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B3LYP/6-311++G** &y (5w § el 33 (ool Slawlono 31 0T ity (5al g8 kol J 95090 diagy sl L) IS

B3LYP/6-3114++G** iy (S g § gebaw 30 (ailg8” Sluwlomo 1 ohoT s sl g8 bl 950 g0 g0 (S3bislo S solyly ) J9us

Symbol Length Symbol Length Symbol Angle Symbol Angle
Ci-Ha 1.09 C14-Cys 1.51 Ci-Hs-H» 110.7 C15-C1a-Ni3 118.5
Ci-H; 1.09 C15-O15 1.43 H;-Ci-H; 110.4 015-C15-Ci14 1104
Ci1-Hy 1.09 016-017 2.25 C1-Hs-Cs 88.3 017-016-C15 89
Ci-Cs 245 017-Cy3 1.20 Cs-Hs-Cy 86.9 Ci3-017-015 30.6
Cs-Hs 1.09 Ci13-Cro 1.50 Ci1-H7-Cs 144.8 C19-C13-O17 126.4
Cs-H; 1.08 Cio-Hag 1.09 H;-Cs-Cy 89.7 Hi¢-C19-Cis 110
Cs-Hg 1.09 Cio-Hny 1.09 Co-C1-Cs 60.3 H11-C19-Cis 109.8
C1-Cy 245 Cio-H2o 1.08 H10-Co-Cy 144.9 H13-C1o-Cis 109.3
Co-Hyp 1.09 Ci5-Has 1.09 H11-Co-Cy 86.8 Hy3-C15-Cig 106.5
Co-Hpy 1.09 Ci5-Hag 1.09 H1-Co-Cy 90.3 Hy4-C15-Ciy 113.3
Co-Hia 1.09 Cis-Hos 1.09 Ni3-Co-Cy 35.7 Hy5-C14-N13 105.9
Co-Ni3 1.50 Cis-Has 1.09 C14-N13-Co 111.3 Hys-C14-N13 105.1

Nisz- Cg 1.52
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Symbol Length Symbol Length Symbol Angle Symbol Angle
C2-Cs 1.39 N14-Ci3 1.46 Cs-Cs-C; 118 N14-Ci3- C12 115.9
Cs-C4 1.40 His-Ci2 1.09 Cs-Cs- Cs 120.8 His-C1o- Cs 109.6
Cs-Cs 1.38 Hi6-C1o 1.09 Ce-C1-C 120.2 H16-C12- C3 110
Ci- Cs 1.38 Hi7-Cas 1.09 H7-C1- Ce 118.5 Hi7-Ci3- C12 109.1
Ci- Hy 1.08 His-Ci3 1.09 Hs-Co- C1 119.1 His-Cis- C12 109
C2- Hs 1.08 H19-N14 1.0 Ho-Cs- C3 119.9 H19-N14- C13 111.3
CsHo 1.08 H20-N14 1.01 010-Cs- C4 124.2 H20-N14- C13 111.4

