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Abstract: Objective To explore the quality markers (Q-Markers) of Bajiaohuixiang (4nisi Stellati Fructus) essential oils in treatment

of metabolic dysfunction-associated fatty liver disease (MAFLD) using spectral effect correlation analysis. Methods GC-MS was
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used to establish 15 batches of fingerprint spectra of Anisi Stellati Fructus essential oils and cluster analysis was conducted. The
pharmacological effect of Anisi Stellati Fructus essential oils on MAFLD induced by 4.0% fructose in zebrafish model were evaluated.
Grey correlation analysis was used to explore the correlation between spectrum effects. Results The GC-MS fingerprint spectrum of
Anisi Stellati Fructus essential oils was calibrated with 10 common peaks, and the similarity ranged from 0.995 to 1.000. Cluster
analysis divides the samples into four categories. Compared with model group, Anisi Stellati Fructus essential oils from different
origins had different improvement effects on liver lipid accumulation, alanine aminotransferase (ALT), aspartate aminotransferase
(AST), total cholesterol (TC) and triglycerides (TG) in zebrafish with MAFLD model, of which most batches had significant
improvement effects. The grey correlation analysis showed that the correlation values between the 10 common peaks and five
pharmacological indicators were mostly above 0.6, indicating an overall correlation. Spectral effect relationship analysis predicted that
multiple components such as trans-anethole, a-bergamotene and terpinene-4-ol could synergistically resist MAFLD and serve as
potential Q-Markers. Conclusion T7rans-anethole, a-bergamotene and terpinene-4-ol can serve as potential Q-Markers for Anisi
Stellati Fructus essential oils through spectral effect relationship analysis.

Key words: Anisi Stellati Fructus; essential oil; fingerprinting; metabolic dysfunction-associated fatty liver disease; quality markers;

trans-anethole; a-bergamotene; terpinene-4-ol
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Fig. 1 Fingerprint spectra (S1—S15) of Anisi Stellati Fructus essential oils from 15 different origins and reference spectra (R)
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Table 2 Similarity for fingerprint spectra of Anisi Stellati Fructus essential oils from 15 different origins

HEABLEE

e
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15

S1 1.000

S2 1.000 1.000

S3 0.999 1.000 1.000

S4 0.999 1.000 1.000 1.000

S5 1.000 1.000 0.999 0.999 1.000

S6 0.999 0.999 0.998 0.997 0.999 1.000

S7 0.999 1.000 1.000 1.000 0.999 0.997 1.000

S8 1.000 0.999 0.998 0998 1.000 1.000 0.998 1.000

S9 1.000 0.999 0.998 0.998 0.999 0.999 0.998 1.000 1.000

S10 1.000 1.000 1.000 1.000 0.999 0.998 1.000 0.999 0.999 1.000

S11 0.999 0.999 1.000 1.000 0.999 0.997 1.000 0.998 0.998 1.000 1.000

S12 1.000 1.000 1.000 1.000 1.000 0.998 1.000 0.999 0.999 1.000 1.000 1.000

S13 0.999 0.999 0.997 0.997 0999 1.000 0.997 1.000 1.000 0.998 0.997 0.998 1.000

S14 1.000 1.000 0.999 0.999 1.000 0.999 0.999 1.000 1.000 0.999 0.998 0.999 1.000 1.000

S15 0.998 0.997 0.996 0.996 0998 0.998 0.996 0.999 0999 0.997 0.995 0.997 0.999 0.999 1.000
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Fig. 2 Results of cluster analysis of Anisi Stellati Fructus

essential oils from 15 different origins
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Fig.3 Results of safety dose assessment of Anisi Stellati

Fructus essential oils in zebrafish (X £s,n=23)
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[A] F BT, ’E}éﬂykﬁﬂj 60 4T M1 1.5 mL
BOEY, WEZRKE, BT EEEOHLHES
1 min, KBS HRE FREGIACHBER 1.5

LLEHL TR AR AL O Be(mlX ik,
Red arrow points to oil red O staining area of liver.
4 JEWMIGRTHHLI O RE (X10)
Fig. 4 Oil red O staining of liver of zebrafish in each group (x 10)
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Fig. 5 Effects of Anisi Stellati Fructus essential oils from different origins on liver lipids in zebrafish with MAFLD

