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ABSTRACT  ARTICLE INFO 

The role played by computational quantum theory methods especially Hartree-

Fock (HF) and Density functional theory (DFT) in physical chemistry and theoretical 

physics is very important and helpful. Serotonin is neurotransmitter and has 

medicinal value, that is why it is important to understand its stability, reactivity and 

structure analysis. Serotonin ]is a monoamine neurotransmitter. Its biological function 

is complex and multifaceted, modulating mood, cognition, reward, learning, memory, 

and numerous physiological processes such as vomiting. In this study, we optimize 

the energy band gaps using different basis sets for both DFT and HF methods. 

LanL2MB at DFT method was selected for the molecule. IR, NMR and UV were also 

investigated during the research. 
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1. INTRODUCTION 

Approximately 90% of the human body's total 

serotonin is located in the enterochromaffin cells in the GI 

tract, where it regulates intestinal movements.[12][13] 

About 8% is found in platelets and 1%-2% in the 

CNS.[14] The serotonin is secreted luminally and 

basolaterally, which leads to increased serotonin uptake by 

circulating platelets and activation after stimulation, which 

gives increased stimulation of myenteric neurons and 

gastrointestinal motility.[15] The remainder is synthesized 

in serotonergic neurons of the CNS, where it has various 

functions. These include the regulation of mood, appetite, 

and sleep. Serotonin also has some cognitive functions, 

including memory and learning  

 Many researchers have focused on the development 

of a sensitive method for the measurement of serotonin 

which is important for certain diseases [12-14]. The 

resulting of nuclear magnetic resonance (NMR) and DFT 

was provided information  in the understanding its 

neurotransmitter activity in aqueous solutions. DFT 

theoretical calculation with the basis set of LanL2MB was 

analyzed various hydrogen bond of serotonin. In this 

study, we will explain and find the energy band gaps by 

using Gaussian program software. The different basis sets 

(3-21G, 6-31G, SDD, 6-311G, LanL2DZ, LanL2MB) for 

two methods (DFT and HF) performed on serotonin  

geometry. LanL2MB was chosen at the DFT method to 

show the IR and NMR spectra for the geometry structure.  

2. COMPUTATIONAL METHODS  

The serotonin structure was drawn by Chem. Bio 

Draw Ultra 14.0 (Fig. 1). The structure of structure was 

optimized by both density functional theory (DFT) and 

Hartree-Fock (HF) [9]. Different basis sets have been 

applied to find the energy band gaps of serotonin. The 

reason why different basis sets was used is that each basis 

sets involves different functionalities and characteristics. 

Table 1 shows the energy band gaps for the two methods 

of different basis sets. The geometry system of serotonin at 

the B3LYP (DFT), LanL2MB basis set has been chosen 

[9, 18]. The frequency and NMR were calculated to this 

basis set [19] The Gaussian 09 program has been used for 
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all the calculations. Also, the origin program was 

performed for drawing the IR as in figure 3. 

 

Figure 1. Structure of Serotonin 

3. RESULT AND DISCUSSION  

3.1. Energy bandgap 

The first task of the computational work is to detect 

the optimized molecular structure using Gaussian 09 

program. The energy band gaps associated with basis sets 

(3-21G, 6-31G, SDD, 6-311G, LanL2DZ, LanL2MB) 

were listed in Table 1. The energy band gaps for the 

Hartree-Fock (HF) method have higher values compared 

with the density functional theory (DFT). The optimized 

structural parameter of serotonin with the LanL2MB was 

selected by the DFT method [9].  

Table 1. The energy bandgap for different basis sets for 

both HF and DFT methods. 

Basis sets 

HF method 

Energy gaps 

(ev) 

DFT method 

Energy gaps 

(ev) 

3-21G 15.8642158 10.2319514 

6-31G 15.9734933 10.42233058 

6-311G 16.2579401 10.9985208 

SDD 16.4171111 11.2536823 

LanL2DZ 16.4049088 10.9879455 

LanL2MB 11.6954023 5.42916552 

3.2. Molecular Structure: 

The molecular structure and numbering of atom in 

the serotonin molecule was shown in Figure 1. The 72 

vibration modes are present in the molecule. The first task 

of computational work was optimization of the molecule. 

The Gauss programs viewed the number of atoms scheme. 

To calculate the geometric structure DFT was used.  

3.3 Vibrational Assignments:  

The vibrational frequency was calculated by the DFT 

method at LanL2MB basis sets, FT-IR Figure 2 was 

observed with various vibration have been present in Table 

2. The fundamental functional group present in the 

molecule vibrated at different frequencies as discussed 

below.  

