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. ; ! s Shic ahe useful in phenotype
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CHAPTER I

INTRODUCTION

Nowadays, psychjie i gto cause more morbidity and
mortality. Based on Sl d, see€lon represents a major health
problem second only-te-isChemt hear@isea he-diagnosis was made according
to diagnostic by Dia le=amd-Statis ;lcal Aante "---.LL,__ | Disorder 4™ Edition by
Depressive disorder lernat ohal ication of Disease ICD 10

criteria (ICD ) BiGide is frequently ranked
in the first tenth ' Ui AUSE inevery "\"\“‘n;&_ The suicidal incidence
was commoni#Q Jye 53y e@FS,WithitheNaitio Detween women and men
of 2:1 [3, 4] defFis e -1,_.\\1 ';‘x e predominantly by an
imbalance of al. . w:\ 0 \ re also accounted for the
causative factors f _‘! ¢ me! . ,' cl ron|c physical disorders,

drug addiction ah be treated effectively
depending on the, hich is different in each
individual. Com fidepress | \ ided into 3 approaches. First,
psychological therapy¥cangbe, erf / %@s these following strategies;

Interpersonal  Psychotherapy-HBH);,—C€t¢ ve-Behavioral Therapies (CBT) and
Rational-emotive Therapy 4RET)/ Seco fitoconvulsive th ECT) i
ational-emotive Therapyt XRET) Secor onvulsive therapy ( ) is a

technique ﬁ'a S If order to improve
neurotransmiiter-balance. This siraiegy can alleviaie depres: mptoms especially

in serious depfes adtidepressant [5]. Third,
Pharmacologicﬁql" therapy 15~ aCHIE USIAG- medicine @fh as antidepressants.
Currently, dep sswe treatment with antidepressant is widely used in order to inhibit
the reuptake of lmnsmltters in the br@lafwhich resulting in an increase of

FUSINENTNEINT
patients it hough thelsam@ drug and

dosam are given. The variation of individual drug response could be affected from

_several factors e.g. age, dletarylnt es, concomitant uﬁirugs lifestyle and ICS
Agdfatiiandes
ion tolbe rt

wide range in drug response and toxicity. There are numerous studies regarding a
relationship between genetic polymorphisms of DMEs and plasma drug concentration
corresponding to the genotypes [7-10].




Pharmacogenomics in psychiatry research is conducted in an attempt to
identify genetic variations [11] that has an effect on the accumulation or depletion of
drug concentrations, to associate genetic polymorphisms with potential risk to cause
psychiatric disorders or adverse event from drug uses. The cytochrome P450 2D6
(CYP2DE6) is phase | drug metabolizing enzyme that known to be responsible for

antidepressant, antiarrythiiCsig Irolepti )ﬂ)iates, and antihypertensive drugs

[12]. 1t is currently choRag Jhaiptost v %mes providing tremendous
information available-for-Tts=ge ) | al_implication. CYP2D6 genetic

intermediate metaboli | \ , and ultrarapid metabollzer
(UM) [13, 14 i . i WH-alleYe8nis Chakacterized as PM which
exhibits nonfunctj ' ity \fhe BXire ow CYP2D6 expression
[13]. PM ph : i - 0l B%]. when is medicated

with CYP2D6 h pronounced clinical

relevance. D co {é: st ally, the optimization

of therapy for indighdual gefferallydsaset : \o .~ r[16 18 and 19]. It was
: A :

obviously fou [ W-' -'t.. dr B response and genetic

polymorphisms of %h ch-are el « | Vide among different ethnic
groups [13, 20]. q om a dif gre ce in blood concentration
(pharmacokinetic), d# ) armacodynamic), and eventually
clinical responses [1 13, .“.‘:‘.'_:.__% 3¢ drug reaction (ADR) is a common

problem arising from drug ,L" ti d Health Organization (WHO)
defines ad éﬁg f: : ction wh u nt'v nded which occurs
at dose normally-used-in-man-for-the-prophyiaxis;-diagnesis, el therapy of disease, or
for the modT¥i€atior | };_A%f;ority of depressive

patients often L[ eive tricy As) as lﬂ initial treatment. For
instance, amitri tylme has been used to treat depression for more than three decades
since 1961 and it sﬂ widely prescribed althdligh the newer antidepressants were

AU INHNI NN

pronﬂl‘uced anticholinergic symp ms, gastrointestinal symptoms, cardiovascular

symptoms and others [26-31]. CY C19 and CYP2 m ortant roleuhe
Q WaARdn iR R
an @ac metaboli et@abalizesinoMfiptyli . O

by hydroxylation [1, 24 and 32].



Therefore, the defective CYP2D6 enzyme function possibly gives an accumulation of
active metabolite which consequently cause ADRs related high plasma drug
concentration.

The several studies reported the relationship between adverse reactions and
CYP2D6 polymorphism that the {@ iicelof,PMs and IMs in the adverse reactions
ighe rse reaction group [1, 24, 29, 30

and 33]. These studiessdighshaw?a ! sfunctlonal CYP2D6 alleles in
| drug reactions, failed to

genotype with W — two newer antidepressants
(paroxetine arypi( : redicted Se events in depressive

patients [1].

never been repor; The ultimate goal of
pharmacogenomg Ders _ jera) which focused on the
impact of genetic gfari @ S af jetion of drug-metabolising
enzymes in ord ne thgy -r‘o'#'r ffectiveandsafe f\dosage of the best drug

- d h : ) ! 1 .
for a particular pat %&. S| herefore, pharmacogenetic

information has t ial to ,',,,-.,_,-,. tient co \ p with drug therapy. There
are no i i arding  the nshig M between CYP2D6 genetic
ﬂwﬂgp -
polymorphisms and adversetdrtig real Peen Conducted in Thai population.
This study aims to examm T a RDG6 variability on drug response in

depressive fgtient ’ of arpitriptyline. CYP2D6
polymorphignis.in-Thai-population were preliminartly invest @unpub”shed data).

However, t% le}d dose with genetic
polymorphisms=has y be the first to prove
whether CYsz polymorphisms have any association Withml:\’ when administering
amitriptyline in T‘al This data could Iead e application of genotype-adjusted

AUEIMENINGINT
QAR TR

Objectives

To find the relationship between adverse reactions of amitriptyline and genetic
polymorphism of CYP2D6 in Thai depressive patients at Siriraj Hospital.



Expected Outcomes

The study could be used as a preliminary data for dose adjustment of
amitriptyline in order to tailor each patient with the best dosage regimen
corresponding to their genotype. Consequently, adverse drug reaction could be

prevented and patient compli ngreased providing high efficacy of drug
treatment. \K /’,

ﬂuEJ’JVIEJVIﬁWEﬂﬂﬁ
RIAINTUURIINYIA Y



CHAPTER 11

LITERATURE REVIEWS

1. Major Depressive Disordeg (ME [k
Among psychiatriCaoisorder / one of the most prevalent

problems that representsasza.maj hea th is century [1]. Several studies
reported the prevalefice bssi |sor en are two to three times
more likely to : 2 dnd 31 10 _ psychiatrists believed that
depression was a: {1 thou \ Otions in a person. Current
studies revealed thge#th S 4 \"‘wm“, defective biological

processes, geneti aifd £n¥ironmenta —._ 3 ‘z.;_.o'.“-~ causes are due to the
chemical changes j# : _ﬁ 3 \o -- d t at people suffering from
I ‘\ \ ich are serotonin and
A n O EN cause sleep problems,
re55| "u € A a decreased amount of

me contribute to the fatigue
.\ aréfalso contributed with the
support from genetic #i€ -—:-—---—-a:- Lisordérs have family linkage. For
instance, if one identical vr{ fro feEsion or manic-depressive disorder,
[ ffer from the same illness. Finally,
environmenta fac g fted from stre: ignal situations such as the

death of pal

the other twin will have a g.w: O

Depressian can be characterized by
depressed mO(mlt is an illness that Involves the body, moad,jland thoughts affecting
the way a person.oat and sleep, the way one_feels about oneself, and the way one

thigksra nterest in
esfit Ej@ Wi en%%’y}” J[o aw ﬂ’qgﬁ ielf-worth
d*slee ap , and™poorf concemtratio gn03|s of

ment

disorders that is widely u to classify are the criteria from Intern

QWﬂﬁaﬁﬂﬁnﬂd VTR Y




International Classification of Diseases (1CD10)

International Classification of Diseases (ICD10) was endorsed by the 43rd

World Health Assembly in May 1990 and came into use in WHO Member States
since 1994. This classification is the latest series which has its origins in the 1850s.
interNe | tapdard diagnostic classification for all

ical anoimiahyshealf/t yent purposes. These include the

analysis of the generalkglie Sttyat] ﬁe groups and monitoring of the
incidence and preva of-dise @blems in relation to other

variables. Since then used=to classi

11

FS? &current depressive dlver

AUBINHNINHINT

)  Withomatic symptoms g

SLUBN K] HURIIRHAR ¢

Without somatic symptoms

2 With somatic symptoms



F33.2 Recurrent depressive disorder, current episode severe
without psychotic symptoms

F33.3 Recurrent depressive disorder, current episode severe

with psychati toms
it de % currently in remission

04 (dffectivie) disorders

Af e Ot \ unspecified
y '\'"’ '

At present, iSOkAArSk use several therapies but
pharmacotherapy € \ aceepted/~as4 a mail gtment. Classification of
pharmacotherapy in 8Sive-treatn mpris& of Tricyclic Antidepressants
(TCAs), Selective jiors (SSRIs), Monoamine Oxidase
Inhibitors (MAOIs) and 01,' er.a epresse as shown in Table 1.

Table 1 D@ i @and 18]

Tricyclic a L .
Amltrlptylln¢| drochlor yline #J‘
Amoxapine Protrlptyllne hydrochloride
Clomipramine dﬂlorlde pramine
it TN TN

chidride
amlne Trazodone hydrochloride

: Lofepramme Viloxazinéydrocholride

| |
IALNT ey Wiafignay
Isocarboxazid Moclobemine

Selective Serotonin-Reuptake Inhibitors (SSRIs)
Fluoxetine Sertraline



Fluvoxaime maleate Venlafazine
Paroxetine
Other antidepressant drugs
Alprazolam Mirtazepine
Bupropion hydrochloride

Flupenthixol
Lithium

(TCA) and contains a

characteristic threggs v ' " \ aloyto treat various forms of
depression. It is of .,\ \‘\, hotherapies and analgesic
(for certain ¢ athie=pai)y 0f “a 8 -c. Mlaxis against migraine
headache AR AN :

distributed across Ad breast milky Wets ofi AT is mainly mediated by
hepatic enzyme giving Diyline ) p activemetabolite and other hydroxyl
and conjugated deriv e imPaired in the elderly. The half-
life in adults is 9-25 hou - Caverages) and time to peak serum
concentration is withing 4 f" ifs.-Renal eliminated by approximately 18

percent as @ ﬁ;}ces by bile.

Me

e
The rrManism of action of tricyclic antidepressaM is involved with the
blockade of nor@nﬂrme (NE) and/or s nin (5-Hydroxytryptamine, 5-HT)

AUTANYINGINT

raplq by the reuptake of blockade and can occur within a few exposures of
medication or at most several days‘fter chronic admini t|on However, the

q RIS UAT IR

adjusted to reflect the importance of neurotransmitter levels for the sensitivity,
function, and efficiency of the receptor system.



