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HIEFRFPHEE (6). KIEFR T HE (7). 3" deoxyshimobashiraside A (8). ABREE (9). ABREF (10). KW (1),
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Separation, identification and anti-inflammatory activity of Elsholtzia rugulosa
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Abstract: Objective To study the chemical composition of Elsholtzia rugulosa and its anti-inflammatory and antiviral activities.
Methods E. rugulosa was subjected to graded extraction by solvent extraction method, separated and purified by various
chromatographic methods, and the structures of the isolates were identified by spectroscopic methods such as nuclear magnetic

resonance (NMR) and mass spectrometry (MS), and the compounds’ anti-inflammatory and anti-viral activities against HIN1 influenza
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virus-induced inflammatory factors, interleukin-6 (IL-6), interleukin-lbeta (IL-1p), tumor necrosis factor-alpha (TNF-a), and
Interferon-gamma-inducible protein 10 (IP-10) mRNA expression levels were evaluated to determine their anti-inflammatory activities.
Results A total of 14 compounds were isolated from the 95% ethanol extract of E. rugulosa. The compounds were identified as
rugulolide E (1), rugulolide B (2), rugulolide D (3), rugulolide A (4), rosmarinic acid (5), methyl rosmarinate (6), butyl rosmarinate
(7), 3""-deoxyshimobashiraside A (8), luteolin (9), luteolin 7-O-glucoside (10), cosmosiin (11), phytol (12), oleanolic acid (13), Caffeic
acid (14). RT-qPCR screening of five compounds from 14 compounds resulted in five compounds with better anti-inflammatory activity
(compounds 1—4, and 10), and the compounds significantly down-regulated the expression of mRNAs of HINI influenza virus-
induced inflammatory factors in the cells (IL-6, IL-1p, TNF-a, and IP-10) mRNA expression levels, which could significantly inhibit
influenza-induced inflammatory responses. Conclusion Compound 1 is a new monoterpene lactone compound named rugulolide E;
Compounds 2—4 were isolated for the first time from E. rugulosa. Compound 1 significantly inhibited the mRNA expression levels
of influenza virus-induced inflammatory factors (IL-6, IL-1B, TNF-a, and IP-10) in a dose-dependent manner, thus exerting anti-
inflammatory and antiviral effects.

Keywords: Elsholtzia rugulosa Hemsl.; composition; anti-inflammatory activity; monoterpene lactone; rugulolide E; rugulolide B;

rosmarinic acid

G5 #FE Elsholtzia rugulosa Hemsl. N J&ETEEl
(Labiatae) 7758 Elsholtzia Willd 4], N 4Bk
T BFUGESE. LAY, 2 FhEZER 24,
G A ERFICE T (LR EZ), BRI, e,
TE, HM. B, AEMNER. HEMRED)
U1, SR EPICR T (e EZE), i
BAWITOERE . AR IIRIEIK. i, %
M KA AMIHIIR, 2 Ieriss 2 phdh
RMEES, &35 BEMEEIRAH 40 Fi, F2E5H
AT PNZRER . A IRE S NA 33 7, AFEEER
Elsholtzia winitiana Craib. . K & & 7% E. pilosa
(Benth.) Benth.. JIVE# 3 E. souliei Lévl.. AT
Mosla chinensis Maxim. 1 /. & 2 M. chinensis
Maxim. cv. jiangxiangru %5, IXLSEAHY)TE 4 [E Vo F N
[Tzl HEBEMEAFEENIERS. B
A CLSE H 114 Bk &4, GFETEESE . HE R,
=R AR SEERME T RRE. YiHE
T TUR, HEBR NEIREY, W
K ABRERMARTEL, XL ChEuEL A
A& FE PRG-I,

HATHE I, FETEIR TR AR, B
(1) 71 LR FE 55 B LA 280 S ) i FE AR G, Gl
PR P B B B S E OB, B AR AR PR XU . A
i ER] 7 X2 7 0 % i it 8 1 R o R b o A
F, ARSIl 98 B8 R mT A B4R 22 20E K11y
Fik, BFEFIE (interferon, IFN). I IRTEA
¥ (tumor necrosis factor, TNF). 40/ &
(interleukin, IL) AL 7202,