3.2.1. C-C /C=C vibrations: 

The vibration carbon-carbon stretching in a ring 

usually occurs in a region 1400-1600 cm-1 [21]. In 

aromatic benzene ring the vibration carbon-carbon was 

occurring in the region 1420-1625 cm-1. In the aromatic 

like benzene has six-member rings, there are two or more 

vibration are occur in a region due to the vibration of the 

skeletal, the strong vibration was started at 1500 cm-1. 

Moreover, where the ring is conjugated by the groups the 

further vibration observed at 1580 cm-1. In the present 

work, the carbon-carbon stretching vibration occurred in a 

region 1768.02-1839.39 cm-1. The strong starching 

vibration of C=C in a ring occurred in a region 1579.42-

1675.25 cm-1. The vibration carbon-carbon single bond 

occurred in 1417.40-1488.18 cm-1 it is symmetrical 

vibration, but the stronger vibration for C-C in benzene 

ring was observed in region 1488.18 cm-1.  In 595.44, 

649.6, 723.66 and 731.78 cm-1 C-C and C=C in a plane (in 

a ring) was rocking but in a region 884.88, 896.45 and 

964.37 cm-1 was symmetrical Stretching.  

3.2.2. C-H vibrations: 

Commonly aromatic compounds in a region 3473-

3468 cm-1 were observed multiple weak bonds due to the 

C-H stretching vibration of the aromatic rings [14]. The C-

H bending vibration in a plan was observed in a region 

990-1390 cm-1 and the peak was weak intensity [5]. This 

bond of C-H in a plane was very useful to found the 

characterization of compounds [26]. When the carbon and 

hydrogen are in a plane interaction was vibration above 

1200 cm-1 usually moves in the opposite direction. [7, 8]. 

The C-H out of the plane usually occurs in a region 700-

1000 cm-1 [19, 10]. In our anthracene molecule the C-H 

symmetrical stretching vibration out of the plane was 

observed between the regions 3027.75-3094.4 cm-1, but the 

C-H in a plane was symmetrically vibrated between the 

regions 3181.27-3236.82 cm-1 this is an agreement with 

literature survey. In a region 3236.82- 526.53 cm-1 all C-H 

out of the plan was rocking vibrations. Also, al hydrogen 

was rocking vibration in serotonin molecules in a region 

between 1181.68- 1256.21cm-1.  

3.2.3. C-N vibration  

In this study of serotonin structure was shown the 

vibration of C-N in a region 996.46 cm-1 was symmetrical 

and in a region, 1152.66 cm-1 was scissoring.  

 

 

N

NH2

OH
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Table 2. Various vibration of atoms calculated by DFT (LanL2MB) 

St. NO vibration assignments observed 

frequency (cm-1)  

St. NO vibration assignments observed frequency (cm-1)  

