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T AT AN [ e BE b TADRE i % D-gal F1 AICT 65155 A BT /R 22 T6F BRAE R/ IN B iy o 22 A 4P
FH 6 P4 B Ao i B B /DS B 0 3 R s 3 2 D-gal (120 mg/kg) F1 AICL, (10 mg/kg) 35:45% 49 d L 7 i /R 2% 1 Bk
iSOG |55 29 A, WL IR 904 /I BRI 2596 5 7500 T HRE T, A R 1 h, Rz 21 d, WRUEDREG 25 RS 1T
i /INBRAT R RN K A= P 22 M7k . AT R 2E SR A5 0 S, ML PR 000 R T S 3 B T B R 2406 SR AE AL /N B
FIIAJI B AS FIER Rk T RStk o ZE ARSI 25 5 o | W] 75 %6 PRGBS il T S fL i Fe E N &
P FIEL R i 1 (B o A2 0 T /N RO AR A4 5 o 45 SRR, WRUR] 75 00 b DRG] LAV 3% D-gal M1 AICL B A
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KR O THORTIN BTRZEIEERAE ; SAALII; CBEARTRRE ; 57 )7k s fidrm

mESES R285; R277.7  XEKFRIAEG A

BA] 7R 2% 5 BRAE (Alzheimer’ s disease , AD) # I\
S PSS (R B 28 R G, LA R A ) B-
VEHFEZE 11 (B-amyloid , AR) BB S Ml BB IR | 41 ffd Y
M TCLF RS, MG RAE A2 . — SR
T, E AL N S AD B R 2 T 2 8] AE TR B
R, AN, AD A AR AE 2 48 1 2 BE R A
AR, 3K AT RS IR AR AE #2802 ke K IR RE fif 28
TR G 1 58 LA K 5% il J P 28 50 X6 B R (ace-
tylcholine, Ach) B A F| FHHEREAR 51 % 191, H AR
FH R B R 24 165 BRAE VAT 75 12k 22 LA IR 1 il 400 151 550 A
F AT A E P RS T BRI . R,
BEN H SRR T 4R T L A R A O 4k 22
VS AR

b - #H K5 7 (bergamot essential oil, BEO) J2 ¥
H b T A R ) — b S B AR AT A B2
FAH i EZG A S ATAE . B BEO B2 1
BB — LR PR B 48 R B, W BEO AT LA 842
FRIE TR R B AAET . HAh, B R0,
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BEO 1] LA SCs6 45 26 (28 i 1 15 /i ) A B bk &0
Z AT IR T T BEO AN [R] AR s [i) %o AD /)N FUSE
LA R <Y1 S i N B B UK e M 05 B
I B8 Ak N 7K F- i 2 Tt R B8 6 8t (acetylcholines-
terase , AchE ) 1 P , #E— 25 174k BEO L[] ¥k B X D-
gal Fl AICL 5 5 (19 AD /> BRUIA HI ) 8 B 6 1) 22 it A
L BTE R — N5 BT EIRYT AD RS2

1 MREFE

o #l

Bl TR, B IR FORVA FRA W 5 D-gal Al
ToRKEAE (AICL) , [ BE 2R B A RA ] Eh iR £
ZEWRFE, A () ) 2576 BR 23 ) 5 P9 1% (malondi-
aldehyde, MDA) . & % 1k ¥ 1 1k i (superoxide dis-
mutase, SOD) . Z Pt IH 5% i i (acetylcholinesterase,

AchE) F14 e H ik i %0 b ¥ i (glutathione peroxi-
dase, GPX) i & , BRI BHEARA A .
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35 H SPF 9 4 Ja i iy etk R /N (KM , 3
E RIS SCXK (#5)2020-0019 , 5256 54 FiAw )
HAE R RS s bt . HOGAT TR (IR
ISR : 08:00—20:00) , B2 (22£2) Co /INELH H
PR E o I R IR kA5 2] T A vl K2 sh 5
597 Lo At HE ((E 3528 HZAUMO-2021-0047) .
14 7 &%

