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Anti-inflammatory Effects of Ceramides from Incarvillea compacta
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Abstract: In this study, a ceramides-dominant mixture was isolated from /ncarvillea compacta by silica gel column chromatography and
identified by ultra performance liquid chromatography tandem mass spectrometry along with identification methods such as H/C nuclear
magnetic resonance spectroscopy. The ceramides-dominant mixture had a total ceramide content of 81.53%, and its anti-inflammatory effect
was preliminarily evaluated. Besides, the anti-inflammatory effect of /the total ceramides from /. compacta on (LPS)-stimulated RAW264.7 cells
were also investigated. The results of methylthiazolyl tetrazolium (MTT) assay showed that the ceramides-dominant mixture from /. compacta
(the ceramide preparation)-at low concentrations (6.25~50 pg/mL) had no significant effect on the cell viability of RAW264.7 cells. The
ceramide preparation significantly inhibited the lipopolysaccharide (LPS)-induced production of nitric oxide (NO), with the highest inhibition
rate being 91.07%=+0.11% when the concentration of the ceramide preparation was 100 pg/mL. The ceramide preparation effectively suppressed
the mRNA expressions of interleukin-1/ (IL-14), tumour necrosis factor-o (TNF-a) and inducible nitric oxide synthase (iNOs), as well as the protein
expressions and phosphorylation of inhibitor-a of NF-«B (IxBa), pyruvate dehydrogenase kinasel (PDK1), protein kinase B (AKT) in
LPS-stimulated RAW264.7 cells. The results of this study showed that the ceramide preparation has significant anti-inflammatory activity, and can
exert its anti-inflammatory effect through phosphatidylinositol 3-kinase / protein kinase B (PI3K/AKT) signaling pathway. The experimental results
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of'this work can provide certain scientific and data support for the development of related health foods and rational utilization of plant resources.
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FRHFUEAFEOINE P B A Iy 88 T 22375 A L [
WHSE 37-HEEEEA SIS RIS 45E HR
AR S5 4 MR OB EH RN AN . Zhao FFEOVHT 1%
EWBIERIN AR, %€ T 23 MibEY, BFEN
RHE. L. GBS E R, =i, KRR
&Y. FETNE L PR 7 % T
TR HEE . HfE R RAFERRE 10 ey, o8
K, SRR N LR S T A F 2 5 E
25 M E, FFYPRIESE T BT IKIRY) B
HEWPUEAAE I ERIE R o ASEES 2= 76 Z AT EIRE 7T
rh ot NS A B AR B4 B T 2 B OR S R AL &
Y, R HEAT B2 BRI TR CR PR FH 12100,

PEZRE (Ceramides) {E =RV, &
ARSI T RE B ity 24 SR A il R s P
XF R IRA R T AEFE R IR BRRRES DRI, PTEE 55
A PR T e B B EAE O, WA, B Gr B R
AT R SIS Rt A A A
FhAE AR U2, @SN IR T BT & S
P Fig ERD 35 A I B 273 R I RN JH e 4 44 4
FUN R AR S 5T s 2 P PS8 0 1 LA B 8 ) (i e
TEA . X SEUR ] e SRR A (k& oy it o7
%, B S IR BAE T TVE R
B EE T 2 MPETR IR G . 2RI IS
K I 7t COx REHL-73 1 2 AR I T JBE 4 ph 22 8k
. BHT, M HERZ Y TR o B Ak e 2k
WYl A BEVE S R T AN o BBAh, PP
ESEY) P H) & B b, KRG CE & a iz
IENEY TR, FEARINRER . 25 At SN
PRZEIEHETT AR P BORIE T8

