solMelde|sts| Al M 257 19 Korean J. Oriental Physiology & Pathology 25(1):37~47, 2011

off
o
o
9
=
<
po{:
olf
rg
1

EEHS 719 7 AA 7

CEERE-LERETE T

A
J

gpakeltieta golsoist sk, 1:We sk

Therapeutic Potential of Jeongjihwan for the Prevention
and Treatment of Amnesia

Tae Young Jung, Won Choon Jeong, Jong Hyun Park's

Department of Diagnostics, 1 Department of Pathology, College of Oriental Medicine, Daeguhaany University

This study was aimed to investigate the memory enhancing effect of Jeongjihwan against scopolamine-induced
amnesia in C57BL/6 mice. To determine the effect of Jeongjihwan on the memory and cognitive function, we have
injected scopolamine (1 mg/kg, i.p.) into C57BL/6 mice 30 min before beginning of behavior tests. We have conducted
Y-maze, Morris water-maze, passive avoidance and fear conditioning tests to compare learning and memory functions.
Scopolamine-induced behavior changes of memory impairment were significantly restored by oral administration of
Jeongjihwan (100 or 200 mg/kg/day). To elucidate the molecular mechanism underlying the memory enhancing effect
of Jeongjihwan, we have examined the antioxidant defense system and neurotrophic factors. Jeongjihwan treatment
attenuated intracellular accumulation of reactive oxygen species and up-regulated mRNA and protein expression of
antioxidant enzymes as assessed by RT-PCR and western blot analysis, respectively. Jeongjihwan also increased
protein levels of brain-derived neurotrophic factor (BDNF) compared with those in the scopolamine-treated group.
Furthermore, as an upstream regulator, the activation of cAMP response element-binding protein (CREB) via
phosphorylation was assessed by Western blot analysis. Jeongjihwan elevated the phosphorylation of CREB (p-CREB),
which seemed to be mediated partly by extracellular signal-regulated kinase1/2 (ERK1/2) and protein kinase B/Akt.
These findings suggest that Jeongjihwan may have preventive and therapeutic potential in the management of
amnesia.

Key words : amnesia, antioxidant, brain-derived neurotrophic factor, Jeongjihwan, oxidative stress, memory and
cognition, scopolamine
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of Wi 100TCIA 4 A1ZF 4 MEe § qHsdt) Jds
rotary evaporator (Rotavapor R-220, BUCHI, Switzerland)E ©|
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(Freezone 6, Laboconco, Germany)3tAth. ki @5 F&&
331 g (F& : 11%)S F58A0eH, 4Tl BH 3 o) 43 A
2540 %o ALY
Table 1. The composition of Jeongjihwan(JJH)
Herb Scientific name Dose(g)
A& Ginseng Radix (Panax ginseng CA. Meyer) 90
BH%S Poria (Poria cocos Wolf) 0
RS Radix Polygalae (Polygala tatarinowi Regel) 60
AEH  Rhizoma Acori Graminei (Acorus gramineus Soland) 60
Total amount 300
2. 495 =
Aol Az ()l A BoF B2 20-25 g Wi o]9] 8%
71 C57BL/6 v}-%-2~(C57BL/6 mouse)S W73ttt n A&7
B2 AR AA 39 T HEAIZ T AP AES AT old
ArgAe] 2L 2% 2224T 2 F% 55-65%, B 124173 12
Al 2 F7IR AGE g
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Table 2. Experimental schedule
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Adaptation
JJH (100 mg/kg, 200 mg/kg, p.o.)

— Y-maze
Morris water-maze

Passive avoidance

Fear conditioning

— Sacrifice
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3} probe testE

A3 (passive avoidance test)
5 A3 FYE 729 2% U= W
W2 25 am, A2 20 cm, =°] 20 cm)°]
guillotin  door)2Z <dAHo] Qe FXA A

‘6}9510134 OIH}I 01
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7bA AAFoZ Fo] @31 0.5 mAY
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8. B4 A8 24

v}$-2 o= 1A (cortex)@ 3 vHhippocampus) ]
20 mM sodium phosphate bufferg 7}t
Zghg o 12,000 goll A 3083 AA #Elete e ds st
Atk 5 50 el 100  mM
2',7'-dichlorodihydrofluorescein diacetate (DCF-DA, Invitrogen,
USA)E 718le] 83 & 420 2087 X% o2 Gemini
XS fluorescence reader (Molcular Device, ¥]=)7]& A}-&-3}4
emission 585 nme] FZ 7oA BT}
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z70
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excitation 485 nm %

5 434
9. Ay SFEAZ GSH)% &4

AXEU GSH#F9 545 93l BioVisionAt9] ApoGSHTM
Glutathione Colormetirc Assay KitE AMH&-3t3th tlx o4 2
e 27 A F 400 ul glutathione assay bufferg 713}
homogenizer2 &3} g Th3 12,000 gol| 4] 3023 A4 &
st G5 AE Aol AME3t T NADPH generation mix,
glutathione reductase®} glutathione reaction buffer &3} 160
ulE micorplate reader§ 96-well plateol] 7}g+ 7 A2 A 10+
ZF skt ol 20 pld

