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Amelioration of Trimethyltin-induced Cognitive
Impairment in ICR Mice by Perilla Oil
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Abstract This study aimed to investigate the anti-amnesic effect of perilla oil against trimethyltin (TMT)-induced
learning and memory impairment in ICR mice. Perilla oil (2.5 mL/kg of body weight) and soybean oil (2.5 mL/kg of body
weight) were administered orally to mice for 3 weeks, and at the end of the experimental period, cognitive behavior was
examined by Y-maze and Morris water maze (MWM) tests. Behavioral tests showed that the mice treated with perilla oil
had improved cognitive function compared to that in mice administered soybean oil. Analysis of brain tissue showed that
perilla oil significantly lowered acetylcholinesterase activity and malondialdehyde (MDA) levels. Oxidized glutathione
(GSH)-to-total GSH ratio also decreased from 10.4% to 5.3% in perilla oil-treated mice, but superoxide dismutase (SOD)
activity increased from 11.7 to 14.2 U/mg protein. Therefore, these results suggest that the perilla oil could be a potential

functional substance for improving cognitive function.
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2 Ao AMgEH 7182 A 3 F3olA 20134 12
o] Fuljgt ENE AN Perilla fiutescens (L.) Britton)S 4°Col|lA]
AEH g & AAFE 33 9 FAlste] 45°CA] 713814
, 2HF7|(National Eng., Goyang, Korea)S ©]83}o 40°CeiA]
Falth Agoll= 24417 B¢ B ES A A AR A
AR o, E7159 U2 ARE-SE o) Ff(Beksul,
CJ Cheilledang, Seoul, Koreay= 749 FF A9 2] tjgrlE]A

Fofstel AbgteLh.
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tlo 2% kI of mie

X|akat B

E715% tFF 2% F8t] 05N NaOH-MeOHE 7}l
80°CollA BFAIZIHA 7188l 2171 ¥ 14% BF3-methanol 2
n-heptaneS 7Feted Foli 23 & S/FF9 NaSOE €, o
3t g 1uLE GOMSO F=YstAth GOMSe &) €
ZF A4t methylesterE |3 WA 9] &R AlAkste] zh Xkt
o] U5 FIIATHO).

ASEE AME Y AETe 7
AYFEL 4539 ICR-male mouseS %) 5+4](Samtako,

Osan, Korea) 747+e] 374 Ag 7|7He AAA & &, 2 4
FEeE2 3uky g o] ARgAolZze WA 2% 2242°C, A
HEE 50-55%, 28 AlIZE A7 eR AT A el
FHe oFe] 2ot ALRE FEE AMSSIGIT AdEEES
797 Ag7|7ke] FRE F X trimethyltin chloride
(TMT, Sigma-Aldrich Chemical Co., St. Louis, MO, USA) FA}
FAZQRIAATTE d2F), E715% dFF MFo2 &7
st Zh Fejt oulE]d] 6o & ubFo] 477 ARSI £
5 TR M2 219 Bt 42 viFf, £71%(2.5 mLkg
of body weight)& " A FostR, 28€4 He= el
0.85% 2]Fsroll =29 TMT (7.6 pg/kg of body weight)S 100
pLA mhe] BApel] FAlsie] QIAATFE FEAIZITE TMT
FAF 29 3 Yemaze test ' Morris water maze test®] 35 2H
< 6U7F XA

TMT FAL &
TMT FAF 289 & Yemaze HES AAEATH A3 AH8H
Y-mazew 24 ZEtiE AHZ Y o2 A E o]
a1, 78 €] Ao, o], YHlE 33, 15, 10eme|th. 7} 9

A, B, CZ A% § 3% o] nkpis 24597 FiL 8
B rhe2T Eolzk 79 o] FHEE video-tracking system
(Smart v3.0, Panlab SL, Barcelona, Spain)& ©]-8-3}o] 71Z3}3 T},
el M=E v ol AR ol A 1HEA WA, actual
alternationy?] F-oi3}al, 7 352 (alternation behaviory> & &
3] (total arm entry)S} HFE o]g-5t thel 2S FI A
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. Actual alternation
Alternation (%)= - - x100
Maximum alternation*

