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SEE A YR R NS PO B [ i ] R Al AR (Electroantennography, LT fiiFR EAG ),
M T 2 2 BE 3-5 H A A 2-3 #3940 Bl f % T F R (5 8% )R =U-p-1LJe4& ( E-B-farnesene, EBF )
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Abstract [Objectives] To analyze the olfactory mechanism by which Hippodamia variegata, a common, predatory, natural
enemy of aphids in the cotton fields of Xinjiang, China, identifies prey. [Methods] Electroantennography (EAG) was used to
test the electrophysiological response of 3-5-day old H. variegata adults and 2-3 instar larvae to the aphid alarm
E-B-Farnesene (EBF) pheromone and the aphid sex pheromone Z, E-Nepetalactone. The chemotactic response of adults and
larvae to EBF and Z, E-Nepetalactone was analyzed in a Y-tube olfactometer. [Results] EAG results showed that both EBF
and Z, E-Nepetalactone could trigger a concentration dependent EAG response in male and female adults and larvae. The

results of the Y-tube olfactometer experiments showed that adult males were significantly attracted by a high concentration of
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EBF (100 pg/uL), and that larvae were significantly attracted by a low concentration of EBF (10 pg/uL). Both concentrations

attracted adult females. Moreover, both male and female adults were significantly attracted by a high concentration of Z,

E-Nepetalactone (100 pg/uL), whereas a low concentration (10 pg/uL) was only attractive to larvae. [Conclusion] The aphid

alarm pheromone EBF, and the sex pheromone Z, E-Nepetalactone elicited EAG and chemotactic responses in H. variegata

adults and larvae. It is likely that H. variegata uses these pheromones to locate aphid prey. Our research provides a theoretical

basis for the development of integrated pest management strategies, such as attractants for aphid predators.
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I R T B He 4 ) 3 SRR S A AR W o
RN EERKZ — 253 H Hippodamia
variegata J& 5 W H Bl B Bl ( Coleoptera:
Coccinellidae ), ZVFZREY) E0Fhp)EER
F, WA R AR E R H O B AR
W4l Z2 B 2R AT R R
W EK . PSR, C OB X A
M 2 d A3 KB ( Farhadi ef al., 2010; A% 550
452016, BT =45, 2020; FH4E 2022; Yang
etal,2022), Z 5B HAE NI ENBFR , 1345 T
HoAb 22 R Z G000 B 2 #h OCHE 5 B AR5 )
AR RN o A RE R, e B A
HR R -E 2RI Coccinella septempunctata
S OIHE Harmonia axyridis 4 .35 W) 5 [5RL
R (Abassi et al., 2000; Zhu and Park, 2005;
Verheggen et al., 2007; Leroy et al., 2012 ), 1%
HORE i 0y 4 B AF R R AT R K A
Eupeodes corollae ) HUE Ay i 89 78 A0 39 HUR) G
S (Wang et al.,, 2022), AL, W HPE(S B
EH TR O H axyridis FAHLIBYH
4 o7 W RS M (BRI RAE, 2016 ), FH AT
D, e s A ] B 2R AT LA R B A R 2R 4 R
HE A T S5, 2 S R S R R
Igf AT DR VAR B R S5 E AL R AL
v A TR
ok i AE 8 53z 2R B2 DA 43 A i
IR ( Nault er al., 1973; Heie et al., 1987 ), X
PR P LA B 2 mOR LY =k | DU R R 3 5
B RN, NI A O 3RS 26 B ML 2 ( Edwards,
1966; Dixon, 1975; JufESF, 2014; {LHHEAE,
2015), KR ZHUF U A5 43 W VR Re rh # 5 i
G R RS, XKLL 5 A] LAY R I Y[R b4
TR Ry A A5 52 10T LA 23 L 2k s i 114 =X

