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Effects of capsaicin on detoxification enzyme activity in
adult female Frankliniella occidentalis
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Abstract [Objectives] To investigate the effects of the non-volatile, secondary substance capsaicin on detoxification
enzymes in adult female Frankliniella occidentalis. [Methods] Adult female F. occidentalis were fed bean leaf juice to
which different concentrations of capsaicin had been added. Detoxification of the enzymes carboxylesterase (CarE),
glutathione S-transferase (GSTs) acetylcholine esterase (AChE), and mixed function oxidase (MFO), were determined after F.
occidentalis had fed for 48, 72 and 96 h. [Results] Exposure to lower concentrations of capsaicin was followed by a
significant increase in GSTs, AChE and MFO activity, but exposure to higher concentrations was followed by a significant
decrease in the activity of these enzymes. CarE activity was inhibited by all capsaicin concentrations. No significant
interaction between capsaicin concentration and treatment time was apparent for GSTs and AChE, but was for CarE and MFO;
the longer the treatment time, the more significant the effect. [Conclusion] The activities of detoxification enzymes in adult
female F. occidentalis changed significantly under capsaicin treatment, which indicates that F. occidentalis are able use certain
detoxification enzymes to detoxify capsaicin. The magnitude of changes in detoxification enzyme activity were affected by
dose and the duration of exposure.
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CarE
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| 4 12 000 r/min CarE
10 min 0.005%  0.01%
MFO 100 uL CarE 72 h
0.2 mol/L pH 6.0 1 mmol/L EDTA 0.1%
0.1 mmol/LDTT 1 mmol/L PTU 1 mmol/L PMSF CarE
| 4 12 000 r/min 1% CarE
5 min 96 h
132 EHRSEMNE
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Tablel Effect of the capsaicin on CarE activity in Frankliniella occidentalis
% Treatment time (h)
Percent capsaicin content (%) 48 72 96
0 6.47+0.78aA 6.73+0.23aA 6.61+0.14aA
0.005 5.02+0.40abC 6.11+0.13abA 5.56+£0.19bAB
0.01 3.74+0.21bcC 5.80+0.14bA 5.08+0.12bB
0.1 3.44+0.39bcA 3.58+0.08cA 2.924+0.07cA
1 2.25+0.09cA 1.49+0.16dB 0.84+0.07dC

P<0.05
P<0.05

Data with different lowercase letters in the same column indicate significant difference at the 0. 05 level among different
treatments at the same time, while with different capital letters in the same row indicate significant difference at the 0. 05
level among different time at the same treatment. The same below.
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Table2 Effect of the capsaicin on GSTs activity in Frankliniella occidentalis

%
Percent capsaicin content (%)

Treatment time (h)

48

72

96

0 459.60+31.02bA 571.26+21.75aA 511.32431.62aA
0.005 663.04+35.47aA 661.89+20.81aA 601.27+32.68aA
0.01 333.87+16.60cC 450.69+£29.11bA 377.50+22.66bAB
0.1 317.85+17.73¢C 391.18+20.88bA 336.46+7.73bAB
1 194.03+£31.67dA 213.64+8.87cA 148.93+13.73cA
72h 96 h GSTs 3 72 h
0.005 % 96 h
GSTs 0.005 % AChE
AChE
0.005% 1%
GSTs 1%
0.01% 0.1% AChE 48 h 72 96h
AChE
72h  GSTs 48 h
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Table3 Effect of the capsaicin on AChE activity in Frankliniella occidentalis
% Treatment time (h)
Percent capsaicin content (%) 48 7 96

0 0.25+0.02aA 0.24+0.01bcA 0.23+0.1bA
0.005 0.27+0.03aA 0.33+0.03aA 0.31+0.12aA
0.01 0.25+0.02aA 0.26+0.01bA 0.25+0.13bA
0.1 0.24+0.02aA 0.24+0.01bcA 0.24+0.02bA

1 0.23+0.01aA 0.18+0.00dB 0.17+0.01cB

Fz4 HFMEMNTRBZEAN MFO FEMHRMEM (U/mg prot)
Table4 Effect of the capsaicin on MFO activity in Frankliniella occidentalis
% Treatment time (h)
Percent capsaicin content (%) 48 72 96

