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Preparation and Antiviral Activity of Kaempferia galanga L.
Extract against Pseudorabies Virus in vitro

LI Wenpei, CHEN Xu, HU Wei, YIN Zhongqgiong, JIA Renyong, SONG Xu

(College of Veterinary Medicine, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: [ Purpose] To study the antiviral activity of extract of Kaempferia galanga L. against
pseudorabies virus (PRV) in vitro. [ Methods ] Response surface methodology was applied to optim-
ize the ultrasonic extraction process of K. galanga; the mode of action and time of addition were de-
termined by fluorescent quantitative polymerase chain reaction. [ Results ] The yield of total flavon-
oids was used as the response value of response surface methodology; the optimized extraction pro-
cess was as follows: 80% ethanol, 208 W, and 98 min; the results of anti-PRV activity of the extract
assay showed that 50% inhibition mass concentration of the extract was 55.85 pg/mL and the mode of
action was through inhibition of viral penetration and replication; the addition of the extract within 24
h post PRV-infection could showed potent inhibitory effects. [ Conelusion] The K. galanga extract
exhibits significantly anti-PRV activity in vitro.
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21l 4% (Kaempferia galanga L.) 22 FH 1L
FEMEYILZ (XA E . =8 8=
YL, TR TR . sEMa
EERK, INERAFRST, W, BRATTAR
L T EFIER ST, PRI L ZSBRER
PEAHRY . BUEMADEZ RGN WIER I
7 (pseudorabies virus, PRV) & T ¥ & % & &+
(Herpesviridae) o 91 ¥ %% # . F} (Alphaherpesvir-
inae) [ XLEE DNA Wi 8E, RKEZEOHFL3HH% PRV
150 B Ty JBOT BRI A PE TN R il A A
PRAE R, PRV B YL AT 35 15 H @47 5 100%
BT, LARBRE ™ . AR TS R Fn e G &5
MG, 5 55— SR e E K CARBROVIE R
7 [ 85 T v [ AR TH 2 ™ i 3 54 e
(A% e 2 —B1, YR PR AE R o Y B 45 32 B3 i
PET I o TR ONIER IR TE T BRI 3 A, 1%
Gy v R 1 LSRG, BRI Y
SEMRY TR, SRR =, mn
T V58 — P2 A i B R T A B B LAk
2, HEAGHNRE . 20 mite =X,
P RO E 2 KR RGPS, B
J iz T 2 G R O Ak A E i
To L ZS SR DAL RS T 4 FH A 4 0
W, A LA L2 38 BT v i 5 e Ay i 7 £ G
AR 2, FFTEARSMIFSE L 25 S U
PRV HYHMHIVER], itk — 255K ) W AE RS Bl
R ERMES %,

1 ST

1.1 SR %

P AR A RMA TR 8L 2L 12 10 (g/
mL) [ BR A, RIEEAR RIS AR
2 (AR S A, AT R ILR A A A
PR R S 2%, RO I8 J5 R A T
WHIRAR (50 °C), Bmilid R sl LA .
1.2 2R SR A R

FRAE I v e S A2 A SR ST () A PR BN
— RS IRAR Wk, DA T R X R S 2 il s o il
FF 5 LA POy rh SRR Y S i R TR
AR 10 g BT LlErP A TRE, WEAhE
INZSHREH , B HER R 50 mL, AEHHE ik
AW 2 mL 2 25 mL 28I, A 8 mL 70% &
B, FA 1 mL 5% B9 NaNO, 78, #2505 i
H 6 min, A0 1 mL 10% Al (NO,); KTk, #2)

JEHE 6 min, SRJEHNIA 10 mL 4% NaOH &I
FEA), A 70% CEERZBZ B, 18 15 min
J& T 510 nm &b PN WO B, 7 IR 2SR
M, #HE 3K,
1.3 BRI 3R R B T2 e e v