*Maximum alternation=total number of arm entry-2

TMT Al & Morris water maze test
Ymaze 47 8 T & AdER] 3719 912 99

Morris water maze 2382 AAIEATE 98 £ 150cm,
=0] 60 cm)Qtel £ 30cm o2 A $-31(23+2°C), TF 4H
9] 3k P90 =3 tH(escape platform)S AX|3}aL 2] & (Cebesa,
Valencia, Spain)& Z3UTh A& AFL Fxox AP FEC]
platform§lo] 60%7F A-HEA FR3ES ste] HFHS Az
% o2 E2 platforme] FH 912 1com HolA dto] fIXE 7]
JII=F SIS tH(visible trial). ©]F 4U FHS platformS A
ol R 2em=E HolA| 9l A FxoA uiH SgshE @
AN, S, E, W zone)E THEA 3}l 37 1HA wHEse] F1
A1 L™ video-tracking system (Panlab SL) ©]&3te] 7|53
Thhidden trial). 23%20] 602l platformel] =galE 724-$
o= 10% <t platformel]l HEA 32, platforme A
g Afoe 22 YXE T platformol] HIX[SH=S 3}
3 20% B9 JEE ST AF sdAelE platformS A A Sk
31 working memoryS 73171 $15t 60% &< platforme] U
A THW zone)d] HFZEE A ZHsec)S 715 FHAIH
(probe testyE AAIBFATH(11).
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OFRA k| =X Z9| acetylcholinesterase (AChE) & &%

Morris water maze test 5 § ZE3 nl9-2 ] Aol 10
HHQ,] ice-cold PBS %1‘%—%—0—],4% %137_ Glass-Col ﬁ'gﬂi ﬁ'gi}@'
T 14000xgoll A 3037+ €4 EElEem, 2 5 HS AChE
44 S AESIAT BE FEI3H2 42°CoA NS
], QuantiT™ @l d 224 7] E(nvitrogen Co., Carlsbad, CA,
USAYE ol&ste] F&35 EAde] vy 3-8 433t &
2 5pLel 50mM sodium phosphate €589 65 LS ¥l 37°C
oA 1587 AHkS- AR &, RS E3HEC] 250mM 71E-89S
70 uLE 7Rk 10:27F ¥h8- $-, microplate reader (Bio-rad, Her-
cules, CA, USA)E 405mmollX FREE At v o
%24 F°| AChE E4& iz oMl % S0 JERSITh(12).

022 x| =& Z=°| malondialdehyde (MDA) &2k &4
&3 vk o] ATl PBS LS Wi &3]
Aol #1160 uLell 1% A4F 960 pLS ST F 0.67%
thiobarbituric acid 320 pLE 2L 95°CA 1A417F &<t WA 7
o} Hkg-oo AR 7] 7])(Combi-514R, Hanil Co. Ltd., Seoul,
Korea) 2,500xgoll Al 10%7F A4E2]381aL, 532 nmollA] 75 <]
S4=(Libra S32PC, Biochrom Ltd., Cambridge, UK)E =743}
t}. MDA %2 mg protein & nmole®] FE=Z FAIBFATH13).

Superoxide dismutase (SOD) &4 X

HEgE o] WAL (o0 o] MELE g
S 93 Glass-Col @712 @d38 F 10,000xgol A 3087
A4 st S wEa g FHh 1x AE &
21%-8-91(10x SOD Buffer 1 mL, 20% triton X-100 02 mL, 57
4 8.8mL, 200mM pMSF 10 uLyS €3 3087 S8 @92 o
HESE $ 100xgol Al 1087 4lie] & $ 459s A o
33tk BE ¥HL 4°CE fARIen FE53 i o
WA 24317] 98ke] QuantiT™ Thld £4 7)E(Invit-
rogen Co)E ©]&3l5th SOD &4 &743l7] 913l SOD #
4] 7]E(Sigma-Aldrich Chemical Co.)Z AFZ3llon =X &

Z% 7S ARl SOD (U/mL)E YeRIIT

Glutathione (GSH) &% &4
gl mhe-2 Mol 10 volume®] cold 5% metaphosphoric
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acidE Pl a3t & 1587F FAEZ](14,000xg)5ke 5
S do] AF A9 2™, 2M 4-vinylpyridine 10 uLE ©l 3}
o] 2519 glutathione S0 ARESIATH BE 342 4°CE
AstRen FE23 JEde duld FFS 25 At
Quant-iT™ i B4 7] E(Invitrogen Co)S ©]&3+9Tth GSH
9] &S GSH (GSSG/GSH) 7% 7]1E(Enzo Diagnostics, Farm-
ingdale, NY, USA)E ol&3t] Z7433lem, 544 T GSH, 4
3}El GSH (oxidized GSH)2| &= 3tS GSH H5=4ol tiyd
stod 4kl GSH¥F & GSHO| HI&S HAMEZ et

