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Abstract

Introduction: In recent years obesity has become a major health problem and life style changes, habits aggravated the
prevalence of obesity in young children. Many studies have suggested that serotonin has been linked with the occurrence of
obesity along with various other factors. Based on these facts we aimed to study the relation of serotonin allele’s expression
with BMI of university students.

Materials and Methods: The study was a case control involving 66 participants done in Biochemistry department, RAK
Medical and Health Sciences University, Ras Al Khamiah. A standardized diet history questionnaire used to calculate the
calorie intake. The saliva was collected and using the manufactures guidelines the DNA has been extracted using DNA
Genotek kit. The polymerase chain reaction used to detect the polymorphism in the subjects. Finally DNA gel
electrophoresis done to detect the alleles in different subjects.

Results: The study results showed that BMI, Waist circumference and body weight percentage was significant in overweight
and obese subjects. The most common alleles in normal subjects was SS when compared with overweight and obese showing
SL, LL.

Discussion and Conclusion: Our study was in accordance with other studies which showed L allele associate with obesity.
We suggest that, L allele associate is a risk and can be used to assess/predict the obesity.
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obesity in recent years and many factors have been found.

Introduction:

The industrialization, urbanization has led to lot of changes
in people life including their eating habits. Adding to this
the physical inactivity and dietary changes in terms of
eating unhealthy food has contributed to lot of problems
such as obesity, heart problems, joint problems etc.

According to a study childhood obesity is a growing
concerns in developed countries along with developing
countries. (1) Another study found that female are more
prone for obesity than males due to inherent hormonal
variations. (2) The obesity serves as co factor for diabetes
mellitus and coronary artery disease early in their life. (3)

The tackling of childhood obesity is a medical emergency
now days and children in schools, colleges exhibit high
body mass index which is a worrying sign.

Globally in 2010, the number of overweight children under
the age of five is estimated to be over 42 million. Close to
35 million of these are living in developing countries.

In the 20™ century the rates of overweight, obesity have
increased worldwide according to many studies. (4, 5) The
various studies were done to know the etiological aspects of

One such factor of genetic aspect that makes the person
susceptible and researchers found the several genes
suggesting their role. (6,7) One such gene was  of
serotonergic system with their effect on brain and
gastrointestinal system. The serotonin (5-
hydroxytryptamine or 5-HT) plays a major role in the
regulation of body energy balance through the effect on
various downstream neuropeptide systems along with
autonomic pathways. (8)

According to the researchers, various effects of 5-HT
include mood control, urine storage, voiding, sleep
regulation, body temperature, circadian functions, feeding
behavior, body weight, and intestinal motility (9,10,11)and
its regulation is through the 5-HT transporter (5-HTT). (12)

The study by Lesch et al (1996) showed that 5-HTT is
encoded by the serotonin transporter gene (SLC6A4) on
chromosome 17, at 17q11.2- 17g12. This is located at
1,400 bp upstream of the transcription start site of the gene
[9]. The studies also showed the functional polymorphism,
the SLCG6A4-linked polymorphic region or 5-HTTLPR.
(13,14)It mainly consists of two common alleles of short
(S) and long variant (L) . (9,15)
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The study by lordanidou et al., 2010 shown that the S allele
(SS or SL genotypes) is associated with lower SLC6A4
expression, thereby resulting in reduced 5-HT reuptake and
release capability, whereas the L variant is associated with
an almost threefold increase in gene transcription. (8)

The purpose of intake of food is to restore the calorie
homeostasis and is controlled by both peripheral and central
mechanisms. (16) The later mechanism control involves
various parts of brain including neurotransmitters and
neuropeptides once such example of neurotransmitter is
serotonin. (17)

The studies have suggested that CNS serotonin involved in
appetite and subsequent nutrient intake. The peripheral
serotonin has a role in various aspects of digestion, insulin
production, and liver repair process. (18)

The studies have stated that reducing peripheral serotonin
synthesis and signaling in adipose tissue can prevent
obesity, insulin resistance, and nonalcoholic fatty liver
disease (NAFLD) due to increased energy expenditure. (19-
24)

Based on these findings the study was done to assess the
use of the genetic polymorphism of serotonin transporter
gene (SLC6A4) 5-HTTLPR in the prediction of body mass
index (BMI).