1 (C-H) out 43.77 32 (all H) ro 1181.68 

2 (C-H) out 80.72 33 (all H) ro 1200.46 

3 (C-H) out 128.26 34 (all H) ro 1227.25 

4 (C-H) out 191.71 35 (all H) out,ro 1256.21 

5 (C-H) out 249.98 36 (C1-O8)Sy,s 1281.71 

6 (O7-H17)ro 273.63 37 (C4-C12)Sy,s 1326.77 

7 (N14-H15,16)ro 283.72 38 (C12-C13)Sy,s 1358.67 

8 (N14-H15,16)ro 

(C-O)ro 

297.55 39 (C-C)in,Sy 1383.2 

9 (C-H)out,ro 312.8 40 (all H)out, ro 1399.39 

10 (C-H) out,ro 369.13 41 (C-C)in,Sy 1417.4 

11 (C-H) out,ro 428.62 42 (C-C)in,Sy 1427.62 

12 (C-H) out,ro 458.24 43 (C-C)in,Sy 1488.18 

13 (C-H) out,ro 473.85 44 (C13-H21,22)sc 1527.34 

14 (C-H) out,ro 490.4 45 (C12-H19,20)sc 1531.68 

15 (C-H) out,ro 526.53 46 (C=C)in,Sy 1579.42 

16 (N14-H15,16)ro 569.12 47 (C=C)in,Sy 1666.41 

17 (C-C,C=C)in,ro 595.44 48 (C=C)in,Sy 1675.25 

18 (C-C,C=C)in,ro 649.6 49 (N14-H15,16)sc 1709.1 

19 (C-C,C=C)in,ro 723.66 50 (C12-H19,20)sy 3027.75 

20 (C-C,C=C)in,ro 731.78 51 (C13-H21,22)sy 3043.08 

21 (C-H) ro 794.48 52 (C12-H19,20)asy 3074.14 

22 (C-H) ro 844.21 53 (C13-H21,22)asy 3094.4 

23 (C-H) ro 857.95 54 (C5-H9)sy 3181.27 

24 (C12-C13)sy 884.88 55 (C3-H10)sy 3199.5 

25 (C12-C13)sy 896.45 56 (C2-H11)sy 3236.82 

26 (C12-C13)sy 964.37 57 (N14-H15,16)sy 3551.73 

27 (C-H)in,sc 976 58 (O8-H18)sy 3626.92 

28 (C12-H19,20)ro 1020.82 59 (N14- H15,16)asy 3672.03 

29 (C13-N14)sy 1103.82 60 
  

30 (O7-H17)ro 1126.49    

31 (C13-N14)sc 
 

   

Abbreviation: out: out of the plane, ro: rocking, sy: symmetrical, asy: anti-symmetrical, in: in the plan, sc: Scissoring. 

 

3.2.4. NMR analysis  

The 13C NMR chemical shifts used to identify 

chemical compounds [35]. GIAO (Gauge Including 

Atomic Orbital) is the faster procedure to calculation upon 

the basis set used. A GIAO method was preferable for 

many aspects state of the subject [19]. NMR was used to 

calculation chemical shift for the title compound best on 

TMS HF/LanL2MB(d) GIAO, TMS 

B3LYP/LanL2MB(2d, P)GIAO, and CH4 

HF/LanL2MB(d) GIAO for carbon atoms. Hydrogen best 

on TMS HF/LanLMB(d) GIAO, TMS 

B3LYP/LanLMB(2d, P)GIAO and oxygen best on the 

H2O B3LYP/LanL2MB(2d, P) GIAO, H2O 

HF/LanL2MB(d) GIAO. Table 3 showed the 13C NMR 

for all references. According to TMS HF/LanL2MB(d) 

reference, the carbon was ordered from 

C3>C1>C4>C6>C5>C2>C12>C13 that means carbon 

number C3 was higher ppm lower filed but C13 was lower 

ppm higher filed. However, for TMS 

b3LYP/LanL2MB(2d, P) reference to carbon atoms was 
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order from C6>C1>C3>C4 >C2>C5>C13>12 in this 

reference C6 was observed at higher ppm lower filed but 

C12 was lower ppm higher filed. For the reference, CH4 

HF/6-31 G(d), C1>C6>C4>C3>C2>C5>C13>C12, carbon 

number one (C1) was found in higher ppm and carbon 

number twelve found in lower ppm higher filed. 

 

Figure 2. FT-IR Spectrum of Serotonin 

For H-NMR Table 4 used two references TMS 

HF/LanL2MB G(d) GIAO and TMS 

B3LYP/LanL2MB+G(2d, P) GIAO. According to the 

reference TMS HF/LanLMB (d) GIAO the observation 

hydrogen peak started from higher filed (H15) to the end 

of lower filed 

(H11).H11>H10>H9>H18>H22>H17>H21>H19>H20>H

16>H15. Besides for reference TMS 

B3LYP/LanL2MBG(2d, P) GIAO the order of hydrogen 

peak is the same as the previse reference with a little be 

different in a lower ppm for all hydrogen atoms. The NMR 

for nitrogen shown in Table 5, the peak was observed at 

19.98 ppm for TMS HF/6-31 G(d)GIAO, but for TMS 

B3LYP/LanL2MB(2d, P) GIAO was observed at 17.5ppm.  

Table 3. The observed C NMR chemical shifts in ppm for 

serotonin 

C. NO 
NONE 

ppm 

TMS 

HF/LanL2

MB(d) 

GIAO 

Ppm 

TMS 

B3LYP/LanL2

MB(2d,P) 

GIAO 

ppm 

CH4 

HF/LanL2M

B(d) GIAO 

ppm 

C1 54 146 151.9 145 

C2 80.9 120.7 102 118.3 

C3 75 155 132.7 124.1 

C4 55.7 145.8 123 133.9 

C5 84 124 98.3 115 

C6 56 144 153.9 143.1 

C12 151 71 31.9 48.1 

C13 149 69 33.8 50.1 

Table 4. The observed H NMR chemical shifts in ppm for 

serotonin 

H. NO 
NONE 

ppm 

TMS 

HF/LanL2MB(d) 

GIAO 

TMS 

B3LYP/LanL2MB(2d,P) 

