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ABSTRACT

DETERMINATION OF HYPOTHALAMIC NEUROPEPTIDE LEVELS
INVOLVED IN APPETITE REGULATION IN ATYPICAL
ANTIPSYCHOTIC DRUG, RISPERIDONE TREATMENT

Kursung6z, Canan

M. S., Department of Biology
Supervisor: Assist. Prof. Dr. Tulin Yanik

August 2012, 129 pages

Although the use of atypical antipsychotic drugsuscessful in the treatment
of schizophrenia, they cause complications in tmg lterm use that is mainly
weight gain. In this study, circulating levels of ypothalamic
neuropeptides/hormones, which are related to appetgulation; neuropeptide
Y (NPY), alpha melanocyte stimulating hormone-MSH), cocaine and
amphethamine regulated transcript (CART) and pleptin in male
schizophrenic patients who were treated with apie#y antipsychotic drug,
risperidone, which is a serotonin antagonist, fowdeks was investigated.
Based on the hypothesis that the risperidone teatnmight alter the
circulating levels of those neuropeptides through gerotonergic antagonism,
it results in the weight gain. Leptin plasma levelsre increased in the

risperidone treated patients accompanying by weggih vs controls and



NPY, a-MSH, CART levels were decreased in the patientsrbehe treatment
but they were not changed after treatment. To oeter alterations of those
candidate genes mRNA expression levels, male Wisits were orally

administered with risperidone for 4-weeks. Rat ®sidhow that the mRNA
expression and plasma levels of POMC, AgRP, and M@k decreased but
CART mRNA levels were increased while their pladmaels were decreased
unexpectedly. In conclusion, the serotonergic amteyn of risperidone on
POMC neurons may cause increase in appetite; amcehéncreased weight

gain and leptin levels, even in a short term trial.

Keywords: Schizophrenia, Risperidone, Hypothalamic neuradept Obesity



Oz

ATIPIK ANT IPSIKOT iK RISPERIDON TEDAV ISINDE iSTAH
KONTROLUNDE ROL ALAN H iPOTALAM iK NOROPEPTITLERIiN
SEVIYELER iNiN iNCELENMESi

Kursung6z, Canan

Yuksek Lisans, Biyoloji B6lumu

Tez Yoneticisi: Yrd. Dog. Dr. Tulin Yanik

Agustos 2012, 129 sayfa

Atipik antipsikotikler, sizofreni tedavisinde Bari gdstermelerine gmen,
uzun donem kullanimlarinda, en onemlisi kilo aloimak tzere, ¢gtli yan
etkiler gostermektedir. Bu camada, $tah dizenlenmesinde rol alan,
hipotalamik ndropeptiler/horomonlarin (néropeptit (XPY), alfa melanosit
stimule eden hormona{MSH) ve kokain ve amfetamin ile regule edilen
transkript (CART)) ve leptinin, serotonerjik antagst olan atipik antipsikotik
risperidon ile 4 hafta tedavi edilen erkefzofren hastalardaki plazma
seviyeleri incelendi. Risperidonun, serotonerjik tagonizm ile bu
noropeptilerin plazma seviyelerini getirebilecesi hipotezine bali olarak,
ilacin kilo alimina neden olabilegie distinulmektedir. Risperidon tedavisi
goren hastalarda kontrole gore plazma leptin séviyartms ve kilo aldiklar
gozlemlenmgtir. Bununla birlikte, NPY, a-MSH ve CART seviyeleri
tedaviden Once gk olup, ilag tedavisiyle dgsiklik gostermemgtir. Bu aday
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genlerin mMRNA ekspresyon seviyelerinin belirlenmegin erkek Wistar
sicanlara 4 hafta oral yoldan risperidon verglmi Sicanlarla yapilan ¢ama,
POMC, AgRP ve NPY mRNA ekspresyonlarinin ve plazsgviyelerini
azaldgini, fakat beklenmedik birsekilde CART mMRNA seviyelerinin
distigini, plazma seviyelerinin ise agih gostermitir. Sonug¢ olarak,
risperidonun kisa donem kullanimda dahi POMC né@onlizerindeki
serotonerjik antagonizmi ilgtahta arya, bu nedenle de kilo alimina ve leptin

seviyelerinde arga neden oldgu distnulmektedir.

Anahtar kelimeler: Sizofreni, RisperidonHipotalamik néropeptitler, Obezite
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CHAPTER 1

INTRODUCTION

1.1 Schizophrenia

Schizophrenia is a chronic, psychotic disorder ttetses perturbations in
cognition, hallucinations, delusions, disorganizggeech and catatonic or
bizarre behavior (DSM 1V, 1994). Its lifetime présace is 1% and generally
seen in young adulthood ages (Andreasen, 2000). &Xset causes of
schizophrenia are not known clearly. However, igénerally thought that the
genetic basis is very significant risk factor adlwas the birth injuries or viral
infection during pregnancy. Psychosocial effectsndb seem to be a “cause”
for schizophrenia (Frith, 1992). The symptoms suah hallucinations,
delusions are called “positive symptoms” since theyabnormally happening.
Also, a schizophrenic patient shows “negative symgst’ of the illness such as
the reduction of spontaneous behavior, and thasgteyns are the ones that a

normal person has but a schizophrenic patient ib¢Asdreasen, 1985).

1.1.1 Anatomical abnormalities in brains of schizoprenic patients

The behavioral abnormalities might be the resulisneurodevelopmental
deficits and brain anatomical and physiological ndes. By the use of
Magnetic Resonance Imaging (MRI) technology, thestbstudied and
visualized difference in schizophrenic patients lgteral ventricular

enlargement, however, it is a non specific distndeasince this can be also



seen in other psychiatric conditions (Shentnal, 1997). There is no
statistically significant difference in the voluroéthe gray matter in brain of
schizophrenic patients in comparison to the healtidividuals (Pearlson,
1997). According to the MRI studies, there are abadities in hippocampus,
amygdala, and parahippocampal cortex of the patigrtien compared to
controls (Shentoret al, 1997). While some researchers found thalamic
abnormalities in schizophrenic patients (Andreaseal, 1994), some could
not observe any difference between control ancepatjroups (Portast al.,
1998) due to the fact that since thalamus hasexdgneous structure in terms
of anatomy, it is difficult to visualize it by MREchnology (Pearlson, 1999).
When compared to healthy individuals, the most g change in
schizophrenic patients’ brain anatomy is that vasnof some parts of the
brain regions differ as seen in a number of MRU®&s (Danielet al, 1995).
When the gender difference is considered, the perea of the schizophrenia
does not differ between men and women significahibyvever, the differences
might be seen in the age of onset or the treatmespionse (Goldstein, 1995).
When the genetic basis of the schizophrenia isiesudt was shown that if a
person has a schizophrenic first-degree relathee ynaffected person might be
carrying pathologic genes (Cannoet al, 1994). Although the exact
mechanism of the involvement of genes in the patfiohl condition of the
disease is not known clearly (Wickham, 1997), itsisggested that the
candidate genes might be responsible for the @bntiegration or development
(Ross and Pearlson, 1996).

1.1.2 Biochemical abnormalities in brains of schizghrenic patients

Disturbances in the neurotransmitter systems wagatified in the brains of
the schizophrenic patients. The increased dopamnamsmission, which is a
cathecolamine neurotransmitter, in the central osvsystem (CNS) was

found to be correlated with the positive symptorhshe schizophrenia (Van



Rossum, 1967). Also, gamma aminobutyric acid (GABpgathway, an
inhibitory neurotransmitter, was found to be digagpin the schizophrenic
patients (Wasseet al, 2003). Moreover, the alterations in histaminergi
adrenergic and noradrenergic pathways were foundetorelated to the

schizophrenia pathophysiology (Rauscletral, 1980; Kemaligt al, 1982).
1.1.2.1 Serotonergic pathway and abnormalities inckizophrenia

Serotonin, 5-hydroxytryptamine (5-HT) is a monoaeimeurotransmitter that
iIs synthesized from tryptophan by two enzymes wrach L-tryptophan-5-
monooxygenase and 5-hydroxytryptophan decarboxylasgl.1) (Costa and
Meek, 1974).
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Serotonin is synthesized in CNS and it is generaigociated with mood,
anxiety, cognition and homeostatic activity in thein. The cell bodies of
serotonin neurons are mainly found in raphe nuatel they send their axon
projections to almost all brain regions, includingprtex, thalamus,
hypothalamus, striatum and amygdala to exert tpRysiological functions
(Lamet al, 2010; Charnay and Léger, 2010).

After the biosynthesis of serotonin, it is senttlie vesicles to be packed. In
case of the depolarization of the neuron, the wgaiciion concentration
increases and the vesicles containing serotonmitih cell membrane for the
release of serotonin to the synaptic cleft. Seiotoraches to postsynaptic
neuron and via its receptors, and it initiates dbgnstream pathways in the
neuron. The excess serotonin is taken back togbeon by serotonin reuptake
protein (SERT) and that serotonin is again packegesicles. Free serotonin in
the cytoplasm is metabolized by the enzyme moncamoixidase and it is
converted to its metabolite 5-hydroxyindole-3-acetcid (5-HIAA) (Fig.1.2)
(Nichols and Nichols, 2008).
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Serotonin receptors, which are in seven groupsehabtHT;, 5-HT,, 5-HTy,
5-HTs, 5-HTs, 5-HT,, belong to G-protein coupled receptor (GPCR) famil
with 13 genes encoding for those receptors. Oné/ 5kKHT; receptor is a
ligand-gated ion channel type receptor (Nichols Ainchols, 2008). Some of
those receptor groups include more than one mersheh as 5-HT has 1A,
1B, 1D, 1E and 1F subgroups, while 5-Hias 2A, 2B and 2C subgroups. 5-
HT, receptors, by coupling to;@nhibits the adenylate cyclase (AC) activity
and results with the neuron hyperpolarization bystream pathways. The 5-

HT, receptor family couples tog3activating phospholipase C (PLC) pathway
and depolarization of the neuron (Fig.1.3) (Lanal, 2010).
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Figure 1. 3 Serotonin receptors’ downstream pathways (Aghajardind Sanders-
Bush, 2002).

In 1950s, it was shown that the hallucinogenic dysgrgic acid diethylamide
(LSD) resembles serotonin in terms of its struct®D caused the inhibition
of the serotonin neuron firing in the raphe nucléuwas hypothesized that the
schizophrenia might be associated with a dysfunciioserotonergic system
(Gaddum, 1954; Wooley and Shaw, 1954). LSD, by ctliragonism of
presynaptic 5-Hi,, inhibits the serotonergic cells in raphe nuchaif it is
more potent agonist of 5-HTreceptors. This agonism results with positive
symptoms of schizophrenia which is suggesting ticeesed 5-HJi functions
might be related to schizophrenic episodes (Abigham et al, 1997,
Aghajanian, 1994). The serotonin metabolite 5-HIWAs investigated in the
cerebrospinal fluid (CSF) of schizophrenic patieatsl there were, increase,
decrease or no change in 5-HIAA level, which cootut give explanation
about the serotonin in schizophrenia (Ashceifal, 1966; Wode-Helgodeét
al., 1977; Rimonet al 1971). Furthermore, serotonin concentration in



hypothalamus and hippocampus of post-mortem schieofc patients
decreases (Winbladt al, 1979), while in the subcortical areas it ince=sas
(Farley et al, 1980). Also, the density of 5-HT transportersfaand to be
decreased in the frontal cortex of schizophrentepts (Laruelleet al,, 1993).
5-HT,c receptor expression was also shown to decreasdicantly in the
postmortem schizophrenic patients’ brains (Castanstsal, 2003).

1.2 Treatment of schizophrenia

1.2.1 Typical and atypical antipsychotics

The treatment of schizophrenia could be possibter athe discovery of
antipsychotic drugs in 1950’s. The first antipsytahdrug to be discovered and
applied to the patients was chlorpromazine whicls synthesized and tested
by Charpentier and Courvoisier in 1950, in Fraf®yever, its mechanism of
action was not known (Stip, 2002). After dopamireswliscovered as a central
neurotransmitter, it was found that the major masha of action of
antipsychotic drugs was thorugh dopaminergic am&sgo (Carlsson, 1963).
After this discovery, also, serotonergic mechangmaction of antipsychotics
was also proposed (Meltzer, 1989;99(Suppl)). Traoggsychotics discovered
firstly were named as “typical antipsychotics” ahdias shown that they cause
extrapyramidal side effects (EPS), leading to iomtdry movements such as
parkinsonism, on patients (Leucht, 1999). It isgasged that the reason for the
EPS is that the one of the main pathways of dopamio system in brain
which is between the substantia nigra and striadmoeh called as nigrostriatal
pathway is blocked (Taylor, 2006). Besides the EPBrpromazine has also
other side effects such as increase in plasmaimee&tnase activity and
increase in plasma prolactin levels (Meltzer, 2004)part from
chlorpromazine, the typical antipsychotics that eversed were reserpine,

fluphenazine, prochloroperazine, and thioredazntech were followed by the



involvement of butyrophenones (Domino, 1999). 6 German scientists
studied on the antipsychotic efficacy and EPS lyekeand finally they
discovered clozapine, the first ‘atypical antipsytiti, with minimum EPS and
capable of treating both positive and negative fspmp of schizophrenia
(Hippius, 1996). Since the mechanism of actionypidal antipsychotics is
through dopamine receptor blockage, after the dmgo of atypical
antipsychotics, the serotonin/dopamine antagonisory was postulated and
it was suggested that if a drug’s affinity for deron receptor is higher than
that of dopamine receptor, it leads to less EPSnami@ drug efficacy (Meltzer
et al, 1989) After the succes of clozapine, the discpvelr new atypical
antipsychotics continued and the second one toisgmovered and approved
was risperidone in 1994 (Marder & Meibach, 1994).

1.2.2 Risperidone

Risperidonebelongs to benzisoxazole derivatives antipsychfatigily and its
chemical name is 3-[2-[4-(6-fluoro-1,2-benzisoxa2e}l)-1- piperidinyl]ethyl]
-6,7,8,9-tetrahydro-2-methyl-4H-pyrido[1,2-a]pyroim-4-one,  with  the
chemical formula gH/FN4O,, the molecular weight is 410.49 (Risperdal

Prescribing Information, 2008).
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Figure 1. 4The chemical structure of risperidone



Risperidone is metabolized through hydroxylatiomct®n by cytochrome
P450 2D6 (CYP 2D6) enzyme in the liver. It is comed to 9-
hydroxyrisperidone and together with risperidoneheyt exert the

pharmacological action (Risperdal Prescribing Infation, 2008).

Risperidone is a potent antagonist for 5;k&nd dopamine-2 receptor D
(Gardneret al, 2005). It has effects on both positive and negatymptoms of
schizophrenia and also it shows low incidence oS EPavis and Janicak,
1996).