Materials and Methods:

The study was a case control study which consisted of 66
individuals with different BMI (36 normal, 16 overweight,
and 14 obese). The study conducted in department of
Biochemistry, RAKCOMS, RAK Medical and Health
Sciences University (RAKMHSU). After obtaining the
university ethical committee clearance. The participants
were approached and full details about the study was given.
The total duration of the study was 4 months. A set of pre
designed and pre validated questionnaire was given to
students to gather personal information, family, medical
and dietary history. Based on their response from the food
sheet the average calories intake per day was calculated.

In the Biochemistry lab all participants weight, height,
waist and hip circumferences were measured using the
standard instruments. The body mass index (BMI) was
calculated according to the classification given by world
health organization (WHO). (25)

The saliva sample collected from each participants for
analysis of DNA.

DNA extraction from saliva

The procedure was explained clearly to all participants. The
saliva sample collected and mixed in the DNA Genotek kit
by inversion and gentle shaking for a few seconds. The
sample was incubated at 50" in the water bath for 1 hour .
A 500pl of the sample transferred into micro centrifuge
tube and 20ul of prep IT.L2P(PT-L2P) was added and
mixed by vortex for few seconds. The sample then

incubated on ice for 10 minutes and centrifuged at room
temperature (RT) for 5 minutes at 15,000xg.

The clear supernatant was carefully transferred with a
pipette to fresh micro centrifuge tube and 600ul of room
temperature 100% ethanol was added and mixed gently by
inversion 10 times.

The sample was left to stand at room temperature for 10
minutes so that DNA gets fully precipitated. The sample
was centrifuged again at 15,000xg for 2 minutes and
supernatant was discarded. A 250ul of 70% ethanol added
to the DNA pellets and allowed to stand for 1 minute at
room temperature. The ethanol removed carefully without
disturbing the pellets and 100ul of TE solution (10mM
Tris-HCL, 1ImM EDTA,pH (8.0) added and vortexed for 5
seconds.

The sagnple was incubated overnight at RT and then stored
at-20".

The sample was analyzed for DNA purity using
spectrophotometric assay with measurement of absorbance
at 260 and 280nm after adding RNase to digest
contaminating RNA. (26)

Polymorphism detection chain

reaction

using polymerase

The gene was amplified by polymerase chain reaction on 96
well Amp PCR system 2720 Thermo cycler (Applied Bio
systems). Primer sequences was synthesized by Promega as
follows:

Forward 5°-TGAATGCCAGCACCTAACCC-3’, reverse as
5= TTCTGGTGCCACCTAGACGC-3’. The PCR
procedure was performed with 25ul reaction mixture
(100ng of DNA, 4nm of each primer, 2.5mM of each
dNTP, 2.5mM of MgCL2,0.025U Taq polymerase, and
1XPCR buffer, promega) and had initial step of 2 min at 95
C, followed by 40 cycles of 30s at 95 . 30s at 61  and 1
min at 71 °® and final elongation step involved 10mins at 72
. The product obtained was separated by electrophoresis
on 2% agarose gel stained with ethidium bromide 0.01pug.
The final products analyzed for the S and L allele
respectively. (27)

The genotype and allele frequency done using allele
counting [28]. The SPSS 24 version used for analysis. The
chi square test done to find the genotype prevalence and
associate between case and control groups. The describe
strength of associate the odds ratio and 95% confidence
interval used. The student T test used for finding the mean
value of calories intake, waist and hip circumference,
weight and BMI. A p value less than 0.05 was considered
as significant.