GIAO 

ppm ppm 

H9 26.79 5.81 5.1 

H10 26.1 6.5 5.78 

H11 25.83 6.7 6.0 

H15 33.2 - 0.6 - 1.31 

H16 32.41 0.9 - 0.58 

H17 29.85 2.75 2.05 

H18 27.6 5.0 4.28 

H19 30.25 2.31 1.61 

H20 30.8 1.8 1.1 

H21 30.05 2.55 1.58 

H22 29.78 2.82 2.13 

4. CONCLUSION  

In this work, all basis sets with both HF and DTF 

methods investigated to calculation bandgap energy for 

serotonin molecule. Proposed the better basis set is 

LanL2MB according to the literature previous. The IR 

shows the vibration for all atoms that is good agreement 

with the kinds of literature. NMR has determined the 

identity of the molecular structure. The peaks of atoms in 

NMR were the relation with the types of references which 

was used on it. For example, C1 has different shifted in a 

ppm for all three references. The reference H2O 

HF/LanL2MB(d)GIAO and H2O B3LYP/LanL2MB(2d, 

P)GIAO show the oxygen's ppm and it is closed to each 

other.  

REFERENCES 

[1] Calculated using Advanced Chemistry Development 

(ACD/Labs) Software V11.02 (©1994–2011 ACD/Labs)  

[2] Mazák K, Dóczy V, Kökösi J, Noszál B (April 2009). 

"Proton speciation and microspeciation of serotonin and 5-

hydroxytryptophan". Chemistry & Biodiversity. 6 (4): 578–

90. doi:10.1002/cbdv.200800087. PMID 19353542. 

S2CID 20543931.  

[3] Pietra S (1958). "[Indolic derivatives. II. A new way to 

synthesize serotonin]". Il Farmaco; Edizione Scientifica (in 

Italian). 13 (1): 75–9. PMID 13524273.  

[4] Erspamer V (1952). "Ricerche preliminari sulle 

indolalchilamine e sulle fenilalchilamine degli estratti di 

pelle di Anfibio". Ricerca Scientifica. 22: 694–702.  

[5] Tammisto T (1967). "Increased toxicity of 5-

hydroxytryptamine by ethanol in rats and mice". Annales 

Medicinae Experimentalis et Biologiae Fenniae. 46 (3, Pt. 

2): 382–4. PMID 5734241.  

[6] Jones D (2003) [1917], Roach P, Hartmann J, Setter J 

(eds.), English Pronouncing Dictionary, Cambridge: 

Cambridge University Press, ISBN 978-3-12-539683-8  

[7] "Serotonin". Dictionary.com Unabridged. Random House.  

[8] "Serotonin". Merriam-Webster Dictionary.  

[9] Young SN (November 2007). "How to increase serotonin in 

the human brain without drugs". Journal of Psychiatry & 

Neuroscience. 32 (6): 394–9. PMC 2077351. 

PMID 18043762.  

[10] González-Flores D, Velardo B, Garrido M, González-

Gómez D, Lozano M, Ayuso MC, Barriga C, Paredes SD, 

Rodríguez AB (2011). "Ingestion of Japanese plums 



Nasidi et al. Journal of Physical Chemistry and Functional Materials 
 

45 

(Prunus salicina Lindl. cv. Crimson Globe) increases the 

urinary 6-sulfatoxymelatonin and total antioxidant capacity 

levels in young, middle-aged and elderly humans: 

Nutritional and functional characterization of their 

content". Journal of Food and Nutrition Research. 50 (4): 

229–236.  

[11] Schlienger RG, Meier CR (2003). "Effect of selective 

serotonin reuptake inhibitors on platelet activation: can 

they prevent acute myocardial infarction?". American 

Journal of Cardiovascular Drugs : Drugs, Devices, and 

Other Interventions. 3 (3): 149–62. doi:10.2165/00129784-

200303030-00001. PMID 14727927. S2CID 23986530.  

[12] King MW. "Serotonin". The Medical Biochemistry Page. 

Indiana University School of Medicine. Retrieved 1 

December 2009.  

[13] Berger M, Gray JA, Roth BL (2009). "The expanded 

biology of serotonin". Annual Review of Medicine. 60: 

355–66. doi:10.1146/annurev.med.60.042307.110802. 

PMC 5864293. PMID 19630576.  

[14] Kling A (2013). 5-HT2A: a serotonin receptor with a 

possible role in joint diseases (PDF) (Thesis). Umeå 

Universitet. ISBN 978-91-7459-549-9.  

[15] Yano JM, Yu K, Donaldson GP, Shastri GG, Ann P, Ma L, 

Nagler CR, Ismagilov RF, Mazmanian SK, Hsiao EY (April 

2015). "Indigenous bacteria from the gut microbiota 

regulate host serotonin biosynthesis". Cell. 161 (2): 264–

76. doi:10.1016/j.cell.2015.02.047. PMC 4393509. 