Cs- O 1.37 H21-O10 0.96 011-Ce- C4 120.1 H21-O10- Cs 110.5

Ce- On1 1.36 H2-O11 0.96 Cp-Cs- Co 121.2 H22-O11- Cs 108.3
Cs- Cr2 151

B3LYP/6-3114++G** 41y (S g § gebaw 30 (oiilgs” Siluwlomo 31 ol oty LI Jo5I g0 dingy 5L 1
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Symbol Length Symbol Length Symbol Angle Symbol Angle
Cs-Cz 1.53 Hu-Co 1.10 Cs4-Cs-Co 112.3 H11-Co- N1 113.6
Cs-Cs 1.53 Hi.-Co 1.09 Cs-C4- Cs 115 Hi2-Co- N1 107.7
Cs-Cy 1.52 His-C3 1.09 Os-Cs- C4 116 H13-C3- C 107.4
Os6-Cs 1.36 Hus-C3 1.09 07-Cs-C4 124.2 H14-Cs- C 109.2
07-Cs 1.19 His-Cs 1.09 Hs-N:- C; 111 Hi5-Cs- C3 110.7
Hs-N1 1.01 H16-C4 1.09 Ho-N:- C> 1111 H16-C4- C3 109.7
Ho-N1 1.01
H
B3LYP/6-311++G** &y (5 o § gelaw 30 (o315 Sluolns 31 oukeT Sy (yaol gl J o g0 dings sbilo £ S
B3LYP/6-311++G** 4l (5w 5 e )3 (o518 Slwloma 51 odaT vy (a8 ST g0 o (55 L (sla sl F st
Symbol Length Symbol Length Symbol Angle Symbol Angle
0s3-C2 1.19 Hi2-Cs 1.09 Cs-Co- O1 115 His-Cs- C4 110
Cs+-C2 151 Hi3-Cs 1.09 Cs-Cs- Co 112.9 H14-Cs- C4 109.4
Cs-C4 1.52 H14-Cs 1.09 C6-Cs- Cs 111.7 Hi15-Cs- Cs 108.4
Cs-Cs 1.54 His-Ce 1.09 C7-Ce- Cs 108.9 Hai6-No- Cs 109.8
C7-Cs 1.53 H16-Nog 1.01 Os-C7- Co 125.1 H17-No- Ce 110.8
Os-C7 1.20 H17-Nog 1.01 No-Cs- Cs 110.6 018-C7- Cs 111.8
No-Cs 1.45 018-C7 1.35 H10-O1- C> 110.6 H19-O1s- C7 107.6
Hi0-O1 0.96 Hi9-O1g 0.96 H11-Cs- Co 109.2
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Symbol Length Symbol Length Symbol Angle Symbol Angle
Co-Cs 1.39 His- Npo 1.01 Cs-Co-Cy 121.9 His-N1p- Cig 110.9
Cs- C2 141 His- Noo 1.01 Cs-Cs-C, 118.8 H16-O13- Cs 109.5
CsCs3 1.40 Hie- O13 0.96 Cs-Cs- Cs 118.9 Hi17-No- C7 125.3
Cs-Cs 1.38 Hi7- Ng 1 Ce-Ci1-C 118.1 His-C7- C 155.9
Ce- C1 1.38 His- C7 1.07 Cr-Co-Cy 166.2 H19-Cs- C3 120.7
CrC2 2.24 Hio- Cs 1.08 Cs-Cs-C 74.7 H20-Cs- C1 120.9
Cs- Cr 1.37 Hao- Ce 1.08 No-C7- Cs 35.5 H>1-C1- Cs 120.3
Ne- C7 1.37 Hzi- C, 1.08 C10-Cs- C7 126.2 Hz2-Cao- Cs 109.6
Cio- Cs 1.50 Ha2- C1o 1.09 C11-Cio- Cs 114.3 Has-Cao- Cs 109.5
Cu- Cuwo 1.54 Has- C1o 1.09 N12-Ci1- C1o 117 H24-C11- Cyo 108.7
Ni2- Cu1 1.46 Hos- C1a 1.09 O13-Cs- Cs4 122.6 Has-Ca1- Cio 108.6

O13- Cs 1.37 Hos- Cia 1.09 Hi4-N12- Cig 1111
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Electric Field Acetylcholine Dopamine GABA Glutamate Serotonin
0 0.02479 0.02328 0.02624 0.02582 0.02873
0.001 0.17878 0.12943 0.0531 0.1062 0.14207
0.002 0.36825 0.32005 0.12391 0.2535 0.2854
0.003 0.5483 0.42643 0.21186 0.43165 0.37982
0.004 0.70687 0.54239 0.31291 0.5641 0.47904
0.005 0.80844 0.58164 0.38357 0.70521 0.56038
0.006 0.78415 0.68649 0.44712 0.81967 0.61739
0.007 0.82991 0.74392 0.51803 0.92358 0.71017
0.008 0.92156 0.81101 0.58612 0.95716 0.81867
0.009 0.99717 0.89202 0.63353 1.02977 0.91945
0.01 1.00805 0.96878 0.69766 1.1019 0.9784
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Electric Field Acetylcholine Dopamine GABA Glutamate Serotonin

0 0.06826 0.21817 0.26164 0.27432 0.20718
0.001 0.19747 0.22132 0.26137 0.28065 0.19979
0.002 0.38501 0.33822 0.2629 0.29319 0.30636
0.003 0.58472 0.45615 0.26805 0.44908 0.4037
0.004 0.74678 0.57055 0.33757 0.58106 0.505
0.005 0.85411 0.60954 0.41016 0.72345 0.58258
0.006 0.87257 0.71365 0.47743 0.84202 0.6641
0.007 0.90926 0.7974 0.54743 0.94677 0.7389
0.008 0.97812 0.83338 0.6198 0.99249 0.83827
0.009 1.04897 0.91227 0.69036 1.05949 0.93548
0.01 1.08004 0.99004 0.72713 1.13148 1.00529
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Electric Field Acetylcholine Dopamine GABA Glutamate Serotonin
0 0.021735 0.097445 0.1177 0.12425 0.08923
0.001 0.009345 0.045945 0.10414 0.087225 0.02886
0.002 0.00838 0.009085 0.0695 0.019845 0.01048
0.003 0.01821 0.01486 0.0281 0.008715 0.01194
0.004 0.019955 0.01408 0.01233 0.00848 0.01298
0.005 0.022835 0.01395 0.0133 0.00912 0.0111
0.006 0.04421 0.01358 0.01516 0.011175 0.02336
0.007 0.039675 0.02674 0.0147 0.011595 0.01437
0.008 0.02828 0.011185 0.01684 0.017665 0.0098
0.009 0.0259 0.010125 0.02842 0.010446 0.00801
0.01 0.035995 0.01063 0.01474 0.01479 0.01345