Amitriptyline contains tertiary amine is metabolized by the cytochrome P450
2C19 (CYP2C19) into the secondary amines (e g. NT is active metabolized of AT).
Amitriptyline is metabolized at N-demethylation and benzylic 10-hydroxylation
whereas demethylated metabolite NT is primary metabolized by 10-hydroxylation.
Both AT and NT are 10-hydroxylat y the cytochrome P450 2D6 (CYP2D6) [1, 7,
11, 24 and 32] as shown in Figule dggree of demethylation of AT may be
cllnlcally |mportant becat a the. me |s active and may reach higher

icycli v electlve antidepressant. This
implies that it n6tonly bleeks '_ 3 ‘neurotransmltters that is
involved with glss@engpaic Aigtamingro d, Choli eceptor system, it also
produces common géerse” drlig rld Health Organization
(WHO) defings KDR € ay a.drug the N Qs and unintended, and
that occurs at dosgé” nogha s€d-r-mea hy | axie diagnosis, or therapy of
disease, or for i€ moghficgtio pf @ ‘

*w, (

Phenelzine
Isocarboxazide |
Tranylcypromine
Meclobamide

o 2 receplors.t
desensitize

'. . ey
Mirtazapine -y > \ —
Yohimbine | ’ i-', N3 Buproprion
“ ] P J— Imipramine
‘ Q't.;l (1] 70 Amitriptyline
ﬂ =

____-- 1R e

Desipramine
Nortriptyline

Figure 1 Mechanisms of action of antidepressant drugs: norepinephrine synapse [36].
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10

) Tryptophan ——>  5-OH-Tryplophan—> Serotorin (=

Amitriptyline
Clomipramne
Fluoxetine
Fluvoxamine
Mirtazapine
Nefazodone
Paroxetine
Serraline
Trazodone
Venlafaxine

Mirtazapine

L =
-;--—'

Nefazadone
Trazadone

AT Ly % i [
Mirtazapine : ‘ -4 "R - s Mirtazapine
AP Y b N, Ee

Figure 2 Mech sm

rﬁ e ,..,.

T r-m':,: CYP2D6 ,C

CHa : CH;a
CH;J[\E%) v cHE H —Q H/hll\n
o WA L\J

amittiptyline - N- coides| =4 desmethyinoririptyline (DNT)
(AT-NO} M

‘nlm , n.bmm -

o' 21109

ﬁmnmumwma

E/Z -10-hydroxy-omitriptyline  E JZ -10- hydrosey - nortriptyline,
{E/Z-10-0H-AT) (E/Z-10-0H-NT]

Figure 3 Chemical structures of amitriptyline and its metabolic pathway [37].
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Adverse reactions of amitriptyline [1, 26-31]

The most common adverse reactions of amitriptyline can occur with great
variability in the effect profile.

1. Anticholinergi

The anticholingrgiegefiec . d from their antagonism of
muscarinic receptorg;zinciience™ ve 34 percent of occurring
[38]. Antlchollneigﬁ—miﬁeet-e—'such‘as dﬁewansasﬂd dry mouth occur at

apprOX|mater| , 9]. In-addi Bligedlic Urinary obstruction and

tien_and constipation (rarely

re eptors, they produce
irregular heartbeat),
potension (low blood
Ston  (high blood pressure),
tachycardia (rapid® 'f' prave it uld tachycardia, ventricular
tachycardia ventriculg¥ frijg ?J_J"J.,.L_. IR OTSPR, QRS or QT Interval ST
segment and T wave chang BEK or complete heart block.

myocardial
hypotension (lg
pressure upon stz%

dl” S

. gjneuromuscular are
coma, seizur eet nal=sstates, disorientation;
incoordlnatlo axia (failure of muscle coordination), trerMs numbness, tingling,

paresthesias of ﬂre remities, dysarthrla %rfect articulation of speech due to

AU AR W
QRasasalInIANeNAY

photosensitization, edema (swelling) of face and tongue, alopecia and photosensitity.
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5. Endocrine

The increase of hormone levels can result in testicular swelling and
gynecomastia in the male (development of breasts), breast enlargement in female.
Infrequently, galactorrhea may also_be observed with increased or decreased libido,

impotence, elevation, and loweking © f ar levels.
6. Extrap :..‘| 2 eun ///

'._."' :

A number —effect areﬁlate ) don blockade, and others are
related to variousgieeeptor . The ffects are often termed

1. \

It is rare te cludico &l *\‘.‘~| x nction and jaundice) but
the most occun 5;2, v,‘_-,.-gﬁg distress, ‘-,\ itMlg, anorexia, stomatitis,
peculiar taste, diarr i ’fﬁ ; \ uRpleasant taste, weight loss or
gain | DA

' S FIee.

8. Genitourina '---:‘f-- a

T
o o W ' ytosis.

Thzﬁs COm
9. t

*
-

.lmy, seizures, peripheral

==t
It is ra%ﬂwith bon
neuropathy, photosensitivity, dysarthria, stuttering, renal Tailure and withdrawal

symptoms. ‘ﬂ . v
AULINLNTINYINT
L Age ¢ a W
. ) | 1 ‘] |
| W) BNF BRI B 8
q people are likely'to have more"’ADRs because of the incréased number of medications
taken by the elderly. The absorption, metabolism, distribution and elimination of

diugs imay reduce willi age and these faciors may e responsible for ADRs. in
newborn infants, many drug metabolizing enzyme systems are underdeveloped.



13

2. Disease and drug

Drugs are usually administered to people whom a physiological or
biochemical process is altered by the disease, for example hepatic drug elimination
and the conversion of prodrug. Which may be substantially reduce in chronic liver

us y4 be required. There is a direct linear
f 'zw the rate of ADRs which mostly

}mitogenic stimulation.

For many- harmaeoKinetich Aric seems to be no greater
than the intraip#ivi fiabil : -,:_‘-' 1 oVillenC8of differences in both
cod) gtibilily to ADRs. The factors can
| | in qh S ch as height, weight and
metabolic genetic po phiSM; extringi Bk M&@hs these are acquired such as

.

, g’ales. The increases

may be due t -pha fluences. Women generally
’ 11
have more adip@se tissue, secrete less gastric acid and havmower gastric emptying

than men.

AUBARERTHE N

Genetic factors play a major role in determining drug response and handling as

well as susceptibility to ADRs. A ough. receptors, tﬁoort rocess and meMIic
OV G135 Lawilelh @y ke glsyd
q any. hi relire ¥ f andlimg fore b8t (xenebioti

especially drugs.
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3. Pharmacogenetics and pharmacogenomics [19, 29 and 41]

The pharmacologic drug response is a complex trait and is likely under
polygenic control rather than simple monogenic regulation. At present,
pharmacogenomic investigates drug metabolism to a broader context with an attempt
to dissect the genetic contrgl Ievels of the pharmacokinetic and
pharmacodynamic casc ; and transport to drug-receptor
interface and beyond

polymorphisms (SNPs)
human genome. It is

Human g
represent the i

thought that the cgg  plimdn’'s (esgDding regions, introns, and
promoters will contgi#appréxifé A‘ SN Ps are valuable biomarker
to elucidate the,géfeti I8 ‘ | ; nd armacologic traits.

\

Both p ( ---' ma \o e % -‘“—\ ch determine genetic
factors that contribygé togvarigbility in-drug esp &imihgividual patients which are
summarized at ghsi u{,’*v“« pharmgkb'Okg/Mdex.jsp. Pharmacogenetic

strategies primari "  *, i0 \ |dae genes suspected of
affecting drug resg cas pharmacegeno egies evaluate the entire
genome. The progrei 4 ri petic many ways, is a theoretic
working model desc the genetic polymorphisms and
adverse reactions.

Drug met@s

Drué’ _ ‘;&s-jegradation usually
through spec’:i!-@ed enz olism :%—.dfn converts lipophillic
chemical comipobunds into more readily excreted polar ducts. Its rate is an
important determ‘éﬁ the duration and int@gfty of the pharmacological action of

aﬂ WHINHANINGINT

tlon of these exogenous substances out of the body often requires
biotransformation through enzy s or xenobiotic#Setabolizing system. uu

4 IR MRS

metabolism is divided into two phases: Phase | belongs to functionalization (non-
synthetic) reactions where functional groups are oxidation (cytochrome P450
monooxygenase system, flavin-containing monooxygenase system, alcohol
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dehydrogenase, aldehyde dehydrogenase, monoamine oxidase and co-oxidation by
peroxidases), reduction (NADPH-cytochrome P450 reduces and reduced (ferrous)
cytochromeP450), and hydrolysis (epoxidhydrolases, esterases and amindases).
Cytochrome P450 enzymes play the major role in phase | metabolism by catalyzing
the metabolism of more than half of all drugs [6]. Phase Il enzymes are conjugation
(synthetic) reactions, linking the, fne [ .‘ Lrgups created by phase | to water soluble
groups provided by fh ry¥ metabolism such as UDP-

1), "\ ' ﬁ(NAT) methyltransferases
f =5 and‘lutat fapsferases (GST) as shown in
Figure 4. / v
Figure 4 Phas
and 14]. D

Phase |

lic contribution [6, 13

DPD aiffers | c¥ ¥) GST-M
, \ : e GST-T
GST-P

_ FRY . A\ 4{ % GST-A
ALOH~ APH Y ‘ e SR

The cytochrorl.‘ug P450 enzy - M

The cytocl‘onD450 enzyme is abbrafiigted as “CYP” and plays a major role

ﬁge m lis ing them
W SNETINE
of a ucmg agent and carbon monoxide. The term cytochrome P450 today refers to
a superfamily of heme protein !esent in nearly allBerganisms including @elst,

A IRNNINAN TSN IR

membrane anchor by a heme iron which is coordinated as a conserved cysteine.
Substrates of this enzyme system include endogenously synthesized compounds and
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exogenous compounds such as drugs. The general stochiometric reaction catalyzed by
cytochrome P450 is as follows [6]:

NADPH + H* + 0, + SH ———— NADP" + H,0 + SOH

The complgtier 16-SBaL H e<hunTaMgeame revealed the presence
of 11_5 human CYP ' [X ‘ T \\x\: ﬂ.;;; gene comprises of ?7
functional gere : v ps WDIchparegsummarized at the website
http://www.drnelgh. utgimseé HFome ," htn I http://cpd.ibmh.msk.su/.

All members of cytgé Zymes ¢ f| famllles and subfamilies
on the basis of ] ] Of ag v no aeid Segue x,g ghity [6] as shown Figure
5. The CYP a reica be reirieved @ { \ Imm.ki.se/CYPalleles/.
Gene families t i theln "4 deid identity are designated by
Arabic numerals (1, " examp o e RUMergus members of the families
CYP1, CYP2 and ofr- ' oy areithe moskimportant phase | metabolizing
enzymes and medlavé ' "';":' 80% ph | dependent metabolism of

clinically used drugs? Subf; amino acid sequence similarity
which some study found th -more than sake identical and grouped in the same
subfamily de5|gnat / "‘":’ “fetters | ch as the CYP2C, CYP2D,
CYP2E as,l‘i , 8¢ J)ence of more than
70% identiga 3 | cj such as CYP1A2,
CYP2C9, CYR2 *Finally, Specific alleles are
named by Ar;ﬁ numerals or followed Dy a capitalized b@[n letter. There are no
spaces between g?e asterisk and allele and trale’ntlre gene allele symbol is italicized.

