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Abstract

Luotung (LT), Suinkeng (SK) and Keelung (KL) housefly populations were examined for insecticide resistance. When compared
with a susceptible (S) strain, resistance to dichlorvos by wild (R) houseflies ranged from 18 to 31 fold; resistance to pirimiphos-
methyl of R flies ranged from 14 to 94 fold. Bioassay synergist and in vitro enzyme activity studies showed that the mechanisms of
resistance to dichlorvos and pirimiphos-methyl for LT flies, included increased activities of microsomal oxidase, glutathione
transferase and general esterase. The general esterase and acetylcholinesterase (AChE) insensitivity may be involved in the
resistance mechanism of SK flies to these 2 insecticides. However, microsomal oxidase was the major contributor to the resistance
to dichlorvos, as well as al possible metabolized detoxification enzymes involved in the resistance to pirimiphos-methyl for KL
houseflies. Finally we suggest that the reduced penetration of insecticides through the cuticle, and insensitivity ot AChE were the
common important resistant factors in the houseflies of theese 3 areas in northern Taiwan.
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&M (dichlorvos)99.5% » BRI (pi-
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FA(paraoxon) 95.0% » LA A ZER (Rie-
del-de Haen Co., Germany); piperonyl
butoxide (PB) 99.0%, diethyl maleate
(DEM) 97.5% (Chem Service, USA), S,S,
S-tributyl phosphorotrithioate (TBPT) 92.
8% (Chemagro Co., USA); acetylthio-
chloine iodide, a-naphthyl acetate (a-NA),
B-naphthyl acetate (8-NA), p-chloro-N-me-
thylaniline (PCMA), 1-chloro-2,4-dinitro-
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Table 1. Topical toxicity of dichlorvos and pirimiphos-methyl to Luotung, Suinkeng and
Keelung houseflies

95% fiducial

. b c
Compound Strain  LDs (ug / fly) Slope limits RR* SR
Dichlorvos S 0.04 5.15 0.04—0.05 - —
+PB* 0.03 3.63 0.03—0.04 - 1.3
+TBPT* 0.02 2.91 0.01—0.02 - 2.0
+DEM* 0.04 5.11 0.04—0.04 — 1.0
Dichlorvos LT 1.24 1.94 1.04—1.52 31 —
+PB 0.58 1.53 0.47—0.71 19 2.1
+TBPT 0.54 1.49 0.44—0.67 27 2.3
+DEM 0.70 1.62 0.56—0.93 18 1.8
Dichlorvos SK* 0.72 3.61 0.59—0.85 18 -
+PB 0.65 2.42 0.54—0.78 22 1.1
+TBPT 0.53 2.93 0.44—0.67 27 14
+DEM 0.88 3.23 0.74—1.02 22 0.8
Dichlorvos KL 0.82 4.96 0.73—0.91 21 -
+PB 0.37 2.19 0.30—0.45 12 2.2
+TBPT 0.57 4.02 0.48—0.66 29 14
+DEM 0.84 3.31 0.72—0.97 21 1.0
Pirimiphos-methyl S 0.06 4.25 0.05—0.06 - -
+PB 0.04 3.87 0.04—0.04 — —
+TBPT 0.04 3.66 0.03—0.04 — —
+DEM 0.03 2.98 0.03—0.04 — —
Pirimiphos-methy! LT 0.83 2.12 0.70—0.98 14 -
+PB 0.40 1.99 0.31-0.49 10 2.1
+TBPT 0.31 1.96 0.22-0.39 8 2.7
+DEM 0.63 2.09 0.52—0.74 21 1.3
Pirimiphos-methyl SK 2.28 3.23 1.97—2.61 39 -
+PB ’ 1.95 2.79  167—-228 49 12
+TBPT 0.97 3.33 0.81—1.14 24 2.4
+DEM 2.57 3.83 2.23—2.92 86 0.9
Pirimiphos-methyl KL 5.63 5.51 5.04—6.19 94 -
+PB 3.03 3.60 2.65—3.46 76 1.9
+TBPT 1.43 3.58 1.21—-1.65 36 3.9
+DEM 2.49 2.58 2.09—2.94 83 2.3

a. S: Susceptible strain: Wild flies: LT (Luotung); SK (Suinkeng); KL (Keelung)
housefly populations.