Results:

The study demographic data is shown in the table 1 and
showed BMI, waist circumference, percentage of body fat
and weight was significant in overweight and obese when
compare with normal subjects.
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Table 1: Demographic data of the studied groups

BMI NORMAL BMI OVERWEIGHT AND OBESE P
PARAMETER
AGE 19.1 18.7 >0.05
BMI 221 27.8 <0.001**
WAIST CIRCUMFERENCE 79.6 88 <0.05*
% OF BODY FAT 21 26.3 <0.001**
WEIGHT 59.5 80.7 <0.001**

The study also showed that, the most common genotype in normal was SS (64%) as compared to obese who had
predominately LL (79%) genotype as shown in table 2.

Table 2: Frequency of different genotypes of 5-HTTLPR among indiviusuals with different BMI.

GENOTYPE Ss SL LL
BMI
NORMAL (N=36) 23(64%) 10(28%) 3(8%)
OVERWEIGHT (N=16) 4(25%) 5(31%) 7(44%)
OBESE (N=14) 3(21%) 0(0%) 11(79%)

The table 3 shows the association of different polymorphic form of SHTTLPR genes with BMI. It showed that SS was major
in normal and SL, LL were in overweight/obese subjects. The study also found that a high risk of obesity was seen among
carrier of L allele of serotonin transporter gene compared to S allele.

Table 3: Association of different polymorphic form of SHTTLPR with BMI

GENOTYPE SS SL AND LL
BMI
NORMAL (N=36) 23(64%) 13(36%)
OVERWEIGHT AND OBESE (N=30) 7 (23%) 23(77%)

On comparison of phenotype with genotypes we could not find the any significance as shown in Table 4.

Table 4. Comparing the mean standard deviation of obesity phenotype among carriers of different genotype of

SHTTLPR
Genotype | SS SL&LL P
Phenotype
WEIGHT(Kg) 64.9+13.1 67.7+15.8 NS
BMI(kg/m?) 23.9+2.9 24.0+4.0 NS
CALORIES(kcal) 1550.7+451 1613.4+441 NS
% OF BODY FAT 24.046.7 25.745.4 NS

NS- No significance

Discussion:

Our study found that SL and LL genotypes were associated
with the overweight and obese subjects when compared to

normal with SS alleles.

A study of Bah et al. (2010) in a Swedish population
showed that the 5-HTTLPR SS genotype is more frequent
in underweight subjects (29) but our subjects with SS
genotype were normal.
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Our study was correlating with the finding of Peralta et al.
(2012), in a Mexican population sample, reported the L
allele associated with overweight/obesity. (30) Our study
also showed L genotype was associated with overweight
and obese subjects. A study by Heils et al, 1996 suggested
5-HTTLPR S allele is associated with a lower
transcriptional activity resulting in reduced reuptake of
serotonin in synaptic cleft. (14) The expression of SS alleles
in our study in normal subjects may be the reason for them
not to be overweight.

There were some studies which reported contrary results
showing S allele associated with higher BMI (31,32), which
was not the case in our study.

In terms of body weight we couldn’t find a significant
variation in SS and SL, LL genotypes, although multiple
studies found an increased body weight by direct effect of
carrying an S-allele. (30, 31-34) But we found that SL and
LL subjects were having higher body weight when
compared to SS genotype.

The studies done on patients with SS or SL genotypes had
great availability of serotonin in their central serotonergic
synapses, which increase the satiety and reduce food intake.
The overall effect is lowering the body mass and thereby
affecting the BMI. (35) The same effect may have
contributed in the subjects with SS genotypes having
normal BMI, it should be kept in mind that various single-
nucleotide polymorphisms of serotonergic genes, including
some serotonin receptors, have been linked to greater
adiposity or metabolic disease. (36, 37) These all factors
should be assessed while attributing to the genotype
predicting the obesity development.

Conclusion:

Serotonin involved in range of central and peripheral
nervous system functions. The single nucleotide
polymorphism has been associated with obesity. In our
study we conclude that, carrier of L allele of serotonin
transporter gene polymorphism are at risk of obesity.