9k — PRI A A TR A A R e FL A B

TER, ABFFEN AR EAT 7o EmfsE, Mt
EEIr 95% LTERIYI oy B AR R 14 MEED,
7 % %€ A 5-hydroxy-4-methyl-5-(3-methylbut-2-
enoyl) furan-2(5H)-one (1). rugulolide A (2).
rugulolide B (3). rugulolide D (4). ¥i%F&F®R
( rosmarinic acid, 5). HKIEHFKR HBE (methyl
rosmarinate, 6). KIEFR T liE (butyl rosmarinate,
7). 3'-deoxyshimobashiraside A (8). KJBH &
(luteolin, 9). AREBEE (cynaroside, 10). Ky
% (cosmosiin, 11). HHYIEE (phytol, 12). ¥
IR (oleanolic acid, 13) FIMIHERER (caffeic acid,
14). Hrh, (&M 1~4 s NEERIL &Y, 5~
TRNERRENEY), 8 WEFMERLEY, 9~
11 SRR A, 124 13 iR EY, 14 4
FRIEERFEREN AT . 14 MEED LK 1.
o, AW k&Y, s R N
E (rugulolide B). HL&W) 2~4 AEHIXNEFEHE
Yy B R 14 M BEERNAED T, ED
1~4 F1 10 B8 225 BN LR 25 75 F 10 AORE K 1
(IL-6+ IL-1B. TNF-a /& IP-10) mRNA FiL/KF,
B 1 REFRI B AR DGt M A1) B B 75 5 (1) ROAE
AF (IL-6. IL-1B. TNF-a 2 IP-10) mRNA #i&
K, IITRFETRBR, ik — I KA 55
FEPERF AR o
1 #HRENEE
1.1

W EE 95% CBER I T M — LI 2
BRRA A G IR, 2 [E R B R Y 7T
It 855 2 2R 4 8 N AT 3 E. rugulosa Hemsl.,
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Fig.1 Chemical structures of compounds 1—11

FE R BR AT T M S 20 2500 50 0 SR =

AS549 2T [ 20 2340 ok o o0 ( American
Type Culture Collection, ATCC); JiEitk: IR
A/PR/8/34 (HINT) T BE RIS M 0% { BREAFF
FERITIRIE .

1.2 EERAF. UEF

BEPR s 1B TR AR, PIEEIE B PRk
TAHRAF; GRS LM B EEA I E 74 E Merck
AT BB ER 22 . DMEM/F12 535 3£ H Gibeo
AF]; TRIzol WA H 2EER K A H] .

GFas4 TEJRHR (50~100 nm) 8T U7 T HEREAL
TAHBRAR,; SR (100~200 B) 155
BV TAHIRA T Agilent 1206 B i S08H (0 i
177 H 32 [H Agilent 24 &) ; Water 2535 - il 2% i AH
R = 5 25 [E Waters A ] ;. Bruker avance 111 600
MHz #8 SR . Bruker DRX 500 MHz # 5
Bt AR (48 Bruker /A7) ); UPLC-Q-TOF/MS
ARG H 2R AR A F s LB R (75~
150 pm) W F AL =4l 5 B A IR AR ;. FQD-96X
96 E B PCR RO A AU HBHEE R A
i THIR COL B FRFE . N5 FRA 5 FE 2R KA H] .

2 RESNE

A 46kg, DL 95% L FEH IRAREL 3 %G,
FH e 28 RACR AR S B OKIB AR 50 C, B
FRE—-0.05 MPa), 13 2I$2HY) 4.8 kg. ¥4I E 7 B
T 5 LKA, 2050l SR FRBE R <08 A0 IE T B i
ITREEL, BNEFIAEEL 3 IR, & HFBEIR L E B,
LB R R 4 13 2B TR C R AR 3 000 go