(Xts,n=10)
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Fig. 6 Effects of Anisi Stellati Fructus essential oils from different origins on activities of ALT and AST in zebrafish with
MAFLD (X £s,n=3)
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Fig. 7 Effects of Anisi Stellati Fructus essential oils from different origins on levels of TC and TG in zebrafish with MAFLD
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Table 3 Correlation and order results of association between common peaks in Anisi Stellati Fructus essential oils from

different origins and five anti-MAFLD pharmacological effects
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2 9 0.753 4 9 0.770 3 4 08319 9 07977 9 0.806 2 9 0.7856
3 6 0.7359 8 0.765 2 9 08002 8 07715 1 0.8021 4 0.754 1
4 8 0.726 0 6 0.727 4 1 079%9 6 07694 4 0.780 2 8 0.754 3
5 4  0.6884 4 0.7220 8 07548 1 07649 6 0.775 4 6 0.752 5
6 5 0.668 8 1 0.709 3 6 07546 4 07481 8 0.7538 1 0.745 6
7 1 0.654 6 3 0.6798 2 07319 3 07144 2 0.7455 2 0.687 9
8 3 0.6171 5 0.674 4 3 07040 2 07133 3 0.7208 3 0.687 2
9 2 0.6030 2 0.645 8 5 06517 5 06923 5 0.6720 5 0.6718
10 10 05642 10 06207 10 0.6289 10 06331 10 0.646 0 10 0.618 6

EVE i (0.8490), 1E 5 TZGRHE R H R H
BB SRERE (0.8202~0.9057), FHEZEE 14 14
9 Co-FITIEMD MLZRETF N 0785 6, HEAE 2
s V4 CRAVIG-4-B) MIZEE VRN 0.754 1, HE
2 4N, SHEREE 3 AL 8[(1R,5R)-2-methyl-
5-[(R)-6-methylhept-5-en-2-yl]bicyclo[3.1.0]hex-2-
ene] LR &V LT A%
2.5 SItFESH

KH SPSS 26.0 AR EHR HAT S,
FELAX £ sFRoR, ALK R T 2 00T .
3 it

o2 4R SUEIE A% O E AR T I S g
VU SHE VY, B2 o 1 — Bt S
FEFEME, A MR S A 2 VPN R SRR
RMERICEIEARIY . AT 15 DAF =
P\ AT EHERMFE S, EETE 15 MR IR
S H I HL R B I TR AR DT R o O TR LL 3]
KT 10 MR NSEEE, Bt )\ A 1 5 R
GC-MS F5ELERE AR = b )\ A T A B A 2 il 43
MR AL, HEERAA —EER. OHEWAR
LRI o 52X A TN W [/ 3 B 3 S PR ] B i B
PR A AR B A 14, S TR R I R AR
R, FEAR M T EARAE 2 R US10, AHt
FOBE RARIHT, X 15 ANAFEF L)\ A
R 10 AN ILA IR AR AT 047, PP
PCHE S0 E XA, R A A BT R, Y
BRICEE BN 19 B, 15 MEEMTTERN 4 2K, S 2
BT AR )\ A A 2 S ARAE