D) 5534 o RN ZE 1Kl % 252 F
75% W BEO #i BE W o 45 24 /L 19 D-gal %5 Wi AN
2 g/L AICL A . #5138 D-gal F1 AICL 3 W 55 1k
FIRA153 12 ¢/L 1y D-gal F11 g/L B AICL IR S
VW o SR /INERBEBENL 73 S (n=T7) . X BRZH
(Con) : # %2 49 d 3252 A= PRER K ME s i 5 s e Al 4
(Mod) : i 2% 49 d 18 ¥ 7 5% D-gal (120 mg/kg) M
AICL;(10 mg/kg) ; #h M2 Z A3k 5 24H (Don) : % 2L 49 d
i I 7 5 D-gal (120 mg/kg) #l AIC1;(10 mg/kg) , 5
29 KK M IRERIR Z2 2R 57 (2 mg/kg) , F#2E 21 d;
25% BEOZHM175% BEO 4 : % 4E 49 d i 5 1 5 D-
gal (120 mg/kg) #1 AIC1;(10 mg/kg) , 3 ELIES 29 K
FFUAMEE 25% BEOf75% BEO, AR 1 h, #5221 d.
Bl TE2E 50 RIF M ATAT A 7 S8 0 o A7 5 S0 0
S5 JE , IR 3K A B2 O, JF AR 2L T
M

)W 5L . W50 5 (open field test, OF T) J&
FHARHA 5 /N BRUTE BA AR P45 rh B9 4T A 956 3l S R B A
HEHRRIT N . OF T it Sk 1],

Y -KE . R Y KB R BT AN A &
LT FHIESH R,

1.5 SR EbR =Y FARE AR BE O ZE

TEAT N2 S8 58 U, D/IN BRI B v B BB i
4 °CF LA 3000 r/min & .0 2 min #4715 20 5,
F I A 13 H ) SOD Jf 4 FT MDA &t [RII 7R
TR P A s Sr REAFE T/ N B B ik,
TE VKB b i 75045 20 F 400 B 2 0 S 4548, JF W
ROER, FESRAFAE —80 “Co FH T £ I 5 K imi 41
AU ) GPX M AchE i PE .

1.6 HABMFLLEIE
WA /N IGITAE 4% Z R A A7 48 h, 8k

JE BEAT AT A AR B A R R R 4 pm A D) AL
TR FARYI R, U0 IR AAE R (hematoxy-
lin and eosin, H&E ) 4 8 )5 78 b 58 WA L5 X fif
2o .
1.7 Sito

BB DL Y £ Ahn i 22 7ok ok . ]
Graphpad Prism 7.0 #4773 1 5 2318, 1l SPPSS 22.0
AR AT B R 27 2253 BT (ANOVA) , IR H
Duncan’s kT Z H R 50, i E MK «=0.05,

2 FHRE5HMH

21 WiHEELER

OFT W25 R & 1 s . 5% A A L, 1557
20 7E K 5 8% 15 (1 LA R Sr Rk (| 1B) |
HA B 0 R (P<<0.01) , X K H/INRAE OF T H
KRS KA AL, 5 Mod 4LAH 1L, BEO FUBES A
I 2L 118 7K ST 15 A - FIORN L ST U BB S 3, ¢ B
BEO /> T D-gal 1 AIC1,35 5 (19 AD #0145 e A
TR 25% BEO AL R 75% BEO AR AE OF T
HH I KT B A BRI ST B B B 25 R (P
0.01), 48] 75% BEO b HXT B3t /N R AR #liR S A
BRI
22 Y-®REMRXER

FE YRR B rh R R T 22T R A
[ fF 7RG BRI B 25 5 . X A L, S 2]
(0 R 388 T 43 F (IR 2A0) F e A8 1 v 8 (&
2B) 2B N R (P<<0.01) , & BIAS 7R 41 1) /)N BRUE I ks
4 D-gal #1 AICL J5 HY B TN R0 B it o SR 00, 7R 48
1 AR R 2 R WRST IR 75 %0 BEO #5242 21d )5,
H R ASH E 43 LU B R W s 55 (R 1R 2 4 Uk
FF4H P<<0.01,75% BEO 4 P<<0.05) , ¥E A B Tk
Bl 8RR (P<0.05) . X—45 1R, ARHF5E
H ] 2 Fh A BEO, R332 75 U BEO , XA /N
FRTE Y 2R BT 55 s 302 B AR AS R B S A 3R
JPRCR o T BB IR o VR R (RS THh AR ol 3 e ot i o e 1)
AT T A (I D A B 45 ) i B 3 L 2 3 T 4
= H R ZEAT RIVERL
2.3 [R[EBEOXFI/RZZiFBRAE/NR B HIZE

sl

5%} BELH AR FE L 8 41 MDA (K] 3A) By 7K SF B
B ETH(P<<0.01), 7 SOD (&l 3B) By 1 1 1 i F k&
(P<<0.01) . #R1fii, 5 Mod 2H /N BUAH LE , WL [#] BEO
(25% F175% ) Al B & 98 55 MDA 7K S 1) 34 fin i B2
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Fig.1 Effects of the inhaled BEO on the number of squares across (A) and the number of uprights(B)
of the D-gal and AICl, treated mice in the OFT
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Fig.2 Effects of the inhaled BEO on the percentage of alternation (A) and the number of entries into

the new arm (B) of the D-gal and AICl, treated mice

(25% BEO41,P<<0.05; 75% BEO 4] P<<0.01). It
Gh, SRR L, 75 % BEO 20 fit 4b 3B B34 A0 T
SOD i (P<<0.01) .