K B £ T AH 0 20 R e SR €0, A et Tk - P
(1:0.100:1.50:1.30:1.20:1.10:1.5:
L2010 101,00 D) BEEEBEML, SRIASD Fr.1~
7. Fr. 2 SBABEREAEN (F0-HEE1: D, BHE
s R (60% ) 702, 1931EY 2 (18
mg) . Fr. 3 LA IE (MCDFE i, FEE-7K (60%-
80%- 100%) HHFEBEMAFE] 3 N4> Fr. 3-1~3-3;
Fr. 3-1 & EH & 0H (57%FED 08, 7055
FMEY 3 (118 mg) 14 (48mg), Fr.3-2 xEA#
FARERERE IS CEA-HEE 100 & 1) BELAY 12
(540 mg). Fr. 4 ZRERAFEERE, FA B2 05 (1 -
D FEHME, Z25EH &R (40%FED 755
SRR s (HED, [S2MAY 1 (34mg). Fr.
5 BAREIMLEY 13 (37mg). Fr.6 LA
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i, DASEAG-FEE (1005 1. 5021, 205 1. 105 1.
5010 10D BREEVEMASE] 6 AN4H 75 Fr. 6-1~6-6,
Fr. 6-1 2o Rl (60%HEE) 4385, 5311k
AW 6 (46 mg); Fr. 6-2 LA R (MCD 1
B, A3 AILL 50% H R 70% B R A5 41 4 Fr
6-2-1 Fl Fr. 6-2-2, Fr.6-2-1 ZmEH140H (20%2
i) Ak B EY) 8 (53 mg), Fr. 6-2-2 £ %
B (50%HEE) 2k 21549 (10 mg). Fr.
7 LA 18% L - /K SR, 28 e il 2k 2 B 15 21
& 10 Q0mg). IET BT ERERAE G, &
f5-FEE (100 1. 50:1.20:1.10:1.5:1. 2
1. 1010 001 BRREVERL, 32145 Fr.1~3. Fr.2
S IERE i, ZHEE-K (19, 4164 614,
7:3) VeGR4 NMHS Fr.2-1~2-4, Fr.2-1 &%
Hl AR TE (22%HEE) 4ie S 2L & 14 (18
mg), Fr.2-4 25 il 2 (60% FEL) 4ifb 15314k
EW 7 (96 mg). Fr.3 LA 30% I EEL AL AR (i,
WA A, D EREERA2EY) 1110 mg).
KA LR AR, L 10% FEE-/K P, 152110
“Y5 (68 mg).

3 KA EE PCR (quantitative real-time
PCR, RT-qPCR) JEHNME & 495 R RS HINT
BEHRIEREFRIFRIE

AS549 2 EE B 5 , A4 4 Mo B B AT A
FEMRH, 37 C. 5% CO 557 T E 12~18 h,
AR BIEEHE G L LIER IR, HH PBS Yhik
YA 3 . BEEMA 1 mL & 1000 f5H2HZE5
YL (50% tissue culture infective dose, TCIDso)
I RUBR B RS 500, B TR E 2h, 0
B ERE, kb FE, ISR
FIR AR (% 1%TPCK EER AR, ek
ZEWEE 24he WEFREER)E, F BRI TS PBS
VRVEARM 1 K. 18 1] TRIzol WRFIZLARLMM, WTEERE
fi AT RNA S50 SEI0 W BB ZH L 5 5 B gL 0t e
. ANFEFIEFFNZGYIH AT 2 (55 RS,
Ve 3 AR PBERGFE ) FIBH P X6} B =] 4th 35 (Oseltamivir,
Ose) 41, JFiE4T RT-qPCR Fi #%-4H %6} 1 4 i Bk e
IR RIER T (IL-6+ IL-18+ TNF-o. Fl IP-10) mRNA
RIEAKFRIEEM . 510750 WK 1.

% Ff} GraphPad Prism 9.2 #5540 44X B i3k
TG BT AL, AR D x£s R, ZA 0T
KRR Z0MA LSD 35 k6 00 A5 40 18] 2
Fto P<0.05 BRZERAGIFEE L.