RNIE RSN YINARLESZ BN UG f5 , AE AP EL
RANFAEH FRER— RYIHZ P4, Z M35
Z 5 SR ORI SRS, 38 AR SRR ) A I

RGBT e S B0, 38 P 980 2 I I 0 S
P R A RKIERRRER, e H A S, W
TUEOEIRIEA R, ERRBURE T4, (Hd &g
PR T\ A TR 55 AT R 22 7 AR R TBOR N
HgHE— 2D I SRE TS, AT B 0 LR RE 7 Y 1)
Z R I R FNFET 20000, 52 4% i (H PR R AR
Z, FEHME. H. SRR,
BRI A I 43 WA A0 T 2 22 B 1k A o M IS P g 22 i 2 2
(LPS) 52 20 1 B e 3 35 S J0E S B H 1 A
Jii, LPS /315 S4% ST 51 SOE(E 5 9k
FE FERAT N, I G 2 T i I F U B R SR AR R
F (TNF-a). F4iii/r3-6 (IL-6). HAMNK-17
(IL-17) RE4IAR-14 AL-18) 2502 4 41 A+,
A5 e 2Aat B, BE NI EAw s
FETIRV2A DRI, HHIHT 98 701 00 7= AL o TR AR
i % A ) EE R p (23, AR T A i A
TEMRABEREIEEC 7 X LPS il RAW264.7 4444
Ji 2 ER A SRR 25 A I 0 TE A B IR RS oy TP
DAL, ORIPFN G B R F 3R B X — R e 2 FH AL
DR BRSO o

1 RS

L1 A5 A

HAWS I WTHEBERTHAMTS, HF
] = 2 o} 2 5t 24 AL D 9 P S Dt 7 (R 5808,
an PRAEAEVE R T 5 B A d B 2= 2Bt . DU 2 — fi
(TEMED), B A RAMFEREGRAR; TSR
BN BEMEE (MTT). G0, IRZFE (LPS). G4
JH (FBS), 3E[H Sigma AF]; 1640 #5753, PiER,
&[H Gibco AF]; HHHAJH Marker, 5[ NEB A#]; il
§ BCA R AE BRI & RIPA 24 30%P il
-F SO AT, b RO T AR A IR A
Al Il iR, EAEBRRIARAF: Trizol,
% [H Invitrogen A 7]; ik TNF-a. COS-2. iNOS.
p-actin, FE[E Cell Signaling A F] .

1.2 HEGEE

Bruker Avance 111 400 M A% % 3EHR A At
IE). Ultimate 3000 7R 8B (4145, SEE Dionex
3#]; EEL Thermo Q Exactive Plus & /0 #E i it , 36
Thermo Fisher Scientific /A & ; t4 5453 B 48 & A+

47



MK EmBHY

Modern Food Science and Technology

2022, Vol.38, No.11

<[ Thermo Fisher Scientific A 7]; PCR ¥ 181X, ABI
NF]; HUKFE. Gel XP System {1 5K % R 4
Bio-Rad A w]; #A4EKREUGATE RS, FiERAER
FAHWRAR; o RF, RS2 REHEE R G
/~#]; Tecan Infinite M200PRO fif#51%, %fi 1t Tecan 2~
Ay ZEMIRIEFRA, HAS SANYO AR, 6ximE
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13.1 FEART A EBALGIRIE 55
0 2.0 kg TR B AP B LA HME, 16 60 C4%
£, 10 L /AR50 %0 95% 2. FE 2L 10 h, HE A HEEL
3WRIEAIFRIGH, BEIRGS SR 382.4 ¢. K
350 g $EHUEF T 3 L 4k, H 3L ZFRABEAEHR,
HEFIW 3 WEEHFEIGHE, 60 CIUERKYE, 1534
R 2 FEAEEY) 86.6 go HX 80.0 g IR LBE AT
300 mL HEEH, SRS T EMTRER B (200 ¢,
100~200 H), #ATEERALENT (800 g, 100~200 H).
S U - 2R 2B (v/v=1:1) RS IETZE e
BrEH ARG, SR L A - - = %
(V/v/v=80:20:1) MR VEFIVENL, @it 2 Ak
(TLO) & 5 A LR VB B I - IR R IR A A AR
PIEMANZ (7623 mg).
132 &dfe it i
RERE : Waters BEH Amide Column (2. 1'mmx100mms;
1.7 pm), A= 45 C, BEFEARF: 5 pL, i : 0.25 mL/min,
WA A (ZJE-7K-10 mmol Zuf#%%-0.1%F#2); B
(S EE-Z5-10 mmol £ FR%%-0.1%H TR o i FEVE N -
0~5 min, 15% B~30% B; 5~10 min, 30%-~50% B; 10~
15 min, 50% B~54%B; 15~20min, 54% B~70% B;
20~35 min, 70% B~99% B3 35~45 min,99% B; 45~50 min,
99% B~15%B; 50~60 min, 15% B.
BT AT E B GUE (HESD:  850R
& 40 arb, FHBVSARTE 15 arb, BYIEEE 320 C,
HE AN AR E 350 C, IEMIEHIE 3.2kV, i
% L 3.0 kV. MS B4 #5%54 70 000, MS/MS 1
SR 17500, HiTT O, EE R
K, FEETEE maz: 100~1 500, RE1LEYIR
%558 X H Compound discover 3.2, mzcloud 1 mzVault
Kl o
1.3.3 fmiaiEdc
RAW264.7 M5 =R N 37 C, CO AT 4y
BN S% I FRM T HAT, BEENGHREER
(100 pg/mL) 8 & (100 U/mL) J A 2F i (10wt%)
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ff) RPMI 1640 35 773E, 24~48 h FH— 77 dE, 24
MR & 2RI% 80% T, HEAT4RNRE IR

