MR E SR Modern Food Science and Technology 2022, Vol.38, No.6

NS} GLP-8 181%E AhR/NLRP3 (5= 1& I8 )% BaP
SR E LK ARATERFIEIRIA

TR, B, B®, TR, A, FER"
(1. B EARF B ERFRA, @) 646000)
(2. RINRF EFHRIBREE RRFHRIT, T HRRIY| 518000)
WE: AFEWHEIEFELBALT ZEBHAAESW (Ginseng leaf polyphenols, GLPs) 3 #F % & 3835 77 F 49 K F 1E
(Benzo(a)pyrene, BaP) 4 A8 L& 400 (16HBE) Bfb. XEBGEERAIE. RESB. K2 11 AASCT S B a4 GLP-1~

GLP-11, % GLP-8( Albaspidin AA, Ginseng leaf polyphenol-8 )4%4% 2 & 47| BaP #4534 16HBE %8/@4i15; A8t BaP 21, GLP-8
1% 16HBE %afii& /3% H 13.90%; GLP-8 1£ BaP -5 697% M 2. Reactive oxygen species, ROS )iZ &4t 455 15T 19.30%( 5 pg/mL)
F241.30% (25 pg/mL) ; GLP-8 4% Bap %49 16HBE 40,78 =% 2 F1 1% 5.80% (5 ug/mL ) £ 9.30% (25 pg/mL) ; 25 pg/mL GLP-8
YER &, BaP #5369 XEREF IL-33. IL-25. IL-15 & IL-6 ¢9& & 51&V 60.10%. 28.90%. 33.50%% 41.90%; GLP-8 #7#|3542
ZAR (ADR) BAZHBR4E S FRALEMIBAEZARE G 3 (NLRP3) 35838405, FbiFdi, GLP-8 4@ idif{x AhR/NLRP3 135
i@ 5547 H) BaP #5349 ROS i &5k B IR B Fid RA R AAFRI Sl LK amfieiE e hiE

XBER: ASet; SErbbdh; F5FiL; AhR; NLRP3

YEBS: 1673-9078(2022)06-9-19 DOI: 10.13982/j.mfst.1673-9078.2022.6.0891

Ginseng Leaf Polyphenol-8 (GLP-8) Inhibits BaP-induced
Over-expression of Inflammatory Factors in the Airway Epithelial Cells

through Regulating the AhR/NLRP3 Signaling Pathway
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Abstract: Here, a model of under benzopyrene (BaP) exposure was established. The isolation of ginseng leaf polyphenols (GLPs) were
performed based on an activity tracking method, and the mechanisms underlying their anti-oxidative and inflammatory effects against
environmental pollutant benzo(a)pyrene (BaP)-induced oxidation and inflammatory injury in airway epithelial cells (16HBEs) were studied.
Finally, 11 ginseng leaf polyphenol compounds GLP-1~GLP-11 were isolated and identified, of which GLP-8 (Albaspidin AA, Ginseng leaf
polyphenol-8) could significantly inhibit BaP-induced 16HBE cell damage; Compared with the BaP group, GLP-8 increased the viability of
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16HBE cells by 13.90%; GLP-8 reduced the excessive secretion of reactive oxygen species (ROS) induced by BaP by 19.30% (GLP-8, 5 pg/mL)
and 41.30% (GLP-8, 25 ng/mL), respectively. GLP-8 reduced the apoptosis rate of Bap-treated 16HBE cells by 5.80% (GLP-8, 5 pg/mL) and
9.30% (GLP-8, 25 pug/mL), respectively. After the GLP-8 treatment (25 ng/mL), the expressions of BaP-induced inflammatory factors, IL-33,
IL-25, IL-15 and IL-6 decreased by 60.10%, 28.90%, 33.50% and 41.90%, respectively; when compared to the BaP group. GLP-8 inhibited the
activation of aryl hydrocarbon receptor (AhR) and nucleotide-binding oligomerization domain-like receptor protein 3 (NLRP3) signaling
pathways. Therefore, it is concluded that GLP-8 could protect the activities of the airway epithelial cells through regulating the AhR/NLRP3
signaling pathway and inhibiting BaP-induced excessive secretion of ROS and over-expressions of inflammatory factors.
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1 GLP-1~GLP-11 £543X
Fig.1 GLP-1~GLP-11 structure formula

