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A Pharmacogenetic protocol for Fluoxetine response
during a period of rapid brain development and
weight gain in animal model.

Um protocolo de Farmacogenética para resposta a
Fluoxetina durante um periodo de rdpido crescimento
cerebral e ganho de peso em modelo animal.
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ABSTRACT

We developed a pharmacogenetics protocol based on the treatment of Wistar rats with Fluoxetine, a
selective serotonin re-uptake inhibitors during the neonatal period. The first step of this protocol is a pilot study
to evaluate the feasibility of finding statistically significant differences in the response to Fluoxetine, treated
during the suckling period. Two groups of animals were identified as “good” and “bad” responders based on
their extreme pattern of weight change. We searched for Single nucleotide Polymorphisms reported during the
re-sequencing of the serotonin transporter gene of rat in various databases A Blast of both sequences allowed
the identification of 10 sites of putative variations and latter we found Rat homologues for human genes
involved with weight gain.
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RESUMO

Foi desenvolvido um protocolo farmacogenético para Fluoxetina baseado no tratamento de ratos

Wistar durante o periodo neonatal. A primeira etapa deste estudo piloto se caracteriza pelo estudo de

viabilidade de identificar diferenca estatisticamente significativa em relacdo & resposta ao antidepressivo,

durante o perfodo da amamentacdo. Dois grupos de animais foram identificados como “bons” e “maus”

respondedores” baseados nos seus padrées de ganho de peso. Através de um estudo de Bioinformdtica

identificamos variacdes de DNA na seqiéncia do gene do transportador da serotonina do rato em vdrios

bancos da dados. Um Blast de ambas seqiiéncias permitiu identificar 10 variagdes e posteriormente

identificamos genes homélogos em Ratos que possam estar envolvidos neste fenémeno.

Palavras chave: Farmacogenética, modelos animais, Fluoxetina, ganho de peso, desenvolvimento cerebral.

Ansorge et al. (2004) reported transgenic
mice lacking one or two copies of the Serotonin
Transporter Gene (5-HTT) exposed to neonatal
treatment with Fluoxetine. These animals presented
depression-like and anxiety related behaviors, a
similar result when compared with the normal (non
transgenic) mice also receiving Fluoxetine.

Numerous studies confirmed that the neona-
al use of selective serotonin re-uptake inhibitors
(SSRIs), such as fluoxetine, sertraline and citalopram,
are known to reduce weight gain during the nursing
period in rats and decrease depressive-like behavior
in the adult animal (Barreto-Medeiros et al, 2002;
Manhaes-de-Castro et al, 2001; Mendes da Silva,
2002; Leite et al, 2005).

The rapid brain development of Rattus
norvegicus occurs during pregnancy and nursing
periods. There is little data about the influence of
antidepressants on brain development and the
genetic factors that inferfere with drug response
during this period. (Geula et al, 1995; Barreto-
Medeiros et al, 2002). These drugs inhibit the action
of the (5-HTT),
serotonin (5-HT) to act longer in the synaptic gap.

serotonin  transporter allowing
Serotonin seems to play a role in regulating the
development of mammalian brain through its action
on self-producing serotoninergic neurons in target
tissues, innervated by them (Whitaker-Azmitia et al.,

1991; Shemer et al., 1991; Lauder at al., 1993).
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Studies with other groups of drugs suggest
that there is variability in drug response influenced
by genetic variations in Wistar rats. Voikar et
al.(1999) analyzed the individual differences of
sensitization for apomorphine-induced behaviors
and found that the behavioral response was different
between the “weak” and “strong” responders.
ntly, Germeyer et al.(2002) identified a dopamine
D2 receptor polymorphism associated  with
apomorphine-induced stereotypes.

Other neurotransmitters panels, such as the
serofoninergic, might be influenced by common
genetic polymorphisms in the rat genome, affecting
drug responses. However, none have been reported
so far.

We developed a pharmacogenetics protocol
of Wistar rats with
Fluoxetine, a selective serotonin re-uptake inhibitors

period (21

based on the treatment

(SSRIs), during the neonatal days)
(Figure 1).

The first step of this protocol is a pilot study
to evaluate the feasibility of finding stafistically
significant differences in the response to fluoxetine in
a limited number of Wistar rats, treated during the
suckling period.

After the drug treatment, the animals were
selected based on their response to daily injections
of 10 mg of Fluoxetine per Kilogram of body weight
and we tried to identify animals, and the litters, with



the most extreme response to the drug treatment
based on this criteria.

