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i E: BW WFARZHRRMSEHE Vespa velutina auraria WALEERL Y B BT IREME . & RABER AL, Sephadex
LH-20 % A0 4=l 2% 2 AR S5 S R B A7 0 S alidh, B R R B ARSI & W 45 /AT RAE R R AT . CUAE 2 08
(lipopolysaccharide, LPS) A y T#ZE (interferon-y, IFN-y) 55/ EWEAN I RAW264.7 15N SRR, R 1T K&
BT RAER T mRNA FIEMIEH . LR MISHARER LB 3% e 7 16 MEEY, 2HNAE Ry (1), Wi
FIEHEE (2), WEREFENREE (3). 4BEEERRLE (4). 34-"RBEFKLEE (5). 34-REEXBLEE (6). 34-—
FREERFER (T N-LBEHE-2- LA HRE-2-G4- SRR BRI A% (8). 2-Q-FRFER AL AR T s (9. Xt F AR FEE (10D,
3 4-"RFKHRFE (D). o- LI EEE (12), 2-25E3- KN FE (13). N-LFIE-2-3,4-“ IR 2% (14).
WHEEZR Z0E (15) Fffgeie (16). [MSUHEEZIRY) K IREUYIEE IR CBRERAL . IR T BEERALAIK AL 4E 300 pg/mL I 346
0> B LPS & IFN-y 53 RAW264.7 40l 5 H 7 — %4 A A (inducible nitric oxide synthase, iNOS) ZPEFHX %R
B WA 2. 3. 5. 6. 9~11 X LPS BtA IFN-y i55 RAW264.7 41 f 8 A ZE A F-a (tumor necrosis factor-a, TNF-o)
mRNA FIEEMHENER (P<0.0D). Z5iE  MEUHMEEEIRY) KA RN ML e AR R IR - iNOS [3Ris, B —E It
RAIEH . B 1~16 BIRE NSRS B4 e, Hd 2, 3. 5. 6. 9~11 FJRENIETE G TR ERAK .
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Abstract: Objective To study the chemical constituents and anti-inflammatory activities of medicinal insect Vespa velutina
auraria. Methods The compounds were isolated and purified by silica gel, Sephadex LH-20 and semi-preparative liquid
chromatography, while the structures of compounds were characterized and analyzed by nuclear magnetic resonance (NMR)
technique. The mouse macrophage RAW264.7 inflammation model was induced by lipopolysaccharide (LPS) combined with
interferon y (IFN-y), the effects of extracts and monomers on the mRNA expression of inflammatory factors were investigated.
Results A total of 16 compounds were isolated from ethyl acetate fractions and identified as catechol hydroquinone (1),
4-hydroxybenzaldehyde (2), methyl 3-(4-hydroxyphenyl)propionate (3), 4-hydroxyphenethy acetate (4), 3,4-dihydroxy-phenethyl
alcohol (5), 3,4-dihydroxyphenyl ethanol ketone (6), 3,4-dihydroxy-benzoic acid (7), divesamides A (8), methyl-2-
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(2-hydroxy-propionyloxy) propionate (9), 4-methoxybenzyl alcohol (10), 3,4-dihydroxy-benzoic methyl ester (11), a-ethyl glucoside
(12), papuline (13), N-acetyl-dopamine (14), 2-(4-methylphenyl) ethanol (15), thymine (16). The alcohol extracts, ethyl acetate
fractions, n-butanol fractions and water fractions of V. velutina auraria could effectively reduce the relative expression of iNOS gene
of cellular inflammatory factor in RAW264.7 induced by LPS + IFN-y when the administration concentration of ethyl acetate,
n-butanol and water fractions was 300 pg/mL. Compounds 2, 3, 5, 6, 9—11 inhibited the expression of TNF-a mRNA in RAW264.7
cells induced by LPS combined with IFN-y (P < 0.01). Conclusion The alcoholic extracts and different polar parts of V. velutina
auraria can reduce the expression of iNOS in inflammatory cells and have some anti-inflammatory effects. Compounds 1—16 are
isolated and identified from the ethyl acetate portion of V. velutina auraria for the first time, of which 2, 3, 5, 6, 9—11 may be
potential active monomers.

