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Abstract Clomiphene citrate, a selective estrogen receptor

modulator, is metabolized into its 4-hydroxylated active

metabolites, primarily by CYP2D6. In this study, we

investigated the effects of the most common CYP2D6

variant allele in Asians, CYP2D6*10, on the pharmacoki-

netics of clomiphene and its two active metabolites (4-OH-

CLO and 4-OH-DE-CLO) in healthy Korean subjects. A

single 50-mg oral dose of clomiphene citrate was given to

22 Korean subjects divided into three genotype groups

according to CYP2D6 genotypes, CYP2D6*wt/*wt (n = 8;

*wt = *1 or *2), CYP2D6*wt/*10 (n = 8) and

CYP2D6*10/*10 (n = 6). Concentrations of clomiphene

and its metabolites were determined using a validated

HPLC–MS/MS analytical method in plasma samples col-

lected up to 168 h after the drug intake. There was a sig-

nificant difference only in the Cmax of clomiphene between

three CYP2D6 genotype groups (p\ 0.05). Paradoxically,

the elimination half-life (t1/2) and AUC of both active

metabolites were all significantly increased in the

CYP2D6*10 homozygous carriers, compared with other

genotype groups (all p\ 0.001). The AUCinf of corrected

clomiphene active moiety in CYP2D6*10/*10 subjects was

2.95- and 2.05-fold higher than that of CYP2D6*wt/*wt

and *wt/*10 genotype groups, respectively (both

p\ 0.001). Along with the partial impacts on the bio-

transformation of clomiphene and its metabolites by

CYP2D6 genetic polymorphism, further studies on the

effects of other CYP enzymes in a multiple-dosing condi-

tion can provide more definite evidence for the inter-indi-

vidual variabilities in clomiphene pharmacokinetics and/or

drug response.

Keywords Clomiphene � CYP2D6 � Genetic

polymorphism � Pharmacokinetics � Metabolism

Introduction

Clomiphene citrate (2-[4-[2-chloro-1,2-diphenylethenyl]

phenoxy]-N,N-diethyl ethaneaminedihydrogen citrate) is a

selective estrogen receptor modulator, which enhances the

release of gonadotrophin-releasing hormone by inhibiting

negative feedback of estradiol on the hypothalamus. As a

result, releasing of follicle stimulating hormone and

luteinizing hormone leads to growth of follicle and ovulation.

Clomiphene is used as a first-line therapy to treat female

infertility with absent or irregular ovulation, especially in

those with polycystic ovary syndrome (PCOS) (Dickey 1996).

Clomiphene citrate is orally administered once daily for

5 days from day 2, 3, 4 or 5 of spontaneous or induced

bleeding. After starting with the lowest dose, the daily dose

of clomiphene citrate can be increased in increments of

50 mg/day per cycle until an ovulatory cycle is achieved

(Homburg 2005). The recommended daily dose in the first

cycle is 50 mg, but previous reports suggests that only 46%

of patients will respond to this dose with ovulation.
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Furthermore, 8–30% of clomiphene-treated women do not

respond and fail to ovulate even at the highest tolerated

dose (Rostami-Hodjegan et al. 2004; Homburg 2005).

Despite over 45 years of clinical experience with clomi-

phene citrate, these interindividual variability of clomi-

phene drug response is not yet clearly demonstrated.

Clomiphene citrate is given as an unequal mixture of

two geometric isomers, (E)- and (Z)-clomiphene, in the

ratio of 67:33. It is readily absorbed orally, undergoes

enterohepatic recirculation, and is excreted principally in

the feces. Clomiphene is extensively metabolized in the

liver and the intestinal mucosa, via hydroxylation, hydro-

genation, N-deethylation, N-oxide formation, methoxyla-

tion and combinations of them, and the diverse cytochrome

P450 (CYP) enzymes, including CYP3A4, CYP2D6,

CYP3A5, CYP2B6, CYP2C9, and CYP2C19, are involved

in these metabolic processes (Ghobadi et al. 2008; Mürdter

et al. 2012; Mazzarino et al. 2013). These CYP enzymes

are genetically polymorphic and numerous variant alleles

exist; over 34 alleles for CYP3A4, 113 alleles for CYP2D6,

11 alleles for CYP3A5, 38 alleles for CYP2B6, 60 alleles

for CYP2C9, and 45 alleles for CYP2C19 have been

observed (PharmVar 2017). Pharmacokinetics and phar-

macodynamics of many substrate drugs were affected in

various degrees by these genetic polymorphisms (Ma et al.

2012; Hirota et al. 2013; Preissner et al. 2013; Chaudhry

et al. 2014; Probst-Schendzielorz et al. 2015; Byeon et al.

2015; Lee et al. 2016; Kim et al. 2017). Among them,

CYP3A4 and CYP2D6 were reported as main metabolizing

enzymes of clomiphene (Mazzarino et al. 2013), and

CYP2D6-mediated 4-hydroxylated active metabolites,

4-hydroxy-clomiphene (4-OH-CLO) and 4-hydroxy-N-de-

sethylclomiphene (4-OH-DE-CLO), are considered to have

at least 100-fold higher inhibitory potency at the estrogen

receptor than their parent drug (Mürdter et al. 2012;

Mazzarino et al. 2013).

