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CYP2D6 Polymorphism of Opiate Addicts
and Contributions to Forensic Sciences

AABBSS  TTRRAACCTT OObb  jjeecc  ttii  vvee:: The CYP2D6 enz yme shows a wi de ran ge of poly morp hisms. It is res -
pon sib le for the me ta bo lism of subs tan ces such as opi a tes that ha ve a gre at im por tan ce in fo ren -
sic sci en ces. Ho we ver, so me mu ta ti ons da ma ge the ac ti vity of this enz yme and ca u se
in ter rup ti on in me ta bo lism of the drugs which may le ad to unex pec ted ad ver se drug re ac ti ons,
even to de ath. Alt ho ugh many stu di es ha ve de alt with CYP2D6 poly morp hism, the re is no 
re se arch con cer ning CYP2D6 enz yme poly morp hism and opi a te de pen den ce in our co untry.
MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: We ai med to in ves ti ga te the sing le nuc le o ti de poly morp hisms 
of CYP2D6*3, *4 and *6 al le les. Forty ni ne opi a te ad dicts and 34 con trol samp les we re stu di ed
using tet ra-pri mer poly me ra se cha in re ac ti on (PCR) tech ni qu e in a sing le tu be and by dividing
the pro to col in to two steps. RRee  ssuullttss:: CYP2D6*4 and CYP2D6*6 al le les fre qu en ci es we re 
de ter mi ned as 0.082 and 0.031, res pec ti vely, however no sig ni fi cant re sult was ob ta i ned 
for CYP2D6*3. Al le le and ge noty pe fre qu en ci es of CYP2D6*4 and *6 for both opi a te ad dicts 
and con trol gro up we re in concordance with the Hardy-We in berg equ a ti on. CCoonncc  lluu  ssii  oonn:: We
sug gest that detection of CYP2D6 poly morp hism may cla rify the sud den-unex pec ted de aths
du e to in to xi ca ti on of opi a te ad dicts and so me ne ga ti ve au topsy ca ses re la ted to me di cal or il li -
cit drugs.

KKeeyy  WWoorrddss:: Pharmacogenetics; cytochrome P-450 CYP2D6; opioid-related disorders; 
drug toxicity

ÖÖZZEETT AAmmaaçç::  CYP2D6 en zi mi çok çe şit li po li mor fizm le ri gös te re bil mek te dir ve opi yat lar gi bi ad -
li tıp bi li min de bü yük öne mi olan mad de le rin me ta bo liz ma sın dan so rum lu dur.  Ay rı ca ba zı mu-
tas yon lar bu en zi min ak ti vi te si ni bo zar ve alı nan ilaç la rın me ta bo liz ma sı nı ke sin ti ye uğ ra tır lar ki
bu da bek len me yen ad vers ilaç re ak si yon la rı na hat ta ölü me yol aça bi lir. CYP2D6 po li mor fiz mi ile
il gi li bir çok ça lış ma ol sa da bi zim ül ke miz de CYP2D6 en zim po li mor fiz mi ve opi yat ba ğım lı lı ğı
ile il gi li ça lış ma bu lun ma mak ta dır. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr:: CYP2D6*3, *4 ve *6 al lel le rin de ki tek
nük le o tid po li mor fizm le ri ni araş tır ma yı amaç la dık. 49 opi yat ba ğım lı sı ve 34 kon trol den alı nan
ör nek tet ra- pri mer po li me raz zin cir re ak si yo nu (PCR) tek ni ği ile tek tüp te ve pro to ko lü iki aşa-
ma ya bö le rek ça lı şıl dı. BBuull  gguu  llaarr:: CYP2D6*4 ve CYP2D6*6 al lel sık lık la rı sı ra sıy la 0.082 ve 0.031
ola rak be lir len di, bu nun la bir lik te CYP2D6*3 al le li ile il gi li hiç bir an lam lı so nuç el de edi le me di.
Hem opi yat ba ğım lı la rı hem de kon trol gru bu için CYP2D6*4 ve *6’nın al lel ve ge no tip sık lık la rı
Hardy-We in berg denk le mi ile uyum gös ter mek te dir. SSoo  nnuuçç:: Biz CYP2D6 po li mor fiz mi nin sap tan-
ma sı nın opi yat ba ğım lı la rı nın ze hir len me le ri ne bağ lı ani ve bek len me dik ölüm le ri açık la ya bi le -
ce ği ni ve tıb bi ve ya sa dı şı ilaç lar la iliş ki li ne ga tif otop si ol gu la rı nı açık lı ğa ka vuş tu ra bi le ce ği ni
dü şün dük.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Farmakogenetik; sitokrom P-450 CYP2D6; opiyat ilişkili bozukluklar;
ilaç toksisitesi 
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Drug Group Substrates