134 FA % TRV ZENE RAW264.7 0t
A EH MR R0k

MTT TAERACH]: HX 1 g MEMEEE IRV T 200 mL
PBS ™7, BG4 T 0.22 pm JEBGEIERR B, K 4 C
VKFEORAT, IRATA S T L THACH LY. MTT
BRI FREX 5.00 g SDS BT 0.01 mol/L HCL
W ERE 50mL.

FH 20 B 1 0 B 252 K A 1Y) RAW264.7 4RI
RPMI 1640 Br 7, K BB hR= Tt 13106
ANJEHERT 96 FLEFFEIR (AF4L 100 uL), #55% 16 ho
] RE AR IS [ B3 A2 e D e 2 Wi e, RN
ERREEE 3K, BT 37.°C. S E 5% CO B3¢
Farh 597 24 h, WAL NEEFRBUT IIN MTT TAEHR(
FL 100 pL)y 46221555 4 h JEMAMTT £ 1k (5L
100 pl) , = FHEEFR A 2E.550 nm 4b A {8 . SZE6 R %
B AR AR .

C=:4;12;A0><100%

1

B
C—Haxtemfo &%, %;
Ao = eIl A,
A—HE AL ML A1
A—5 1430 A {H.

135 %A KT KAV & Bk 3 LPS 4 F
RAW264.7 4@ a5 NO 89%57h

B 41 Mo 5 3 O B 2= T 1x108 A Y 3t %Ak K
RAW264.7 4iiffd, $eFpT 96 FLIEFRM (FAL 100 pL),
9% 16 ho I 50 uL (1) LPS (B R &R 1 pg/mL)
¥ 30 min J5, AN [EIIRFE 25 A U B AN 2 W
SEIGBEE LPS 4. sEIRA s A, RHELR 3
Ko H Griess G40 B35 W+ NO & &2,
13.6 % 4% ¥ Ay & B 5T LPS 4 F
RAW264.7 %02 ¥ J2 ] F mRNA & & 69856

O HUE K0 RAW264.7 41, FFH RPMI 1640
BE RN R Mk B R B R 5x100 7. B 5%100
RAW264.7 i, #:F0T 4 mL 532074, ¥59% 16 h J5
HOANLPS (1 pg/mL) %1 30 min, 70 B0 5 B
% 50 pg/mL 100 pg/mL ()24 3 B e e A 320
Ji 6 h, SEEG B A (XS I, LPS 4 AISEEG2H o FH Trizol
R ELZA LA RNA, HX 2 pL RNA %4554 cDNA
FIF PCR 41, 2 %€ & PCR #&:ll IL-15. TNF-a 5 iNOS
L RIENF mRNA [J£IA &, PCR MR R A: 10 uL
2xTaq MasterMix. F FIiE5|4)% 1 uL. ¢cDNA2 puL.
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T4k 6 uL. GAPDH. IL-18. TNF-a% iNOS
PCR B4 AFA: At 94 “C. 2 min, A8 94 C.
30s, Bk (GAPDH. 56 C, COX-2. 60 ‘C, TNF-a.
55 ‘C). 30s, ZEfH 72 “C. 40s, PCR ¥ 1 30 MG,
ZIEH 72 'C. 5min. PCR ¥ H4Fr 5 H EilgE T
GG BARFAIE 1.
137 % £ K F 04 & B3t LPS 5 F
RAW264.7 ta it IkBa. PDK1 % AKT & & % &
Ao FEAL A% ok