C S 21 T X I T L 25 £ B B A 2 ( Edwards,
1966; Kislow and Edwards, 1972; Wientjens et al.,
1973; Nault and Bowers, 1974; Dixon, 1975;
Montgomery and Nault, 1977; Griffiths and Pickett,
1980; Minoretti and Weisser, 2000 ), Bowers 4§

(1972) AR B SE R TIF i B F R R A
gy, AW R R 0 -7, 11 -
3-3F H 3+ T ke -1,6,10- = 4 ( E-B-farnesene,
EBF ) (& 1) ( Almohamad et al., 2008 ), ZJ5,
KRR, 2800 U A0 h 0 & A %A
g1, B e ME—2H 57 AnARET Aphis gossypii .
B I8 Acyrthosiphon pisum BEWF Myzus persicae
T Aphis fabae 5 R ZH0F HHVEF B R
(1) 2L 5382 EBF, {HALA 0 i 48
W% Drepanosiphum platanoides 525 B Z 47>
F R %] EBF ( Edwards e al., 1973; Bowers

etal.,, 1977, Nishino et al., 1977, Pickett and
Griffiths, 1980; Gibson and Pickett 1983; Francis

et al., 2005b ), TG NHIBTFE P A 8L, 4o OB
PHRE(E B R EBF AMUREREFFFIA, v LA
W5 | RELHT R R e A A . Al Bk E 1Y) EBF

(20 pL/mL F1 40 pL/mL ) X} -+ — & 5[ &
Coccinella undecimpunctata FFEEUEH Propylaea
Jjaponica JE R BA BFEWGIEEE, Hoas D E
IR SRR AR R (IRPEAE, 2020 ),

=z = X

[
B 1 EBF 2 F&HREHR

Schematic diagram of the molecular
structure of EBF

A O (R B R W FAGE /2 Pettersson
(1970 ) KBAZ — X WF Schizaphis graminum [0
PRI IR b 045 B R R TR M VAR
BRG] el (Marsh, 1975), ZHRAER TG

Fig. 1
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FEWF Megoura japonica RS GMF A. pisum 54 H,
%35 77 76 ( Marsh, 1972, 1975 ), HATHRIE K
ZH0F RS BRIt (4aS, 7S, 7aR)-FIIT
fig (3615 INHE, Z,E-Nepetalactone ) Fl(1R, 4aS,
7S, 7aR)-F|JF 1% ( Nepetalactol ) iX A Ff i I 1k
SYER (B 2), BEMWNENOITAAE—ER
725 (Dawson et al., 1987, 1988, 1989, 1990;
Hardie et al., 1990, 1994; Guldemond et al., 1993;
Lilley et al., 1994; Thomas, 2011; F %5,
2018 ). WFFEAHL, W PE(E B R W] LIBEREL
B HURRAE g 8 R A2 2R, i e R X
IgF i) € AL A R BE J) (Pareja er al., 2007;
Fernandez-Grandon et al., 2013 ), #ilunuF {5 &5
EXEME RGO H axyridis, REHE
Chrysopa septempunctata LA Y SR PN e
GRVEA W WS EMH ( Kihbandner et al.,
2012; Benelli et al., 2013; Koczor et al., 2015; %*
R4, 2016 ),

=z =
0o 0

HO o

(9)-(1R, 4aS, 78, TaR)FIFFEE  (+)-(4aS, 78, TaR)-FIFF AR
(-)-(1R, 4aS, 78, 7aR)- (+)-(4as$, 78, 7aR)-
nepetalactol nepetalactone

2 HFHUEEEEMMEIENS S FEUTEE
Fig. 2 Molecular structure diagram of the two main
components of aphid sex pheromone

H TR 2 5 PR A A ] R A A R
FAY T I RRRE , ASHIFSY e IO PR
PEEERA S (IEFE R EBF MM FE R RE
FITFINER ) ARG, it EAG Fl Y-HUIR5E