Table 1. 1 Relative dopamine and serotonin receptor affinites risperidone
(Miyamotoet al, 2005)

Receptor Risperidone affinity
D, +

D, +++
D3 ++

Dy -
5-HTa -
5-HT1p +
5-HToa ++++
5-HT ¢ ++
5-HTe -
S5-HT> ++ +

The atypical antipsychotics, besides treating thezephrenic symptoms, have
an important side effect of weight gain (Mdullet al, 2004). Ten weeks
risperidone treatment of the schizophrenic patigatealed that risperidone

causes two kilograms of weight gain, suggestingnmisderate weight gain



effect (Allison et al, 1999). The clinicians in Gulhane School of Mauic
(GATA) reported that the patients generally do m@nt to continue the
treatment due that the long term use of risperid@uses a significant increase

in the body weight and leads to obesity.
1.3 Obesity

Obesity is becoming an important worldwide epideuntéy by day. With its
increasing prevalence in last decades, obesity magor health problem
accompanied by economical, social and psychologicablems worldwide.
According to the definition of World Health Orgaation (WHO), obesity is
“abnormal or excessive fat accumulation that magaimhealth”. Body Mass
Index (BMI) is the index that is used for the measwent of overweight state
and obesity. It is calculated by the division oflpaveight in kilograms to the

square of the height in meters (kgJm

Table 1. 2Classification of BMI according to WHO.

BMI cut-off points
Underweight <18.50
Severe thinness < 16.00
Moderate thinness 16.00 — 16.99
Mild thinness 17.00 — 18.49
Normal range 18.50 — 24.99
Overweight >25.00
Pre-obese 25.00 —29.99
Obese >30.00
Obese class | 30.00 — 34.99
Obese class Il 35.00 —39.99
Obese class I > 40.00
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According to the data collected by Turkish StatedtiAssociation, 50.5% of
men and 49.4% of women above the age 15 are obeseveight in Turkey
(www.tuik.gov.tr, 2011). The Fig.1.5 shows the wdwide obese percentage of
adults according to the countries, survey conducteg WHO
(http://apps.who.int/bmi/index.jsp, 2009). MoreaveYHO estimates that by
the year 2015, approximately 2.3 billion peoplel w# overweight and over

700 million of them will be obese.
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Figure 1. 5Percentage of obese adults worldwide (http://apps.wt/bmi/index.jsp,
2009).

A number of researches have been carried out éetiology of obesity and it
was found that the genetic factors’ contributioriite disease is 30-40% while
the environmental factors’ contribution is 60-70Ri-Sunyer and Xavier,
2002). Moreover, there is an interaction betweenegje and environmental
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factors such that some people genetically predespm®besity that only under
certain environmental factors. Among environmeritaltors, sedentary life
styles, high-fat diets, eating behaviors, and dragke effects commonly lead
to obesity (Stunkard, 1988).

Obesity is the second cause of mortality in the. df&r smoking. Obesity is
associated with other disorders such as type-2ethab hyperlipidemia,
cardiovascular diseases, collectively resultinghwitetabolic disorder (Hugt
al., 2011). The most important consequences of gbesitld be listed as
insulin resistance, type-2 diabetes, and the isexddevels of free fatty acids
(FFAs). Insulin, after secretion from thHecells in Langerhans islands in
pancreas upon the increase of glucose in bloodishio its receptors on the
target cell. When insulin binds to its receptoGatses autophosphorylation of
tyrosine leading to downstream pathways. As a tesulthis intracellular
downstream pathway, glucose uptake via glucosesp@ters increases.
However, in obese people, the ability of insulingjgtor to autophosphorylate
the tyrosine decreases and this reduction causaBniresistance (Caret al,
1989). Moreover, obese people have some other tdefacthe glucose
metabolism, such as decreased glucose transpattdgsfunctions in some
important enzymes in glucose metabolism pathwayss& abnormalities,
however, may normalize after the weight loss ofdhese person (Friedmanh
al., 1992; Segatt al, 1991). Another important consequence of obeésitype

2 diabetes which has both genetic and environmdategkground. It is shown
that BMI and waist circumference are associatech Wite risk of type-2
diabetes. Neither all obese people have type-2etkabnor are all diabetic
patients obese (Timpsoet al, 2009). Apart from the genetic background,
environmental factors, one of the most importantwwich is obesity, have
effects on type-2 diabetes progress. This typeaaiiales is seen due to insulin
resistance ang@-cell impairment of pancreas Langerhans island® fFhell

impairment leads to disruption of the insulin séore and consequently
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hyperglycemia is seen in those patients. Moreowvaexas shown that type-2
diabetic patients have 40% leggsells when compared to healthy individuals
(Feinglos and Bethel, 2008).

When the fat mass in obese people is elevatedydiigoand FFA mobilization
increases and as a consequence FFA oxidationrsased in muscles and the
liver. As a result, muscles start to use FFA asalternative energy source and
gluconeogenesis increases in the liver. Those mktalabnormalities in
glucose metabolism lead to hyperglycemia and ineplaiglucose tolerance
(Fig.1.6) (Jenseat al, 1989).

Lipolysis

{
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Muscle

MFFA
oxidation oxidation
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Figure 1. 6 Effect of lipolysis on glucose metabolism (Pi-Sungad Xavier, 2002).
1.4 Central and peripheral control of eating
Body weight is controlled by the interaction betwedbe brain and peripheral

signals. There are a number of gastrointestinahbaes in the periphery that
have roles in the body weight regulation. Thosentwres, cholecystokinin
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(CCK), glucagon-like peptide 1 (GLP-1), ghrelin,i@zhectin, peptide YY
(PYY), control the energy balance in parallel te ttontrol of eating by CNS
(Havel, 2001).

The hypothalamus is the primary CNS part for thgulation of energy
homeostasis (Rohner-Jeanrenaiical, 1996). The arcuate nucleus (ARC) of
hypothalamus is the most important part for thedfodake control and the site
where synthesis and secretion of orexigenic andeaigenic neuropeptides
take place. (Funahaséi al, 2000).

Figure 1. 7 Arcuate nucleus (ARC) of hypothalamus, in the sdit@ydiagram of the
coronal section of the rat brain (CeA: Central rusl of amygdala; LHA: Lateral
hypothalamic area; ME: Medial eminence; VMH: Ventexlial nucleus of the
hypothalamus) (Kishi and EImquist, 2005)

1.4.1 Leptin

Leptin is a 16 kDa protein hormone which is syntres in and secreted from
the white adipose tissue and signals to the hypathes (Margeticet al,
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2002). After cloning of mice and human leptin (g@boptein, which is the time
of its discovery, the mice lacking tlud gene and obese, it was deduced that
replacement of leptin caused a decrease in the fotake and obesity
symptoms in the mice (Zhargg al, 1994; Halaast al, 1995). Theob gene is
located on the chromosome 7g31.3 and is 650 kb 3viélxons and 2 introns
with coding regions on exon 2 and 3. There are mbar of regulatory
elements on the promoter site ob gene (Fig.1.8) but the tissue specific
expression regulation still remains unknown in whadipose tissue (Goreg
al., 1996). Apart from the white adipose tissue, ifefg also secreted from
various kinds of tissues such as stomach, intesfoh@centa, and testis
(Considine and Caro, 1999).
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Figure 1. 8Leptin gene and its transcript in human (Kurokawal., 2005)

The most important physiological role of leptirthe control of food intake via
CNS. To exert its function, leptin binds to itseptors (Ob-R). There are six
splice variants of the leptin receptor gene idedif Ob-Ra, Rb, Rc, Rd, Re,
Rf, all of which share the same extra-cellular higggbinding domain which
consists of 816 amino acids. However, their inttatas C-terminus domains
differ between variants (Tartaglet al, 1995). Figure 1.9 shows the isoforms
of leptin receptor. Leptin receptor family is a mnimmn of class | cytokine
receptors. All isoforms contain a cytokine recegtomologous domain in the

extracellular part. Also, all share two conservasulfide bonds in the N-
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terminus. Among the identified isomers, only the-Rlb has the necessary
intracellular domain for the activation of the JAJI-AT (Janus activated
kinase-signal transducers and activators of trgstgmn) signal transduction
pathway. Moreover, Ob-Re does not have any inti@deelor transmembrane

domains, and circulates as a soluble receptordglat 1997).

Ob-Ra Ob-Eb Ob-Rc Ob-Rd Ob-Re Ob-Rf
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Figure 1. 9 Leptin receptor isoforms. The domain structuresthe alternatively
spliced variants. (Ahima and Osei, 2004).

Once the leptin binds to its receptor the main diveam mechanism is
activated by the JAK-STAT pathway. Ob-Rb has thceaserved tyrosine
residues which are identified as Y985, Y1077 and38Lin mice. Y1138 is the
part which activates signal transducer and activattéranscription 3 (STAT3)
with its SH2 (Src homology-2) domain and this aafiion results with
homodimerization and translocation of STAT3 whicinds to specific

promoter elements of target genes (Baeal, 2003; Muraokaet al, 2003).

Ob-Rb activates the targets such as insulin receptbstrate-1 (IRS-1),
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mitogen activated protein kinase (MAPK), extradeltisignal regulated kinase
(ERK), Akt, adenosine monophosphate kinase (AMPK)nd a
phosphatidylinositol-3-kinase (PI-3) which are alsativated by insulin

signaling. Therefore, leptin and insulin functiamyéther to control the body
weight. (Niswender and Schwartz, 2003; Pettal, 2002).

¢ | mactvation of call Transcription of eaity
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and other STAT3-induced ganas, 4 c-fun, agr-1
&g, vagl g

[ Transcripbon of NFkB-induced genes |

Figure 1. 10 Genereal signal transduction pathways triggerredelptin receptor
(Garofalo and Surmacz, 2006)

ODb-Rb expression is high in the hypothalamus andag shown that Ob-Rb
defected mice showed no STAT3 activation in thenbwehich is indicating
that hypothalamus is the main part for the leptinoa (Ghilardiet al, 1996;
Feiet al, 1997).
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Leptin is circulating in the bloodstream both asifd to plasma proteins and
in its free form (Sinhat al, 1996). The way of transmission of leptin to the
brain is suggested by crossing the blood brainidraBBB) via receptor
mediated mechanism (Pardridge, 1986). There igfa level of expression of
Ob-Ra, the short form of leptin receptor isomers,microvessels of brain
providing the internalization of leptin (Bjorbaek al, 1998; Golderet al,
1997). Moreover, leptin and Ob-Ra is found in cevspinal fluid (CSF) but it
was shown that leptin concentration in CSF is axiprately 100 fold less than
the plasma leptin concentrations which indicate @Skot the primary leptin
carrier site (Tartagliat al, 1995). Leptin receptors in the brain associatgd w
the food intake regulation are mainly found in thecuate nucleus of
hypothalamus, where leptin controls the expresamhsynthesis of orexigenic
and anorexigenic peptides, which increase and dserehe food intake,
respectively (Dyeet al, 1997).

One important mechanism in obesity is the leptgistance pathway. Leptin
resistance can be defined as the decreased redpotieeleptin and indicated
by the increased plasma leptin levels in obesity. people with leptin
resistance, appetite regulation cannot be achigrederly and food intake
cannot be inhibited as the fat mass increasesiégeanreted leptin amount also
increases as result of it. Mechanisms involved a@vetbpment of leptin
resistance are mainly leptin receptor signaling &ptin transport, yet the
exact mechanism is not known (Housekneehtal, 1998). Elevated leptin
levels impair leptin receptor signaling thus the pexted response
corresponding to those leptin levels are not geadrdn the case of presence
of high leptin levels in the plasma, the transpafrtleptin through BBB is
impaired so that leptin cannot reach its targetomesito generate a response. In
addition, defects in cellular trafficking of leptineceptors and targeted

signaling pathways may also contribute to develagnué leptin resistance.
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Moreover, insulin resistance is mostly seen togethth the leptin resistance
in obesity (Margetiet al., 2002).

1.4.2 Hypothalamic neuropeptides that regulate foothtake

The synthesis and secretion of the orexigenic (djgeptide Y and Agouti-
related peptide) neuropeptides and the anorexigenazopiomelanocortin and
cocaine and amphetamine regulated transcript) pédee in the ARC of the

hypothalamus.

1.4.2.1 Orexigenic peptides

Mainly two orexigenic neuropeptides exist in the@®hich are neuropeptide
Y (NPY) and agouti related peptide (AgRP).

1.4.2.1.1 Neuropeptide Y (NPY)

NPY is a neuropeptide having 36 amino acids anesdonm the mammalian
nervous system (Larhammat al, 1987). NPY is abundantly found in the
different parts of the brain, peripheral sympathagrves, and adrenal medulla,
and it is localization is with cathecolamines, #®gvas neurohormone,
neurotransmitter, and neuromodulator in the nensystem, immune system,
and vascular system via its different types of pémes (Zukowskaet al, 2003).
NPY, being one of the most abundant peptides irbth&, reaches its highest
concentrations in the arcuate nucleus of the hyathus, brainstem, and
anterior pituitary. In those sites, it is respofeilfor two important
physiological functions, which are regulation obébintake and stress response
(Hirsch and Zukowska, 2012). The stress responsergted by NPY differs in
the central and peripheral parts. In periphery, Nf2¥ses an increase in the

stress response, while, in the brain, it helpsbitdy to cope with the stress. It
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was shown that NPY injection to the paraventricalacleus (PVN) resulted in
the increasing levels of adenocorticotrophin horedOhCTH), which triggers
the release of cortisols from the adrenal glarmmdpprtant in the stress response
(Crowley, 2004).

NPY gene expression in the ARC of hypothalamus @niyn regulated by
leptin receptors found on the NPY neurons. The @sed mechanism for the
NPY gene expression repressed by the leptin bindimtg receptor is shown in
Fig.1.11. When leptin binds to its receptor, it\aates the JAK-STAT pathway
and STAT3 is phosphorylated. When STAT3 is actidata phosphorylation,
it activates a transcription inhibitor factor, SCE&uppressor of cytokine
signaling 3). The induced SOCS3 antagonizes theTS3T&ctivation on the
leptin receptor and inhibits the transcriptionNRPY via histone deacetylases
(HDAC). In the reverse condition, one of the HDAfibitors, trichostatin A,
inhibits the repression effect of SOCS3 which eualty causeNPY expression
(Higuchiet al, 2005).

