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Mechanism of anti-influenza virus of volatile oil in Cinnamomi Ramulus
and cinnamaldehyde
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Abstract: Objective To study the anti-influenza virus A/PR/8/34 (HIN1) activity of the volatile oil in Cinnamomi Ramulus (VOCR)
and cinnamaldehyde in vitro, and to reveal the effect of TLR7 signaling pathway in anti-influenza. Methods The ICsy and therapeutic
index (TI) of VOCR and cinnamaldehyde in vitro were determined using influenza virus-infected Madin-Darby canine kidney (MDCK)
cell line. ELISA was conducted to determine the level of interferon-f (IFN-B) in MDCK cells. The real-time RT-PCR was used to
determine the mRNA expresstion of TLR3, TLR7, TRAF-3, interleukin-1 related acceptor kinase-4 (IRAK-4), and IFN-$. Results Both
VOCR and cinnamaldehyde had the direct virucidal activities on influenza virus; The ICs, values were 1.85 x 107 and 5.77 x 107 g/mL,
respectively. The TI values were 27.04 and 9.51, respectively. Compared with the virus group, VOCR and cinnamaldehyde (0.25 x 107
g/mL) had the significant effects on increasing the serum level of IFN-f in infected MDCK cells (P < 0.05) and the mRNA expression of
TLR7, IRAK-4, and IFN-B (P < 0.05). Conclusion VOCR and cinnamaldehyde have good anti-influenza virus activities in the cellular
level. The mechanisms are related to the activiation of TLR7 signaling pathway and IRAK-4, and leading to the high expression of IFN-f.
Key words: volatile oil of Cinnamomi Ramulus; cinnamaldehyde; influenza virus HIN1; TLR7 signaling pathway; interferon-f3;

interleukin-1 related acceptor kinase-4
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BE I A HINT 2R 50/ 2 78 MDCK 41 fitg
s, e IERE b, ASZRRE b SR
ORI R B 1 O AL 7 ) L AR K AE L, DA RO
JE YL RO FF ) MDCK. 41 g Toll FE3Z 4k 3
(TLR3). Toll 524K 7 (TLR7). B IRIEN 152
A F 3 (TRAF-3). A 2-1 2R Il
4 (IRAK-4). Tt %-p (JFN-B) LR R IL M,
DL 307 I ¢ A R 0 AL S 3 [ ) o 2l % TLR/IFN
55 WAL o
1 #
1.1 A5

FERE S 2584 08 T i At b 24 i gy, 7
I, SRR TR R 2K 2 0 O T s B AR
KB R REY N Cinnamomum cassia Presl ]
TR, FERS CTEZH) 2010 FERRbRITE;
KH (P E 2L 2010 SRR P S35 R PR B 292
PRI R HE R IR B E IR BAAR D , Jo 7K R B it
K G AR AT, I rpob: Bz I 5340 66.85%
R T o) S R B =>93%, 1T R BRI PR A
F], b5 MKBB245. FAER 1 R BB JZ 9 50 pL
TN 950 L — FEEEHL (DMSO) %k, el &
FE R 0.05 g/mL HIBREE & H o I FH IS S5 72 0
BERPTHEKRE . FIEFAK, 10 mg/i, Sigma
A, HES 020M4003 . & 254l FH I 35 R 000
T2 T R

DMEM #5580k, B8 #ZMEEH Z8. 7.5%
A HEEH D V. 4-F 2 FEUR B 26 R
(HEPES). Ja4-1i%. 0.25% EDTA-J#lE, 0 H
Invitrogen /A w; TPCK-JERE. 4, 5- - FFJLBEM-2, 5-
TIORILPUMRAL Y (MTT). DMSO, Sigma A ;
W Eh 22 v (PBS), Thermo Scientific 2 7 ;
W4 537 £ . SYBR Premix Ex Taq i/ #5, TaKaRa
NHEl. TEERE. DNA Markery Trizol, KiEFEWY
TRAR/A T Canine IFN-p ELISA X7, R&D
NI
1.2 wmE54