ﬂ'LIEJ’JVIEl ‘ iijfp)
quq CYP2D6*10

Figure 5 An example of the nomenclature of the cytochrome P450 enzymes [41].
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4. Genetic polymorphism of cytochrome P450 2D6 (CYP2D6) [52]

Genetic polymorphism or pharmacogenetic polymorphism is defined as the
inheritance of a trait controlled by monogenic trait that exists in the population in at
least two phenotypes. A characteristic feature of pharmacogenetic polymorphisms is
that the response to drugs can have iidual variability as well as inter-ethnic

#iBition, Pharmacogenetics,

\ Slow metabolism

Minimum Effectiw e ' mpliance, Enzyme induction,
Pharmacogenetics, Rapid metabolism

. - .o Time
Figure 6 .'TT’:::‘:':':T.::”’."':':’—'TZ. _____ Ne : tors affecting drug

concentratioasf42

Bly
=

(o

==t
11l
Amongl\u/tochrome P450s, the largest metabolic cduiibutions are made by
CYP3A4/5 (36%)‘C82D6 (25%) is the se(ﬁry largest and the rest are CYP2C8/9

AUEIVEN I AT

inp macogenetlcs since It is highly polymorphic. A recent analysis reviewed that
there are over 300 drugs fromgBiverse therapeutHIasses such as an

A RS R I el

amphetamines and important psychotropic drugs such as antidepressant. All
mentioned drug classes depend on CYPs for their metabolic clearance. An example of
CYP2D6 substrates are shown in Table 2.
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Table 2 Some drugs metabolized by CYP2D6 enzyme [6, 8, 13-15 and 43]

Antidepressants

Amiflavine Desmethylcitalopram Paroxetine  Amitriptyline
Desipramine Minaprine _Tomoxetine Brofaromine Fluvoxamine
Moclobemide Cltalopr Clomipramine Imipramine
Nortriptyline //

Antiarrhythmics

Amiodarone ' Propafenone
Mexiletine R v mall _ i ' Encainide
Antihypertensi :

Alprenolol Nitrendipine
Bufuralol Oxyprenolol
Bunitrolol Propranolol
Bupranolol Timolol
Antihistamin

Azelastine Promethazine
Chemotherape

Clotrimazole Roxithromycin

Doxorubicin Sulfasalazine

Neuroleptics . .

Clozapine apine i pEridone Thioridazine

Haloperidol ' » Zuclopenthixol

Levomepr ing

Opiates CL

Codeine A\

Dihydrocodeinﬁj

Miscellaneous*

Aplgenlne ‘&unyloestradlol Mgtoxyphenamine Budesonide

drate

FEUE LHEY) INEOT
xyamphetamlne MPTP Tacrine Dexfenfluramlne

Laudampsome Nicergoline ‘ TamoxifeaEm, Dibucaine

q Wﬁﬂiﬁﬂ‘?’m AR NLARH

MethoxyamphetaminePhenformin
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Substances (medicines or other compounds) that are metabolized by CYP2D6
are called substrates. Some substances that inhibit the activity of CYP2D6 enzyme are
called inhibitor. For instance, amiodarone, cimetidine, fluoxetine, quinidine and
ritonavir may increase the effects of substances. On the other hand, other substances
called inducer that can enhance h etabollc rate of CYP2D6 may lead to

subtherapeutic level of other § hrome P450 substrates, inducers and
inhibitors are summarlze

/lne inpui.ed/flockhart.
Hepatic CY

t|V|ty are different among
subtypes as summa_rlz_ed- 1 to 2% in amount but it
contributes as

polymorphism is one of
the most intensiy ‘ jve monogenetic defects
in drug metabolisig Vi Ahé JainYbigtransformati vprocesses of psychotropic
drugs is oxidg v : RERG. Its gene is highly
polymorphic  witk ? A described so  far in
N ymatic activity.

Table 3 Differegft befvegh shro *"-' Sirilttions@nd metabolic activity in

CYPP450 T Db | Metabolism (%)
r J"",J'__._!__ i 1

AT 55

ﬂ"" 2 10
7757 -

YA _) 2

2 1 \J‘ 15

ZAEU M 15

2D6 ¢ o

AU ANININIANT. -

two qloups independently discovered the genetic deficiency of debrisoquine and
sparteine metabolism. The dlscoveﬁ/ of genetic poly hism in the metabo

IR IMIMT NN

After cloning of the CYP2D6 gene, large numbers of the allele have been
found so far and CYP2D6 gene structure and its sequence were reported since 1989. It
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was found that the locus of CYP2D6 gene is on chromosome 22 lining in tandem with
other highly homologous genes, CYP2D8P and CYP2D7, which are classified as
pseudogenes. CYP2D8P and CYP2D7 share 92% and 98% homology, repectively to
CYP2D6. The active gene, CYP2D6, consists of nine exons and eight introns. The
CYP2D8P is a true pseudogene contaigs several gene disrupting insertions, deletions,

no open reading frame, and Jeni A ogdons within its exons. The CYP2D7
coding sequence contains i . SINg utation, an insertion of T138 in
the first exon, causiEeagSIENT cadf ne and premature translation

termination. Based @n-bar" asfricti : n lymorphisms, the CYP2D
gene cluster is definedby § haplolypessmhichwdiffer in the number of
peudogenes and functigime P 20¢ Q! \\:‘ uster has localization on the
long arm of ch the pseudogenes and
functional gene ig MinEigures 7-8 with exons

(numbered box \
lﬂ‘; AN

'!\’J' S ¥
"‘":.w e ‘\\ functional gene

f
2D6

AT TS T

AN TUUNTINETHY
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Exonl: 1 - 268

Exonll: 260- 440
Excnlll:  441-59
Exonl¥:  594.754

18605T

EwnV: 755931 CYPD4.1005

Exon¥W1:  032.1073

ExonVII:  1074-126) 119654 éifjf‘,, i
ExonVIN:  1262- 1403 QISIE

ExonX: 1404 - 1655

— T HCT 4H40A S0A0eA
4 _M& CYP2D6.29 CYP2DE
e VI36M GIeSR

TIan

1488 [888insCTOOCCACT
BHG>A
CYPIDH,3T CYPIDG.1S
RWNH SBALewProTh
[ -
| | "

[ 5 : : | 1491 (497 aa)
| | ' SR | - 1579 bp
1040 bp rep 1016 a 1 v I ! 140302A 1345C>C
CYPI06.30 CYRIDE 13 2D6.24 25 CY L0l cYmoesl |y
1721 T4FRP rep i ; J 377 Re4OH SUSET

il

T
L 13250l ncT ol .
- cre
Frame shift ——
197RCST |
|SEETSC CYPIDG*IC \. Frame’
CrepseiE |GIERDENIR o un = 2
1863in ey CYP2S 412541 insGTGECCACT
ITEERPY 18aYins ' +65-470%FTins
3 g e —— A AT
(PIO6TIE  CYPHIGTIR

MISCG ELEE
CYP2D&®S  TITITSC

| e g

Figure 8 Some single nucleotide polymorphisms (SNPs) in CYP2D6 gene [46].
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At present, more than 60 CYP2D6 alleles are described that encode an enzyme
with inactive, decreased, increased, or normal catalytic function. The number of
functional CYP2D6 genes correlates with drug and metabolite concentrations in the
plasma. In addition, genetic polymorphism of CYP2D6 relates with adverse drug
reaction from psychotropic drug otyping results must be confirmed by
phenotyping that examines thg agsfgrmation of a drug into its metabolites
and shows whether the: \ ‘ &his rate is linked to a specific
polymorphism. The metalighitSghd (MR)~ MS the ratio of the amounts of

—

lite. 2 e

|

-

-

; t‘f "

0 4 . .
r ",\ response which genetic
d L“u_{ Within a given population
eX(e Ve, metabolizers, intermediate
VR

In general #Hhefotyhg ol
polymorphism epéblesfivi€igh of_phet
into four groups, nagiely #ltrgrapid

metabolizers and g6or gifetalfolizerss "%
Alleles with increagfd efizyme dctivity opXilrarapill mabolizers (UM)

Ultrarapid =~ - ZErS 15 the rest rea8@d drug metabolism and is an
autosomal dominant trait afTSHIG=FFOR-g Aesamplification. UM genotype is found to
RD6*1, *2, *35 and *41 allele xN

i i AT IS
have multiple copies of apr _._:‘_- Iy fur
events and other

(N = cop :m
mechanisms: Fheirultra-metabolisms.are.commonly-found.ir, Ethiopian and Saudi
Arabian populatio pic drugs to reach
therapeutic bloiﬂ_adrug ever

Alleles with norrﬁl&yme activity or exte@e metabolizers (EM)

ﬂ %siﬂw%l%sﬂ%%ol Eljd’i;]gﬂl pulations,
for gxample the wild t pe allele as per definition a normal enzyme activity. The
CYPZD6*2 allele carries an extegtled intronic part &the CYP2D7 gene an

. ! boki Wi i igma b, ggnejcomyers :
IR TR Y
q S486T). Nevertheless, CYP2D6*1 and CYP2D6*2 alleles have very similar activities

in vivo.
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Alleles with decreased enzyme activity or Intermediate metabolizers (IM)

Intermediate metabolizer is a drug metabolism which stands between EM and

PM The most prevalent IM allele is of different race. Several common IM allele
examples are CYP2D6*9, *10, *17, *29 and *41, which leads to amino acid changes
and metabolically deficient CYXP2DE . Approximately 10-15% of Caucasians,
20-30% of Africans and up tN50YaMA f >afiops were IM of CYP2D6 [22]. For
Gle, asin ' #fon in exon 1 (C100T) causes a

nstable enzyme with lower

Pro34—Ser amino a;

——

metabolic activWDﬁ“ re clinically important than
the other CYP2 uta ' Show] 10 berela the pharmacodynamics
of CYP2D6 substk ' A W N ’

Allele with ng ighal CH Vi -\ Belizer, null alleles (PM)

Poor megg#boli ot e s sorotein product. Poor
metabolizer i$"a pheffotyge - ¢; oirgexDressed. It is caused by small
gene insertions/dgfeti 1cleot poI in the gene that interrupt
the reading frame o ;' Mith ¢ T I I ( ing Ultimately to premature
termination. Apprgj Q% ..,. asian a dh0-2% of Asian populations are
known to have PM CYP2DB*4 is the most frequent null
allele in Caucasians frequency of about 20-25% and
responsible for 70 to 90 % 0 Ui d that the G1846A is a key mutation
that causes a shift o ASEASUS acce ef the third intron by one base,
thereby ret iing in a s| additional bas )hat has an altered
reading frafpe : .djdoses in this group
may reach a nié oxitslevels when compared

@;roup.

U
ﬂUEJ’mEWﬁWEHﬂﬁ
QW']Mﬂ’ifUﬂJW]’mEI']ﬂEJ
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CYP2D6 Functional Alleles

2D8P 2D7P 2D6

Chr. 22q13.1

Py
-
H .
k Y "l
b A

-1884C>06

2

*33

ersion ¥
1584056 S

i L2g A!VE"’JFLL" vt

\'11

Alleles with decrege

*9
*10
1023C>T
W E!.':
36
*41

R236C S486T
0' a

EJ VI ? L BT i

CYP2D6 Nonfunctional Alleles

A2549 del
33— |2|3|4|E|6|7|8|9|—
0B4ASG 260 ter
| mnc:-'lr Eﬂqrﬁu 1846G>A (splice site) {1SDG>C

1 3*4|5|6|?|8|9|—

Laim 182 ter
e H34R
' omal deletion of CYP2D6 gene—
= T1707 del
g @: 29354>C

o \a. e 3[4(5/6/7[8]9]

H324P
2B8G>T I2B~SBC>T 4In1SDG>C

B [N (561 718]0

W =
\,;—= ..: plico ST 2650C>T  41806>C
AN 2WN4[5[6]7[8[9}—

. Rl 2850CT 4180G>C
Al ] T S
4 R%Q\ﬁc é“iﬁT
: .1 . 4 (138 ins T)

‘E‘L 51671819

253 ter
‘1175862-# ?BEOCH =|31 80G>C

4|5(6/71819
A A 7|

G169R R296C S486T
insT

112 4 671819
253 ter
DT P20 rid (138 ins

4[(5/6(7]8]9

er
v #125-33 ins GTGCCCACT
"El-lillél

4'98470 ins VPT
mACT 850C>T 41 80G=C

1I2I3 5|6|?I8|9I—
259Ier

1973ins G 2850C~T 4|BDG=-C

W—HIEISMISIBI?IMQ}—

2587- 9.0 GACT del

‘38—|1J2|3|4|5|6|7|8|91—

1121314 567"39
R296C 375 ter

Figure 9 Division of phenotype [46]
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adverse
effects

exaggerated
response
adverse effects

expected
response

lack of
response

|' | {
Figure 10 leme of CYP2D6 genotype-phenotype ationships and their
pharmacoklnetlc .ﬁdﬂnlcal consequences. Qpn boxes; null allele, Black boxes;

I ;nber of st;dles have exploIre]the;el llonlshﬂlp etweeniale? effects of

psychotroplc drug and CYP2D6 g@otype For examp h doubling of the fregue. cy

VWIS AR SN E- R

ethnic groups is shown in Table 4. Frequencies of ultrarapid metabolizers and poor
metabolizers in genotyped population as shown in Table 5.