&1 5¥F5)

Table 1 Primer sequence

EIRZEZL 51951 (5°—3)
IL-6 F: CGGGAACGAAAGAGAAGCTCTA
R: CGCTTGTGGAGAAGGAGTTCA
IL-1B F: GCACGATGCACCTGTACGAT
R: AGACATCACCAAGCTTTTTTGCT
TNF-a F: AACATCCAACCTTCCCAAACG

R: GACCCTAAGCCCCCAATTCTC
IP-10 F: GAAATTATTCCTGCAAGCCAATTT
R: TCACCCTTCTTTTTCATTGTAGCA
F: GAAGGTGAAGGTCGGAGTG
R: GAAGATGGTGATGGGATTTC

GAPDH

4 ZHR
4.1 HMEE

& 1: AR K. Joly 0.2 (c0.10, MeOH);
HR-ESI-MS m/z: 219.062 8 [M + Na]® (caled for
219.062 8), TN CioH1204, AMEFIERN 5;
UV A (nm): 204, 2505 LLAMGIE R IR, 4 T4k
HAFERRHE (3419 cem™), FiFE (1784, 1758 cm™)
LRI IS I . "TH-NMR (500 MHz, CDCl3) (% 2)
BRI AR FES 0us.69 (1H,s). 2 NMEELE
5 0n6.06 (1H, q, J= 1.6 Hz), 6.02 (1H, m). 3 4~H
55 0u2.28 3H,d,J=1.0Hz), 1.99 3H,d,J=1.2
Hz), 1.94 (3H, d, J = 1.6 Hz). '3C-NMR (125 MHz,
CDCls) J DEPT KE#E R 10 Ml 1, 35 3 /4
HILHRIE S oc 28.6, 22.2, 12.5; 2 NEHRIK P RS
5 ¢ 120.2, 114.6; 5 DA S dc 189.0, 170.6,
168.0, 164.5, 103.9. R#5 F Zds vl 4N 54 1
NEGEREY), SRR, RIS FRORIE
TR ALY rugulolide DU AR, 1%
ZRET B A rugulolide D ) 4 A7 EUIE 2
FIRIGEESE, ML EY 1 R, B —
W YR S S AT RSk Bk g5 1R .

7 HMBC # (E2) 1, H-8 (6u2.28) 5 C-6
(6c 114.6), C-7 (3¢ 168.0) Fl C-9 (6c 28.6) #HIK, H-
9 (0u1.99) 5 C-6, C-7 F1 C-8 (5c 22.2) #%, K&
T A YMBEAR w51 2- LG B B R H-6 (6n
6.02) 5 C-5(dc 189.0) HIFHK M H-8 F1H-9 5 C-5
e (55) MG, BiE 7 2-F I S 5 A %
JE R 3-FR3E-2- TG B R B 45 44 B b4k, H-10
(0u 1.94) 5 C-2 (6c 120.2), C-3 (5c 164.5) il C-4
(6c 103.9) #H2%, H-2(0n6.06) 5 C-1(dc 170.6), C-
3, C-4, 1 C-10(6c 12.5) IAHIKLL S OH-4 (665.69)
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#*2 A& 1/ '"H-NMR F1 BC-NMR HK & #E
(500/125 MHz, CDCl3)
Table 2 Spectral data of 'H-NMR F1 '3C-NMR of
compound 1 (500/125 MHz, CDCls)

{ZDA dc OH

1 170.6 (s) —

2 120.2 (d) 6.06 (g, J = 1.6 Hz)
3 164.5 (s) —

4 103.9 (s) —

5 189.0 (s) —

6 114.6 (d) 6.02 (m)

7 168.0 (s) —

8 22.2 (q) 2.28 (d, J= 1.0 Hz)
9 28.6 (q) 1.99 (d, J=1.2 Hz)
10 12.5 (q) 1.94 (d, J= 1.6 Hz)
4-OH — 5.69 (s)

(6]
ol TP
0 ‘\0/, »\4/

2 AW KX HMBC (— ) %

Fig.2 Key HMBC (-~ ) correlation of compound 1
5 C-3, C-4 FIAHRLEAE T H AL o,B-AHIFT y-P
fis. #J5, OH-4 5 C-5 WIAHKHEE T MEE (3-HIL-
2-TH&ED 5 o,B-ANEFN y-NERI v ALAHE. 251
ik, &Y 1 Mk Z 45 E N S-hydroxy-4-
methyl-5-(3-methylbut-2-enoyl)furan-2(5H)-one . £
SciFinder i ERE R, W AV AFIED),
4 N NS E (rugulolide E). K HPLC
XPHAT T RSB, KRG R B, H
'H-NMR #1 BC-NMR H3 i 8 W& 2, tavm)
iR LK 1.