AXCE AR AT T 2 57 B H R L % 2y B P A 2
F8 L A SN R ) B AT O, RS s SRH D )
A 22 S I o o7 308 RO U 1 MR SR AL 4
PR SO, T e B AT A SR s A 1
WK

1 #R5AHE

1.1 #4XREH

TR T T HUE A B b RO B2 B R B R
WS AL 22 55 SRR BEF M. persicae
AT SR, FRRERE R (26 £ 1) °C, #
XA (60 +5) %, SCHJEIN L : D=16 : 8,
RIG T Z FEHR 3-5 Hi R, 2-3 i4h i,

1.2 KR

il Ff1 FLASE S 7 T ) AL T T 1
HVEFIBSE R R 10°-10° pg/ul (DL 10 1%
BRI o Y-RUMLSE AR S i B AR DL i AR
SRV R B R AR M 10 pg/ul 1100 pg/uL 11
A . A AE B LR 1.

1.3 EAGIEH

SR file 73 B A7 B2 ARG I A A A i 2 57
T 3-5 A ME . HERCRRD 2-3 4l Ul A 1 H
AHRTEE S DL 0.2 mm N4 B BEBE B AN R A,
FH P-1000 $7 41X ( Sutter, ZEE ) WP B ATE
KM AR B , BB AN P I F Y0
AIEMIYITT, AR AE B K E 12 4% .
F CO, MR Z ST 4 Ho ol g WSk 800 T 904
LT R S R B D) P s , i f Qo 1 2 2

1 HALAWER

Table 1 Information of test compounds

fet i SR CAS o e K

Compound English name ’ Purity Source of supply
RA-B-IL e E-B-Farnesene 28973-97-9 =99% Sigma-Aldrich®
BRI N g Z,E-Nepetalactone 21651-62-7 =97% Sigma-Aldrich®
JIiE-3- L s Z-3-Hexenol 928-96-1 =98% A SR AR B A R )

Shanghai Macklin Biochemical Co., Ltd

Wi Mineral oil 8042-47-5 LEELIENe JEAT AR AR AT R H

Ultra pure Beijing Coolaibo Technology Co., Ltd
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TSR FLA YT 11 v o i I 4 32 A ik ) 7 A B g e
WA A [ 7 S A T b iR - A AR A
fil 7y SR — R 2 L RAR , i A R — 0 Ry i sk
RN, OO H Al 5 B/ A TR 7% IR
P25 & CS-55( Syntech, Kirchzarten, Germany ).,
IDAC-2 ic 5% #& Bt ( Syntech, Kirchzarten,
Germany ) FiT 3 HLi%EH, EAGPro ( Syntech,
Kirchzarten, Germany ) # {4 FH 4R 4 o ik
YIREHE LY, SRS ek, fil i
TC S H A BRI 10 uL RRillfb A R IE 4k 5%
(0.4 cm x 3.0 cm) ff A ETFEA Ik L T
TEAS 5T R R B A, RIS
BN 124 mL/min, RECRIAE N 20 mL/min,
J PR B A 24 1 em, BRI ] SR 0.2 s,
PIUCRIEI RS 1 min (il ARG, AL
B 10 A fl FRE A L AR kA A2 UK A
YU a5 2 s R Prah CBAPEXTRR ) AT
Py B2 10 pg/pl B-3- AR A ( B
XF ).

