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Memory Enhancing Effect of Longanae Arillus against
Scopolamine-induced Amnesia in C57BL/6 Mice

Tae Young Jung, Heuiwoong Lee*, Jong Hyun Park'«

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

In this study, we have verified the memory and cognitive enhancing effect of Longanae Arillus, the fruit of
Euphoria longana Lamarck, which has been used as a tonic and for the treatment of amnesia, insomnia, and
palpitations in oriental medicine. To investigate the effect of Longanae Arillus water extract(LAE) on the memory and
cognitive dysfunction, scopolamine (1 mg/kg, i.p.) was injected in C57BL/6 mice and several behavior tests including
Y-maze, Morris water-maze, passive avoidance and fear conditioning tests were conducted. Administration of LAE (100
or 200 mg/kg/day, p.o.) effectively improved scopolamine-induced memory impairment and dysfunction. To further
determine the possible molecule mechanism of LAE, we have examined the activity and/for mRNA expression of
diverse proteins involved in the acetylcholine metabolism. LAE particularly increased the amount of acetylcholine in the
cortex which was mediated by suppression of acetylcholine esterase (AchE) activity. In addition, LAE elevated the
mRNA expression of muscarinic acetylcholine receptors (mAchRs) without affecting the mRNA levels of choline
acetyltransferase (ChAT) and acetylcholine esterase (AchE). In another experiment, LAE effectively inhibited mRNA
expression of pro-inflammatory cytokines such as tumor necrosis factor-a (TNF-a) and interleukin-13 (IL1-8), which
seemed to be mediated by inhibition of upstream transcription factor NF-xB and extracellular-regulated kinase 1/2
(ERK1/2). These results demonstrate that Longanae Arillus can increase acetylcholine amount the cortex via regulation
of AchE activity as well as mAchRs expression and decrease pro-inflammatory responses via inhibition of NF-xB
signaling pathway, thereby having therapeutic potential to improve memory and cognitive deficit in amnesia.

Key words : AchE, acetylcholine, IL-183, inflammation, Longan Arillus, memory and cognition, NF-xB, scopolamine,
ChAT, mAchR, TNF-a
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1. A=
A5 2 719 )
(scopolamine, SCO)< SigmaAkSt. Louis, MO, USA)9] A&
ARESEAT HEIAS WIER A AFHE RS A”FAAH(HT
AA TPt APl AHESHATE HEIRA 600 g 5 L T/HTE
100CelM 4 AJZF 59 d5F 3 H Agste] 70T 2290
Al 7+%+E 5 (Rotavapor R-220, BUCHI, Switzerland) Al th. ©]
5 -70C 9 5’—‘:01] A & A7 Z(Freezone 6, Laboconco,
Germany)3at] HEIRA +(Longanae Arillus Extract: LAE)
7267 g (FE 1 12%)%
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71 C57BL/6 wH9-2~(C57BL/6 mouse)E W1+t etn &7

H2 AR AN 3Y B HEA F A A3 old
AFEAY 2L L5 2224T 2 FE 55-65%, ¥ 12417k 12
AZE 2B F7I2 AT
3. AT H% 439 1Y

gL Xé’}}]_(SHAM), Z::Ti% W Fof 7] &4(SCO),
NIE + HIRK Fo APT(SCO + LAE, 100 mg/kg, 200
mg/kg), FERA 5 ME(LAE 100 mg/kg, 200 mg/kg)l
T 6 AFoE Yol aist e FFHES AP S WD}
F5AP AN Bt G AP E7H7] 1A7E Al i
WE A7 T den, e Fo 308 ¥ éi%a}'ﬂ%
mg/kgd] &FOF B FoJst¢lti(Table 1).