(glutathione :

EEEY == AEE 47 %6-well

of ¥il Al *‘ioﬂﬁ 1087 wjksldon, 20 pl 71 2g AL
7vete] LAAIZ] § Emax microplate reader (Molcular Device,
v 5)7]1E o] &35t 405 nmolq FHEE SAHSAT A 8T
GSH =& RFHYE FHoZHE F4ste] ng/mle g e}
WAt

10. mRNA &# 5% (Reverse transcriptase - polymerase chain
reaction : RT-PCR)

TRI reagent (Molecular Research Ceter, OH, USA)Z 43¥
2o Uy Hd RYZHE mRNAS FZ59c. 2
mRNAE M-MLV 9} &2 (Promega, W1, USA)E A3t
Azt T2 EF we} 42ToA 1A17F T AL A F
/38 DNAE o3 22 §4 Zeholr & Abgste] PCRE
A8 THTable 3). PCRe|l 93 5% H DNAEL ethidium
bromideZ M E 15% ol7t2= AojA A7FF & FH UVE
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France)2 2  #A3}ATh.  glyceraldehydes-3
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A 3 RIPA buffer (150 mM NaCl, 0.5% Triton X-100, 50mM
Tris-HCl, pH 7.4, 25 mM NaF, 20mM EGTA, 1mM DTT, 1mM
NasVO,, protease inhibitor cocktail)2 23} 3} T} o] F 4T
ol A 2087k lysis A17] B 15,000 goll A 15827 Q£ 5}e]
}5 A& #Hstol Aol AHEEFATE BCAAFO.2 Tl g g
A& & H, 30 uge 12.5% SDS-PAGEA #7195 3t oh
NA1Z1 A2 PVDF membrane (Pall Corporation, USA)ell
transferdt & 5% dry milk-PBST [S14+$H5of
(phosphate-buffered saline, PBS), 0.1% Tween-20]Z H]5-0]3
A3HE blocking Al Z T 3% fat-free dry milk-PBSell AA&A &
1:10009] & 4u] &= overnight®Z £o|il, PBSTEH O Z 10%
7+ 33 AlZe 5 o]AgAE 3% fat-free dry milk-PBSel 4
12413 F< 29 v PBSTEH 2 thA] 1023t 38 A28t 3
t}. ©]% enhanced chemoluminescence (ECL) &3} HHg-A]#
Amersham Chemiluminescent Immunoblotting Imaging (UVP,
CA, USA) HlE ol&sta] ojuA & &3ttt

o,

2t

71

S

fat-free

Table 3. The specific sequence for each primer
PCR primer sequences
5-CTG ACA CGT AGC CTC GGT AA-3
5-AGA CAC GGC ATC CTC CAG TT-3
5-TTG AGC AGG AAG GCG GTC TTA G-3
5-ACT TTC AGA AGG GTC AGG TGT CC-3'
5-AGT GTA GCC CAG GAT GCC CTT-3'
5-GCC AAG GTC ATC CAT GAC AAC-3'

Gene

Forward
Reverse
Forward
Reverse
Forward
Reverse

GCL

HO-1

GAPDH
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Fig. 1. Memory enhancing effect of Jeongjihwan (JJH) against