14 WEEFTHRE

A Y-TRU RS AN 5% 22 5 T i e RN &)y
XF 2 A ifE R R (IRE(EE X EBF AEEE
FZFAITNES ) MR BRI TN o Y-RIR B2
TG 20375 B B 38 45 1 B, 003X g A RN &y 43 A6
ANFERGH Y- AL A ) Y-RY IR
X FEK 20.50 cm, P 16.00 cm, P
Jefg 60°, N 2.80 cm; MER4L HAY Y-BIIR G
=R H 7.50 em, PSR IR £R 1200, AR
1.60 cm. Y-TRU R84S0 7R AR VR T e SR AR
3 (1 mL WAk , A&k i eY H EA% 0.3 cm
FIZNC ), BEESHE FI T . 258 28K K8
BEATEE IR AT B R ACRAEAL, FHAR S Z 1]
Py feft 2R VU R 8 7 42, ORUE WO AR [m] 457
[ BN K — 2 BB B R R AR
HARY AR A b, ZERSH I AT 2P L
36 W I HOGKT , i ga i Y-BURRSE AN 20034 5]
BIGHDE: 10 uL R % INAE 1 cm x 3 cm [
UEACH b, IR UL R CE T — AR AR Sk
W, 55— Sk NI 10 uL & 03 AE A RS,
BRUR . e BAURAFS , B RARAA L H G T H

PRATHE, AR AR, FHRACRE UL
T IR Y- B R SE AR S 300
mL/min, FFRGFRGERZ 2R M A Y-AI5
DA R A AL, BRUORA—3k, SERETE] N
5 mino A 5 min 22 P B0HE R Ab H alx IE A 45 R
1/3 b IF At laiEaE 5 s Wie ks, i
AN, RS Sk BIHCE e R AR, R
IAE A P Rkt BE A58 — R Bl — R
) AR R A Y-TRREL A, f A Y Y-
MELGEAN | ZH At Sk S SRR A Y-T ML AY
AR DGR LIRS 75% 0K 07T 1 e I Bl T
JE R o 22 52 SO | e e e 2 e ik
50 Sk, RSB R -, R A AU
MBI 2858 12 h AL AL 38

1.5 BESIT S

FrA I EE A SPSS 25.0 %4 ( SPSS
Inc., Chicago, IL, USA ) #4745 11504r. filffi
A AR . EAG MXT RN flE= (CV —
CK) / (CF - CK), Hrp, cv AFRNLADIH)
EAG R MAE, CF R 2 RFHMEXT A EAG &
S, CK R 2 IRBAEXT IR ) EAG SO 1A .
22 S SRR | e S R S AN [
L&Y BEAG S (H 25 5% 50 9 28 2240 Hr
Duncan [CKz BT HUER o ) e B AT Ml 00 45
SRR RTTEE 7 (ERUHTR 4 22 KT
P,

2 EHEREHH

2.1 ZREHWNFHBFEFEEE EBF B EAG
RE

2 SN UM | e S e R &Iy o i X 3 Ak
(i (5 B3 EBF B2 MBIRK EAG
N, HIZN{ERE EBF ¥R AT E i K. 7E[R
— M BT, 2 5 B | R Ay o
EBF 11ty o (57 S B (L 2 ()34 JC B & 25 5% (P >
0.05). 24 EBF ¥ M 1 pg/ul #n%] 10 pg/ul
BF, R il f E AR B E TR (P <
0.01 ), A st A4y v iy fik £ Hba A7 S 7 G Wb 5 722
ft (P >0.05); 24 EBF #JEM 10 pg/ul #2553



- 558 - R B 244k Chinese Journal of Applied Entomology 60 1

100 pg/pl B, A R R4l H A fi £ H A2 A RHE
LEREE (P <0.01), Tk fh £ B SN G B
2254k (P>0.05) (& 3),
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CJ % Larvae —‘7
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L ab ab
T
be be be
- be
c
—|— |l‘
1 10 100
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Concentration of E-B-Farnesene (ug/uL)
B3 ZRIMAE, @R BRI
RERE EBF Hfil f BB )R B
Fig.3 [EAG responses of female and male adults and
larvae of Hippodamia variegata to different
concentrations of EBF
BAE LA B AR R (SEM)ER IR o M LA A A R/ING 5

B FRAFREAR Z 0] (22 5 B E P < 0.05, BHE
523 HT R A1 LSD #8644,

The data are expressed as mean +SE. Histograms with
lowercase letters represent significant differences between
different samples (P < 0.05, LSD
test for one-way ANOVA). The same as Fig. 4.
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22 ERIANFREFEEERBAFTHEN
EAG R