Table 1. Experimental schedule
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8. oMEZY & A
Z 2 ) o}4 g Zd(acetylcholine, Ach)9] %
FEAAS F ok 2E SAAIA i 3 (cortex) B 3
vhhippocampus) 915 &3t 10819 20 mM sodium
phosphate buffer (pH 7.4)Z 7}3l3 homogenizer2 2 8}3k
5 12,000 goll A 3027 A4 BT F A5 AS Ak of
AdZd 49 4L 93t invitorgenAt2] Amplex Red
Acetylcholine Assay Kit (Eugene, USA)E ©|-&3t9th. WA o}
AEEFA ZHd AHEEe ¥ AYE(20 ul Amplex red
reagent, 10 ul HRP stock solution, 10 ul choline oxidase stock

=7

=
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solution, 10 ul acetylcholine esterase stock solution)& 950 ul 1
E33sto 400 uM Amplex red
£9t. ol vle) BelshEe A
£ 100 plE &7 96-well plateo] 38 th5 100 pl9] 400 uM
Amplex red reagent working solutions 7}3}¢] 4204 302
7t HieF T 544 nm excitation & 590 nm emission®] 7ol A
¥3S ZH3AHSPECTRA MAX GEMINI XS, Molecular
Device, USA).

X reaction bufferol] 7}3F
o
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reagent working solution
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9. ol EZHel ~E Al &4
oM © & A of| 2~ F 2} A (acetylcholine esterase, AchE)<] &7

23

ZHS A3l oNEgFd FE AT AFH TEY YYo=
Z3 AES THEYLSH, invitorgenAte]  Amplex Red

Acetylcholine Assay Kit (Eugene, CA USA)E ©]83}49 AchE
245 A48T vE] EHE AR89t AchE 84 349 AL
He "HEAI2F20 pl Amplex red reagent, 10 ul HRP stock
solution, 10 pl choline oxidase stock solution, 10 pl acettlcholne
stock solution, 950 ul 1 x reaction buffer)S z+Z} 100 ¥ &%
9%6-well plate WolE ¥ A&olr 3087 wiFstALh o &
SPECTRA MAX GEMINI XS AH8-3te] 29| ¥3lS 544 nm
excitation @ 590 nm emission®] A oA =34}

10. mRNA #d =73
(Reverse transcriptase - polymerase chain reaction : RT-PCR)
mRNAE TRI Reagent (Molecular Research Center, OH,
USA)E dgddol &t vk thx 93 8l vt 24 &
ZHE FE39 T TRI reagentE ¥ ©] homogenizer& 3}
of 4% FA3 AR, 108 T FLolA FAsAT o]
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70 TS, 12,000 g, 4T 27A9AM 1
g7t £ ¥ 51
(isopropanol)
o). ThAl 12,000 g, 4TColA 1587 9
2 RNA pelletg 85% &2 AHS
ZHF5o =499 83 RNA £99] 5 x reaction buffer,
dNTP, oligo dTE Wl & H 72TlA 1027t ¥H-3A17] o2
M-MLV ¢ ZA} &2 (reverse transcriptase, Promega, WI, USA)
o]gstad 42T A 123 T JAAL AR (DNAY SF
gate] a7l 71E® A Zelol v (primer)S  AME-3}o]
polymerase chain reaction (PCR)S A3 3% th(Table 2).

PCRe] 93] =Z3% DNAT ethidium bromide® G
1.5 % o}7F2= A (agarose gel)olA A719% & FH UVE ZA}
st o]m A £4 FAX|(TCP -20. M, Vilber Lourmat, France)Z
#FskA

