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Abstract: Alzheimer's disease (AD) is a neurodegenerative disorder with a variety of etiological hypotheses,
among which the cholinergic hypothesis is one of the primary theories. Natural inhibitors of acetylcholinesterase
(AChE), such as galantamine and rivastigmine, are clinically approved for the treatment of AD. Biologically active
molecules like sesquiterpenoids exhibit significant structural diversity and are an important class of terpenoids with
a wide range of biological activities. Previous studies have demonstrated the potential of various sesquiterpenoids
to improve cholinergic transmission through inhibiting AChE. This review summarizes the research progress on the
activity of various sesquiterpenoids against AChE over the past five years. Through analysis, it was found that
several sesquiterpenoids possess AChE inhibitory activity to varying degrees, demonstrating their potential as
candidate medicines for the treatment of AD.
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JIEL Rk i e 2 e 3 P A pek 40 5, 38 0 S R R R S Rk 4
BRI 2] N S BAR AT B B AR, 0 IRE G
05 IR [T P LI 3 1B AR T2 &2 1 R A B
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2 EBRRE 1 28 A% 3dh, I VH SR HR 1) i S il PR R FH
/)2 BRTT AD i) 2 — )R AT (rivastigmine),
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Hh (1) 22 35 W (4), 355 AChE [0} e e 807, BOA 5
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W R 0 %N 69.9%, HiZib &5 AChE 5 R
Ui 25 4 g (-8.68 keal-mol ™). A 58 3iF B 3@ i 51 A
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AN BATHE Y ACKEMHIFIIE 1. Aggarwal 1% 4%
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Figure 1 Structures of compounds 1-38
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Table 1 Essential oils containing sesquiterpenoids with acetylcholinesterase (AChE) inhibitory activity. BuChE: Butyrocholinesterase
Name of the plant Solvent/Method Extract/Volatile oil/ Acetylcholinesterase
. Part used used for . . L Ref.
(Species) K Phytoconstituents inhibitory activities
extraction
Valeriana officinalis/  Roots and Steam distillation Contains essential oils of monoterpenes Possessing the potential to inhibit ~ [63]
V. jatamansi/ rhizomes and sesquiterpenes AChE,
Nardostachys Vo IC,, = 127.30 ug-mL™;
Jjatamansi VjIC,, =246.84 pg'mL’";
(Caprifoliaceae) NjIC,,=67.15 pg-mL™!
Syzygiella rubricaulis ~ Aerial parts Steam distillation Contains hydrocarbon sesquiterpenes Potential inhibitory activity [64]
(Adelanthaceae) (48.35%) and essential oil containing against AChE,
oxygen-sesquiterpenes (46.89%) IC,;=26.75+1.03 ug-mL™’
Hedychium spicatum Rhizomes Chloroform Essential oils containing oxygen- Molecular docking studies were [65]
(Zingiberaceae) extraction containing sesquiterpenes (43.1%) performed using AChE, which is
considered a potential target for
organophosphorus and carbamate
insecticides
Myrcianthes discolor ~ Leaf Steam distillation Sesquiterpenes make up more than Moderate inhibitory effect on [66]
(Myrtaceae) 75% of the composition. The main AChE with
compounds detected were: IC,,=6.68 + 1.07 pg'mL"'
(E)-caryophyllene (29.40% =+ 0.21%);
bicyclogermacrene (7.45% + 0.16%);
f-elemene (6.93% + 0.499%);
a-cubebene (6.06% + 0.053%);
a-humulene (3.96% + 0.023%);
oJ-cadinene (3.02% =+ 0.002%)
Salvia leucantha Aerial parts Steam distillation Essential oils containing 6 major Possessing the potential to inhibit ~ [67]
(Lamiaceae) sesquiterpenes: BuChE with IC,, = 32.60 pg'mL"'
6,9-guaiadiene (19.14%); and weak inhibitory activity
(E)-caryophyllene (16.80%); against AChE with
germacrene D (10.22%); IC,,>250 pg-mL™"
(E)-p-farnesene (10.00%);
bicyclogermacrene (7.52%);
monoterpenoid bornyl acetate (14.74%)
Elaeosilenum Aerial parts Hydrodistillation Monoterpene hydrocarbons The IC,, of essential oils of leaves, [60]
thapsioides (Apiaceac) (72.78%-99.13%) were the main stems, flowers and seeds of plants
essential oils, and the content of in Mahouane area were 67.66,
sesquiterpene hydrocarbons collected in 52.71, 154.52 and 158.35 pg-mL".
different regions and different parts was The IC,, levels of essential oils of
0.69%-13.44% leaves, stems, flowers and seeds in
Megres were 93.86, 67.15, 62.65
and 78.15 pg-mL", respectively
Artemisia nakaii Aerial parts Hydrodistillation Contains monoterpenes (49.01%) and Potential inhibitory activity [68]
(Asteraceae) sesquiterpenes (50.76%), the highest against AChE, the IC,  of EOs is
concentrations of terpenes were 37.75 £ 3.59 ug mL"; the IC,, of
feropodin (200.46 £ 1.42 ug-mL™), p-selinene is 6.88 = 0.48 ug-mL"
(+)-camphor (154.93 £ 9.72 pg-mL™),
B-selinene (57.73 + 2.48 ug'mL™") and
1,8-cineole (17.99 + 1.06 pg-mL™)
Eugenia valvata Leaf Steam distillation Contains hydrocarbon sesquiterpenes Possessing the potential to inhibit ~ [69]
(Myrtaceae) (37.43%), essential oil containing AChE,
oxygen-sesquiterpenes (31.08%) IC,,=53.08+1.13 ug-mL™
(1) Chamaecyparis (1) Fruits Hydrodistillation The content of oxidized sesquiterpenes (1) exhibited AChE inhibitory [70]
obtusa (Cupressaceae) (2) Roots was the highest in (2), and cedr-8-en- activity and BuChE inhibitory
(2) Cymbopogon (3) Aerial parts 15-0l (28.69%) was the main content. activity; (2) exhibited BuChE