0 0.31+0.02aA 0.27+0.01bA 0.27+0.01abA

0.005 0.37+0.03aA 0.40+0.01aA 0.29+0.01aB

0.01 0.31+0.01aA 0.28+0.01bAB 0.25+0.01bC

0.1 0.27+0.03aA 0.10+0.01cB 0.09+0.01cB

1 0.27+0.01aA 0.08+0.01dB 0.04+0.01dC
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Table5 Theinteractions between capsaicin concentration and treatment time on the
enzyme activity in Frankliniella occidentalis
Enzymes Source df F Sig.
CarE Time 2 6.383 0.004
Concentration 4 152.130 0.000
< TimexConcentration 8 4.856 0.000
Error 45
Total 60
GSTs Time 2 11.262 0.000
Concentration 4 150.501 0.000
< TimexConcentration 8 1.565 0.162
Error 45
Total 60
AChE Time 2 0.789 0.461
Concentration 4 17.460 0.000
< TimexConcentration 8 2.121 0.053
Error 45
Total 60
MFO Time 2 77.657 0.000
Concentration 4 112.099 0.000
< TimexConcentration 8 12.343 0.000
Error 45
Time 60




2 - 235 -
GSTs MFO
AChE AChE
GSTs MFO AChE 2011
AChE
2012 AChE
CarE
2007 Plutella xylostella AChE
CarE 0.005%
2008 AChE
CarE 1% AChE
CarE
AChE
CarE
2012 2-
Aphis gossypii
GSTs
GSTs 2012
Bemisia
tabaci GSTs BEHk (References)
GSTs Bradford MM, 1976. A rapid and sensitive method for the
0.005% quantitation of microgram quantities of protein utilizing the
. (
principle of protein-dye binding. Anal. Biochem., 72(1): 248-254
48 h GSTs Cao Y, Zhi JR, Cong CL, Song QZ, 2012. Relationships between
1% 96 h GSTs host plant selection of Frankliniella occidentalis and physical
characteristics and secondary plant compounds of host filiag.
GSTs Plant Protection, 38(4): 27-32. [ , ,
, 2012.
,38(4):27-32.]
Chen RF, 2011. Studies on Host-adaptation of Frankliniella
2007 occidentalis. Master's thesis. Fujian: Fujian Agriculture and
. Forestry University. [ , 2011.
Mythimna . _ . 1
Sseparata MFO Chen CY, Kang ZJ, Shi XY, Gao XW, 2015. Metabolic adaptation
1999 Pieris mechanisms of insects to plant secondary metabolites and their
implications for insecticide resistance of insects. Acta
rapae MFO Entomologica Sinica, 58(10): 1126-1139. [ , ,
MFO s , 2015.
,58(10): 1126-1139.]
0.005% Dong JF, Zhang JH, Wang CZ, 2002. Effects of plant
72 h MFO allelochemicals on nutritional utilization and detoxication
enzyme activities in two Helicoverpa species. Acta Entomologica
1% 96 h MFO Sinica, 45(3): 296-300. [ , , , 2002.
MFO

,45(3): 296-300.]
Hama H, Hosoda A, 1983. High aliesterase activity and low
acetylcholinesterase sensitivity involved in organophosphorus



- 236 -

Chinese Journal of Applied Entomology 55

andcarbamate resistance of the brown planthopper, Nilaparvata
lugens Stal (Homoptera: Delphacidae). Applied Entomology and
Zoology, 18(4): 475-485.

Li SX, Zhi JR, Yang GM, Yue WB, Ye M, 2016. Resistance of bean
leaves induced by exogenous jasmonic acid and its effects on
activities of protective and detoxification enzymes in Frankliniella
occidentalis. Chinese Journal of Applied Ecology, 28(9):
2975-2983. [ s s s s , 2016.

, 28(9): 2975-2983 ]

Liu JN, Huang HP, Hua JZ, Zhang YY, Yao LY, 2015. Effects of
nicotine on protective and detoxifying enzymes of Phthotimaea
opercuella larvae. Chinese Journal of Guizhou Agricultural
Sciences, 43(3): 78-81. [ s s s s

, 2015.
,43(3): 78-81.]

Liu RS, Liu Y, Wang J, Lv YF, Bian Y, Zhang LJ, 2015. First
record of invasive pest Frankliniella occidentalis in Jilin
Province. Chinese Journal of Beijing University of Agriculture,
302): 24-26. [ , , , , , .
2015.

,30(2): 24-26.]

LiuJY, Qlan L, Ke R, Chen XY, Li ZY, Gui FR, 2017. Effects of
elevated carbon dioxide on the activities of physiological
enzymes in thrips Frankliniella occidentalis and F  intonsa fed
on different host plants. Chinese Journal of Plant Protection,
44(1): 45-53. [ s , R R s s
2017. CO,

,44(1): 45-53.]

Liu SW, Ji MS, 2008. Effects of capsaicin on the activities of
acetylcholinesterase and carboxylesterase in Plutella xylostella.
China Plant Protection, 28(4): 8-9. [ ) , 2008.