3 2

S
= o

to

Table 2. The specific sequence for each primer

Gene PCR
ChAT Forward 5-AGG GTG ATC TGT TCA CTC AG-3
Reverse 5'-TCT TGT TGC CTG TCA TCA TA-3
AchE Forward 5-AGA AAA TAT TGC AGC CTT TG-3'
Reverse 5-CTG CAG GTC TTG AAA ATC TC-3'
M1 AchR Forward 5-CAG AAG TGG AGA TGC C-3
Reverse 5-GAG CTT TTG GGA GGC TGC TT-3'
M2 AchR Forwad 5-TGC TGT GGC CTC CAA TAT GA-3'
Reverse 5-TGA CCC GAC GAC CCA ACT-3
TNF-a Forward 5'-CCT GTA GCC CAC GTC GTA GC-3'
Reverse 5-TTG ACC TCA GCG CTG AGT TG-3'
IL-1b Forward 5'-CAA ATC TCG CAG CA GCA CA-3
Reverse 5-TCA TGT CCT CAT TCC TCC AAC G-3
GAPDH Forward 5-AGT GTA GCC CAG GAT GCC CTT-3
Reverse 5-GCC AAG GTC ATC CAT GAC AAC-3'
11. T d%d 57 (Western blot analysis)
PsAFe] B AHFTEY dHFHE FHE st A

7+ A ¢+ RIPA buffer (150 mM NaCl, 0.5% Triton X-100, 50mM
Tris-HCl, pH 7.4, 25 mM NaF, 20mM EGTA, 1mM DTT, 1mM
Na3VO,, protease inhibitor cocktail)2 23} 3t} o] F 4T
ol A 2087 lysis A7) Th2 15,000 gol A 1587 A4 &2 5k
NS FHdto] Aol AT BCAA ko 2 T o
3k #, 30 ugS 12.5% SDS-PAGECIA #7149 % At
A2 PVDF membrane (Pall Corporation, USA)e]
5% dry milk-PBST [Q14Fgh5H
(phosphate-buffered saline, PBS), 0.1% Tween-20]2 H|5°0]%
23S blocking AN AT 3% fat-free dry milk-PBSoll 42134 &
1:10009] 34 8j-& 2 overnighto 2 #o]i, PBSTE N2 10%
7+ 33] Al A H o]AEAE 3% fat-free dry milk-PBSel ¥
1743t F¢F 29 Y PBSTEA LR thA 1023F 33] A2 sksl
t}. ©]F enhanced chemoluminescence (ECL) &3} HH-g-A]#
Amersham Chemiluminescent Immunoblotting Imaging (UVP,
CA, USA) ZHE o] &3l olnAE Pt

=
s

transferdt fat-free

12. FAAE
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B

50
40
30

20 |

Number of Arm Entries

10 4

0

SCO (1 mg/kg) - -

LAE (mg/kg) 100

Fig. 1. Effect of LAE on the SCO-induced memory deficits in
Y-maze test. Mice were orally administered with LAE (100, 200 mg/kg, p.o.) or
vehicle 30 min before SCO treatment (1 mg/kg, i.p.). Memory impairment was
induced by SCO 30 min before conducting Y-maze test. Spontaneous alteration
behavior (A) and total number of arm entries (B) during 8-min sessions were
monitored. All data are expressed as mean + S.E.M. »p < 0.01 vs. vehicle-treated
control group. ##p < 0.01 vs. SCO-treated model group.
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3 AA Y 3 719E 24 e dxA 49 T sk
A E-mzE HAPE 59 T ANE AT T 24 ¢ TH
73 (SHAM) 2T E 2RI £ 3 25(SCO) B E3
B 7](mean escape latency)7} ZtZ} 93.80 + 8.01%9} 111.67 =+

L
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A3% 5110281 £ 2182 SAA Q] 45 B h(Fig. 2A).
, MRS HAAE § 2§(SCO + LAE)AIAE 100 mg/kg
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A, AA, A & FAZ TR E Foprte dEAA
Fig. 2Boll A =43} 3}o] HojFUoh

3
=y
=

140 7
120
100 7

80 1

60 7

Mean Eseape Latency (Sec)

40

—— SCO +1LAE 200 mg/kg

20 { = LAE 100 mg/kg e
°  LAE 200 mg/kg
]
1 2 3 4 5
Training Days
B Dayl Day3 Day5s

sSCO
+LAE

Fig. 2. Effect of LAE on the SCO-induced memory deficits in Morris
water-maze test. Mice were treated with LAE (100, 200 mg/kg, p.o.) or the
same volume of vehicle 30 min prior to the treatment of SCO (1 mg/kg, i.p.). SCO
was injected 30 min before beginning of the behavior test. A. Mean escape
latency to find the submerged platform was calculated for five consecutive training
days. The data are shown as mean + S.EM. »p < 0.01 vs. vehicle-treated control
group. ##p < 0.01 vs. SCO-treated model group. B. Typical swimming pathways in
each group at 1st, 3rd, and 5th days of training were represented.
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o