FH R g 2 B UG IE ik A/PR/8/34 (HINDD,
VU DR B g, —80 "CIRAE&HT . i
FHHTT 9 HEE XS R R el ESALAR 2 W5, DN it e
WREA 11512, MDCK 408, DU B Tl i
il BN, 41 i 2 AR AU A

1.3 {48

SW—CJ—IF B TAEG, & AR
Fl; GHP—9270 1HiRIG 740, FilsF iR~
A\ F]; ND1000 #4185 1%, Nano Drop 225 1Q5
Optical module SEH % E & RT-PCR ¥, Bio-RAD
/y); Multiskan MK3 B, SEE Thermo 2],
2 HE
2.1 MIRBYRESHEERTIER

AUHISEEG 2o, H A& 250 MDCK 41 i (1)
FHURYL R (TCIDse) A 1X1077 mL, FER% R M
JFE XS MDCK. 40 I IR KGR (TCo) 3
N 0.25X107° g/mL, PHEPEKE (TCs) M 5.0X
107 g/mLPle K Fb {5 2% e sl J2 s N 2 435 TC, IF
GHIAT XSRS, IR0 35 20 TCIDso W B 25 14
BURS, BLHRR 250 iR AW QR TREIREEN
0.25X107°~39X 10~ g/mL, JHFFRLWSEL N 10
TCIDsy), BT 37 ‘C. 5% CO, H 7547 1 ho £F 96
AU A S 2 S, 5 BIEW, PBS Pkt il
3K, 1% 150 pL/FLINAN L3R AS [ o sk 5 PR R AR
R B R - B G, TR I T G R B
UABAPEXS AL AU I 2, BEFL I g g
FEFRMR 150 puL: W ER A BEAL I 7 A K 150 pLs
BH X AL AR AL I TCy (15 pg/mL) FIEFHE
JREER G 150 pL. R4 PATH 6 H4L,33.5 C.
5% CO, BiFeffirh ke i5 9%, B H W 82 40 s A2
(CPE), MMk 77:% CPE 434%. daP. 4%
BN CPE IA+++~++++, K MTT (&
WIE 0.5 g/L) LLa ikl 492 nm AW (4D 14,
T B A%, §% Reed-Muench 7211534,
IR R IE (ICs) FIIRITFREL (TD.

TI=TCs,/ ICso
2.2 ELISA J£#a0 IFN-B b=

96 FLAH H HEES IE MDCK 40, £540 i ik
MR 7 i, PBS WpE4 i 3 Wk, LI 10
% TCIDso WiL/EIH 7E 100 pl, 4 BEZLE 5 20 i
AL PBS ¥ 100 puL, 7£37 ‘C. 5% CO, K7
FAULE 1 he WRFF VW, PBS MEUEAN R 3 X,
B AN B X FE AT A, e T JRs 75 119 40 JiA A
PERCMAL . FERC AL, Jiedl. BHEEXT AL, R4
W8 AN AL, XA TG MG B IR, R R
TR B2 T 20 43 000 N AR A 42 A - 5 T A
T 1 005 T VR S VR (2 R TR TR 1 2 25X 107°
g/mL), FREEAUINAREA KA, BHPEX IR AUIAH)
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B 5 AR TR IR A ORI R AR R B hy 1< 107
g/mL), KRN 150 uL, 33.5 C. 5% CO, 5%
Farh Ak a5 7% 7 ho F G SCAR %5 4H 40 i BT
3 000 r/min Z.0» 20 min, AFAIACEE B3, $2 IR
UL PEREIIN TEN-B GRS, Bl bRt ih 2k,

IONFEIRE S, 588 IFN-B 454, FEIMABEbRPT
PRI R, BEFROGIE 450 nm 4k 4 1H.