nardus (Poaceae)
(3) Lavandula
coronopifolia
(Lamiaceae)

Monoterpenes, sesquiterpenes and
monoterpene oxide lavandulol (26.56%)
were the most abundant in (3)

inhibitory activity
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Continued
Solvent/Method
Name of the plant v Extract/Volatile oil/ Acetylcholinesterase
) Part used used for . o . Ref.
(Species) . Phytoconstituents inhibitory activities
extraction

Clinopodium taxifolium Aerial parts
(Govaerts)

Hydrodistillation Contains sesquiterpenes and
sesquiterpenoids (>70%),

Possessing the potential to inhibit ~ [71]
AChE, IC,;=31.3+ 3.0 pg'mL"'

mainly (E)-f-caryophyllene (17.8%),
a-copaene (10.5%), f-bourbonene (9.9%),
J-cadinene (6.6%), cis-cadina-1 (6%),4-
diene (6.4%) and germacrene D (4.9%)

Jungia rugosa Leaf
(Asteraceae)

and two unknown oxygenated

Steam distillation Contains y-curcumene (47.1% and 49.7%); Weak inhibitory activity against [72]
f-sesquiphellandrene (17.0% and 17.9%), AChE, the inhibition rate was

25.9% + 13.9% (38 pg-mL™")

sesquiterpenes (6.7%-7.2% and

4.7%-3.3%)

Anisophyllea disticha  Leaf
(Anisophylleaceae)

Hydrodistillation ~Contains sesquiterpene hydrocarbons
(67.5%) and oxygen-fold, the main
components of semiterpene (30.8%)