SEREW], 5O | B B gl HOox 3
Tofr e J3E 11 e e P £ 8 AR IR T P i 447 S P
) EAG S, Hfiil i e A7 s g AE XHE B AR v
AR B2 A TR IS K o 7 1 pg/pl A1 100 pg/ul
A BT, 22 5 e | pi e RN 4y G {EOR
I P g 1 i Ay F AL s 7 (B R) G B 22 R (P>
0.05); 7E 10 pg/pL MW E T, 4h BB IF
BRI EAG SO ik 2 = THERL R (P <0.001 ),
MBI IF N ERR N 1 pg/ul 3805 10 pg/ul
B, &l o e SLAR X (B 5 3 TR (P < 0.001 ),
O | ol S £ LA S 0 TG B AR AR (P> 0.05 )s
VBFAITT N R FE N 10 pg/pul #2553 100 pg/pl
BF, L ARk A S AR R R, T4
Hafil oy LA O TE AR (P> 0.05) (Kl 4),

<
~

mmm iR 3 Female adults
R H Male adults a
| [ %5 Larvae

bc
c
- c
c
mll: li
| —
1 10
BIRIIT N BEVRBE (pg/ul )

Concentration of Z, E-Nepetalactone (ug/ul)

B4 Z2IMAME, &R 040 B A B R B R IT
B B0 fh £ PR 2 B
Fig. 4 EAG responses of female and male adults and

larvae of Hippodamia variegata to different
concentrations of Z,E-Nepetalactone

23 ZREMHEMNFRFESRE EBF T ARG

HAE IO ZE SRR W], 25 BUHUHE | Al d
AL HXT 10 pg/ul A1 100 pg/ul 7)) EBF &
PR S BA 50% fh o e A BN, PR AR SR T U
2222 FEUHXT 10 pg/ul #1100 pg/ul EBF (1))
WA N, SR EAR, 10 pug/ul FHE 1Y EBF Xf
22 S SN O | R R LA I S T IV O
¥ =176,df=1,P=0.0058; M y*=10.46, df =
1, P=10.0012), TMi%hdxiZHk R EBF Joi m ik
BATH (F£=1.52,df=1,P=02176) (& 5);

o
w

— o
|_|

ab

EAGHIXT R AE
S
[\*)

Relative EAG response value

o
=

(=}

100

T B e (10 pg/ul)
Mineral oil E-B-Farnesene (10 pg/uL) X

SHE S w76
Female adults
T AR
Male adults *+10.46
ey
Larvae ns 1.52

60 40 20 0 20 40 60 80
BEEE (%) Choice (%)
B s Rk, BRI HEIT 10 pg/uL EBF
BT A RN
Fig. 5 The behavioral response of female and

male adults and larvae of Hippodamia variegata
to 10 pg/pL EBF

*FORYI SR IR Z ] 2E S B (FF, P<0.01; ¥k,
P <0.000 1), ns F/m¥) 55 % I 22 0] 22 57
AREP>0.05), FEF,
* indicates significant differences (¥*, P < 0.01; ****,

P <0.000 1), ns indicates no significant difference
(P> 0.05). The same below.
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100 pg/uL 74k () EBF X 2255 50 i e 1l e A4l
HA WG A (MER: 2 =20.19,df=1,P<
0.000 1; 4H: y*=10.46,df=1, P=0.0012), Tfii
T o5 A1 %F v 24 100 pg/pL ) EBF JC#4 ] %634 T
K (F=157,df=1,P=0.2102) ([ 6 ).