The standard response to this kind of
experiment is a progressive and maintained
reduction of weight gain, when compared to the
control animals, only injected with Saline solution.

Vivarium conditions, diet protocols and
animals mating system were performed as previously
described (Mendes da Silva et al., 2002). With their
preserved genealogical identities, the pups were
randomized among the dams. This procedure
intended to decrease the bias of weight gain due to
variability of milking from the females nursing the
pups. Litters were reduced to six neonates each.

The groups were composed according to

pharmacological treatments: 1) Fluoxetine (n=28,

injected  with  fluoxetine dissolved in vehicle:
10mg/kg, s.c., 1ml/100g). 2) Control (n=18,
injected  with the vehicle: 0.9% NaCl, s.c,

1ml/100g).

From the 1% to 21¢ post-natal days, at
12:00 pm., before injection, body weight of the
pups measured using an electronic analytic balance.
The animals were analyzed statistically as corres-
ponding to 2 extreme phenotypes: those whose body
weight evolution were minimized (“good respon-
ders”) and those whose body weight evolution
were greater amongst the fluoxetine group (“bad
responders”) (See detail in figure 1).

After the identification of the rats that have
extreme response of weight gain we found animals
with a 2 standard deviations related to the average
saline sample. Both animals with extreme response
were females (See Figurel). The heaviest one with
57.7g and the lighter one with 25.2g. This group
had an average final weight of 43.13g (SD 7.37)
and the control with an average final weight of
51.8g (SD7.47).

Two groups of animals, curiously all female,
were identified as “good” and “bad” responders
based respectively on their extreme pattern of weight
gain or weight lost. Both groups differed significantly
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from the controls in a 2.0 standard deviation. The
phenomenon seemed to be common to the same
litters, suggesting a genetic component.

Previous studies have shown females as
more sensitive fo drug response variation. Curiously,
two recent studies suggest gender dependent
differences in drug response in Wistar rats and in
corticotropin-releasing factor receptor-2-deficient
mice (Bales., 2003; Solberg., 2003).

Additionally, we searched for SNPs reported
during the re-sequencing of the 5-HTT gene in rat in
various genetic databases. The variations reported
so far in the 5-HTT gene come from the deposit of
two ¢DNA sequences available at the EMBL
accession no. M79450 and Y11024. A pairwise
Blast of both sequences allowed identification of 10
sites of putative variations (Figure 2).

Different strains of the common Rattus
norvegicus, such as Wistar, Wistar-Kyoto (WKY) and
Sprague-Dawley, have been used to study complex
traits, in an attempt to simulate behavior models of
depression and anxiety. Some of these traits seem to
be genetically inherited and sex dependent (Solbeg
et al. 2003).

Curiously, there are also strain differences in
the behavioral effects induced by antfidepressant
such as Fluoxetine (Lopez-Rubalcava et al 1999).
However, there is few data about the intra-strain
variability.
identify candidate

responsible for this finding we searched various data

In  order to genes
bases trying to identify human genes already
involved with weight gain based on the work of
Irizarry et al (2001) whom studied genes involved
with weight gain.

Around 70 genes were identified in humans.
Latter we searched for homologues in Rats to build a
panel of candidates to search for Single nucleotide
(SNPs)  and identify

potential genetics variants relevant for the female

Polymorphisms eventually

response fo antidepressants (Table 1).
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The next step of this work is to compare the
sequence of the 5-HTT gene and other genes that
might explain these phenothype diference between
the animals with extreme response to fluoxetine
treatment and in sets of sibships. Also the analysis of
the weight gain curve in a bigger sample including
the analysis of behavior tests such as exploratory
activity and forced swimming test. The final goal is to
identify genetic polymorphisms responsible for the
variability of drug response among sibships of

animals.

The neonatal antidepressant treatment was
recently considered a good model for predisposition
(Willner et al., 2002).
difficulties comparing

response to human depression we

depression However,

considering  the animal
behavioral
suggest that our protocol might be useful as a model
for the search of genes involved in Fluoxetine
response during period of rapid brain development,

rather than a model to human affective disorder.