3t Z1§(SCO + LAE)9] 73-% 100
24% 2 200 mg/kg S FNME
11127 + 3.96%2 2 F&W FF(SCO)l Hlgte] 2u] o] 4

o) o= > .
QUESH e % o] EE Aoz ¥ ATHFg 3).
H Acquisition trial
5 300 ] Retention trial
E
2 2:0
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=
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=
2 1s0
= s #
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Fig. 3. Effect of LAE on the SCO-induced memory impairment in
passive avoidance test. LAE (100, 200 mg/kg, p.o.) was administered 30 min
before SCO treatment (1 mg/kg, i.p.). Memory deficit was induced by SCO 30 min
before conducting passive avoidance test. At 24 h after acquisition trial, the
retention trial was carried out for 300 s. Data are expressed as mean + SE.M. =p
< 0.01 vs. vehicle-treated control group. ##p < 0.01 vs. SCO-treated model group.
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raEeHos FE /19 &4

(acetylcoline) 2] <, A4 = &3 &

LAS HESE 499 4P S #Y8dth 23 E&940s Fo
st 719 AeE 4o nhg-29
ot Ed Y FFele 2 Wy
7 200 mg/kg) S FAg A5 Ui
slutol M= 118 H 1.2581 ] F7HE B ATH(Fig. 5). ¥4, fEli
el 9§ otEEU Y g F7H= Fig. 6014 AIAE upe} 2
o] o} " e o €} 24l (acetylcholine esterase, AchE)<] 24
7o) 93k A9 Amplex Red Acetylcholine Assay @ 8913
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Fig. 4. Effect of LAE on the SCO-induced memory impairment in
fear conditioning test. Mice were administered with LAE (100, 200 mg/kg, p.o.)
or the same volume of vehicle 60 min prior to the fear conditioning test. SCO (1
mg/kg, i.p.) was injected 30 min after the LAE treatment. Contextual (A) and cued
(B) fear conditioning tests were performed to measure the hippocampal-dependent
and amygdala-dependent memory, respectively. Freezing response without any
movement except breathing was monitored. All data are shown as mean = S.E.M.
«p<0.01 vs. vehicle-treated control group. ##p<0.01 vs. SCO-treated model group.
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Cortex Hippocampus

Fig. 5. Effect of LAE on the acetylcholine (Ach) levels in the cortex
and hippocampus. Relative Ach levels were measured by Amplex Red
Acetylcholine Assay Kit according to the experimental procedure described in the
materials and methods. Data are expressed as mean = S.D. (n=3).

Zdo A ERAe BE &3 A3

1.2 o

1.0 e

0.8

0.6

0.4 A

Relative AChE Activity

0.2 -

0.0

SCO (1 mg/kg) - * # *
LAE (mg/kg) = - 100 200

Fig. 6. Effect of LAE on the activity of acetylcholine esterase (AchE)
in the cortex. Relative AchE activity was assessed and calculated by using
Amplex Red Acetylcholine Assay Kit following the experimental procedure
represented in the materials and methods. Data are shown as mean = S.D. (n=3).