Table 4 CYP2D6 allele frequencies in different ethnic groups [49]
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Allele frequencies (%)

CYP2D6 Enzyme Caucasian | African | Japanese | Chinese | Korean
Alleles Activity — 9‘,‘ n=154) | (n=206) | (n=223) | (n=400)
*1 Normal ' § 43.00 37.90 33.25
*2 No ‘ r 12.30 10.13
*3 OOy 2,04 o | (30 0.00 0.00
*4 ““Nong 20,70~ = 0 0.20 0.25
*5 No 4.50 7.20 6.13
*6 0 34 0.00 0.00
*7 on .0f 0.00
*8 ne 0.00 0.00
*9 Decrggse 1 0.00
*10 Deggrea 1.8 10 51.30 45.00
*11 N | 0.00
*12 nel # 0.00
13 o ' 0.00
*14 ‘ L 0.70 200 | 050
*15 None ; | 0.00
*16 None. 082, 0.00
*17 L:] 0.00
*18 " N OROw— - v 0.00
*21 :4. _—-'1 0.25
*27 || Unknown |l 0.38
*35 | 0.13

0.63

*4AxN

None

*10xN

Decreased

Undetermined




Table 5 Frequencies of ultrarapid metabolizers and poor metabolizers in genotyped
population [14, 41, 43 and 50]
Ethnic group Total subjects UM (%) PM (%)
White North Americans 464 2.2 5.8
Black North Americans 2.4 3.3
Germans 2.0 7.0
South Germans = 15 7.7
North Spanish 5.1 5.4
South Spanish 3.5 2.8
Swedish 8.0
Spanish 5.0
French 8.4
Turks 15
Koreans 0
Chinese 0
Saudi Arabians | 21 2.0
Ethiopians 29 1.8
Thai No data 1.2
Abbreviatiﬁ; UM
PM = Poorimetabotizers ————————
wrl
5. CYP2D6 poMnorpm e
. I|f|cat|0n of the CYP
M gﬁ ? WH }ﬁ ampllfled
jt the Co-amplification of the other two pseudogenes (CY CYP2D7)

PCR-based techniques were used tqbbtaln the desired A fragments.

ARTANNIURAY ML

The polymerase chain reaction (PCR) is one of the mainstays in
molecular biology. It provides rapid means of DNA identification and
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analysis. The PCR is an in vitro DNA amplification method that involves a
repeated cycling process with a number of defined stages.

The PCR will amplify a precise fragment of a DNA from a complex
mixture of starting material usually termed the DNA template and in many

cases requires little p Bf fheg DNA. To multiply a DNA molecule
with the PCR majQrsi jred: the target DNA molecule or
genomic DNA (iiig:0F e amplhifi trands of know “primer” DNA
that will tag Bfteedentifif the mﬁ d and provide a foundation
for beginnih-g,_tT_" ion= lymerase, an enzyme that
directs jeatic ixtu S, the nucleic acid (four

nucleotiggat®TPa"A/T, BfdiToblocksdtam which new DNA will

\
o steps, all performed over
ina 4?}!‘ YA » ot PGR M hine.
e
.!vf ..' ¥

| Joub ed (@8) template DNA is denatured
by heating the reaction=te=g "“E at 30 to 60 seconds to separate the ds
DNA and produ . w‘"'z'af,-:e e stran

W) A

Fhis |gonucleot|de primers
which grd present in excess to bind to their complem ry sites that flank the

target DN*OE the single strands in t evious stage. In anealing the usual
ail

M AREN NS
QRAYITAMAANLAY

cycle, four ds DNA molecules are present. By repeating the process in cycle
yields a total of eight ds DNA molecules. The strands increase in number
geometrically in succeeding cycles. The DNA synthesis step is termed
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extension and is carried out to produce complementary copies of the initial
single strands from primer bound to the DNA by a thermostable DNA
polymerase, most commonly known as Tag DNA polymerase. This step
usually takes place at 70°C to 75°C for 30 to 120 seconds; depend on length of
DNA molecules.
DNA synthesis proceeds, fion
been extended along ands oeJandit e
is repeated 30-40 timdsstenieg. ey
40°C and B0°C, s
As the syste i

there will be
Figure 11.

Figure 11 Principle of Polymerase Chain Reaction, all the new strands will be an
exponential increase in the amount of DNA produced.
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1.2 Principle of Gel electrophoresis of DNA techniques

The term electrophoresis describes the migration of a charged particle
under the influence of an electric field (cations (+) and anions (-)).

Under the influence of an [‘ jeld these charged particles will migrate
towards the anionsyt 184, Cati DNA samples. Separating DNA
molecules of differant gths /thod with gel electrophoresis.

?moséﬁel for-eleetroy is of DNA
An a Ts.eTineaypolysacela }~t- somprised of alternating units of
12 , P SRR g

Beomponents of agar a
mixture 0 ides ‘ Agarose is usually

arogé gefs afe. for ned |  sushi n 0 afaose in aqueous buffer,
then boilingtheghixgfure tnil-asBiear sollytioh, fofas and allowed to cool to
room tep¥eratiire t forn ;-' Bl T e lihg PRoperties are attributed to
both inter an@fin notéeular-hydragerbonding Within and between the long

agarose chdins. Jhis crqsSsl

o

injed re gives (e gel good anticonvertional
properties. Theg#ore E;,-J;g e g€ Bollédiby the initial concentration of
agarose; large pore Sizes-a

. 7721 v PR
size are formed froy :f.;_” gherc

Bm low concentration and smaller pore
Bs as shown in Table 6 and 7.

Table 6 ,,@l of separation-in-gel containing different concenlration (by Lifetech)
L h 1 : |
Amount ofagare on afdinear DNA molecule
. . .|I
(kilo base pdifl kb)

9
9

Augineningnng
184018 IUAIINYE

03¢ o Qs 50-60

0.1-2
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Table 7 DNA size migration with sample loading dyes (by Lifetech)

Agarose concentration (%) Xylene cyanol Bromphenol blue

05-15 4-5kb 400 - 500 bp

2.0-3.0 100 bp

25 bp

4.0-50

€ Blic nucleotide immediately
BEShas foved to be particularly
al\impleMBatation contains only three
poly 1 ..\"\&"f. ucleoside triphosphate

%
A

eactil M, a DNA polymerase is used
specifically t - primer-. healSMimmediately to the adjacent
nucleotide position toD : ¥ ingle labeled nucleoside triphospate
the site. The reaction allows highly
tide polymorphisms

complementa
spe m Io
(SNPsy | ‘ Sha ificity at the same
reac ﬁ-l 0 p'@ Iple for multiplexing
high—tth) ghput genotypig=arrays: IS also a
quantitative CR based analysis.

AUY ANBNINBIRT~

3.1  Chemistry and chromatography of DHPLC

R AN ANENAY

and hydrophobic. The nature of the DNA is a negatively charged
phosphate group which cannot adsorb to the column matrix by itself.

ful tool for accurate




32

3.2.2 Mobile phase (polar)
a) lon-pairing agent (buffer)

The ion-pairing agent used in column is triethylammonium
hich is a mediator for the binding of
the DNA _togthel St 1gge. TEAA is a positively charged

ium.oroup:(cat i to fit to bind to the negatively
ad a i Arstrands. Therefore it builds a
— ‘ @nucleic acid as shown

tion. Reten ion time is also related to

".‘;1' _" V 1 —
Qucts are ampiitied Dy QE reaction. When

|
ihd to the matrix and

E’ , AA. hﬁmon of a particular
ncentration of ACN was detected with U sorbance measured at

26@1Hepend|ng on the size ﬁsequence of the fragment. The peak

AU Eiln"'c‘mﬁ VI“EW’EFTﬂT”

Principle of BNA separation by

M ASATRURAINEIRE

principle of temperature-mediated heteroduplex analysis (TMHA), that
heteroduplexed DNA can be distinguished from homoduplexed DNA by
different elution profile as shown Figure 13. The optimized temperature to
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begin denaturization of the dsDNA molecules is between 52 - 75°C. The
number of double strand DNA PCR fragment reduces denaturation and single-
stranded fragments elute earlier than dsDNA fragments due to reduced
negative charge.

E} Phosphale

E‘HE I TCH2CHS
CH2CHA

Triethyl Ammaonium

Figure 12 Bindi gy A _gtationary pRase (column matrix)

triethylammonium:

T LT
a -:‘_ - ""F_?V -

e

¢ )
qmmmmumwmam

Figure 13 Principle of the partially denaturing DHPLC use for mutation detection
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3.3 Quantitative analysis of CYP2D6

CYP2D6 gene has high polymorphism effect on the difference of
interindividual metabolic rate. DHPLC can be used to detect and identify the
peak attributed to gene deletion and gene copy numbers, under different

inty=in=pethePCR products and DHPLC

This step 1
profiles. Restricti

specific sequ in tk sblg’strandetl DNAwvith desig hers as show in Figure
14. Restriction g : y=named, by ‘a \ gtter abbreviation that

Figure 14 ' A ':ém’dn‘l-mm’ﬂv‘-hlnvmm, ﬁ,- 2
411

5. Clinical relﬁyl}nce 0 and ﬂRs

Genetic p(‘/ﬂohisms of drug metawmg enzyme are greatly contributed

PR INSNINBINT

espeﬂllly psychiatric drug such as antidepressants. The clinical relevance of CYP2D6

_polymorphisms_to drug response Based upon rs, sych_as_the ther ic
q ﬁdﬁn oagl) ofiparent o w tabg limr 0sage, tﬂ
q use and the contfibdtion of Other pa éy of elimination. SeVefarstudied Mas be

investigated the relationship between blood concentration with genotype. The studies
determined phenotype In quantitative aspect mostly showed the genotype-phenotype
correlation. The conclusions are made in agreement that the increased adverse effects



s et e i avon 2
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are consistently presented at high blood concentration from poor metabolizer [51, 52,
53, 54, 55, 56 and 57]. There was a case reported that the decreased activity of
CYP2D6 associated with adverse effects and high blood concentration of
nortriptylline while other studies reported differently [58, 59, 60, 61, 62, 63, 64 and

_and mirtazepine) [1]. This may be

81]. Moreover, two case reports fgile I
treated with two newer antjd@presSE /
the confounding effectsfie 3 "’:j" ceti W inhibit CYP2D6 activity thus;

there was no distinct Jeeoctation |ons and adverse events or
e e "

dict adverse events in depressed patients

antidepressant efficagys . : LT ---.,__ sified to have moderate
' i il normally cause toxic or

ADRs. Man ; _ %D EMO

e
-

relationship wit : Vel L

pe have significant

There are s i ndu ctihg o0 inof CYP2D6 genotype and
neuroleptic-ind 'diserderand the ",_‘\.‘ Still inconsistent as shown

Table 8 Associatigh e Yand\neugleptic-induced movement
disorder 4 \

P2D Reference

Side effect

Tardive dyskinesia

Extrap ramidal sifle 7 Qf
ef "j ; 7

| % i
|, - ,. '
Ite¥dy Stowi a® jo ¥ § | ¥ 0 B !