Acknowledgements: We would like to thank Dra. Constancia Flavia Junqueira Ayres and Dr. Pedro Ferrer.
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Figure 1. The steps involved at the proposed pharmacogenetic protocol for Fluoxetine.
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M79450 gcaggccccagectecicttcatcacgtatgcagaggcaatagccaacatgecageatee 1260
Y11024 gcaggccccagcctectcttcatcacgtatgcagaggeaataggecaacatgccageatee 1491

M79450 acgttctttgecatcatcticttectcatgttaatcacgetgggattggacageacgtte 1320
Y11024 acgtictitgccatcatcticttcctcatgttaatcacgetgggattggacageacgtic 1551

M79450 gcaggcctggaaggtgtgatcacagetgtgctggatgagttccctcacatctgggecaag 1380
Y11024 gcaggcctggaaggtgtgatcacagcetgtgcetggatgagttcectcacatctgggecaag 1611

M79450 cgcagggaatggttcgtgctcatcgtggtcatcacgtgegtettgggatccctgcetcaca 1440
Y11024 cgcagggaatggttcgtgctcategtggtcatcacgtgegtcttgggatecctgetcaca 1671

M79450 ctgacgtcaggaggggcatacgtggtgactctgetggaggagtatgccacggggecagea 1500
Y11024 ctgacgtcaggaggggcatacgtggtgactctgctggaggagtatgccacggggecagea 1731

M79450 gtgctcaccgtggecctcatcgaggecgtcgecgtgtettggtictatggaatcactcag 1560
Y11024 gtgctcaccgtggcecctcatcgaggecgtegecgtgtctiggttctatggaatcactcag 1791

M79450 tictgcagcgatgtgaaggagatgctgggcttcageccgggatggttitggaggatetge 1620
Y11024 ttctgcagcgatgtgaaggagatgctgggcttcag-- cgggatgg-ttggaggatctge 1848

M79450 tgggtggccatcagecctctgtttctectgticatcatttgeagttttctgatgagecca 1680
Y11024 tgggtggccatcagcecctctgttictectgtteatcatitgeagtittctgatgagecca 1908

M79450 ccccagcetacggcttttccaatacaactatccccactggagtategtettgggctactge 1740
Y11024 ccccagcetacggcttttccaatacaactatccccactggagtategtettgggctactge 1968

M79450 atagggatgtcgtccgtcatctgeatccctacctatatcatttatcggetgatcageact 1800
Y11024 atagggatgtcgtccgtcatctgeatcectacctatatcatttatcggetgatcageact 2028

M79450 ccggggacacttaaggagegcattattaaaagtatcactcctgaaacacccacagaaate 1860
Y11024 ccggggacacttaaggagcggattattaaaagtatcactcctgaaacacccacagaaat- 2087

M79450 ccgtgtggcgacatccgeatgaatgctgtgtaacacaccctgggagaggacacctcttce 1920
Y11024 ccgtgtgg-gacatccgcatgaatgctgtgtaacacaccctgggagaggacaccicttce 2146

M79450 cagccacctctctcagetctgaaaagecccactggactectcccctctaagecaagectg 1980
Y11024 cagccacctctctcagetctgaaaag-cccactggactect---cetctaag -caag- ctg 2201

Figure 2. The variations reported are from the deposit of two cDNA sequences available at the EMBL

accession no.M79450 and Y11024. Blast of both sequences allowed to identify 610 putative variations,
highlighted in red.
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Table 1. Total combined SNPs from EST data and from public genomic sequencing (HGBASE, SNP
Consortium), for the obesity candidate gene

Gene Title Location Location
Hommo Sapiens Rat
ACPI1 acid phosphatase 1 2p25 6q16
ADA adenosine deaminase 20q12-q13.11 3q42
ADRA2A adrenergic, alpha-2A-, receptor 10925 1
[1618.40(cR300
0)]
ADRB2 adrenergic, beta-2-, receptor 5931-g32 18q12.1
ADRB3 adrenergic, beta-3-, receptor 8p12-p11.2 16912.3
AGT Angiotensinogen 1942-943 19912
AK1 adenylate kinase-1 9g34.1 3
[60.70(cR3000)]
APOA4 apolipoprotein A-IV 11923-9g23 8q22
APOB apolipoprotein B 2p24-p23 6qg14
APOD apoliproprotein D 3qg27-gter 11911
ASIP agouti signaling protein 20q11.2—q12 3942
ATPIAI ATPase, Na/Ktransporting, alpha 1 1p13 2q34
ATP1A2 ATPase, Na/Ktransporting, alpha 2 1921923 13924926
ATP1B1 ATPase, Na/Kiransporting, beta 1 1922-925 13923
BF Factor, properdin 6p21.3 20q12
CBFA2T1 Core-binding factor, alpha unit 2 (MTG8) 8q22 5913
CCKBR cholecystokinin B receptor 11p15.4—p15.4 1933
CD36L1 CD36 antigen (collagen type | receptor, thrombospondinreceptor)- 12pter—gter 12915-q16
like
CPE Carboxypeptidase E 4932 16p13
DCP1 Dipeptidyl carbozypeptidase 1 (angiotensin 1 converting enzyme, 17923 10g32.1
(ACE) ACE)
DRD2 dopamine receptor D2 11922.2-922 8q24
ESD esterase D 13q14.1-q14 15911
FABP2 fatty acid binding protein 2 4g28-q31 2q42
FGF13 Fibroblast Growth Factor 13 Xq26 Xq36
GCGR glucagon receptor 17925 10932.3
GCK glucokinase 7p15-p13 14921
GLO1 glyoxalase 6p21.2-21.1 20p12
GNAST gluanine nucleotide binding protein, alpha stimulating activity 20g13.2—q13.3 3q42
polypeptide 1
GNB3 guanine nucleotide binding protein (G protein), beta polypeptide 3 12p13-p13 4942
GPC3 Heparan Sulfate Proteoglycan (Glypican) 3 Xg26.1-g26.1 Xq36

