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Abstract: The spectrum-activity relationship between HPLC fingerprints and lipid-lowering effects of an ethanol extract, and its
liquid-liquid extract and purified product (by macroporous resin), from the defatted walnut meal was studied, to provide a basis for determining
the foundation material of their lipid-lowering effects. The HPLC fingerprints (S1~S9) of these extracts and purified products of defatted walnut
meal were acquired; A free fatty acid (FFA) was added to HepG2 cells at 1 mM/L and treated for 24 h, to establish a model of steatosis. After the
model was successfully established, the lipid-lowering effects of S1~S9 samples on steatosis in HepG2 cells were examined; The gray
correlation method was used to analyze the spectrum-activity relationship between the common spectral peaks and the lipid-lowering effects of
the active ingredient group. Results showed that among the 15 common peaks screened from the similarity range of 0.31~0.96 in the HPLC
spectra of S1~S9, the ethyl acetate extract (S5) and the purified product of macroporous resin (S8) had the greatest lipid-lowering effects
(»<0.001). The first 6 peaks corresponding to the fractions that made a relatively high contribution to the lipid-lowering effect were peak 14, 6,
12, 10, 13, and 11, respectively. The correlation coefficient of peak 14 was the highest (higher than 0.9), with those of the remaining 5 peaks all
higher than 0.85. The lipid-lowering effect of the extract from walnut meal resulted from the combined action of multiple constituents. The
substances corresponding to glansreginin A, (4S)-4-hydroxy-a-tetralone-4-O-f-D-(6"-O-4"-hydroxylbenzoyl)-glucopyranoside, (2E,4E)-8-
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hydroxy-2,7-dimethyl-2,4-decadiene-1,10-dioic acid 6'-O-$-d-glucopiranosyl ester, glansreginin B, rutin, and quercetin 3-arabinoside or

quercetin 3-xyloside were identified a the main lipid-lowering active components in the extracts from the defatted walnut meal.
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x1 BIBRREN
Table 1 Chromatographic elution conditions
A 18] /min FEL/% 0.1 FBRAKZEIR/ Y%

0 2 98
2 2 98
7 5 95
10 8 92
15 8 92
20 10 90
30 10 90
35 15 85
40 20 80
45 25 75
50 30 70
55 35 65
65 50 50
80 50 50

t/min Z54F NG 3 min, FEE IR BEAMIDTE, %
AU B &4 TG, TC &=
134 “itgor
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Fig.1 Fingerprints S1~S9 of ethanol extract and its liquid-liquid
extracts and isolates of the macroporous resin from the defatted

walnut meal
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Fig.2 HPLC chromatogram of ethanol extract from the
defatted walnut meal (S1)
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Table 2 Similarity evaluation S1~S9 of ethanol extract and its liquid-liquid extracts and isolates of the macroporous resin from defatted

walnut meal
H o S1 S2 S3 S4 S5 S6 S7 S8 S9 A&
S1 1
S2 0.79 1
S3 0.86 0.84 1
S4 0.82 0.84 0.96 1
S5 0.53 0.41 0.56 0.56 1
S6 0.82 0.74 0.92 0.90 0.68 1
S7 0.73 0.93 0.82 0.85 0.31 0.69 1
S8 0.70 0.64 0.69 0.71 0.55 0.70 0.04 1
S9 0.73 0.81 0.73 0.75 0.46 0.70 0.80 0.73 1
o+ F8. 0.84 0.80 0.87 0.88 0.78 0.90 0.76 0.86 0.86 1

7 3 M EHR B R EZE BV A FLIR AR St 1k 49 S1~89 HABISIEEFREL FBX IS EFR
Table 3 The common peak area ratio and relative peak area of S1~S9 ethanol extract and its liquid-liquid extracts and isolates of the
macroporous resin from the defatted walnut meal
S1 S2 S3 S4 S5 S6 S7 S8 S9 FHA
EmAR/Y% 742 4.61 6.31 9.75 1205 876 3.75 1126 10.13 8.23
FstgE@mAR  0.63 0.23 057 069 411 120 0.17 1.07 0.58 1.03
EmARk/%  1.28 0.98 1.34 1.80 077 121 135 3.06 3.58 1.71