Antidepressants Paroxetine, Fluoxetine, Citalopram, Sertraline, Venlafaxine, Amitriptyline,

Clomipramine, Desipramine, Imipramine, Nortriptyline

CYP2D6 Antipsychotics Chlorpromazine, Haloperidol, Thioridazine, Zuclopenthixol, Perphenazine, Risperidone,

Miscellaneous Bupropion, β-blockers, Propanolol, Metoprolol, Timolol, Dexfenfluramine, Ecstasy, Opioids, 

Codeine, Hydrocodone, Dihydrocodeine, Tramadol

TABLE 1: Some drugs metabolized by polymorphic CYP2D6 enzyme (Davies and Nutt 2004).

he Cytoc hro me P450 (CYP450) mul ti-enz -
yme system plays a key ro le in the ac ti on
and eli mi na ti on process of many drugs. In

cli ni cal phar ma co logy, the re are fi ve im por tant
CYP450 enz ymes which are en co ded by se pa ra te
ge nes. The se enz ymes are CYP1A2, CYP2C19,
CYP2D6, CYP2E1 and CYP3A4. CYP450, is differ-
ent for its ami no acid com po si ti on, and so its subs -
tra te characteristics. CYP2D6, the most com monly
in ves ti ga ted CYP450 enz yme, is the ma jor enz yme
ca taly zing the bi ot rans for ma ti on of xe no bi o tics,
tricy clic an ti dep res sants, most of se lec ti ve se ro to -
nin re up ta ke in hi bi tors (SSRIs), an ti arrhy thmics,
ne u ro lep tics, be ta-bloc kers and opi o ids.1 So me
drugs me ta bo li zed by CYP2D6 enz yme and have
fo ren sic im por tan ce are gi ven in Tab le 1. Most of
them might be en co un te red in cli ni cal and fo ren -
sic ca ses.2 Poly morp hisms of CYP2D6 ge ne al ter the
ac ti va ti on of the enz yme func ti on and al so af fect
the metabolisms of xe no bi o tics and drugs. Va ri a -
tions occur in ge nes of this enz yme and lead to dif-
fe rent phe noty pes that can be clas si fi ed in to fo ur
gro ups as PM (po or me ta bo li zer), IM (in ter me di a -
te me ta bo li zer), EM (ex ten si ve me ta bo li zer), and
UM (ul tra ra pid me ta bo li zer).3-5

CYP2D6 is a poly morp hic ge ne inc lu ding ni ne
exons and eight in trons (Gen Bank Ac ces si on No.
M33388).6 Al le les may ha ve one or mo re sing le nu-
c le o ti de poly morp hisms (SNPs) such as de le ti ons,
in ser ti ons, dup li ca ti ons and mul ti dup li ca ti ons.7

Ap pro xi ma tely 5% of Eu ro pe ans and 1% of Ori en -
tals lack CYP2D6 ac ti vity and the se in di vi du als are
known as po or me ta bo li zers.1 Ninety five percent
of Eu ro pe an po or me ta bo li zers can be iden ti fi ed by
scre e ning of CYP2D6*3 (2549 A>del), CYP2D6*4