2.3 RT-PCREMNEXERE FRIX

231 FEAHIE  T25 40 b eHs i 7% MDCK 4
L, R0 MRIE G R S 5E B, PBS MR FEUE AN
13 ¥k, SHEAI 10 TCIDso i 753 0.5 mL, 4l
SR IE A i N PBS ¥ 0.5 mL, 204011
37 C. 5% CO E5FRM PRI 1 h, W B3E
PBS WA VLI 3 Y. B Xt 41 oh,
DU B IR A0 M A R HE ALy FE BRI
B4l BHYEX AL XA I AT NS 55 7730, FE
TG HE R R R 2 T 2L 4 Sl T N A 3 R e -9 2
R R BE VR A, R LI B AR K
B0, BT FR AL N 5 K-8 25 9 A, #5424
PRI “2.27 T, 34 6 mL/, BE4L 4 AMFE
A, 33.5 C. 5% CO, HiFRAf h 4k 2L 15 9% 7 he 1AL
WA, 3 000 t/min Z5.00 5 min, 3% 3G, WAEDT
W, —80 CARAF#H .

2.3.2 & RNA 2EURT cDNA @ikt drk R
Trizol VEFEHUITISCAE FO4H s RNA, #IR H 1l e
ICIE Aseo 18, T RNA BIE, K -4140
MUZE /KA R A [V, e ) & 1 W kAT 10
ek, Wi MNAKZRN: 0.1% DEPC 55 uL, 50

umol/L Oligo dT Primer 5 pL, 100 pmol/L Random 6
mers 5 uL, & RNA10 pL. JiERiEA1E 65 C/KE S
min, HEPEVK E, B 5Xprimescript 25 20
uL, PrimeScript RT Enzyme Mix I 5 uL, JEiiEs,
AT S N, 44124 37 °C\ 17 min, 85 C. 5's.
2.3.3 RT-PCR #iilll RT-PCR RMNiAFR: SYBR
Premix Ex Taq 12.5 L, b FESIREY) 1 uL,
cDNA F 1 pL, XWZE/K 10.5 L. HEES G S
RT-PCR ¥ AT RN 56 1 DAURME, N4
95 C. 3min; 22 6 PCR XN, MIW4cMF 40 C.
95 C. 10's, 60 ‘C. 30 s. 513 HKEEEY
THRARARRE, 5IF0E 1. 2855
HAEANFE RN CE, PratEmAERIg 42N 2 18S
RNA ({3—4pabs, H 272 AP mRNA
[FIAH XS Rk 1
AACt=(Ct =
24 FitFEAE
I x £5 Rox, S HHE LIRS AT
r“ ﬁﬁ SPSS 1.0 Gevt A REAT SR 32 7 =200 #r s AR
A AT R K-W 5% .
3 za%
31 WnRmENEERNIER
JEYRUBOR B MDCK. 414546 . A2l . it
T o B 13 Yo ARV iz A6 dt Ji = LA I E
AR FH i 5 A B 1 T s T G 5, CPE 38
WA« FERGE RNAE TCy (2.5X107° g/mL) X i/
R EREAKE R 81.8%, 1F 1.25X10°~3.13X
107 g/mL B, SRR 75 R KR T 50%.