7E: GLP-1: % &i3Kk4, HR-ESI-MS 2 7 E5F & F4% m/z 341.1729 [M+Na]™ ( CioH,cO4Na, it FAf: 341.1723), #Z45F XA CioHy0s 'HNMR & °C NMR #4884 F % 1; GLP-2:
¥ &0k 4, HR-ESI-MS 2 70 F & F4% m/z 319.1904 [M+H]'( C1oH,,04, B 36+ FA4: 319.1904 ), HZ 5F XA C1oHys04 'H NMR A °C NMR #0498 %45 F & 1; GLP-3: X% &% K4, HR-ESI-MS
BFESFEFYE miz 3571676 [M+Na]™ (CioHysOsNa, it HAh: 357.1672), #AZ 45 F XA CioHrOs, 'H NMR & 3C NMR #038 %45 F & 1; GLP-4: ¥ & &ihKk¥, HR-ESI-MS 27445F
B FM¥ m/z 357.1678 [M+Na]" ( C19HpOsNa, it B Af: 357.1672), #Z 45 F XA CoHaOs, 'HNMR & °C NMR #t48 % 45 F & 1; GLP-5: % &4Kk4, HR-ESI-MS B 7 £ 4F & F'% m/z 335.1855
[M+H]" ( C,oH,,05, #itit FAf: 335.1853), #Z 5T XA CioHaeOs, 'HNMR A °C NMR #4% % 4 T & 1; GLP-6: % &dk4, HR-ESI-MS R 7 £ 45T & F9% m/z 373.1985 [M+Na]" ( CyH;00sNa,
22kt B Af: 373.1985), R F XA CyHsz0s. 'HNMR A C NMR #4844 F & 1; GLP-7: & &% K, HR-ESI-MS m/z: 419.1692 [M+H]" ( calcd for Cp,H,;,05, 419.1700 ), # % 4F XA CpHy;0s,
"HNMR Z *C NMR %ti8 %4 F & 2; GLP-8: % &4 K, HR-ESI-MS m/z: 405.1548 [M+H]" (caled for C, HpsOg, 405.1544), #Z5F XA CyHys05, 'HNMR & °C NMR #k38 % 4 F & 2; GLP-9:
% &4 K, HR-ESI-MS m/z: 433.1856 [M+H]" ( caled for Co3Hyo0s, 433.1857), #ZF XA CpHaOs, 'HNMR & °C NMR #48 % 45 F & 2; GLP-10: #% % &4 K, HR-ESI-MS m/z: 427.1365 [M+H]"
(caled for Cy HyuN,Og, 427.1363), #ZAF XA CpHouOg, 'HNMR A *C NMR #0385 %45 F & 2; GLP-11: %% &K, HR-ESI-MS m/z: 377.1232 [M+H]" (caled for C,oH,N,Og, 377.1232), #

FZaF XA CoHy 05, 'HNMR & BC NMR %38 %45 F & 2.
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Table 1 NMR data of GLP-1~6 (CDCls, d in ppm)