(1846 G>A), CYP2D6*5 (CYP2D6 del) and
CYP2D6*6 (1707 T>del) al le les.8-11

Va ri a bi lity of a drug res pon se in in di vi du als is
a ma jor prob lem be ca u se it le ads to the ra pe u tic fa -
i lu re and ad ver se drug re ac ti ons (ADRs) in cli ni cal
prac ti ce. Therefore, im por tan ce of CYP2D6 poly-
morp hisms must be emp ha si zed for fo ren sic phar-
ma co ge ne tic.12 A ca se study car ri ed out by Le vo et
al. con cer ned with post-mor tem SNP analy sis of
CYP2D6 ge ne and re ve aled cor re la ti on bet we en
ge noty pe and opi o id drug tra ma dol me ta bo li te lev-
els in blo od.13 Ba i ley et al. stu di ed ge ne tic poly mor-
p hism of CYP2D6 enz yme in vol ved in the
me ta bo lism of dex tro met horp han which is com-
monly used as an indicator of CYP2D6 ge ne tic
poly morp hism. In this study, a todd ler was fo und
de ad af ter a the ra pe u tic do se of dex tromet horp han,
wit ho ut any evi den ce of a syste mic di se a se. In ten -
ti o nal or unin ten ti o nal over do se was not fo und
con cer ning the ca u se of de ath, which is a typi cal
examp le for fo ren sic phar ma co ge ne tics.14 Chi u ril lo
et al. investigated CYP2D6 va ri a ti on in Ve ne zu e lan
population to con duct post mor tem phar ma co ge ne -
tic analy sis in ca se of drug in to xi ca ti ons.15 In au-
topsy ca ses such as de ath due to sus pec ted
po i so ning, aut hors re por ted that ge noty ping of va -
ri ant CYP-iso form ge ne co uld help to de ter mi ne
the ca u ses of de ath and to in cre a se the ac cu racy of
fo ren sic iden ti fi ca ti on of  the ca da ver.16 In Swe den,
the gro ups of de aths ca u sed by in to xi ca ti on of phar-
ma ce u ti cals or il le gal drugs we re fo un ded upon
CYP2D6 ge noty ping.17

Opi a te ad dic ti on is one of the most im por tant
is su es of drug de pen den ce in the fo ren sic to xi co -
logy in our co untry as well as all over the world.
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Most of drug over do se-re la ted de aths are ca u sed by
opi o ids such as morp hi ne, co de i ne, dex tro met -
horp han, ethy lmorp hi ne and tra ma dol. An opi a te
ad dict with im pa i red CYP2D6 enz yme may show
unex pec ted ADRs with or di nary do es that may re-
sult in de ath due to overdose.18-20

As men ti o ned abo ve, po or me ta bo li zers ha ve
hig her le vels of a num ber of drugs in their plas ma,
which may in cre a se the risk of ad ver se and to xic
ef fects. 

In this study, sing le nuc le o ti de poly morp hisms
of CYP2D6*3, *4 and *6 al le les on opi a te ad dicts we -
re in ves ti ga ted with al le le-spe ci fic tet ra pri mer
poly me ra se cha in re ac ti on (PCR).

MA TE RI AL AND MET HODS
The study gro ups con sisted of 49 opi a te ad dicts (32
ma les and 17 fe ma les) who ad mit ted to Is tan bul Ba-
lik li Rum Ana to li an Cli nic for tre at ment of opi a te
ad dic ti on (li ke morp hi ne, opi um gum, al do la ne,
phen tanyl) and 34 un re la ted, non-ad dict vo lun te -
ers (11 ma les and 23 fe ma les), as the con trol gro up.
The study pro to col was ap pro ved by the Et hics
Com mit te e of The Ins ti tu te of Fo ren sic Sci en ce in
Is tan bul Uni ver sity, and writ ten in for med con sents
were ob ta i ned from the vo lun te ers.

Fi ve mL of ve no us blo od samp les we re col lec -
ted in to ED TA tu bes and DNA was iso la ted with
DNA ex trac ti on kit (QI Amp® Mi ni Kit QI A GEN,
Ger many). The iso la tes we re chec ked with 2% aga -
ro se gel elec trop ho re sis and sto red at -20oC un til
use. HPLC gra de pri mers des cri bed by Hers ber ger
(Tab le 2) we re purc ha sed from Ther mo-elec tron
GmbH (Ger many).21 All PCR re a gents and lad ders
we re purc ha sed from Fer men tas (Lit hu a ni an), che -
mi cal re a gents we re purc ha sed from Sig ma-Al drich
(Ger many). The PCR amp li fi ca ti ons we re car ri ed
out by Gold-pla ted Ge ne Amp®PCR 9700 system,
App li ed Bi osy stems (Ca na da, USA). 

The met hod pre vi o usly des cri bed by Hers ber -
ger et al. was used with so me mo di fi ca ti ons to de-
ter mi ne the fre qu en ci es of CYP2D6*3 (2549
A>del), *4 (1846 G>A) and *6 (1707 T>del) al le les
with tet ra pri mer PCR.21 The first pa ir of pri mers
(for examp le P1 and P2 vi a CYP2D6*3) amp li fi ed

the first frag ment which was the temp la te of the
se cond pa ir of pri mers. The first amp li con was al so
the con trol of the PCR. Ac cor ding to the mu ta ti -
on, one of the se cond pri mers (P3 or P4) was com-
bi ned with one of the first step pri mers (P1 or P2).
The length of ba se pa ir was de ter mi ned with aga -
ro se and pol yacr yla mi de gel elec trop ho re sis. 