Ct wz)sgn — (Ct nogsm— Ct s )uma

x1 EESMFIIRFYRER

Table 1 Sequences of gene primers and fragments of products

H 2P FIWFH (5°-37) 7B/ bp

18S RNA 1Eli): CGGACAGGATTGACAGATT 109
R Ji: CAAATCGCTCCACCAACTAA

TLR3 1Eli): CCTGGTTTGTTAATTGGATTAACAG 144
[ Ji: TGAGGTGGAGTGTTGCAGAGG

TLR7 iF 1 : TTTATCTGGATGGAAACCAG 138
K11 : AAGATACTGTTGGCTTCGAGGCT

TRAF-3 IE: TAGGGCATTCGTTGAACTTTGGA 111
B I8: TGTCCCAGGTGAAGTTTTCC

IRAK-4 iF1: GGCAAAGACAGGACATTTGTGT 80
R Ji: TTTTCTGGACTTGAGGAGTCAGG

IFN-B IET: CCAGTTCCAGAAGGAGGACA 120

& Ii: TGTCCCAGGTGAAGTTTTCC
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JEREAE. TCo RAUBIR R A KZEN 65.5%, 1E 1.25X
10°~6.25X 107 g/mL I5f X ¥ J80% 7 4% K F >
50%. AEFHMLE TCo (1.5X107° g/mL) X i &
TREER KAKT 50%. FERGHE RS R IR It I
) ICsp. TCso M1 TI WLFE 2.

F 3 ERIEL MR EEX R AR S MDCK 4
IFN-B SIS0 (x+s5,n=8)
Table 3 Effects of VOCR and cinnamaldehyde on IFN-
secretion in HIN1-infected MDCK cells

(xts,n=8)

A p/(gmL™) IFN-B / (ng'L™")
FT2 BERUELZBIER B RBRER ICs. TCs 1 TI Wi _ 228,592+ 17.501
Table 2 ICsy, TCsg, and TI of VOCR and cinnamaldehyde i _ 298723427200
on influenza virus TR A i 2.5%107° 285.9584+58.872"
Al B TCw/(gmL) ICy/(gmlh I e 2.5%10°° 261.859+30.872°
FERGFE Rl 5.0X10° 1.85%107 27.04 FlE b 10X 107 33.045+27 817
FE R 5.0X10° 5.77x1077 9.51 L P<0.05
FIEF K >1.0%X107 — — *P<0.05 vs virus group

PRI L ATARAE TCo AR RERHIIEIE <50%, ToVEVHELICsy M TI
ICs0 and TI of ribavirin could not be calculated in direct virucidal

experiment because viral inhibitory ratio is less than 50%

3.2 MBS BURER MDCK A8 IFN-p 4589
A

FRA TEN-B 5 B AU [R5 72 Y=0.004 772
X+40.035 957, $ b 77 R AL S 1) TEN-B (1) & .
Einf AL He 8, R ERAL IFN-B Wi L i 2 5 .
LR aR AL LR, FEA A R i R A B 1 i S 3 4 ek
LB TEN MDCK 411 IFN-B i (P<
0.05); A HARAA fEIE IFN-B b, (H5
R A LI B 2= 5, T RS LI R i R) K B
BN . 4550 W 3,

33 MR BYHE MDCK AR X R ERIE
B2 M
LA, A4l MDCK 41 i TLR7.

IRAK-4. IFN-B JERIRIE MR EiH (P<<0.05. 0.01),
TLR3. TRAF-3 JERERIAAR W W, PR
Jpi BE PTIEOE TLR7 {5 Sl 5 5, 1% TLR3 5%
TR WICH B . SRR, FER A RN
He R ZH MDCK 4010 TLR7. IRAK-4. IFN-B JL[A|
LRI FiH (P<<0.05. 0.01), {HEERH%E &M
TLR3 JEPIRIAH BAC TR TE4L (P<0.01), HERZM%
X} TLR3 J R IA TG B 8 50, A il R
WX TRAF-3 BERIRA T & 7 . 45 R IWK 4.

R4 ERIELHRAER BN LT RRSMN MDCK AXERREMNEIE (xt5,n=4)
Table 4 Effects of VOCR and cinnamaldehyde on mRNA expresstion of related genes
in HIN1-infected MDCK cells (x +s,n=4)

zfAACt
4 H p/(gml™)
TLR3 TLR7 TRAF-3 [RAK-4 IFN-B

o — 1.00£0.00 1.00£0.00 1.00£0.00 1.00£0.00 1.00£0.00
I3 BE — 1.58+0.41 1.74+0.48* 0.73£0.12 1.42+0.59* 6.531+0.89%*
FEr R M 2.5%107° 0.53+0.20" 11.924+3.23" 0.58+0.06 3.46+0.46™ 24214972
T 7 T 2.5%X107° 1.13+£0.22 7.9542.45™ 0.70£0.17 3.06£0.59" 24264250
ZAJREEY N 1.0x107° 2.1040.89 1.8240.41 0.43+0.10" 1.4540.06 8.094+2.20