Possessing the potential to inhibit ~ [73]
AChE, the inhibition rate was
62.5% % 0.3% (1.00 pg-mL™")

essential oil are germacrene D (25.3%),

oJ-cadinene (15.2%), caryophyllene oxide
(7.0%), and spathulenol (6.4%)

Mitrephora poilanei Leaf

Hydrodistillation ~Contains sesquiterpene hydrocarbons

Possessing the potential to inhibit ~ [74]

(Annonaceac) (63.1%) and oxidized sesquiterpenes AChE,
(22.9%) IC,,=31.16 + 3.06 pg'mL"
Tithonia diversifolia Methylene Crude extract containing sesquiterpenes IC,,=73.9 + 11.06 pg'mL" [75]
(Asteraceae) chloride
extraction

Mpyrciaria floribunda  Fruit
(Myrtaceae)

Hydrodistillation The main ingredients are: J-cadinene
(26.8%), y-cadinene (15.69%),

High inhibitory effect on AChE [76]
with IC,; = 0.08 pg'mL"

y-muurolene (6.21%), essential oils of
o-muurolene (6.11%) and (E)-
caryophyllene (5.54%)

1.3 BB AChEIIFIEMEEIERE 5N
P 2 — KRR UAEACE =, AL #4851 LA 1S ANk 1
B BN R, BTy WS A 45 4 v B, 38 b 40 i
# P450 FL N % B (cytochrome P450 monooxygenases,
CYPA450) A1 H: Ay 220 4 Bl A2 10 432 2 il A4 B B2 IR 2B 1M ok
BHFEZHMEMIBRRCT, M YE 2508 48 R
B SRR B, £ 2F05 N B SR S B Sk
A R b A B AL L 8O R r B A e i Py R AEROT
FE] A AMI 22 B 7 T AARE DU 35 5 e 2 35 > s P I 2 DA |
A 2= PA R 2SR 0 A R IR v TR A BT, L A S Y
&5k 9 18 T e S B 1 b B Bk i SR AE T B N R A AT
B N S5 20 A5 Bl & AR IR T B, A AL REER
A IE B8 A6 57 A 2l P R SR AL S ) B
JE PR DU S 2 M AEE T, y W BRI S5 MBI N =2
£ 2k N B S YD B D e A, 5 AT 1 DA O,
LA IR A an i S S PR 26 | SR R A TR R il 5 B R
B 5 B D Re ik A (R Bk — 2D 38 i 4% 2 s N R LA )
PR AE ) 5 A% RE 7 AT 52 i) A8 4 3 PERSSL, i 5T R 1
— L% A R, AR A A A b Y s H e Y

S5 B BRI A% 2wk N R HLE 35 1K ACKE # IS 1, B
A&t 2 fros, BONIRIT AD REIEY) .

Zhang P15 T MS/MS 17 T W 25 48 3 51,
HRHEY R 2K (Carpesium abrotanoides) W21 75%
TR R oy B — Pk e LA i N R 39, 5 %
UK 5% (donepezil) AH L, & B i vh 45 i) AChE #171 #
YEF, 1£ 10 pmol-L™ [ & T #l %°8 77.86%. 4
XS R R, ALE Y 39 5 Glul99 Fl Hid440 7% 5 2
RPN A, BB A Gly117.Gly 118 Tyr121. Ser122
LKV R AR B, Wi 513 R T S, R
AR L b, BT ) 38 2 R 457 2 RMSD AR v T
0.20~2.80 A, LW T X R E . Ma N
Kt L ARFAE (Inula grandis) 1) 90% £ BE$EHLY) 43
B9 — ok b YA - i N IS Sa-epoxyalantolactone
(5a-EAL) (40), T 75 H X0 DA KBS 1 o /6, Sa-EAL
i fig % B (lipopplysaccharides, LPS) $ ¥ i) /I B/
R A L (BV2) 71 NO 7™ A=, 3OS SR B (EC,)
6.2 umol-L™, i@t P47 N TJEZZE N & | 5a-EAL
%F 1% BBB [ fit 77, K AR B %5 5 (scopolamine, SCOP)
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7% S 110 AD /N B B F i Sa-EAL 7644 Py X6 A 0 451 4
1) o 1 L, 45 R W], 7 H 5a-EAL (& K 10 #
30 mg kg, MRS FUARER /N 21 K Ji5 AT DA 25 08
B0 173540 I . 3 i SCOP % 3 19 AD /I BRI Y
AChE V& 1%, X2 R ILR T R Y) Sa-EAL Ik %
AD /IS B BB A FH o