Key words: Vespa velutina auraria Smith; anti-inflammatory activity; 4-hydroxybenzaldehyde; 3,4-dihydroxy-phenethyl alcohol;

methyl-2-(2-hydroxy-propionyloxy) propionate; 4-methoxybenzyl alcohol

SR Vespa velutina auraria Smith N[5 H
BRI g R, RIEAPRET . HRE,. B
55, e (R EZG ) 108 R IR 2R 2 —,
ZUTBRA NG, PR L T ARSI,
fifeeE, HTHRITIIEIR . T, St KGR R
KATREE . MG &A= 1 E A A NS 75
GG, WA RBEANE TR U2 e ARG 55 ) S
Z I Z WA P E AR R BT, xR RO
AL ARUELLTREE, BONTE R X Ak B
245 1) 2020 FERR—EBICE: “ B T
DR P BELBT S5O, P RGR  XGI M OGTY
R B ZEEIRZ DR IC R ST R
FH e Y0 1) 1 I e 3G R TR T AT T IR A OG5 48
WEAR RG2S, BRI RS A
APAR DU BUR R RTEERCT, ik
B AT DUIE I S 2 1A 15 RH A 28 RE DR et 28 KR
KATHR, I Re s I R 5 3 1 8 KGR 515 28 K BRI
RATHREL ST K S i L 78 i SERE AR, i 22
T e 723 4 i F) A R B -10T, R e A () 4k 2
FS I R A O . PR AR ZE N T S e 3 A T 4 o
Bl e YRR IR R 7L, DUIHER S e B8 A T 1t 2H 4y
BURR . AR FEHRGE T IMSUEA I LR R IS IR &
BIAL o BRI 16 MEEYD, 2 nl AR
(hydroquinone, 1). Xf ¥ K HEE (4-hydroxy-
benzaldehyde, 2). XJFIERFIE NS [methyl 3-
(4-hydroxyphenyl)propionate, 3]. 4-F23& KEH IR LI
(4-hydroxyphenethy acetate, 4). 3,4- F23K L 1E
(3,4-dihydroxyphenethyl alcohol, 5). 3,4- —F2HIK
Pt 2.l (3,4-dihydroxyphenyl ethanol ketone, 6)-
3,4-FRHIFEHE (protocatechuic acid, 7)+ N-ZFE
He-2- O HR-2-(34- TR IR L) O (divesamides
A, 8). 2-Q-FFRFEABAR) N FEE [methyl-2-

e

(2-hydroxy-propionyloxy) propionate, 9]. % FF 483K
FEZ (4-methoxybenzyl alcohol, 10). 3,4- —F2HIK
FFERHfiE (protocatechuic acid methyl ester, 11). a-
LHEEENER Ca-ethyl glucoside, 12). 2-F83E-3-
RIEIRHEE (papuline, 13). N-ZFEE-2-(3,4-—
R R L (N-acetyl-dopamine, 14). X AR
L% [2-(4-methylphenyl) ethanol, 15] A fi s g
(thymine, 16) o Fxf HoAH N RUA ML R IEPEREATHIT 7T
1 UFEEMH

Bruker AV-400 # 3% @3EARIC (F8[E Bruker
/A#]); Bruker Compact QTOF JFiité4% ({#[E Bruker
AT]); Reveleris®1hl] £ A4 w5 R800AH (154 (i &2
BUCHI A #)); #65E & PCRAL. FEHF 11 (3
Bio-Rad A 7] ).

Sephadex LH-20 #i R HiEER (£EH GE AF]);
HEERERER (80~100. 200~300. 300~400 H,
BT ) ) BEMEE (b R E R A
BRAF], 165 303H0352); fR4-IIIE (Gibeo AH],
M5 1618862); WH UGG (R RtinMER LR
BB AIRATD; /N ERENE RAW264.7 (I
WA SRR PR A R S50 B AL 5038
irais ks, fii 28 (lipopolysaccharide, LPS,
fit's 026M4021V, £[E Sigma A#F), y THE
(interferon-y, IFN-y, #lt'5 061798-1J1221, 3£
Peprotech 2] ).

