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Table 1 Chemical composition and relative percentage content of bergamot essential oil
s PRE B/ min {1 BR 48 % Exis 53 AR i/ %
No. Retention time Retention index Name Molecular formula Relative percentage
1 11.594 898 B-JEH B-Pinene CioHig 9.05
2 12.314 913 3-8 3-Carene CioHis 5.31
3 12.521 918 Feig-alpha-JR 45 (1S)-(-)-a-Pinene CioHis 4.12
4 14.208 953 D-¥r %4 D-Limonene CioHus 18.94
5 15.719 984 i 5 # Terpinen-4-ol CioHus 4.16
6 16.766 1 006 SR IMIE Terpinolene CioHis 0.70
7 18.22 1 035 Fi A Linalool CioHi50 9.09
8 18.872 1049 2,6- " %-2.4,6- =45 Alloocimene CioHiys 0.39
9 19.982 1071 H W Citronellal CioHi50 0.50
10 20.732 1 086 AR £, WE Ethyl benzoate CoH1002 0.04
11 20.972 1091 (-)-4-f fh B% (-)-4-Terpineol CioHi150 0.09
12 22.397 1121 W Decanal CioH200O 0.12
1,3.3-=HH-—38[2.2.1] . _
13 22.934 1132 Be-2-BE 2 W Fenchyl acetate Ci2H20O2 0.05
14 23.982 1154 (Z)-3,7- "W %-2,6-9F M cis-Citral CioHi50 0.62
15 25.326 1182 THR-1- 4 3-1,5- " H J&-4-C 4 FE W8 Linalyl butanoate Ci1sHz1 O2 14.22
16 25.979 1196 FrigEmE Citral CioHi50 1.01
17 26.946 1217 R 75 i Geranyl formate Ci1Hi50: 0.03
18 28.147 1243 £ Wl%E Adamantane CioHis 0.08
19 28.954 1261 Z WM T Terpinyl acetate Cr12Hz0 O 1.35
20 29.738 1278 L IRTEAETR Nerol acetate Ci2 H20 O3 1.35
21 30.739 1300 LR F MR Geranyl acetate Ci2Hz 02 3.02
22 31.06 1308 K M# d-Longifolene Ci5 Hoy 0.08
23 31.363 1 315 aFAAR K a-Cedrene CisHay 0.25
24 32.894 1 350 B MK cis-(-)-Thujopsene Ci15 Hay 0.41
25 34.762 1394 FUAR VE AR 4% (+)-Valencene Ci5Ha 0.54
26 35.208 1 404 (- (+)-Cuparene Ci5Hap 0.34
27 38.052 1474 F 90 H B Spathulenol Cis H2, O 0.01
28 38.201 1 478 AW 4,57'1:':p0xy74,11,ll*lrimelhylf& Cis HpO 001
methylenebicyclo(7.2.0) undecane
29 46.646 1708 [&] 41 il Nootkanone Ci5 H22 O 0.02
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Fig.2 Effects of the inhaled BEO (1 h and 2 h) on the number of squares across (A) and the number of uprights
in the OFT (B) in the D-gal and AICI; treated mice
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Fig.3 Effects of the inhaled BEO (1 h and 2 h) on the percentage of alternation (A) and on

the number of entry arms (B) and on the number of entries into the new arm (C) in the Y-maze task
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Fig.4 Effects of inhaling BEO (1 h and 2 h) on the levels of MDA (A) and SOD (B) in the

serum and the levels of GPX in hippocampal (C) and cortex (D) of D-gal and AICI;-treated mice
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Fig.6 Effects of the inhaled BEO (1 h and 2 h) on the AchE level in hippocampus(A)

and cortex(B) in the D-gal and AICI, treated mice

3 i i
ABEFERLI T /N BRAE OFT A1 Y-k 5 op iy 3%
B, S5 0 L ST 6 LA L R AL/ U B T 4

KA R I IC I BT B AEAT RIS . 44 D-
gal fil AICL AL 35 Ay /D B AR Sl E I+,
W UE B T /I BRUH 30T B 2K 2% T BRI 1 99 3R R
SR AEW A BEO J5 . INH DI RE B & K E . AR & it
WA BT A% . Rombola %5 WA OFT Hlsiif liF
VKAE S UE BT SR T AR T AT DA AR R R A
F520 o 3K Fh e (A 5% i mT B U P HL o A 42 ) PR i