? AsbiEdms 011 005 012 013 026 017 006 029 0.21 0.15
EHAR% 094 054 099 0 1220 1.09 175 048 041 1.52 0.99
’ Fasb&E@mA 008 003 009 009 037 024 002 004 0.09 0.12
@A/ % 204 111 229 264 538 350 053 151 029%  2.14
! fasbE@mAR 017 006 021 019 184 048 002 0.14 0.02 0.35
EHAR% 050 054 062 037 377 056 083 6.62 0.37 1.58
: Fasbi&EdmA 004 003 006 003 129 008 0.04 0063 0.02 0.24
6 IR/ % 144 222 144 131 045 237 116 136 0.88 1.40
fastigEmAR 012 011 013 009 015 033 005 0.13 0.05 0.13
E@mAA% 099 142 099 091 671 081 150 035 0.55 1.58
’ FastEmAR - 008 007 009 006 229 011 007 0.3 0.03 0.32
EERk% 208 169 236 141 276 304 169 1.07 1.97 2.01
’ Fsb&E@mA 018 008 021 010 094 042 008 0.10 0.11 0.25
9 EHAR% 160 220 171 219 961 181 030 025 0.55 225
FsbiEme 014 011 016 016 328 025 001  0.02 0.03 0.46
IR/ Y% 264 372 267 282 240 287 277 047 0.57 2.33
10 FsbiEmA 022 019 024 020 082 039 012  0.04 0.03 0.25
" HEEmARL/%  3.09 199 311 360 1.74 361 287 3.93 423 3.13
faspE@mAR 026 010 028 026 059 050 013 037 0.24 0.30
. EERY% 17 28 189 205 1.13 223 208 0.07 0.20 1.59

FsbE@mA 015 014 017 015 039 031 009 001 0.01 0.16
TR
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Table 4 UPLC-ESI-MS analysis for common peaks of ethanol extract and its liquid-liquid extracts and isolates of the macroporous resin

from the defatted walnut meal

No. RT/min MW/(g/mol) Identification Reference
1?2 1357 170 BT [16,17]
2V 1462 484 1, 6- =X R FBLAA-F AHER 2,6- R FBLA-F B8 [16]
3D 2475 484 1, 6- =X R FBA-F B4R 2,6- — %A TBL-F 4% [16]
4" 33.04 634 ZATEA- BB R [16,18]
59 3978 786 ZEAR TR BB B [16]
6" 4356 444 (4S)-4-#2  -0-v9 S EABR-4-0-4-D-(6-0-4"-F2 R T BhIL otk ) 27483 [19]
7P 4727 354 SRR [15]
gh 5348 247 K4
9V? 5655 198 AR TR LB [20]
10" 63.77 566 Glansreginin B [21]
11" 6691 434 MR F 3-FliaaE g M & 3- A4 [22]
129 67.81 404 (2B AE)-8-#22-2,7- = F 22 4- A = Mi-1,10- =88 6-O-p-d-F] Z14% 2otk 43 2k B [21]
132 6833 610 FT [15]
14V 6876 593 Glansreginin A [21]
1592 69.63 302 BACE [15]
E DREARIB R B ke e, 2REARIBS RSl T 9.
AN = N } [10,11,15]
20 HAUHER PR
$52 2.2.1 347 UPLC-ESI-MS 237, 7618 T4 1;5) i
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P I ) AL g ] 6 B L SRR . B TR OB
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Fig.3 HPLC of mixed reference standard for gallic acid,

chlorogenic acid,ethyl gallate, rutin and ellagic acid
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Fig.4 Effects of Ethanol extract and its liquid-liquid extracts
and isolates of the macroporous resin from the defatted walnut
meal on TG and TC in HepG2 cells
i B EFTEAm, "p<0.05, #p<0.01, #p<0.001;
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5 HBIESHAEZIHKIRE
Table 5 Grey correlation between each common peak and
lipid-lowering effects

TG TC
5 KR EL 5 KEEREL
14 0.94 14 0.96
6 0.89 6 0.90
12 0.88 11 0.89
10 0.87 12 0.88
13 0.87 13 0.88
11 0.87 10 0.87
15 0.85 2 0.86
2 0.85 3 0.85
8 0.85 8 0.84
1 0.84 15 0.84
3 0.84 1 0.84
4 0.82 4 0.81
9 0.77 9 0.76
7 0.77 7 0.76
5 0.74 5 0.73
3 g