DL AR TR B (30%. 50%. 70%. 90%).
HBFE IR (100, 200, 300, 400 W) F1 4 75 i} ]
(20, 40, 60, 80 min) 3 A N HEIEhr, LU
B S PR AR AR T R R R A . DR R
RIS P EEF A, B b ARG Th A R Y
K, DAY B R ) S A, X BRI
AR TIAL . i Design-Expert 8.0.6 AbFREHE
1.4 (LZSREWh R, SIS R E

SIS . e TFRAMASRAT Rb, N
X R, A A3 Dl B 1 A B O P
AL v SN = RER G
1.5 (L Z e i R R

PN ZSIRBUITA T 95% LI 2 ALk Rkt
UE, H&H 2% IG4F 1035 ) DMEM 2R3 80 it
RAWILL 500 pg/mL Sy i o ot i BE AR %48 2 %
PR FE 2 31.35 pg/mL, Horp i K259 i vk B 4
B LSBT T 1% (WUF 2R FH I s B 24
W) FELGH AT B2 PK-15 4 (b g1 e
A K2 RIR LGP TE B8R 19 96 FLAR -,
fL 100 uL, fi 8 ~E L, [FIAT % & 402 [ XF
W Bk 96 FLBRTA CO, 5354 (358 Thermo
fisher 23 A3 5% 48 h, &ALANA 10 uL CCK-8 ¥
W (5 mg/mL, W Tt &EERHEARAA),
B CO, Ko h 15 9% 1 h, &ft#t, MR
G %2 FEAE 450 nm WG RE(E, IFTT5E 20 LY
FEIGFRBET R

LA 05 38 =24 ) 2 T 24 WO R {4 v T
IR EE (X< 100%;

HIFET - HR=100% — ZHHIAFETE

FH Reed-Muench T 259 50H TR E (50%
cytotoxic concentration, CCsg), THEAZLUTF .

S=N-1+(H-R)/(H-L);
CCso =CX 2%,

A, SHEBEHG; N AET 50% IR 2s
VIR BT s H oM T 50% iR ; Loy
KT 50% Al % RN 50%; CIRERIFSH
1 25l 25 i % . IR E R 3 Ik,
CCso BOFHME,
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1.6 (L ZEHREUINT PRV 50 5 &k i
¥ 1 mL 100TCIDs, PRV (% A ¥k, Hipu)ilfk
b K2 KR 25 W o o 4R L) B2 A KW R )E
PK-15 4114 96 FLARH, 37 C WEkft 1 h GRS BR
2N EEM, FH PBSEUE 3 K. L2 L
200 pg/mL S If B Wk R R L 2 AR B R
12.5 pg/mL 5 M _LiR4ufE, &L 100 uL, 3
8 ME L. WEA A . 1IEH A AE R A,
96 fLARE T CO, B Feptirh i g% . 7R8I Bl
B (H A Nikon 2y 7)) T W %2 I 12 5% 40 MY 9 A8
(cytopathic effect, CPE) &, 4HR7aExT 4 CPE
IKF 2y 80% AT A 10 pL/ALAY CCK-8 A, &
T 37 C B FRAEPRESE 1 h, 2fEHE, FHEEFRY
I AR 450 nm BYMOGREMH , JFIT5 45 B vk
JE 245 9 % o 7 5 1R 10 40 B AR A R,
Reed-Muench 7155 24 ¥ > $0 90 i) o &9 FE (50%
inhibition concentration, ICsy), TH& /772 [A] CCsyo
1RIT F5 8L (therapeutic index, TI) /E ATEAH 1L
ARG PRV YL 12 PR bR, HAE
K, il s, T2 HARURE, 1<TI<2H
A #E, TI<1 TimpRE M E" . T HEA
A TI=CCs/ICs00
1.7 LSRR PRV /R Ut 52
1.7.1 1L 2S5 4 i 0 £R 4 1
TEREELZ PK-15 40809 6 fLiRk b, 254
HRINMA 1 mL B 200, 100 F1 50 pg/mL
MIZ5, IR B 25 4L, o 7 4L FE 750 X g
., 37 CWeRt 1 h, H PBSEVELNME 3 K5
A 1 mL 100TCIDs, i PRV Hii B o 37 °C W& Fft
1 h 5 R BE LW, PBS WL 3K, INAZERRK
2mL. ¥ 6 fLIE T CO, HiFitth, gk 48 h,
¥4 #8 EasyPure Genomic DNA Kit 3257 &5 T 7 i
P2 U fL DNA. Il 5256 5 6 57 1Y 98 O € i
PCR LRGN 4K Y C (™, FFITH M F DNA
PR,
1.7.2 (L Z3REX6T PRV IR BB BeAE H
¥ 1 mL 100TCIDs ) PRV H B ¥ 43 il A0
1 mL A [A] 2 &8 ok B 1) 11 2% 45 BOH % ) (200,
100 #1 50 ug/mL) R A, AIAL I #.)2 PK-15 41
Mfy 6 LR I, [ B2 4L, a4l RnE il
XTHRAL, 4 C W1 h s, R L WERRERR, HT
¥ PBS T VEAIM 3 K5, INA LB 2 mL,