Limitations:

e  Small sample size and done on particular age groups
in one institution students.

e Gender wise variation was not done.

Future Research:

e  To increase sample size for better results

e  Expand to wide age group

e Focus on a particular ethnic group

e  To study the interactions of 5- HTTLPR with other
genes and how they lead to obesity

Acknowledgement:

We thank Ms. Sheela Haridas, Senior lab technician,
Department of Biochemistry, RAKCOMS, RAKMHSU for
her help in completing the work.

Competing Interests:

The authors declare that this manuscript was approved by
all authors in its form and that no competing interest exists.
All the authors have contributed for the work.

References:

1. Popkin BM, Doak CM. The obesity epidemic is a
worldwide phenomenon. Nutr Rev .1998;56:106-14.

2. Gupta RK. Nutrition and the Diseases of Lifestyle. In:
Bhalwar RJ, editor. Text Book of Public health and

Community Medicine. 1" ed. Pune: Department of
community medicine. AFMC, New Delhi: Pune in
Collaboration with WHO India Office; 2009. p. 1199.

3. Bhave S, Bavdekar A, Otiv M. IAP National Task
Force for Childhood, Prevention of Adult Diseases:
Childhood Obesity. IAP National Task Force for
Childhood Prevention of Adult Diseases: Childhood
Obesity. Indian Pediatr .2004;41:559-75.

4. Ogden CL, Carroll MD, Curtin LR, McDowell MA,
Tabak CJ and Flegal KM. Prevalence of overweight
and obesity in the United States, 1999-2004. JAMA
.2006;295:1549-1555.

5. Fuemmeler BF, Agurs-Collins T, McClernon FJ,
Kollins SH, Garrett ME and Ashley-Koch AE.
Interactions between genotype and depressive
symptoms on obesity. BehavGenet. 2009;39:296-305.

6. Prokopenko I, McCarthy Ml and LindgrenCM. Type
2 diabetes: New genes, new understanding. Trends
Genet. 2008;24:613-621.

7. Yang W, Kelly T and He J. Genetic epidemiology of
obesity. Epidemiol Rev. 2007; 29:49-61.

8. lordanidou M, Tavridou A, Petridis I, Arvanitidis K,
Christakidis D, Vargemezis V and Manolopoulos VG.
The serotonin transporter promoter polymorphism (5-
HTTLPR) is associated with type 2 diabetes. Clin
Chim Acta.2010. 411:167-171.

9. Lesch KP, Bengel D, Heils A, Sabol SZ, Greenberg
BD, Petri S, Benjamin J, Muller CR, Hamer DH and
Murphy DL. Association of anxiety-related traits with
a polymorphism in the serotonin transporter gene
regulatory region. Science. 1996; 274:1527-1531.

10. Ni W and Watts SW. 5-hydroxytryptamine in the
cardiovascular system: Focus on the serotonin
transporter ~ (SERT). Clin  Exp  Pharmacol
Physiol.2006; 33:575-583.

11. Sookoian S, Gianotti TF, Gemma C, Burgueno A and
Pirola CJ. Contribution of the functional 5-HTTLPR
variant of the SLC6A4 gene to obesity risk in male
adults. Obesity.2008; 16:488-491.

12. Lesch KP and Mossner R. Genetically driven variation
in serotonin uptake: Is there a link to affective
spectrum, neurodevelopmental, and neurodegenerative
disorders? Biol Psychiatry.1998; 44:179-192.

13. Collier DA, Stober G, Li T, Heils A, Catalano M, Di
BD, Arranz MJ, Murray RM, Vallada HP, Bengel D,
et al. A novel functional polymorphism within the
promoter of the serotonin transporter gene: Possible
role in susceptibility to affective disorders. Mol
Psychiatry.1996; 1:453-460.

14. Heils A, Teufel A, Petri S, Stober G, Riederer P,
Bengel D and Lesch KP. Allelic variation of human
serotonin  transporter  gene  expression.  J
Neurochem.1996; 66:2621-2624.