3 508 5 05 (uw Ol (B3I L e 358 (g0 0> (S0 801 Olin D9y Sl 3 (e Ol o e LS J S0 5
S e b 3 S L LE VLSS Ol

il (S N S Ol 30 (1) (2 boads Jawily polae A Jouo

Electric Field Acetylcholine Dopamine GABA Glutamate Serotonin
0 -0.046525 -0.120725 -0.1439 -0.15007 -0.118
0.001 -0.188125 -0.175375 -0.1572 -0.193425 -0.1709
0.002 -0.37663 -0.329135 -0.1934 -0.273345 -0.2959
0.003 -0.56651 -0.44129 -0.24 -0.440365 -0.3918
0.004 -0.726825 -0.55647 -0.3252 -0.57258 -0.492
0.005 -0.831275 -0.59559 -0.3969 -0.71433 -0.5715
0.006 -0.82836 -0.70007 -0.4623 -0.830845 -0.6407
0.007 -0.869585 -0.77066 -0.5327 -0.935175 -0.7245
0.008 -0.94984 -0.822195 -0.603 -0.974825 -0.8285
0.009 -1.02307 -0.902145 -0.6619 -0.01486 -0.9275
0.01 -1.044045 -0.97941 -0.7124 -1.11669 -0.9918
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Electric Field Acetylcholine Dopamine GABA Glutamate Serotonin

0 2.35235 0.00071 0.00122 0.00139 0.00062
0.001 0.00016 0.00070 0.00129 0.00163 0.00042
0.002 0.00059 0.00049 0.0013 0.00074 0.00046
0.003 0.00292 0.00144 0.00081 0.00084 0.00092
0.004 0.00527 0.00217 0.00065 0.00139 0.00157
0.005 0.00788 0.00247 0.00105 0.00232 0.00181
0.006 0.01516 0.00332 0.00162 0.00385 0.00479
0.007 0.0150 0.00794 0.00209 0.00507 0.00377
0.008 0.01275 0.003780556 0.00306 0.00839 0.00336
0.009 0.01355 0.00412 0.00623 0.00011 0.00345
0.01 0.01961 0.00509 0.00374 0.00922 0.00661
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Electric Field Acetylcholine Dopamine GABA Glutamate Serotonin

0 0.046525 0.120725 0.14394 0.15007 0.11796
0.001 0.188125 0.175375 0.15724 0.193425 0.17093
0.002 0.37663 0.329135 0.19341 0.273345 0.29588
0.003 0.56651 0.44129 0.23996 0.440365 0.39176
0.004 0.726825 0.55647 0.32524 0.57258 0.49202
0.005 0.831275 0.59559 0.39687 0.71433 0.57148
0.006 0.82836 0.70007 0.46228 0.830845 0.64075
0.007 0.869585 0.77066 0.53273 0.935175 0.72454
0.008 0.94984 0.822195 0.60296 0.974825 0.82847
0.009 1.02307 0.902145 0.66195 0.01486 0.92747
0.01 1.044045 0.97941 0.7124 1.11669 0.99185
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Investigating the effect of external electric field on the neurotransmitters acetylcholine,
dopamine, GABA, glutamate and serotonin using density functional theory method
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Abstract

Today, the nervous system is exposed to various electric fields caused by the use of various electronic
devices such as mobile phones. On the other hand, the effect of these electric fields on the nervous system is not
known and research in this field is important. In this article, the effect of applying an electric field on some of
the most important neurotransmitters of the nervous system has been investigated by the method of density
functional theory. For this purpose, the structure of neurotransmitters acetylcholine, dopamine, GABA,
glutamate and serotonin were optimized with B3LYP level and 6-311++G** basis function. Then electric fields
with different intensities from 0.001 to 0.01 AU in steps of 0.001 were applied to them. Structural parameters
and quantum descriptors such as electron affinity, ionization energy, chemical potential, hardness,
electronegativity and electrophilicity of neurotransmitters were calculated. Also, the partial charge change of
their constituent atoms in the presence of different electric fields was investigated. The results show that the
lowest contribution of charge changes is in hydrogen atoms. In general, with the increase of the electric field,

the electronegativity increased, and the chemical potential and electrophilicity decreased.

Keywords: Neurotransmitter, dopamine, optimization, quantum descriptor.
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