In the fi nal PCR mix tu re of CYP2D6*3, *4 and
*6 for tet ra-pri mer PCR met hod in sing le tu be, the
vo lu me was 30 µL with 2.5 µL (10X) Taq buf fer, 2.5
µL (25 mM) MgCl2, 1µL (1.25 mM) dNTPmix, 0.5
μL BSA, 1 µL pri mer (30 pmol) (for the first frag-
ment) per al le le, 4 µL pri mer (for the se cond frag-
ment) per al le le, 1 µL Taq (5 U/μL), 2.5 µL (~62
ng/µL) temp la te DNA and 10 µL dis til led wa ter.
PCR con di ti ons we re as fol lows; 10 min at 94oC,
and for the first 30 cycles, 0.5 min at 95oC, 0.5 min
at 63oC, 1 min at 72oC, for the se cond 30 cycles, 0.5
min at 95oC, 0.5 min at 53oC, 1 min at 72oC and the
re ac ti on was fi nis hed with 7 min ex ten si on at 72oC. 

On the ot her hand, the met hod of Hers ber ger
et al. was modified by dividing the PCR pro ce du re.
On ce the first pa ir of pri mer was used and the con-
trol frag ment was ge ne ra ted in an in di vi du al step
with first 30 cycles under the sa me con di ti ons, the
con trol frag ment was used as temp la te DNA for the
se cond an ne a ling re la ted under al le le spe ci fic PCR
with the sa me PCR con di ti ons for se cond 30 cycles.
In this mo di fi ed met hod, the amo unts of re a gents

Allele Name of Primer 5’-3’ primer sequence

CYP2D6*3 P1 GCG GAG CGA GAG ACC GAG GA

P2 GGT CCG GCC CTG ACA CTC CTT CT

P3 TCC CAG GTC ATC CT

P4 GCT AAC TGA GCA CG

CYP2D6*4 P5 TCC CAG CTG GAA TCC GGT GTC G

P6 GGA GCT CGC CCT GCA GAG ACT CCT

P7 TCT CCC ACC CCC AA

P8 CGA AAG GGG CGT CC

CYP2D6*6 P5 TCC CAG CTG GAA TCC GGT GTC G

P6 GGA GCT CGC CCT GCA GAG ACT CCT

P9 GTC GCT GGA GCA GG

P10 TCC TCG GTC ACC CA

TABLE 2: Primer sequences used in the study 
(Hersberger 2000).
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and enz ymes we re the sa me as the met hod de-
scribed abo ve.  

Se pa ra ti on of PCR pro ducts was per for med
with 4% pol yacr yla mi de gel elec trop ho re sis for 2h
vi su a li zed by Ag NO3 (for CYP2D6*3 al le le) and 2%
aga ro se gel elec trop ho re sis for 50 min vi su a li zed by
et hi di um bro mi de un der UV tran sil lu mi na tor (for
CYP2D6*4 and *6 al le les). Sta tis ti cal analy ses we re
performed using Hardy We in berg equ a ti on and
sta tis ti cal sig ni fi can ce of opi a te ad dicts-con trol as-
so ci a ti ons was eva lu a ted using Fis her’s exact test.22

A p value smaller than 0.05 was considered as sta-
tistically significant.

RE SULTS 
This study is the first one that determined the fre-
qu ency of CYP2D6*3, *4 and *6 al le les in opi a te ad-
dicts in Is tan bul, Tur key. Tet ra pri mer PCR re sults
for thre e al le les and amp li fi ed frag ments a re gi ven
in Figure 1. The fre qu ency of CYP2D6*4 al le le was
0.082 and CYP2D6*6 allele was 0.031 for opi a te ad-
dicts, whereas they were 0.103 and 0.015 for then
con trol gro up, res pec ti vely (Tab le 3). The re were
no mutant alleles re sult of for CYP2D6*3 in two
gro ups. In mo di fi ed tet ra pri mer PCR met hod in
sing le tu be, both con trol frag ments and al le le-spe -
ci fic frag ments we re se en in the sa me PCR pro duct.