S S5O H 25 B 2 1 5 N R e 77 B R T
2019 4 11 JR4E, KIREW B R 58 AIMEL
#HYE V. auraria auraria Smith, #ERARA (112075032)
TRAF T RELR 2 B AR R 25001 B RS =5
2 HE
21 RESSE

(ISR Fi L Ak 32 kg, BB, 95% LB = iR
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BRIRIRE 4 %, EHARBGHE, BURRGRIRE, N
ERAKES, HAmE. =8P, B 5.
IE TR IR AR 3] 5 ANREEERAL (A~ED.

BEWR B REHLERAL (C, 92 g) SEfRkE i
(200~300 H> 75, PUAmEE-E05 (1010307,
0:1) FIEM-HEE (25:1. 10: 1. 5514 151,
0: 1) BEEBEM, TLC &I, 545 C1~Cll1.
Hoy C3 & R SRR, AmmE-2 51 0 1.1 :
2. 1:5) KBS CHE-NEH (101,122, 1:5)
BEREVEML; 40 C3-5-4, FIE Y- 2% Bt
B (AR E 17 mL/min, JRahtH: HEE-K 5 : 95~
95 :5, fhilifk: Sepax bio Cis) Fl Sephadex LH-20
BB EEEY 3 (5.0mg). 4 (2.5mg). 9
(45.5mg) 110 (17.6 mg); 4 C3-5-5 L%
HPLC f LH-20 B B@AR21ME7 1 (3.1 mg)
A2 (5.8mg). C3-5-6 REHEALEY 11 (11.2
mg), C3-5-7 4 B LAY 13 (11.6 mg); 4143 C3-7
F2FH4 HPLC & LH-20 R B/ B LAY 5 (3.4
mg). 6 (83 mg) M7 (9.6 mg). 4 C6iLHER
K, SA7-PE (51,2010 1510 1020 1:5)
BEEE Ve A5 4H 7 C6-1~C6-7, 414 C6-3 Fll C6-5 K
F -4 HPLC 43 513 216 &4 8(6.7 mg) . 15(62.8
mg) Al 16 (9mg). A4y C7 ibrbfichs, LG -HEE
(50:1.25:1. 1010 55104210 723,12
BEFESE R3] C7-1~C7-6, RBZK -4 HPLC Al
LH-20 stizalift, 3RE4654 14 (16.8 mg). 214 C8
K F IEAH AL 52 77 B A3 2 &7 12 (7 mg) .
2.2 REUWIR B AR IMA LM TFE
22,1 AMEEMENE  RA MTT y2A 25 &
ERA M S HI%T RAW264.7 40ARTS 11, $REU 5l 2h
T 300. 30 pg/mL, HARAED 73045 T 30 10 pg/mL
FIB RAW264.7 41, 24 h JEA I AnioiS /1. SEE0
YARAFTE R T 80% IR 5 FVE BT 48 3 ek e o
222 PR RAE T mRNA Rk #5200
WAL R BUE KK RAW264.7 4iIf, 44540
BV FEUCER A PR TTE , AR YIS N 3 X 10°
ANmL, #5481 mL AR R 12 fLIR, B
T 37 C\ 5% COz 61 FHEFR 24 he Z X 4HiffLidE
IThbEE: S, A2 (LPS 1 ug/mL+-IFN-y 20
ng/mL). P4 (LPS 1 ug/mL~+IFN-y 20 ng/mL),
R 9% 24 h JGRESRAL NN 100 pL &4 BE S 15 77 5%,
HooRk 2 HINAABRAAFR 3728, B4 3 AN EAL.
FFZEAT TR FR 24 h J5, BP0 e AR 4 AH B 1711

&I B R AT SR AU RNA L 3 S DA
RT-PCRUZIFJ#5AE , A4 Hh A5 PR 5 — F b B &
f (inducible nitric oxide synthase, iNOS) A iRk
SR F-a (tumor necrosis factor-o, TNF-a) mRNA
FKILEM. MRIIPBeHE R 1.