EHA S e T, ABFFCRAI 10 Mg
U 55 F AR AR ST 1) )\ A T A GC-MS FRE

HR) 9 ANMEFEIE BA B AExt it FEELE0THRAE )
o-JRM S AT JTRERE . BN S A i A
o- TGS T, AEATIE FEH B R () i U
st il 3. W 5. 0§ 7 Fik 9), FRAFIXLLE
W2 )\ A T A R I PR A7 AR TR A% O 2 A
L 45 (Wi 2% MAFLD BB L, B A
HEEFSE. WHEWE. HZE0. 59500
AHOCIE R AR S SR o, M 2 TR 254000
MAFLD 2530, A58 52 SRR FH SR A i B
flt MAFLD B8, Z 715 M BE S 5 MAFLD
PR HERAE 5 MAFLD SR AR IG R R I T
g R TAR K. ALT. AST & /181 TG, TC & &I}
i, (RIS AL 5 I PR R AR AL, R I
MERR AR B OSSO IR M BRI AR 8 . Ak
R SRR T RS20, 28 B, %
PR G PR MAFLD 3 B RE BB s AL, R
K FEHEAE T TS 2PN AL . AR FLR
MAFLD Bt 5 g aL, 3P0 1 15 ANASE =1 )\ A 15
F 5 R M*F MAFLD /e o RS B T
U MAFLD R EAZ 0RY, 4 O Yetafeng H
S T A P T o ) A P WAL O e g
FH, Ry M)\ T A 1 R I B G AR
FACH R ELIE . ALT. AST LK TG. TC & iF
fhfFIR G B AR R EL I & dL A bR ), R
BfE 78 0 22 2507 b )\ A T A7 P 3 35 I ALT AST
WA TCy TG /KF, R\ 1 A& 7 & T
MAFLD [ RFRETh RERAR BRI A BB R
TERTIAGE ST 15 A= 1)\ A 1 B 4 R MR 4L
I3 J AT MAFLD 25300 ik b, SRR 56
R ATk, RAEHFET 10 MEFIES 5 MK



* 8294

F 8B 2026108 $57% B208  Chinese Traditional and Herbal Drugs 2026 October Vol. 57 No. 20

fabs (HIFEAEFLE . ALT. AST. TC. TG) i
oG BEFE BE, 10 B H 7 )\ A 1 & 9 R L
MAFLD BV AEIETE R B o AR IR E 45 ok
A, 10 MEFEE 5 AZERRICEE 2507
0.6 LA, SR\ A A 4 R R R 43 JE A g A%
43 %F MAFLD [5G4 E A A RIREEE R DTiR, 14
WAL RS 2 EEH R . (EfSE
MRS, RAEATE 5 N2 Rdainh BRI
W I SRBERE (S5Ihar O Yettdibn. ALT. TC 5%
B >0.8, 5 AST. TG KELE>0.6), X453
5 T i O 25BN S VA . REREA
Fer, e A A A I G R R L B S
4% DA R R4 B M A 25 TR PRI e 1 2 A% 1 2.
TR A A ARG WOERBUS IR IEGSE) AR
AL AR KN B 15 5 BB AR , I8 R R D B AN TG
I, AR AR I R A A I 5 T i J R 2R 24231,
IR 5 AW 5 A W 3 1 e T A T A
REFRDUAR Ji oA B JFF Th e 1 v I B e s 4
E B S R TE A N AT A I 22 8 R V) R
FERZ 09T MAFLD 16 - a-F AP0 5 ALT. AST.
TG [IRBEEITE 0.7 LLL, RRHIREA HEETT
BRo WHICIRIE o- BTG I R R E Y B A TR
JE TR BT 2% B EAAE RO RA T A -4-FE 5 AST
KN 0.801 (>0.8), CRiEHL A BE b
SEALRIHL A IE 1, 5 MAFLD KRR 2 1A 60T,
IR R I ORI B HE Y S S B O 2 B PR A
K—5, PR TSSO R g R AT S
PEo I RO R B T H )\ A T A T MAFLD
i dEat, RH &R QAR o- BT
B AR -4-BE 55 R4S W [ 5T MAFLD AR, i
T B OB S VR A B AT FE AR R H Q-Marker .
TEIR IR S AT HIFERE b, ASHIFFE— 25 R
LRCTF LA RN 10 NEH G TLEA VR
LAV R SR, A E 7 EE (0.8490),
HEA 5 1405 a-FATIEIEE 2 0.785 6, HEAA SR 2 47
FA I -4-BE0P5) 0.754 1, HERSS 4 4 (S5HE4EE 3
7 B (1R,5R)-2-methyl-5-[(R)-6-methylhept-5-en-2-
yl]bicyclo[3.1.0]hex-2-ene ¥4} 0.754 3 H MR,
Z54% 0.000 2). #FEF|(1R,5R)-2-methyl-5-[(R)-6-
methylhept-5-en-2-yl]bicyclo[3.1.0]hex-2-ene  H HI
B = FFE AR B MAFLD AH ¢ 19 SCERHRIE , 17 #A il
fa-4-lE B A A PTE . PiREN, 5 MAFLD
9o HEATL M) 55 5 A DG 2T, MOAR AT A e 240 S T A