Chro

movement

Parkinsonism
Akathisia No [74]
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When consider adverse drug reaction in each phenotype, poor metabolizers
were shown to have more serious side effects than those who are extensive
metabolizer as shown in Table 9. Summary is given in table below. However, there
are so few reports showed the correlation of CYP2D6 genotype and phenotype in

frequencies between Caucasiaisiand} S ifferent somehow, genetic data and
association results coulgdgnat<es olie gably between two ethnic groups.
This study will pro -GYP inTh d prove whether it has any

association with amitciphyhne al_patients==Mgreover, it will give more

Relationshi Reference

phenotyp

PM

PM

ﬂUEJ’JVIEJ‘mWEﬂIﬂﬁ
ammmmummmw



CHAPTER I

MATERIALS AND METHODS

1. Subjects

The study was co 1 : 7.4 October 2007 at Siriraj Hospital,
Bangkok, Thailand. The S bjects i M ssive disorder patients from
out-patients serwmpartme. of ﬁd&raj Hospital. All subjects
were diagnosed @lCR.10 criteria (International

Classification of Dis
a treatment.

g/day of amitriptyline as

The ret g \(NBge ommittee of Siriraj
Hospital, MahidgUniy€rsj / &nd e ed \x x from all patients.
Approximately | yvers @ ectg \o \,1\,. "\M_ ticM& and stored in EDTA
tube for DNA pr. i ne hunare ‘. nd Tiftyader e e patients were classified

\ \ m. Each group consists
ctiohs "‘- from amitriptyline were in
case group and n " Rup. BOl groups were evaluated ADR
severity using visual®ana ales of Buesti®nnaire. There are 20 ADR

symptoms listed from high in epo N the literature. Each ADR symptoms
has 10 scales (1-10, -,-,-f al ountt . Beores) allowing subjects to point
which scalg t q@onnalre containing

questionsa. OrES-are-GHventr-anBene
W

IncIumMnter a M

The patlerV\ﬂhad all of those charwlstlcs were enrolled in this study.

AUEINUNINEINT "

A diagnosis ‘uas made accordlng to diagnostic of DSM4 and

AR mnﬁ”ﬁwm;a NYIAY

The patients were informed the study protocol and willing to
enroll in this study.
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Exclusion criteria

The patients who had either one of these characteristics were excluded from
this study.

¢ pramine, paroxetine,
Wie) or herbal (St. John’s
8L YP2D6 metabolizing

atieAts=whofaking "MediBine that could give ADR
Syl :?\ «-;l;: ro - \-»\' e such as anticholinergic
syimptom as; Adry” mol onstipatjon, confused, blurred vision
M rvﬁ{.'r odd -

Th W’I llergy or history of allergy to

&. 8 ehie-Patients-Who-Have-SeVare-mental-abnprmality other than
0.5 8htzophrenia) that will

etail of M study.
Materlals

ﬂummlmw g1

Bio |mag|ng?/stems (Sungene®, Gengenlus and tools ma ch

AW ﬁ ¥ m:m:mmﬁ 8

Fume hood

6. Horizontal electrophoresis set (I-MyRun.N®)
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7. Power supply (E-C® EC250-90)
8. Needle no 21
9. Rubber bulb

l. 0° 'I-I'n
\

o0
T \
OfLEagatese ge ‘v\*- buffer

| ool (the latte is as a

enol (equilibrated sew times with 0.1 M Tris-HCL pH 8.0

AU HINENINGINT

2.7mM KCI 1.4 mM KH3POy4, 4.3 mM Na;HPO,4.7H,0)

ol amwwﬁwm Ny

Sterile deionized water

12. 10% SDS solution
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13. TBE(5x : 54 g Tris base, 27.5 ml boric acid, 20 ml 0.5 M
EDTA, pH 8.0; used 0.5XTBE)

14.  TE 20-5 (20 Mm Tris-HCL pH7.5 and 5Mm EDTA,; prepare
from 50xTE 20-5)

Tris-acetate,ImM EDTA)

3.

\DNWjs isolated from whole

) BISF A include blood collecting
s,,t:?f"’, isolat 0 ated blood cells (white
I "’Q-‘" ¥ fPeparationsk About 10 ml blood were

.C ected far --'-Vv’.' B/eSSe -.,"' kept in 15 ml screwed-cap

e

(-,»'a".' 1Y £ \ 9

y ﬂ.ﬁ f. B C using RBC-lysis buffer (for

= i
TA-bloo | mple in 15 ml screw-
cap plastic tube at 3,000 rmp, 4°C for 5 minutes.

AU 4 INaNINEImS....

centrifuge and discard PBS by using a pasture pipette.

AR e NS

Centrifuge and discard RBC lysate
6. Repeat steps 4-5 once or twice.

7. Wash WBC twice with PBS.
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8. Store WBC in 15 ml screw-cap tube at -20°C or -70°C
for DNA preparation.

(©) DNA isolation from WBC

dded 200 pl of 20 mM Tris-
DS (final concentration is

% volumes

(
. \
AW N

%
: .'. | gste \%.""f into the bottom layer and
‘sughioried dutorga ligphase. N fl step 2 and 3 twice.

ot chloroform-isoamyl alcohol
§UCtioned out the orangnic phase and

5. Added Y volume ¢ aCFand 2’ volumes of chilled
fy AWgut of aqueous phase.
j ' : 000 Pm for 10 minutes.

AuE IR
AR mmﬁimmwmﬁ’ﬂ

Measured optical density (OD) at 260 and 280 nm.
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9. Calculated OD260/0D280 ratio to observe purity (the
ratio of pure DNA is 1.8) and estimated concentration of DNA
following this formula:

DNA concentration in pl/ml or ng/pl = OD 260 x 50 x dilution factor

3.2  Detection of d duplication from CYP2D6 gene

lining in tandem with other

v . ‘ R6 should be specifically
amplified fig v ‘ 1t ong PER.were used with 2 pairs of

i i _ & ‘andy \o deletion (CYP2D6*5).
Then, se PCR erformied to.e i &ach SNP type using PCR

sifg\Elongase® enzyme with

primer #&X1, in ghprimer 13, and primer 14 in

p
following § Rmﬁ" &

(Aot « )
Table 10 Mixture o 25 “PCR reactio Bing CYP2D6 whole gene and gene

deletion

£y 1.25
.M 3.75

2 mM dNTP 2.
O Y men 220

Buffer B Ill

25 ng/ul genomic DNA 6.00

Total volume 25.00
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The PCR products showing 4.8 kb fragment containing all 9 exons of
CYP2D6 gene. Individual represents 3.2 kb fragment indicated the presence of the
CYP2D6*5 allele. Therefore, the PCR containing only 4.8 kb band indicated no gene
deletion while PCR amplified showing both 4.8 and 3.2 kb band can be interpreted as
hemizygous CYP2D6*5. Homozygous fetion can be indicated if the electrophoresis

pnsisted of initial denaturation at 94°C
1494 v anealing 65°C for 30 seconds,
extension 68°C for 5_minlies anit Tii ' C for 7 minutes for 30 cycles.
The product was fj D resis. Amplicon 1 ul was

Buffer A

Buffer B

1\4“'

: .
9 The thermal profile consisted of initial denaturation at 94°C for 2 minutes,
denaturation 94°C for 30 seconds, anealing 55°C for 30 seconds, extension 68°C for

6.30 minutes and final extension 68°C for 7 minutes for 30 cycles. The product was
checked by 1% LE agarose gel electrophoresis
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3.3 The analysis CYP2D6 single nucleotide polymorphisms (SNPs)
3.3.1 Tetraplex PCR

There are 10 SNPs (C100T, T843G, C1039T, G1661C,

etigplex PCR was performed to
xiemsion reaction. Four pairs of
aﬁ_ﬁﬁ"‘-

NGzl A |
ixtufeaf25 il @aplexiBER mixture in PCR reaction

Mixture j,-.r, Volume (ul)
RS- 3/ 50
2 TP T
50 k ' - .OO

10 pm(a?ﬂ,ll of €3 ﬂ 0.80
10 pm?)'lful of each primer D3, D4 0.40
0.40

q Total volume
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3.3.3 Single base extension (SBE)

Single base extension was conducted by using single specific
dideoxynucleotides triphosphate (ddNTPs) instead of deoxynucleotides
triphosphate (ANTPs) in order to extend only one base from the primer.
The primers werehng signed to hybridize adjacent to SNPs,
thereby, 5 BX( frgm the primer was a base

complemgh _","" : ﬂ er it contained SNP or wild
jase-~The ,nsi%pri 15-were !ﬁned varying its length as to

bw |utedHP‘ er. Basically, the shorter

I’ e} onger one, however, it
cpefits of ~ d C) as well. Ten SBE

' A " . .
reactiofs wére/ séparated irio gagh contained 5 extension
ersgfletgCtifigs SINP: 8\d Sefuenteldf primers are given in
1 Poffif 'eachs8BE Sefyofkeabtion and its mixture are as

Tab

§oTowiflg afld gkten O mep ake givenin Table 16.
Table 13,6 fe 0 \d \
. _ \
- / W
Set1 3G~ 1661C | 1707delT
Set 2 v -_;: 50T C4155T | G4180C

Note: each of extension primer was 1.0 pl except only one primer (G1846A) used 0.5
plin set 2.
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The thermal profile consisted of initial denaturation at 96°C for
1 minute, denaturation 96°C for 15 seconds, annealing 50°C for 20
seconds and extension 60°C for 1 minute for 60 cycles. Extension
products from SBE reaction were heated to denature and snapped cool
in the ice immediatel ‘ produce single strands before inject to

.46% G6T \‘\ BGAGCAGGA

M( nﬂ!g\\*‘\g, TCAAATGCG
‘ﬂﬁﬂf  TACTGEACEABET AT
gCAE TCSCTCB AL TE T OA

Jﬂﬂ? M\‘&‘
D4 _ | TAATCCETICAIGECCh CECEN
F "5 M”ﬁﬂ %\\\\
c2 _4/cof GIGEACTE ,J.‘.& AGA )

B

H1 /" GAGACAAACCA A

H2 C -‘H-f’f'-,—-'f EGTC
Py - i 7 -
: 171G

TT ;& JJ‘"L"?.' G TCAGTG

AAGE~

137 CAGAC
CACACCGGGCACCTGTACTCCTM

QA GGAGTGTCAGG@GGA

‘ A\

PR YA
rodebibgadct®d | JVIF] IQN F

T843G | TTTCTTGTCAAGCCAGGATC

C1039T TTTTTATTTTTTTGGGAACGCGGCCC

G1661C [TTTTTATTTTTTTGCAGAGGCGCTTCTCCGT
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Primer Sequence (5'-.......-3")
1707delT TTTTTTTTATTTTTTTTTAAAGAAGTCGCTGGAGCAG
TTTTTTTTTTATAATATTTTTTTTGCCTTCGCCAACCA
G1846A/T
CTCC
G1758A TTGCATCTCCCACCCCCA
C2850T >

C4155T
G4180C o

eRty etention time of ss-DNA in
.\n and SNPs can be easily

3.2.5 Restrietion-fragmer ' polymorphisms (RFLP) and DNA
: B 05, i _

33%’-;&&‘3'” et R, _ L:

v : HPLC was newly

.--I- ‘-l .
developeq, ithzknown techniques such
as RFLIH r DNA seque - as used to codﬁm the equivocal result
from DHPLC peak. The template that used in restriction enzyme reaction

obtaiped, frt J ry ich plifi ing the same primers
ﬂa t@tr P Rﬁ:tﬁ)ﬂon S tﬁﬁﬁp&r. Then,
BT t nzyme ¥ distinguish b em=wild ¢ d 8NPs were
qlincubated with template ?/ernight. The reaction mixture was given_in
O
9