te&¥2: Ak K. ESI-MSm/z: 245 [M+
Na]"s '"H-NMR (500 MHz, CDCls) 6: 7.48 (1H, brd,
J=1.7 Hz, H-10), 7.10 (1H, m, H-4), 7.01 (1H, m, H-
3), 6.41 (1H, brd, J = 1.7 Hz, H-9), 2.37 3H, s, H-11),
2.02 (3H, dd, J = 1.6, 1.3 Hz, H-5); '3C-NMR (125
MHz, CDCl3) 6: 171.0 (C-1), 157.1 (C-6), 146.1 (C-
10), 141.9 (C-3), 138.5 (C-7), 134.8 (C-2), 134.2 (C-8),
115.6 (C-9), 92.3 (C-4), 11.7 (C-11), 10.7 (C-5). L3k
a5 O ioE R A Y, SIS EY 2 R
rugulolide A.

WEY 3: TTEIMRY). ESI-MS m/z: 219 [M+
Na]*. 'H-NMR (500 MHz, CD;0D) &: 7.09 (1H, quin,

J=1.6 Hz, H-3), 6.91 (1H, quin, J = 1.4 Hz, H-4), 5.71
(1H, m, H-7), 2.20 (3H, d, J= 1.2 Hz, H-9), 1.95 (3H,
d, J = 1.3 Hz, H-10), 1.93 (3H, t-like, J = 1.6 Hz, H-
5); BC-NMR (125 MHz, CD;OD) §: 173.3 (C-1),
165.5 (C-6), 163.0 (C-8), 144.8 (C-3), 134.8 (C-2),
115.0 (C-7), 93.7 (C-4), 27.6 (C-10), 20.6 (C-9), 10.4
(C-5). FIRHHE 5 SCHRARIE JE AR — 03, e ik
%) 3 4 rugulolide B.

&Y 4: TLEIHIRYI. ESI-MS m/z: 301 [M+
Na]*. 'H-NMR (500 MHz, CD;OD) 6: 6.38 (1H, m,
H-5), 6.14 (1H, q, J = 1.6 Hz, H-2), 5.78 (1H, m, H-
12), 2.15 (6H, s, H-8, 14), 2.04 (3H, d, J = 1.6 Hz, H-
10), 1.98 (3H, d, J= 1.2 Hz, H-9), 1.97 (3H, d, J=1.2
Hz, H-15); 3C-NMR (125 MHz, CD;0D) 6: 190.4 (C-
5), 171.8 (C-1), 165.5 (C-3), 164.7 (C-11), 164.4 (C-
7), 163.9 (C-13), 120.8 (C-2), 118.2 (C-6), 114.6 (C-
12), 105.5 (C-4), 28.3 (C-9), 27.6 (C-15) , 21.4 (C-8),
20.6 (C-14), 12.6 (C-10). A% 5 ki A
— 3, W e A 4 4 rugulolide D.

&M 5. AR K. ESI-MSm/z: 383 [M+
Na]*. 'H-NMR (500 MHz, CD;OD) é: 7.54 (1H, d,
J =159 Hz, H-7), 7.03 (1H, d, J = 2.0 Hz, H-2), 6.94
(1H, dd, J = 8.2, 2.0 Hz, H-6), 6.77 (1H, d, J= 8.2 Hz,
H-5), 6.74 (1H, d, J = 2.0 Hz, H-2'), 6.69 (1H, d, J =
8.2 Hz, H-5"), 6.60 (1H, dd, J = 8.2, 2.0 Hz, H-6'), 6.26
(1H, d, J=15.9 Hz, H-8), 5.18 (1H, dd, J= 8.4, 4.3 Hz,
H-8"), 3.09 (1H, dd, J = 14.4, 4.3 Hz, H-7'a), 3.00 (1H,
dd, J = 14.4, 8.4 Hz, H-7'b); B3C-NMR (125 MHz,
CD;0D) §: 173.5 (C-9'), 168.4 (C-9), 149.7 (C-3),
147.7 (C-7), 146.8 (C-4), 146.1 (C-3'), 145.2 (C-4"),
129.2 (C-1), 127.6 (C-1), 123.2 (C-6'), 121.8 (C-6),
117.5 (C-2)), 116.5 (C-5"), 116.3 (C-5), 115.2 (C-2),
114.3 (C-8), 74.6 (C-8"),37.9 (C-7"). iR ¥diE 5 ik
RIEFEA—FY, WEEWEY 5 NRIEFR.

