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Effects of Guadipyr on voltage-gated calcium and potassium
channels in central neurons of Helicoverpa armigera
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Abstract [Objectives] Guadipyr is a novel insecticide that has both neonicotinoid and semicarbazone insecticidal activity.
How it affects ion channels and channel gating characteristics and functions is currently unknown. We examined the effects of
Guadipyr on voltage-gated calcium and potassium channels, and explored whether these channels are potential targets for this
pesticide. [Methods] The effects of three concentrations (1, 10, and 100 pmol-L™") of Guadipyr on Ca**and K" channels
were studied using the patch clamp technique. [Results] All three concentrations of Guadipyr significantly (P<0.05) shifted

Ca®** channel I-V and activation curves about 10-15 mV in the negative direction. The inactivation curves of Ca* channels
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were also shifted 5 mV towards the hyperpolarizing direction, which is a not significant shift (P>0.05). The Ca® peak current
was significantly decreased by Guadipyr treatment relative to the control. The I, decreased more slowly as the concentration
of Guadipyr increased. The area of window current increased the most (93.20%) following treatment with 1 pmol-L™'
Guadipyr than by treatment with 10 pmol-L™"' and 100 umol-L™'. The number of Ca*" channels activated increased after
Guadipyr treatment at a test voltage of - 60 mV to +10 mV. The K" peak current decreased gradually when Guadipyr was
added to the external solution; the I, decreased more slowly as the Guadipyr concentration increased from 10 pmol-L™" to
100 umol-L™!. T-V curves declined and the activation of K" channels was shifted 8 mV towards the depolarizing direction,
which was not significant (P>0.05). This shows that K channels can be activated at higher potentials by Guadipyr.
[Conclusion] Guadipyr can effectively inhibit the I of the Ca*"and K" channels, and shift the activation and inactivation
curves of these channels, thereby affecting the gating of Ca>" channels and K™ channels. Therefore, Ca®* and K™ channels in the

central neurons of H. armigera are potential Guadipyr target sites.
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Fig.1 I, of the Helicoverpa armigera before and after
the application of Gua
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Ji5ef,47 Membrane potential (mV)
—80 —6 —40 -20 0 20

—— Control (#=10)
—e— 1 pmol'L! (n=5)

—4— 10 pmol-L! (n=8)
—*— 100 pmol-L! (n=5)

B2 FEIREXKMEAEAERT Ca> BB/ | -V R e
Fig.2 The | -V curves and I, of Ca*" channels before and after the application of Gua
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I Tpea A6, * FORXTHRATAH L BAT W 225 (P<0.05, BRI Ty 22404 ). 18 7 [
A. Gua's effects on the | -V curve of Ca?* channels: Standardized current amplitude;

B. The I,k of Ca** channels after Gua. * indicats significant difference compared with
the control (P<0.05, One-way analysis of variance). The same as Fig.7.
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Fig.3 Effects of Gua on the steady-state activation of I,
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Table 1 Effects of Gua on the steady-state
activation of I¢,

5t % Activation
Condition Vos* Kb n

Xt & Control

1 pmol-L ™" [tk ALK

1 pmol-L ™" Gua

10 pmol-L ™! pRntt, He K
10 pmol-L ™' Gua

100 pmol-L ™" St He A
100 pmol-L ™' Gua

a: PEOHIE IR b BERATS ne G RS
X IR LA 8 8 22 5 ( P<0.05, SRR R T 22047 )
IESCE

a: Half activation voltage; b: Slope factor; n: Number of
cells; * indicats significant difference compared with the

control (P<0.05, One-way analysis of variance). The same
below.

—9.83+0.73 4.55+0.38 10

—22.85+5.02*% 5.27£0.26 5

—23.45+£3.36*% 5.48+0.21 8

—24.21£3.74*% 5.46+£0.26 5
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Fig. 4 Effects of Gua on the steady-state inactivation of I,

R2 KM HATXT RS R AP AR 4RAE Ca®'
R SR A

Table 2 Effects of Gua on the steady-state
inactivation of I,
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1 umol-L ™" [k A AR
1 pmol'L ™' Gua

10 pmol-L ™"yt H A
10 pmol-L ™' Gua

100 pmol-L ™" Stk He I
100 pmol-L ™" Gua

—22.30+£2.46 18.45+3.60

—26.26+£2.86 13.58+3.36 5

—24.76+£2.44 12.28+295 6

—28.69+3.12 13.41+£3.13 5
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Fig. 5 Comparative analysis about the effect of Gua on the Window current of I,
A. 1 pmol-L™! it B AK; B. 10 pmol- L™ Ak HAK; C. 100 umol-L™" et BN,
A. 1 pmol-L™! Gua; B. 10 pmol-L™' Gua; C. 100 pmol-L™" Gua.
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Fig. 6 Ik of the Helicoverpa armigera before and
after the application of Gua