¥ 6 fLIRE T CO, Hiedfih, 9% 48 h, Kl
FEA TR B DNA 45 DUEL
1.7.3 I ZREWIAT PRV %5 NBYBUE

# 1 mL 100TCID50 /) PRV H B30 78 4 ik
U2 PK-15 4Ly 6 FLAR I, 4 C Welft 1 h )5,
B EER, Y PBS ik 3 W5, A
1 mL A [ 5 & i BE A L 2% 48 B I (200,
100 1 50 pg/mL), 37 °C ¥53% 1 h, F PBS i ¥t
3T AL M 44 2 mL, Rl A 5 28 4
SRR AR R . 4 6 FLARE T CO, 3574
Hi, 37 °C #5537 48 h, FksE DNA # D15k,
1.7.4 (L ZS3REI0T PRV P 53 81 B4

FERIH R PK-15 419 6 FLAR I, A 1mL
100TCIDs, Y PRV #i W, 37 C WCHH 1 h, Wt
JE BB LB, PBS WEE 3 A 43 A 2 mL
YA AR, b A AN R o v L L AS SRR
K (200, 100 F1 50 pg/mL). 1% Z B, [RIAF%
A RERH AR IR, FF 6 LR E T
CO, KEFR A B 5% 48 h, K45 K i 7 DNA
PEOLEL
1.8 AN[F)45 25 B0 259 M 7T

# 1 mL 100 TCIDs, () PRV Fi BRI A A 1
B PK-15 4 i) 24 FLAR Y, 37 C W 1 h
J&, H PBS WEVEANME 3 K. #F 100 pg/mL (L Z34%
By T 0. 20 4. 8, 16 124 h A F|
24 fLAR,  [RIE R B R EE X IR . K 24 FLARCE:
T CO, Bi g4, Kigt 48 h, KJ%5 DNA #
DU,

2 BERED

2.1 BRZIRKNT L 2 i s ERR I T 2 A ik s R
M 1Al BEE CRERRUN R, A s ]
FIRE RS DR AN, AR A SRR Y e T
Je BEARI S, I e L BER T ECR 70%
R 7 B[] A7 100 min FIEE 75 4%k 200 W B 355
KAE, BOEFEIZ 3 AKFFEF T RN TR
2.2 W VAN L 2% B AR PR L T A i
P Ao N B TN B S T 3 L IVAT TR0
55 Box-Behnken HL A G5 i = &K =K1
B, R A I A R L 2, AR 2 G
S & Ay v C S EY ES I G &1 b (I S iy ¥

Y =2.55+0.14X, +0.15X, + 0.603X; — 0.23X, X, — 0.14X, X; — 0.062X,X; — 0.18X} — 0.10X; — 0.24X;
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Tab. 1 Effects of different volune fraction of ethanol, ultrasonic time and ultrasonic power
on the extraction rate of total flavonoids
EizLan TR /Y% LD REUCR/% Eiztan FEHUE /%
index extraction rate index extraction rate index extraction rate
30 0.541 80 1.080 50 1.062
LR 50 % 50 0.950 P I [H] /min 100 2.230 i /W 100 1.369
volume fraction ultrasonic ultrasonic
of ethanol 70 1533 time 120 1550 power 200 1.579
90 1.140 140 1.090 300 1.508