& e6: H kK. ESI-MSm/z: 397 [M+
Na]". 'H-NMR (500 MHz, CD;OD) é: 7.54 (1H, d,
J =159 Hz, H-7), 7.04 (1H, d, J = 2.1 Hz, H-2), 6.95
(1H, dd, J = 8.2, 2.1 Hz, H-6), 6.77 (1H, d, J= 8.2 Hz,
H-5), 6.70 (1H, d, J = 2.0 Hz, H-2'), 6.69 (1H, d, J =
8.1 Hz, H-5"), 6.56 (1H, dd, J=8.1, 2.0 Hz, H-6'), 6.26
(1H,d,J=15.9 Hz, H-8), 5.18 (1H, dd, /= 7.7, 5.2 Hz,
H-8"), 3.69 (3H, s, OCH3), 3.05 (1H, dd, J = 14.2, 5.3
Hz, H-7'a),3.01 (1H, dd, /= 14.4, 7.7 Hz, H-7b); 3C-
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NMR (125 MHz, CD;0D) 6: 172.2 (C-9'), 168.3 (C-
9), 149.8 (C-3), 148.0 (C-7), 146.8 (C-4), 146.2 (C-3"),
145.4 (C-4"), 128.7 (C-1), 127.6 (C-1), 123.2 (C-6"),
121.8 (C-6), 117.5 (C-2), 116.5 (C-5'), 116.3 (C-5),
115.2 (C-2), 114.1 (C-8), 74.7 (C-8"), 52.7 (C-OCH3),
37.9(C-7"). ¥ 5 SOk HkE F A — S, W
SEWEN) 6 FIRIEAE TR .

WEY 7: EEMIRY). ESI-MS m/z: 439 [M+
Na]*. 'H-NMR (500 MHz, CD;OD) &: 7.55 (1H, d,
J=15.9 Hz, H-7), 7.04 (1H, d, J = 2.1 Hz, H-2), 6.95
(1H, dd, J = 8.2, 2.1 Hz, H-6), 6.77 (1H, d, J = 8.2 Hz,
H-5), 6.71 (1H, d, J = 2.0 Hz, H-2'), 6.69 (1H, d, J =
8.1 Hz, H-5'), 6.57 (1H, dd, J=8.1, 2.0 Hz, H-6'), 6.27
(1H, d, J = 15.9 Hz, H-8), 5.15 (1H, t, J = 6.5 Hz, H-
8), 4.08 (2H, t, J = 6.4 Hz, H-1"), 3.03 2H, d, J= 6.5
Hz, H-7'), 1.54 (2H, m, H-2"), 1.30 (2H, m, H-3"), 0.90
(3H, t, J = 7.4 Hz, H-4"); BC-NMR (125 MHz,
CD;0D) 6: 171.8 (C-9"), 168.3 (C-9), 149.7 (C-3),
147.8 (C-7), 146.8 (C-4), 146.1 (C-3"), 145.3 (C-4"),
128.5 (C-1"), 127.5 (C-1), 123.1 (C-6'), 121.7 (C-6),
117.5 (C-2)), 116.4 (C-5'), 116.2 (C-5), 115.1 (C-2),
114.1 (C-8), 74.8 (C-8'), 66.1 (C-1"),37.9 (C-7'), 31.5 (C-
2),20.0 (C-3"),13.9 (C-4"). _FiR¥¥E 5 kg A
—E08), MR AY T NIRRT S