Tahlel7, segengi Iso 18, Coafiem the results i
cRemistry ( rsfiam iefiteS). Thts, tMis teChniques to det

of some subject who had unclear results of DHPLC.
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Table 17 Conditions of restriction fragment length polymorphisms (RFLP)

Position G1661C C2850T C4155T G4180C
Primer D3D4 G1G2 H1H2 H1H2
Enzyme Hhal Ncol BstEII
BSA | ; )
Temperature (° _’ S Ak 37 60
Buffer no. (2 .‘__ 2 4 3
Cutting Sitemm— CTC@l) —eeae= - G:GTNACC

Inactivate “;J 20 m| “-‘.\"‘«.L ; _

MS\ N

3.4 Semi- quantltatl g'analysig o o0 ,ﬁ'_ \ = ‘“\ '; Pigene rearrangement
= '1, \\i "‘.‘\ v
A\

Quantititive g f' . ' ing could be™analyzed by various
quantitative detegifon jgec R ime PCR. In this study, semi-
quantitative anafysis g X PCR-y L /as, \. d since it is convenient

and high-throughpulf’ Sefifi- ative asur ofBopy number was made in
the assumption o amplified product-cat : ely \ ect the initial template copies.
Twenty six cycles of#PCR¥) '-;{‘”' ected he amplification since it is still in
linear phase of ampllflcat 0 lopdition of 5-plex PCR reaction is
optimized and the mi tu '_ hown in. ith following thermal cycles:
denaturatlrm" | ) S J °C for 30 seconds,

—
extension 72%€ ¥ Jtes for 26 cycles.
...l . X

Table 18 Mlxtqm of 5-Plex

| o

M

Mixture ‘ A Volume (ul)

10 pmol/ul of each ‘primer Gl, G2 0.36
10 pmol/pl of each primer D3, D4 0.84
10 pmol/pl of each primer H3, H2 0.56
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Mixture continued) Volume (ul)
5x Q-solution 4.00
5u/pl Immolase DNA Polymerase 0.10
Sterile distilled water (SDW) 2.54
25 ng/ul gDNA W 3.00
Total volume | " VL L 20.00

4, Statistic an — ..--'-'"
— : —

The des aretieristic S-in.00 ‘and control group were
presented with DFALIELE frequent Lstimatgehlising SNPstats program
and were comparegg#Etye ' AP 0 uare test. Haplotypes were
made and compafed beifvegh oliglgroup in \DrOGEAID. The input data were
dose of amitriptylisf€, alfelg/ fialiencies/ady ADRASCORS, of each subject in both
groups. OutpL a8’ € 3 A-ha 3 \frey ympared between two

groups giving witQfo5%f C Age and) 8s, of amitriptyline of each
subject were tre a8 enifi */T or in “\\1- Vafe to test whether it is a
confounding or notgDes o st r ore cal d by Microsoft Excel and
SPSS version 16. 8N .I ts pro r ,.é, ed to 4\'-. dy Weinberg Equillibium

(HWE) and SNP effggt for -~—-’ ueyi@ss than 0.05 are considered
statistically significant. : :

ﬂUEJ’JVIEJ‘mWEﬂIﬂﬁ
ammmmummmw



CHAPTER IV

RESULTS

1. Characteristic of 150 depiess

A total of 150 ougzpatfe 2 )h( Jiessive disorders were recruited.
The study was desigf d-as.a Mme e& ol , matching age range with

doses_ of amitriptyline ‘ ‘ 1o onsist of 75 patients _vvith
baseline charac ‘ )le 19, the™aymberof ale and female patients

\l\\x ge, dose (amitriptyline,
Ying hio ICD10 criteria were the
r y ly different between
used (e.g. acetaminophen,

andlig2.7% in case group.

However, no CYP2D6 ifhi sueh ds quinif f . etin, paroxetin, etc) were
co-administered therwise that ez \ eluded.
Table 19 Baseline ghar istic,ofthe ,,- press \ t nts recruited in the study

up ( Case group (n=75)

Gender

15 (20%)

60 (80%)

Age

49.10 + 11.40

: il - L ¢
F33 8 (10.6%) 7 (9.40%)

F34 23 (30.7%) 19 (25.30%)
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Abbreviations; F32 = Depressive episode, F33 = Recurrent depressive disorder,
F34 = Persistent mood disorder, n = number of patients and percent distribution is in

parenthesis.

2. CYP2D6 Genotyping

CYP2D6 gene conta ¥Ps and also various types of gene
Dl ' on, deletion and different allele

duplication in tanem} Pt 6*36- 308) verl-wther two pseudogenes in
tandem (CYP2D8P-ands ‘ ich cof uery-high sequence similarity (~
97%) should be take : h desig \Wi 10 ing Hence, CYP2D6 gene

should be specifie®lly ifi A 1seeondary PBRacan be performed from
whole gene amplig#n | WSy this study, multiplex
long PCR w e whole gene deletion

(CYP2D6*5). F g% PCR was developed
\.ﬁ

combined wi i ed by D " duplication detected
with quantitative @ ther.anal\ the lpstream segment of duplicated
allele using lo inally, # {PSwereydetermiged from SBE analyzed with

DHPLC in 4-plex P s0 dupligating, segment of long PCR. All
analyzing results taken geth anbe: C for CYP2D6 genotype.
V Esd e
2.1  Results of T*ﬂ: detecting CYP2D6*5 and long PCR
detecting dug ___,; ""u -.;_,,r

- CYP2D6 whole gene and CYP2D6*5 was S SUecESsfully detected using
prinhr £ _mdﬁdogenes producing

4.8 kb Ié ort on omf the template contain
gene dalgtion as shown in Figure 15. The allele freguency of CYP2D6*5 is

4.67% whw w heterozygous deletlwere detected.

AUE Sl

1 A AL
Figure 15 Whole gene was shown in 4.8 kb fragment contained entire 9 exons
of CYP2D6 gene and 3.2 kb fragment indicaied the presence of the CYP2D6*5
allele.
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Upstream segment of duplicated allele was successfully amplified
using long PCR as shown in Figure 16. There could be two sizes of product
indicating two types of duplication; 6.5 kb indicated CYP2D6*36x2 or
CYP2D6*36-*10 and 4.9 kb indicated CYP2D6*2, *10 or other- associated
duplication. However, some sa Zes were failed to amplified duplicated allele

since DNA integrity w | n' queantitative copy number data can relatively
be used together \% \ )&df/‘he genotype.
N!% @arker

1kb DN
~— V e

6.5 kb
6.5 kb

v o,
i

Figure 16 Dupligftioj o&;_ { ,, ,
allele (number”62, 4, 65 Apd-24) dnihs 9 K

dicated as CYP2D6*36xN
ditated as CYP2D6*2xN or

L 4

CYP2D6*1OXN al Ble Qf ;Ii"; >l ",i_ )

g 7 i e
2.2 Semij-quantitative“analys

DHPL 7 Q
W) A
-ﬁla or erfazlication, deletion and
gene c&g'/ersion), 5-plex was developed fro I' nomic DNA coupled
with quan?ative DHPLC analysis. Three regions from CYP2D6 gene were
eciivelyga i cluli N84, X primers
ANEANRI RN
qlw‘ re used as an internal control; LDL gene Is autosomal ‘gene presenting 2
copies in everyone and dyt@phin gene is X-linked gene presenting 1 (‘ﬁo) in
‘ . itative n I ' I 4SS 10N
ARRFSUINTI RS
q ~ numbers (n=26) during the linear phase of amplification curve. The results are
shown in Figure 17. Demonstrating various type of gene rearrangement.

¥R2D6 gene rearrangement by
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LDL DYS

\__/J\AML_M{M \PRI\JG 7-1-745
ﬂéﬁ_c&e}?-ma

58489_CYPRD6_7-7-7-4.5

D98906_CYR2D6 _7-7-7-4.5

e ——

i & min

d Retention time
-y fé
f ﬂ

Figure ¥ Serg titative" -\ Y u A is normal, B, C and D
T =h ddid . \ \

is duplicatiogfwit 1.5-Tg “j. cOf ’, T¥%-fold With gene conversion and 2.0-
iJ \

fold (4 00|es Dpy 0 bers w ane coMersion, respectively, and E is

heterozygous Aeletig ‘f‘ 'bﬂ' DY® = dystrophin gene. 2D6 =

CYP2D6 gene in tp 'ﬂ-'/.f'fff"

_ @pies) and CYP2D6

o nﬁiins one, two, three
and hlﬁ S Weageagned to selectively
anneal ®nly wild-type sequence, therefore; the prese

indicates "“ conversion if the #8ak height is as high as of the last 2

fIUEIRHIINBING:

or exon 5-6 as shown in I"gure 17. The dIStIMIOH of gene dupllca

ARIANTEIANTIN CaLi:

of product in exon 9
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2.2 Analysis of CYP2D6 single nucleotide polymorphisms (SNPs)

Ten SNPs that are commonly found in Asians were selected to
determine in this study. Tetra-plex PCR which was developed covering all 10
variant sites as shown in Fi f were used as a template for SBE reaction

and subsequently aj as shown in Figures 19-20. Five
SNPs in one injeCtig c respondlng to its size and can
be interpret stiaighif d as have to convert to opposite

base dep@ﬁformxd or bﬂa@design.

N

A\

: 1194bp
BUIVSE e o B By B W B
S o B s o il A8 L8 LY D B 866bp
- N A - TN . 610bp
472bp

10 11 12

gring all.10 SNPs in order to
0/DHPLC for SNPs

\J

|

2.3.1 DHPLC profile detecting SNPs ﬂl

AU i3ngvswaans::

heterozygous pattern Percent allele frequencies are shown in Table 24.

Allelic variants de cted from 150 oﬁtlents were classmM\to

q " R R ER BT
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SNP = C100T T843G C1039T G1661C 1707delT

— Cm A/C G/A CIG TG Elution order C —G —T —A

v

I- primer profile

V\ 1=CT-GG-CT-CC-TT

' 2=CT-TG-CT-GC-TT

3=CT-TG-CT-GC-TT

4=CT-TG-CT-GC-TT

5=CT-TG-CT-GC-TT

Figure 48 DHPL r@filcsee 3 g 5 SNPs. Right panel
showsS SNP afitergretati 1- ’r0|e0f primer.

primer profile

6= CT-CT-CC-GG-GG
""""" 7=CC-CT-GC-GG-GG
8=CC-CT-GC-GG-GG

9=CC-CT-GC-GG-GG

%—CT—GC—GG—GG

F| ure 20 DHPLC proflle’:)f 5 primers (set2@ecting 5 SNPs. ngh

A Nk R N RR I EGE
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2.3.2 Restriction fragment length polymorphisms (RFLPs)

This technique was used to confirm unclear results from
DHPLC. SNP profiles showing in Figures 21-22.

100 bp . =: 00 bp DNA marker

= \,

1I
~oar( [ —
L 2550% C4155T: primer H1/H2

primer G1/G?2

L ELITHTEL

— o e —— W — 866bp
L e 595 bp
271bp
260 bp
126 bp
i*\J‘QEL \ 4
12253033
Figure 21#For 28SW‘_ :.c'_c ninD8k 34, 65, 54 and 122 are

mutant fragmghts ! W:,:""_r" hal (Mild type = 386 bp). C4155T

4, 74, 80 and 86 are heterozygous
. . eyl g A
restricted __»__.;;;.g_; i .44 _ 866, 595 and 271 bp).

