55 41 55 2 o owm L T Vol.41, No.2
2024 4 2 A FINE CHEMICALS Feb. 2024

2D R = BUH RO S K B Z Bt B 76l B g 31 1

Ao 1 , =S| . , 1 > 1 F 251 ) 2 1,2%
F @', kST, RER, sswm!, RER F B
(1. RAvhRol K2 A arRlaEEBe, BAETL BRI 150040; 2. MAp V148 AR i R VA 25 0 e 28,
gl WRRE 150040 )

FEE: DL L1283 2- =R A th 3k (DPPHe) VEBRRES . SUBJFE ST, PG T W B R B i iAok
BrAEALTEYE, BRI CBEMBERER AN IRE )T o B5RER S PR [E S EERFR A0 (40%. 50% . 60% . 70% .
80% ) VPR & B I B WP AT 1 S L BB BRER RS BE 7 . LMAFRECH 60% CB/K AR
BRIV DPPHVERRZ . R RN B L BEAR AR BSR4 68 S fesik, 00 85.80%+1.39%, 2.45+0.18,
97.14%+0.81%, FIVENBUEALTI S CIENRGRERREDHIF . v SEEC T £ B IR ERREA BRI RE T,
LECMHIREE (ICso ) (1.086+0.144) g/L, Xof £, Ik AR GRER A i 41 i 28 8 R e M R T AR S P PR IR A T il
Auto Dock 73 X122 KGO ICHE P 2R B, VD16 1 03 5 e AR SR B A — 8 WX SE A T, VD4
BRI YLEA . BEIEITE TS DI RE RS Z R AR R AR IEARSCE (P<0.05), VN HLEd il £ 2R LS
e HIE IR LS N 2 B2 5 -

KR Vs WEMERLSY ;s CEEARBERRS; RSMILALL; e PABAERER
FESES: TQ460.1 XERERIRES: A

XEHS: 1003-5214 (2024) 02-0391-07  FHIFIE (FERS) #Ri2H (OSID):

In vitro antioxidant activities and acetylcholinester ase inhibition ability of
Hippophae rhamnoides L . leaves extr act

HUANG Yu', ZHANG Xiyu', ZHAO Haitao', SHI Tongshuai', QIU Junmeng', FU Qun'**

(1. College of Life Sciences, Northeast Forestry University, Harbin 150040, Heilongjiang, China; 2. Key Laboratory of
Forest Food Resources Utilization of Heilongjiang Province, Harbin 150040, Heilongjiang, China )

Abstract: Hippophae rhamnoides L. leaves extract was evaluated for its in vitro antioxidant activity using
1,1-diphenyl-2-picrylhydrazyl radical (DPPH®*) scavenging capacity and total reducing power as indicators,
and further assessed for its acetylcholinesterase inhibition ability. The results showed that all Hippophae
rhamnoides L. leaves extracts with ethanol volume fractions of 40%, 50%, 60%, 70%, and 80% showed
good antioxidant activity and acetylcholinesterase inhibition ability, while extract with ethanol volume
fractions of 60% exhibited the highest DPPHe scavenging rates, total reducing power, and
acetylcholinesterase inhibition ability of 85.80%+1.39%, 2.45+0.18, and 97.14%+0.81% respectively,
indicating its potential as antioxidant and acetylcholinesterase inhibitor. Moreover, this extract displayed a
half acetylcholinesterase inhibitory concentration (ICsy) of (1.086+0.144) g/I. and a mixed reversible
inhibition mechanism against acetylcholinesterase based on the kinetic analysis of enzyme inhibition that
was more competitive than non-competitive. Data from Auto Dock molecular docking and dose-effect
correlation analysis indicated that the active ingredients of Hippophae rhamnoides L. leaves had a certain
docking affinity with acetylcholinesterase. The antioxidant and enzyme inhibitory activities of the extract
were positively correlated with the functional ingredients polyphenols (P<0.05).
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Fig. 2 Inhibitory ability (a) and half-inhibitory concentration
(b) of acetylcholinesterase by Hippophae rhamnoides
L. leaves extracts at different ethanolic levels
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Table 2 Correlations of main ingredients of Hippophae rhamnoides L. leaves extract with antioxidant and AChE inhibitory activity
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Table 3 Docking binding energy and RMSD between main

ingredients of Hippophae rhamnoides L. leaves

extract and AChE
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1 == At -7.92 0