95




NEUROBIOLOGIA, 71(1-2) jan./jun., 2008 — (Cumulative Edition)

Gene Title Location Location
Hommo Sapiens Rat
GPC4 Heparan Sulfate Proteoglycan (Glypican) 4 Xq26-q26. 1 Xq36
GYPA glycophorin (includes MN blood group) 4q28-q31
GYSI glycogen synthase 1 (muscle) 19913.3
HSD3B1 hydroxy-delta-5-steroid dehydrogenase, 3 beta 1p13.1 2934
HTR2C 5-hydroxytryptamine (serotonin) receptor 2C Xq24 Xg34-935.1
IGF1 insulin-like growth factor | 12922-923 7912-913
IGF2 insulin-like growth factor I 11p15.5 1941
INS insulin 11p15.5 1941
INSR insulin receptor 19p13.3 12912
IRS1 insulin receptor substrate 1 2936-q36 9q34
ISL1 ISLTtranscription factor, LIM/homeodomain (islet-1) 5q22.3 2915
KEL Kell blood group 7933 4q22
LDLR low-density lipoprotein receptor 19p13.2 8q13
LEP leptin . 7931-932 4q22
LEPR leptin receptor 1p31 533
LIPC lipase, hepatic 1592-q22 8q24
LIPE lipase, hormone sensitive 19913.1-q13.2 1921
LPL lipoprotein lipase 8p22 16p14
MCA4R melanocortin 4 receptors 184g21.3 18g12.1
MYOZ%A myosin [XA 15g21-g25 8q24
NPY neuropeptide Y 7pter-q22 424
NPYIR neuropeptide Y receptor Y1 4931.3-932 16p14
ORM1 orosomucoid 9932 5q24
PCSK1 protein convertase subtilisin/kexin type 15q15-g21 2q11-q12
PGD phosphogluconate dehydrogenase 1p36.2-36.13 5936
PGM1 phosphoglucomutase 1 1p31 5qg33
PMM2 phosphomannomutase 2 16p13 10912
POMC proopiomelanocortin 2p23 6q14
PON2 paraoxonase 2 7921.3-921.3 4913
PPARG peroxisome proliferator-activated receptor, gamma 3p25 4q42
SLC2A1 solute carrier family 2 (facilitated glucose transporter), member 1 1p35-p31.3 5q36.1
SLC2A4 solute carrier family 2 (facilitated glucose transporter), member 4 17p13 10924
SNRPN small nuclear ribonucleoprotein polypeptide N 15g11-q12 1922
THRB thyroid hormone receptor, beta 3p24.1-p22 15p16
TUB Tubby (mouse) homologue 11p15.5 1q
ucCrei uncoupling protein 1 4928-931 19p11-g11
ucr2 uncoupling protein 2 11913 1932
uceP3 uncoupling protein 3 11913 1932

96




REFERENCES

Bale TL, Vale WW.

behaviors in corticotropin-releasing factor receptor-

Increased depression-like

2-deficient mice: sexually dichotomous responses. J
Neurosci 2003, 23(12):5295-301.

Barreto-Medeiros JM, Cabral Filho JE, De Souza SL,
Freitas Silva SR, Mendes Da Silva C, Deiro TC,
Monteiro JM, Guedes RC, De Castro CM, Manhaes
De Castro R. Early malnourished rats are not
affected by anorexia induced by a selective serotonin
reuptake inhibitor in adult life. Nutr Neurosci 2002,
5(Suppl 3):211-214.