Tl [aX-p-pi el (100 pg/ul )
Mineral oil =~ E-B-Famesene (100 pg/uL) x*

F I[ﬁﬁ?‘]e adults sk 20.19
THEL R 1.57
Male adults
L £ 1046

60 —40 20 0 20 40 60 80
BT (%) Choice (%)

Ee6 ZRIMAE, R RFILHIT 100 pg/pL EBF
BI1T A R
Fig. 6 The behavioral response of female and male
adults and larvae of Hippodamia variegata
to 100 pg/pL EBF

24 ZRIANFRAEESREHFTRENT
AR

HLAE PRI S5 SRR, 2 5 A | R A
4 AT 10 pug/pl 1 100 pg/pL 775 1Y dupE(E
S ABGRIT PN T 2 205 B A f o AR B RN
PR A R g0 32 2 W58 22 S5 R AT 10 pg/pL #1100
ng/uL BIFIIT N R PR R B AT R, S5 RN,
10 pg/uL A RIRIT BT 2 5 Bk 4 ik B
AW R ERWRBIER () = 22,64, df = 1, P <
0.000 1), i /i A% HXHZ R B (RO T P i G
HABEPEA T (MR °=2.46,df=1,P=0.1168;
Hed: Y =0,df=1,P=1) (& 7); 100 pg/uL 5
SR IT N T 22 5 S Hh b e ol R LA

T BIRSTER (10 pg/ul)
Mineral oil Z,E-Nepetalactone (10 pg/uLl) y?
MR 246
Female adults )
e 0
Male adults
4l

*x%% 22.64
Larvae - - X X )
-60 —-40 20 0 20 40 60 80
HFEAS (%) Choice (%)
7 ZRFNAME, AR BRI 10 pg/pl
BRH#ITFNEERITT A R &
Fig.7 The behavioral response of female and

male adults and larvae of Hippodamia variegata
to 10 pg/pL Z,E-Nepetalactone

EWSIEMEN (M =824, df =1, P=0.004 1;
M ¥ =15.22, df =1, P<0.000 1), T4} %k
BER 100 pg/ul HBIFITT R TG n L4547 A
(=3.15,df=1,P=0.0759) (& 8 ).

Y BERIFAIRER (100 pg/ul )
Mineral oil | Z,E-Nepetalactone (100 pg/uL) X°

R
Female adults *x 826
T
Male adults sk 15,22
%l

ns 3.15

20 0 20 40 60 80
P E 4 (%) Choice (%)
B8 ZRIMHE, HARML BT 100 pg/pL
BRH#ITFNERIIT A R M
Fig. 8 The behavioral response of female and male

adults and larvae of Hippodamia variegata to
100 pg/pL Z,E-Nepetalactone

3 g

H T BE AT HUAR AR 1, i 96 e AT T A
FRES R H 52 3B WA, (BRI F H ™ &
(REERERNE G, 2016 ) o FIFHREE m il
g BRI T AR E P BRI — O
REMIFR, SRREFERR | HEERSE
FHT 0 N 22 3 005 2 AL & P mT e o o i i B
PERF AN B | F o i R 23 A R R A A 0 5
( Abassi et al., 2000; Francis et al., 2004, 2005a;
Foster et al., 2005; Micha and Wyss, 2005 ), [K1It;,
FFHEF A5 BRI KB ST A E R —
FEIRL . TR PR OF 7 A (5 D)y 4 SRS

gty — B2 B R Y B0, oA O Y
WA MU e o, SR B B R
ThAERY EBF S5 BAL&Y, nIENHC R
B ARSI, [R5 ] R S T e XU 5
1717 355 Ha ) L 2R 3 AT 1 by ) Al 2R R R R A%
MEHEHTIREYE (&ENMKFE,
2001 ), EEAARIAEZFRIA, 0.02-100 ng ) EBF X
14 Fftgy H () 2 828R AT 3k 50%( Montgomery and
Nault, 1977), {H-t 5P A A5 B0 5]
= EBF EHH AT AN ( Nakamuta, 1991;
Alhmedi ef al., 2010 ), X3 BiF d 5B 2 a] w]
PLFOI R —(5 BT, (R A BBURR FE AN ] o 7