SHXE

Ao Axe Had EEHX(meantSD)E LFERNSI 2, 2
= 7F ol BAF {242 SAS version 9.1 (SAS Institute
Inc., Cary, NC, USA)E ©]&35}o dUulx] E4HE4 3} Duncan’s
multiple range test2 24 HALS Al 3R THp<0.05).
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Morris water maze A& AFFES] F7F 7| g% 5HES
Hrkshs Wyo R Aake vha3 Z2rhFig 2). A% 717K hidden
trial) S RS ALEe BF A7k Al tlEo
platform2 Zol7h=d] &R F= Al7H(escape latency)©] 743+
oh TMTe-2 tiZ&ata Hlaste] @ platform (W zone)ol| Ztob
7R Aol YA, EVewE A ol dlzaHT ot
= Aol Ao}, 4dxol] BAZoR ou e FFEoE 7
23 A& o8l thFig. 2A). Figure 2B 5449l platforme
A7AE F platformo] UJE FZHW zone)S AU HiF-=
= Al Esle] 37t 719998 AARSE probe testE: UERY
v A= oS3 2O H(Fig. 2B), probe testol| A1) o] 3)53)
He vwsly] folslEE Fig 2CE 53 #4EE 5 ¥4
gt migle] PEHElS Jepdth T2 Yol platforme] AW

B
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FRIL, B £ 47 W T platformo] A 54 7L
She 347 d2EEY fojFog BwgAY
2 el (p<0.05) TMT 28k ¥+ g 2 719
MAE AeZ Yelt) Umezawa 5(14)° 23, a-
A Ed 2 H0-3/0-6) A 2Ao] T2 sjulgrIH 7]
158 =35 FAAA 5 2 719dgo] 7hEg vt
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(16%)°] 77 Aol& Hole oz dAIL 9lom@4,17) o=
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Table 1. Composition of fatty acids (Unit: %)
e . .. . .. . L Saturated Unsaturated
Palmitic acid Stearic acid Oleic acid Linoleic acid  a-Linolenic acid fatty acid fatty acid
Periila oil 6.02£0.05" 2.39+0.05 15.98+0.06 13+0.02 61.47+0.19 9.00 91.00
Soybean oil 11.35+0.07 4.51£0.1 24.76+0.07 51.17+0.09 5.37+0.02 17.14 82.86

YMeans+SD (n=3)
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Fig. 1. Effect of soybean oil and perilla oil on spontaneous alternation behavior. Alternation behavior (A), number of arm entries (B), mean
speed in total zone (C), and behavioral observation (D). Control group was injected with saline (0.85%). Sample groups were injected with TMT
followed by feeding with sample (soybean oil and perilla oil 2.5 mL/kg body weight per day, respectively). Spontaneous alternation behaviors
were measured during 8 min. Result shown are means=SD (n=9), and small letters represent statistical differences.

SEYSHE F 0IRA X x=3F F9 AChE &4 =3
AChE M

Acetylcholine (AChy2 x| BE AHMEZAA A=
ARG EA AP} A S Afo]o] A7 dAlsk=
Fo8 AAHGEZRE LA ATK(18). Acetylcholine (ACh)2]
FAF Falo #AHE §42Z = ZH7ZE choline acetyltransferase
(ChAT)9} acetylcholinesterase (AChE)7} o™, =2 A
go] 983 o] FoAHH ACh 50| FFL v]XE ChAT
S} AChE &7o] ml-- T8ttt Z22fuh AChES] FH:=3t S7h=
actylcholine $+#-S 7Z+AA17]13L amyloid STEQ] AAEAHS =
THRA Awi7F fd 7 dol Eolkitial HarEo] ATk(19,20).
olget ol =2 EHAA vl 3rke] X Fo| 9lo] AChE &4
AAE] AChe] FEE F7MA7IE WL o]&5HX Utk TMT
o 28t HAAA £4e] 71E 712F F e TMTYF muscarinic
248 T3 FUA AN HelE frste] &

receptor =42

S e, o] &4 53] hippocampal neuronollA] A =
= Ao Z YEePITH20-24). A= TMT7} hippocampal region]
ACh®| FEE A Iths 20 g njFo] & wl TMT2 AChE