Germeyer S, Birke A, Schmitt U, Dahmen N, Hiemke
C, Havemann-Reinecke U. New dopamine D2
receptor polymorphisms in rats and association with

apomorphine-induced stereotypies. Brain Res 2002,
926(1-2): 1-9.

Geula C, Mesulam MM, Kuo CC, Tokuno H.

Postnatal  development of cortical acetylcho-

linesterase-rich neurons in the rat brain: permanent
1995,

and  transient Neurol

134(2):157-78.

patterns.  Exp

Irizarry K, Hu G, Wong ML, Licinio J, Lee CJ. Single
nucleotide polymorphism identification in candidate

gene systems of obesity. Pharmacogenomics J 2001,

1(3):193-203.

Kirchheiner J, Bertilsson L, Bruus H, Wolff A, Roots |,
Bauer M. Individualized medicine - implementation
of pharmacogenetic diagnostics in antidepressant

drug treatment of major depressive disorders.

Pharmacopsychiat 2003, 36 (Suppl 3):5235-43.

Lauder, JM. Neurotransmitters as growth regulatory

signals: role of receptors and second messengers.

Trends Neurosci 1993, 16(Suppl 6):233-40.

Lopez-Rubalcava C, Lucki I. Strain differences in the

behavioral effects of antidepressant drugs in the rat

Leite, R.M.P. et. al.

forced swimming test. Neuropsychopharmacol

2000, 22(2):191-9.

Manhaes de Castro R, Barreto Medeiros JM,
Mendes da Silva C, Ferreira LM, Guedes RC,
Cabral Filho JE, Costa JA. Reduction of intraspecific
aggression in adult rats by neonatal treatment with a

selective serotonin reuptake inhibitor. Braz J Med
Biol Res 2001, 34(Suppl 1):121-124.

Medeiros JM, Silva CM, Sougey EB, Costa JA,
Castro CM, Castro RM. Action of selective serotonin
reuptake inhibitor on aggressive behavior in adult

rat submitted to the neonatal malnutrition. Arq

Neuropsiquiatr 2001, 59(3-A):499-503.

Mendes-da-Silva C, de Souza SL, Barreto-Medeiros
JM, de Freitas-Silva SR, Antunes DE, Cunha AD,
Ribas VR, de Franca MF, Nogueira MI, Manhaes-
de-Castro R. Neonatal treatment with fluoxetine
reduces depressive behavior induced by forced swim
in adult rats. Arq Neuropsiquiatr 2002, 60(Suppl
4):928-931.

Morgane PJ, Austin-Lafrance RJ, Bronzino D,
Tonkiss J, Diaz cintra S, Cintra L, Kemper T, Galler
JR. Prenatal Malnutrition And Development Of The

Brain. Neurosci Biobehav Rev 1993, 17:91-128.

Seong E, Seasholiz AF, Burmeister M. Mouse models
Trends Genet 2002,

for psychiatric disorders.

18(Suppl 12):643-650.

Shemer, AV, Azmitia, EC, Whitaker-Azmitia, PM.

Dose-related effects of prenatal 5-

(5-MT) on
serotonin terminal density and behavior. Brain Res
Dev Brain Res 1991, 59(Suppl 1):59-63.

methoxytryptamine development of

Solberg LC, Ahmadiyeh N, Baum AE, Vitaterna MH,
Takahashi JS, Turek FW, Redei EE. Depressive-like
behavior and stress reactivity are independent traits

97



NEUROBIOLOGIA, 71(1-2) jan./jun., 2008 — (Cumulative Edition)

in a Wistar Kyoto x Fisher 344 cross. Mol Psychiat
2003, 8(Suppl 4):423-433.

Voikar V, Soosaar A, Volke V, Koks S, Bourin M,
PT, Vasar E.

sensitization in  rats:

Mannisto Apomorphine-induced

behavioural individual
differences, role of dopamine and NMDA receptors.
Eur Neuropsychopharmacol 1999, 9(Suppl 6):

507-514.

98

Whitaker-Azmitia, PM. Role of serotonin and other
neurotransmitter receptors in brain development:

basis for developmental pharmacology. Pharmacol
Rev 1991, 43(Suppl 2):553-561.

Willner P, Mitchell PJ. The validity of animal models
of predisposition to depression. Behav Pharmacol

2002, 13(3):169-88.