9| Page




Neveen Salaheldin Hemimi et al.

International Journal of Medical and Biomedical Studies (IJMBS)

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Kraft JB, Slager SL, McGrath PJ and Hamilton SP.
Sequence analysis of the serotonin transporter and
associations with antidepressant response. Biol
Psychiatry.2005; 58:374-381.

Stanley S, Wynne K, McGowan B, Bloom S.
Hormonal regulation of food intake. Physiol Rev.
2005; 85:1131-58.

Lam DD, Garfield AS, Marston OJ, Shaw J, Heisler
LK. Brain serotonin system in the coordination of
food intake and body weight. Pharmacol Biochem
Behav. 2010; 97:84-91.

Tecott LH. Serotonin and the orchestration of energy
balance. Cell Metab. 2007;6(5):352-361.

B ulbring E, Crema A. 5-Hydroxytryptamine on the
peristaltic reflex. Br J Pharmacol. 1958;13:444-457.
Walther DJ, Peter JU, Winter S, Holtje M, Paulmann
N, Grohmann M, Vowinckel J, Alamo-Bethencourt V,
Wilhelm CS, Ahnert-Hilger G, Bader M.
Serotonylation of small GTPases is a signal
transduction pathway that triggers platelet a-granule
release. Cell. 2003;115(7):851-862.

Paulmann N, Grohmann M, Voigt JP, Bert B,
Vowinckel J, Bader M, Skelin M, Jevsek M, Fink H,
Rupnik M, Walther DJ. Intracellular serotonin
modulates insulin secretion from pancreatic betacells
by protein serotonylation. PLoS Biol. 2009;7(10):
€1000229.

Lesurtel M, Graf R, Aleil B, Walther DJ, Tian Y,
Jochum W, Gachet C, Bader M, Clavien PA. Platelet
derived serotonin mediates liver regeneration. Science.
2006;312(5770):104-107.

Crane JD, Palanivel R, Mottillo EP, Bujak AL,Wang
H, Ford RJ, Collins A, Bl'umer RM, Fullerton MD,
Yabut JM, Kim JJ, Ghia JE, Hamza SM, Morrison
KM, Schertzer JD, Dyck JR, Khan WI, Steinberg GR.
Inhibiting peripheral serotonin synthesis reduces
obesity and metabolic dysfunction by promoting
brown adipose tissue thermogenesis. NatMed. 2015;
21(2):166-172.

Oh CM, Namkung J, Go Y, Shong KE, Kim K, Kim
H, Park BY, Lee HW, Jeon YH, Song J, Shong M,
Yadav VK, Karsenty G, Kajimura S, Lee IK, Park S,
Kim H. Regulation of systemic energy homeostasis by
serotonin in adipose tissues. Nat Commun. 2015;6(1):
6794.

World Health Organization. 1998. Obesity: preventing
and managing the global epidemic report of a WHO
consultation on Obesity, Geneva,3-5 June 1997 world
Health Organization: Geneva.

DNA quantification using the Fluorescence/DNase
(F/D) assay. Replaced by DNA quantification using
SYBR Green | dye and a micro-plate reader. DNA
Genotek. (20212) PD-PR-075.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

Valeria Peralta-Leal , Evelia Leal-Ugarte, Juan P
Meza-Espinoza, Ingrid P DA&valos-Rodriguez, Anabel
Bocanegra-Alonso, Rosa | Acosta-onzalez, Enrique
Gonzales, Saraswathy Nair, Jorge Durdn-Gonzélez.
Association of a serotonin transporter gene (SLC6A4)
5-HTTLPR polymorphism with body mass index
categories but not type 2 diabetes mellitus in
Mexicans. Genet Mol Biol. 2012; Jul;35(3):589-93.
doi: 10.1590/S1415-47572012005000048.

Emery AE. (1986).Methodology in medical genetics-
an introduction to statistical methods. Edinburg:
Longman.