th&9 8: H k) K. ESI-MS m/z: 589 [M+
Na]*. 'H-NMR (500 MHz, CD;OD) §: 7.94 (1H, d,
J=15.6 Hz, H-6), 7.64 (1H, d, J=16.0 Hz, H-7""), 7.46
(2H, dd, J=8.7 Hz, H-2'", 6", 6.80 (2H, d, J= 8.7 Hz,
H-3",5"), 6.41 (1H, d, J = 5.6 Hz, H-5), 6.35 (1H, d,
J=16.0Hz, H-8""),4.98 (1H, d, J=2.2 Hz, H-1"), 4.76
(1H, d,J=7.7 Hz, H-1'), 424 (1H, d, J = 11.5 Hz, H-
5"a),4.21 (1H, d, J=11.5 Hz, H-5"b), 3.96 (1H, d, J =
9.7 Hz, H-4"a), 3.95 (1H, dd, J = 11.3, 1.8 Hz, H-6'a),
3.87 (1H, d,J=2.2 Hz, H-2"), 3.81 (1H, d, J=9.7 Hz,
H-4"b), 3.61 (1H, dd, J = 11.3, 6.3 Hz, H-6'b), 3.30 ~
3.42 (4H, overlapped, H-2'~5"); '3C-NMR (125 MHz,
CD;0D) d: 177.1 (C-4), 168.9 (C-9"), 164.6 (C-2),
161.4 (C-4"), 157.2 (C-6), 147.0 (C-7""), 143.5 (C-3),
131.3(C-2",6"), 127.1 (C-1""), 117.3 (C-5), 116.9 (C-
35", 114.8 (C-8""), 110.6 (C-1"), 105.3 (C-1"), 78.9
(C-3"), 78.4 (C-3"), 77.9 (C-2"), 77.5 (C-5"), 75.3 (C-
2), 74.9 (C-4"), 71.3 (C-4"), 68.5 (C-6), 67.4 (C-5"),
15.9(C-7)o iR 5 SCiRRIE B AR — 300, s

E AW 8 v 3"-deoxyshimobashiraside A .

& 9. # {0k K. ESI-MS m/z: 285 [M—
H] . 'H-NMR (500 MHz, CDs;OD) &: 7.38 (2H,
overlapped, H-2', 6), 6.89 (1H, d, J = 8.6 Hz, H-5'),
6.53 (1H, s, H-3), 6.43 (1H, d, J = 2.1 Hz, H-8), 6.20
(1H,d,J=2.1 Hz, H-6); '3C-NMR (125 MHz, DMSO-
ds) 0: 181.6 (C-4), 164.1 (C-2), 163.9 (C-7), 161.5 (C-
5), 157.3 (C-9), 149.7 (C-3"), 145.7 (C-4"), 121.5 (C-
1), 119.0 (C-6'), 116.0 (C-5"), 113.3 (C-2"), 103.7 (C-
4a), 102.9 (C-3), 98.8 (C-6), 93.8 (C-8). _Lik%i#
5 SCHRRIE B AR — 0711, WU A 9 ok

&9 10: 3 B K K . ESI-MS m/z: 471 [M+
Na]*. 'H-NMR (500 MHz, DMSO-ds) J: 12.98 (1H, s,
5-OH), 7.44 (1H, dd, J = 8.4, 2.2 Hz, H-6"), 7.40 (1H,
d,J=2.2Hz, H-2'), 6.89 (1H, d, J= 8.4 Hz, H-5'), 6.78
(1H, d, J=2.1 Hz, H-8), 6.74 (1H, s, H-3), 6.43 (1H, d,
J=2.1 Hz, H-6), 5.07 (1H, d, J = 7.4 Hz, H-1"), 3.70
(1H, brd, J = 11.3 Hz, H-6"a), 3.15~ 3.50 (5H,
overlapped, H-2"~5", 6"b); '*C-NMR (125 MHz,
DMSO-ds) 0: 181.9 (C-4), 164.5 (C-7), 162.9 (C-2),
161.1 (C-5), 156.9 (C-9), 150.1 (C-4'), 145.8 (C-3"),
121.2 (C-1'), 119.2 (C-6'), 116.0 (C-5"), 113.5 (C-2"),
105.3 (C-4a), 103.1 (C-3), 99.9 (C-1"), 99.5 (C-6), 94.7
(C-8), 77.1 (C-5"), 76.4 (C-3"), 73.1 (C-2"), 69.5 (C-4"),
60.6 (C-6")o _FIREHE 5 SR ARGE FE A — 35 17-20], i
EEY) 10 HARRE AT,

