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Inhibition effect of the deltamethrin and phoxim mixtures on the sodium channels of

nerve cell
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Abstract: The synergetic mechanisms of deltamethrin and phexim mixtures were studied on cell from a mesencephalic
dopaminergic cell line MN-9D using the patch-clamp technique. The results showed that these mixtures were more power-
ful inhibitors of sodium currents than single pesticides, more rapidly reducing the action potential and blocking the nerve
impulse of axon membrane. Recording of whole cell sodium currents showed that slow decaying tail currents were associ-
ated with repolarization following a depolarizing pulse in deltamethrin modified cells. The average constant of tail currents
was concentration independent. Most cells showed a marked reduction in peak current with only a few showing an in-
crease. The inhibition of sodium channels was concentration-dependent and could not recover later. We concluded that
deltamethrin modified the action kineties of sodium channels in such a way as to slow opening, prolong elosure or other-
wise inactivate thern and that this medification occurs predominantly when the channels are in the closed or resting state.
The inhibition of sodium curtents will cause the reduction of action potential and loss of electrical excitability of axon
membrane .
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1.1 SE¥asrsd

KB A =M RE Periplaneta americana L.
HEAANLAEFMME. AFRLH 12068, 2k
BiE, DATERABREIRSE. WHREEF 27+
29, MHXEE 70%-.

PRESAE R . MN-9D “H B A A5 K R b i 2 12
ENZE T0 5 RO 42 JR Al B AR N18TG2 Rib-& A¥ R T
M, BE—MEOEMEAEE, EARSE LSS
M DA TR
1.2 FHAFIRAF

R BE Cphoxim)» ZHIE 879%, MTRETLR
BHHALZEFRME, RBEHEE (deltamethrin ), 24T,
M RFEREANAE R HEEER (man-
nitol), Z &, EWALERANET; WEEE
(TTXD» BCEAX 10 Smol/L ¥,  FELIA1E 370 33 FEIL -

EM KA EE I Comol/LY: NaCl 208.65
KCl3.1. CaCl, 5.4, NaHCO, 2.0, H NaOH 1 £ pH
7.0

h TR K R AR, TENE AR
HEET AN Cs* o ERHEEAERM: (1) BRH
# Cmmol/L): CsCl 100, MgCl, 5.0. EGTA 10, ATP
2, ¢cAMP 0.25. HEPEs 40, F CsOH W Z pH 7.3;
(2) HEAME Cmmol/L>: NaCl 150, CsC15.4» CaCl, 1,
MgCl, 1. D-glucose 10, HEPEs 10, CsOH i 2 pH
7.3

IRE BRI R DA R A, R
10 ? mol/L FHREAEEF 10 7 mol/L M1 EHuME BHE,
SEOG I 43 B LASE S b A4 B i R R i iR
MNERE. SRR E ST 0.5%8, WEERER
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1.3 ZEWAHZE
1.3.1 FEMREEPREmSERAa IS B
SEEE A BRVE AN RBIE AL, AR NE LB TN
ZE (19900 Jrik. FERMOCHEMEN: AR R IE T W L
FHEHEmER, BAMESAED, WTAIEHE
BIMAHEE . 4 A B G D4 E. A ER
BRAMMEZM A6 W27, HAMERE B, C.
D3MNE, BEMAR, F0.8mm CEAHE
BIEW, 1.2 mme D ENAERER, FARE
40 min 5 FFAE L. SDO-2 FEFRIEEE, A 0.2
ms 7, BRI RIS B A5 A0 £ AR B TIEL A6

AT, B EMDE Ag-AgCl K. EiL BMA-2
A RO A E AT IR 2 VC-6020 B
LRI A RO 0. TCI6 AT R B B A
2 AS. A MHETIMAERI NS FHALRNE, 1Eh
YR IEERAL, DA BN, ATIRIREAFIME
WishfEBALRT ARG, DAShEATIEE AR — 1
e 8] AT P AR A 5 4R