There are two previous studies which have shown

inconsistent results for the effect of CYP2D6 genetic

polymorphisms on the pharmacokinetics of clomiphene

and/or its metabolites. In the former study performed by

Mürdter et al. (2012), the maximum plasma concentration

(Cmax) of (E)-4-OH-CLO and (E)-4-OH-DE-CLO in heal-

thy subjects homozygous for CYP2D6 null alleles

(CYP2D6*4 or *5) were 8- and 12-fold lower than those in

CYP2D6 EM subjects, respectively. Meanwhile, Ji et al.

(2016) have recently reported that no significant differ-

ences were observed for the plasma concentrations of

clomiphene metabolites between CYP2D6 EM and IM

phenotype patients.

CYP2D6 is usually divided into four phenotypic sub-

groups by the number of functional CYP2D6 alleles;

extensive metabolizers (EMs), intermediate metabolizers

(IMs), poor metabolizers (PMs), and ultrarapid

metabolizers (UMs). In Korean population, two functional

alleles (CYP2D6*1 and *2) and one variant allele account

for 93.9% of the allele frequency. Thus, in the present

study, we investigated the association between

CYP2D6*10 allele and the pharmacokinetics of clomi-

phene and its two active metabolites (4-OH-CLO and

4-OH-DE-CLO) in healthy Korean subjects with

CYP2D6*wt/*wt, *wt/*10, and *10/*10 genotypes.

Materials and methods

Subjects

Twenty-two healthy Korean subjects with CYP2D6*wt/*wt

(n = 8, *wt = *1 or *2), *wt/*10 (n = 8) and *10/*10

(n = 6) genotypes were enrolled in this pharmacokinetic

study (mean age 22.9 ± 2.0 years, mean height

172.2 ± 8.0 cm, mean weight 63.6 ± 9.5 kg, and mean

BMI 21.4 ± 2.0 kg/m2, respectively). Genomic DNA was

isolated from peripheral blood leukocytes using a Wizard�

Genomic DNA purification Kit (Promega, Madison, WI,

USA) according to the manufacturer’s instructions. The

genotyping for CYP2D6*2 and *10 alleles were performed

by polymerase chain reaction-restriction fragment length

polymorphism (PCR–RFLP) analyses, and CYP2D6*5 and

*X 9 N alleles by long-PCR analyses, as previously

described (Lundqvist et al. 1999; Naveen et al. 2006). All

subjects were healthy according to their medical histories,

physical examinations, vital signs (blood pressure, heart

rate and body temperature) and routine laboratory tests

(blood chemistry, hematology, and urine analysis). The

subjects were asked to refrain from taking any medications,

consuming caffeine, grapefruit products, alcoholic bever-

ages, and smoking for at least one week before and

throughout the study period.

Study protocol

All study procedures were performed according to the

guidelines of the Declaration of Helsinki and was approved

by the Institutional Ethics Committee of the Metro

Hospital, Anyang, Republic of Korea. Verbal and written

informed consents were obtained from all participants.

Each subject administered a single oral dose of 50 mg

clomiphene citrate (Clomifene Citrate Tablet, Youngpoong

Pharm., Incheon, Korea) with 240 ml of water after an

overnight fast. Blood samples were obtained before and at

1, 2, 4, 6, 8, 10, 12, 24, 48, 96 and 168 h after drug

administration. The plasma samples for the determination

of clomiphene and metabolites concentrations were
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immediately separated from the whole blood and were

stored at - 70 �C until analysis.

Determination of plasma clomiphene and its active

metabolites concentrations

Plasma concentrations of clomiphene and its two metabo-

lites, 4-OH-CLO and 4-OH-DE-CLO, were determined

using a validated high-performance liquid chromatography

with tandem mass spectrometry (HPLC–MS/MS) analyti-

cal method. Briefly, 200 ll of plasma was spiked with

10 ll of an internal standard (tamoxifen, 3 lg/ml) and then

extracted with 2 ml of ethyl acetate. The organic phase was

evaporated at 50 �C under a constant flow of nitrogen gas.

The residue was reconstituted with 300 ll of mobile phase,

and a 10-ll aliquot was injected into the analytical column

(Luna, C18, 3 lm, 2.0 mm 9 100 mm, Phenomenex,

Torrance, CA, USA). The mobile phase consisted of 20:80

ammonium acetate buffer (10 mM, pH 6.15)/acetonitrile at

a flow rate of 200 ll/min. The column oven temperature

was 30 �C. The mass spectrometer was operated in elec-

trospray ionization (ESI) negative ion mode and ions were

detected in multiple-reaction monitoring (MRM) mode.