M C B R 10 LR LAY (S5) A
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NI

HE Lk

(1] FPEREAR P EEY S E R 0 2 A E ) EM] AR
Tl A, 1996:31
Chinese Botany Editorial Board, Chinese Academy of
Sciences. Flora of China [M]. Beijing: Science Press, 1996:
31

2] BB AT M. AL B AP EE 2 AR, 1996:733
CHEN Shi-duo. New Materia Medica [M]. Beijing: China
Traditional Chinese Medicine Press, 1996: 733

(3]

[11]

| 2 24 i 2 G o A N RSN [ 24 S M b 5t R R 24
R HfRA:,2015:279

National Pharmacopoeia Commission. Pharmacopoeia of the
People's Republic of China [M]. Beijing: China Medical
Science and Technology Press, 2015: 279

&S SARANE. < e | 432 Wi TPy IRy 3 T 4 D o
G 1 HT[I) ML 28355 1] 5,2018,38(5):38-43

LI Ya, YU Hong hong. Analysis on the domestic
competitiveness of walnut industry in Yunnan Province from
the perspective of whole industry chain [J]. Issues of Forestry
Economics, 2018, 38(5): 38-43

A, THEE MR =55 2 B Rk i A D BE B £
E PP (I B ML R4 (B 28R AR),2019,43(2):209
215

GENG Shu-xiang, NING De-lu, CHEN Hai-yun, et al
Comprehensive evaluation and analysis of nutrient contents
of the main walnut varieties in Yunnan [J]. Journal of
Nanjing Forestry University (Natural Sciences Edition), 2019,
43(2): 209-215

Gu M, Chen H, Zhao M, et al. Identification of antioxidant
peptides released from defatted walnut (Juglans sigillata
Dode) meal proteins with pancreatin [J]. LWT-Food Science
and Technology, 2015, 60(1): 213-220

Li T, Wu C, Liao J, et al. Application of protein hydrolysates
from defatted walnut meal in high-gravity brewing to
improve fermentation performance of lager yeast [J]. Appl
Biochem Biotechnol, 2019

RRZLHE, Shifi o, 0, S R A A B R BUZ B R A T2
B[] B & i ARH,2019,35(7):164-172

DI Hong-yan, MA Hai-le, WANG Yang, et al
Ultrasound-assisted extraction of the proteins from walnut
meal [J]. Modern Food Science and Technology, 2019, 35(7):
164-172

El-Tantawy W H, Temraz A. Natural products for controlling
hyperlipidemia: Review [J]. Arch Physiol Biochem, 2019,
125(2): 128-135

Liang X, Chen D, Cao L, et al. Effects of pressed degreased
walnut meal extracts on lipid metabolism in postnatally
monosodium  glutamate-induced mice and 3T3-L1
preadipocytes [J]. Journal of Functional Foods, 2017, 31:
89-96

Ren S, Yan X, Ma J, et al. Defatted walnut powder extract
reduces cholesterol gallstones formation in C57BL/6 mice by
downregulating the levels of ABCGS5/8 in the liver and
NPCILI in the intestine [J]. Journal of Functional Foods,

111



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.7

[12]

[17]

(18]

(19]

(20]

112

2018, 48: 85-91

TN ARG, 8 5 T 2 R T UL R (). 2
PE[E#,2017,3:673-675

LI Yu-chi, XU Yan, XIAO Pei-yun, et al. Spectrum-activity
relationship progress of Chinese medicine [J]. Lishizhen
Medicine and Materia Medica Research, 2017, 3: 673-675
Gomez-Lechon M J, Donato M T, Martinez-Romero A, et al.
A human hepatocellular in vitro model to investigate steatosis
[J]. Chem Biol Interact, 2007,165(2): 106-116

Yin J, Luo Y, Deng H, et al. Hugan Qing-zhi medication
ameliorates hepatic steatosis by activating AMPK and
PPAR-alpha pathways in LO2 cells and HepG2 cells [J]. J
Ethnopharmacol, 2014, 154(1): 229-239

Luo Y, Wu W, Chen D, et al. Optimization of simultaneous
microwave/ultrasonic-assisted ~ extraction of  phenolic
compounds from walnut flour using response surface
methodology [J]. Pharm Biol, 2017, 55(1): 1999-2004