b. RR (Resistance ratio): LD for wild flies / LDy for S strain.

c. SR (Synergistic ratio): nonsynergized LDs / synergized LDs.

d. PB: Piperonyl butoxide; TBPT: S,S,S-tributylphosphorotrithicate; DEM: Diethyl
maleate.
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Table 2. Relative activity of dichlorvos and pirimiphos-methyl against susceptible and
Luotung, Suinkeng and Keelung houseflies

Topical LDs

Injection LDy  Ratio of topical LDy, /

Insecticide Strain (uz/fy) RR®  (ug/fly) RR Injection LD
Dichlorvos LT 31 15 2.1

SK* 18 4 45

KL* 21 6 3.5
Pirimiphos-methyl LT 14 10 14

SK 38 8 4.8

KL 94 25 3.8

a. Wild flies: LT (Luotung); SK (Suinkeng); KL (Keelung) housefly populations.
b. RR: Resistance Ratio (LD for wild flies / LDx for susceptible flies).

Ry 17
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Table 3. Nonmetabolic and metabolic in vitro enzyme activities in homogenate preparation
of susceptible and Luotung, Suinkeng and Keelung houseflies

Enzyme Strain Specific activity Ratio (R/S)

Non-metabolic enzyme

Acetylcholiesterase

AcSCh® S 136.1+20.1¢" 1.0

({nmole / min) / mg protein) LT 414.1+£22.3b 3.0
SK® 542.9+16.7b 4.0
KL* 3871.7+176.1a 28.4

Metabolic enzyme

Esterase

({nmole / min) / mg protein) S 71.3+2.5b 1.0

a-NA° LT 42.5+0.8¢c 0.6
SK 43.413.5¢ 0.6
KL 76.6+3.0a 1.1

B-NA° S 58.0t2.5a 1.0
LT 33.56+5.4b 0.6
SK 33.2+4.7b 0.6
KL 53.4t54a 0.9

Glutathione-S-transferase

((nmole / min) / mg protein) S 5.7+1.4b 1.0

DCNB* LT 10.6+2.2ab 1.9
SK 11.9+0.9a 2.1
KL 8.4+ 1.6bc 1.5

CDNB* ’ S 83.2+1.7b 1.0
LT 123.3+5.3a 1.5
SK 118.4+0.8a 14
KL 85.4+1.9b 1.0

Microsomal oxidase S 7.3+£0.8ab 1.0

((pmole / min) / mg protein) LT 9.2+1.8a 1.3

p-nitroanisole SK 6.3+1.2b 0.9
KL 8.6+1.2b 1.2

PCMA"® S 105.7£22.0c 1.0
LT 155.3+6.0b 1.5
SK 169.0+8.2b 1.6
KL 214.7+21.7a 2.0

a. S: Susceptible strain; LT: Luotung; SK: Suinkeng; KL: Keelung housefly populations.
b. AcSCh: Acetylthiocholine iodide.

c. a-NA: a-naphthyl acetate; f-NA: f-naphthyl acetate.

d. CDNB: 1,2-dichloro-4-nitrobenzene; CDNB: 1-chloro-2,4-dinitrobenzene.

e. PCMA: p-chloro-N-methylaniline.