PMID 25860609.  

[16] Vanhoutte PM (February 1987). "Serotonin and the 

vascular wall". International Journal of Cardiology. 14 

(2): 189–203. doi:10.1016/0167-5273(87)90008-8. 

PMID 3818135.  

[17] Prah A, Purg M, Stare J, Vianello R, Mavri J (September 

2020). "How Monoamine Oxidase A Decomposes 

Serotonin: An Empirical Valence Bond Simulation of the 

Reactive Step". The Journal of Physical Chemistry. B. 124 

(38): 8259–8265. doi:10.1021/acs.jpcb.0c06502. 

PMC 7520887. PMID 32845149.  

[18] Huser A, Rohwedder A, Apostolopoulou AA, Widmann A, 

Pfitzenmaier JE, Maiolo EM, Selcho M, Pauls D, von 

Essen A, Gupta T, Sprecher SG, Birman S, Riemensperger 

T, Stocker RF, Thum AS (2012). "The serotonergic central 

nervous system of the Drosophila larva: anatomy and 

behavioral function". PLOS ONE. 7 (10): e47518. 

Bibcode:2012PLoSO...747518H. 

doi:10.1371/journal.pone.0047518. PMC 3474743. 

PMID 23082175.  

[19] Chen J, Lariviere WR (2010). "The nociceptive and anti-

nociceptive effects of bee venom injection and therapy: a 

double-edged sword". Progress in Neurobiology. 92 (2): 

151–83. doi:10.1016/j.pneurobio.2010.06.006. 

PMC 2946189. PMID 20558236.  

[20] McGowan K, Kane A, Asarkof N, Wicks J, Guerina V, 

Kellum J, Baron S, Gintzler AR, Donowitz M (August 

1983). "Entamoeba histolytica causes intestinal secretion: 

role of serotonin". Science. 221 (4612): 762–4. 

Bibcode:1983Sci...221..762M. 

doi:10.1126/science.6308760. PMID 6308760.  

[21] Feldman JM, Lee EM (October 1985). "Serotonin content 

of foods: effect on urinary excretion of 5-

hydroxyindoleacetic acid". The American Journal of 

Clinical Nutrition. 42 (4): 639–43. 

doi:10.1093/ajcn/42.4.639. PMID 2413754.  

[22] Ramakrishna A, Giridhar P, Ravishankar GA (2011). 

"Phytoserotonin: a review". Plant Signaling & Behavior. 6 

(6): 800–9. doi:10.4161/psb.6.6.15242. PMC 3218476. 

PMID 21617371.  

[23] Srinivasan S, Sadegh L, Elle IC, Christensen AG, 

Faergeman NJ, Ashrafi K (June 2008). "Serotonin 

regulates C. elegans fat and feeding through independent 

molecular mechanisms". Cell Metabolism. 7 (6): 533–44. 

doi:10.1016/j.cmet.2008.04.012. PMC 2495008. 

PMID 18522834.  

[24] Kravitz EA (September 1988). "Hormonal control of 

behavior: amines and the biasing of behavioral output in 

lobsters". Science. 241 (4874): 1775–81. 

Bibcode:1988Sci...241.1775K. 

doi:10.1126/science.2902685. PMID 2902685.  

[25] Beattie DT, Smith JA (May 2008). "Serotonin 

pharmacology in the gastrointestinal tract: a review". 

Naunyn-Schmiedeberg's Archives of Pharmacology. 377 

(3): 181–203. doi:10.1007/s00210-008-0276-9. 

PMID 18398601. S2CID 32820765.  

[26] Sangkuhl K, Klein TE, Altman RB (November 2009). 

"Selective serotonin reuptake inhibitors pathway". 

Pharmacogenetics and Genomics. 19 (11): 907–9. 

doi:10.1097/FPC.0b013e32833132cb. PMC 2896866. 

PMID 19741567.  

[27] Hannon J, Hoyer D (December 2008). "Molecular biology 

of 5-HT receptors". Behavioural Brain Research. 195 (1): 

198–213. doi:10.1016/j.bbr.2008.03.020. PMID 18571247. 

S2CID 46043982.  

[28] Zhou M, Engel K, Wang J (January 2007). "Evidence for 

significant contribution of a newly identified monoamine 

transporter (PMAT) to serotonin uptake in the human 

brain". Biochemical Pharmacology. 73 (1): 147–54. 

doi:10.1016/j.bcp.2006.09.008. PMC 1828907. 

PMID 17046718.  

