2019 2021

Developing evaluation methods for the effects of ionic environmental pollutants
on neurotransmitters
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Monoamine neurotransmitters (MAs), including dopamine (DA) and serotonin

(5-HT), regulate brain functions such as behavior, memory, and learning. Neonicotinoids are
pesticides that are being used more frequently. Neonicotinoid exposure has been observed to produce
neurological symptoms, such as altered spontaneous movements and anxiety-like behaviors, which are
suspected to be caused by altered MA levels. In this study, we developed a sensitive and accurate
analytical method using liquid chromatography-mass spectrometry (LC-MS/MS) to clarify the effects of
neonicotinoid administration on MAs in the brain. We orally administered the neonicotinoid
imidacloprid to mice. The LC-MS/MS quantification of MAs in various brain regions by DPP
derivatization, which was newly developed in this study, showed a decrease in some MA levels in the
olfactory bulb and the striatum. Thus, in this study, we developed a new method for the sensitive
detection of MAs by LC/MS using DPP derivatization.
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Fig. 1. MSl visualizations of derivatives of monoamines with DPP.
Coronal (a) and sagittal (b) brain sections of IMI exposed mice were analyzed by MSI.
Dopamine was localized in striatum and reduced in IM1 exposed group. The areas encircled by red, blue or

green line indicate striatum.



Table 1. The concentration of monoamines in brain tissues.

Control Low-dose High-dose
3-MT (ng/g)
Striatum 747.3 +88.0 807.4 +137.1 595.6 + 39.9
Hippocampus 6.1+1.2 5.0+0.6 49=+10
Cortex 66.7 = 15.6 69.0 +15.8 56.5 +5.2%
Cerebellum 3.1+0.2 3.7x0.1 4.4 4 0.45*
Brain stem 13.0=*=0.9 11.9+0.6 139=+1.2
Olfactory bulb 72.4=+51 62.4 +3.3 51.8 # 1.4**%

Dopamine (ng/g)

Striatum 9747.0 = 1580.2 9364.5 + 1458.3 8283.8 +515.57
Hippocampus 67.9+8.7 46.3+8.8 43.0+9.6
Cortex 418.0 +=103.4 457.7 +116.7 29433471
Cerebellum 202=x=16 16.7 0.7 13.7 = 0.7***%
Brain stem 123.0=x7.3 106.6 7.3 116.9=+8.0
Olfactory bulb 407.8 ==20.0 331.9+16.7** 304.8 = 10.1***
Histamine (ng/g)
Striatum 452.8 +28.3 133.7 &= 28.5%** 198.1 &= 12.2%**
Hippocampus 53.3+6.8 48.3+48 39.6+53
Cortex 64.1+49 579+41 559+45
Cerebellum 60.9+4.0 54732 44.9 = 4.0*
Brain stem 65.3+10.4 63.5+4.76 60.8 =5.64
Olfactory bulb 155.9 +16.2 112.9 = 8.6* 115.3 = 7.6*
Serotonin (ng/g)
Striatum 438.0 :=44.8 193.3 &= 33.7*** 320.2 +14.8*%
Hippocampus 704.0 = 78.3 800.0 =517 651.3+558
Cortex 546.6 == 40.0 565.6 =41.9 481.3 %2438
Cerebellum 370.1 +=36.8 404.4 =305 260.8 =245
Brain stem 1348.0 +=56.8 1407.9 =49.9 1288.4 =69.4
Olfactory bulb 666.8 + 26.8 662.2 +43.3 616.9 +38.1

Values represent the mean + SE of 8 animals in each group.

*p <0.05, **p < 0.01, ***p < 0.001, Dunnett’s test

Tp < 0.025, Bartlett test

MSI LC-MS/MS IMI
MSI DA IMI
3 MSI
LOD (MDL) 3-MT  2.08 ppt DA 24.9 ppt
9.8 ppt 1.5 ppt
MSI

LC/MS
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