®1 FERIIFT

Table 1 Primer sequences

Hif
A
iNOS Ll TTTGCTTCCATGCTAATGCGAAAG
Tii: GCTCTGTTGAGGTCTAAAGGCTCCG
INF-. L AATGGCCTCCCTCTCATCAGTT
Tl CGAATTTTGAGAAGATGATCTGAGTGT
GAPDH L-is: ATACGGCTACAGCAACAGGG
Tiif: GCCTCTCTTGCTCAGTGTCC

515 (53" Genebank ID

NM_001313922.1

NM_013693.3

NM_001289726.1

3 %R
3.1 SZHEE

B 1: WA, HR-ESI-MS m/z: 111.042 4
[M+H]" GFHEE 111.044 6), 2 TN CeHeOxo
'H-NMR (400 MHz, CD;0D) 6: 6.75 (2H, dd, J = 5.9,
3.6 Hz, H-4, 5), 6.65 (2H, dd, J= 5.9, 3.6 Hz, H-3, 6);
13C-NMR (100 MHz, CD;0D) 6: 146.5 (C-1, 2), 121.1
(C-3,6),116.6 (C-4,5), LA L-Zdi 5 ks —5),
M BB 1 AR .

B 2. FEMIRY), HR-ESI-MS m/z: 123.041 7
[M+H]" GFEAE 123.044 6), 437N CH6Oz.
'H-NMR (400 MHz, CDCl3) &: 7.81 (2H, d, J = 8.6
Hz, H-2, 6), 6.98 (2H, d, J = 8.6 Hz, H-3, 5);
I3C-NMR (100 MHz, CDCl3) 6: 191.5 (C-7), 162.1
(C-4), 131.3 (C-2, 6), 128.9 (C-1), 116.2 (C-3, 5). LA
T EE S SRR IE B0, MU e A 2 AR
TR

e 3: WHEOFIAK, HR-ESI-MS m/z: 181.083 3
[M+H]" GHEAE 181.086 5), 43 F A CioH1203-
'H-NMR (400 MHz, CD;OD) 6: 7.01 (2H, d, J = 8.5
Hz, H-2, 6), 6.69 (2H, d, J = 8.5 Hz, H-3, 5), 3.63 (3H,
s, -OCH3), 2.81 (2H, t, J = 7.6 Hz, H-7), 2.57 (2H, t,
J = 7.6 Hz, H-8); BC-NMR (100 MHz, CD;OD) §
175.9 (C-9), 157.0 (C-4), 132.8 (C-1), 130.4 (C-2, 6),
116.4 (C-3, 5), 52.2 (-OCH3), 35.3 (C-7), 31.3 (C-8).
DA 28 5 S kol — 508, WS et A 3
FREIR IR g -
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& 4. WO A, HR-ESI-MS m/z: 181.084 1
[M+H]" G5 181.086 5), 43T A CioH12030
'H-NMR (400 MHz, CD;OD) §: 7.04 2H, d, J = 8.5
Hz, H-2, 6), 6.71 (2H, d, J = 8.6 Hz, H-3, 5), 4.19 (2H,
t,J=7.1 Hz, H-8), 2.80 (2H, t, J = 7.1 Hz, H-7), 2.00
(3H, s, H-2'); 3C-NMR (100 MHz, CD;OD) ¢: 173.1
(C-1"), 157.2 (C-4), 131.0 (C-2, 6), 130.1 (C-1), 116.3
(C-3, 5), 66.8 (C-8), 37.2 (C-7), 21.0 (C-2"). LA L% ¥
5 SCHRRGE — 200, WS E A 4 8 47 RO
W2 2,15 .

WEYS: WHERA, HR-ESI-MS m/z: 155.073 1
[M+-H]" GHEAE 155.070 8), 43 F A CsHigOs.
IH-NMR (400 MHz, CD;0D) é: 6.67 (1H, d, J = 8.0
Hz, H-5), 6.65 (1H, d, J = 2.1 Hz, H-2), 6.52 (1H, dd,
J = 8.0, 2.1 Hz, H-6), 3.67 (1H, t, J = 7.1 Hz, H-8),
2.66 (1H, t, J=7.3 Hz, H-7). UL ¥4 5 SCik i iE
— 07, MBS N 34- R L.

tEY 6: R EK K, HR-ESI-MS m/z:
169.051 3 [M+H]" (I51E 169.050 1), 7N
CsHsO4. 'H-NMR (400 MHz, CD;OD) &: 7.44 (1H,
dd, J = 2.0, 8.0 Hz, H-6), 7.36 (1H, d, J = 2.1 Hz,
H-2), 6.83 (1H, d, J= 8.2 Hz, H-5), 4.80 (2H, s, H-8);
13C-NMR (100 MHz, CD;0D) ¢: 198.8 (C-7), 152.8
(C-4), 146.8 (C-3), 127.8 (C-1), 122.5 (C-6), 116.2
(C-5), 115.5 (C-2), 65.9 (C-8). LA L ¥¥iw 5 CrikdikiE
— 508, W EEY) 6 N 3,4- IR L.