() leptin
ObRb receptor[™] [

JAK JAK 0CS3 gen ﬂ

{E) (® RNA polymerase
STAT

STAT sites

NPY gene

Figure 1. 11 Proposed mechanism of how leptin controls the NRMegexpression
(Higuchi, et al, 2005).
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The receptors of NPY belong to the GPCR family. eFidifferent NPY
receptors are identified in the mammals, which ¥R, Y2R, Y4R, YsR and
YeR (Michel et al, 1998). The distribution of those receptors areniya
confined to the hypothalamic area in the brain, éxav, there are also NPY
receptors in the periphery (Fetissev al, 2004). The downstream pathway
activated via NPY receptors are generally the itibiv of the adenylate
cyclase pathway and reduction in cAMP levels. Meeggpin some cell types,
the response might be through the potassium arguoalchannels (Merten
and Beck-Sickinger, 2006; Herzag al, 1992). Among those receptors, the
ones important in the feeding behavior and strespanses are;R, Y2R, and
YsR.

Y 1R is mainly found in the cerebral cortex, thalanarg] amygdala in the CNS
(Cabrele and Beck-Sickinger, 2000). Moreover, iswhown that ¥R is also
found in the adipose tissue and in the vascularogmmuscle cells (Lindneat
al., 2008; Castaret al, 1993). The YR expression is controlled by three
promoters and which one of those will be activatedends on the tissue type
(Ball et al, 1995). Glucocorticoids were shown to have a satouy effect on
the Y1R in the hypothalamic region (Bournat and Allenp2P Furthermore,
although the NPY expression is upregulated durimmger periods, the
expression of YR mRNA was shown to be decreased in the ARC (Cle¢ng
al.,, 1998). Also, obese rats were shown to have deetediR mMRNA
expression in the hypothalamus (Bestkal, 2001). On the other hand, the role
of NPY in the stress responses was found to beerkta YR, and NPY exerts
its function via activation of the R (Evaet al, 2006). It is important that the
YR expression is highly upregulated in the dentateugy and the medial
amygdala of the schizophrenic patients (Kighial, 2005). Moreover, the
activation of the YR inhibits the behavioral response to the doparginer
stimulation in schizophrenic patients (Kask andrbla2000). The downstream

pathways stimulated upon the binding of the ageristY;R are initiated by
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the internalization of the receptor via clatrin twmh pits (Gicquiauxet al,
2002).

The Y;R is found in different brain regions such as anaygdhypothalamus,
thalamus, hippocampus and brainstem of the rah lfistafsoret al, 1997).

It was shown that when the;R is knock-down in mice, it causes an increase
in the NPY levels in the arcuate nucleus of thedtlyplamus (Sainsbumst al,
2002). This observation might be explained by tfes@nce of ¥R in the NPY
neurons to down-regulate its expression in theypigstic manner (Kingt al,
2000). Except for the arcuate nucleusRYwas found to be expressed in
different parts of hypothalamus. High levels of eegsion were shown to be in
the rostral hypothalamus, and theRyin that region was thought to have roles
in the reproductive behavior (Swanson, 1987). MeeeoY,R was found to be
strongly associated with feeding behavior. NPY dtignh to the PVN of the
hypothalamus was found to be decreasing the fotaken (Leibowitz and
Alexander, 1991). Related to the other importafe od NPY, which is stress
response, the )R knockout mice displayed diminished anxiety bebisyi
which might explain the role of JR in stress responses of NPY (Redrebe
al., 2003). Furthermore, mice having deficiency in ¥ signaling showed

schizophrenia-related behaviors (Kerlal, 2010).

The YsR localization throughout the brain is distributedlifferent brain areas,
and the density of 3R in the hypothalamus is too low (Dumaettal, 1998).
The studies showed thatR, not by itself, but with the YR, is modulating the
feeding behavior (Duhau#t al, 2000). To support this idea, it was revealed
that YsR knockout mice do not show any changes in theirigeldehavior or
weight gain, which might be explaining thadRYcannot control the food intake
itself or the lack of ¥R might be compensated for in terms of the feeding
behavior (Kanataret al, 2000). Because of the colocalization gRYwith the

stress related neurotransmitters, such as coxijgloin releasing factor (CRF)
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and GABA, it was shown thatsR involves in the stress-related behaviors
(Walker et al, 2009). However, no direct involvement of theRYin the

schizophrenia is described in the literature.

There are numerous studies showing the relatiowdsst the NPY levels and
schizophrenia. Alterations of the NPY levels weertedted in the temporal
cortex and the CSF of the schizophrenic patientsnb significant change in
the hypothalamic tissue was observed (Frederiletes, 1991; Widerlovet
al., 1988). Moreover, the NPY mRNA levels of the sopiarenic patients in
the prefrontal cortex were shown to significantgcoease when compared to
healthy individuals (Kuromitset al, 2001). The antipsychotic treatment, on
the other hand, was shown differences in termsheftypical and atypical
antipsychotic treatments. Obuchowicz (1996) dematesd that the treatment
of rats with typical antipsychotics, but not theymtal ones, resulted an
increase in the hypothalamic NPY levels (Obuchoni&96).

1.4.2.1.2 Agouti-related Peptide (AgRP)

Human AgRP is a 132 aminoacid protein while theerddAgRP encodes 131
aminoacid protein (Browet al, 2001). There are a number of physiological
roles of AgRP, one of which is the increasing tbedf intake and decreasing
the energy expenditure (Stutet al, 2005). Moreover, AgRP has
neuroendocrine functions on the regulation of tlgptlmalamo-pituiatry axis,
such as increasing the ACTH levels or suppresdnegthyroid stimulating
hormone-releasing hormone (TRH) and decreasinghyreid hormone levels
in the periphery (Dandoret al, 2004; Feketet al, 2002).

AgRP was shown to be an antagonist of the melatincaceptors (MCRS),

and it is also an inverse agonist of the MC4R (ma&tartin receptor 4), and

this effect is suggested to be the role of AgRPthe feeding control
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mechanism (Nijenhuist al, 2001). In the CNS, AgRP mRNA was found to be
colocalized with the NPY mRNA at a percentage o%9@robergeret al,
1998). It was suggested that AgRP has a modulatoley in the feeding
behavior, not required for the stimulation of feggbecause it was shown that
AgRP levels is higher in pregnancy and lactatioremvthe body needs higher
energy (Rosset al, 1998; Rochaet al, 2003). Moreover, AgRP injection to
the PVN of the rats resulted with an increased fiotake, which suggests the
localization of AgRP in the PVN and its effect @eding (Wirthet al, 2000).

The cellular synthesis pathway of the AgRP is thenes with the NPY
expression, in which leptin binding to its receptactivated the JAK/STAT
pathway to inhibit the expression of NPY, togethsith AgRP. This
mechanism also works with the phosphatidylinosBdDH-kinase signaling
pathway (Morrisoret al, 2005). After the expression of AgRP, it is stoned
the secretory granules intracellularly, and iteask mechanism is regulated
secretory pathway. Its posttranslational modifmatiis done by the
prohormone convertases (PCs), specifically PCEHawds the prohormone and
provides the formation of full-length bioactive ABRCreemert al, 2006).
The important part of AgRP is its 83-132 C termifi@gment since this
fragment was shown to have the role in melanocoeteptors’ antagonism, so
the regulation of the food intake (Rossial, 1998).

In stress conditions, AgRP expression was showaetyease significantly in
rats while NPY expression significantly increasBserefore, it was suggested
that overeating during the stressful periods mightelated to the disruption of
NPY/AgRP mechanism (Kast al, 2005). Furthermore, although there is not
much evidence for the relationship of AgRP and =gbirenia, AQRP was

suggested to have alterations in schizophrenieipEtiBernsteiet al, 2010).
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1.4.2.2 The ARC anorexigenic peptides

Two ARC neuropeptides have anorexigenic roles whach namely Pro-
opiomelanocortin  (POMC) and Cocaine and AmphetamiRegulated
Transcript (CART).

1.4.2.2.1 Pro-opiomelanocortin (POMC)

POMC is a prohormone that is synthesized in thenpgtuitary gland, skin,
and the immune system of humans (Ytcal, 2000). The expression in the
brain was found to be in the ARC of the hypothalarand the nucleus tractus
solitarius (Younget al, 1998). The expression control of POMC by lepsin i
induced by JAK/STAT pathway, so that binding of SBAto POMC
promoter, histone acetylases are recruited and POMRNA expression
increases (Kinet al, 2006). However, when STAT3 gene is deleted, POMC
MRNA expression slightly decreased, suggestingdaiitianal mechanism in
the POMC expression regulation (¥tial, 2007). The other mechanism in the
POMC gene expression was found to be phospatidtwio3-kinase (RBK)
pathway. Once inositol-3-phosphate sjPik activated, it phosphorylates the
membrane lipid phosphatidylinositol-4,5-bisphosphat (PIR) to
phosphatidylinositol-3,4,5-trisphosphate (BIRPlum et al, 2006). PiK
phosphorylates the forkhead box protein O1 (FOX@@yl once FOXO1
reaches to nucleus, it increases the expressiBOMC (Fig.1.12) (Belgardst
al., 2008).
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Figure 1. 12The expression control of POMC by leptin (Belgattal 2009).
After the expression of POMC as a pro-hormone sifpost-translationally

cleaved by PCs to form ACTHp-endorphin, a-, p-, and y-melanocyte
stimulating hormones (MSH) (Fig.1.13) (Castro andri¥éon, 1997).
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Figure 1. 13The post-translational cleavage of POMC (modifieairf Pritchardet
al., 2002).

The POMC-derived anorexigenic peptideMSH exerts its functions on
MCRs. More specificallyp-MSH binds to MC3R and MC4R for the appetite
regulation (Pritcharcet al, 2002). MC4R is highly expressed in the brain,
especially in the parts related to feeding mechmasyjssuch as PVN,
dorsomedial hypothalamus (DMH), and LHA (Mountjey al, 1994). The
MC4R knockout rats showed hyperphagic behaviorettugy with obesity, but
their growth, reproduction or thyroid functions wemnormal, which is
indicating the significance of MC4R in the feedicantrol mechanism (Vaisse
et al, 1998). On the other hand, MC3R expression wasvsho be in the
POMC neurons suggesting that MC3R might have abfsadrole in the ARC
of the hypothalamus (Jegat al, 2000). Moreover, MC3R knockout mice
showed obesity but not hyperphagic behavior (Bugteal, 2000). The central
administration ofa-MSH resulted with a severe reduction in the foothke
due to strong MC4R agonism (Fanal, 1997).
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Another control mechanism on the POMC neurons is $erotonergic
receptors. It was shown that 5-RTreceptor agonists activate tleMSH
expressing neurons (Heislet al, 2002). Moreover, when serotonin activity
increasing agents were administered to the CNSgedse of the food intake
and the weight loss was seen (Simansky, 1996).t@enoadministration was
found to increase the POMC mRNA expression in titer&r pituitary of rats
(Kageyameet al, 1998). The serotonin binding to its 5-kdTreceptor activates
the GPCR subunits, and activateesubunit increases the PLC activation,
resulting with the formation of diacylglycerol (DAGand IR from the
membrane lipid PIf2 Moreover, this process results with the activaod G-
protein coupled inwardly-rectifying potassium chalsn (GIRKs) and the
potassium is released from the POMC neuron. Thisuggested to be the
mechanism how 5-H;E receptor, activates the POMC neuron (Figure 1.14)
(Qiu et al., 2007)

POMC neuron

Figure 1. 14The downstream pathway how serotonin activates €@kuron (Qiwet
al., 2007).
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POMC-derived hormones, especially ACTH, have sigaift roles in stress
response. The stress conditions in humans was stwvasult in a significant
increase in the plasma ACTH levels (Meyerheiffal, 1988). Moreover, the
POMC mRNA expression was increased during the siteadition of rats in
different hypothalamic region (Baubetal, 1994). The stimulation of POMC-
derived hormones-MSH and B-endorphin, inhibit the central stress system

responses (Charmandatial, 2005).

1.4.2.2.2 Cocaine and amphetamine regulated transpt (CART)

CART expression was found in the highest concentratin the hypothalamus
(Kuhar and Vechia, 1999). CART expression was alstected to be in
different tissues, such as pituitary, retinal gaorgkells, olfactory bulb, spinal
cord, cortical neurons, and medulla of the adregtahds (Couceyreet al,
1997). CART neurons were colocalized with POMC pearin the ARC of the
hypothalamus (Eliaget al, 1998). Two important roles of CART are the
regulation of feeding behavior as an anorexigeefatide and the regulation of
the stress responses (Vragtaal, 1999; Smitket al, 2004).

The human and rat CART peptides differ in term#hefr length and form. The
rat pro-CART, after the cleavage of the 27 aminad deader sequence,
consists of long and short forms, with 102 and Bfina acids, respectively
(Kristensenet al, 1998). On the other hand, pro-CART is just fowasdits
short form in humans (Douglass and Daoud, 1996¢ Bbioactive CART is
formed by the cleavage of pro-CART with PCs, speaiy PC2 and PC1/3
work together to form the resulting bioactive CARdptide (Deyet al, 2003).
By the alternative splicing of the CART forms, anher of biologically active
CART peptide is formed in different tissues (Dyktal, 2006).
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CART mRNA expression, similar to the POMC expressie activated by the
leptin receptor, JAK/STAT mechanism. The mouse dndnan CART
promoter sites are conserved and suggests that bffgcts the CART mRNA

expression same in both species (Domingied, 2002).

Due to the different biologically active forms ofART and its different
physiological roles in the body, it was suggestet there might be more than
one CART receptor (Vicentiet al, 2006). The CART receptor has not cloned
yet but there is litle information about the CAR&ceptors on neuron-like
cells, and hence, its downstream pathways remale telucidated (Liret al,
2011; Cheung and Mao, 2012).

The wide distribution of the CART in the body wasown and there is a
remarkable CART expression in the hypothalamo-griutaxis, which is
shown as the role of CART in the stress resportsegl| et al, 2006). It was
shown that when CART is administered to the hypdath& cell cultures, it
causes the stimulation of CRF and introcerebroi@iér CART
administration results with increase in the ACTHI @ortisol levels, which are
triggering the stress responses (Staelegi, 2001).

1.4.3 The interaction between anorexigenic and oraenic peptides in the

arcuate nucleus of the hypothalamus

While NPY and AgRP exert their function on feedimgchanism via their
neuronal projections to PVN and LH, POMC and CAR®jgct their axons to
medial hypothalamus (Konturekt al, 2005), there is a strong feedback
mechanism between those neuropeptides in the ARC.
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Figure 1. 15The interactions between the orexigenic and angeext peptides in
arcuate nucleus of hypothalamus (modified from Meet al, 2011).

As described in the Fig.1.15, the synthesis andeten of NPY and AgRP
have inhibitory roles on POMC/CART neurons, by limgdof NPY to Y1 and
Y2 receptors, and binding of AgRP to the MC3R. Mwer, when NPY binds
to its Y5 receptor on the presynaptic cleft of PORESRT neuron, it causes
the inhibition of a-MSH release to the synaptic cleft and prevents the
interaction with melanocortin receptors on NPY/AgR&uron. Furthermore,
NPY binds to Y2 receptor on the NPY/AgRP neurormdsvnregulate its and
AgRP’s expression. On the other handyISH secreted from POMC neurons,
binds to MC3 and MCA4 receptors to inhibit the espren of NPY and AgRP.
Also, a-MSH has a feedback role, by binding to MC3 recepta the
POMC/CART neuron, it inhibits the synthesis of POM@d CART as a
negative feedback regulator (Meretral, 2011).