7t 4 mL 35 7R ML AR aPoa 30 K RAW264.7 21
5x1004, B57E 16 ho IO LPS (ZIKFE 1 pg/mL) Hi
B30 min J5, HIIMAERIRE 50, 100 pg/mL
B TP TR 6 ho TR I PBS i
Yeanpe, B0 15min J5 (4 °C. 14 000 r/min), JIA

200 pL & F BRI S — A BEEER 78 iR e S0
10 min (4 °C. 14000 r/min), _E3HREIAZEMSE .
iz F BCA 7RI Sk il /R v h 2l i 20 M 2 1 PR
B, @it Western Blot £l p-IxBa/IxBa~ p-PDK1/PDK1
J p-AKT/AKT BEHAFIL. ¥FEMEATE 94 CiRE &
£ 5 min J5, SDS-PAGE HLJk7» & & L. K& E
MR B VR, EIRRRIRILE, A —4. =
PO E YR, IMANSEFRERG . 25 F 3%
BAEXE, LPS A2t
1.3.8 HABHAHT

A TSI T 3 N E AL, 45 L MeantSD
For, BUESHTE SPASS 20.0 Gi it Mt 52 B,
Sigma Plot 2z, HLUK AT K FE(E K F Image J 3K A
LIl

®1 AARAEXRS

Table 1 Primers used in this work

HE FA S L5 5 573 Ti#rg| 3 50-3°
GAPDH CACTCACGGCAAATTCAACGGCACA GACTCCACGACATACTCAGCAC
IL-18 ATCAACCAACAAGACTACTCTCC TTCTTGTGACCCTGAGCGAC
TNF-a TGCCTATGTCTCAGCCTCTTC GAGGCCATTTGGGAACTTCT
iNOS CCCTTCCGAAGTTTCTGGCAGCAG GGCTGTCAGAGCCTCGTGGCTTTG

R 2 BERSHMAMEHPRRMRNERER

Table 2 Structural information of some representative.compounds in the total ceramides from L. compacta

No. | EE st gngl SEENCirre B8 aRR ek
1 1.02 & N B [M+H]"  207.06499  206.057 71 -0.96 C1iHi1004 611873 699
2 1.25 Verrucarol [M+H]" . 267.158 69  266.15141 -1.48 CisH204 294 859 085
3 1.36 Isoxsuprine [M+H]®  302.17474  301.16747 -1.08 CisH2sNOs 73441932
4 1.37 B 55 B [M+HH]* 45736816  456.360 89 1.19 C30H4303 40155513
5 1.42 R SRR [M+H]"  279.23145  278.22417 -1.46 CisH3002 62318486
6 1.42 o-Linolenoyl ethanolamide  [M+H]"  322.27402  321.266 74 -0.12 C20H3sNO» 36 631 960
7 1.43 Mexedrone [M+H]"*  208.13304 207.12576 -0.79 C12Hi7NO2 165 880 266
8 21.73 Cer 18:2 [M+H] 5204715 519.464 22 -1.78 Cs3HaNOs 2356452 867
9 2192 HexCer 18:1 [M+H]"* 73256079  731.55351 -1.69  CseH77NO1w 5725851974
10 22.94 HexCer 18:2 [M+H]* 71455017  713.54293 -1.75 CsH7sNOo 3363 812939
11 24.73 HexCer 18:3 [M+H]"*  812.62341 811.61614 -149  C4HssNOw 226 667 703
12 25.69 HexCer 18:2 [M+H]"  828.65442  827.647 14 -1.82 CyHgoNO1o 347053274
13 26.74 HexCer 18:2 [M+H]"  842.669 68 841.662 4 225  C4HoiNO1p 1698317 686
14 28.54 HexCer 18:1 [M+H]"*  816.654 48 815.6472 -1.77  C4HsoNO1o 3278 061 700
15 2947 Cer 18:1 [M+H]"*  654.60242  653.59511 -1.09 CsH7NOs 1149971917
16 30.19 HexCer 18:1 [M+H]* 844.68573  843.67841 -1.83  CssHosNO1o 2464 103 665
17 30.46 Cer 18:1 [M+H] 668.617 8 667.61052 -143 CyHsiNOs 1390603 712
18 31.31 Cer 18:1 [M+H]"*  682.63336  681.626 09 -1.52 CpHgNOs 3002457135
19 32.19 Cer 18:1 [M+H]"*  696.649 11 695.641 8 -1.39 Ca3HssNOs 974 861 038
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2.1 HARF I A BN E B E KT