J1. At —AH5E BEO X AD /N B 242 5 i AL
il FEH AT T A S AL Y RN 5% 5E BT 48 AR 1Y
Rl

il 4 S AT N AR AR U (CAT) L8 S AL ) L
LT (SOD) A3 bt H ik i Ak Wy i (GPXD) DA K 21 4
JHL PR 25 R i 3 Hp B SRR K A AR AL BT DU R R
A AD HE K s B R 0 48 AT, o I R
[F] 26 1M1 375 1A 20 21 MDA, SOD . GPX 7K F 3k i 1
N GEE RN RN E=R AR & S SN SR S he 3 i it
AT D-gal 23 5 30 2 AL, T B0 o9 PR A 3
T3 B0 23 15 5 5 fioh 208 96 A0 gl 2 A b 1R SR 3 ) ok > L



&1 R - LI T R BT/ 2% T B /0 B o 2 DR 4 P B 235
o U AL M R . AR R B A i DT R R R R A RIS RE . 53 A B AT B R

/N B MDA # & 3% FJH,SOD 1 GPX & & 2
R T R B AL ZU N A R . SR, %
ABFHRE MR EREMT MDA & & . JF#R & T
SOD #1 GPX 1 % &t , i 4801k b 380 0 F2 FE R . X
— RS 5 — WO ST — 2 R O iR K
3 ef 44 & 3 L B 4 Ak (SOD, GSHD) #4il il NO
FRE B E ALK 3 e T AICL S 3 E ik
IR G

BT AD 6 U090 B AT 88 X DL B2 5, ok
ZIPEIE RS REWRS ST AD kA, F£
A2 48 20 M PR 7, 40 TL-1B.1L-6 Fl TNF-a, # 42 #i1 &
RAE W) SCEER L HET R A 58 . D-gal Al
AICL 8 hn 7 ¥ & v 1L-18.11L-6 A1 TNF-a 7K -,
22 W M DX Bl AE A ™ F (M 2 SO O . AR SR 4G
5 H AT — B, 8 5T/ BUA N 1 i
YE 32 D-gal M AICL I 6 7 51 5 32 48 F 4 B4 5%
M, X5 BEO 8 & Bn] DL i $t E A7) e 4 57
T GABA T 1 BEA VR IR 2% AICL 175 2 10 K B
(£ AT AR

RT3 48 b 78 AD 3o B2 v e %5 F 209 4 .
AchE J2 i £k 0 B B o 28 36 K it 00 B L 76 5 45 40
AR FH I T, HOAB X 2 B BH B Cacetyl-
cholin, Ach) i £ 1l A1 B A AS AL 5% mi ), 3t ] fi
BT D-gal Ml AICL AbFH 20 AchE ¥R THE . R
1M W A FHAS D6 T AchE 3 ¥EM T+, I
JEWRE 2 h AR IO B2 KEBERE T
HEY)RE I 1 AchE Ml 36 ¥ . Tundis 570 WF 58 &
A A7 RS T EL A UK A AchE 36 ¥ . Sadiki 452
WEE W A Tetraclinis articulata & M BE 0% 18
P AchE BIME T, 838 AR B IC 1L B FE .
I, BEO REE FEAR D-gal 1 AICL 45 245 J5 7 A5 (9 iH
Bl ) fE BB . T I 58 T Y-3K B OF T W Ay 25 %