[29] Paulmann N, Grohmann M, Voigt JP, Bert B, Vowinckel J, 

Bader M, Skelin M, Jevsek M, Fink H, Rupnik M, Walther 

DJ (October 2009). O'Rahilly S (ed.). "Intracellular 

serotonin modulates insulin secretion from pancreatic 

beta-cells by protein serotonylation". PLOS Biology. 7 

(10): e1000229. doi:10.1371/journal.pbio.1000229. 

PMC 2760755. PMID 19859528.  

[30] Walther DJ, Peter JU, Winter S, Höltje M, Paulmann N, 

Grohmann M, Vowinckel J, Alamo-Bethencourt V, Wilhelm 

CS, Ahnert-Hilger G, Bader M (December 2003). 

"Serotonylation of small GTPases is a signal transduction 

pathway that triggers platelet alpha-granule release". Cell. 

115 (7): 851–62. doi:10.1016/S0092-8674(03)01014-6. 

PMID 14697203. S2CID 16847296.  

[31] Watts SW, Priestley JR, Thompson JM (May 2009). 

"Serotonylation of vascular proteins important to 

contraction". PLOS ONE. 4 (5): e5682. 

Bibcode:2009PLoSO...4.5682W. 



Nasidi et al. Journal of Physical Chemistry and Functional Materials 
 

46 

doi:10.1371/journal.pone.0005682. PMC 2682564. 

PMID 19479059.  

[32] Roth BL, Driscol J (12 January 2011). "PDSP Ki 

Database". Psychoactive Drug Screening Program 

(PDSP). University of North Carolina at Chapel Hill and 

the United States National Institute of Mental Health. 

Archived from the original on 8 November 2013. Retrieved 

17 December 2013.  

[33] Bortolozzi A, Díaz-Mataix L, Scorza MC, Celada P, 

Artigas F (December 2005). "The activation of 5-HT 

receptors in prefrontal cortex enhances dopaminergic 

activity". Journal of Neurochemistry. 95 (6): 1597–607. 

doi:10.1111/j.1471-4159.2005.03485.x. hdl:10261/33026. 

PMID 16277612.  

[34] Moro C, Edwards L, Chess-Williams R (November 2016). 

"2Areceptor enhancement of contractile activity of the 

porcine urothelium and lamina propria". International 

Journal of Urology. 23 (11): 946–951. 

doi:10.1111/iju.13172. PMID 27531585.  

[35] "Von Economo neuron – NeuronBank". 

neuronbank.org.[unreliable medical source?]  

[36] Millan MJ, Gobert A, Lejeune F, et al. (September 2003). 

"The novel melatonin agonist agomelatine (S20098) is an 

antagonist at 5-hydroxytryptamine2C receptors, blockade 

of which enhances the activity of frontocortical 

dopaminergic and adrenergic pathways". The Journal of 

Pharmacology and Experimental Therapeutics. 306 (3): 

954–64. doi:10.1124/jpet.103.051797. PMID 12750432. 

S2CID 18753440.  

[37] Gonzalez R, Chávez-Pascacio K, Meneses A (September 

2013). "Role of 5-HT5A receptors in the consolidation of 

memory". Behavioural Brain Research. 252: 246–51. 

doi:10.1016/j.bbr.2013.05.051. PMID 23735322. 

S2CID 140204585.  

[38] Nautiyal KM, Hen R (2017). "Serotonin receptors in 

depression: from A to B". F1000Research. 6: 123. 

doi:10.12688/f1000research.9736.1. PMC 5302148. 

PMID 28232871.  

[38] Frazer A, Hensler JG (1999). "Understanding the 

neuroanatomical organization of serotonergic cells in the 

brain provides insight into the functions of this 

neurotransmitter". In Siegel GJ, Agranoff, Bernard W, 

Fisher SK, Albers RW, Uhler MD (eds.). Basic 

Neurochemistry (Sixth ed.). Lippincott Williams & Wilkins. 

ISBN 978-0-397-51820-3. In 1964, Dahlstrom and Fuxe 

(discussed in [2]), using the Falck-Hillarp technique of 

histofluorescence, observed that the majority of 

serotonergic soma are found in cell body groups, which 

previously had been designated as the Raphe nuclei.  

 [39] Binder MD, Hirokawa N (2009). encyclopedia of 

neuroscience. Berlin: Springer. p. 705. ISBN 978-3-540-

23735-8.  

[40] The raphe nuclei group of neurons are located along the 

brain stem from the labels 'Mid Brain' to 'Oblongata', 

centered on the pons. (See relevant image.)  

[38] Müller CP, Jacobs BL, eds. (2009). Handbook of the 

behavioral neurobiology of serotonin (1st ed.). London: 

Academic. pp. 51–59. ISBN 9780123746344.  