&Y 7. BEER K, HR-ESI-MS m/z:
155.033 2 [M+H]" GHHAE 155.0344), 437NN
C7H¢O4. 'H-NMR (400 MHz, CD;OD) &: 7.44 (1H,
dd, J = 2.1, 8.3 Hz, H-6), 7.42 (1H, d, J = 2.1 Hz,
H-2), 6.80 (1H, d, J = 8.3 Hz, H-5); '3C-NMR (100
MHz, CD;OD) : 170.5 (C-7), 151.6 (C-4), 146.2 (C-3),
124.0 (C-6), 123.3 (C-1), 117.8 (C-5), 115.9 (C-2). LL L
Bl 5 ki — 8, SR E T N 34—
FORHR

&) 8: TRy AR, HR-ESI-MS m/z: 240.124 5
[M-+H]" GHEAE 240.123 6), 20 T RN Ci1oHi7NO4.
'H-NMR (400 MHz, CD;0D) §: 6.76 (1H, d, J = 2.1
Hz, H-2), 6.74 (1H, d, J = 8.1 Hz, H-5), 6.63 (1H, dd,
J = 8.4, 2.4 Hz, H-6), 422 (I1H, dd, J = 8.2, 4.8 Hz,
H-7), 3.39 (2H, m, H-1"), 3.31~3.20 (2H, m, H-8),
1.93 (3H, s, H-2'), 1.15 3H, t, J = 7.0 Hz, H-2");
13C-NMR (100 MHz, CD;OD) §: 171.9 (C-1), 145.2

(C-4), 144.8 (C-3), 131.5 (C-1), 118.1 (C-6), 114.8
(C-5), 113.2 (C-2), 80.0 (C-7), 63.5 (C-1"), 45.2 (C-8),
21.2(C-2), 14.1 (C-2"). LA F%dfs 5 SCilikfiaE — 5520,
WS ENAEY) 8 N N-OWiHk-2-0 HHE-2-3,4- 25
FIRH) 2

&Y 9: TLEMIRY), HR-ESI-MS m/z:
177.074 6 [M+H]* GHEAE 177.076 3), 7N
C7H20s5. 'H-NMR (400 MHz, CD;0D) 6: 5.10 (1H,
q, J = 7.1 Hz, H-1'), 432 (1H, q, J = 7.0 Hz, H-2),
3.74 (3H, s, OCH;), 1.49 (3H, d, J = 7.1 Hz, H-3"),
1.41 (3H, d, J = 7.0 Hz, H-3); 3C-NMR (100 MHz,
CD;0D) : 175.8 (C-1), 172.8 (C-2), 70.5 (C-1"), 67.9
(C-2), 53.0 (-OCH3), 20.6 (C-3), 17.3 (C-3"). LL F%f
P55 iR E —E Y, MO a9 T 2-2- 52 A
PRI S8 ) PRI PR P B

&Y 10 BEHIRY), HR-ESI-MS m/z:
139.078 5 [M+H]" (i154E 139.075 9, 43+ N
CsH1002. 'H-NMR (400 MHz, CD;OD) §: 7.07 (2H,
d, J = 8.5 Hz, H-2, 6), 6.72 (2H, d, J = 8.5 Hz, H-3, 5),
3.65 (3H, s, -OCH3), 3.52 (2H, s, H-7). LA F%d5 5 ik
B2, WS A 10 X AR .