RS RIEM T BEO HA 4 5516 H , i #£
BT IR 2% v SR AT /N B b R HEAE T L (HJE BEO 1R R
— BN A A LR B R AR ) T B TR
PR . (EAS = = A7 8 0 19 B0 Ak A e
SN C IR W X AR, B ER R E ] B 6
g2 Boiangiu S5 Kk BRI g 0 D AL R
AR WIAR S AN B (MDA, DL R 34 0 A Ak
I AR (SOD) | ok S Ak &l A4 bk H IR (GSHD 19 &

57 i T o BT R 2 1 B A R A . D7 RO
Oy AT RAPR A M 22 50 B 3% B 1k AN A5 AT ot el UK 2%
T BRAE A AR B3R 7 A 4l A8 D A e ]
DA AR AD3xTg-AD = e 3 K /)N BB R i 1242 2k
P 25 105 . Caputo 45" 3@ i 240 M 55 96 % L7
i n] LUE o 8T AR R 21 Ca® ARSI
RN AR MR RENE . R L, FATTH00 25 %
JE T MRS Il rb A AT AR A O e I B T AR AR
L RESE RN I RE . 3% D-gal A1 AICL BEHY/N B
4 DA 2 BE B

Zi LPTIR WEE 2 b5 BB R 2% i BRAE /DN B R
B S i A e R L R B TR R T RE T A
TR BB 3 AT RE J2 5 I [h) ) 8 ) 7 754
Tl A SO o3 A ik P B B 22, DA T B AR K 9
AR 20 A 2R DO AR Tih 7 AR 2 i i
Ik 2D /N BB R AR R TTCAR 4 1) ST B 2 AE TH T
7RI IEL T, P Tl /K P of A ) o 28 O B B P L DA T A 75
/INBRAE I 37 52 36 A Y -k S B P R R RE ) A
[RARTE L

2% X #k References

[1] JIDS,WU X M,LID L,et al.Protective effects of chondroitin
sulphate nano-selenium on a mouse model of Alzheimer’s dis-
ease[ J ]. International journal of biological macromolecules,

2020,154:233-245.

[2] TALEBI M, 1LGUN S,EBRAHIMI V. et al. Zingiber offici-
nale ameliorates Alzheimer’ s disease and cognitive impair-
ments:lessons from preclinical studies[J/OL]. Biomedicine &
pharmacotherapy,2021,133:111088[2021-09-24 ].https://doi.
org/10.1016/j.biopha.2020.111088.

[3] KOMATSU T,KATSUYAMA S,UEZONO Y,et al.Possible
involvement of the peripheral Mu-opioid system in antinocicep-
tion induced by bergamot essential oil to allodynia after periph-
eral nerve injury[ J].Neuroscience letters.2018,686:127-132.

[4] NAVARRA M, MANNUCCI C,DELBO M, et al.Citrus ber-
gamia essential oil: from basic research to clinical application
[J/OL].Frontiers in pharmacology.2015,6:36[ 2021-09-24 ].
https://doi.org/10.3389/fphar.2015.00036.

[5] SCUTERI D,ROMBOLA L, MORRONE L A, et al. Neurop-
harmacology of the neuropsychiatric symptoms of dementia
and role of pain:essential oil of bergamot as a novel therapeutic
approach[ J/OL]. International journal of molecular sciences,
2019, 20 (13): 3327 [2021-09-24 . https://doi. org/10. 3390/
ijms20133327.



236

o Al R R R

CERO

(6] 47 . FHAR IR H0AR /N B2 A5 FT Y BF 98 LD R A v
Aol K27, 2017. YANG Z Y. Effect of orange essential oil on
the relieving of depression in mice[ D]. Wuhan: Huazhong Agri-
cultural University,2017(in Chinese with English abstract).

L71 XUARAG. S FETI0 ok D-2f FUgE A0 584k 40 106 & 35 = /D BUA T
Pifty [ D] AR 74 kK%, 2018.L1U S B.The influence of
exenatide on the cognitive impairment induced by aluminum
chloride and D-galactose in mice[ D].Changchun: Jilin Univer-
sity,2018(in Chinese with English abstract).