scopolamine (SCO)-induced amnesia (Y-maze test) Alteration
behavior (A) and total number of arm entries (B) were monitored in Y-maze test.
Mice were orally administered with 100 mg/kg and 200 mg/kg of JJH or same
volume of vehicle (0.9% saline) 30 min prior to SCO (1 mg/kg, i.p.) treatment and
injected with SCO 30 min before conducting Y-maze test. Data are represented as
mean + S.EEM. (n=7). *p < 0.05, compared with the sham control group and #p
< 0.05, compared with the SCO alone-treated group.
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Fig. 2. Memory enhancing effect of Jeongjihwan (JJH) against
scopolamine (SCO)-induced amnesia (Morris water-maze test)
Memory impairment was induced by 1 mg/kg (i.p) of SCO 30 min
after pre-treatment with JJH (100 mg/kg and 200 mg/kg, p.0.). A. The
time spent to find the hidden platform (escape latency) was monitored by Morris
water-maze test 30 min after injection of SCO for five consecutive training days.
B. During probe test, the time spent in the platform quadrant was measured after
removing the platform. C. The swimming pathways of each group (vehicle-treated
sham control group, SCO alone-treated group, JJH-treated group in combination
with SCO) at 1st, 3rd, and 5th training days were shown. Data represent means
+ SEM. (n=7) *p < 0.05 and =p < 0.01, compared with the sham control group.
##p < 0.01, compared with the SCO alone-treated group.
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Fig. 3. Memory enhancing effect of Jeongjihwan (JJH) against
scopolamine (SCO)-induced amnesia (passive avoidance test). Mice
were orally administered with 100 mg/kg and 200 mg/kg of JJH or same volume
of vehicle (0.9% saline) 30 min prior to SCO (1 mg/kg, i.p) treatment and injected
with SCO 30 min before passive avoidance test. Aquisition trial was carried out 30
min after i.p. injection of SCO. Retention trial was performed 24 h after the
acquisition trial for 300 sec. Data are represented as means = S.E.M. (n=7) #p
< 0.01, compared with the sham control group. #p < 0.05 and ##p < 0.01,
compared with the SCO alone treated group.
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Fig. 4. Memory enhancing effect of Jeongjihwan (JJH) against
scopolamine  (SCO)-induced amnesia (fear conditioning test)
Memory impairment was induced by 1 mg/kg (i.p) of SCO 30 min
after pre-treatment with JJH (100 mg/kg and 200 mg/kg, p.o.). Sound
tone and electric shock were delivered 30 min after injection with SCO. Twenty—four
hour later, freezing time without any movement except breathing in the contextual
and cued fear conditioning tests were monitored for 300 sec. Data are represented
as mean = S.EM. (n=7) =»p < 0.01, compared with the sham control group and
##p < 0.01, compared with the SCO alone-treated group.
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AZU GSH gAdo] 83.63 + 942% 2 A& Hdom, vhd &
& 100 mg/kg 2 200 mg/kge] SHFo 2 T/ Tl AL
(SCO + JJH)® ZA¢ 23 ZeHW FF(SCO)d Hte] 77}

9219 + 6.49% % 107.85 + 9.52% 2 3/d°] T 7= A th(Fig. 6A).
Bt olyz} 2hsld ~EF 2 (oxidative stress)oll 93| Wi =&
A A#Fste] AE < 4-hydroxy nonenal (4-HNE) A3 =gk
&G FASCO)ol o) F7FHAAR, EEI BT AH
(SCO +JJH)°l 93 7+4H S western blot analysisZ &<1&
21 %A tH(Fig. 6B).

1.2 -
1.0
0.8 |

0.6

Relatlve DCF-DA
Fluorescence Intensity

04

0.2

0.0

JJH — ] |

Cortex Hippocampus

Fig. 5. Inhibitory effect of Jeongjihwan (JJH) on the intracellular
levels of reactive oxygen species (ROS) in the cortex and
hippocampus. Mice were administered with JJH (100 mg/kg and 200 mg/kg,
p.0.) or same volume of vehicle (0.9% saline). After conducting behavior tests,
intracellular accumulation of ROS in the cortex and hippocampus was measured by
using DCF-DA fluorescent reagent. Data are represented as means * S.D. (n=3).
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Fig. 6. Protective effect of Jeongjihwan (JJH) against oxidative
stress in the brains of scopolamine (SCO)-treated mice SCO (1
mg/kg, i.p.) was injected after 30 min pre-treatment with 100 mg/kg
and 200 mg/kg of JJH, 30 min before behavior tests. After finishing
behavior tests, intracellular levels of reduced glutathione (GSH) (A) and one of the
typical markers of lipid peroxydation, 4-HNE were assessed by GSH ELISA kit and
Western blot analysis, respectively. Data are represented as mean + S.D. (n=3).
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Fig. 7. Jeongjihwan (JJH)-induced mRNA and protein expression of
y-glutamylcysteine ligase (GCL) and superoxide dismutase (SOD)
Mice were treated with JJH (100 mg/kg and 200 mg/kg, p.0.) or same volume of
vehicle (0.9% saline) in the presence or absence of SCO. The mRNA (A) and
protein (B) expression of GCL and SOD were determined by RT-PCR using specific
primers and Western blot analysis with specific antibodies.
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Fig. 8. Jeongjihwan (JJH)-induced up-regulation of brain-derived
neurotrophic factor (BDNF) and activation of c-AMP-response
element-binding protein (CREB) Mice were administered with 100 mg/kg
and 200 mg/kg (p.0.) of JJH or same volume of vehicle (0.9% saline) 60 min
before behavior tests. Scopolamine (SCO, 1 mg/kg, i.p.) was injected after 30 min
pre-treatment with JJH. The protein expression of BDNF (A) and phospho-CREB
(B) was assessed by Western blot analysis using specific antibodies for BDNF and
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Fig. 9. Effect of Jeongjihwan (JJH) on the activation of ERK1/2 and
PKB/Akt. Mice were administered with JJH (100 mg/kg and 200 mg/kg, p.o.) or
same volume of vehicle (0.9% saline) 30 min before injection of SCO (1 mg/kg,
i.p.). SCO was injected 30 min before conducting behavior tests. The activation of
ERK1/2 and PKB/Akt via phosphorylation was examined by Western blot analysis
with specific antibodies for the phosphorylated forms of ERK1/2 and PKB/Akt.
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