5 1% A 1% 5 AChE ff] PAS fIl CAS M EL{E 156 &
AW FHRIGIT ADRUH AW EE -GS . N
eI AE (1) AChE XUAL s 41 71, Zhu 8 I9F A4l 1 46 %)
Y AR (Atractylodes macrocephala) 43 85 I £i5 2
i A T8 A 0 1RO 1, LA 2 i N T biatractylenolide
1T (41) Ak ke B 65 2 il A i atractylenolide 111 (42) A
1 AChE #1351, 1C,, 77 7 8 19.61 = 1.11 1 61.26 +
3.01 pgmL'e ST X TS 41 5 AChE
R B, H &5 & B8 N -8.2 keal-mol”, #uik 2 —{if
T PAS 17 547, 7 5% 2 Leu76.Phe297 Fl Trp286 £ [H, /£
FGRE K S5 S, 7 — BAARAL T B Trp86.Phe295 Fl1 Phe338
R CAS I A5, T8 BUAR S8 B /K 45 &, HF1E 41 5 5%
FE Tyr72. Tyr124 Fl Ser125 2 8] Wi 82 1) — AU 8, 4 K
2.6 Ao KEMLEY) 41 1] 5 AChE IR E AL i CAS Al
PASHH HAEH o logP i /2 3% IR PR 1) & B2, S 1t 2 Tl
MR IT AD 25438 it BBB RE /7 1) 8 ER AL 1 R, 18
AR RAETXME RGFIEN logPHLI N2 +0.7, ff
Fl ChemDraw Ultra2010 il & 4t & %) 41 ) logP {5 A
3.47, RFHE NG PER R, 7l iE it BBB, Al {E A6IT AD
(15 Sk & it — Pt A

Herrera-Acevedo 25 M AL & 8 593 MM IR AR W4
1) SistematX %45 52 Uk #8398 78 1) AChE #1157, I8
F 3 P 2R 7Y {4 43 - 385 3R A R 0L 0 34 45 S 56 Uy vk T
TR e R 2 P G 4344 RE 6% 5 1 BBB, Jf
7E VolSurf+ & & 157 o 15 B 536 10E, 7~ 73X 9 Fl 5 2
i PN B /2 8 593 N4>+ i i A Ay BB 40 ] AChE 1k 2%
WY . Lan 25 B W 26 (Tithonia diversifolia)
/NEA % (Leucanthemella linearis) 1] £ B 3¢ B v 4y
1 53 8 B A L o B A% - N T tirotundin (45) Al
parthenolide (46), — 3 ‘it 7~ H % AChE [ H &5 ) il 7%
P, 1C,, 4398 6.89 + 0.30 F15.51 £ 0.23 pg-mL", H AR
JE AChE (1) RT3 #1770, G0F B 1 PR 3% 7T e A2 B A A4
A 6715 ) AChE 11551

Jaskiewicz ZEFIIF 51 7 38 I 300 I 40 T £ 0 4 R 4l
WA E (Cichorium intybus) A& 1 H BE - /K $2 B H 3k
198 & A5 2 PR A B B, A R e A B S5 I R
2 #% (isothermal titration calorimetry, ITC) F1 %} #2451
153 B % AChE (40 il 475 150, 1l AN ECAZ 25 & (1) 1TC 43 4t
S5 RN E R B Hoh BB R 2 — A A