& 11 AR, HR-ESI-MS m/z: 169.052 4
[M+H]" GHEAE 169.050 1), 473N CsHsO4.
'H-NMR (400 MHz, CD;OD) §: 7.42 (1H, dd, J = 8.0,
1.9 Hz, H-6), 7.40 (1H, d, J = 2.1 Hz, H-2), 6.80 (1H,
d, J=8.9 Hz, H-5), 3.83 (3H, s, H-8); '3C-NMR (100
MHz, CD;OD) d: 169.0 (C-7), 151.9 (C-4), 146.4
(C-3), 123.8 (C-6), 122.7 (C-1), 117.5 (C-2), 116.0
(C-5), 52.4 (C-8). LA bE#¥s5 CikdliE — 2123, ik
KBS 11 A 3,4- L 2K HIRG FR G,

B 12: $EERAR, HR-ESI-MS m/z: 209.104 4
[M+-H]" GHEAE 209.102 5), 43 F A CsHig06-
IH-NMR (400 MHz, CD;0D) §: 4.79 (1H, d, J = 3.7
Hz, H-1), 3.84~3.75 (2H, m, H-6), 3.69~3.34 (6H,
m, H-2~5, 1), 1.24 3H, t, J = 7.1 Hz, H-2'):
BC-NMR (100 MHz, CD;OD) §: 100.0 (C-1), 75.3
(C-3), 73.7 (C-5), 72.1 (C-2), 72.0 (C-4), 64.6 (C-6),
62.8 (C-1"), 15.5 (C-2"). LA -Hdf 5 3CiikdaE —2i4,
HUE LAY 12 8 o- LEEH EHET

&Y 13: BB K, HR-ESI-MS m/z
181.084 2 [M+H]" (IT5{H 181.086 5), 43T \N
CioH1203. 'H-NMR (400 MHz, CD;0OD) §: 7.28~
7.19 (5H, m, H-2~6), 4.36 (1H, dd, J = 7.8, 4.9 Hz,
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H-8), 3.69 (3H, s, -OCH3), 3.05 (1H, dd, J = 13.8, 4.9
Hz, H-7a), 2.91 (1H, dd, J = 13.8, 7.8 Hz, H-7b);
13C-NMR (100 MHz, CD;OD) 6: 175.9 (C-9), 138.7
(C-1), 130.7 (C-2, 6), 129.4 (C-3, 5), 127.8 (C-4), 73.2
(C-8), 52.5 (-OCH3), 41.8 (C-7). VL%l 5 Tk i
3, WA 13 N 2-FR k-3 2R IR
H S

& 14 BB K, HR-ESI-MS m/z
196.098 7 [M+H]" (IHHAA 196.097 4), 453N
CioH13NOs. 'H-NMR (400 MHz, CD;OD) 4: 6.68
(1H, d, J=7.9 Hz, H-5), 6.64 (1H, d, J = 2.0 Hz, H-2),
6.52 (1H, dd, J= 8.0, 1.9 Hz, H-6), 3.34 2H, t, J= 7.3
Hz, H-8), 2.62 (2H, t, J = 7.4 Hz, H-7), 1.90 (3H, s,
H-2); 1BC-NMR (100 MHz, CD;0D) §: 173.4 (C-1),
146.4 (C-4), 1449 (C-3), 132.2 (C-1), 121.1 (C-6),
117.0 (C-2), 116.5 (C-5), 42.6 (C-8), 36.0 (C-7), 22.7
(C-2". LA E#R S Sk — 5507, &
14 N N-Z B 3E-2-(3.4- —F2 LI 2 iz o

& 15: EEOKAK, HR-ESI-MS m/z: 137.093 1
[M+H]" GFEAE 137.096 7), 473N CoH 0.
'H-NMR (400 MHz, CD;OD) §: 7.02 (2H, d, J = 8.4
Hz, H-2, 6), 6.70 (2H, d, J = 8.5 Hz, H-3, 5), 3.33 (2H,
t,J= 6.7 Hz, H-8), 2.67 (2H, t, J = 6.7 Hz, H-7), 1.90
(3H, s, 4-CH3). LA 305 SOk — 220, s
EALEWD 15 Xt IR 207

&9 16: AEKA, HR-ESI-MS m/z: 127.050 4
[M+H]" GHFEAE 127.050 8), 7> TN CsHeN2O;z.
'H-NMR (400 MHz, DMSO-ds) o: 11.02 (1H, s,
3-NH), 10.62 (1H, s, 1-NH), 7.25 (1H, s, H-6), 1.71
(3H, s, H-7); *C-NMR (100 MHz, DMSO-ds) o:
165.0 (C-4), 151.5 (C-2), 137.8 (C-6), 107.7 (C-5),
11.8 (C-7). LA E&¥E 5 CikdieiE — 2127, #E ek

H )16 i JiReE e .
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