K4
9 Alole] A=l

24 49 FAWAL Tl BIAT w2 o
zHo] EASHE ACHES] BHE F/MIYlE Ao= wasH,
7} 57183 ERES 4ol SIS W ACKE B4 o1 A=

m\ru

ZA3}7 A}, Y-maze & Morris water maze A8 $8 3 nl¢-
20| ¥ HEslo] 7+ ¢ AChE B4 A2 =A% tHFig.
3). TMT=2 tlZ7(100%) the] F 148%=Z AChE &4o] S7}
sigon, E71579 A4S 103%E TMTE the] 30% A& 9
A AHE BATE hFE2S 9F 140%2 AChE B8 oA
v E7183 Hastas W o a9 mes 740; (BESER NN
g=3lolm ¥ 3} Al AChE inhibitorS: FoJ3Ho &M 39
ACh &&Fo] 78t old wh 1A 7153 g5 7159 A
A= B AFEHI7E JOH(25), & HAFdM 7|5
1A 71% MAEFE= AChE B4 A g 93 aa=}
Atz of 7T,

Al
=
E
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22g S ATAN s Age AEY FaTy
BEQ AAe T BESAP A2 2719 AT

A =1, ISR AL A Eete] Exsix ik 2w
WA FE7]9 A wrgsle] EAEE malondialdehyde
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Fig. 2. Effect of soybean oil and perilla oil on Morris water maze test. Control group was injected with saline (0.85%). Escape latency (A),
Probe test (Time in W zone) (B) and behavioral observation (C). Sample groups were injected with TMT followed by feeding with sample
(soybean oil and perilla oil, 2.5 mL/kg body weight per day, respectively). The escape latency and time in W zone was measured during 60 s.
Result shown are means+SD (n=9), and small letters represent statistical differences.

Atk 53] HAE= thE g7l Blste] Bxst Aite] o
o] wol Atskd E4E W] S99, ¥ AFA el kA ~E
28 7o ASuksel ol AFEE oA AAA
o] Apdo] FXET) A= oY AshE AEf AV ¥ 24 2
e Ak AlEoIM el Fitst A2 Al FeTd R
QA IAEE el A& 719 &4 3 &4 23 o=
doz Zlom ol Ith26). MDA 9] e Alge] &
At Zom Qlaf ek AEHAVE st AAE ST ¢
dew, & ddelMe diFfet =715& AT vh2e

N ¥

o

zA o) EAjsle Ad st FEAAES] MDA s vl
3 27] 93] 72 159 MDA %S A3 th(Fig. 3). 1=
52 421 nmole/mg protein®] 2™, TMT 152 o|Rt} F7}
8l 545nmole/mg protein® YENSTE tEF9F E718 259
MDA 8RS 7}7} 4.64, 3.20 nmole/mg protein® 2 TMT 153}
HlaskelS w 2% MDA A oAlsloy dFfre fre
ARl Apol7h AA] E3E wbHe] 7152 TMT thv] °F 41% &
o] gAgAE BAL Q3]Y dxwhth fojHow uhe
MDA s Yeplideh. E715s #ede] ¢ st
&#13] luteolin} apigenin, caffeic acid, ascorbic acid, B-carotene,
limonene, protocatechuic acid ¢ 48] €4 Edo] o
ok B3 fEuRlM e E7158 A A&fret o= Al
A 3L ol gs] wiEel oleh 2 Al & =do] Blwd F

Fap o2 Qg kst g Foll o8 mhe o 2H Fo
12 Ass E T Jth27.28). Wi B

SEUSHE & OFfA X =T J°o| SOD &Y &3
ikl a4 Fo] sl SOD= Mol f3lst 3 Akas
s aE HErTE BHES FlE sl &4lM, SOD
ZAEES ISt dubaR A7, wRgAd o]
superoxide ion< dismutation A O ZH ksl 28-S SHA|
fitt. SODell oJ3l AWAE FAiIslA= peroxidaselt catalasel]
ojste] Faljgt & EAbel AbA BAE gt o] AbA AR
H AAE Bas ©rh29). ©3 SODE A rze 2=
Ao & AAsE Ehold thE FFY ISHAHEG e &
5 YeZ] diZel oof AAEA B NS o 3
on, AA FdF AU A7 =3 WAE AT & AR
sHEE Tl ol&HA e AAolth30). AlEe] FFits g7t
w} SODEAo] F7F & Ao= dthe] =y, & A= 7t
ZHe] A5E Aolgt mh-L ¥ 24 Fo] SOD 2S5 HlaL
Ao 2N A5e] ikt a5 H|wsHTh A AR

fu e o
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Fig. 3. Effect of soybean oil and perilla oil on AChE and lipid
peroxidation. Control group was injected with saline (0.85%).
Sample groups were injected with TMT followed by feeding with
sample (soybean oil and perilla oil 2.5 mL/kg body weight per day,
respectively). Result shown are means+SD (#=9), and small letters
represent statistical differences (** for AChE, and * for MDA).
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