On the ot her hand, in the first divided step of the
mo di fi ed met hod, only con trol frag ments we re se -
en; in the se cond step, al le le-spe ci fic frag ments we -
re amp li fi ed and chec ked by elec trop ho re sis. The
re sults sho wed the sa me ge noty pes with tet ra pri -
mer PCR pro to col. Al le le and ge noty pe fre qu en ci -
es of CYP2D6*4 and *6 for both opi a te ad dicts and
con trol gro up we re pa ral lel to the Hardy-We in berg
equ a ti on. The re was no sig ni fi cant dif fe ren ce bet -
we en ca ses and con trol sub jects ac cor ding to Fis -
her’s exact test. Ob ser ved and pre dic ted ge noty pes
of study and con trol gro ups and p va lu es a re gi ven
in Tab le 4.

FIGURE 1: Analysis of alleles by 4% polyacrylamide (a) and 2% agarose gel
electrophoresis (b and c). 
a. CYP2D6*3, 1106 bp is control, 553 bp is wt (wild type) fragment.
b. CYP2D6*4, 750 bp is control, 560 bp is wt and 217 is mutant fragment.
c. CYP2D6*6, 750 bp is control, 421 bp is wt, 356 bp is mutant fragment.

Subjects N Observed (expected) Observed (expected)

CYP2D6 *4 genotypes CYP2D6 *6 genotypes

*4/*4 *4/wtb wt/wt *6/*6 *6/wt wt/wt

Opiate Addicts 49 0 (0.0) 8 (8.86) 41 (40.14) 0 (0.0) 3 (2.36) 46 (46.64)

Control 34 0 (0.0) 7 (6.14) 27 (27.86) 0 (0.0) 1 (1.64) 31 (32.36)

pa 0.246 0.443

TABLE 4: Observed and predicted genotypes of subjects and p values of X2 test.

Allele Opiate addicts Control group

Mutant allele /Total allele numbers Mutant allele /Total allele numbers

(n= 98) Mutant Allele frequencies (n= 68) Mutant Allele frequencies

*3 0/98 - 0/68 -

*4 8/98 0.082 7/68 0.103

*6 3/98 0.031 1/68 0.015

TABLE 3: CYP2D6 allele numbers and frequencies of opiate addicts and control groups.

a degrees of freedom value: 1 (p< 0.05) b wild type.
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DIS CUS SION

Drug me ta bo li zing enz ymes show ge ne tic va ri a ti -
ons le a ding to in ter-in di vi du al dif fe ren ces in drug
res pon se and con se qu ently to ADRs, high or low
drug le vels at and or di nary do se.23,24 Drug me ta bo -
lism may be af fec ted not only by ge ne tic va ri a ti ons
but al so by me ta bo lic drug in te rac ti ons, enz yme in-
hi bi ti ons and in duc ti ons, drug-drug in te rac ti ons,
age, re nal or li ver mal func ti on, di se a ses, al co hol,
smo king, di et, etc.5,18

Drug the ra pi es are fre qu ently as so ci a ted with
gre at in ter- and in tra-in di vi du al dif fe ren ces in the -
ra pe u tic res pon se be ca u se of the poly morp hisms.
This va ri a bi lity may re sult in di mi nis hed cli ni cal
res pon se or con ver sely, in cre a sed in ci den ce of ad-
ver se drug re ac ti ons. In ves ti ga ti on of CYP2D6
poly morp hism is im por tant for the abi lity to pre-
dict drug res pon se that wo uld al low in di vi du a li zed
phar ma cot he rapy, ma xi mi ze the chan ce of op ti mal
drug cho i ce for each pa ti ent and con se qu ently, co -
uld of fer sa vings in both ti me and cost of ca se and
subs tan ti ally im pro ve the pa ti ent’s long-term prog-
no sis. Many drugs used cli ni cally, such as car di o -
vas cu lar and psycho ac ti ve (an ti dep res sant,
ne u ro lep tic) drugs and so me of opi a tes are me ta -
bo li zed by CYP2D6. The lack of CYP2D6 ac ti vity
in PMs may le ad to ex ces si vely high plas ma con-
cen tra ti ons of drugs that are subs tra tes for this CYP
enz yme. Con se qu ently in to xi ca ti on and de ath are
im por tant prob lems for the fo ren sic to xi co logy.
Most fre qu ently, the over do se ca ses are ca u sed by
opi a tes which might re sult in de ath. An opi a te ad-
dict with im pa i red CYP2D6 enz yme may show un-
ex pec ted ad ver se drug re ac ti ons at an or di nary do se
that ca u se over do se de ath. Fo ren sic to xi co logy can
con tri bu te subs tan ti ally to the in ter pre ta ti on and
de ter mi na ti on of the ca u ses and man ner of de ath.
Most fa tal in to xi ca ti ons are su i ci dal over do ses, but
recently, chro nic high do se has at trac ted in cre a sed
in te rest. A high ra ti o bet we en the pa rent drug and
the me ta bo li te co uld be in ter pre ted not only as an
over do se but co uld al so be the re sult of a re du ced
me ta bo lism of the pa rent drug ca u sed by enz ymes
such as CYP2D6 and CYP2C19.19,20