6. FANBEY A B4 B FE&A Tl g 53

o} M| ® 2 ¥ (acetylcholine, Ach) acetyl CoA®} & ¥ (choline)
o2RE  FUNLEENLH A (choline  acetyltransferase,
ChAT) ¢ B47-80l s F4=H, vt opldFd o 2~E
Al (acetylcholinesterase, AChE)2] 222 o}A|H| 0] E (acetate) <}
Z¥(choline) &2 #3|Fth. ChAT 2 AchE &4 mRNA #¢d
o tigk #ERKWe &% RT-PCRE AT A7 #RAL tix
A MAEZHE A B E3lste 849 T FH A
A FFE FA G2 FF T 4 U THFig. 7A). T, AP0
EAshe oNEZFHUL oMMEEYU FEA ] FEst AEUR
AsALs A Hu, 53 F27A4 opAdEFd F8A(
muscarinic acetylcholine receptors : mAchRs)©= M1-M4<] 47}4]
ezt EAstE ez gefA Sk 8 A7elMe 2 F 59
M17} M2 Hejo] F8Ad FHES Fo A¥S APstPer, 4
I M1z M2 Fe) F27184 oldEd £8A (M1 mAchR 2
M2 mAchR)¢] mRNA #&-2 #1000 mg/kg, 200 mg/kg) F
o2 st dA3] 7t He ASs & 3 ThEFig. 7B).

A SCO (1 mg/kg) + + +
LAF (mg/kg) - 100 200
CchAT P

GAPDH P

B SCO (1 mg/kg) = + + +
LAFE (mg/kg) - - 100 200

M1 Receptor >
M2 Receptor P>

GAPDH P

Fig. 7. Effect of LAE on the mRNA expression of acetylcholine
metabolizing enzymes and receptors. The mRNA levels of enzymes involved
in the synthesis and degradation of acetylcholine (A, choline acetyltransferase :
ChAT and acetylcholne esterase : AchE) and muscarinic acetyicholine receptors (B,
M1 and M2 types) were measured by RT-PCR using specific primers. Amplified
DNA products were electrophoresised on the agarose gel and the intensity of the
specific bands was recorded by gel documentation system.

- 411 -



7. @54 AlOlEFR A B Az gg dA &%
otEEY ABA 33 tEe] A F2 Al T UE

A9l o] Ao A% ATARIT, %a
necrosis factor-a (TNF-a)$} interleukin-18 (IL
of glo] 2 FA7F F7hE 0 gle HEHQ

a5 ]
712l (cytokine) &2 4 A Ut} 2FEHE BFoz
El

Fogh
8% Ux Ao TNF-a % IL-189] mRNA Z#o] dA 8] F
7tEen, ole iRAE A75F F22H 53] 200 mg/kg
S A BAFHo g A FHAh(Fig. 8). 2T FHWE A
wlg-2~9] i 3 FeA p65 A4tE} SIS T3 NF-xB7F &
A3k H3len, ol BEilAS A48 oA AHHORE A
= AchFig. 9A). 34, filRiol 23 NF-xB A3l &z= 49

Z-AJA] extracellular signal-regulated kinase 1/2 (ERK1/2)

o] 4 AA o) o) MAEE Ao AlE ﬂu}(Fig 9B). ¢4,
0013} Ev}zﬂoﬂ}ﬂ = ;]_e }\L_r] O]}\]_g]_ air pgg‘,] ;L/Ho]]
< Avd ¥sgs #F & 5 ArhFig. 90).

SCO (1 mg'kg) -

LAFE (mg/'kKg) - 200

B

INF-ax

m-1p

GAPDH P>

Fig. 8. Effect of LAE on the mRNA expression of pro-inflammatory
cytokines. The mRNA levels of TNF-a and IL-18 in the brain cortex treated with
SCO in the presence or absence of LAE were examined by RT-PCR using specific
primers following the protocol described in the materials and methods. GAPDH
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Fig. 9. Effect of LAE on the activation of NF-xB and upstrem
kinases. A. Activation of NF-kB via phosphorylation was assessed by Western
blot analysis using specific antibody to phospho-p65 (p-p65), one of the subunits
of NF-xB. B&C. Phosphorylation of ERK1/2 and p38 was determined by Western
blot analysis using phosphoylated form-specific antibodies (anti-p-ERK1/2 and
anti-p-p38 antibodies). The expression of ERK1/2 and p38 was examined to ensure
no alteration in the levels of unphosphorylated total forms.
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