,28(4): 8-9.]

Liu X, Lin Y, 2003. Biological activity of capsaicine and its joint
action with other pesticides. Chinese Journal of Pesticide Science,
5(2): 94-96. [ R , 2003.

. ,5(2): 94-96.]

Lv M, Sun HH, Wang LH, Gao XW, 2012. Effects of secondary
metabolites on activities of glutathione s-transferases, carboxylesterase
in aphid. Chinese Agricultural Science Bulletin, 28(3): 253-256.
[, fodm, . , 2012.

S
,28(3): 253-256.]

Ma ZQ, Li GZ, Feng JT, Zhang X, 2007. Effects of
deoxypodophyllotoxin on metabolizing enzymes in Mythimna
separata Walker. Acta Entomologica Snica, 50(2): 186-190. [

> s s , 2007.
, 50(2):186-190.]

Mittler TE, Dadd RH, 1964. An improved method for feeding aphids
on artificial diets. Annals of the Entomological Society of
America, 57: 139-140.

Pei CY, Zheng CY, 2011. Selectivity of Frankliniella occidentalis
(Pergande) on different host vegetables. Chinese Journal of
Eco-Agriculture, 19(2): 383-387. [ , ,2011.

19(2): 383—387.]
Pan YF, Meng JY, Zhang XY, Zhou XM, Lei CL, 2006. Effects of

host plants on insecticide susceptibility of bean pod borer,
Maruca testulalis, and activity of its detoxification enzyme.
Chinese Journal of Applied Entomology, 43(4): 496-500. [

) ) ) ) , 2006.

43(4): 496-500.]

Qian Y, Cao GC, Song JX, Yin Q, Han ZJ, 2008. Biochemical
mechanisms conferring cross-resistance between tebufeno-zide
and abamectin in Plutella xylostella. Pesticide Biochemistry and
Physiology, 91(3): 175-179.

Wang RL, Sun YL, Liang XT, Song YY, Su YJ, Zhu KY, Zeng RS,
2012. Effects of six plant secondary metabolites on activities of
detoxification enzymes in Spodoptera litura. Acta Ecologica
Sinica, 32(16): 5191-5198. [ s s s s

, 2012. 6

,32(16): 5191-5198.]

Wang XY, Huang BQ, 1999. Effects of tea saponin on several
enzymes of the imported cabbage worm pieris rapae L.. Chinese
Journal of Tea, 25(4): 193-196. [ R , 1999.

,25(4): 193-196.]

Wu DD, Zhao JW, Chen Y, Zheng Y, He YX, 2012. Effects of
capsaicin on the activities of carboxylesterase, glutathione
Stransferase and acetylcholinesterase in Bemisia tabaci. Chinese
Journal of Biosafety, 21(2): 109-113. [ s s )

s , 2012.
-S . s
21(2): 109-113.]
Wu G, 2009. Effects of plant insect-resistant compounds on the

s 5

nutritional utilization and enzyme activities of beet armyworm,
Spodoptera exigua (Hiibner). Doctoral dissertation. Beijing:
Chinese Academy of Agricultural Sciences. [ , 2009.

. : ]

Zhang ZK, Wu SY, Lei ZR, Kang PZ, Du YI, Zhang LR, 2017.
Development and reproduction of Frankliniella occidentalis
(Pergande) in greenhouse pepper in Ningxia. Chinese Journal of
China Plant Protection, 37(7): 35-38. [ , ,

s s s , 2017.
,37(7): 35 -38.]

Zhi JR, Tian T, Wen J, Liu Y, 2016. Effects of kidney bean damaged
by Frankliniella occidentalis (Thysanoptera: Thripidae) or
Tetranychus urticae (Acari: Tetranychidae) on the activities of
protective and detoxification enzymes in the other subsequent
herbivoreof both. Acta Entomologica Snica, 59(7): 707-715.[

, s , , 2016.

,59(7): 707-715.]
Zhou L, 2011. Toxicity of total alkaloid from Tripterygium wilfordii
Hook against Mythimna separata (Walker) and its effects of on
ACHE and Ach. Acta Agriculture Boreali-Snica, 26(1): 215-218.
[, 2011
. ,26(1): 215-218.]

Zhou Z, Cheng XS, Wang FX, Chen SR, 2007. Effects of nicotine
and rutin on the susceptibility of Spodoptera litura to
insecticides and the activities of some enzymes. Chinese Journal
of Pesticide Science, 9(3): 305-308. [ ) s )

, 2007.
,9(3): 305-308.]