2 JLZE#E ~7.36 0.042
3 THER -5.57 1.308
4 SRR -6.59 0.001
5 L7y -6.55 0.001
6 W= ~7.00 0.001
7 Wtk -5.74 0.065
8 BEFR -5.26 0

9 BEAEm -1.71 0.001
10 RESRMR -9.59 0
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Fig. 4 Visualization of molecular docking of main ingredients of Hippophae rhamnoides L. leaves extract with AChE

DAt i5 AChE XHEZR (K 4a) AHIHE  BERKON 0.24 nm, S5%MEM TRP-286 Z @i n-n
FEoMr AR 5 IR TYR-124 Z P fE— 2 U, MEBUNIEAEA], SRR TYR-341 Z A7 Rk 1



5 2 1 BOH, S VBRSO A P ST ST B 2 T PR T 0 18 BE

* 399 -

MEAER . EiRe 11 MEE Y5 AchE B T8
FROEME A, U6 0L vb i B4 P A G T 4
43%F AchE W] REHAT B4 A il 16 , iX 5 2.2 5
FEEHR X AchE PRSIl 7 14 1 25 R AT .

3 #Hit

A E 5 AR L EE9L 7 SBLE (1) DPPHe
SR T 5 AChE $IIRE J7, BEEAA [F) 9 oy B
SBLE ¥Jfi 8 4r A fkBe 1 5 AChE #iilgE )],
Hr DUHARFU BN 60% ZBE/K IR BB SBLE (1)
DPPHeiEFR# . SR ) ) S AChE #IHil6E 1 ik,
391 85.80%+1.39%, 2.45+0.18, 97.14%+0.81%,
LA WG 2h J1 5% 3 B R E T SBLE X AChE
A0 A A R 5 e P R T R S 4 M TR A T 3 400 )
K, AN LBEHA B TG A2 5, UEH
RIS, SEBC A B TR], DT 38 B 3R] 5
TG PR IR AR [A]

WXt SBLE HE 2 Wy . EE R AR =G 3 R
TR DPPHe, WA J1 5 AChE il i J11E
FRVERFSE, 45 EW, SBLE il T EHiA kS
T A0 VE I = 2 B 2. 456 0 F X R AR
SBLE 1Y 11 FpiAEGPE 205 AChE #EA R0 43
TR, WHELEHE, SBLE iy Y R
B T X AChE my#iiflae Jy, #— LB IiE 1
SBLE % &1 AChEI )7 /1.

Zi I frik, SBLE H AR MIKINMITEILEE T
5 AChE ##lae )1, XS5V Bt N &A F & 1 m2E
YIRS R B AN 4y, S UD
T & R SR A IR bl BE 75 B3 770 FIT AChET $2 {5
EhAF I A, HE— T RO AR . B TRIC T
T TRE s . Ea Rt T IS %, (B2
AHFFEAURT SBLE % AChE Ay RE Sy b 4T T 972
Mg, AT B T R IMERIE L3256 . 4niE &
PESZEG . 40K ROE TR S 6 2 i — R 5T
SBLE &k #Hi%A bS5 AChE M /R HRCR, A
RV AE D RE B A . AR W R 2 AU I BRI
T HLS SRR AR

SE k-

[1] LIUY (XI8), LIAN Y S (Bf/k3%), WANG Y L (LA, et al.
Review of research and development and significant effect of
Hippophae rhamnoides[J]. China Journal of Chinese Materia Medica
(hE P 2544), 2014, 39(9): 1547-1552.

[21 YAN C Y (EB%), YU G Y (&H:4%), HE X T (3L, et al.
Research progress and industrialization application of sea buckthorn
leaves[J]. Pharmacy Today (4~ H 24j2¢), 2021, 31(7): 481-492.

[3] LIUW (Xff), ZHOU L F (AIJEK), LI H (Z%), et al. Extraction
and determination of triterpene acids in Hippophae rhamnoides[J].
Chinese Journal of Bioprocess Engineering (4E#Jil Tid#2), 2023,
21(1): 50-56.

(4]

(3]

(el

(7]

(8]

[l

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

CIESAROVA Z, MURKOVIC M, CEJPEK K, et al. Why is sea
buckthorn (Hippophae rhamnoides L.) so exceptional? A review[J].
Food Research International, 2020, 133: 109170.