1.5 The studies about the weight gain side effect msperidone on rats
Besides the human studies, there are a numbeudiéstshowing the effects of
antipsychotics on the rats. However, risperidorseaia antipsychotic causing

moderate weight gain, was used in a limited nundbestudies with different

routes of administration and similar physiologioaasurements. Risperidone
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injection to the rats in a dose dependent mantefpwest dose administered
(0.005 mg/kg), caused an increase in the food @taignificant body weight
gain, and an increase in the leptin gene expressiothe adipose tissue.
However, the same study showed that the highestecration (0.5 mg/kg)
caused a reduction in the body weight of the ratese differences in the
results were explained as the stress conditionechlg the daily injection (Ota
et al, 2002). Subcutaneous administration of risperidiméoth male and
female rats caused a significant increase in thly lbeeight in the female rats,
while caused no significant change in the male rEtss was explained as not
the sex difference but the route of administra{iBaptistaet al, 2002). When
risperidone is administered by intraperitoneallycaused a significant increase
in the food intake and the body weight of femalés ré-ell et al, 2004).
Risperidone administration in the peanut butteth&® mice resulted with an
increased food intake and decreased activity, ihggihi a significant increase in
the body weight (Copest al, 2009). Twenty-one days of risperidone
administration to rats caused no change in thanlepteptor genes and the
peptides having role in the appetite regulatiothm hypothalamus (Otet al,
2005). Overall, these studies indicate that thetnmportant side effect of

risperidone is the weight gain, revealed in botharad human studies.

1.6 The aim of the study

For some time, the weight gain side effect of nigjme was ignored since it
treats the schizophrenic symptoms. Due to the weighin effect of
risperidone, the patients generally do not wartoiatinue the treatment, which
affects the consistency of the treatment. In thagléerm use, risperidone
causes a significant increase in the body weigkl aonsequently, leads to
obesity. This situation results in depression ancias incompatibility of the

patients, even if they are recoverd from the symgstof schizophrenia.
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In this study, we aimed to explore the alteratiohghe appetite regulating
neurohormones, POMC, CART, NPY, and AgRP in botbression levels and
in periphery, together with the adipocyte derivednmone leptin’s peripheral
levels after 4-weeks of risperidone treatment. Wgpothesized that,
risperidone, via the serotonergic antagonism, migivie causing alterations in
the expression levels and plasma levels of thoselidate orexigenic and
anorexigenic peptides, which have roles in appetitgilation, synthesized and

secreted from the ARC of the hypothalamus.

Firstly, the peripheral changes of those hormonesewdetected in male
schizophrenic patients who were treated with risioere for 4-weeks. After

that, in order to explain those changes furthesehcandidate genes’ (POMC,
CART, NPY, AgRP) expressions and peripheral lewadse determined in the
hypothalamus and plasma samples; respectivel\heofrtale Wistar-rats who

were administered risperidone for 4-weeks.
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CHAPTER 2

MATERIALS AND METHODS

2.1 Patients and treatment

Random twenty-four male schizophrenic patients vepplied to Gulhane
School of Medicine (GATA) were included in this @yu Patients having Axis
| diagnosis (except for a psychotic disorder) oreatra medical disorder, or
using psychoactive substances and drugs affedim@NS, were not included
in the study. The diagnosis of first episodes @izmphrenia was confirmed by
means of the Structured Clinical Interview Form B8M-IV (SCID) (Spitzer

et al, 1992). After the diagnosis, the twenty-four patsewere hospitalized.
However, seven of them had to be excluded fromsthdy due that two of
them were decided to be treated with a differengdturing the hospitalization
and five of them were diagnosed as bipolar disontigiead of schizophrenia
during the six months of follow up. Thus, the stugsoup consisted of
seventeen male schizophrenic patients. As soon has patients were
hospitalized their weight and height were measueed their whole blood
samples were collected into tubes containing ED®Aptepare the plasma
samples. Those values of the patients immediafedy the hospitalization and
before the risperidone treatment were referrecbafote treatment” throughout
this study. Moreover, the control group was inahgdiseventeen healthy
individuals with no endocrinological or psycholaogjichealth problems. The
control and the patient group had similar sociodgmophic features, were in

the same age interval (20-30 years old) and theesgemder. The control
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groups’ weight and height were also measured agid Whole blood samples
were collected for the plasma preparation.

Immediately after the hospitalization and the measents, patients were
started to be administered risperidone at a dose4Mmg/day, which was the
dose decided by the clinicians. The dose changeawpled according to the
response of the patients and the final dose waséy/8ay, with a mean value
of 4.6£1.2 mg/day. The duration of the risperiddreatment was four weeks.
At the end of the fourth week, the weight and tleeht of the patients were
again measured and their blood samples were agHecied to determine the
values after the treatment, which was referredadier treatment” throughout
this study. All the measurements and the collectibthe blood samples were

done early in the morning before breakfast.

During the hospitalization period, the patients evéed with the standard
hospital food with 2500 kcal/day but they were akal to extra food intake by
using the hospital cafeteria.

All the procedures were approved by the GATA HunResearch Ethics
Committee for the ethics and patients rights, dmel ¢onsent letters were

obtained from patients or their legal guardians.
2.2 Plasma sample preparation

4 ml of blood samples of both patient and controugs were collected twice
at the beginning and at the end of the four-weakoden GATA by nurses.
Blood samples were in EDTA-preserved blood tubektheir plasma samples
were prepared by 3.00@xcentrifugation for 10 minutes. Plasma samples were

collected into serum tubes and kept a®e0ntil use in experiments.
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2.3 Rat Studies

2.3.1 Animals

Four weeks old 25 male Wistar rats were used figr study. The age of the
rats were decided as they have intact hypothalaoriexigenic and
anorexigenic neurons in the hypothalamus (Gaetial, 2010). Fifteen of
them were for the risperidone administration grang 10 of them were in the
vehicle group. The vehicle group was the controlugrof the study to ignore
the effect of the sucrose in the drug administratRats were housed three of
them per cage under a 12-hour light/dark cycléhfigon at 7 a.m.), in a room
maintained at a temperature of’@2+ 2°C and a humidity of 60% with free
access to water and 200 g routine f@adlibitum daily. Each day meals were
weighed to determine food consumption. The ratd usethis study were
healthy rats, not schizophrenic rats. Despite thestence of some
schizophrenia model rats, since schizophrenia isomplex disorder as
mentioned in introduction part, and there are almemof disturbances in the
brain neurotransmitter system, the clinicians inTéAdo not think that any of
the models exactly reflects the schizophrenia.

Also, in this study male rats were used due tchtbrenonal complexity and the
menstrual cycle’s effects on the hypothalamic systéCareyet al, 1995). In
addition to this knowledge, since the human stuthug was consisting of

men, for the correlation of the results, we studigth the male rats.
2.3.2 Preparation and administration of risperidone
Risperdal (risperidone) (Janssen Pharmaceuticals, Inc., USAY/ml oral

solution was used for the drug administration whias administered in 10%

sucrose solution. Since the half life of risperidos less than 12 hours in rats
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(Van Beijsterveldiet al, 1994), it was administered for two times, onéishe
morning (09:00 a.m.) and the second one is in theniag (6:00 p.m.);
therefore 2mg/kg rat/day risperidone dose was (éeavagiri et al, 1998).
The average weight of the risperidone group was7ll6Qrams; therefore each
rat received 0.32 mg / day. For each rat, 0.16fiisperdal was mixed with
1,84 ml of 10% sucrose solution to a final voluni€ anl solution. The pH of
this solution was adjusted to approximately 8.0Cabgition of 1M of NaOH
corresponding to the physiological pH. Each rat hexkived the drug orally
with the help of syringes as shown in Fig.2.1. Tdwse was fixed and
according to their weights the needed volume wésilzded and administered.
The route of the drug administration in this studgis chosen as the least
stressful one, which is the oral administrationhwaringe, not by gavage or

injection (Schleimeet al, 2005).

The vehicle group which included 10 rats was fethv ml of 10% sucrose
solution twice daily at the same time points witle risperidone group under
the same conditions. Two of the rats in the rigfmere group were excluded
from the study since they were injured by theirecagates and sacrificed.
Another one is excluded due to an inflammationtsreye. Moreover, two of
them were excluded during the RNA isolation step ttuexperimental errors.
Experiments and statistical analyses were done ¥ithats in the risperidone

group and 10 rats in vehicle group.

Each rat was weighed once a week and both theightgiand food

consumptions are represented in the Figure 3.6-apude 3.7, respectively.
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Figure 2. 1The administration way of the sucrose solution @syperidone solutions.
2.3.3 Removal of hypothalamus

First of all, all equipments, such as scissors,edeps, pipette tips,
microcentrifuge tubes, and etc., to be used in phecedures and the
subsequent parts were treated with DEPC (diethdgaybonate). DEPC (1ml,
Sigma Aldrich, Germany) was added to 1 It of distil water and all

equipments were kept in this solution overnightamithe hood. Then, excess
DEPC solution was removed and all equipment wasctaxted.

Rats were sacrificed by giotin after 10 secondS©f treatment. Following the
decapitation, rats’ hypothalamus region was remaffed.2.2) and put into
microcentrifuge tubes with 400 ul of RN&&er solution (Qiagen, Germany).
Tissues were kept af@ overnight in the RNAater solution, and they were
removed from the solution by the foreceps and mhss#o a new

microcentrifuge tubes to be stored at’@@intil RNA isolation process.
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Figure 2. 2The hypothalamic part (in the red circle) in thenoxed brain region of
the rat

2.3.4 Collection of blood sample and plasma prepatian

Immediately after the rats were sacrificed, theink blood was collected into
EDTA-preserved tubes and their plasma samples pregared by 3.000 g
centrifugation for 10 minutes. Plasma samples welected into serum tubes
and kept at -8t until use.

2.3.5 Total RNA Isolation

For the determination of the expression changethenhypothalamic tissue,
first of all, the total RNA were isolated. The RNgolation protocol was a
modification of Chomczynski, 1993. Tissues wereaeed from -86C and put

onto ice. Before thawing, 1 ml of phosphate buffesaline (PBS) (Sigma
Aldirch, Germany) was added onto the tissues. Tepgration of the 1x PBS
solution was putting one tablet of the PBS intor@D0f distilled water. The
solution was containing 0.01M phosphate bufferDR27M potassium chloride,
0.137M sodium chloride, with the pH 7.4 at room pemature. For the partial
removal of RNAater solution inside the tissue; tissues were centeifugt

12.000 xg for 40 seconds. Tissues were removed from PBSisolaind put
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into new microcentrifuge tubes and 1 ml of TRI reatg(Sigma Aldrich,
Germany) was added to each tissue. Tissues weredamzed with the glass-
teflon homogenizer system on ice and after homagdion; they were
incubated at room temperature for 10 minutes. Aftex incubation, the
samples were centrifuged at 12.000gxor 10 minutes at %. After the
centrifugation, the supernatant was taken to amatherocentrifuge tube and
the pellet containing the cell debris was discardédo hundred pl of
chloroform (Sigma Aldrich, Germany) was added tohesample and vortexed
for 30 seconds. The samples were incubated fomBites at room temperature
and they were centrifuged at 12.00@ for 15 minutes at %C. At the end of
the centrifugation, three layers were observed. Tdweer layer contained
proteins; the interphase was DNA and the upper@eiphase was total RNA.
In order to isolate the total RNA free from proteimd DNA contamination, the
upper aqueous phase was taken to a new microcgygriibe and 200ul of
chloroform was added and vortexed for 30 secontds. Samples were then
incubated for 7 minutes at room temperature andrit@med at 12.000 xj for
15 minutes at %C. After the centrifugation, the upper aqueous phagen to
another microcentrifuge tube and 500ul of isopropagbigma Aldrich,
Germany) and 2 pl of glycogen was added to the Eanijhe samples were
incubated at -AT for 40 minutes and then centrifuged at 12.008 for 25
minutes at AC. The supernatant was removed and 1ml of 75% ethaas
added to wash the pellet. The samples were cegdfiat 7.500 >g for 5
minutes at 2C and after the centrifugation the ethanol was rexdoby air-
drying. 30ul of nuclease free water was added ¢opllet to dissolve total
RNA. Then, the samples were incubated &08fr 10 minutes to remove the
RNAlater stucked protein or DNA clusters that will intedemwith the
subsequent procedures. Finally, the concentrattdribe RNA samples were
measured by using the NanoDrop 2000 (Thermo S&ientlS). By dropping

2 ul of the samples to the NanoDrop, the conceatraheasurement, AJA2s0
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and Avsd/Azz0 measurements were done by the software programme
NanoDrop 2000.

2.3.6 DNase Treatment of the samples

For the removal of DNA contaminaton, if any, in ttegal RNA samples,
deoxyribonuclease (DNase) treatment procedure pplted. DNase treatment
was done by using the Ambion DNifee™ DNAse Treatment Kit (Invitrogen,
Germany). The experiment was done according to faaturer’s instructions.
0.1 volume of the RNA solution, which is 3ul, ofxiDNase | buffer and 1ul
of rDNase | (recombinant deoxyribonuclease | enymas added to each
sample and gently mixed. The samples were inculst8@C for 30 minutes.
Then, 3ul of the DNase inactivation reagent wasddahd the samples were
incubated at room temperature by inversions. Theptes were centrifuged at
10.000 xg for 1.5 minutes to remove the inactivation reagekiter the
centrifugation, the supernatant containing the RM#&s transferred to a new
tube and then again the concentrations of the R&Aptes were measured by
using the NanoDrop 2000 (Thermo Scientific, US)o3d measurement results
are shown in Table 3.1. The concentrations weresared and, As¢/Azgo and
Azsd/A230 ratios were determined to check the purity of BRdA samples.
Moreover, the samples were run on 1% agarose gejutify the RNA
samples purity and integrity (Fig.3.8 and 3.9). Thkies of Asi/A250 between
1.80 - 2.00 indicate the purity of RNA and the atzsgeof DNA contamination.
If this value is less than 1.80 it shows proteimtamination. All RNA
samples’ Asd/Azgo ratio is greater than 1.8, which indicates tharehis no
protein contamination in the samples. FurthermBggyA23o ratio is also used
to check the presence of contaminants, such as EDRAreagent, that give
peak at 230 nm wavelength and the purity is detethivith a Agy/A230 ratio

of approximately 2.0.
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2.3.7 Agarose Gel Electrophoresis of DNase treat®&NA samples

Firstly, for the preparation of agarose gels, 5@ocls Tris-Acetate-EDTA
(TAE) buffer was prepared. 121 g of Tris and 37 & §&DTA were put into a
beaker. By adding a little amount of distilled wat@ris and EDTA was
dissolved on the magnetic stirrer by heating. Tt&h55 ml of glacial acetic
acid was added (pH 8.4), then pH was adjusted to8gHwith HCI. The
volume was completed to 500ml by adding distilledtav. 1X TAE was
prepared by adding 490ml of distilled water to 1@hl50x stock TAE. 1X
TAE was used to prepare 1% agarose (Sigma Ald@enmany) gels.