1.3.2 MEMHEE R (0 Midx: DUE
Hat 24 B 7 20 Cwhole-cell mode) 12 REVIEH H
e TREDHMETEESGHE, FE2E T
dgu, SREFMERAISE R R M B, BMIE
EFHH AR, R apEE, MiEghk, &
A AR, BiEAE, SRS RE R A
WEHE, ARBREER, &SRO A A
AR A S B R T SE 5. BB (Go-
17, TERER LR AT R SR EL
(PP-83, HAD B, RmEL2~3 m H
fH2 -5 MQ. HIRESLMEAHBE (po2 &,
eI T e SRR MUK
BAUTEN R, HTEHFISEAE. ATHEZW
20 min P L, ANEEE, 40 min & L, FFEFE R, Eit
L 20 ~ 40 min 0% I, A 8. XM EAEEE 20 min
R —Xidx, L2 EHNE L. 5 10 min #HATE
Fo MZHH, TEE 20 min HIKICE 1, J5. JLHIR
Nz, RIEEE 1. 5+ 10 min iTF I, -

2 HER

2.1 ¥EFH. REFERETYERPRESE
SmER

2.1.1 FEEBERER: 7E AS ~ A6 ETT RN
10 ~ 10 *mol/L FEHRBEELELICT 120 min. FT15 4
RNk 1. MR PEEERBE EEPRMEE
SHHEIEA.

2.1.2 BEFHEIEFER: 10 © ~10 * mol/L
REHET REPENESESEMEMERL. 10°
mol/L &A1 AT BN E AT 7 53 min: 10 ° mol/L
947 min; 10 * mol/L 4 45 min. 005 9B BR IR EE
wnmasE, AERFNERK. 10 ° mol/L FHLH
510 ©~10 * mol/L BEHEEIREE, XLt
U E A BT NG, 455 T 30 4F f AL B4 i B
A, 4110 © mol/L IREFGEEHNHE B H 53 min, 5
10 ° mol/L FEBHR MANHE P AT 4 40 min, HEFL [
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13 min.
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2.2.1 EEWMESEARPEESR (0 D24k
B R AR AL R R T 1SR BRI . R HAL
-0 mV, FFIEHALTNE KM - 40 mV ~ + 40
mV, JKTE 50 mse B IRAKMTEIAIR 5 50 DL, 0%

B1E v k. TERAFFRMN A - 70 mV BT, 1B{E -
20 mV, BTHE 50 ms £ —EWALRIEL, Exk 1, H
HITIEAA LR AR SR, TS, AT At
B AR 10 * mol/L HBEHEER, HH
WA, EHZ R A AEE R (B .
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Table 1 The effect of phoxim. deltamethrin and mixture on cell action potential

257 FEAEL FoE M AR A Cmin) HPEIFAT Cmin)
Insecticides Number of neurons Beginning of cell reaction Mid-point of inhibition
1078 ~ 107* mol/L FEHLHE phoxim 6 T no T no
107 mol/L IR deltamethrin 5 7t no 45.0+1.38
1075 mol/L REHIBE deltamethrin 6 Fno 47.0x1.19
1075 mol/L JREFIBE deltamethrin 6 7t no 53.0+1.26
107 mol/L FEFLBE phoxim + 10 mol/L B ER deliamethrin 6 2.0+0.36 28.0+1.13
1075 mol/L =TT phoxim + 1073 mol/L IRFEFBE deltamethrin 5 1.5+0.44 37.0+1.35
1075 mol/L =TT phoxim + 107° mol/L IRFEFBE deltamethrin 6 2.540.35 40.0+1.13
s  ————— ..o "‘7—' C
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Fig. 1

Sodium current of normal neuron cell and [-V curve

A, EEMEMM Iy, (normal neuron cell): B. 1A 10° mol/L VI BEFF 1y, i, TEWH0 Na* B Cpuff TIX 1075 mol/L):
C. EH L i ABERSE L LV HE, R 1ANEA. RAI2AMNABEES (series 1: control: series 2: puff TIK)