IO L, AN, A A A 22 By S S VRO HELE
Z ST /0 M1k 2,2009,37(6):867-872

WANG Ke-jian, DU Ming, HU Xiao-song, et al
Identification of phenolic compounds in walnut (Juglans
regia L) seeds by high performance liquid chromatography
electrospray ionization mass spectrometry [J]. Chinese
Journal of Analytical Chemistry, 2009, 37(6): 867-872

TV R AR KSR 22 B3 S e R i A 23 #r D).
RGP RA#,2017

LI Ping. Analysis of the chemical compositions and
antitumor activities of water extracts from walnut diaphragm
[D]. Taiyuan: Shanxi University, 2017

T A 5 S, AR AL A e B SR 5 A 1T
JCTEAR G 747 [J] 6 HE 27 5 e 23 47,2009,29(6): 1668-
1671

WANG Ke-jian, HAO Yan-bin, QI Jian-xun, et al. Analysis
of the extraction of red pellicle of walnut (Juglans regia L.)
spectra and HPLC-ESI-MS [J].
Spectroscopy and Spectral Analysis, 2009, 29(6): 1668-1671
JEIRYR, 5, R ALR, 55 AR IE T BE AR ALAL 22 0 T 7T
[7]. A EE24,2018,49(18):4220-4225

ZHOU Yuan-yuan, WANG Ying, SONG Hong-juan, et al.

by ultraviolet-visible

Chemical constituents of n-butanol fraction from green
husks of Juglans mandshurica [J].
Traditional and Herbal Drugs, 2018, 49(18): 4220-4225

SR BT PN, A AR S AT L[] B

walnut Chinese

[21]

[26]

[27]

[28]

52455:,2015,17(2):87-90

JING Yuan-chao, ZHAO Huan-xin, SUN Yong-li, et al.
Chemical constituents from diaphragma Juglandis fructus [J].
Food and Drug, 2015, 17(2): 87-90

Gomez-Caravaca A M, Verardo V, Segura-Carretero A, et al.
Development of a rapid method to determine phenolic and
other polar compounds in walnut by capillary
electrophoresis-electrospray ionization time-of-flight mass
spectrometry [J]. J Chromatogr A, 2008, 1209(1-2): 238-245
Amaral J S, Seabra R M, Andrade P B, et al. Phenolic profile
in the quality control of walnut (Juglans regia L.) leaves [J].
Food Chemistry, 2004, 88(3): 373-379

Liu M, Wu Y, Huang S, et al. Spectrum-effect relationship
between HPLC fingerprints and hypolipidemic effect of
Curcuma aromatica [J]. Biomedical Chromatography, 2018,
32(7): 4220

Liu Y, Chen X, Gao L, et al. Spectrum-effect relationships
between the bioactive ingredient of Syringa oblata lindl.
leaves and its role in inhibiting the biofilm formation of
Streptococcus suis [J]. Frontiers in Pharmacology, 2018, 9:
570

Haramiishi R, Okuyama S, Yoshimura M, et al. Identification
of the characteristic components in walnut and
anti-inflammatory effect of glansreginin A as an indicator for
quality evaluation [J]. Bioscience, Biotechnology, and
Biochemistry, 2020, 84(1): 187-197

Liu Q, Pan R, Ding L, et al. Rutin exhibits hepatoprotective
effects in a mouse model of non-alcoholic fatty liver disease
by reducing hepatic lipid levels and mitigating lipid-induced
oxidative injuries [J]. International Immunopharmacology,
2017, 49: 132-141

Li Y, Chen D, Zhang F, et al. Preventive effect of pressed
degreased walnut meal extracts on T2DM rats by regulating
glucolipid metabolism and modulating gut bacteria flora [J].
Journal of Functional Foods, 2020, 64: 103694

Chung S, Hwang J T, Park J H, et al. Free fatty acid-induced
histone  acetyltransferase  activity = accelerates
accumulation in HepG2 cells [J]. Nutr Res Pract, 2019, 13(3):
196-204

Izdebska M, Piatkowska-Chmiel I, Korolczuk A, et al. The

lipid

beneficial effects of resveratrol on steatosis and

mitochondrial oxidative stress in HepG2 cells [J]. Can J
Physiol Pharmacol, 2017, 95(12): 1442-1453