GLPs 1 2 3 4 5 6
position & oy (Jin Hz) & Jy (Jin Hz) & Oy (Jin Hz) & Jy (Jin Hz) & oy (Jin Hz) & Jy (Jin Hz)
1 204.9 205.70 - 203.60 - 203.60 - 203.30 - 203.70 -
2 31.2 2.66 (s) 31.30 2.69 (s) 31.10 2.67 (s) 31.50 2.68 (s) 31.40 2.68 (s) 31.10 2.68 (s)
Iy 115.5 - 115.70 - 115.00 - 11570 6.52 (overlapped) 113.30 - 114.90 -
2! 161.3 - 161.30 - 161.10 - 163.90 - 163.60 - 161.30 -
3 109.3 - 109.60 - 106.10 - 107.10 - 107.00 - 108.50 -
4 161.7 - 162.80 - 158.70 - 157.30 - 158.10 - 162.20 -
5! 109.9 - 111.10 - 109.10 108.60 - 108.8 - 108.90 -
6 162.1 - 161.10 - 159.10 - 157.90 - 157.00 - 160.80 -
1" 23.7 3.30 (d, 6.6) 23.60  3.34(d, 6.7) (overlapped) 2250  3.24(d, 6.8) 22.90 1.09 (d, 6.5) 21.60  3.28(d,7.3) 22.50 3.28 (d, 8.0)
2" 124.6 5.19 (t, 6.6) 124.40  5.21 (t, 6.7) (overlapped) 12330  5.15(t, 6.8) 128.00 5.62 (d, 10.0) 122.3 522 (m) 123.40 5.21(t, 8.0)
3" 132.0 - 132.50 - 131.30 - 142.60 6.64 (dd, 16.2, 7.0) 131.5 - 131.60 -
4" 18.0 1.76 (s) 18.00 1.80 (s) 18.10 1.78 (s) 33.20 2.46 (m) 18.00 1.79 (s) 21.90 0.95(d, 5.4)
5" 259 1.66 (s) 25.90 1.71 (s) 25.90 1.69 (s) 22.90 1.09 (d, 6.5) 28.30 1.44 (s) 23.50 0.96 (d, 5.4)
1" 117.1 5.87 (d, 10.8) 117.80 6.36 126.80 5.50 (d, 10.0) 110.7 - 128.1  5.60 (d, 10.0) 24.90 1.83 (m)
2" 146.2 5.69 (dd, 10.8,9.9) 143.80 6.35 116.30  6.67 (d, 10.0) 116.90  6.51 (overlapped) 116.9  6.50 (d, 10.0) 57.80 3.39(s)
3" 30.0 2.21 (m) 33.90 2.47 (m) 78.00 - 71.70 - 77.400 - 78.20  4.92 (dd, 12.0, 4.0)
4 22.7 0.92 (d, 6.6) 23.00 1.12 (d, 6.7) 28.50 1.43 (s) 28.40 1.48 (s) 28.30 1.44 (s) 25.80 1.70 (s)
5 22.7 0.92 (d, 6.6) 23.00 1.12(d, 6.7) 28.50 1.43 (s) 28.40 1.48 (s) 26.00 1.67 (s) 18.00 1.77 (s)
1"-OMe - - - - - - - - - - 4430  1.81 (m); 1.43 (m)
6-OMe  63.40 3.72(s) 63.40 3.73 (s) 62.90 3.72 (s) 63.20 3.77 (s) 63.20 3.76 (s) 62.80 3.73 (s)
2'-OH - - - - - 13.51 (s) - 14.19 (s) - 13.74 (s) - 13.59 (s)
4'-OH - - - - - - - - - - - 9.54 (s)

el
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=2 LAY GLP-7~11 'H & “C NMR ##& (CDCls,
Table 2 NMR data of GLP-7~11 (CDCls, é in ppm)

S in ppm)