[8] EHL, TEZ, NN Wy NI RE R G254 5 & BN AL .
ANRZEEE,2014,57(1):91-92. WANG K, YU M Z,SUN S S,
Drugs for the treatment of cognitive dysfunction and their ra-
tional application[ J]. People’s military surgeon,2014.57(1):
91-92(in Chinese).

[9] ROMBOLA L, TRIDICO L,SCUTERI D, et al. Bergamot es-
sential oil attenuates anxiety-like behaviour in rats[ J/OL].
Molecules.2017,22(4) :614[ 2021-09-24 ]. https: //doi.org/10.
3390/molecules22040614.

[10] TALEBI M, TALBEI M, SAMARGHANDIAN S. Association
of Crocus sativus with cognitive dysfunctions and Alzheimer’s
disease:a systematic review[ J]. Biointerface research in ap-
plied chemistry,2021,11(1).7468-7492.

[11] LAKSHMI B V S,SUDHAKAR M, PRAKASH K S.Protec-
tive effect of selenium against aluminum chloride-induced
Alzheimer’s disease: behavioral and biochemical alterations in
rats[ J].Biological trace element research,2015,165(1) :67-74.

[12] ELSHAMY S,ABDE- MOTAAL A,ABDEL-HALIM M, et al.
Potential neuroprotective activity of Mentha longifolia L.in a-
luminum chloride-induced rat model of Alzheimer’s disease[ ]/
OL].Journal of food biochemistry,2021,45(4):1770[2021-09-
24].https://doi.org/10.1111/jfbc.13644.

[13] KIM Y K,NA K S,MYINT A M,et al. The role of pro-inflam-
matory cytokines in neuroinflammation, neurogenesis and the
neuroendocrine system in major depression[ J ].Progress in neu-
ro-psychopharmacology and biological psychiatry, 2016, 64
277-284.

[14] JAMIL A, MAHBOOB A, AHMED T.Ibuprofen targets neu-
ronal pentraxins expresion and improves cognitive function in
mouse model of AlCl3-induced neurotoxicity[ ] ]. Experimental
and therapeutic medicine,2016,11(2) :601-606.

[15] CHOWRA U,YANASE E.KOYAMA H.et al. Aluminium-in-
duced excessive ROS causes cellular damage and metabolic
shifts in black gram Vigna mungo (1..) Hepper[]]. Protoplas-
ma,2017,254(1):293-302.

[16] SAMIR A M,RASHED L A. Effects of occupational exposure

to aluminium on some oxidative stress and DNA damage pa-

rameters[ ] ]. Human &. experimental toxicology,2018,37(9) :
901-908.

[17] CUI Y H,CHE Y,WANG H X.Bergamot essential oil attenu-
ate aluminum-induced anxiety-like behavior through antioxida-
tion, anti-inflammatory and GABA regulation in rats[J/OL].
Food and chemical toxicology,2020,145:111766[2021-09-24 .
https://doi.org/10.1016/j.fct.2020.111766.

[18] MASHOQUE A R, AROKIASAMY J T,THAMILARASAN
M, et al.Neuroprotective role of Asiatic acid in aluminium chlo-
ride induced rat model of Alzheimer’s disease[]]. Frontiers in
bioscience (scholar edition),2018,10:262-275.

[19] KAR S,SLOWIKOWSKI S P M,WESTAWAY D,et al. Inter-
actions between beta-amyloid and central cholinergic neurons:
implications for Alzheimer’s disease[ ]J]. Journal of psychiatry
& neuroscience :JPN,2004,29(6) :427-441.

[20] TUNDIS R, LOIZZO M R, BONESI M, et al. Comparative

study on the antioxidant capacity and cholinesterase inhibitory

activity of Citrus aurantifolia Swingle, C. aurantium L., and
C.bergamia Risso and Poit. peel essential oils[ ] ]. Journal of
food science,2012,77(1) : H40-H46.