Bah J, Westberg L, Baghaei F, Henningsson S,
Rosmond R, Melke J, Holm G, Eriksson E. Further
exploration of the possible influence of
polymorphisms in HTR2C and 5HTT on body weight.
Metabolism.2010; 59(8): 1156-1163.

Peralta-Leal V, Leal-Ugarte E, Meza-Espinoza JP,
Déavalos-Rodriguez IP, Bocanegra-Alonso A, Acosta-
Gonzélez RI, Gonzales E, Nair S,Durdn-Gonzéalez J.
Association of a serotonin transporter gene (SLC6A4)
5-HTTLPR polymorphism with body mass index
categories but not type 2 diabetes mellitus in
Mexicans. Genet Mol Biol.2012; 35(3): 589-593.
Fuemmeler BF, Agurs-Collins TD, Mcclernon FJ,
Kollins SH, Kail ME, Bergern AW, Ashley-Koch AE.
Genes Implicated in Serotonergic and Dopaminergic
Functioning Predict BMI Categories. Obesity.2008;,
16 (2): 348-355.

Sookoian S, Gianotti TF, Gemma C, Burguefio A,
Pirola, CJ. Contribution of the Functional 5-HT
TLPR Variant of the SLC6A4 Gene to Obesity Risk in
Male Adults. Obesity (Silver Spring).2008; 16 (2):
488-491.

Sookoian S, Gemma C, Garcia S, et al. Short allele of
serotonin transporter gene promoter is a risk factor for
obesity in adolescents. Obesity.2007; 15, 271-276.
Lan M, Chang Y, Chen W, et al. (2009) Serotonin
transporter gene promoter polymorphism is associated
with body mass index and obesity in non-elderly
stroke patients. J Endocrinol Invest.2009; 32: 119-
122.

Monteleone P, Santonastaso P, Mauri M, Bellodi L,
Erzegovesi S, Fuschino A, Favaro A, Rotondo A,
Castaldo E and Maj M. Investigation of the serotonin
transporter regulatory region polymorphism in bulimia
nervosa: Relationships to harm avoidance, nutritional
parameters, and psychiatric comorbidity. Psychosom
Med.2006; 68:99-103.

Bell CG, Walley AJ, Froguel P. The genetics of
human obesity. Nat Rev Genet. 2005;6(3):221-234.
Walley AJ, Asher JE, Froguel P. The genetic
contribution to non-syndromic human obesity. Nat
Rev Genet. 2009;10(7):431-442.

100 | Page



https://pubmed.ncbi.nlm.nih.gov/?term=Peralta-Leal+V&cauthor_id=23055796
https://pubmed.ncbi.nlm.nih.gov/23055796/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Leal-Ugarte+E&cauthor_id=23055796
https://pubmed.ncbi.nlm.nih.gov/?term=Meza-Espinoza+JP&cauthor_id=23055796
https://pubmed.ncbi.nlm.nih.gov/?term=Meza-Espinoza+JP&cauthor_id=23055796
https://pubmed.ncbi.nlm.nih.gov/?term=D%C3%A1valos-Rodr%C3%ADguez+IP&cauthor_id=23055796
https://pubmed.ncbi.nlm.nih.gov/?term=Bocanegra-Alonso+A&cauthor_id=23055796
https://pubmed.ncbi.nlm.nih.gov/?term=Bocanegra-Alonso+A&cauthor_id=23055796
https://pubmed.ncbi.nlm.nih.gov/?term=Acosta-Gonz%C3%A1lez+RI&cauthor_id=23055796
https://pubmed.ncbi.nlm.nih.gov/?term=Gonzales+E&cauthor_id=23055796
https://pubmed.ncbi.nlm.nih.gov/?term=Gonzales+E&cauthor_id=23055796
https://pubmed.ncbi.nlm.nih.gov/?term=Nair+S&cauthor_id=23055796
https://pubmed.ncbi.nlm.nih.gov/?term=Dur%C3%A1n-Gonz%C3%A1lez+J&cauthor_id=23055796