HY A% 2 N B lactucopicrin (47) 5 AChE [¥) 58 A1 H.{F
P o FE B S LA I 3200 52 B4k G4 47 HA SR
203 JFUK AR e 77, RN R B L 45 & AChE i P47 A5
) B AME S, WA R A8 2 E R T AD 1 BRI
1. Aydin EP T MWKEETEE AL (Inula britannica) b I35
SRR SR e SR O 4y B AR B 1 1 BB LA e i
fi& tomentosin (48) X} AChE F1 BuChE 34\ 715 25 4111 1
TP, 1C,, 20 8 6.75 + 0.208 F16.67 + 0.307 pmol-L™.
Nguyen 2P K T E A (Homalomena pendula) 1R 25
43 2515 %1 teucmosin (49), £ H 45 #1125 AChE 11 i1l {f
F, IC,, 4 4.53 £ 0.39 pumol L™, 4> F Xt /14> T 81 1)
R R B %Ak & ) T BLAE S AChE 345 & A7 45
(CAS F1 PAS) #lil 71], i B A 69T AD ¥ 77 (1) % ik
wEY.

23 b PRk, 78 B AT ACHE 3181 3 1 0 43 2 % 7 g
i, e A A 2 1 PN B 48 5 IR 2 1 N I 49 1)
MR I, B W IC,, 4 5l N 6.75 + 0.208 1 4.53
0.39 pumol-L™'; ¥ ke A £ 2 N I 39 7£ 10 pmol L™ )
WPE R 6T AChE [l 1) 5 h 77.86%.  Mh4b, 4 F % 2
FE, WA P 5 N I8 41 7 5 AChE (1) XUEE {7 55 CAS
FIPASHHEAEH, BB Lr M4 &k, HEGaeh
-8.2 kcal-mol™, AJ % e HE 4T 83— 25 4 Y PPAR SR 3G
1.4 BB AChE HIHITEM R ZERGE A [F K001
Fe A A 2w A TR B B R 2R 2
WA S, W& 3 froR, He AChE i/ I an T

Cicek Kaya Z&* )\ < 2 Bl = 1] B <= (Heptaptera
triquetra) S 5% 1) Z G T e B BUY b4 B 4 B A P
i 7 & 2% umbelliprenin (50). colladin (51). colladonin
(52) 1 samarcandin (53), #8Z I tH AChE #1132,
AL &) 52 55 1 B 3, 1C,, 4 8.25 nmol L. 45 %
B, MAZAE 5 B A Y BN R TT AD B A%
Bt/

BB MR R IR A 2 28 A A ) SR g B AR,
AT R 5 TR Lk I 3% 2 5 AR P, X 28 AR WA AT
A BT R AR P M, T G 2 0 A L B R R
7 P HIV 2P, Gonzalez-Chavarria 2Pk I — %1 3%
B AR (Maytenus disticha) 2 32 Y B A & 2 AChE #]I
il P, 3 R R RO O - B- BENR R A
i ; Alarcon-Enos 55" M 51 36 B K FI 22 T 48 2 8K
(Maytenus magellanica) W50 43 85 tH 6 Fil — &-4-Bi
JIE W g 3% 2= 5, 38 3 Robinson ¥4k S A i 1 5 b
B A A B BE AT A, RARF= 4 5S4 R I 4 AN
55~58 15 & 75 i X AChE #3011 3 14, 1C,, 75 A
17.0~43.0 pmol-L"'. &%) 57 X} AChE A ik 51k
FL P 5 M A £, 1C,, M 17.0 £ 0.016 pmol-L's 43 F
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Figure 2 Structures of compounds 39-49
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Figure 3  Structures of compounds 50-58