[21] SADIKI F Z,IDRISSI M E,CIOANCA O, et al. Tetraclinis ar-
ticulata essential oil mitigates cognitive deficits and brain oxi-
dative stress in an Alzheimer’s disease amyloidosis model[ J].
Phytomedicine,2019,56:57-63.

[22] REHMAN M U, TAHIR M,KHAN A Q. et al. D-Limonene
suppresses doxorubicin-induced oxidative stress and inflamma-
tion via repression of COX-2,iNOS ,and NF«B in kidneys of
Wistar rats[ J ].Experimental biology and medicine (Maywood,
N.J.),2014,239(4) . 465-476.

[23] SHIN M, LIU Q F,CHOI B, et al. Neuroprotective effects of
limonene (+) against ABjz-induced neurotoxicity in a Dro-
sophila model of Alzheimer’s disease[ J].Biological &. pharma-
ceutical bulletin,2020,43(3) :409-417.

[24] BOIANGIU R S,BRINZA 1, HANCIANU M, et al.Cognitive facili-
tation and antioxidant effects of an essential oil mix on scopolamine-
induced amnesia in rats: molecular modeling of in vitro and in vivo
approaches[ J/OL]. Molecules, 2020, 25 (7): 1519 [ 2021-09-24 ].
https://doi.org/10.3390/ molecules25071519.

[25] SABOGAL-GUAQUETA A M, OSORIO E, CARDONA-
GOMEZ G P.Linalool reverses neuropathological and behavior-
al impairments in old triple transgenic Alzheimer’s mice[ J].
Neuropharmacology,2016,102:111-120.

[26] CAPUTO L, PICCIALLI I,CICCONE R, et al.Lavender and
coriander essential oils and their main component linalool exert
a protective effect against amyloid-8 neurotoxicity[ J]. Phyto-

therapy research,2021,35(1) :486-493.



%013 WA 2 WL T ok X T 2R 2 U SBRE /N BRI P 2 DR AP AR TS 237

Neuroprotective effects of smelling bergamot essential

oil on mice with Alzheimer’s disease

HU Huiyan,REN Jingnan, LI Xiao,PAN Siyi, FAN Gang

College of Food Science and Technology/Ministry of Education Key Laboratory of
Environment Correlative Dietology s Huazhong Agricultural University sWuhan 430070,China

Abstract Bergamot essential oil (BEQO) is a very common citrus essential oil, which is widely used
in the cosmetics and food industries. At the same time,it has a good effect on improving the mood of
mice and anti-inflammatory and analgesic as well. This article evaluated the neuroprotective effects of in-
haling BEO for various times on mice with Alzheimer’s disease induced by D -galactose (D-gal) and alu-
minum trichloride (AICl;). Healthy male Kunming mice received D-gal (120 mg/kg,intraperitoneal in-
jection) and AICl; (10 mg/kg. intraperitoneal injection) for 49 days were used to establish an
Alzheimer’s disease model. On the 29th day, the positive group received donepezil hydrochloride (oral),
the sniffing group inhaled BEO for 1 h or 2 h for 21 d. After treatment, the cognitive behavior of the
mice was evaluated by Y-maze and open field test (OFT),and the changes in brain biochemistry were
detected by enzyme-linked immunosorbent assay (ELISA). The results of behavioral studies showed
that D-gal and AICl; significantly reduced spontaneous alternation and motor activities,indicating that
the cognitive ability of mice was impaired. The results of biochemical studies showed that D-gal and
AlCl; significantly increased the degree of oxidation stress,the number of inflammatory factors and the
content of acetylcholinesterase (AchE). However, the cognitive behavioral impairment and the changes
of biochemical indexes of the mice in the 2 h sniffing group were significantly improved. It is indicated
that inhalation of BEO for 21 d,especially in the 2 h sniffing group.can significantly reduce the behavior-
al disorders and biochemical damage caused by D-gal and AICl,.

Keywords Alzheimer’s disease (AD); bergamot essential oil (BEO); oxidative stress; inflamma-

tory factors; acetylcholinesterase (AchE); aromatherapy
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