P RE— S — MR, HEIES
TR ZIEARIMAH] m/z BRI B 1 %
A B AR 2 I A T 28 A5 X 8 v SO E- 1 70
Fis S K, HKPE compound discover 3.2 B4 K
mzcloud A mzVault Z4E 7 M4 7 138 MEED),
HA 13 MG A ARy, REmARIE—
ik, 31X 113 MG P E TR S 43 138 /ME
EANETRUEANN 81.53%. M 2 7T H HEE DL
PRI | EAE IR 7 EOREEE ATE verrucarols
5 95 R AN B SR . B AL S S M I AR B A
a-linolenoyl ethanolamide /1 mexedrone, 1H & &= 1A
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Fig.1 UPLC-HR-MS spectrum of the total ceramides from
1. compacta in positive ion mode

EAURIE A= v/ RSV ARSIV N Sl i)
AR 77 e A P e A S 12, I T P 2 AL A
I TR SAFAE, AR B0 D B AR R 5
HEHR I BE T R AR . 2 A I S e 2 T
R IAZ IR B, 5 LG I S AL 8 Sk 6 v o 22 T
& RGP A B s 22 i 5 A B N
HKho 65.36~5.73 JyWEE LRSS S, 63.70~4.92
NEERF IS T, 6 1.24~2.37 Fflafi b i 1 i 3
55, 00.86 MR BERI A FHEAE 5o it TR
N—HIREY), FUEREN, SHESES™E,
FEAHEE TR AR

B 3 N AR AE R A I F R LR 1 1]
5L B A B AL A EERY, 6 14.1 R
HIIERRAE 5, 622.7 R HJE 55U I F L RR 15 5
6 29.2~29.8 JyJlg i B 18] R 5 I LR AE S,
§31.9~37.0 JyXUEE Pl fhie e mid e AUk S 55 A g I Y

50

BERRAS S, 9 55.0~79.0 & R IE AU R IR S,
0 128.0~130.7 JyMUEERRAE 5, 6 173.0~175.5 it
SERER

SN | ]|

(x10°)
2 BERBMER IR ETE
Fig.2 'TH-NMR spectrum of the total ceramides from 1. compacta
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Fig.3 BC-NMR spectrum of the total ceramides from I. compacta
£ tr UPLC-HR-MS/MS. AZH IR G A% i3t
PRBRIE RS, 45 & SCIRPOHRIE B, e = AR
BACARBU) (0 3 E 7 AR WA S

22 %A KB WA 2 BRI RAW264.7 48 3

bi-RCE R Al

WP 4 FoR, 5IEFSHRAAE LPS XA &
Bk, PIHERRSZIG A LPS HISEM . W 6.25~50 ug/mL
(1085 U B A A 22 e Jie ] (2 i3k RAW264.7 Al LS 1E
H MM XA 2R 43 798 105.16%- 110.86% 111.36%-
107.53%. 4R EEIE 100 pg/mL I, 5420 B fe b2
Xt RAW264.7 4l FHAEH (p<0.01), FELT
RAW264.7 41 i 1) 48 58 35 4, 40 AR 0 A7 6 RN
88.12%. A E W I N, LA LT, B5|3E 28]
S50 PR 23 0 U538 B AN TRV B ) 40 e 25
PE, XTSI T B o, ERAR R,
It R85 BT 8 250 A0 1 25 T SO I B 1t 3R
RICRAFRIERY, R BRI EE. 5 ERPTR
ZIRHLL, AN P e MAR i G BEER N, %@
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Fig.4 Effects of the total ceramides from I. compacta on