SRR *P<0.05 **P<001; SHEAILE: P<0.05 "P<0.01
4P<0.05 **P<0.01 vs control group; "P<0.05 P <0.01 vs virus group

4 g

MR “BATIKE” July, BURR “H
A, LB EE W 5 R I RAE” W R B —,
HOGTT 2 R 2 kR HR e SR R 25 1
R, WWRECALN 2, FIRAMERIE, R
AL “oElmR EEY R —Y. 2R

WHFURERS b, ARSI — DR SRR R Al ATE: B
WEAE TCo FXF U 15 BAT HECR KAE I, Wi
PR RE A MDCK 40 AT R 47 RO

IFN AR GEAE AR e o B AN S Pk S e 2 TS
BRRAE . IEHASOUR, HUAA TEN KPR, 2
PRS2 BT , IFN RIAW L, iR 1B
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WEFE I (AVP) T RFERNY.. [FI, IFN 14—
KELMME 1, WS S5PER BT, HmA
SR (NK 41 ) E%%%ﬂTME%%%
W71, AR MLAUR T AR
TLRs 7&K A riﬁ%%ﬁ PO SZ A (PRRS),
BERE V08 I 0 T R e ek RS 1, BRI i
MK TR (PAMPs), 590 # 1H 5156 & ok 5%
PIf# TLRs J& TLR3. TLR7'°7. TLRs {5 54 i
145y MyD88 kit F14E MyD88 m;ﬁm@w
TLR3 {5 5% 52 MyD88 A-klirtny, i@
Toll #EZAM K TP WG T (TRIF) 1 EENﬂ
WEREBEVLES 3-3s (PI3K) 52 Filfefs Bk, &
245 BT UL IFN 3RS L, TRAF-3
E#MW%W%@Q%%ELﬁME%%%\F,
T 2 5 TRIF H#vE 8 4% 24 v i 45 5 % P
TLR7 {555 4 MyD88 ##fitt, 4 TLR7 Sk
SEA R R IIA 5 Rk, R TIR XL
FRCR RN, A 8 MyD88 M G Ak .
AL S 1) MyD88 {1 H EE 14 5 43 -1 IRAK-4 114
T IRAK-1 RA4E B BB, 46171514 TRAF-6,
HA KR 7B VE I (TAK D) 754k 22 NF-xB
IR T 1B AL FZ 4k, MIfERR T x5
2455 1) NF-xB HEIVER, B NF-xB 447
NAZ AL R DRV A 2 S A A4t B R F- TNF-a1s
IL-1( A1 IEN-B, HEIT & 0% B U,
ﬂE%MWﬁ*Wﬁ%ﬁT%%% PO
RNA HiI DNA EiH 2, HAoxf Fa, 280
BEA B B A0 H o %ﬁi%% %ﬁ%,
FLAEARAI T Toll {5 5 18 i rh OGB4 1 I RIA L 18
FREM o Ay HT IR, O AT e S LU EE ML AT G,
ARSI G R, RER R A RRE e EVE R T
P BORE N MDCK 45, 40 b
ENﬁm¥u&mN&Tuwﬁmm4%l%ﬁm
SR EAR, % TLR3. TRAF-3 JE K654 T5 W]
WREM,  PEONFERHE A B B TR AL R
(VEFIHLE S HAF S IEN-P IR R ik e, s
TLR7 {5 5%, 75 Tl h EEE M IRAK-4 RIA