GLPs 7 8 GLPs 9 GLPs 10 11
Position oc oy (Jin Hz) oc oy (Jin Hz) Position oc oy (Jin Hz) Position oc oy (Jin Hz) oc oy (Jin Hz)
1 198.8 - 199.5 - 1 199.4 - 1 162.6 - 163.5 -
2 110.9 - 110.8 - 2 110.9 - 2 106.5 - 105.5 -
3 187.7 - 187.7 - 3 187.7 - 3 163.3 - 162.5 -
4 44.6 - 44.6 - 4 44.6 - 4 96.6 594 s 96.6 595s
5 173.6 - 173.6 - 5 173.7 - 5 163.3 - 163.7 -
6 108.6 - 108.6 - 6 108.6 - 6 105.6 - 105.5 -
1 110.8 - 110.8 - 1 110.9 - 1 106.5 - 106.5 -
2’ 199.5 - 199.5 - 2’ 199.5 - 2 162.6 - 163.2 -
3 108.1 - 108.1 - 3 108.2 - 3 105.6 - 106.6 -
4 173.4 - 173.4 - 4 173.4 - 4 163.3 - 162.7 -
5 444 - 444 - 5 44.6 - 5 96.6 - 96.5 595s
6 187.7 - 187.7 - 6 187.7 - 6 163.3 - 163.7 -
1" 203.3 - 203.3 - " 203.3 - " 208 - 208 -
2" 349 3.21q(7.2) 349 3.21q(7.2) 2" 43 3.15m 2" 46.8 3.05t(7.4) 46.8 3.06t(7.4)
3" 29.3 2.72s 3" 18.3 1.70 m 3" 19.3 1.69 m 19.3 1.69 m
I 8.6 1.17t(7.2) 8.6 1.17t(7.2) 4" 29.3 2.72s 4" 16.2 3.65s 16.2 3.68 s
m 207.3 207.3 - I 14.1 1.01t(7.4) I 14.3 0.97t(7.4) 14.3 0.98 t(7.4)
am 18.1 3.31s 18.1 3.31s m 206.4 - " 208 - 205.3 -
4-Me-1 243 1.54s 243 1.54s A 18.1 331s 2m 46.8 - 46.8 -
4-Me-2 254 1.47 s 25.4 1.46 s 3™ 19.3 -
5"-Me-1 243 1.54s 243 1.53s 4m 16.2 -
5"-Me-2 254 1.47s 25.4 1.46 s

Note: Measured at 500 (‘H) and 125 ("*C) MHz in CDCl;, Overlapped signals were reported without designating multiplicity.
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Table 3 GLP-1~11 enhance protective activity of 16HBE cells
against Bap-exposure induced cell viability decline

S mIRAEEY 54 LA E %
Control 100+4.11 GLP-6 88.3+2.97

BaP 80.3+3.16" GLP-7 90.5+3.03
GLP-1 87.5+2.82 GLP-8 94242 .99*
GLP-2 87.7+2.76 GLP-9 91.2+3.04*
GLP-3 89.8+2.91 GLP-10 90.2+3.10
GLP-4 89.343.03 GLP-11 91.3+£3.26*
GLP-5 89.24£2.92 Resveratrol 91.843.13*

7&: MeantSD (n=3), “&7% Control ZHIb4% p<0.05, *
#75 Bap ZA104R p<0.05. @ ZLF B2 (Resveratrol ) [E/PET B4,
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Fig.2 GLP-8 inhibits BaP-induced oxidative stress
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Fig.4 GLP-8 reduces BaP-induced apoptosis of 16HBE cells
7Z: 16HBE %t (5x10° amfe/3L) 4P T 6 3Lk, &
KJE BaP (1.0 umol/L) %5E 2h, A PBS#Hk 24, BAAd
A GLP-8 (5 pg/mL. 25 pg/mL) #9323 355 12 h, Ik mhie
Annexin-V-FITC/PI &, AXSATmILA T, AP i+
FEE (n=3) &7, <005, #p<0.01, Z@xtBA; "p<0.05,
“p<0.01, BaP 4.

2.6 GLP-8 #1#| BaP % 5 ) 3 3 )2 & K (AhR)
FERBHREERMEHNREZHRES 3

(NLRP3) 3% /MA ik &

WG, 75REZA (ARR) JELTE BaP JiE
AU P Tk e W i T RE 2 LR IL-33
1L-25 i1 i ik S bk B2 4 B 2F i %6 (Thymic Stromal
Lymphopoietin, TSLP) i ik B AT+ 7 EHE 1
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