAlHFA 83t corticosteroid

o dE 5w 2Edxd RAYH 2Ae U,
A4, TELT e AAH Ay

Ho] oy APH SAE wEw, AEH 2
o8j o}7)1E & glucocorticoid?] WE& HPA axisE
28 zddth AASHE PVNY parvocellular Al =7}
CRFE A8l WA= stodw ACTH #8&
SN A APHo g FATAA glucocorticoldE
H3} = PYNS HPA axis9] 7N A& oy 714
2EG 2 9go FF4 71%S Fsa gheo] B
23 9l

B AFoMe= FHrt FSTAA 879 &35
S dAel= Aol HPA axis$t #HEste 9% &

ol

I Yl Zo] oldr) she FES sy
9l A1AFakEe] PVNelA CRFE Z43to] Bt

CRFE HPA axisold 2~E#|zo] 32 )
3 2Eg 2 gk WY 2847, de4, |
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