2.2.2 ERBEN L BMER: AF2WLEY, ¥
Bl Na* G ASEIERRD, AR, SEHREE
INTAEE BN, FRRTEE R TR R E .

2.2.3 REFHES L, HAEER: ARz ME2
AIEH, EEHEERANE Na* B, WA Nat B
. (BEMEERZERTEEEN, Hijs=
e =28 0 fi 8 M. 1 min B B 10 ° mel/L B9
6.50% N B 10 * mol/L B 27.14%; 5 min B £
10 ° mol/L 87 6.18% 3N E] 10 ° mol/L £ 24.68% -
T, A0 ] () 200 B LT 2 s Bl e 3 088 0 T 88 b 70

1 min T 10 * mol/L 17 60% B 40 B 1, 470, 10 °
mol/L A 80% VA ML L, ¥ HMHE; 10 min B, 107
mol/L BN 1, WEAE, RIIER] 1009%. &
REA BT Nat RIWEESMERT, M E 1
min 105 A IR IR E A B T INELZE, 5 min BT28
METE, 10min (T, BWINETHEEE., 0. 10 °
mol/L 1 min B I0%E 4 15.83% > 5 min 4 3.13%, 10
min A —17.33%; Na* ST 00 G940 B Th47) th B
WP B3 N AN B JB) BE AT B
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Table 2 The effect of different phoxim concentrations on sodium current
‘ L THIEE 1y, rate of decrease (%)
¥R Concentration (mol/L) 20 O 30 Number of cells
1 min S min 10 min
1077 10 2.31+0.013 1.52 +0.009 0.75+0.004
10-% 10 3.70+0.010 2.37 +0.010 1.53+0.008
10-° 10 6.99+0.010 4.75 £0.010 3.65+0.010
10-% 10 8.80+0.010 6.15+0.012 3.82+0.009
TE a2 Y A normal nerve cell 10 0.70 + 0.003 0.52 +0.005 0.69 + 0.005
L 1V e
=L8nt MNa+ Currents L=V Curve
Viatagoe (aV)
— ~20eM .

/ Del, 10 mel/L{ 10min) B

| el 10 molL{Smin)

(yd) austany
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1B contral

f0%5 Imin putf | min
BUES Smin puoff § min
W5 10min puff 10 min

500pA
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B2 107 mol/L {RFAERZ I A HIfE A - E (V) Hk
Fig. 2 Inhibition of sodium current with puff deltamethrin 10~ *mol/L and I-V curve
AL 107% mol/LYREFHER (Dd.) X 1, BIFMHIFERA Cinhibition of sodium current with puff deltamethrin);
B. IV HEE. RAIXBE, ®RI2NHE 1 win, RF3IZ/E 5 min, BF 450255 10 min

(1-V curve. series 1: control: series 2: 1 min: series 3: 5 min: series 4: 10 min)

R3 REFHEARKE. TR BN L, MAPEER
Table 3 The inhibition effect of different deltamethrin concentrations on sodium current at different times