K1 3C . D J2& /N BRI 5 1R J2 i GPX & 1 119
W5 g5 5 . 5 xF BT AH E , Mod 41 7E 1 25 R K il
B2 g GPX 3 PE I R % (P<<0.01) . 5 Mod
A L, BEO (25% F11 75% ) Ab # ] {2 35 32 = /N [
TR 2 GPX g . 45K, BEO B A #t
AR P, TR SR AD /N B N SOD AT GPX 1 7
P BE AR MDA & &, 22 fif A0 Ak I I 300 A
(TR
2.4
M

TR 21 /) R R I ¥ 5 1 Bz J2% TP i) AchE 176 4 (1A
4) i FHEIM (P<<0.01) , & W& A D-gal Fl AICL Xf iH
W RE Pl 2 R G A MGIVEM . R IE 25% BEO
75% BEO J& , 81 /)N BRI 55 R I 2 )2 1 AchE

N5 8] BEO X Fl /R 2% ifg R E /)N R A RB ARt B 1

53 B 2 PR AIK (P<<0.01) , 5238 Ach K F- 34 m .
HI, BEO X} AchE it 098 rl Gt 2 5 T /NEUA
HITHRERY M

2.5 PRE BEO Xf /R % B BAEE/N R iB D H AR
=AU

Bl 52N S HAT i HEE Qe a5 3 5
U 2V T ) 4 Mg € R 19 £ 3 A S X
AP S RN ANM LT . 25 P4/ R AL 200 A ik
AN 3 ST R 5F T AN HES ) % SR 52
e T ARE TR /N BRI I vy 290 R HE B AR X R T, A
2570 B FLAN M AZ 0 T B S5 A8 2 0, T fE Hh M 220
MR 78 | 2 W D-gal A1 AICL 3¢ 2550 80 X6 455 75 /)N B
(i 2 AN s A T — R SRR A EL IR
T 2 Ih (0 20 i Al LU B R 2 O K T . ik gh
SRFRW] WL BEO 7] LLZEfif D-gal il AICL 55 A A5
T /N BRI I B o 26 e B H B R E T — s A
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Fig.3 Effects of the inhaled BEO on the concentration of MDA (A),SOD (B),GPX levels in the
hippocampus (C) and cortex (D) of D-gal and AICI,-treated mice
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Fig.4 Effects of the inhaled BEO (25% and 75%) on the AchE level in hippocampus(A) and cortex(B)
in the D-gal and AICI, treated mice

3 W i

AHEFE 59032 F OF T MUY -2k B R 1 4% 41 /1
SRS PO FUA R D R, & B [ BEO 57l 21 d
(BER 1 h)Ja /N BUERS SRS A D Rl 3 s
L e RS i Ah B S s AR RO . XS R
WF5E 285 IO — 2, HF 5T s AICL B S A 3Ry
/N A KA NI E 4y s b . RIS Abou
L) (0 I 5 45 SEARRL AR A b 1 B R AR AR
e T AICL 5 S AD AR BRRHRS peIRZS I I

BN T ATERR

ARIITJE AL, SR T OR 51 3 2 FIAF % FH 5 Pk
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Fig.5 HE (400x) staining results of mice hippocampus in groups