A XtBE; B, A HAR (100 umol-L™1) VERIGHY Ik
A. Control; B. I after Gua (100 pmol-L ™).
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[ -V TR H. e MK IRHEEZAEHR

Tpeak WRIE AR, BHAE VR BEHE K Toea BRARA U
/N FA H PR IR Thea (3 534.33+733.58 )
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25 E )T 207 10 pmol-L ™! Gua 5% A [A] 7
B EG IS (P<0.05), WHEHKE Gua
REASA R ) K3 38 G 1 F 3 o
2.8 RAtARALHEE R P IREZ4HH K EEE
[E ik #u14 OE R R i
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KT 5 , BSR4 K3 T YT B
AR 11 A A, S BT i 2 ) e Ak T Tl
Bosh (F 8), FEUIHHIE (Vos) 2R
JERE I, AP IR Vos i (22.15+1.72)
mV, 10 pmol-L ™' Gua/ERIJG Vo5 K(31.72+1.07 )
mV, [WEWAF s 9 mV, St HEM A
A FEMGH 2R (P<0.05), 100 pmol-L ™
Gua YEFJG Vos i (29.35+1.55) mV, [k
FIBHZA 7T mv, SXFEH AR G2
5 (P>0.05 ). PG IR ARREF (k) B3,
Wi 2 [ A 5 0 2 A R B B S
P25 (P>0.05 ), HILATLAE H Gua fEHITF
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G225 5 03 3,

3 Git5itie

A B 5T O 4k B ph 22 A0 S 1 A FL ]

T Na 3l 18 4 0L HU 3 T 28 4 2 LR R
FIAVEFH#EAR ( Bloomquist, 1996 ), #H4b, [FIAE
TEA 28 4 M SN B 60 8 b e ¥ F 2R A
JEI 145 Ca*"iiH ( Soderlund etal., 2001) f K
j#iE (Rao and Rao, 1997 ) ARG IEH &%
M AR 2 BRI ) E A T AR . PR 4452002 )
K= A B ( Cyhalothr ) RES | AL HT i A A1
SRS B A Ca® I 1 -V IhAE#
10-20 mV, BBICAE (1997 ) Hiil FK2 Tk
( Fenvalerate ) FIPU#f 275 ( Tramethrin ) X} Hi &
P45 Ca® 3 TE 1A 5 28 B R R 39 0 v 4
i, (EEOEVEESS, MEIEHP S . Neal 5
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AN[E ¥R St UK Different concentrations of Gua
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Fig.7 The | -V curves and I, of Ik before and after the application of Gua
Ao AN B NG DO A 4% B X sl 28 AR KA 1-V iZemsgm . IR IRAE AR bR AL 5
B. St A IR A4S H rpoA b 2 0 B KT S R IR A IR I

A. Gua’s effects on the I-V curve of K' channels: Current amplitude is not standardized;
B. The L., of K" channels after Gua.

o Control (n=13)
® 10 pmol-L™! (n=4)
084 4 100 pmol-L™! (n=5)
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Fig. 8 Effects of Gua on the steady-state activation of Ik
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Table 3 Effects of Gua on the steady-state
activation of Ik

XM P Activation
Condition Vos* K n

XJ F& Control
10 pmol-L ™! pRntt, He K
10 pmol-L ™' Gua
100 pumol-L ™" J% ik H1 A
100 pmol'L ™' Gua

22.15+1.72  21.10+0.74 13

31.72+1.07* 22.31£0.78 7

29.35+1.55 24.16x1.93 4

(2010 ) W98 & B M 468 (1 RUIR s 38 RS
2B ) B PC12 41 L % Ca® 38 18 19354

T R A i PR A A, B R T Cat
B R . MR A R R I A N . Von AF:
(2013 ) 7~ SRR S5 40 A BRI A )i
I EEEMESS B RN B EE L, BHWTEN R il
g, e ez g, RGBT, M
BB SISE 2 R Y 32 SR FTAILRAS [R] 40055 ol
B TR FN A5 ARSI PR R dUR), H R
TEBEA 45 ) B Pl 28 28 49 00 B 284 2 Tk IRk s
Z, BHKTEL AU X i 2 R G IEH AL T, AT
FECE U BRI T (CSRARERUEE, 2009 ),
Nishimura %% (1994 ) F Yk Periplaneta
americana TS T A5 i A= S50 46 7S it bk
KA G Py vl ARG 5 b 22 5 fih J FRL A o (HUZ:
H A TX R 25 AR, AR s 2
JEI AR R BON ™7 A T E i 24 ( Ahmad
et al., 1989 ), [FULHAR BRI & 5E i h &
HBHIRRIBYIZ 55 o At IR —Fh D B2
A5 2 IR 2 BT P 5 A0 P42 1T i R 94L&
Yy e e R T R HUR SRR S A Al
- E AR R A TS PR A A AE DG SOk B
A% HUF A RS2 36 300 X R A8 HL L ISR
1% Spodoptera exigua Hiibner 25 H & i HA
HIFAIBIIAROE (Qi et al., 2013 ), ZR&AHSE
(2006 ) B 55 45 5L 3% B Gtk He IR v 15 e R4
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TRESCRAL T ik, %A s | KA AR
YRR W R 1 2 H AR S 4K 75 o R
Xof W 11 M S S AIK T H RT3 0 T AR B R
a7 FR [ E S IR 2 R e 5 5
T QAT R 0 B A A ) e S T R
e A5 Ak, DT 3503 B H i AR IR A