[41] Sommer C (2009). "Serotonin in Pain and Pain Control". 

In Müller CP, Jacobs BL (eds.). Handbook of the 

behavioral neurobiology of serotonin (1st ed.). London: 

Academic. pp. 457–460. ISBN 9780123746344.  

[42] Hensler JG (2009). "Serotonin in Mode and Emotions". In 

Müller CP, Jacobs BL (eds.). Handbook of the behavioral 

neurobiology of serotonin (1st ed.). London: Academic. 

pp. 367–399. ISBN 9780123746344.  

[43] Andrews PW, Bharwani A, Lee KR, Fox M, Thomson JA 

(April 2015). "Is serotonin an upper or a downer? The 

evolution of the serotonergic system and its role in 

depression and the antidepressant response". Neuroscience 

and Biobehavioral Reviews. 51: 164–88. 

doi:10.1016/j.neubiorev.2015.01.018. PMID 25625874. 

S2CID 23980182.  

[44] Stahl SM, Mignon L, Meyer JM (March 2009). "Which 

comes first: atypical antipsychotic treatment or 

cardiometabolic risk?". Acta Psychiatrica Scandinavica. 

119 (3): 171–9. doi:10.1111/j.1600-0447.2008.01334.x. 

PMID 19178394. S2CID 24035040.  

[45] Buckland PR, Hoogendoorn B, Guy CA, Smith SK, 

Coleman SL, O'Donovan MC (March 2005). "Low gene 

expression conferred by association of an allele of the 5-

HT2C receptor gene with antipsychotic-induced weight 

gain". The American Journal of Psychiatry. 162 (3): 613–

5. doi:10.1176/appi.ajp.162.3.613. PMID 15741483.  

[46] Holmes MC, French KL, Seckl JR (June 1997). 

"Dysregulation of diurnal rhythms of serotonin 5-HT2C 

and corticosteroid receptor gene expression in the 

hippocampus with food restriction and glucocorticoids". 

The Journal of Neuroscience. 17 (11): 4056–65. 

doi:10.1523/JNEUROSCI.17-11-04056.1997. 

PMC 6573558. PMID 9151722.  

[47] Leibowitz SF (1990). "The role of serotonin in eating 

disorders". Drugs. 39 Suppl 3: 33–48. 

doi:10.2165/00003495-199000393-00005. PMID 2197074. 

S2CID 8612545.  

[48]    McGuire, Michael (2013) "Believing, the neuroscience of 

fantasies, fears, and confictions" (Prometius Books)  

[49]    Caspi N, Modai I, Barak P, Waisbourd A, Zbarsky H, 

Hirschmann S, Ritsner M (March 2001). "Pindolol 

augmentation in aggressive schizophrenic patients: a 

double-blind crossover randomized study". International 

Clinical Psychopharmacology. 16 (2): 111–5. 

doi:10.1097/00004850-200103000-00006. 

PMID 11236069. S2CID 24822810.  

[50] Ito Z, Aizawa I, Takeuchi M, Tabe M, Nakamura T 

(December 1975). "[Proceedings: Study of gastrointestinal 

motility using an extraluminal force transducer. 6. 

Observation of gastric and duodenal motility using 

synthetic motilin]". Nihon Heikatsukin Gakkai Zasshi. 11 

(4): 244–6. PMID 1232434.  

[51] Lesch KP, Bengel D, Heils A, Sabol SZ, Greenberg BD, 

Petri S, Benjamin J, Müller CR, Hamer DH, Murphy DL 

(November 1996). "Association of anxiety-related traits 

with a polymorphism in the serotonin transporter gene 

regulatory region". Science. 274 (5292): 1527–31. 

Bibcode:1996Sci...274.1527L. 



Nasidi et al. Journal of Physical Chemistry and Functional Materials 
 

47 

doi:10.1126/science.274.5292.1527. PMID 8929413. 

S2CID 35503987.  

[52] Chilmonczyk Z, Bojarski AJ, Pilc A, Sylte I (August 2015). 

"Functional Selectivity and Antidepressant Activity of 

Serotonin 1A Receptor Ligands". International Journal of 

Molecular Sciences. 16 (8): 18474–506. 

doi:10.3390/ijms160818474. PMC 4581256. 

PMID 26262615.  

[53]  Blier P, El Mansari M (2013). "Serotonin and beyond: 

therapeutics for major depression". Philosophical 

Transactions of the Royal Society of London. Series B, 

Biological Sciences. 368 (1615): 20120536. 

doi:10.1098/rstb.2012.0536. PMC 3638389. 

PMID 23440470.  