L

restriction band nurABef=4:—13,~4

— G1661C

primer

144 145 89 95 103 104 144 145 43
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Figure 22 G4180T restriction band number 144 is mutant fragment and
number 145 is heterozygous band that restricted with BstEIIl (wild type = 866
bp) G1661C restriction band number 43 is mutant that restricted with BsmAl
(wild type = 311/156 bp).

ients were genotyped for 10 SNPs;
>1661 P G1758T/A, G1846A, C2850T,

C4155T, and G4180 :.1_-::&.;% s ____Mrs studied subjects which are
1707 delT, G17 846» SNP—FWWere calculated and the
outcome was SW cen contr (d*easglgroup. The frequency of
determined SNPs.ig«$8m d by (2nx/x + nx/-)/2N
: ‘ LS d nx/- is a number of
individuals hetet@ X. THe \, NPs Weresobserved from high to
| 0C G 3% ‘. , C1039T, C4155T and

C2850T, respecli inLabl . eXpa x od "hiese SNPs were reported
with high freduencig in #sighsssinde _ a'con fou' d in association with
CYP2D6*10. On ‘ f ‘,: SNPs that Were i detected in this studied
subjects are in“assocjgti ith ,C: , , GRaNOR* L \ hey were found mostly

( be'dssigned as CYP2D6 genotype
according to the standard ng EREEREV\w . imm.Kki.se/CYP2d6.html). In this
study, the combinatio 4_--"_' \Ps that arresponding to the standard
nomenclat@ : e@ SNP combinations
can be clasgifig ,. as shown in Table
21. Haplotyﬁ'- 0 equenctes are as following;
CYP2D6*1, CYPRD6*36, CYP2D6*2: B6*10B and CYP2D6*10A, respectively
as shown in Table 3. Seven haplotypes out of fifteen is considered to be significant

RUEANNINeNS..

One‘lndred and fifty depressive patlents presented with following genotypes; *1/*1,
*1/¥10B, *10B/*10B, *1/+2, *2/*H0B, *10A/*108, *BB/*36, *36-108/*10B6-

QRIANNCIUARTINLRAL

subjects as shown in Table 23. As expected, allele frequencies of CYP2D6 were found
in agreement with those found in other Asians such as Japanese and Chinese [49]. For
those who had deletion, duplication and both deletion and duplication are excluded
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from haplotype and SNPs frequency calculations. The frequency of CYP2DG6
rearrangement type is shown in Table 23.

Genotype distribution among case and control group is shown in Table 24.
The observed genotype frequencies that tend to be significantly different between two

groups were selected to condugt it i re test. Genotypes that are considered
to cause normal metabolisgguCkas Land *2/*10B were used to test for
frequency difference VaESuS ¢ fieyebse @¥in both groups. CYP2D6*1/*1

represented the sam#® éboth group which lead to

non-significant differenc Table 24 In contrary,

CYP2D6*2/*10 that cause significantly
different in : ith, CYP2D6*10A/*10B,
CYP2D6*36-10B/* fis result demonstrates the
tendency of [ i m_posses: WV Williout cuplication more
than those with exighsivg’ge otV Vithadd itionali htandem duplication when

‘ | _ ergls naghomozygous CYP2D6*5
but the most commg tion fypes @ ¥ REDt * "‘~,,\-. *2/*5. The duplication
rearrangement typé tha 1'. roWE 36-*10B/*10A and *36-
*10B/*10B which arggthe same-type-as gd inJ@panese and Chinese [47, 77].
Gene rearrangement nclud : fdem duplication, and deletion is not
statistictj:ll di.fferent When‘ ﬁ-—*" Byen though the.re is quite a nu.mber
of deletion iq,contre han case 4 copies with 2 copies of
gene conve 5.';.--LE!,,,!!%E,!EE,,!,!!,!ET,!,...E;! > sShown

W) e

-

—

AUINENINYINS
QRN TUNRINYINY




AN V// ’
e @ontrol and 50 in case) and for those having gene
-"—d'

sive patl

J

Table 20 Frequencies of SNPs of CYP2D6.J
rearrangement were excluded from the calculaM——-

SNPs Genotype SNP distributig uency OR (95% CI) P-Value
Control (%) M ‘\W\ Case

C100T CIC | 20 (42.5%) 1856007 1 r' \'\W‘\‘ B4 7.00% 1.00
CIT | 11(23.4%) ﬂ.ﬂ FLEEL AN\ 1.72 (0.64 - 4.62) 0.51
T | 166400 P 190000 ‘\\‘A\‘L& 1.04 (0.40 = 2.69)

T843G GIG 19 (40.4%) ﬂ.ﬂ “Jb | 883800 W\ 60.00% 1.00
TIG | 15(31.9%) whh 53 WN \ 0.92 (0.36-2.35) 0.01
TT | 13(27.7%) ) (24% _-,-ﬁ “\\\ 0.80 (0.29-2.16)

C1039T C/C | 18(38.3%) 7(@% J? {M\\ 47.00% 1.00
CIT | 21 (44.7%) 19488% vEET \ 0.96 (0.39 — 2.38) 0.43
T/T 8 (17%) K (280 badrid |« o ) 9 1.85 (0.62 - 5.53)

G1661C C/C | 18(38.3%) 22 (44%) ‘ 3% 59.00% 1.00
GIC | 21 (44.7%) A 0.58(024-145) | 028
GIG 8 (17%) [ % | 1.33 (0.45 — 3.91)

C2850T cic | 32 (68.1%) s 5 (769 : 1.00
o | 12(255%) 23 -__.KJ 0.77 (0.30 — 1.98) 0.47
T/T 3 (6.4%) Iy | 10% 1‘.!.]13 0.28 (0.03 - 2.83)

C4155T CIC | 20 (42.5%) 19 (38%) 28.72% 1.00% 1.00 0.65
CIT | 27 (57.5%) #(62%) Qs 1.21 (0.54-2.72)

G4180C cic | 22 @88 2 6572%A0 £ | £68.00% . 1.0
o | 14 88kild IJ l' =y IJ LA VY] U] Al ossoos-170 0.68

13 (26%) ‘ | 1.00 (0.37 = 2.67)

GIG 11 (Zq%)

QW’]MﬂiﬂJNﬁT}ﬂmﬂﬂ
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d/(@ients excluded those having gene rearrangement
-

Inferred Allele Hayp requ"'cies — rd Error Z-Statistic P-Value

Haplotype | '

ntr Case
CYP2D6*1 0000000 3 31 6 6.4760 0.0000*
CYP2D6*36 1111011 6 ? 0367 7.5645 0.0000%
CYP2D6*2 0101101 0.4064 - 91 0. 4.1275 0.0000*
CYP2D6*108B 1111001 ol ff YN N 248 4.5254 0.0000*
CYP2D6*10A 1101101 0.8, | e 0.0465 2.8724 0.0041*
CYP2D6*2 0000001 gos Ttg 0183 3.2041 0.0013*
CYP2D6*2 0001000 0.039 2L 0.0102 1.7420 0.0815
CYP2D6*2 0001011 08106 LUacforiss g 0.0059 1.0019 0.3164
UA 0011000 0.0106. 2t = 0.0059 1.0019 0.3164
CYP2D6*2 0100000 | | 0117~ 2.0154 0.0439*
CYP2D6*10B? 0111101 ] 86~/ 1.4196 0.1557
UA 1000000 % 2y ; ew 1.0019 0.3164
UA 1000001 | ||} 0.0106 : o.@g 1.0019 0.3164
CYP2D6*10B 1111000 | 1.0019 0.3164
CYP2D6*367 11 - 1.7420 0.0815

alled) significant levels for two sides.

ARIANTAUNNIINYIAY
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dcte SRV }m in 150 depressive patients
'—. ‘% Control (n=74) Case (n=69)
Wild type (n=89) M“\VN
Wild type 7/ = "@\\\ 41 40
Wild type with 1 copy of ge ‘Ml !L\\\ 3 4
Wild type with 1 copy ofgfhe hugfigh sndede M\\\\ 1 0
Duplication (n=46) ’ ’ m& 'Ll\\\ '
Duplication 2.0-fold ’.‘Jéf ‘\\
PERTEr : 3
(4 copies) Ric  copiaslo ;U" \ 0 3
Duplication 1.5-fold / H:."".'. % ‘
No gene Conve: TSION i ' 0 1
(3 copies) . s fﬁwﬂ‘l 16 11
1 4
Deletion (n=7) 41 . 5 2
Duplication and deletion (n=1) m :“ 0 1
Abbreviations; Control grou;ﬂ uﬁﬂ a % ﬂm w El f] n ﬁ
2

Qmmmmum'mmaﬂ



Table 23 Frequencies of CYP2D6 genotype in 150 depressive patients
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CYP2D6 Genotype Control (n=75) Case (n=75) Combined (n=150)
*1/*1 33%) - 10 (13.33%) 20 (13.33%)
*1/*10B (12 ‘5‘ 9 (12.00%) 18 (12.00%)
*10B/10B BB0%) || f4.67%) 17 (11.33%)
*1/*2 e (T 33T ~675.00%) 13 (8.67%)
*2/*10B "|=‘-ﬂ-(-koo%) . —-8(12.00%)- 12 (8.00%)

i = —

*10A/*10B % 06) ~ 10 (6.67%)

*10B/*36 o= e 6 (4.00%)

*2/%2 3 (2.00%)

*10A/*36 %) % 2 (1.33%)

Duplication

*1/%2x2 N 1 (0.67%)

*36x2/*2 0 0) 1 (0.67%)

*36X2/*2%2 Ll - 0 1 (0.67%)

Deletion

*2/*5 o (1.33%) 1 (0.67%)

*1/*5 1 1 (1.33%) 2 (1.33%)

*5/*10B 2 (1.33%)

Gene arrengments

*36-10B/*10A ° ;’ ot 9 (6.00%)

- o

*36-10B/*10B Il .33%) 1‘“| 8 (5.33%)

*36-10B/*36-10B 6 (8.00%) 2 (2.67%) 8 (5.33%)

*36-10/*2 "ﬁ 2 (2.67%) B (2.67%) 4 (2.67%)

; 2 (2.67%)

*36-10B/*36 0 & 1 (1.38%)m 1(0.67%) @ |
‘ 56108/ o i 3 = 50 i EFLTE I/ " -« - :
ARTNINI U IR

L] L] L ] L] 1 ]
q Unclassified Allele 1(1.33%) 2 (2.67%) 3 (2.00%)

Abbreviations; 0 = no data; UA = Unclassified Allele
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Table 24 Chi’s Square test for the difference of genotype distribution between control and case

group.

CYP2D6 genotype Chi’s Square, df =1 P-Value
*1/*1 vs *10A/*10B 0.297
*1/*1 vs *10B/*10B 0.368
*1/*1 vs *2/*10B NN 0.163
*2/*10B vs *10A/*1.Q§_‘ ‘ 0.035*
*2/*10B Vs *1OB/W ~ 0.555
*2/*10B Vs *36-10B[5H07 0.017*
*2/*10B vs *36-10B /% 51 III! 0.028*
* = P-value (2-tailed) stdhificapt leye
Fifty two out o150 pafienf it ‘ :,":- el \ or \ On were excluded from
the association analysis b APstats!progra AU, it W analyzed for deviation
between two groups using C S ‘he - ySis 'Of tf ssociation between genetic

\

polymorphisms and side affect Scores | ~’.. Dikfying ce bility genotype by using
SNPstats and HAPstats. | rﬁ“: T .