Mo~ o-EATAE MG KA T -4-BE A 2 T MAFLD )
TB:7E Q-Marker

rh 24 Q-Marker & Xl £ Z£ g 1282016 F42 H 1
RS, TRAEE T R R TR 2
AR B0 TR R IE . 52 iEe
JE IR, R I B 2 e AT
IR EYEY T HAZ O ERAE T 257 3K
P-4 ot At JoT B AR B R R RIOR R,
ORI A A Rt s 5UE. B
B R rTVE L E, R 25 R B B AR ] A &)
AR 2 LR AL B AR IR H A\ A 1E A )
EEH R EKYE ChEZ ) 2025 R, ORE S
RSB REE SN, $hZ 52 E R E
bro MHEEZ T, ABFFLEE T3 O R MEH K Q-
Marker (LASUTEA WAL L, a- B AT Al
Wi-4-BE . RSN R ) R RERSE . N
B BN Z s, I T 2 S EAE
s I K OGRS 3G 16 55T MAFLD 2530 E
FEORBL, LT “HiRFm” BRETEY, N\
T B T AR E R TRt TR AR

AR FNER T 15 ANASF = )\ A 15 A A
s THE;TTE mM &S X, B E
ARG . SRTT, A ah R AR T R i e [F]— 2= 1Y,
KRAEH A FRUCTAD AR RSEETT X )\ S 1E A
PR B AR BRI RE R, LE J5 S 7T R aT A
BB T . B S B E A B )
A, FLIH IR 2540 S AU iE s B 5 N2 FE AR
{75 58 AR N2 MAFLD & & R FL R . 11t
Gb, AW FAE L BOTAN 8RS T7 A E — € /R,
MAFLD )95 BEHLEI SR AR 3L s R AR
P AR, RORE SN R AT AR 2 AN AT,
7 18 B A 7T H A TSR0 RV & ST,
DR b A 70 32 A I 1 32005 1% 0o F A JHE I IR o AR
£ IR KR FAREHERS, RIANRIER 1 (n
IR SE IR -0 AN 2R-6) S SR AL B IR AR
Canp . B ALl AA A AH DS HEAR
J& LA FU AT 25 REAE R B B/ B MAFLD #5845
S =B | R T R AN R = e £ RO i
MAFLD 1EH S H 5Bl .

FBFR HEEHEARAEHZFR
SE 30k
[11 ek, EOrH, 577, % )\ AR E S A

[J]. FEFE GBI, 2013, 16(4): 30-32.



F 8B 2026108 $57% B208  Chinese Traditional and Herbal Drugs 2026 October Vol. 57 No. 20

* 8295«

(2]
(3]

(4]

(5]

(6]

[7]

(8]

4]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Hh[E 28 [S]. —. 2025: 5

B, FSHR, BRER, S )\ MEENFE RS ZBE
MANSERC I AN THARBT T HERE 1], EVIHAR I E,
2025, 15(4): 587-596.

HFREE, TR A DGR D7 M 9 m 5 R AL 7
BERE [J]. ISR B A1 EOHH, 2022, 22(4): 49-53.
B, JeBE NTT RG24 WA A0SRRS 1 A4 43 ) 4
LAURIRTTE [D]. 79 JTARZRER S, 2021.

IR 5 Bl AETIR” 2R P AR R SCHR RS P 20
FEWTFC [D]. BT TR, 2024,

Li B J, Piao S G, Fu Y, et al. Lipid metabolism-MAFLD
crosstalk: Mechanisms and therapy [J]. Front Endocrinol,
2026, 17: 1785178.

Iftikhar N, Hussain A I, Kamal G M, et al. Antioxidant,
anti-obesity, and hypolipidemic effects of polyphenol rich
star anise (/llicium verum) tea in high-fat-sugar diet-
induced obesity rat model [J]. Antioxidants, 2022, 11(11):
2240.