RAW264.7 cell proliferative viability

23 WHERF A ZBH LPS %5 RAW264.7

40 i F8 5k NO %l

NO {E R MEAR SR A Y B2, S 4t =
ARMEAEA, (R ANFE, ALY
155, DRI FEHE SURBO, L INOS /& NO & B 24 75 IR
HEE, INOS [FRIAE S NO & e 2 1EMIE. K,
FNHINO FIBEHEL INOS ik i REBCATATT A HE UM
B A S B, AR F Griess Y46 ZH B NO
B, 3300 NO KMFRHERIZNy: y=0.007 4x+0:002 6

(R?=0.999 8). HH, x ALK, v v AME,

WKl s frz, LPS AlfIl RAW264.7 21 Btz

AT IEFERS N NO, HX AW =51 %
(p<<0.05). NINZFEAPZ AL 5, RAW264.7

4 NO Bt I B I (p<0.01),. H NO B 5

TN A 5 B AR AR 2RI ik P 2 I M A DGR &

RI
IL-18
RI

TNF-a
RI

iNOS

GAPDH

LPS (I pg/mL)
Total Ceramides from /. compacta(pg/mL)

BN 6.25. 12.5. 25, 50, 100 pg/mL F)2545 p B 1E 4
S fE, RAW264.7 410 NO BEE 718 45.13,
38.85.28.79.12.27.4.61 pumol/L, #HIZR /351N 12.53%.
24.71%. 44.19%. 76.23%. 91.07%. K, LPS fgik
S RAW264.7 4HHIREL NO, 11254 I 2 e A 2 ke
A FIREFE RIS LPS 55 RAW264.7 4l /3 NO 2
WREEAANE -

60
50 F N
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20 |
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*
0 Ll=t= I 1 1 I
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5 Bt B A EERERT RAW264. 7 4RBETERI NO BIS2NT
Fig.5 Effects of the total ceramides from I. compacta on
RAW?264.7 production of NO

A HPITCR Y, RN 0.625 mg/mL 118 FHPL 2%
222 )L MURE 4T LPS 53 RAW264.7 41 NO
PRIy 43.64%052, 100 pg/mL HILERE IRV LPS
75 RAW264.7 1R NO FIHIHI A 70.85%3),
T ZSHH 7T AR I R BE 2 A D FE A 2 B i 6T LPS 15
5 RAW264.7 4HIUBE NO (14 2 .

2.4 BT A A B LPS -3 RAW264.7

ONEEBUARE / (umol/L)

40 i # 3 IL-15. TNF-a % iNOS mRNA #y &

0.07 1.11 0.91 0.51

0.08 1.02 0.93 0.39
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Fig.6 Effects of the total ceramides from . compacta on IL-1f and TNF-a and iNOS mRNA expression in RAW264.7 cells in response to

LPS stimulation
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Fig.7 Effects of the total ceramides from 1. compacta on IkBa and PDK1 and AKT expression and activation in RAW264.7 cells in

response to LPS stimulation

3 g

AR MNE R A1 R A P T R R LT A
LRSI Y, FERHARSNLR G TEREAT T 122 (Kt

52

Fio RGN, IR %A B2 T 2 BT LPS
75T 0 RAW264.7 A s GE s A Rt E A, H#
AR B AR A B e TIOATd s H ] iNOS mRNA Fl &
FRIE, MIA % NO FIP=4, Il O I N Al



MK EmBHY

Modern Food Science and Technology

2022, Vol.38, No.11

HE . TEREWR D IEP AL T 15, LPS Fl#
RAW264.7 Zilfs TNF-a.IL-18 mRNA ik & 51K,
H S 56, 7 B 25 AR B e AR B0 IL-6
FIL-1pR RIS BAMGEIER, ARIT 2RI IR
FES AL B B4 I B AN A BT FiE
A% IkBaw PDK1 M2 AKT 25 AL KiEAL, M
il R AR T, R RIE R 45 EATA,
B LR B AN 22 T i mT DL i )] I6Ba . PDK1 A
AKT & A RIFRIE L ILig 1k, 980 IL-18 TNF-a/ iNOS
FHIGSER T mRNA FIEE AR FIRIARI NO =4, M
T S S B I A2