SNPstats (Statistical analysis of SN P ~"" "" S

Analysis Of “'_-1LVI.A‘IIIIII_I_-I’IIII":IVA'._-l.l.l_l ------------------- - >A ) for Its effects to
ADRs are determlne Dy mt ' Mnam recessive and

over-dominant (data notlgown) but it wasS non-sig

based on a linear or Ioglstlg"feﬂressmn (OR = odds ratlgs P95%CI 95% confidence intervals)

o PR IVEVEIWE TS

HAPstats (Statlstlcal analysis of haplotype-difease assomatlon)

3 RIBIATUUNIINEIAY

the stimated relative frequency for each haplotype. Haplotype determination designed to

ant different.. %alyﬂs of association is

analyze the individual genotype at the ten most common polymorphic positions. Eighty eight

from ninety seven (47 in controls and 41 in cases) were analyzed under Hardy-Weinberg
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equilibrium. The analysis of only gene effect that compared between control and case group

showed non-significant differences

In this study, the factor of ages and doses between case and control group were checked
in HAPSTATSs whether both factors are confou d'ng in the association or not. Only the SUM

scores of amitriptyline adverse reactiongf ) istical difference between control and
case groups (P<0.05) because the »\ alieacly DRs and non-ADRs from the

beginning. The association analysis addltlve model of haplotype
6. Analysis of haplotype-

effects under Hardy-WeW » o _ .
environment interactions _gh 0 Jde 1§ ad cal differences between

control and case grou

e and SUM scores of

amitriptyline adverse reacti fence of adverse reaction.

ﬂUEJ’JVIEWﬁWMﬂﬁ
ammmmwwwmw



Table 25 Association between haplotype with control .t*‘\ U
Weinberg equilibrium  Tolerance: 0.0001 Maximum. iferations:
—

b Lnﬂwent; age, dose and SUMADR) under Hardy-
5%, S ____M(Cases: 41/50, Controls: 47) (Dominant model)

65

- _______“

==

I

JEstimate g andard Error Z-Statistic P-Value
e ////l\\\‘l\%
Environment I IE‘\\N \ %
Age lj’ﬂ E‘\\‘& i 0.8667 0.3861
Dose ll \\ : 0.2439 0.8073
SUMADR 4.0805 0.0000*
Frequencies (association)
Gene
0000000 (*1) 1.2759 0.2020
Age*0000000 (*1) -1.3927 0.1637
Dose*0000000 (*1) -1.4301 0.1527
SumADR*0000000 (*1&‘ 2y 0.6967 0.4860

Haplotype frequencies under Hardy-\Weinberg equilibrium; case group (Log Likelihood -174.7739, interactions 106) combined group (Log-

Likelihood -350.8229, interactions 6

Abbreviations;* = P-value (2-tailed nific t |
UA = Unclassified Allele; 0 = wild

tefc

9 mnimum'mma t
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8 9 10
=
n 30 60 IE l\ \\‘ 16 9 17
\ WY L o
Min-Max 0.1-19.76 0.1-45.7 0.1- llm \\\\ . 0.1-22 0.1-12 0.3-14.8
.di A%
SUM 130.28 495.76 Mr ]h\“\t 48.07 3119 65.41
Mean 4.3427 8.2627 i m\ 4 1356 3.0044 3.4656 3.8476
SD 5.3027 11.3080 5.4035 \ \.‘ 4.6865 5.2966 4.4512 4.0796
No. 11 12 13 17 18 19 20
n 2 5 5 2 4 6 12
Min-Max 1.57-3.00 0.20-10.0 0.44-4.50 0.20-2.70 0.20-3.60 1.12-23.00 0.80-3.00
I' i ‘l
SUM 457 16.9 34 97 25,50l — v 7.10 56.92 23.11
Mean 2.2850 3.3800 2.3880+ 14600 1.7750 9.4867 1.9258
: i
SD 1.0111 3.8343 1.8702 3.1461 8.7142 25 5770 1.7 1.4930 9.9383 0.7957

Abbreviations; 1=Blurred vision, 2
fatigue, 10= tachycardia, 11=hypo

Excessive sweating, 17= skin rash / P

ﬂoumnﬂmmam

ammnmumwmaﬂ

axia, 7= tremors, 8= Dizziness, 9=
rtension, 15= Peculiar taste, 16=
osensitization, 18= Insomnla 19= Headache, 20= others (Weight gam/loss Alopecia)
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Table 27 Summary of adverse reactions from amitriptyline.i

"

W R
~0 e
T, W
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No. 1 2 3 :: 7 8 9 10
7
N 15 70 6 /z; 15 52 17 19
Min-Max | 190-8571 | 3.81-03.34 4.76-80.0 560 0.95 0955149 | 0.95-87.61 1.9-85.71 0.95-71.42
SUM 287.60 3505.37 179.0 11 ﬂ 1.06 1013.19 557.18 556.46
Mean 19.1733 51.3624 29.840 6.693 5.4040 19.4844 32.7753 29.2874
SD 23.4900 28.5430 34.7310 6 16.2210 20.1890 28.5790 26.2007
Ik
ol #
No. 11 12 13 i ‘ 17 18 19 20
el
n 13 6 11 Y B 7 1 3 9 20 15
Min-Max | 4.76-7620 | 3.81-23.81 2.86-80.95 5.02-58. 71 4.76-100 1.71-6952 | 2.85-88.57 0.95-79.04 9.3-88.57
SUM 336.07 63.07 27671 ﬁs‘: 1 379.02 43856 465.34
' ; -
Mean 25.8515 10.5117 25.])&; h 'R/ jmo 42.1133 21.9280 51.0227
= L
SD 21.6100 69.2182 25'7571M 23.331 200170 |||/ B6.4623 32.2880 23.2640 30.1260

Abbreviations; 1=Blurred vision,

y mouth, 3‘hﬂburn, 4= Urinary ret§gion, 5= Consti

ation, 6= Ataxia, 7= tremors, 8= Dizziness, 9=

ertension, 15= Peculiar taste, 16=

ight /loss, Alopecia)

fatigue, 10= tachycardia, 11=hyp jofll 0 il
Excessive sweating, 17= skin rash / osepsitigation, 18= s (| eagldchgy 20

ARIANTAUNNIINYIAY
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SUM scores of amitriptyline adverse reactions

One hundred and fifty depressive patients were classified into group with
Naranjo’s algorithm questionnaires. Both control and case group were evaluated with
amitriptyline adverse reactions u uestionnaire with 20 symptoms (adverse

S
reactions) and the scale sum i /r shown in Table 27 and 28.
From the s § freque )J:g

— =
case groups haw. C arn-contr BUEkin the same symptoms of

onsidering summation of

amitriptyline adygss oNs!/ Espe Y, antiel Mergic effects were firstly
pronounced and theg i actior R, constipation and blurred
vision, respectiffely. 4 5,/ neuromusellar ‘a _d| cular were common
reactions such heagacht, - .. ez kness, arrhythmias, and
! . th grotips; there were ataxia,
heart burn, hyp ypv er i I photosensitization and
nausea/vomiting, re _‘* Vi, A ‘" ( “';" ion of amitriptyline adverse

reactions scores a '|s yed i m g ase and control group.

A f

‘t.-a
e

ﬂUEJ’JVIEJ‘mWEﬂIﬂﬁ
ammmmummmw



CHAPTER V

DISCUSSION AND CONCLUSION
atjents were characterized for CYP2D6
amltrlptyllne adverse reactions
developed tested pa o

x/ ten SNPs were investigated in

1T Gene aty. d by DHPLC and multiplex

long PCR were performegsfot simg led whole gene and gene
deletion. SBE WA eritly ned: DHPLC analysis to
determine SNPs ‘ e were found in these
depressive patientsg#id tifeg 1y 0TdalT,. L 8iLIA and G1846A) were not
observed (nonsf prohi€) St ' b, sur -t\ \"“F-. amihree SNPs were not
detected in these rgéfuitgll subjects ‘sineesh RN Blind in Caucasian more than
; | % D-related genotype are
‘ \ih, other Asians, especially
Chinese [47, 498hd 7. Moreoveiia 8 iskguitelsimilar which is as high
iderdd to b aetabolizer. CYP2D6*36 in

DB*Was the most common type

One hundred and fift

tandem rearrange v
of gene rearrangem i ‘4,3: . On N jone patient presented with
CYP2D6*2x2 (dupllcatlon CYP2D6*3¢ ain major cause of six-amino acid
difference in exon9wh|c __(‘_',H unctional gene [1, 47, 49, 77 and
78]. Itis one'l alle NS A . Because the exon
9 convers&n 0 _CYP2D7 has_been_found atmost_exctustvely-on a CYP2D6*10
backgroundstbé llele (30-50%) [22,

47 and 49]. II-I‘
The obsertd equency of CYP2D6’&/}108 is significantly different when

AU b T b

roups It is noticeable that tandem duplication as commonly found in
CYP2D6*36 10B/*10A were foung’at a larger numbtﬂ control than those

qRARN AIUNRTINGTSY

reasonably demonstrates the tendency of having ADR in whom posses those IM/IM
genotypes without duplication more than extensive genotype or IM genotypes having
duplication when taking amitriptyline.
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Fifty two samples (34.67%) containing gene rearrangement (deletion,
duplication and conversion) were detected with higher frequencies compared to those
formerly reported in Thais and Asians [47]. This probably resulted from the improved
accuracy of detection panel to clarify its complexity. There is only one patient
presenting both deletion and duplicgtipn,in different allele, 30% having duplication
2 letion. Furthermore, only hemizygous

as normal metabolic status since

Ve i . %gnd any relationships between
-‘h"--..
ygous d@tlon g ggtly shown in homozygous

| abion between genetic
\ \‘ apheh@iypes such as plasma drug
Gtiohs [y 1 \ L-24]. The studies that

\\\ \ YP2D6 substrates mostly

p potype. In contrary, the

g’ onse \ o genotypes were reported
inconsistently [1,r I Th 2 4pfbblems\ iegafding the contradictory of
correlation findings ly-arises. from iffereflt genotypes tested in various
ethnics and sample sizes. I | n, the €Y of genotype calling should be also
taken into consideration i;b? ally n. ’ of gene rearrangement mostly
found in Astaps [i oy wonly dysfunctional
CYP2D6 a»' es_(poor-metabolizer) correlate-with-severe-adverse reactions [68-71].
There are asudl cts are experienced
from those w:z);ad und . As ﬂcumented earlier, only
homozygous tion can cause absent enzyme activity hemizygous deletion
seems to cause ncﬁfﬁon enzyme function.gugfortunately, this study exhibits none

FUANBNING 0T

|ans One of the reasons is that Caucasians possess significantly hlgher
numbers of poor metabolizers than‘f Asians and this |g@glto more pronounced §fféc

RS R ]

case. Furthermore, it is interesting to find a concentration of active metabolite
(nortriptyline) but not its parent (amitriptyline) compound correlated significantly
with adverse event and this observed correlation are probably relevant to dosage only

J
-l
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[1, 13, 22-24 and 26-27]. This may lead to non-significant association findings in this
study since only low doses (10-25 mg/day) of amitriptyline were administered to
patients and, hence, serious adverse reactions were not observed. One more concern,
the tested substrates can have other elimination pathway. The main metabolism can

shift to functional enzymes instead decreased functional one if they have more
than one enzyme involved. Jig he reason why we scarcely see the
pronounced effects neithegathiersenes 5 in some drug treatments.

In conclusioft 95— ed We-c itrok- of amitriptyline ADRs and
CYP2D6 genotypes as ‘ iati oes APt SUPPOH -=. of CYP2D6 genotype on
: lipe_at Odd ratio 2.5 in these 150
depressive patiep 3 [ ass \‘“~ from none of poor
metabolizer preéen gk the Odd ratio is reduced
together with, can be obtair ey, the! Si ficance of genotype and

' J-MereoVerh afittiptyifle, can be metabolized also

Solthat polymorphism of
CYP2C19 might. : refole, the study of CYP2C19
combine with G& f’( s sighificance of association.
However, CYP2D6%86- S -{ ele’tenc .\\ e a factor contributing to
higher metabolizing capgity thz : 58 passes no diplication. Nonetheless, this is the
first study providing ' | ptients with some significance

of genotype difference in n@ "::.::..,- i ;."

ﬂ‘HEJ’JVIEWI?WEHﬂﬁ
qmmmmummmaﬂ
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