f. Results are the means+ SD of 3 replications.
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Ma, HWRKAAEEHRIBEIRE (Wang
et al., 1985) » HEEE AR L~ (van As-
peren and Oppenoorth, 1959; van Asperen,
1962; Hughes and Raftos, 1985; Bull and
Pryor, 1990) » FH#Avan Asperen and Oppe-
noorth (1959) & & H #5 4 AU 5 R AR B 3
# (mutant ali-esterase theory) RFEEHM
HEBAERRBELRALEEE, |
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Bt SRR (Chao et al., 1993) RE iR
KB (Wang et al., 1985) KA Z L B
Kl ; Wang et al. (1985)FIREBFTC—odn
FRMBHAChEEE B BRI 22865, (=
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3 o HéLee et al. (1987) WK FERG L&
KEE EM T HHEENERE
RAChEHEH 2 SR BERTE - BIS AR
% (Tripathi and O’Brien, 1973: Voss, 1980;
Hama, 1983; Devonshire and Moores,
1984; Oppenoorth, 1984) 7REE Tt K il
AChEB BRI BUR - RIMTA IR E
AChEFEMHRERTBFMH TG RM T
o RBEAMEE I Fe ek & 8 0 KT BUR
HEAChEWE A B R BE R (£ 2L AChE (D-
evonshire and Moore, 1984) > {HA]HEE /Y
BABREACKEREHRmAEZA -
SERBIEERBIIERS , 2
IR EEE BN R ERRZ T CBAE

xM BARR BR - R EENEREC BIERENN BIENHR SRR
Table 4. Bimolecular rate constants (ki) of various inhibitors to susceptible and resistant
Musca domestica head acetylcholinesterase

Strain Inhibitor ki value (M™' min™") Ratio (S/R)
s Eserine 2.4X10° -
PHMB® 1.5X10° -
Propoxur 2.1X10° -
Paraoxon 1.5X10* -
Dichlorvos 1.9X10° -
LT Eserine 1.1X10 2.2
PHMB 5.1%X10° 2.9
Propoxur 1.5x10* 14.0
paraoxon 1.2X10* 1.3
SK* SKa Eserine 1.0X10° 2.4
PHMB 6.9X10° 2.2
Propoxur 1.1x10* 19.1
Paraoxon 7.1X10° 2.1
KL: Eserine 8.7X10" 2.8
PHMB 2.7%10° 5.6
Propoxur 9.4%10° 22.3
Paraoxon 1.2X10* 1.3
Dichlorvos 1.6 X 10 11.9

a. S: Susceptible strain; LT: Luotung; SK: Suinkeng; KL: Keelung housefly populations.

b. PHMB: p-hydroxymercuribenzoate.
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Resistance Mechanisms of Houseflies to Dichlorvos and
Pirimiphos-methyl in Three Areas of Northern Taiwan

Sin-Chung Liao* and Err-Lieh Hsu Department of Plant Pathology and Entomology, National Taiwan University, 1 Roosevelt Road,
Sec. IV, Taipei, Taiwan, R.0.C.
William Can-Jen Maa Institute of Zoology, Academia Sinica, 128 Yen-Chiu Yuan Road, Sec. II, Nankang, Taipei, Taiwan, Taiwan
115, R.O.C.

ABSTRACT

Luotung (LT), Suinkeng (SK) and Keelung (KL) housefly populations
were examined for insecticide resistance. When compared with a susceptible (S)
strain, resistance to dichlorvos by wild (R) houseflies ranged from 18 to 31 fold;
resistance to pirimiphos-methyl of R flies ranged from 14 to 94 fold. Bioassay
synergist and in vitro enzyme activity studies showed that the mechanisms of
resistance to dichlorvos and pirimiphos-methyl for LT flies, included increased
activities of microsomal oxidase, glutathione transferase and general esterase.
The general esterase and acetylcholinesterase (AChE) insensitivity may be
involved in the resistance mechanism of SK flies to these 2 insecticides.
However, microsomal oxidase was the major contributor to the resistance to
dichlorvos, as well as all possible metabolized detoxification enzymes involved
in the resistance to pirimiphos-methyl for KL houseflies. Finally we suggest that
the reduced penetration of insecticides through the cuticle, and insensitivity to
AChE were the common important resisant factors in the houseflies of these 3
areas in northern Taiwan.

Key words: Housefly, insecticide resistance, synergist.

*Correspondence/reprint request address RIFZ T HEBEH 23