B Sk

[1] R AR R R 2R o R 25 SO TE B A R DU &)
[IM] AR A, 1985

[2] W7k E JZG E ML PG T A R A, 1991

3] HERPERAGEFHF(FHEAT) LS. PEARTRZEM].
i EEREAROR AR, 2002

[4]  FRAE ] AN RS PR AE T 5 ROAE A A (0] R 4 A= )
222247 2020,42(12):2205-2214

(5] SR, 3l bl TR B, S B2 B AR I P e 1 MR S
B A 22 RS [J]. R 524,201 5,46(4):476-480

[6] ZHAO lJiangiang, WANG Yanming, DANG Jun, et al.
Chemical constituents of Incarvillea compacta [J]. Chemistry
of Natural Compounds, 2017, 53: 548-550

(71 EUIHL 7, AR 5 A AR A S 0 OB S [0 s 24
2019,41(1):110-113

[8] Guo Jiajia, Zhang Dan, YuChao, et al. Phytochemical analysis,
antioxidant and analgesic activities of Incarvillea compacta
maxim from the Tibetan plateau [J]. Molecules, 2019, 24(9):
1692

[91] SHEN Ting, LI Xueqin, HU Weicheng, et al. Hepatoprotective
effect of phenylethanoid glycosides from Incarvillea compacta
against CCl4-induced cytotoxicity in HepG2 cells [J]. Journal
of the Korean Society for Applied Biological Chemistry, 2015,
58: 617-625

[10] WU Haifeng, ZHU Yindi, ZHANG Lijing, et al. A new

phenylethanoid glycoside from Incarvillea compacta [J].

Journal of Asian Natural Products Research, 2015, 18:

596-602

ERHR FTHEST Bk A A BRI AT T SN B (D). H

165 1001k,2019,1:51-57

AT RUFERR, K55 55,55 C2- M BEZAE A549/PCO AR

TR BRI 2 R AR 41,2022, 1:31-35

[13] &2ig, i 2 JEMRAZ A VAR 5 (10 70 A S L4 B M S sV At

[11]

[12]

[14]

[15]

[19]

[21]

[23]

[24]

[27]

[28]

[29]

[30]

FE[I]. AR, 2019,44(8):87-91,108

AR, H 75, 25/ L, 55 R TR P A R M A A B[],
FP | S0 5 7752 24 7,2014,20(23):83-85

2RI, 0T, SR e, S I 5 CO AEHL- 73T 28 TR X
A3 B AR [D]. A 2547,2017,40(10):2401-2405

Greten Florianr, Grivennikov Sergeii. Inflammation and cancer:
triggers, mechanisms, and consequences [J]. Immunity, 2019,
51(1): 27-41

Netea Mihaig, Balkwilll Frances, Chonchol Michel, et al. A
guiding map for inflammation [J]. Nature Immunology, 2017,
18(8): 826-831

F e, RIS, PV L, S Z B NF-«B/MAPK {5
3O T A R A BRI A R R[], o 24 B 2
#%,2016,32(4):489-493

IEIHE, Vi FL, 28, 551 Notch/NF-<B/NLRP3 {5 5 J
1ty L T A S50 1 2 W A RO 7 3k FRE (], i K2
AR (BEE1R),2019,44(10):1174-1178

GU Jinjing, LIU Yi, XIE Bin, et al. Roles of toll-like receptors:
from inflammation to lung cancer progression [J]. Biomedical
Reports, 2018, 8(2): 126-132

Kwon Sunyoung, Ro Myungja, Kim Jaehong. Mediatory roles
of leukotriene B4 receptors in LPS-induced endotoxic shock
[J]. Scientific Reports, 2019, 9(1): 5936

Kesavardhana Sannula, Malireddi Rksubbarao, Kanneganti
Thirumaladevi. Caspases in cell death, inflammation, and
gasdermin-induced pyroptosis [J]. Annual
Immunology, 2020, 38(1): 567-595

I [, T, B, S5 AT SR B AL SR L il
FIE A S [0]. H 1 £ 22 41,2013,13(8):35-41
BT S D A SRR IR 2 E S RAW 264.7
AU AN A RE ] £ FH,2017,42(8):199- 205
IRERFE R BRI i, S5 S EC SRR ST A A T S LR
I IR B i RHH,2017,33(4):61-66