PUNDIR S, GARG P, DVIWEDI A, et al. Ethnomedicinal uses,
phytochemistry and dermatological effects of Hippophae rhamnoides
L.: A review[J]. Journal of Ethnopharmacology, 2021, 266: 113434.
CAO Q (1), WANG Q L (EF7E), WANG X (FE5), et al
Preparation and characterization of nanofibers loaded with sea
buckthorn oil by electrospinning method[J]. Food Science (£ fhF}
2F), 2022, 43(9): 48-54.

YAN C Y (FE#%), DING Z J (T442), L1 X M (ZH), et al.
The chemical constituents and hypoglycemic activity of alcoholic
extract of sea buckthorn leaves[J]. Acta Pharmaceutica Sinica (2%
4R), 2023, 58(2): 396-404.

IRENA S, JANA O, LUKAS S, et al. Impact of phenolic compounds
and vitamins C and E on antioxidant activity of sea buckthorn
(Hippophaé rhamnoides L.) berries and leaves of diverse ripening
times[J]. Food Chemistry, 2020, 310(C): 125784.

NING Z X (T#&F), NIU G C (4+)it), ZHU L B (R7ik), et al.
Research progress on the active components of sea buckthorn and
their physiological functions and utilization[J]. Food & Machinery
(B 5, 2021, 37(11): 221-227.

YU Z, DONG W, WU 8, et al. Identification of ovalbumin-derived
peptides as multi-target inhibitors of AChE, BChE, and BAC-E1[J].
Journal of the Science of Food and Agriculture, 2020, 100(6):
2648-2655.

WANG W L (F i), SONG C S (Ki:5%). Recent advances in the
pathogenesis of Alzheimer's disease and clinical medication[J].
Chinese Journal of Drug Evaluation (*I'EZ5451F4), 2019, 36(3):
204-209.

WANG W (Ef#). Study on the improvement effect of Nymphaea
hybrid extract on learning and memory ability of Alzheimer's
disease[D]. Hangzhou: Zhejiang University (#i7T.K2%), 2019.

YAN M Z (iEW#), WANG P (E#). Inhibition of angiotensin
converting enzyme and acetylcholinesterase of fermented red
beetroot juice with Lactobacillus acidophilus[J]. Modern Food
Science and Technology (B U fBl%), 2022, 38(11): 98-110.
SHARMA P, SRIVASTAVA P, SETH A, et al. Comprehensive review
of mechanisms of pathogenesis involved in Alzheimer's disease and
potential therapeutic strategies[J]. Progress in Neurobiology, 2019,
174: 53-89.

ZHANG T (%), CHEN Y H (WHi4l), CHANG G P (# =),
et al. Understanding the mechanism of action of echinenone on
Alzheimer's disease from the perspective of acetylcholinesterase and
oxidative stress[J]. Food Science (£ ih&l), 2022, 43(11): 105-112.
LIN Z L (#f#52%), SHA X M (W/Mif), ZHANG Z B (3Ki&ib),
etal. In vitro antioxidant activities and inhibitory activities of
a-glucosidase and acetylcholinesterase in Rubus parvifolius L. root
extract[J]. Food and Fermentation Industries (£ fh-5 % 8 Tlk),
2021, 47(12): 83-89.

ZHANG X C (3% %), LIU T (XIIT), WU X (%), e dal
Microwave-assisted ~extraction, in vitro antioxidant activity,
a-glucosidase inhibition and acetylcholinesterase inhibition of
Duchesnea indica polyphenols[J]. Southwest China Journal of
Agricultural Sciences (F§ g 4L2#4R%), 2018, 31(6): 1171-1179.

LIU Y C (X|#%R). Effect of different extraction methods on total
flavonoids content in Hippophae rhamnoides L. leaves[J]. Shanxi
Forestry Science and Technology (ILIVG#LElH), 2018, 47(3):
21-23.

XIN Y H (¥#E4E), ZHAO S H (K= %), WANG Y (LHi), et al.
Study on the active substances and antioxidant activity of different
solvent extracts of seabuckthorn leaves[J]. Food Research and
Development (/55 57 &), 2021, 42(17): 44-49.

CHEN W, ZHU X, LU Q, et al. C-ring cleavage metabolites of
catechin and epicatechin enhanced antioxidant activities through intestinal
microbiota[J]. Food Research International, 2020, 135: 109271.