For the final preparation of the gels, firstly 0.6fjagarose (Sigma Aldrich,
Germany) was dissolved in 50ml of 1X TAE buffer loyixing in an

erlenmayer flask. Then, the flask was put into ow@ve oven and heated to
dissolve the agarose completely for two minuteenThhe flask was removed
from the oven and it was allowed to cool down bytowous shaking. 1ul of
ethidium bromide solution (AppliChem, Germany) waakled to the gel and
mixed for the homogenous distribution of ethidiunerbide. The gel solution
was poured onto the tank and the comb was placeitl éifter the gel was

solidified, the comb was removed and 1x TAE bufleas added to the
electrophoresis tank in the way that the gel wasptetely in the buffer. Then
the samples were loaded into the wells by mixing samples with 6x gel
loading solution (Fermentas, Germany). 2.5ul of sheple was mixed with
0.5ul of the loading solution on the parafiim arwhded into the wells.
Moreover, 100bp DNA ladder (Sigma Aldrich, Germamygs also added to
the first well to control the run of the gel. Thel gvas run with 100V current

for 45 minutes.
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2.3.8 cDNA preparation

After the RNA isolation procedure, in order to ckelce expression level, first
step is the synthesis of the complementary DNA (8pNamples, since the
polymerase chain reaction (PCR) is the amplificati@action of DNA
template.

2.3.8.1 Primer Synthesis

The primers were synthesized according to their N&®Bession numbers and
purchased from Sigma Aldrich, Germany. The primentisesis was done as
the primers bypasses the introns, and they bintdeand of the exon and the
beginning of the next exon. The primers were toecsz not to bind any
possible contaminating DNA sample since the comtatmg DNA samples
would have the intronic sequences, and the desigmigder bypasses the
introns and only binds to the exons. The illusimatof the GAPDH primer
design is shown in Appendix part A.10-A.12. All ethgenes’ primers were
designed as described f&APDH and selected primers were listed in Table
2.1 representing the NCBI accession numbers, tigeraicleotide sequences,
the T, values, and the distilled water volumes for prapan of 100uM stock
primers. Those primers were both used for cDNA Isgsis and the
quantitative real time polymerase chain reactioRTdPCR) experiments.
Moreover, from the 100uM stock, firstly a 25uM $taeas prepared by adding
75ul of dHO to 25ul of stock primer. Then, a 5uM working s$mo was
prepared by adding 80ul of distilled water to 2@fl25uM stock. All the

experiments were performed by using 5uM workingneri solution.
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Table 2. 1Primers used in cDNA Synthesis and qPCR experim@REs reverse

primer, FP: forward primer)

Gene name Distilled
and NCBI Tm water added | Product
) Sequence
accession values | for 100uM Length
number stock
FP: 5TCCCATTCTTCCACCTTT3’ 59.5C 504 pl
GAPDH o2b
RP: P
5TAGCCATATTCATTGTCATACCS’
POMC FP: 5’AACATCTTCGTCCTCAGAZ’ 56.6°C 413 pl
80 bp
(NM_139326) | Rp. 5:CGACTGTAGCAGAATCTCS' 53.7°C 420 l
NPY FP: 5’AATGAGAGAAAGCACAGAAA3’  [555 °C 411 pl
89 bp
(NM_012614) | pp. 5' AAGTCAGGAGAGCAAGTT3' 52.9°C 512 ul
AGRP FP: 5GAGTTCTCAGGTCTAAGTCT3 | 51.4C 396 pl
97 bp
(NM_033650) | Rp: 5' GTGGATCTAGCACCTCTGS’ 55.8C 537 pl
CART FP: 5TGAAGATTAGACCTAGTTAA3 | 48.1°C 500 pl
108 bp
(NM_017110) | Rp: 5' ATGCTTTATTGGGTGTAAZ’ 52.8°C 460 pl

2.3.8.2 cDNA Synthesis

cDNA preparation was done by using the RevertAigstFStrand cDNA
Synthesis Kit (Thermo Scientific, Germany). Aftéretdetermination of the
RNA sample concentrations, the concentration oRN& to be used in cDNA
preparation was adjusted as indicated in Table Begtause of the lower
concentrations of some RNA samples, the final cotnagons varied during
cDNA preparation, but they were adjusted as equgRT-PCR studies.
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Table 2. 2RNA concentrations and volumes used in cDNA Synghes

Used volume for cDNA

Final concentration of

Samplg Concentration (ng/ul) synthesis ENA
V1 74.70 2.68 pl 200 ng/pl
V2 68.40 2.92 ul 200 ng/pl
V3 159.30 1.26 pl 200 ng/ul
V4 141.30 1.42 pul 200 ng/ul
V5 784.30 1.28 pl 1000 ng/pl
V6 439.00 2.28 ul 1000 ng/pl
V7 835.50 1.20 pl 1000 ng/pl
V8 764.50 1.31 pl 1000 ng/ul
V9 541.00 1.85 pl 1000 ng/ul
R1 836.00 1.20 pl 1000 ng/pl
R2 872.40 1.15 pl 1000 ng/pl
R3 640.50 1.56 pl 1000 ng/ul
R4 385.20 2.60 pl 1000 ng/ul
R5 174.00 2.87 ul 500 ng/pl
R6 743.30 1.35 pl 1000 ng/pl
R7 194.20 2.57 ul 500 ng/pl
R8 366.00 2.73 ul 1000 ng/ul
R9 1045.70 0.96 pl 1000 ng/ul
R10 1156.60 0.86 pl 1000 ng/pl

The cDNA synthesis was done according to the matwi’s instructions.
The volumes and the reagents that were used in cByWhesis reaction are
depicted in Table 2.3. When all mixtures were pregathe samples were
incubated at £Z for 60 minutes and the reaction was terminatethtybating
them at 76C for 5 minutes. All the primers used in this réactwere gene-

specific, so for all samples, cDNA samples wereared for each 5 gene, to

increase the specificity.
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Table 2. 3cDNA synthesis reagents

The reagent Volume
Template RNA As in Table 2.2
Gene-specific primer 4ul (ApM)
5x Reaction buffer 4ul
RNase Inhibitor 1l
10 mM dNTP solution 2ul
Reverse Transcriptase Enzyme (M-Mul-V) 1l
Nuclease-free water Complete to 20ul
Total volume 20yl

2.3.9 Quantitative Real Time Polymerase Chain Reaoh (QRT-PCR)

gRT-PCR reactions were performed by using the Syd®® Quantitative RT-
PCR kit (Sigma Aldrich, Germany) according to theammfacturer’s
instructions. The reactions were run by the CorBRetior-Gene 6000 (Qiagen,
Germany) and the instruments software system wed tesreport the results.
Melting curves for each gene were analyzed to enspecific amplicon
replication, and all reactions performed in triptes. The each reaction
included no template control. Moreover, all the egbshamples were diluted to
get 100ng/ul final concentration, and these dilldachples were used in all
gRT-PCR reactions. The reactions were optimizeg&wh primer and gene for
the efficient gRT-PCR reactions and the optimizeactions are shown at the
following (Table 2.4 — 2.8).
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Table 2. 4The optimization of the GAPDH gene

Reaction component Volume Reaction conditions
SybrGreen Mix 10 pl 94°c 15 minutes
Reverse primer (0.4 uM) 16 94°C 30 seconds
Forward primer (0.4 uM) 1.6 pl 57°C 30 seconds 3
cDNA 2 ul 72°C 30 seconds cvele
Nuclease free water 4.8 Melt (50°C-99C)

Final volume 20 ul
Table 2. 5The optimization of the POMC gene

Reaction component Volume Reaction conditions
SybrGreen Mix 10 pl dc 15 minutes
Reverse primer (0.2 uM) 0.8 ‘@t 30 seconds
Forward primer (0.2 uM) 0.8 ul &5 30 seconds 3
cDNA 2 ul 72C 30 seconds cycle
Nuclease free water 6.4 u Melt faR99’C)

Final volume 20 pl
Table 2. 6The optimization of the NPY gene

Reaction component Volume Reaction conditions
SybrGreen Mix 10 pl dgc 15 minutes
Reverse primer (0.2 uM) 0.8 ‘@ 30 seconds
Forward primer (0.2 uM) 0.8 ul & 30 seconds| 40
MgCl, (5mM) 1.6 pl 72C 30 seconds| cycle
cDNA 2 ul Melt (56C-99C)

Nuclease free water 4.8 p
Final volume 20 pl
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Table 2. 7The optimization of the AgRP gene

Reaction component Volume Reaction conditions
SybrGreen Mix 10 pl dec 15 minutes
Reverse primer (0.2 uM) 0.8 ul Rex] 30 seconds
Forward primer (0.2 pM) 0.8 ul &5 30 seconds 40
cDNA 2 ul 72C 30 seconds cycle
Nuclease free water 6.4 U Melt PER9FC)

Final volume 20 pl
Table 2. 8The optimization of the CART gene

Reaction component Volume Reaction conditions
SybrGreen Mix 10 pl gc 15 minutes
Reverse primer (0.4 uM) l6p Rex] 30 seconds
Forward primer (0.4 pM) 1.6 pl & 30 seconds 3
cDNA 2 ul 72C 30 seconds cycle
Nuclease free water 4.8 Melt fER9FC)

Final volume 20 ul

After all the gRT-PCR reactions were optimized gmetformed for each
sample, the threshold cycles (Ct's) were determioeagdach sample. In order
to determine the relative expression levels ofghees of interest relative to
housekeeping geneGAPDH, the calculation was done according to the
described equation for the relative quantificati@scribed in Pfaffl, 2001. This
equation allows doing the calculation even if tiffeciencies are not equal for

the housekeeping gene and the gene of interesieduretion is as following:

E ACt Gene of interest (control — sample)
( targeb

Ratio = (2.1)
ACt housekeeping (control — sample
(Ehousekeepin)g Ping { Ple)
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Ewarget= the efficiency of the reaction of gene of intgre

Enousekeeping= the efficiency of the reaction of housekeepiegey GAPDH)

ACt = the difference between the Ct values of th&roband samples. All the
expression changes were calculated according tgeabfiiciency corrected

equation.

2.4 Enzyme Linked Immunosorbent Assay (ELISA) of dlplasma samples

To determine the peripheral levels of the hypotimataneuropeptides and
leptin, Enzyme Linked Immunosorbent Assays (ELIS#gs performed. All
the ELISA reactions were done by using commercids kKPhoenix
Pharmaceuticals Inc., Germany) and according to thanufacturers’
procedures. The human and the rats’ plasma samydes analyzed using
human and rat kits for the candidate genes.

The kit for the determination of the plasma leptioncentration was a
sandwich enzyme immunoassay type. Before the kitqutures, all solutions
were prepared according to the protocol. Biotirelad antibody was prepared
by the addition of 100ul of biotin-labeled antiboay900ul of biotin-antibody
diluents. The wash buffer was prepared by mixin@milOof the wash buffer
with 900ml of the distilled water. All the otherlstions were ready-to-use in
the kit. First, the calibrators were prepared aswhin the Table 2.9. 100ul of
the samples, calibrators, and the positive contrele added to each well as
duplicates of the 96-well plate, by leaving thestfitwo well as blank. The
plates were incubated at room temperature for oue by shaking at 300 rpm
on the orbital microplate shaker. After the incutratperiod, the wells were
washed with the 200ul wash solution per well foreéhtimes. After the
washing step, 100ul of the diluted biotin-labeledi-enouse leptin antibody
solution was added to the each well. The plate®vagain incubated at room

temperature for one hour by shaking at 300 rpm han drbital microplate
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shaker. The washing step was repeated for threestiihen, 100ul of the
Streptavidin-HRP (horse-radish peroxidase) conpigatiution was added to
each well. The incubation was for 30 minutes ondti®tal microplate shaker
at 300 rpm at room temperature. The washing stepagain repeated for three
times. 100u! of the substrate solution was addedatth well and the plated
was sealed by aluminum foil to keep the wells advayn the light. The plate
was incubated for 10 minutes at room temperaturallly, the 100ul of the
stop solution was added to each well to stop thetien and the absorbance
was immediately measured by using the ELISA platdder (SPECTRAmax
340PC, USA) at 450 nm. The standard curve was karetl by using the
concentrations and the absorbances of the caliistaibe standard curve was
constructed as absorbance at 450 nm of the calilsrafy axis) vs.
concentrations of the calibrators (X axis) in tbgdrithmic scale. The standard
curve of the leptin ELISA is shown in Appendix A.

Table 2. 9The preparation of the calibrators for leptin ELISi#&

# | Volume of the calibrator Dilution Concentration
buffer (ul) (pg/ml)
1 | 4000pg/ml (ready) - 4000
2 | 250pul from calibrator #1 250 2000
3 | 250ul from calibrator #2 250 1000
4 | 250ul from calibrator #3 250 500
5 250ul from calibrator #4 250 250
6 | 250ul from calibrator #5 250 125
7 | 250ul from calibrator #6 250 62.5
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The ELISA kits for thex-MSH, NPY, CART and AgRP were in same principle
and same protocol, which were the competitive emzymmunoassay. First,
the 20X assay buffer concentrate was diluted td{ Xhe addition of 950ml of
distilled water. The peptide standards were dil@dedhown in the Table 2.10.
The primary antibody was rehydrated by the additb&ml of 1X assay buffer
as well as biotinylated peptide. The positive colstwere rehydrated by the
addition of 200ul of 1X assay buffer. By leaving tfirst two wells as blank,
50ul of the samples, standards and positive cantvete added to each well in
duplicates. Then, 25ul of the primary antibody aafer that 25ul of
biotinylated peptide were added to each well ineoraéxcept for the blank
wells. The plate was incubated at room temperdtur@ hours on the orbital
microplate shaker at 300 rpm. After the incubatibie, wells were washed with
200ul of 1X assay buffer per well, for four tim@en, the Streptavidin-HRP
(SA-HRP) conjugate was diluted as adding 12ul of AP into 12ml of 1x
assay buffer. This diluted SA-HRP was added to emeh at a volume of
100l after the washing step and the plate wasbeted for 1 hour at room
temperature on the orbital microplate shaker at ipd0. After the incubation
period, the washing step was repeated for fourdirnéen, 100ul of the TMB
substrate solution was added to each well and thtegpwere sealed by
aluminum foil to keep the wells away from the lighhe plates were incubated
for 1 hour at room temperature and at the end @firthubation; 100ul of 2N
HCI solution was added to each well to stop thetrea. The absorbance was
immediately measured by using the ELISA plate reaate450 nm. The
standard curve was constructed by using the coratemts and the
corresponding absorbances of the calibrators. Ttamdard curve was
constructed as absorbance at 450 nm of the calisrafy axis) vs.
concentrations of the calibrators (X axis). Thendtad curve is shown in
Appendix A.
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Table 2. 10The preparation of the standards 66MSH, NPY, CART and AgRP
ELISA kits.