LUO Yinggang, YI Jinhai, LI Bogang, et al. Novel ceramides

Review of

and a new glucoceramide from the roots of Incarvillea arguta
[J]. Lipids, 2004, 39(9): 907-913

A R VIR, 550 I I R U K
BRL-3A # il i1 2 P54 F LU (0] 25 40 P40 B 9,2016,39
(3):349-356

X116 =Hh PPCPs 22545t 293T 20 S BT £ (1) BEHE AN
TE FE[D]. H K A [ ARk 22 e K2 (o o e i PR At
BRI Fkx),2018

T, R A R T AT SR B0 LB R R TERA iR
AE 1 I 25T 2% E,2021,30(8):569-571

BRREHR, O AR, 55 R 2 90 /N R E R 4R Y NO

53



MK EmBHY

Modern Food Science and Technology

2022, Vol.38, No.11

[31]

[35]

[36]

[37]

54

iNOS K COX-2 Zrilbm ISz mm ] 5 B 6 5 2441),2015,15(2):
15-20

Otani Hajime. The role of nitric oxide in myocardial repair and
remodeling [J]. Antioxidants & Redox Signaling, 2009, 11(8):
1913-1928

R, TR, K. 22 )L T BURL ARSI« LR AN G
SEVE TR T[] H [ 24 55,2019,30(16):2221-2225

JE AR, RIS {5, B B, A S 1 AR S ML R A F HOBIE T
(7120 230t fi2,2021,42(5):80-84

Bektas Arsun, Schurman Shepherdh, Sen Ranjan, et al. Aging,
inflammation and the

Gerontology, 2017, 105: 10-18

environment [J]. Experimental
Wolf Dennis, Ley Klaus. Immunity and inflammation in
atherosclerosis  [J]. 124(2):
315-327

AR A S 7, 25T, 55 v 5 AR 7R S B A
I35 TNF-a IL-6 K- FRISZL]. 380 R P PR 25 K574, 2020,
40(3):377-380

Moshiri

Circulation Research, 2019,

Mohammad, Moallem  Seyedadel, Armin
Attaranzadeh, et al. Injury to skeletal muscle of mice following
acute and sub-acute pregabalin exposure [J]. Iranian Journal of

Basic Medical Sciences, 2017, 20(3): 256-259

[38]

[39]

[40]

[41]

Mao Liming, Kitani Atsushi, Strober Warren, et al. The role of
NLRP3 and IL-1£ in the pathogenesis of inflammatory bowel
disease [J]. Frontiers in Immunology, 2018, 9: 2566

Sun K, Luo J, Guo J, et al. The PI3K/AKT/mTOR signaling
pathway in osteoarthritis: a narrative review [J]. Osteoarthritis
Cartilage, 2020, 28(4): 400-409

Sun X, Chen L, He Z. PI3K/Akt-Nrf2 and anti-inflammation
effect of macrolides in chronic obstructive pulmonary disease
[J]. Curr Drug Metab, 2019, 20(4): 301-304

Du C, Zhang T, Xiao X, et al. Protease-activated receptor-2
promotes kidney tubular epithelial inflammation by inhibiting
autophagy via the PI3K/Akt/mTOR signalling pathway [J].
Biochem J, 2017, 474(16): 2733-2747

LUO Man, YAN‘ Dongsheng, SUN Qingsong, et al.
Ginsenoside Rgl attenuates cardiomyocyte apoptosis and
inflammation via the TLR4/NF-kB/NLRP3 pathway [J].
Journalof Cellular Biochemistry, 2020, 121(4): 2994-3004
PANG. Ying, LIANG Mingting, GONG Ying, et al. HGF
reduces disease severity and inflammation by attenuating the
NF-«kB ' signaling in a rat model of pulmonary artery
hypertension [J]. Inflammation, 2018, 41(3): 924-931



	图4 密生波罗花神经酰胺对RAW264.7细胞增殖活性的影响
	图7 密生波罗花神经酰胺对LPS诱导RAW264.7细胞IκBα、PDK1及AKT蛋白表达及活化程度