—60 —40
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IgF R VAR R ZR O I A TR 0T 05 1 e HE Ry 5
EVEH AP AP 7 FRE R RS, 24 7-10 mg AR
I+ N ERTE FH B X BReF BAT 25 AT e 1 Bk
SCAAE, 1997 ), i @R 1 mg BIBORT A
BREA G mATh (RRRE, 2016 ), PIE XTI
I A TR S NE 8 BN [ o 4545 T b b xof &4 SR 4
I, e R kit 5 KRGS St # v, EBF Sl
FTT NS 2 AT r B R R, HOA A
JE G FEITE B R E AL SR s i 2 1 4B A S RS
V- AR 22 S U 2 P ) EE R
FRE AL, W T HMG ) L R A R RRIE R
SEREAL, COBUA BRI X AR 3 R R R
ARIHEHR T 25 MAF 2 B E R R fE
BE (R%EEHE X EBF Mtk B X 7 E-
Nepetalactone ) [J4L2=i@ AT N, LU I 6
B Z2 S BT S VAR T A R i B
PSR S

AT AT R K], HRREFLR
EBF FIWE(R B R BORIT A e 24 n] il % 22 5 P
W |l e A ) ik A S A AR SRR, ELR
FEREREEE (10 pg/ul #1100 pg/ul ) S
T, N 22 S B 2 ot e R R Yk
SAFAE—E BIE . AR, BIFFE N 5L R
10 SR A A H A R TE s 3 T EBF A A BT
SRR R Coleomegilla maculata
fi ff1 35 FLA R BEEE M ( Abassi et al., 2000; Zhu
and Park, 2005; Verheggen et al., 2007; Leroy
etal.,2012), Al UL, Z2HBCA R ARRERL P00 F Al
LAE R RN EZ S EBF, 25 BUAUHE | Bk
gl RO F B B R EBF IS B R R0
IR HLAE BN , 978 4 PP S R AT REXT
Z Sl B SR AR R S, W 8
7% [ S

1) e AT e g — D Bk TR AT A A
1, 25O | R R ANl HOG R E R Y
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S S Y ELA fl o P A B L (R A B A TN R
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IR EBF X2 5Bl HOHE | e AT W35

WHIWER, MW EZ 1 mg B, 3R 5750
o, RSP HE R WS /R ATTE 2% o AL, BF5E A
BAB, 1 mg HEM EBF REWS|F AT
( Alhmedi et al., 2010; Leroy et al., 2012 ), {HYFf
T E SRR R EBF B0 B 4 i vt -&
B A A o B Y g 51 AR ((Nakamuta,
1991; Mondor and Roitberg, 2000 ), H#: & FK,
2 S EUCR AL KRR X EBF (USRI AE7E
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B R T B LA 5 A M, X — Y8 KSR
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FORIER EBF BUNEF RAREE, o mT e Al
KR EBF, At s ok F w75 A Y K 2 B
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EFEE 1 mg BEXFA 4 T B EW 5], iy
P4 (2020) &, 1-4 pg 1Y EBF FEAFIMILER
A — B g ol 5 SO8 e g T
Wy s, PR EBF EIEL T2
SEEURL A, AR OER BIAHE T R,
2 PR g iR S ) 2 1Y EBF (1 mg ) ABE
XA AT, X R 2 S e A
W B mT BE A7 AR AW AE B 2R T 700 008 H i) e B g
2%l
TTRFI TR, 25 PR | MR BT 1
mg F) & BRI N TR B 5 0 ) i A T
Ho HESESE (2011) FIREBERSE (2016) fEZ M
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PG (1-100 mg ) X = A5 EA 3 51150
PEo HeAh, WF VAR B R NAT DA 3, X
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(Koczor et al., 2015) . afAE MR BA 515
i ( Kiihbandner et al., 2012; Benelli ef al., 2013 ),
i R 2 S S R A R R B R R
IF R e B R &R B, 22 5 RO AU
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