WMEBESRE  HEN Iy, PRI EAN 1y, S I0H40 R LL 2R Iy SR ANZEAN 1, HEINATAR MO LE

Concentration  Number of Rate of Iy, decrease and decrease cell (%) Rate of Iy, increase and increase cell (%)
Conel /L) cells 1 min 5 min 10 min 1 min 5 min 10 min
10-° 10 6.50+ 0.016 6.18 +0.015 6.50 +0.022 5.03 +0.021 4.68+0.017 5.38+0.011
60 60 60 40 40 40
10-3 11 8.56 + 0.031 8.61 +0.036 8.92+0.031 8.72+0.025 6.27+0.029 7.12+0.013
63.64 63.64 63.64 36.36 36.36 36.36
10-7 11 13.53 £ 0.015 14.07 £ 0.015 14.11 £0.015 11.73 £ 0.059 7.33+0.026 -4.63+0.025
63.64 63.64 100 36.36 36.36 1]
106 10 20.28 + 0.012 20.91 + 0.015 21.43+0.014 15.83+0.033 3.13+0.016 -17.33+0.03
70 70 100 30 30 0
10-3 1 24,36+ 0.010 24.68 + 0.019 25.56 +0.018 17.93+0.017 - 5.9+ 0.049 —2340.015
75 100 100 25 0 0
104 10 27.14 £ 0.011 28.13 £ 0.017 20.42 +0.013 21.38 £ 0.006 - 8.86+0.025 -27.59+0.019
80 100 100 20 0 0
2.2.4 REHEN Nat B Ctail carrent) HIE SRALET AR FFRAL A - 100 mV, AT - 20 mV,

M SESE SR FERINIR S BE 5 0 R 28 Na* R

B 18] 50 ms FL— ISR, EARALEFEE 100 ms AT
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HH B REMRET (B 24 A0 @ T3
i), ANEIEL EHit e, SREY A
FIkEREHERS LN BRI R EEERAY
2, MERRNFEESREFEEREXR AR,
R®4 Na® BRIRHETEE ¢ EH5IT
Table 4 Time constant of sodium tail current

HEREE T FEE (ms) R =
Concentration (mol/L) T average Stardard square deviation
10-" 153.27 6.258
10°¢ 160.93 4.996
104 164.31 5.383

A mober of cells (n=3)
2.3 FmEE. REHIEREFIX [ MFIEREE

®5 OFEiE. RERLEARKERL

RFRT Na* R RO 1E AR I T R = R A
EIFIRF], F0: 10 ° mol/L REFE + 10 ° mol/L
FERLBHR T L BN HIZE 1 min 2 34.15%. 10 °
mol/L VR B ES 574 20.28%, 10 min B, JEFA
36.69% . IR 21.43% . Na* HRFHINE 20
EhEh RILH RIS 5, 10 ° mol/L BEFME +
10 ° mol/L FEF BB 1 min B, T, 40 4 4t BT
FLZE Jy 84,629, BN 70%; 5 min B, RN
100% ., THAFIA 70%. 7€ Na* T INE LT,
L MR ER RN T MK A 41 B LY SR B VR AR R 18
I ) AT A, R BEACT AR FAHeE . [FIRS A
g (Fs. B3 Ea.

RIS Ty, RO HDH] SR ANGE K AER

Table 5 The effect of a mixture with phoxim and deltamethrin on sodiurn current

TR LR R HeA T TR D T BT HISE R L L, TG BN 1 MR BN R AR L %
Concentration Number of Rate of Iy, decrease and decrease cell (%) Rate of Iy, increase and increase cell (%)
Cmel/L) cells 1 min 5 min 10 min 1 min 5 min 10 min
13.30 £ 0.018 13.45+£0.019 13.76 + 0.018 7.37 +0.009 9.79+0.04 11.1+0.013
8 -7
D.107% + P.10 10 80 80 80 20 20 20
D.10-7 + P.10-6 12 20.68 £ 0.013 21.84+0.014 2228 +0.014 10,98 +0.014 -19.32+0.005 -20.25+0.014
: . 83.33 100 100 16.67 0 0
D.10-5 + P.10-5 13 34.15£0.014 35,06+ 0.015 36.69 +0.011 13.47+0.006 -20.28+0.013 -34.04+0.021
. - 84.62 100 100 15.38 0 0
38.22 + 0.009 39,38 + 0.007 40 + 0.006 15.38+0.006 -27.04+0.028 -34.79+0.017
-3 -5
D.107" + P.10 12 83.33 100 100 16.67 0 0
41.93 + 0.020 43.24 £ 0.019 43 .88 +0.020 15.92 —-41.07 -43.35
s 4
D-107%+ P10 " 9.86 100 100 7.14 0 0

iE Note: P. EFRHE phodim: D. REFBE deltamethrin
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Fig. 3