Khan H N, Rasheed S, Choudhary M 1, et al. Anti-
glycation properties of lllicium verum Hook. f. fruit in-
vitro and in a diabetic rat model [J]. BMC Complement
Med Ther, 2022, 22(1): 79.

Pandit K, Kumar A, Kaur S, et al. Amelioration of
oxidative stress by trans-anethole via modulating phase I
and phase Il enzymes against hepatic damage induced by
CCl4 in male Wistar rats [J]. Environ Sci Pollut Res, 2022,
29(4): 6317-6333.

JEIAI, XU, FH%. FETIERCORRM AT
2 TR S LN (D], AR A4, 2025, 45(6):
1042-1048.

EITRE, R, B, S0\ AT A AR
GC fRg E R Te [1]. P EF A&, 2009, 34(24):
3299-3300.

I3, PR, Bube, 5. 2T KOG )
e lnl VA 73 Hr ) e 1H R BT AT BOR RBE T [J]. T2
¥, 2021, 44(2): 369-373.

DEAR. Z4ERMED A REEE P RAH D).
B TLHIR, 2008.

Wang Y L, Liu H C, Yu S, et al. Effects of geographical,
soil and climatic factors on the two marker secondary
metabolites contents in the roots of Rubia cordifolia L [J].
Front Plant Sci, 2024, 15: 1419392.

BRAON, M, WM. T EE MR ]
HRZk &, 2011, 33(5): 281-285.

EE, YR, K, & T GOMS FRAEIE R\
£ F R E N (0] BUCE SR, 2013(8):
1984-1988.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

RS, BRAE, B, & BT MBI )RR R
R IT AR PORS 1R IR DT R 4R R LRI BT T [0, R
SR S S TT R, 2020, 32(4): 645-651.

Sapp V, Gaftney L, EauClaire S F, et al. Fructose leads to
hepatic steatosis in zebrafish that is reversed by
mechanistic target of rapamycin (mTOR) inhibition [J].
Hepatology, 2014, 60(5): 1581-1592.

MRS, TRubiE. SONE T B0 o T A 1 %
Mg dr (1] TEEZGEYE AR, 2019, 14(4): 308-
315.

Chalasani N, Younossi Z, Lavine J E, ef al. The diagnosis
and management of nonalcoholic fatty liver disease:
Practice guidance from the American Association for the
Study of Liver Diseases [J]. Hepatology, 2018, 67(1): 328-
357.

Bhattacharya D, Kaushal S, Chakraborty B, et al.
Zebrafish model of palmitic acid induced MAFLD
recapitulates pathways conserved in mice and humans [J].
Sci Rep, 2025, 15: 33343.

European Association for the Study of the Liver (EASL),
European Association for the Study of Diabetes (EASD),
European Association for the Study of Obesity (EASO).
EASL-EASD-EASO Clinical Practice Guidelines for the
management of non-alcoholic fatty liver disease [J].
Diabetologia, 2016, 59(6): 1121-1140.

Zhang C C, Zhang B Y, Chen A F, et al. Trans-anethole
attenuates  diet-induced nonalcoholic steatohepatitis
through suppressing TGF-f-mediated fibrosis [J]. Clin Res
Hepatol Gastroenterol, 2022, 46(4): 101833.

Song A, Park Y, Kim B, et al. Modulation of lipid
metabolism by
Molecules, 2020, 25(21): 4946.

Annaz H, El Fakhouri K, Ben Bakrim W, et al

Bergamotenes: A comprehensive compile of their natural

trans-anethole in hepatocytes [J].

occurrence, biosynthesis, toxicity, therapeutic merits and
agricultural applications [J]. Crit Rev Food Sci Nutr, 2024,
64(21): 7343-7362.
Prerna, Chadha J, Khullar L, et al. A comprehensive
review on the pharmacological prospects of terpinen-4-ol:
From nature to medicine and beyond [J]. Fitoterapia,
2024, 176: 106051.
XEZE, Bk, B, & g REREY Q-
Marker): H1 2577 & it B P OB S (9], h 2,
2016, 47(9): 1443-1457.
thierp B2y E o (2 AR SV B IRH D) S
H. PRSI RBORTER [7]. 2, 2025,
56(7): 2249-2252.

[FTERE F 2]