- 400 -

A% 4m 4 T FINE CHEMICALS

41 4%

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

RAN L M (HIi#ff). Study on active components and its product of
Hippophae rhamnosides L. leaves[D]. Jilin: Jilin Institute of
Chemical Technology (i Mk T-2%Bi), 2021.

ELLMAN G L, COURTNEY K D, ANDRES V, ef al. A new and
rapid colorimetric determination of acetylcholinesterase activity[J].
Biochemical Pharmacology, 1961, 7(2): 88-95.

LIU X Y (KIE&F), ZHANG H S (3k¥#4:), XU M X (F4#8), et al.
Ultrasonic-microwave assisted extraction, composition and activity
of flavonoids from Hippophae rhamnosides L. leaves[J]. Journal of
Nuclear Agricultural Sciences (F:482:4), 2022, 36(7): 1381-1390.
FU Y (f§4£), SHI X (®3), ZHANG D M (3KiE), et al
Antioxidant activities in extracts from Pinus massoniana needles by
deep eutectic solvents[J]. Journal of Beijing Forestry University (1t
FUMOl A=), 2021, 43(7): 149-158.

FU Y L (ffIE¥%), YAO T X (BkfRf8), ZHANG R T (3R{-4).
Optimization of extraction and antioxidant activities of triterpenic
acids from blacked jujube by response surface methodology[J].
Science and Technology of Food Industry (£ TolFHY), 2021,
42(12): 176-183.

SUN Y (f\#), FENG F (i51), HUANG T H (¥45#%), et al. Rapid
analysis of functional components of Hippophae rhamnoides by
UPLC-Q-exactive and OTCML database[J]. Natural Product Research
and Development (K=Yl 55 5FF %), 2019, 31(7): 1192-1202.
WANG N N (£5°5%), ZHENG W H (¥53CE), ZHANG K X (3Kl
%), et al. Research progress on chemical constituents and
pharmacological activities of seabuckthorn and prediction of its
Q-markers[J]. China Journal of Chinese Materia Medica (FF[E#2j
ZR), 2021, 46(21): 5522-5532.

SKALSKI B, KONTEK B, OLAS B, ef al. Phenolic fraction and
nonpolar fraction from sea buckthorn leaves and twigs: Chemical
profile and biological activity[J]. Future Medicinal Chemistry, 2018,
10(20): 2381-2394.

LIN X (#kRK), LI Y (Z4%), ZHAN M (F£#5), et al. Metabolite
composition and anti-inflammatory activity of ethanol extract of
Camellia oleifera seed[J]. Food Science (X/fhiF}2), 2023, 44(2):
304-311.

DING L L (T##), XIE Y X (#iik), GAO W (&1, et al. In
vitro antioxidant activities, a-glucosidase and acetylcholinesterase
inhibition ability of Akebia trifoliata pulp extracts[J]. Journal of
Southern Agriculture (B /74 2#4]), 2021, 52(4): 1058-1065.
ZHOU H N (Ji¥5H), HU N (%1%F), DONG Q (¥Fi), et al.
Research progress on the chemical composition and pharmacological
action of Hippophae rhamnoides[J]. West China Journal of
Pharmaceutical Sciences (fEP4 24274 ), 2020, 35(2): 211-217.
FENG X Y (1B/)F), HAO Y J (#BHili), CAL Y (FEHD), et al.
Antioxidant activity of total flavonoids from cucumber seed in
vitro[J]. Food Research and Development (£ 553 57 %), 2018,

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

39(11): 27-30.

KNOPMAN D S, AMIEVA H, PETERSEN R C, et al. Alzheimer
disease[J]. Nature Reviews Disease Primers, 2021, 7(1): 33.

WU Y (5:51), LIU Q (XIF), TANG W (JE3X), et al. Application of
complexes of Salvia miltiorrhiza volatile oil and dandelion extract in
cosmetics[J]. Fine Chemicals (f 411k T), 2022, 39(3): 562-568.
HUANG X, CHEN Q, WANG Q, et al. Inhibition of the activity of
mushroom tyrosinase by alkylbenzoic acids[J]. Food Chemistry,
2006, 94(1): 1-6.