AR S 55 3 2 4 A0 R R B R DA F s A
PRV FIR T 55 AR BEERSY T 1 A R St
AR A% B AR B 22 4 Ca™ 30 1 1 B i M 1)
AR o 26235 26 W et s A FH R 1) Ca™
T P 2k B e AL T A B, B
HLE Vs [l 7 HL 7 B 2, 55000 IEAH L3 AT
BENSIT¥ES, RHRMARIERZ G,
Ca™ 3 T8 1] LA B 67 A 5 T o A, IR
M RV FH S Ca® 3l B R 2 26 17 il 42 147 1)
HL AN 5 T B 3 o Ui A it I TS Ca” il 7E
B AL T RIS E . R, S Uit ca®
3 T P FRR AR TR H AR ()5 ), el 1A
B TR 2 S M ) Ca™ I S 7T RO 1) B FRL S
RSN, ELIX I AR B A LR B
FERBGIN, - DX 3ol ARG A B i/ o 3 s I
itk A AS: Ca™ 308 38 1438505 0 25 6 R4 AT, RV AE
BARA AL TP AR IS AR TG . R, FE—2E W
R R, 2994 R AL F3OR RS Ca™
WIERHMZ, BT HIFEORR, S5k, Rk
AR R I T RS HL Ca® 3 38 A AR L
TEAFAN AT % BRI FL S AE 1 pmol-L ™" Gua 1
FHG BRI B e R, Y38 2 vk FE s, I e
U B AR B 3 AN A et BT Ca®
A PR EA VR ROV, i — 2P0 2 2)
FAe BERG NI, 2550 5 A 40 MO |- Ca® 38 38 1045
A IRENEHLRES, (2 Ca™ Ml I, R
I P AESR A TR e (Pl 8 o 1T Ca™
A R TP S 2238 Ca> P, (2 tE 3h
VERLE T I, TRIERE L P Ca™ v JBE (0 8 4 3 3
ot 2 20 B ek 5 A ity B0 YA PN 198 2 i P e 4838 IR )
R, 5P A0AE ) AL R G LA PE)
BN, DL b Seue g B S IR A A EE N Ca” E A 18
MRS L (RI2A R, 2014 ), X AE5 R
B A X R 2R A0 Ca® i 3 S TRt A A P

AR 2 —, Stk IR Bl R R T B i
A

X HOFRDE R T KA )R
A6 HPTE DL R A TR OR HUAR) I o X122 7 TR ST [
(1990 ) FH 3 [F] Bt A0 Rl P45 0P 9 1 S 3
Tk ok S Jig i Periplaneta fulginosa 125 41 a4
B SE S P PR AR, A BRZ5 W mT LABE A IR 2% 2 5
T IR AR A L i B (B . Salgado (1992) HHJE
M TR B30 57 2% 1 S 2 M A 251 5 A 3 1Y) S
UESE RH-5849 REAS IER M Ar RS fil 5 HLfr, 515
o B R R, LB R T BT TS HL I
0T PR 18 F 2 /). Wang 5§ (2006a )
RIS T A B TR0 S Hpi 2 A B
R BV i PN K R S ST O R A ]
FIE AR I AT E U W & ] ( Wang et al.,
2006b ), TR KEE 27 A AR B
FIRVE PR bR A 236

ARSI A AN MR BB AR & B, it
R AENS B3 A% bl Ze i K3 T 3845 h 2k 1)
LFETE R R, B e B g, Bl
K30 T8 T 76 i H A A BRI o [ s gtk v
IEESE A ] KM IE (A i . (HFEE 24
Yy B R, PIIVE RO o X 3R PEHRRE
P BT B E f A B, WE R IR
B E S A AR BRI R, SO R B ShPEHLE
(A, TS I AN %A, Bk, ARl i
P22 4 B P B 0 R S IR A R AR 2
— o (HEH TR TEE AR L, Bt s AT
TRVEF T 98— b B8 Tl i A T 2 it — 2P
A PRSI B IE .
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