# Volume of the standard 1x Assay Concentration

Buffer (ul) (ng/ml)

Stock| 1000uI stock - 1000

1 100pu! from the stock 900 100

2 100l from standard #1 900 10

3 100ul from standard #2 900 1

4 100ul from standard #3 900 0.1

5 100l from standard #4 900 0.01

2.5 Statistical Analysis

Frequency distribution for descriptive statistiagthmetic mean, and standard
deviation for continuous variables were calculateat. all studies, significance
value @), which was $<0.05, obtained using a paired two-tailed Student’s

test. Data are expressed as mean + standard error.
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CHAPTER 3

RESULTS AND DISCUSSION

3.1 The Body Mass Index (BMI) of patients after therisperidone

treatment

The 4-weeks risperidone treatment of schizophrgmatients resulted in a
statistically significant increase (*px0.001) in their BMI values (Fig.3.1).
The control group’s BMI was 23.30+£0.92, while pat& BMI was 22.25+0.61
before the treatment and it increased to 25.08+@with the treatment.

Patients’ average weight gain was 4.55 kg withenttkeatment.
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Figure 3. 1BMI levels of control group and patients before afigr the risperidone
treatment. BMI was increased significantly in thatignts after the treatment
(*** p<0.001) (all groups, n=17).
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3.2 The plasma levels of peripheral and CNS neurohmones that affect

food intake and appetite

3.2.1 Plasma leptin levels

Plasma leptin levels in schizophrenic patientseased significantly after the
treatment with risperidone [§€0.05). Control group’s plasma leptin level was
1.53+0.29 ng/ml. Patients plasma leptin level w&960.17 ng/ml before the
treatment and it increased to 1.68+0.35 ng/ml a#teweeks risperidone
treatment. This indicates approximately a 60% iaseein the plasma leptin

levels of patients (Fig.3.2).
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Figure 3. 2ELISA analyses of plasma leptin concentrationscimzophrenic patients
before and after the treatment. A significant iaseewas shown in patients after the
treatment (1.68+0.35 ng/ml) when compared with teeteeatment values (0.99+0.17
ng/ml), *p<0.05. The control group value was 1.53+0.29 ndfmlL7).
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3.2.2 Plasma NPY levels

There is no statistically significant change in tih@sma NPY levels of patients
between before and after the treatment. Neverthekhizophrenic patients
before treatment had significantly less NPY levealsthe plasma when
compared to control group%0.05). The plasma NPY levels of patients were
0.73%0.13 ng/ml before the treatment and 0.66+GidMn| after the treatment
while control group had 1.31+0.23 ng/ml (Fig.3.3).

MNPY (ngfml)

0,60

0,40

0,20

0,00
Control Before treatment After treatment

Figure 3. 3The plasma NPY levels determined by ELISA in colstvs patients. The
NPY levels were reduced in patients before treatméren compared with controls
(*p<0.05). The NPY levels were 1.31+0.23 ng/ml in colst 0.73+0.13 and
0.66+0.14 ng/ml in patients before and after treatiynrespectively.
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3.2.3 Plasmau-MSH levels

Schizophrenic patients before treatment had gtatit significant lessa-
MSH levels in the plasma as compared to controbgr@dp<0.05). Although
the plasma levels ai-MSH did not reach a significant value in the paise
after the treatment, risperidone treatment kepd éeMSH plasma levels in
patients. The plasmaMSH levels of control group wak.47+0.27 ng/ml, and
the patients’ plasmaMSH levels was 0.58+0.17 ng/ml before treatmeiat ian
was 0.41+0.12 ng/ml after the treatment (Fig.3.4).
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Figure 3. 4Thea-MSH plasma concentrations determined by ELISAantmls and
patients. Thex-MSH plasma levels of patients before treatmer§@ 0.17 ng/ml)
were 2.5 times lower than the controls (1.47 = Orj/ml), *p<0.05. After the
treatment, it was 0.41+ 0.12 ng/ml.
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3.2.4 Plasma CART levels

The plasma CART levels of schizophrenic patientsewsgnificantly higher
than the levels of control group p&0.05). Control group’s plasma CART
levels were 0.90+0.16 ng/ml while the schizophrepatients had 1.36+0.18
ng/ml plasma CART levels. However, after four-we@peridone treatment
the plasma CART levels of patients decreased t2+0D.24 ng/ml, which did

not indicate a statistical significance (Fig.3.5).
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Figure 3. 5 The concentrations of plasma CART in controls (r=a4Bd patients
(n=15). The CART levels were significantly changeetween the control group
(0.90+0.16 ng/ml) and before treatment (1.360.@%8mh) (*p<0.05). The levels of
CART in after treatment were 1.22+0.14 ng/ml.
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3.3 Rat Studies

After the analysis of the human plasma samplesddtermine both the
hypothalamic tissue specific expression levels, thedalterations in peripheral

levels of the neurohomones affecting the appetiéérsperidone administered
to the Wistar rats.

3.3.1 Change of weight and food consumption of rats
Rats were weighed once a week and the resultsatedichat the risperidone
administered group gained more weight than theosecadministered vehicle

group. The vehicle group gained 72.30+10.59 g atethd of the 4-weeks of
whereas the risperidone administered rats gainéi2%.84 g (Fig.3.6).
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Figure 3. 6 Weight gain of the vehicle vs. risperidone admeret rats. Vehicle
group’s mean weight gain was 72.30£10.59 g in theedks period, while risperidone
administered rats gained 91.58+5.84 g at the etideo$tudy.
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The consumed food per cage was also measured dagryThe risperidone
administered rats consumed more food during 4-wekks food consumption
per cage was calculated comparing the trend lintheftonsumed food (g) vs
days of experiment graph. Risperidone administeaésitrended to have more

of food consumption that indicates increase inrtappetite (Fig.3.7).
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Figure 3. 7The consumed food by the vehicle and risperidomairsidtered group in
the 4-weeks period per cage. The slope of the tieads 0.336 for the vehicle group
while the slope of the trend line for the risperiddreated group is 1.581. These slope

values indicate that the risperidone administeredig consumed more food in the 4-
weeks period.

3.3.2 RNA concentrations and agarose gel electroptesis results

Concentrations of isolated RNA from the rats’ hy@damic tissues were
measured and ratios of,dyAzso and Asd/A23o were detected. The results are
shown in the Table 3.1. RNA concentrations wereresged in ng/ul and the
concentrations were high enough to use in cDNA gnamn and qRT-PCR

experiments. Moreover, the values ofs#A2s0 between 1.80 - 2.00 indicate
the purity of RNA and the absence of DNA contamorat
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Table 3. 1RNA concentrations and,&/Azg.and Agf/Azsgratios of vehicle group (V)
and risperidone adminestered group (R).

Sample| Concentration (ng/pl) | AzsdAzgoratio | AzedAzzoratio
V1 74.70 1.93 1.33
V2 68.40 1.88 0.89
V3 159.30 1.98 1.35
V4 141.30 1.96 1.01
V5 784.30 191 1.20
V6 439.00 2.00 1.89
V7 835.50 2.04 1.95
V8 764.50 2.02 1.95
V9 541.00 1.99 1.93
R1 836.00 2.05 1.81
R2 872.40 2.07 1.92
R3 640.50 2.05 1.30
R4 385.20 2.01 0.98
RS 174.00 1.95 1.19
R6 743.30 2.04 151
R7 194.20 1.97 1.62
R8 366.00 2.00 1.11
R9 1045.70 2.03 1.89
R10 1156.60 2.02 2.01

The RNA concentrations and their,gflAzg0 and Asd/Az3p ratios were
measured to check the quality of the RNA samplesr #iie DNase treatment.
The data show that the RNA samples are not congicontaminants and they

are pure.
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The hypothalamic RNA samples of all animals wereon the 1% agarose gel
after the DNase treatment and the three bands & RI8S, 18S, 5S) were
detected (Fig.3.8 is for vehicle and Fig.3.9 isrisperidone). The gel images
show that expected RNA was intact with three basfd@NA (28S, 18S, and
5S) and free of DNA contamination that might ineeef with the gRT-PCR
studies otherwise.

Ladder Y1l Vi V3 V4 V5 Vo ¥7 Vi Ve V1o

i

|
i

Figure 3. 8 Total RNA gel electrophoresis of the vehicle grolibe RNA bands are
28S, 18S, and 5S, which shows quality of the sasnple

Ladder R1

Figure 3. 9 Total RNA gel electrophoresis of the risperidonenaaistered rats. The
RNA bands are 28S, 18S, and 5S bands.
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3.3.3 Quantitation results of the rats’ hypothalame samples

3.3.3.1 Analysis of gRT-PCR data

There are a number of criteria in the determinatibthe quality of gPCR. The
most critical factor is the efficiency (E). Whenetlamount of PCR product
doubles in each cycle, this indicates a 100% efficy of the reaction. The
efficiency is determined by the slope of the staddaurve. Standard curves
with the slope of -3.322, gives the 100% efficienaetnich is equal to 1. The
efficiency of the reaction can be calculated byftilewing equation:

qPCR efficiency (%) = 13/°'°P¢-1) x 100 (3.1)

The slopes of the standard curves between —3.3-8rRl are acceptable as
efficient reactions (Pfaffl, 2001).

Another important determination factor for the qRTR is the Rvalue which
can be described as the proportion of the vartsbili the experiment. It might
be explained as the variability of the samples’ahihare run in triplicates. The
minimum variability gives the optimum predictabksults from that reaction.
R? value should be 1 for no variability, which is ttese for only two samples.
When the sample size increases, the variability msreases and the? Ralue
deviates from 1. The acceptablé WRilue should be approximately 0.999. The

closer the value to 1, the less the variance amthdlter the reaction.

In addition, the threshold cycle (Ct) which mighe bxplained as the cycle
when the detectable increase in the amount ofltloeelscent is obtained, need
to be determined. Ct is used for the calculatiothefstarting template amount

to reach the expression.
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Finally, the melt curve analysis is required toedetine the specificity of the
reaction. Each double stranded DNA, formed in tiRCB reaction has a
melting temperature ¢J), at which the 50% of the double stranded DNA
molecules become single stranded. Thevalue depends on the GC content of
the DNA sample; hence, the source of the DNA. mrttelt curve analysis, the
SybrGreen dye relieves from the DNA when the 50%hef DNA dissociates
to single strand. Thus, when the fluorescence dsess and the middle point
of the decrease line gives a peak which is spefdfieach length of the DNA
produced. When there are different peaks in diffetemperatures, it means
there are other contaminating DNA samples or pridieers in the reaction. It
is expected that there sould be only one peakeatdime temperature for the all

samples to indicate the specific expected product.

3.3.3.2 Standard curves for the quantitation of theandidate genes

3.3.3.2.1 The housekeeping gem8APDH standard curve

The standard concentrations GAPDH were used at 400ng/rxn, 200ng/rxn,

20ng/rxn and 2 ng/rxn, whose Ct values are indicatethe quantitation curve
with the arrows (Fig.3.10).
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Figure 3. 10 The quantitation data of the GAPDH for the standautve
concentrations.
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Figure 3. 11The melt curve analysis of the GAPDH standarddHerstandard curve
construction. All the standards give the peak at@ximately at 82C.
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Figure 3. 12The standard curve of the GAPDH. The efficiencythad reaction was
0.95 and the Rvalue was 0.99704.
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3.3.3.2.2 TheNPY standard curve

The standard curve for tHdPY was obtained by using the standards 1000
ng/rxn, 400 ng/rxn and 100 ng/rxn (Fig.3.15).
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Figure 3. 13The quantitation of NPY for the standard curve
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Figure 3. 14 The melt curve analysis of NPY standards for trendard curve
construction. All the standards give the peak axiprately at 86.8C.
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Figure 3. 15The standard curve of NPY. The efficiency of thacteon was 0.88 and
the Rvalue was 0.99478.
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3.3.3.2.3 TheAgRP standard curve

The AgRPstandard curve was resulted in using the standdtis 200, 20, 4,
2, and 0.40 ng/rxn (Fig.3.18).
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Figure 3. 17The melt curve analysis of the AgRP standards Herdtandard curve
construction. All the standards give the peak axiprately at 8C.
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Figure 3. 18The standard curve of the AgRP. The efficiencyhef teaction was 0.89
and the Rvalue was 0.99925.
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3.3.3.2.4 ThePOMC standard curve

The standard curve 6fOMC was constructed by using the standards 400, 200,
20, 4, 2, 0.40 ng/rxn (Fig.3.21).
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Figure 3. 20The melt curve analysis of the POMC standardsHerstandard curve
construction. All the standards give the peak axiprately at 84C..
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Figure 3. 21 The standard curve of POMC. The efficiency of teaction was 0.97
and the Rvalue was 0.98239.
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3.3.3.2.5 TheCART standard curve

The standard curve f@ ARTwas attained by using the standards 400, 200, 20,
4, and 2 ng/rxn (Fig.3.24).
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Figure 3. 22The quantitation data of the CART for the standand/e construction.
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Figure 3. 23The melt curve analysis of the CART standards lfier gtandard curve
construction. All the standards give the peak axiprately at 85C.
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Figure 3. 24The standard curve of POMC. The efficiency of thaction was 1.08
and the Rvalue was 0.99142.
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3.3.3.3 Quantitation results of vehicle group’s gezs
3.3.3.3.1GAPDH

The quantitation of expression (Fig.3.25) and tledt curve analysis (Fig.3.26)
of GAPDH for the vehicle group. The standard curveG#&PDH is imported

for the calculation of the £values of the samples.
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Figure 3. 26 The melt curve analysis dBAPDH for the vehicle group. All the
samples give the peak approximately at 82.5
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3.3.3.3.NPY

Fig.3.27 shows the quantificaton ™PY expression and the melt curve
(Fig.3.28) for the vehicle group. The standard ewst¥NPY is imported for the
calculation of the €values of samples.
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Figure 3. 27The quantitation data of the NPY for the vehicleugr.
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Figure 3. 28 The melt curve analysis of thePY for the vehicle group. All the
samples give the peak approximately at &6.5
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3.3.3.3.3AgRP