&) 11: 3 B8 K . ESI-MS m/z: 455 [M+
Na]". 'H-NMR (500 MHz, CD;OD) é: 7.87 (2H, d,
J=8.8Hz, H-2',6"), 6.92 (2H, d, J= 8.8 Hz, H-3, 5"),
6.80 (1H, d, J = 2.0 Hz, H-8), 6.64 (1H, s, H-3), 6.48
(1H, d, J=2.0 Hz, H-6), 5.06 (1H, d, J=7.2 Hz, H-1""),
3.93 (1H, dd, J = 12.2, 2.1 Hz, H-6"a), 3.71 (1H, dd,
J =122, 5.8 Hz, H-6"b), 3.54 (1H, m, H-5"), 3.38~
3.50 (3H, overlapped, H-2"~4"), _iR¥dE 5 ki
TERA— 0721, SRS 11 KRB H
42 WEPXIRBTRE L AS49 M RRERE T
mRNA FIEKF RN

AW E SR G AR BT TSR, T
MBS H 14 MEEY), FFidid RT-qPCR % H
PURIETEEAT G . 5 REKH, EIRNGAF T
BRI S 2~4 DR B RAL A 10 X
TR FE I G AS49 41 25E Rl T mRNA ik K
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FHEAREMRIER, SR0E 3 x.
43 FUEMEMEENE E MRRFEERE
A549 ‘AR REEREF mRNA FRiA7KFAISZ0E

i1 RT-qPCR VX8 I E MG N BRSR AL &40 (fk
HEV D PURIEEATIE, SR WE 4 R, 5
FERY L AH B, 1240 S AL PR S (10 8005 25 6 s A549
Yl P R RER 7 (IL-6+ IL-1B TNF-a) FHELRT
(IP-10) ) mRNA 7K 525 R %, H 2SI,
5 g

GRS PR A R R A B . HPLC i %%
SRS BETFE, 7EEE 14 MUEY . K ads
6 MMl RAEY). 5 MRSV 3 A EEEHE
G HAED 1 NE RGN &0 5
SER BRI AR S, AW 2~4 A
HIXNEFEBEY) 5 EEE.
TEPLRIEEVEN T T, AN 50K A R AL IR B

i)

B (HIND %30 AS49 40 25 R SMERY, @it
RT-qPCR VEVFAl 1 M4 i 725 35 th $2 B 23 B9 45 21 (1)
14 MEERIPTRIENE . LI RERH, B IR
&R BRI G 2~4 LR R
G 10 KT FUEOE EE I AS49 21 Ml 5 R T
MWA%%%? U REAHIER - JF BE O\

F A BT SRR FE N EER A S 1R
@FawmAM9%%*kFI¥H# LA I
o T DMETTFT, ARSEEH AL S E R
SRR IE I R R E ), AR S RN e 2:
A RAER %
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xR #P<0.001; SERALLE: "P<0.05 TP<0.01 "P<0.001, F[.
###P < 0.001 vs control group; "P<0.05 "P<0.01 *"P<0.001 vs model group, same as below.
3 EYXTRBRERSE AS49 i RAEEF mRNA FiAK RN

Fig.3 Effect of compounds on mRNA expression of inflammatory factors in influenza virus-infected A549 cells
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Fig. 4 Effect of compound 1 on mRNA expression of inflammatory factors in influenza virus-infected A549 cells

(MAP3K7) 2568 H 2 [TGF-B activated kinase 1
(MAP3K7) binding protein 2, TAB2] Flt% ¥ xB
( nuclear factor kappa-light-chain-enhancer of
activated B cells, NF-«kB) Z¢[KFH5Rk, Mk
TR MER T IL-1p. TNF-a BA K COX-2 & ()5
FIE, DGR 25 Y 5 1 20 B b i) S 26 4
P22 T s P B 2RAE Y 0N 12 YR ET DL
| Keap 1 SR HHIRIE, BUEZE T E2 AHCH
¥ 2 (nuclear factor E2-related factor 2, Nrf2) /IfL4L
ZN4EEE-1 (heme oxygenase-1, HO-1) {5 5 18 i
FRILE . MIfHME] IL-6. TNF-a. IL-1B IL-10.
Ay &= N A& B8 2 (prostaglandin-
endoperoxide synthase 2, Ptgs 2), &4 )@ &AM
13 (matrix metallopeptidase 13, MMP13), —% /L%
1 2 (nitric oxide synthase 2, NOS2) mRNA )%
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