[-V curve with puff mixture of deltamethrin 10~* mol/L and phoxim 10~ mol/L

A IRA -V d 2, RF1CAXBERA, RF2 502 1 min Na* B (1-V cwrve with puff mixture: series T: control: series 2: Tmins
B. 10-° mol/LRESEES 1V 2, BRI 1 AXTHA, R 2 BN 1 min Na* BH
(I-V curve with puff deltamethrin 1079 mol/L: series 1: control: series 2: 1 min)
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3.1 REHEX N BENER

TG LS HAEH T Nat BEERE RO EE(E
Hi#trr., ML BRAHEEEEHTHMN LIEREN
Na' WE, FAMEMEAE? B2 Na Bt
HABF 47, TILVEHERERE I Na' B
i, (B3 Na EIAIEEREREZEN, W
BHWNIZHMRERET. BE T IRSREETEE
ITIE I TIE S R BRI, RARFIFHEE
SRR, AEERYE Y. CHEER
ST LIERA: 1 MHBCRE, 1 MRERER 3
A RKEARA . Chinn (19890 1 Elinder 1997 #RiH
IREHEEIE R T MR PLA) Na* W, HIEEID
SRR Nat BE A R, AT ELE T ek
&, T HABETE T RIRS, A S 208 E TR
=i, SEIS TN AR RNIR IR R ARG (4 B TE &
PAL AR T IR RIE . BRMRM T
TRIEMEET R FIEOETRE, RUFHS Na FE
BCRGSERER, BRREHER M ES, 2 &
ERARE, FJRIANBERSEREENA SR
{FH% Na* BEWEGE, KA Nat I
INERE, iR, S N BRI ER
b, RAPIREZGEE T DMF Nat RIE AT AR, {F
1SS —E Na* BIEL T XA A RFRSE, Na*
PR B B R . AT RS EUEEL
TRFFRGERA, F1580E T RCRSE IR
koo FEREA A E 2 Na BIEE SN, &
I Na* PR B 3G 04k TR S . R E S5 ES
X A4 Na® AR VE(E AOWE LW —EEKEE

THCRA, (FHEEEMN; RSB RN
RE, FEBRAD. FEMASEEE, EARE
BEROE IR R W R AR e DX RS Nat 1
E, DATRIEEARCOYE. BT Nat AR
ZENF A BRI, Nat HUTHELD, R
AIME(E PR, AR G Emeatt 5 AR .

3.2 EFHEET Nat EiE s FRIMEER

N RRPRMEESLPRAFER. B
HEHSZH R 10 ° mol/L EHREENT Na*t BB MHF
Bk, FEHERARBEKmMESRE. M1
min Na* G IHIZE N 6.99%, 10 min H 3.65%
10 ® mol/L RE A BE 1 min THHEIZEH 20.28% , 10
min A 21.43%, SifFRAAMHE PN 53 mine 10 °
mol/L VREZGES + 10 ° mol/L ¥=HUHE 1 min FWHIZE A
34.15% - 5 min A 35.06% - 10 min A 36.69%. 31
VEHEALANEI DT 5 40 min, LhRIREIRE B4
T#713 ~ 15 mino

b S 5 BRI B YRR Nt AR T A R SR A
FIPERT, Na* ARG EIMG 2B S FIFER A A, X
Vi AR 2 2 1) Na* IEIEE . BIALT
FERFICHBUR IR, B Nat BRI B
EIRAHNES RIS AN Nat BB R
SR AR, BEOFEH - EREMAE Nat 8
B1= R R [ B o 2 NP I IS P N B -
3T X Na* JEEEBEFRAME, SEMEERELW
PRLbYET, X ERAGUNIEZ —.

RETRF T A R B RA G R AR L
TR, (EFRARLEFIEEMMN. MENIARS
HAATT A, FE IS SURF G EAVES LM
M, (BN E RS 2R B RE .
IR R FRARS, RAZERM GRS
BS RIS R EZTER.
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