AgRPQPCR results are shown in Fig.3.29 and 3.30, wtierestandard curve

of AgRPis imported for the calculation of the €alues of samples.
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Figure 3. 30 The melt curve analysis of thegRP for the vehicle group. All the
samples give the peak approximately at &7.5
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3.3.3.3.4POMC

POMC gPCR results for the vehicle group are shown & Rigure 3.31 and
3.32. The data was obtained by importing the stahdarve of the?OMC.
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Figure 3. 31The quantitation data of the POMC for the vehiciaug.
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Figure 3. 32The melt curve analysis of tHeOMC for the vehicle group. All the
samples give the peak approximately #84
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3.3.3.3.5CART

The vehicle group’CARTgPCR results are shown in the Fig.3.33 and 3.34.
The data were calculated by importing the standarde generated f@&ART.
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Figure 3. 33The quantitation data of the CART for the vehidleup.
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Figure 3. 34 The melt curve analysis of theéART for the vehicle group. All the
samples give the peak approximately £33
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3.3.3.4 Quantitation results of risperidone adminitered rats’ candidate

genes

3.3.3.4.1GAPDH

The risperidone administered raAPDH gPCR results are shown in Fig.3.35

and 3.36. The resulting data are calculated by rtimgpthe standard curve.
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Figure 3. 35The guantitation data of th@ APDH for the risperidone administered
group.
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Figure 3. 36The melt curve analysis of ti&@APDH for the risperidone administered
group. All the samples give the peak approximaaei§4.5C.
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3.3.3.4.NPY

NPY gPCR result for the risperidone administered graashown in the
Fig.3.37 and 3.38. ThHEPY standard curve is imported for the determinatibn o

the results.
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Figure 3. 37The quantitation data of ti¢PY for the risperidone administered group.
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Figure 3. 38 The melt curve analysis of the NPY for the rispene administered
group. All the samples give the peak approximaael§6.5C.
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3.3.3.4.3AgRP

The gPCR results oAgRP of the risperidone administered rats are shown in
the Fig.3.39 and 3.40. The standard curvéAgRPis imported for the data
calculation.
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Figure 3. 39 The quantitation data of th&gRP for the risperidone administered
group.
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Figure 3. 40 The melt curve analysis of thegRP for the risperidone administered
group. All the samples give the peak approximaael§7.5C.
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3.3.3.4.4POMC

POMC gPCR result is shown in the Fig.3.41 and 3.42,retbe standard
curve of thePOMCis imported.
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Figure 3. 41 The quantitation data of theOMC for the risperidone administered
group.
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Figure 3. 42The melt curve analysis of tHROMC for the risperidone administered
group. All the samples give the peak approximaa¢lg4C.
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3.3.3.4.5CART

The gPCR results adART of the risperidone administered rats are shown in
the Fig.3.43 and 3.44. The standard curveCART is imported for the data

calculation.
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Figure 3. 43 The quantitation data of th€ART for the risperidone administered
group.
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Figure 3. 44The melt curve analysis of tHeART for the risperidone administered
group. All the samples give the peak approximaae¢i§3C.

83



3.3.3.5 Fold changes in the expression levels oétbandidate genes

The calculation of the fold change was done adiveldo the housekeeping
gene,GAPDH for both vehicle and risperidone administeredugraccording
to the efficicency corrected equation describeBfadfl, 2001. The differences
in the gene expressions are depicted in Fig.3.4bassgraphs. There is a
significant decrease in the expression levelsP@MC and NPY in the
risperidone administered groups when compared @ovéhicle group, while
the expression dARTIincreased significantly. Although there is noistatal
significance, there is a 38% decrease in AglRP gene expression of the

risperidone administered rats vs. vehicle group.
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Figure 3. 45The fold changes of the candidate genes. V ish®ivehicle groups and
R is for the risperidone administered groups ofgbees.

84



3.3.4 The detection of plasma Ilevels of peripheraland CNS
neurohormones that affect food intake in rats by usg ELISA

3.3.4.1 Leptin plasma levels

The plasma leptin levels of vehicle group and niglmane administered group
are shown in Fig.3.46. Vehicle group had 103.59%58/ml leptin in their
plasma while risperidone administered rats had 34%.81 pg/ml leptin,
which indicated a significant increase in the plastaptin levels due to

risperidone administration |(<0.05).
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Figure 3. 46 The plasma leptin levels of the vehicle group visparidone

administered group. The vehicle group had 103.5%&%g/ml leptin level whereas
the risperidone administered group showed a stailst significant higher leptin

levels in the plasma (122.34+6.81 pg/mip<0.05).
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3.3.4.2 NPY plasma levels

The plasma NPY level of the vehicle group was 982388 ng/ml and the
risperidone administered group had 91.53+2.57 ngiRl levels in their
plasma. Although NPY levels are shown to be deangaslightly by the
risperidone administration, there is no significatifference between the
vehicle group and the risperidone administered gdBY levels (Fig.3.47).
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Figure 3. 47The plasma NPY levels of vehicle group vs. rispama administered
group. The vehicle group had 99.36+2.28 ng/ml NRYel and the risperidone
administered group had 91.53+2.57 ng/ml plasma N®¥].
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3.3.4.3 AgRP plasma levels

Vehicle group’s plasma AgRP concentration was 28082/ ng/ml while the
risperidone group had 18.53+0.90 ng/ml AgRP inrtpsma. The risperidone
administration led to a statistically significantadease in the AgRP plasma
levels of risperidone administered rats when coexbdo the vehicle group
(*p<0.05) (Fig.3.48).

30

P
25
T
= 0
E
o 13
=
B
5
0
vehicle risperidone administered

Figure 3. 48The plasma AgRP levels of vehicle group vs. righere administered
group. The concentration of AQRP was 21.82+0.6Thgi the vehicle group and the
risperidone administered group had 18.53+0.90 ngllabma AgRP level, which
indicates a statistically significant decrease iasma AgRP level due to the
risperidone administration (§«0.05).
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3.3.4.40-MSH plasma levels

The vehicle group’s plasmaMSH concentration was 22.95+3.11 ng/ml while
the risperidone administered group had 14.26+2.46nh plasmao-MSH
concentration. The risperidone administration cdusestatistically significant
decrease in the plasmaVMSH concentration of the treated rats when contpare
to vehicle group (¥<0.05) (Fig.3.49).
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Figure 3. 49The plasmai-MSH levels of vehicle group vs. risperidone adist@ied
group. The vehicle group’s was 22.95+3.11 ng/ml tigperidone administered
group’s plasma concentration was 14.26+2.45 ngfrhe difference between the
vehicle and risperidone administered group is ity a statistically significant
decrease in plasma-MSH concentration in the risperidone administeggdup
(*p<0.05).

88



3.3.4.5 CART plasma levels

The plasma CART levels of the vehicle group wa®9123.57 ng/ml while the
risperidone administered group showed a signiflgamtduced plasma CART
levels, 5.54+0.45 ng/ml (<0.05) (Fig.3.50).
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Figure 3. 50The plasma CART levels of vehicle group vs. rigfmre administered

group. The vehicle group’s plasma CART concentrati@as 12.97+3.57 ng/ml while

the risperidone administered group’s plasma CARTiceatration was 5.54+0.45
ng/ml. There is a statistically significant decie&s the plasma CART concentration
in the risperidone administered group when compareghicle group ({%<0.05).

Risperidone is known to have a moderate weight g#ect in the long-term

use (Russell and Mackell, 2001). In this study,gbleizophrenic patients used
risperidone for 4-weeks and consequently, theyeaghweight and showed a
significant increase in their BMI. Although patiemnteceived routine hospital
food with 2500 kcal/day, but they reported thatirtlagppetite had increased;
therefore used the hospital cafeteria for extralfddthough it was impossible
to detect the extra food intake, the patients migi¢ that they preferred eating
junk food during their daily examinations. This fmigoe the reason for their

weight when compared to control group.
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To explore the tissue specific alterations in th@didate genes’ expression
levels, risperidone was administered to rats aed thypothalamic tissue was
removed. Together with the expression study, thwplperal levels of those

neuropeptides were also detected. Wistar-ratsvedeisperidone for 4-weeks
period showed an increase in their appetite, hanskghtly more increase in

their weights compared to the vehicle group. Nundfestudies indicate that

the risperidone administration to the rats withfedé#nt kinds route of

administration increases the food intake and bodygt gain in 4-weeks

periods (Baptistat al, 2002; Oteet al, 2002).

Leptin is known to increase the weight gain andseaanbesity due to an
increase in the white adipose tissue mass (Comsidind Caro, 1999).
Interestingly, the schizophrenic patients have loleptin levels in the plasma
when compared to healthy individuals (Kraes al, 2001; Atmacaet al,
2003). In this study, the results indicate that plgents before treatment had
lower plasma leptin levels when compared to cosjrddut the 4-weeks
risperidone treatment increased the leptin levaificantly. Schizophrenic
patients using risperidone in the long-terms, heghdr plasma leptin levels
when compared to the normal individuals (Cummingd &chwartz, 2003).
Despite the fact that this study is a short teriad tinly, higher plasma leptin
levels of the patients had been observed. It nbghinferred from the data that
if those patients continue using risperidone lontyae, their plasma leptin

might stay increased or increase more.

The plasma leptin levels of the risperidone adnietsrats were also increased
significantly compared with the vehicle group. k&sed appetite and body
weight of the risperidone administered rats cordirthe increased leptin

plasma levels in rats.
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In this study, the plasma NPY levels of the schimepic patients were also
significantly lower than the control group. Datae aconsistent with the
previous studies reporting that schizophrenic p&idave lower NPY levels in
their different brain regions (Kuromitset al, 2001; Frederikseet al, 1991;
Gabriel et al, 1996). NPY is known to have a signficant roletle stress
response in the body (Redroéeal, 2003) and Morgaet al. (2000), showed
that the humans during their military service haghigicantly higher NPY
levels together with increased cortisol levels.t@&contrary, a study exposing
the rats to different stress conditions for 8-wesdsilted in reduction of NPY
levels in different brain regions (Hyunyoursg al, 2003). Moreover, NPY
gene expression was shown to increase in the ARChef rat brain
hypothalamus but it was shown to reduce in thedameruleus region under
the stress conditions (Makiret al, 2000). Our data showed that there is a
53% decrease in their NPY levels of the schizophrpatients. On the other
hand, there was no change in the plasma NPY |efdlse patients after the
four-week risperidone treatment. It is a known thett leptin has an inhibitory
effect on the hypothalamitlPY expression (Weigleet al, 1995). Our data
indicating the increase in the plasma leptin leweis to risperidone treatment.
The increased leptin might be the cause of thepg@sma NPY levels of the
patients even after the treatment and despite rtbeease in the appetite. It
might be due to the fact that leptin might be a enpotent regulator on the
NPY expression than the antagonism of the risperiddmeugh the
serotonergic receptors on NPY neuron group.

The plasma NPY levels of the risperidone admingsterats showed a
decreasing trend compared to the vehicle group. déoeease in the plasma
NPY levels was parallel to the decrease in MY expression in the

hypothalamus of the risperidone administered rEtg. drug administration of

rats lasted for only four weeks and caused a sggmf decrease in thdPY

expression. Therefore, we might speculate moreesfehsed levels diPY
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expression in longer drug administration; in additincreased plasma leptin
levels might be affecting the NPY neurons to sugpréts expression,
consequently its plasma levels. The expression lgvBIPY was found to be
decreasing 41% in the risperidone administeredgyreien compared to the
vehicle group. As discussed in the previous pdrtisnan plasma NPY levels
were also slightly decreasing after the risperiddreatment. TheNPY
expression might be under control of the increaggdsma leptin
concentrations of the risperidone administered ratdead of the serotonergic
antagonism of the risperidone. Obuchowicz and Tam¢h999) demonstrated
that treatment with an atypical antipsychotic, elpine, results with decrease
in th NPY expression in the nucleus accumbens @fvilstar rats. Moreover,
microdylasates from the brain tissues of the wistés showed a significant
decrease in the NPY levels after thirty-day risp@nie administration (Gruber
and Mathe, 2000).

Also, a-MSH, an anorexigenic product of POMC, plasma levelflect the
brain expression levels. POMC has a variety ofsrtesides food intake in the
body, including the stress response (Bawgietl, 1994). The HPA axis, in
which a-MSH exerts its functions, was shown to have affécfrom the
pathophysiology of the depression (Van Praag, 2004#)this study, the
schizophrenic patients have a 2.5 fold decreasedn@ o-MSH levels
compared with the control group which might sugdbstdisrupted HPA axis
in these individuals. Moreover, there is a sligatmase (30%) in the plasma
a-MSH levels of the patients after the risperidomeatment. Since risperidone
is known as the antagonist of 5-ktTreceptor (Miyamotcet al, 2005) and
POMC neurons have that receptor on their cell man#grthe slight decrease
in the plasmai-MSH levels of the patients after the treatmentqaemight be
due to the antagonism effect of risperidone onREMC neurons, leading to

lessa-MSH synthesis.
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The a-MSH levels of the risperidone administered ratsenshown to decrease
significantly after 4-weeks risperidone administrat Due to the decreased
POMC expression in the hypothalamic tissue of the rigpae administered
rats, loweredu-MSH levels confirms the increased appetite in eéhasimals.
The 5-HT,c receptor on the POMC neurons, owing to the antagoreffect of
risperidone, might be the cause of the decreask$H levels, which is the
result of the decreas€@DMC expressionPOMC expression in the risperidone
administered rats were decreased 71% when compartdee vehicle group.
This significant decrease might be the result ef dhtagonism of risperidone
on the 5-H%c receptor, so that the downstream pathways of énet@anergic
receptor are blocked and this caused a reductitimeiROMC expression. This
data is, also, consistent with the increase irafipgetite and the body weight of
the risperidone administered rats, since POMC iaramexigenic peptide, and
its decrease causes increase in the appetite. Marethe human patients’
plasma levels ot--MSH were found to be decreased after the rispedado
administration. It was shown that 5-days treatnwdrihe rats with one of the
atypical antipsychotics, olanzapine, caused a fsogmit decrease in treROMC
expression in the ARC of the hypothalamus (Fexthal, 2011).

Circulating CART levels were higher in the schizogtic patients than healthy
individuals. The patients reported that they hactelessed appetite during their
diagnosis period. This might be the result of thereased plasma CART
levels, since CART is an anorexigenic peptide (bldriand Halford, 2006).
Moreover, Rosset al. (2005), showed that cocaine-induced psychotieptdi
had low BMI but high plasma CART levels, which @nsistent with the data
of this study. On the other hand, four-week rigpemne treatment caused a
slight decrease in the plasma CART levels of thteepes, which might be due
to the antagonistic effect of risperidone on thdBc receptor CART neurons
(Miyamotoet al, 2005).
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Plasma levels of CART neuropeptide of the risper@@dministered rats
decreased significantly when compared to the vehgcbup. The significant
increase ofCART expression in the hypothalamus of risperidone adared

rats is not reflecting the plasma CART levels, whimight be due to the
different forms of CART circulating in the bloodséim. The risperidone
administration caused a significant increase in rieperidone administered

rats’ CART expression (1.70 fold increase) when comparedhéo vehicle

group.