[54] Eissa, Nermin; Al-Houqani, Mohammed; Sadeq, Adel; 

Ojha, Shreesh K.; Sasse, Astrid; Sadek, Bassem (16 May 

2018). "Current Enlightenment About Etiology and 

Pharmacological Treatment of Autism Spectrum Disorder". 

Frontiers in Neuroscience. 12: 304. 

doi:10.3389/fnins.2018.00304. ISSN 1662-4548. 

PMC 5964170. PMID 29867317.  

[55]  Rang HP (2003). Pharmacology. Edinburgh: Churchill 

Livingstone. p. 187. ISBN 978-0-443-07145-4.  

[56] de Wit R, Aapro M, Blower PR (September 2005). "Is there 

a pharmacological basis for differences in 5-HT3-receptor 

antagonist efficacy in refractory patients?". Cancer 

Chemotherapy and Pharmacology. 56 (3): 231–8. 

doi:10.1007/s00280-005-1033-0. PMID 15838653. 

S2CID 27576150.  

[57] Frost M, Andersen TE, Yadav V, Brixen K, Karsenty G, 

Kassem M (March 2010). "Patients with high-bone-mass 

phenotype owing to Lrp5-T253I mutation have low plasma 

levels of serotonin". Journal of Bone and Mineral 

Research. 25 (3): 673–5. doi:10.1002/jbmr.44. 

PMID 20200960.  

[58] Rosen CJ (February 2009). "Breaking into bone biology: 

serotonin's secrets". Nature Medicine. 15 (2): 145–6. 

doi:10.1038/nm0209-145. PMID 19197289. 

S2CID 5489589.  

[59] Mödder UI, Achenbach SJ, Amin S, Riggs BL, Melton LJ, 

Khosla S (February 2010). "Relation of serum serotonin 

levels to bone density and structural parameters in 

women". Journal of Bone and Mineral Research. 25 (2): 

415–22. doi:10.1359/jbmr.090721. PMC 3153390. 

PMID 19594297.  

[60] Frost M, Andersen T, Gossiel F, Hansen S, Bollerslev J, 

van Hul W, Eastell R, Kassem M, Brixen K (August 2011). 

"Levels of serotonin, sclerostin, bone turnover markers as 

well as bone density and microarchitecture in patients with 

high-bone-mass phenotype due to a mutation in Lrp5". 

Journal of Bone and Mineral Research. 26 (8): 1721–8. 

doi:10.1002/jbmr.376. PMID 21351148.  

[61]  Kode A, Mosialou I, Silva BC, Rached MT, Zhou B, Wang 

J, Townes TM, Hen R, DePinho RA, Guo XE, Kousteni S 

(October 2012). "FOXO1 orchestrates the bone-

suppressing function of gut-derived serotonin". The 

Journal of Clinical Investigation. 122 (10): 3490–503. 

doi:10.1172/JCI64906. PMC 3461930. PMID 22945629.  

[62] Yadav VK, Balaji S, Suresh PS, Liu XS, Lu X, Li Z, Guo 

XE, Mann JJ, Balapure AK, Gershon MD, Medhamurthy R, 

Vidal M, Karsenty G, Ducy P (March 2010). 

"Pharmacological inhibition of gut-derived serotonin 

synthesis is a potential bone anabolic treatment for 

osteoporosis". Nature Medicine. 16 (3): 308–12. 

doi:10.1038/nm.2098. PMC 2836724. PMID 20139991.  

[63] Ozanne SE, Hales CN (January 2004). "Lifespan: catch-up 

growth and obesity in male mice". Nature. 427 (6973): 

411–2. Bibcode:2004Natur.427..411O. 

doi:10.1038/427411b. PMID 14749819. S2CID 40256021.  

[64] Lewis DS, Bertrand HA, McMahan CA, McGill HC, Carey 

KD, Masoro EJ (October 1986). "Preweaning food intake 

influences the adiposity of young adult baboons". J. Clin. 

Invest. 78 (4): 899–905. doi:10.1172/JCI112678. 

PMC 423712. PMID 3760191.  

[65] Hahn P (July 1984). "Effect of litter size on plasma 

cholesterol and insulin and some liver and adipose tissue 

enzymes in adult rodents". J. Nutr. 114 (7): 1231–4. 

doi:10.1093/jn/114.7.1231. PMID 6376732.  

[66] Popa D, Léna C, Alexandre C, Adrien J (April 2008). 

"Lasting syndrome of depression produced by reduction in 

serotonin uptake during postnatal development: evidence 

from sleep, stress, and behavior". The Journal of 

Neuroscience. 28 (14): 3546–54. 

doi:10.1523/JNEUROSCI.4006-07.2008. PMC 6671102. 

 

 