L AR I R R AR G B B E I 4N
i TFN-B Fak oW E LR Z —. 4RI, TLRs
WA 22, REREHE i 5 e R I 1 25 T8 5% e 3L
Al 38 555 PRV R B (R R R DU B AN, S A
PR PR B YL B B2 1Y MDCK. 41 fifig - TLR3
FERERIA ORI, JE 1 5 A R il v HoAth Ak 2% 1
I RIS BRI, BeE 2 TLR Gl %
W, PR RPN RN 2, TR R JGE I
REFE A, 0 A2 B0 A G T Y IR RO 4 1R R
T NG, R AM ST

52 3Lk
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WE 250062

# E: BW RG2S S-HURMERE (5-Fu) X Hy PHITEFIALE]. Fik  DUBERT Hyp e/ RIEK 7 ik
SEN AT, AERERN S S T RAGATIR N SRR LA A . M E 2K (20 mg/kg) 4. S-Fu (15 mg/kg) 4. fRFEME
MM (Smgkg) +5-Fudl. EflREEREZI (20 mgkg) +5-Fudl, &4 10 2, ELL52521 do Lifil iR (R BE K dh 2k
HU AR ZE; CD34 bric MRRUNLE ;S UL R F«B (NF-xB). 24 REAR-9 (MMP-9) FME A
FAKE T (VEGF) BEAXIA, &R SHEAAMLI, BKEHZA Hy, s A K2 20 B4 (P<0.01), fHuf
EEE (MVD) J NF-xB. MMP-9. VEGF & HARKIEWH L (P<0.01); 45 5-Fu 4I4HE, il sie s £ Ik +5-Fu 411
MVD } NF-kB. MMP-9. VEGF &AW BFHE (P<0.01), MKHIEEEZIK+5-Fu 41K BENA ., &8 W
Z KRN 5-Fu XA AL ZNHNEIVET, JEALHI AT RELS 30 Hop HHRE 4121 NF-«B I e MMP-9. VEGF {31k, Ml
B A LA T A R
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Mechanism of polypeptide from scorpion venom increasing inhibition
of 5-fluorouacil on H;, hepatoma

ZHENG An-hong, ZHANG Wei-dong, WANG Zhao-peng, WANG Zhao-xia, JIA Qing, ZHANG Yue-ying,
WU Li-cun
Key Laboratory for Rare & Uncommon Diseases of Shandong Province, Institute of Basic Medicine, School of Medical and Life

Science, Jinan University, Shandong Academy of Medical Sciences, Jinan 250062, China

Abstract: Objective To explore the mechanism of polypeptide from scorpion venom (PSV) on increasing the inhibition of
5-fluorouacil (5-Fu) on Hy, hepatoma. Methods H,, hepatoma model was established through sc inoculating H,, cells suspension
into 40 mice in right armpits. Then tumor-bearing mice were divided into five groups randomly on the day 7 after inoculating: model,
PSV (20 mg/kg), 5-Fu (15 mg/kg), low-dose PSV (5 mg/kg) + 5-Fu, and high-dose PSV (20 mg/kg) + 5-Fu groups, 10 mice in each
group, continuously admininstered for 21 d. Tumor volumes were measured once every other day, then the curves of tumor growth
were drawn and the tumor inhibitory rate was calculated; CD34 was used to mark capillary; Immunohistochemical assay was used to
detect the protein expression changes of nuclear factor-kappa B (NF-kB), matrix metalloproteinase-9 (MMP-9), and vascular
endothelial growth factor (VEGF). Results Compared with the model group, the growth of H,, hepatoma transplantation tumor in the
combinational groups was obviously inhibited (P < 0.01); The microvessel density (MVD) and the protein expression of NF-«B,
MMP-9, and VEGF in the two PSV groups were all decreased significantly (P < 0.01); Compared with 5-Fu group, the MVD and the
protein expression of NF-kB, MMP-9, and VEGF in the high-dose PSV + 5-Fu group were also decreased (P < 0.01), while there was

no significant difference between the low-dose PSV + 5-Fu group. Conclusion PSV may increase the inhibition of 5-Fu on Hj,
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