The significant decrease of the AgRP in the plasohathe risperidone
administered rats compared to the vehicle grouphimiog the result of the
decrease in thAagRPexpression in their hypothalamus. Furthermore,shigy
showed a significant increase in the plasma leljgtvels, which might affect
the AgRP neurons negatively, to reduce AtgRRP expression and its plasma
levels.

AgRP expression in the risperidone administered ratsedsed 10%, which
was not a significant decrease, when comparecetoehicle group. The AgRP
gene is expressed in the same neuron group Nt in the ARC, therefore,
change of thdgRPexpression might be correlated with thBY expression. It
might be suggested that the weight gain effechefrisperidone is not through
the NPY/AgRP neuron group, due to the fact thasehaeuropeptides are
orexigenic, and their decrease results with a dserén the appetite. However,
both the risperidone treated patients’ and ratgesife and the body weight
increased significantly. The decrease in MY and AgRP expressions might
be due to the increased leptin, and it also mightspeculated that, after a
longer risperidone administration, the weight gagctomes more severe, leptin
resistance occurs, so that leptin cannot inhibé éxpression of NPY and
AgRP further. Thus, the leptin control’s lost oexigenic peptide synthesizing

neurons lead to increased appetite and obesity.
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CHAPTER 4

CONCLUSION

This study showed the effect of atypical antipsyihaisperidone on
the food intake and appetite mechanism. Both theemqta and the
orally risperidone administered rats showed hypagph behavior
which caused a significant increase in their bodgight. The
significant increase in the body weight of bothigratls and risperidone
administered rats resulted in higher plasma lefdirels, peripheral

signal for food intake.

The schizophrenic patients had significantly loW#RY levels before
the risperidone treatment, which may also refldmtirt psychotic
episodes. After 4-weeks risperidone treatment, ep&i and rats
demonstrated reduced NPY levels, both in their ppégsand the
hypothalamic NPY expression in the rats. This deseemight be the
result of the increased leptin concentration, whiaght have lowered
the NPY expression. Therefore, this might suggest thateridone is
not directly acting on the NPY neurons to alterlégels, but the NPY
decrease is the result of the leptin increase duerigperidone
administration. The reduce@dMSH levels in both patients and the
risperidone administered rats may signify thateigfone acts through
the 5-HT,c receptor antagonism, decreasing the POMC expressio
the ARC of the hypothalamus. AgRP was found todmehsing in rats
after risperidone administration both in the expi@s level and its
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plasma levels. This might, again, indicate that thereased leptin
levels might be the reason of the decreased AgiRRession and levels
in the plasma. The CART levels of both patients aisperidone
administered rats showed decreased CART levelsein plasma, but a
significant increase was found in the expressioelfeof CART in the
hypothalamus of the rats. The increase in the ss@e might be the
result of the increased leptin. Further elevatibplasma leptin levels

might result with the leptin resistance, leadingbesity.

In conclusion, this study proved that one of thégivegain mechanism
of risperidone administration, which cause a sigairft weight gain and
increased BMI both in schizophrenic patients andst#irats, is
because of increased food intake and appetite.iridreased levels of
body weight mechanisms could be alter the levelsboth the
expression and plasma levels of the neuropepti@€iIC, NPY,
CART, and AgRP responsible for the appetite regutain the ARC of
the hypothalamus as summarized in Fig.4.1.

Future studies are further warranted to clarify ¢efular mechanisms
of the alterations of the NPY, AgRP, POMC and CABXpression
levels. The treatment does not rescue these hosnawels in the
plasma which may contribute to their increased #igpehence,

increased body weight.
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APPENDIX A

Standard curves of ELISA

v=_0,003x2+ 0,255x + 0,145

log 0.1, (450 nm)
>

a1 T T 1
0,1 1 10 100

log concentration (pg/ml)

Figure A. 1 Leptin standard curve for human samples
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Figure A. 2 Leptin standard curve for rat samples
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Figure A. 4 NPY standard curve for rat samples
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Figure A. 5a-MSH standard curve for human samples
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Figure A. 6 a-MSH standard curve for rat samples
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Figure A. 7 CART standard curve for human samples
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Figure A. 8 CART standard curve for rat samples
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Figure A. 9 AgRP standard curve for rat samples
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APPENDIX B

PRIMER DESIGN

GGTGCTCTCTGCTCCTOCCTGT TCTAGAGACAGCCGCATCTTCTTGT GCAGTGCCAGGTCAAAAAGAAAAGAAAAAAAAGCGACTGGGCCGCAGGAGGCCG
GAGACGAATGGAAATTAGGAATGGGGGEGAAGGACGCTGTACGGGTTTAGGGGOGCTGGTGCGAGGTCCGGAAGCCGAGCCCAGGCTCCGCATTGCAGAG
GATGGTAGAGGACGTGATGGGGCATGCGGOGEGAATGGAGGCGGGTGGGGGEAGGGGACTGGUCACGCTAATCTGACTTTCTTICTCCCGCAGCCTCGTCT
CATAGACAAGATGGTGAAGGTCGGTGTGAACGGGTGAGTTCCAGGGOGGGGLCCCGCTCOGTTGOGCATGOCGGTCTGGCTAAATTCGGGGCTGTGCTGT
AGCGTGLGGGGAGGTGGATAGGGTGGLCGAAGT ACCCAAGGAGACCTCAAGGT CAGCGLTCGGACCTGGGGAAGGCTCGCACTTAACGGGACCCCAGCT
GTTGCTCCCCTTGTAACTCCGCCTTTGCTGGGGAGCGGCCCGGAGTCTAAAGTAGCAGGAGCACCCCCGACACTGGCGCGCACCCGCTCAGGATCCGACT
CGTAATCCCCAGGCTGGGGCTTCTTITCTTTACT T TCGOGCCCAGAGGAGTCACGT GCCAGAAGGGGAGCCCCT CCCCCATCGTCCCCTTCCTCAGGGTCGG
TGGCACGGGGGTGTGAGGTGCATACCT I TGCOGCATCT ICTAAGGGCTTCACTTATGGTAACTGGCCOGOCGOCATGT TGLAAACGGGAAGGAAATGAATGA
ACCACCGTTAAGAAATCTTCCTTCGGOCTTCCTCATTCTTAGCT TGTGACTAACTITCTCATTCCTCT CAGCTGGGT GGAGTGTCCTITATTCTGTAGGCCAG
GTGATGCGATGGCAGGGTITCCGTGCTCTCATTAGAGCTCTACTATACAATCCGTCTCTCGTCAGCCTTTATAGGCCTCCAGCCTTATTTCCOCTCGGGCATAA
CTTATATTCTAGATTGTTCTCTGGAAGTCGAAGTGCATTTACAGAGGTCTACTTGGCCTCCCAGCCCOCGGAGGTGOGGTAGCAATGGOGTAGTGCCGAGCC
CGGEGGETGEGEETGEEEAGITGAGTCATGATGGTCCTGAAAAGAAATTTTCTGCCACAAAATGGCTCCOGGTGGTAGCAGCCCCCTCCCTCCAGGGOCTCCA
CTTCCATCCCAGCTCAGCACTGACCCAAACCCTATAGGCCAGGATGTAAAGGTCACTAAGAGCGATTGGGTGTCTCTGAGCCTCAGGATCCTACCCTTTTCC
CCAACCCATCCTCCAGAAACCAGATCTCCCCATTCCGCCCTGATCTGGGGTTAAATTTAGCTGTCTGACCTTTCTGTATCTGGGGTCTGAGCTGGGCTCTCT
GCCCTGTTCATCCCTCCACACATCTGT TGCTCCTGCTCCGATTITITITITTITIT I T T TTI T IGGUCGGGAAAGACAGGTGTITIGCAAATGAGTCCTGGGATT
AGGGLTOEAAAATCACTGGTTTICT TGATCT T TCCCCCAGAAAGGEACT TGEAGGAAGCAGGT GGGLTGGCCCTGTCCTGCTCACTCTGACCTTTAGCCTT
GCCCTTTGAGCTGCTGATGAATGAGTTCTCTCCTGTOCGGGAGTGTAGCCTGAAGT CCAGCCATGCTGCAACCGGCTTCCCAGGCCTGTGTGGTGGLGETG
ATGAATACCATGTGCCAAGCTTGTACCCAGACCGGGGCAAACCGCCACTTCTTAAGAGACTTAAAATGACTTTGGGGTGCOCGGGCAAGGCTGTGGGCCTA
ATCACCTCTTGGACAGGAAAGGAACCTCCACTTTATAGCTGCTATAAAAGTCCTGCCAGCCCTGGETGGCTCAAGGAATATAAAATTAGATCTCTITGGAC
TTTCTAGGGAGGGAACATTCTATATTTGGGTTGTACATCCAAGCATTCAACCGGCTTITATTAAAGGAAATTCTGGACAAAACATGAACTTCCTGCTGCTTA
CGTTTCTGATGCTGTACTGAATCAGCGTAAGAACTTGCACCTTTTTGTGATGCGTGTGTAGCGGGCTGCTGTAGGATCTCCACGCCCATGGTGCAGCGATG
CTTTACTTTCTGAAGAACATGCGTTGGCCCAGGGCTGACTACAAACCCAGGAGGGGTTCACTGATCCCAACTAACTCGCCTATTTCTTGCCTCAGATTTGG
COGTATCGGACGOCTGGTTACCAGGGCTGCCTTCTCTTGTGACAAAGTGGACATTGT TGCCATCAACGACCCCTTCATTGACCTCAACTACATGGTCTACAT
GTTCCAGTATGACTCTACCCACGGLAAGT TCAACGGCACAGTCAAGGCTGAGAATGGGAAGCTGGTCATCAACGGGAAACCCATCACCATCTTCCAGGAG
TACGTATGGAAACATGCACAGGGTACTTCGAGGAGATGGTAAGGGGCGGCATTAACTCTGTCCTGTTCCCCGCCTGTAGGOCGAGATCCCGCTAACATCAA
ATGEGETGATGCTGOTGCTGAGTATGTOGTGEAGTCTACTGGOGTCTTCACCACCATGEAGAAGGCTGOGGETAACT GGLCAGGAAGCTGCAGGTAAGGGE
AACCCTTGATATGGGTGCAACCT CCAAACT GAAGAGCTGAGTCTGAAATCAACT TCTCCTGCACAGGCTCACCTGAAGGGTGGGGOCAAAAGGGTCATCA
TCTCCGCCCCTTOCGCTGATGOCCCCATGT T TGTGATGGGTGTGAACCACGAGAAATATGACAACTCOCTCAAGATTGTCAGCAATGCATCCTGCACCACC
AACTGCTTAGCCCCCCTGGOCAAGGTCATCCATGACAACTTIGGCATCGTGGAAGGGCTCATGCTATGTAGGCAATGGAGACAGCTCATGCATGAGTGGA
CCTTTCTTTGAAGATGTCCCTTTGGGTAGGAGGGCTGCCCTGCAAGACCTCACCCATTGCCTCTATGCTTTCTAGACCACAGTCCATGCCATCACTGCCACT
CAGAAGACTGTGGATGGCCCCTCTGGAAAGCTGTGGUGTGATGGCOGT GEGECAGCCCAGAACATCATCCCTGCATCCACTGGTGCTGOCAAGGCTGTGE
GCAAGGTCATCCCAGAGCTGAACGGGAAGCTCACTGGCATGGCCTTCCGTGTTCCTACCCCCAATGTATCCGTTGTGGATCTGACATGCCGCCTGGAGAAA
CCTGTACGTAGGGGGAGAGCTGGGT T TIGTITIGTCTATGGTATGGTGGTGACTTGGGGCAAGAGCAGTCATCTTITGGTTITTGCCCTTACAAGGCCAAGTAT
GATGACATCAAGAAGGTGGTGAAGCAGGCGGCCGAGGGCCCACTAAAGGGCATCCTGGGCTACACTGAGGACCAGGTTGTCTCCTGTGACTTCAACAGC
AACTCCCATTCTTCCACCT T TGATGCTGOGGCTGGCAT T GCTCTCAATGACAACT TTGTGAAGCTCATT TCCTGGTATGTGGGGACCGCAAGCCTGGCTCTT
GAGAGTAACTGAAGGTTIGGTGOCCTCTGGT GGOCAGCTTAGAAAAGAAGCCCAAACTAACCGTTGTCCCAATCTGTICTAGGTATGACAATGAATATGG
CTACAGCAACAGGGTGGTGGACCTCATGGCCTACATGGCCTCCAAGGAGTAAGAAACCCTGGACCACCCAGCCCAGCAAGGATACTGAGAGCAAGAGAG
AGGCCCTCAGT TGCTGAGGAGTCOCCATCCCAACTCAGCCCCCAACACTGAGCATCTOCCTCACAATTCCATCOCAGACCCCATAACAACAGGAGGGGCCT
GGGGAGCCCTCCCTTICTCTCGAATACCATCAATAAAGTTCGCTG CACCCTC

Figure B.1 DNA sequence osAPDH The exons are highlighted and the unmarked
regions represent the introns.

TCCCGCTAACATCAAATGGGGTGATGCTGGTGCTGA
GTATGTCGTGGAGTCTACTGGCGTCTTCACCACCATGGAGAAGGC

CCATCACTGCCACTCAGAAGACTGTGCGATGGCCCCTCTGGAAAGC TGTGGCGTCGATGGCCG?
TCCAC AAGGC

GCTACAGCAACAGGGTGGTGGACCTCATGGCCTACATGGCCTCCAAGGAGTAAGAAACCCTGGACCACCCAGCCCAGCAAGGAT
ACTGAGAGCAAGAGAG. SCCTCAGTTGCTGAGGAGTCCCCATCCCAACTCAGCCCCCAACACTGAGCATCTCCCTCACAATTCC
ATCCCAGACCCCATAACAACAGGAGGGGCCTGGGGAGCCCTCCCTICTCTCGAATACCATCAATAAAGTTCGCTGCACCCTC

Figure B.2 GAPDHhas 8 exons. Pink and gren boxes were shown balgdquential
exons. The primer sequences were representedaatmbith bigger fonts.

FCOCATTCTTOCACC T T Tormoc000eToGCATI G T AN T ACAAC T O GAAGE T ATTCC TG GTAT GACAA TG A TATG G CT A

Figure B.3 The amplified region by the synthesized primer ®R®H gene.
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