Xof 4 AL e B e S K W, A5 56 A4 AChE [t
CAS, T /& 45 & B (1) PAS, 1X & 25 5L 3% 0 H 5 A5 [H W
AChE 5 S BUEM FE R A RN /1. T 249
AT 75 ADMET WF 5%, 2 H B A R I 251830
FIEEME R, 3X /N 73 F AChE $ I NG IT #14 R G
PIpi an AD S AL T B B T R

bR, AR s, 5 RS TR RN EY
52 5 o - ML, A R ACKE #1155, 1C,,
1£%8.25 nmol L, 7] LUE NIAYT AD [F{5IED) .
2 RHES5RE

H A, 697 AD K2 4% A BR, L AChE N ¥EFR
TE R H A 702 H AT 897 AD A Rk
FEIGREAD . BB Z I ZARAW 2 Rk
3R ERLTT AN 2% A B (galantamine). 1 2% At &
— FhA] I 1 5% 4+ 1% AChE 0 55 AT ACh 52 4 4% 1) 18 775
O A% ERL YT HAG U SR F, B [ I 400 ) g
AChE Al BuChE 3% 1", 2 5% R 5% 38 5 41 1] AChE 7K
fif# ACh >R 38 5 X i o JH B e 4 42 4% 326, AT 22035 AD
BF N TR I R B 7T R B, 24| M H ) AD
2y AR BEAE SRR R, SRR 2 HUE LT, A
T AN R R 45 A8 FH 2454, VP Ak 40 1) AChE 37 %

..... e sl o}

eI B AR B O BB AN R R AT AT
B 14 S IIAT A Ak, ARSI R A 24 B 70 3 1 5 5
PEEL /N ACKE 011 751008,

el — KRB ZAMIEE LAY, AL
R K 2% B B4R Ellman 5, 7645 52 4640 T, i
5E AChE 7K R JEE 72 A2 1) -3 56 -2t 586 25 IR RO
fEAR AR oF S 2, DL s i B S S
AChE [{) 45 & B QRSB A Ay, 0 S 4m s ok . —
THT, A7 L5 PEVI B, T I = 5 e 8 (R 35 e il A R
Xt AChE #itil F FH 2.2, 1C,, 75 %1 8.25 nmol L', HAZ:
PR A A BT, N R R g B R R e A R S
AChE (W45 &t R AT, 454 88/ T -8 keal mol”!, #F—
A G5 K 53 BT, X 8 HA 35 AChE #1031 1
A AT AE 1) 0, - AN AN B 56 1T A% /2 24 AChE 4101 il
VR O GE MR AL . 53— U7 T AD F 9 B AR B AR A
58 R e 0 B o DX AR A5 e 55 AP M 2 T R M, Al
Wb ZtE S BBB, T £ 2 i 240 A W 158 IR M AR
PR A L AE R RS o iR A R 1 R R R DA
E G957 AD T ™' (B, f5 P R &M e E
A, T WIBEAFAE Z A TG, 4000 1 B HE LA
5T 5 TE 0 B AR rp 22 23 38 31 22 1) 7 W A R Bt R
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W, S EULGEETE 7 B 7 IR ME LA 300 B, I S A 1
Fey TR TR G 1R 22 S 0 3% 1 ER R W ¥ ARIR AT I
b, RO A5 i 2R A S YR T R RS
5 AChE 1 375 1 PP il |, 1 A 245 2800F A AT R0O%
FWF IR, BT RIRT A A — 2 B R BR AN
Bt AT RAAI 73 x5 5 5 8l ) S Ak — 0 B
i 24 i AL B W0 D R TR R GO0t A W 1k 2 i, O
SERUNERER Yiputs ¥ Ny SIRR PN KRS N A )]
AChE 0 # 3% 4 H B £E 1 S 3% 2 52 56 o Fe L2 2%
AChE il % 14 (46 45 10 th 80 i3k — 20 72 Zh Wy A o gt
ITVPAL o BRI, RIRE A S AT BRI E 2,
ThREZ FE, BT R AT FURG 5%, 7T DA 9 eiess 4 > A
CIZHI I 250

B A B
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