CAMILA G K, RUBIA C G C, DIEGO D S L, et al. Potential
anti-diabetic properties of Merlot grape pomace extract: An in vitro,
in silico and in vivo study of a-amylase and a-glucosidase
inhibition[J]. Food Research International, 2020, 137: 109462.
PAN'Y (#&H), LIU X L (XI/NFil), WANG Y (F-3%), ef al. Inhibitory
effect of polyphenols from blueberry leaves on the activity of
o-amylase and a-glucosidase in vitro[J]. Natural Product Research
and Development (K™Yot 5 %), 2022, 34(4): 579-587.
TUNG B T, HAI N T, THU D K. Antioxidant and acetylcholinesterase
inhibitory activities in vitro of different fraction of Huperzia
squarrosa (Forst.) Trevis extract and attenuation of scopolamine-
induced cognitive impairment in mice[J]. Journal of Ethnopharmacology,
2017, 198: 24-32.

KOPUSTINSKIENE D M, JAKSTAS V, SAVICKAS A, et al
Flavonoids as anticancer agents[J]. Nutrients, 2020, 12(2): 457.
AIROLDI C, LA FERLA B, D'ORAZIO G, ef al. Flavonoids in the
treatment of Alzheimer's and other neurodegenerative diseases [J].
Current Medicinal Chemistry, 2018, 25(27): 3228-3246.

WANG X (F % ). Extraction and encapsulation of phenolic
compounds from sea buckthorn leaves and their application research[D].
Xi'an: Northwest University (P4JbK2%), 2021.

WU L W (%R 3), ZHANG H (%), WU T (4), et al. Research
progress on the regulation of resveratrol in Alzheimer's disease[J].
Food Science (£/fifiB}24), 2023, 44(3): 237-245.

WANG R F (E#7), ZHANG Z Y (3F3), L1 D H (Z45i1).
Effects of extraction methods on extraction components and
antioxidant activity of Quercus mongolica shell[J]. Journal of Beijing
Forestry University (AL ARl 2224 47), 2022, 44(5): 150-160.
ZHONG H M ($h£1#§), CAI K C (ZZJFHE). Application of
AutoDock software in teaching of biochemistry: Semi-flexible
docking[J]. Chinese Journal of Chemical Education (fk2~#(&:
HEI0), 2020, 41(6): 86-89.

WEI J (Bi#), WANG Y (L5, DONG Y (#3%), et al. Chemical
constituents and antioxidant activities of Citrus reticulate blanco
superior plants fruit peel were analyzed by chromatography-mass
spectrometry technology with network pharmacology and molecular
docking[J]. Journal of Chinese Institute of Food Science and
Technology (I 4%4R), 2023, 23(4): 305-323.

(ELEH 314 7R)

[68]

[69]

(70]

CARA C, SECCI F, LAI S R, et al. On the design of mesostructured
acidic catalysts for the one-pot dimethyl ether production from
CO,[J]. Journal of CO, Utilization, 2022, 62: 102066.

SALOMONE F, BONURA G, FRUSTERI F, et al. Physico-chemical
modifications affecting the activity and stability of Cu-based hybrid
catalysts during the direct hydrogenation of carbon dioxide into
dimethyl-ether[J]. Materials, 2022, 15(21): 7774.

QIN Z Z, ZHOU X H, SU T M, et al. Hydrogenation of CO, to
dimethyl ether on La-, Ce-modified Cu-Fe/HZSM-5 catalysts[J].
Catalysis Communications, 2016, 75(C): 78-82.

[71]

(721

[73]

BAHRUIJI H, RAZAK S A, MAHADI A H, et al. PdZn on ZSM-5
nanoparticles for CO, hydrogenation to dimethyl ether: Comparative
in situ analysis with Pd/TiO, and PdZn/TiO,[J]. Reaction Kinetics
Mechanisms and Catalysis, 2022, 135(6): 2973-2991.

TAN K B, TIAN P, ZHANG X X, et al. Green synthesis of
microspherical-confined nano-Pd/In,O5 integrated with H-ZSM-5 as
bifunctional catalyst for CO, hydrogenation into dimethyl ether: A
carbonized alginate templating strategy[J]. Separation and Purification
Technology, 2022, 297: 121559.

YUE W Z, WAN Z, LI Y H, et al. Synthesis of Cu-ZnO-Pt@HZSM-5
catalytic membrane reactor for CO, hydrogenation to dimethyl
ether[J]. Journal of Membrane Science, 2022, 660: 120845.