Can di ot ti et al. sho wed that CYP2D6 UM ap-
pe ar to re qu i re less morp hi ne in the acu te pos to pe -

ra ti ve pe ri od com pa red to ot her CYP2D6 me ta bo -
li zer gro ups, and re com men ded furt her stu di es to
un ders tand the ro le of the dif fe rent CYP2D6 me ta -
bo li zers in en do ge no us morp hi ne synthe sis and pa -
in mo du la ti on.25

Eap et al. fo und a sig ni fi cant as so ci a ti on bet -
we en the ra pe u tic res pon se and (R)-met ha do ne blo -
od con cen tra ti ons and reported that mo re stu di es
were needed to exa mi ne the inf lu en ce of the ul tra -
ra pid me ta bo li zer sta tus.26

Le vo et al. stu di ed the ef fect of ge ne tic va ri a -
ti on of drug me ta bo li zing enz ymes on cor re la ti on
of pa rent drug (tra ma dol) to me ta bo li te ra ti o in
post mor tem blo od. Aut hors de ter mi ned two ma jor
ge ne tic re ar ran ge ments and 18 SNPs along the
CYP2D6 ge ne.13 Oga wa et al. de ter mi ned the ge -
noty pe fre qu en ci es of CYP1A2, CYP2D6, CYP2E1,
CYP2C9 and CYP2C19 in 196 Ja pa ne se in di vi du als
to eva lu a te the ir fo ren sic use ful ness and car ri ed out
fo ren sic iden ti fi ca ti on of ca da ver by ge ne tic in for -
ma ti on of CYP-iso form ge nes.16 Ric car di et al. car-
ri ed out an in ves ti ga ti on on the poly morp hism of
CYP2D6*3, *4, *5, *6 al le les, emp ha si zing the use of
phar ma co ge ne tic analy sis on post mor tem samp les
for fo ren sic pur po ses. Anot her uti lity of that re se -
arch was the me di cal li a bi lity to ADRs, fa tal drug
and/or spe ci al pes ti ci de po i so nings.27 Ba i ley et al.
re por ted de ath of a todd ler af ter a the ra pe u tic do -
se of dex tro met horp han. The pos sib le exp la na ti on
was PM for CYP2D6 ac cor ding to re dis tri bu ti on
stu di es and au topsy re sults.14 Lack of func ti o nal en-
z ymes and poly morp hisms in the CYP2D6 ge ne ha -
ve be en stu di ed ex ten si vely, 95% of Eu ro pe an PMs
can be iden ti fi ed by scre e ning for the CYP2D6*3,
*4, *5, *6.1,10,11 Tam min ga et al. car ri ed out a ret ros -
pec ti ve study to as sess the inf lu en ce of poly morp -
hic drug me ta bo lism in hos pi ta li zed psychi at ric
pa ti ents in Net her lands, and the ob ta i ned re sults
for CYP2D6 we re 2.5% for UMs, 8.3% for PMs.
Aut hors emp ha si zed that in di ca ti ons for a hig her
in ci den ce of ADRs we re ob ser ved in PMs and
phar macy re cords might be use ful to de tect dif fe -
ren ces re la ted to poly morp hic me ta bo lism.28 Scor -
do et al. de ter mi ned ge noty pes of a ran dom Ita li an
po pu la ti on in or der to com pa re CYP2C9, CYP2C19
and CYP2D6 al le le fre qu en ci es. They fo und 3.4%
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