B AR EE ST, SOD Je: A Py e 82 1 [ 1R S 75
fitf 2 — , BT LABH 1k th O, 51 A& 1y A el 5 3% 8l S o
GPX R4 M H BRI FBAT Y, 25 HA SN, 9§
g i AL PR RS 2R G Az i AR 1
GPX & — ML/ FiERR A, R b EE RN
FIAL AW, X O M HLO, 8 HARTERIEM . 7EA
T, 5% R ALAR EE , FH D-gal £ AICL Ah B 7N BR
) 8 AR b 2 P KT B B, DA TE BT i 2
SURNILYE o [ RSN, 4 75% BEORYT IS , ik
Y1 ZURINIM I T 380 A el SRR R S A R
W . FE AR TR AR P RS B BT R E T Y
T, Bl I A A 2 S A R B AT RE AL 2 —
Cui 25 BF 5T 2 B, BEO A LUl g i Ak, 3005
HIRPERL A AL (SOD . GPX Filid AL A ) , LAT B
/N BB S AR I ORI B 3 o AT A T 5 2 B A
TRl b B 2R AL S R R A bt A
FPUIBTLER A PE S . I, BEO BB AR AE FH AT
REJE M Y 2R 2 F OF T rh I BE J i BLiR 22—
AchJ& X AR E R G h— A HE R &
T, EEAEHE R RN, AchE /KM Ach iy
B, H K/ AT LURAE AR AR BE A 2 R AR ThBE
IR, 4 ) 7T 58 TP 28 1o #h 28 0 1 b 28368
o, TR 2R T MR A IR0 BE 1% 326 AR AT AchE
TR I, 3 502 B R R AT A O AE AR
W5Ed , BEO HA 1] AchE 1 M F1 ok 3% 08 B R 48
FRBE 1, 3N i 2 T P G T e I, AT g 3
D-gal M AICL I &K M & REMEE T . ARZ iR,
HLRS i B AT AchE B 3% 1 . 4 Li 2520 A4

YL TR ARG i VR T T 53 fih %% R A
il AchE, Z&f# T APP/PS1 XU K K (APP/PS1) AD
ANEUB A AT I RE R A . Bae 5PV BF ST KB, R A
Chamaecyparis obtuse Wk 0 7] LA BN FIBE RS, IF:
YRR AD KB B AchE 35 1 . Ik, BEO X
AchE I /E FH AT BB 2 Y -2 5 F1 OF T i1
TP Z— . BEO B 8 40 A — b AH 6k g 0 71
I, AZE it R T 5 D-gal AT AICL 77 A B9 BH AR BE R 48
HIDIRERERY . SE 3 78 Z 10 I BFIE Hh & BLZ fh Ff BEO
Hh 3 A 3 SR A B R Y R I R s e R
Piccialli 2 2 0F 5% &k BRF B2 X AchE 3013 1835 1)
PSP, BP0 B2 L-F- 58 S BE A X B A
A . A BESEIER , S5 RERERR T RERS N D-
gal Al AICL, T 219 AchE A TH 5 2 #h2 | s Bk 2 i
AR S E A AR BE R Gt B T BE R AT 2, R M
A% B B B PR M AR G Tl R ok o3 Ry A s 5 R B )
Xt AchE Fy 3 ¥t HAT 2 3 Ol /R A .
BEO H§ %t AchE # #i /E HI AT g A2 H Fy g0 Fi 5 1
BEfTS R

HR-E Y& £ 25 5L B IR 5] BEO X D-gal Fil AICI,
P30 AD /N U 2URA R VE T o] B a2/
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MG ERIE B S XM LT E R R FEAD B
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CAL.CA3 DXy #ift 48 28 fisk 1) B Ji s 5 2% > 1E 12 B
SEY=E S
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Effects of sniffing bergamot essential oil on neurobehavior in mice
with Alzheimer’s disease
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Abstract Bergamot essential oil (BEO) is known for having many health benefits. Healthy male kun-
ming mice were selected to establish the model mice with Alzheimer’ s disease by intraperitoneal injection
of D-gal (120 mg/kg) and AICl, (10 mg/kg) for 49 days to study the neuroprotective effect of sniffing dif-
ferent concentrations of bergamot essential oil on the model mice with Alzheimer’s disease induced by the
combination of D-gal and AICl;. From the 29th day, the mice in the sniffing group sniffed 25% or 75% ber-
gamot essential oil for 21 days, 1 h everyday. After the sniffing experiment, the changes in the behavior and
brain biochemistry of the mice were evaluated. The results of behavioral studies showed that sniffing berga-
mot essential oil significantly improved symptoms including cognitive impairment and exploratory decline in
the model mice with Alzheimer’s disease. The results of biochemical studies showed that sniffing 75% ber-
gamot essential oil significantly inhibited the degree of oxidative stress and the increase of acetylcholinester-
ase (AchE) activity, and promoted the improvement of cognitive function in mice. It is indicated that sniff-
ing 75% bergamot essential oil attenuates D-gal and AlCl;-induced cognitive-behavioral impairment and bio-
chemical damage.

Keywords bergamot essential oil ; Alzheimer’ s disease ; oxidative stress; acetylcholinesterase; aro-

matherapy ; neuroprotection
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