*®2 MmN R ERKFRITRE

Tab.2 Response surface test design and result

g e FEW kBt SIIRICEN e s 2y, S SRIRICRN.
A ultrasonic ultrasonic volume fraction extraction rat? of || Wi ultrasonic ultrasonic volume fraction extraction raté of
test time (X,) power (X;) of (X3) total ﬂ(a)\//)onmds test time (X)) power (Xs) of (X3) total ﬂ;t;)onmds

1 80 100 70 1.713 10 100 300 50 1.784

2 120 100 70 2.458 11 100 100 90 2.745

3 80 300 70 2.540 12 100 300 90 2.876

4 120 300 70 2.353 13 100 200 70 2.480

5 80 200 50 1.254 14 100 200 70 2.544

6 120 200 50 1.805 15 100 200 70 2.580

7 80 200 90 2.741 16 100 200 70 2.544

8 120 200 90 2.714 17 100 200 70 2.580

9 100 100 50 1.407

XF e TR A T R BEAT T 2200 A, AR
(3 3) Won e A 77 B AR 2 HR L0 0 A
F, UL TR R EAR M 7 A 405 e e
], SRR BU ORI P DR 3 AR 5 S B
FEPCRAYCFIE AT, AR AR [ R 2

] ILRIE X R I B3 (R=0.996 9), W&
WM X2, X7, XX, AR ), 8
P (X)) B BARBUMEL (O) X b TR A
W BRI X50 . X, X5 A XX %o B il £ i
AT B E I

*x3 MSEEEIT ZMEIIER S E S

Tab.3 Response surface design second-order regression model analysis of variance

T3 Z IR SEI7 A H 77 FAA P1E
sources of variation sum of squares degree of freedom mean square F value P value
B model 4.020 9 0.450 246.66 0.000 1
Xi 0.150 1 0.150 80.733 3 0.000 1
X, 0.190 1 0.190 104.33 0.000 1
X; 2.910 1 2.910 1 606.07 0.000 1
XX 0.220 1 0.220 119.80 0.000 1
XX 0.084 1 0.084 46.08 0.000 3
XX 0.015 1 0.015 8.35 0.023 3
X/’ 0.130 1 0.130 72.81 0.000 1
Des 0.044 1 0.044 24.43 0.001 7
X3! 0.240 1 0.240 133.85 0.000 1
5% 7% residual 0.013 7 1.813E-003
JAUT lack of fit 6.014E-003 3 2.005e-003 1.20 0.416 3
4li1% 7 pure error 6.675E-003 4 1.669E-003
BTG T all items 4.04 16
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P 1 AT A DR LR R 7 S
VRIS i R 2 S, R Wi 58 B L
&, A RN, SR OB BT
AT R4 i LU 2SR R B IR P I [ A
NARZHAER AR, 3R 12g
HAERIE, R DAREARI, HE A i ]

BV IR %
extraction rate of
total flavonoids

—_

RETRERICR %
extraction rate of
total flavonoids

BETRRICR/%
extraction rate of

AT RUA RO S L 28 B BB RO Sl )R
BN, 2 ol R T e S A I A A T R
IR A I R) A 2 WA R 7 B B A TR 45 Rk
RIS ERIAR, R T P R A7 2 128
HAEM, B EER, $e QBRI
AT LU RO e L2 B R R

E1 3NMEHERSSAFHENERNXSR

Fig. 1 The connection of three variables with extraction rate of total flavonoids

2.3 WAFRE
HRAE 1L AS B R U S e, e 2%
18 H B L AR 8 80% . R A ] 98 min
M PR 208 W, DAL FATHEE 31K,
SR Y S T A R RS 2.82%,  FIERIE TR K
PRAHTR] o d BH AR TR A i P AL R F00) T 5, ¥
PRI
2.4 NSRBI AR, MEMANEITRSE
BRT OSSN, (AR R S B2
M RATF 809N 61.37%. 1.22% 1 3.10%.
2.5 LN ZEIREARSMT PRV 35 K AR A 7 X
ISR BT PR-15 i s tEdefik, H CCq

4 313.53 pg/mL, 1Csy A 55.85 pg/mL, JRYTHEEL
9 5.60 PR LA TRIY A RAREE 25,
PRV HA B W M IE e, A8 A A
WA B B POR REE T, PRI OB
TR 1% BABRAYE PRV EHE,

FEXT 20 B PR3 4 LA R A0 6 93 75 W R FH
WEFE 245 20 ) 4 s A5 258 R 1 2H G Il 2 2
S, FoR A EBIPT PRV AIE IR o R
P FH R i B W B 20 B S B . pR T 2 T
7E PRV ZE AFTEL, 200 pg/mL Ay 1L ZS$EBUIfiE
ZAMHIE TR YL (P<0.05), 1E PRV ZFl I EX,
254 (200, 100, 50 pg/mL) AYHET5 5L K 4 $% D1
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101 b 30 %
o ]
§ 8 b ab b b
. E ab [ w 20k b I T
-
F% 6t } J I I
S8 J ISF
Il
. |
# & T 10
@8 B
& 21 3
a
0 -l—l
0 1 1 1 1 1 1 1 1 1 1
200 100 50 PRFIXTHALL  BAPEXTHEAL 200 100 50 VERINTHRZE  BAPEXTHEAL

solvent group negative group
2 T e /(ug-mL") drug mass concentration

ZE AR Bt penetration period
T IR PRI FREROR 25 7 B3 (P<0.05); R,

solvent group negative group
W) R e )% /(ug-mL ") drug mass concentration
HH [ EX replication period

Note: The different letters on a column differ significantly (P<0.05); the same as below.

2 ISR R EF AN R ETEM RSN (X£s, n=3)
Fig. 2 Anti-PRV activity of K. galanga extract at viral penetration and replication steps

B B E R TIREEA (P<0.05), H M
DL SRR e #E 2F AR FE R B, IS4 IR
Yy ELAT B R A A

T i — 20 A L2 4R Y VR B st TR] e
Bt, 7E PRV YL J5 AN [A) B[] 5000 A 1l 2% 42 B
Yy, W PR R PE . AR TRn 24 st E] AP
TEPELE IR (K] 3) KB 7R EERIEGY 24 h WINAZY
Yy, Y] R RE R A s N2 R B
SRR PEBROR ; TR RS 16 h WA AZ )Y
Al R T R — R

W
1

w E
—_— i

—_
T

S EERE N P8 DL g 101
gene copy number of the virus
)

a ab b
L
2 4 8 16 24 Z=H4A
control
1] /h
time

E3 AREMARERIRFSENE (X5, n=3)
Fig. 3 Anti-PRV activity of K. galanga extract at different
times post-infection
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PRAE R 2 e 3 v [ S 1 2 AR e 5
Z—o H 2011 RFFEY, EHN#E 15 80
1) G328 8 T S bt S e O AE R, W B I AR 1
FH 0 2 R B2 1 B 2 R REXT PRV AR 53 ik 147 e
PO . T BT O IE R I 25 % 77
ol & B AT B L, AR AR ILZER
By BA W35 B0 PRV IG 1, EL7E 9% 7 B YL 24
h WA BENIHIER, RHILZ TR —
F T B4 O RIS 258, TRINE R LI 2R (0 FF &
F AR LT Y S %

WY A ) MPUR R TR, Halgs
HR ) S A —— L 25 B LA PO A E
R, ASBFFEE Ry i, LA A4 s
B ) B A R (DR AR AR T2 . BRI R
B BRI R BOR YR O BT
P ) AT 75 ) 3 00 T v T S B S 5 s
Bk, BRI T BE R £ AR B I 80% I
BEE RN, SRR Y, i
PRI HH PRI 5 R 7 I () A PT R 5 B B R 45 4
R AR SRR A W A R, S BUR BRI
i B YRl @l fe S EUR RN, 2 mE
BT REERBCE N R, Had @ TR BT R
A T REMEIR T B A0 TE ME I A 5, 3
FRg /D, seAh, TRl E, BN A0 RE v
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