Mass transition pairs of m/z were 406.2 ? 100.0,

422.2 ? 100.0, 394.2 ? 72.0 and 372.1 ? 72.0 for clo-

miphene, 4-OH-CLO, 4-OH-DE-CLO and internal stan-

dard (tamoxifen), respectively. The calibration curve of

each analyte was linear over a range from 1 to 20 ng/ml for

clomiphene, and 0.01 to 0.5 ng/ml for 4-OH-CLO and

4-OH-DE-CLO, respectively. The mean accuracies of

clomiphene, 4-OH-CLO and 4-OH-DE-CLO were all

between 98.5 and 108.4%. The coefficients of variation

(intra-day and inter-day precision) for clomiphene, 4-OH-

CLO and 4-OH-DE-CLO were all below 12%.

Pharmacokinetic analysis

The pharmacokinetic parameters of clomiphene and its

metabolites were estimated using non-compartmental

methods with the BA calc 2007 analysis program (KFDA,

Seoul, Korea). Actual blood sampling times were used,

while observed values were used for Cmax. The area under

the plasma concentration–time curve (AUC) was calcu-

lated using the linear-log trapezoidal rule. The elimination

rate constant (ke) was estimated from the least-squares

regression slope of the terminal plasma concentration. The

AUC from 0 to infinity (AUCinf) was calculated as

AUCinf = AUC ? Ct/ke, where Ct is the most recently

measured plasma concentration. The elimination half-life

(t1/2) was calculated as ln 2/ke, and the apparent oral

clearance (CL/F) of clomiphene was calculated as CL/

F = dose/AUCinf. Based on the reported biological

potency of each compound (Mürdter et al. 2012), the

amount of clomiphene active moiety was corrected and

calculated by the sum of the AUCinf of clomiphene, and the

AUCinf multiplied by 100 of 4-OH-CLO and 4-OH-DE-

CLO.

Statistical analysis

Pharmacokinetic data from the study results were expres-

sed as mean ± standard deviation (SD). Differences in

pharmacokinetic parameters in three different CYP2D6

genotype groups were assessed using a one-way analysis of

variance (ANOVA) with the Bonferroni t test (as the

multiple post hoc comparisons), or Kruskal–Wallis one-

way ANOVA on ranks with the Mann–Whitney rank sum

test after normality and equal variance tests. All data were

analyzed using the statistical program Prism� Windows 6.0

(GraphPad Software, La Jolla, CA, USA). The p values of

less than 0.05 were considered statistically significant.

Results

There were no significant differences in the demographic

characteristics between the three CYP2D6 genotype groups

(data not shown), and none of the subjects showed any

adverse reactions associated with clomiphene administra-

tion throughout the study period.

The mean plasma concentration–time profiles of clo-

miphene, 4-OH-CLO, 4-OH-DE-CLO, and clomiphene

active moiety in 22 healthy Korean volunteers with dif-

ferent CYP2D6 genotypes (CYP2D6*wt/*wt, *wt/*10 and

*10/*10) after a single oral dose administration of 50 mg

clomiphene are illustrated in Fig. 1. There was only a

significant difference in the Cmax of clomiphene parent

drug between three CYP2D6 genotype groups (p\ 0.05).

The Cmax of clomiphene in CYP2D6*10/*10 group

(29.53 ± 4.06 nM) was 1.45-fold higher than that in

CYP2D6*wt/*wt group (20.37 ± 5.64 nM, p\ 0.05).

Other clomiphene pharmacokinetic parameters, including

t1/2, CL/F and AUC, showed similar values and the dif-

ferences did not reach statistical significance between each

genotype group (Table 1).

Pharmacokinetic parameters for 4-OH-CLO and 4-OH-

DE-CLO showed more distinct and paradoxical differences

than parent drug, according to the CYP2D6 genotype

(Table 1). The t1/2 and AUC values for both metabolites

were all significantly different between three CYP2D6

genotype groups (p\ 0.001). The AUCinf of 4-OH-CLO in

CYP2D6*10/*10 group (29.85 ± 4.35 nM h) were 3.48-

and 2.05-fold higher than that in CYP2D6*wt/*wt and *wt/

*10 group, respectively (8.57 ± 2.68 nM h and

14.54 ± 5.10 nM h; both p\ 0.001). Also, 2.69-fold

prolonged 4-OH-CLO t1/2 (34.52 ± 5.06 h) were observed
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in CYP2D6*10/*10 genotype, compared to that in

CYP2D6*wt/*wt group (13.30 ± 3.96 h, p\ 0.001). In the

case of 4-OH-DE-CLO, the t1/2 and AUCinf values in

CYP2D6*10/*10 group (37.73 ± 7.14 h and

75.82 ± 17.78 nM h) also showed significant differences

compared to other two genotype groups, respectively

(15.34 ± 3.99 h and 18.37 ± 5.23 nM h for CYP2D6*wt/

*wt group, both p\ 0.001; 22.01 ± 4.36 h and

30.79 ± 9.28 nM h for CYP2D6*wt/*10 group; p\ 0.01

and\ 0.001). The corrected amount of clomiphene active

moiety in CYP2D6*10/*10 subjects

(12027.68 ± 2421.32 nM h) was 2.95- and 2.05-fold

higher than that of CYP2D6*wt/*wt and *wt/*10 genotype

groups, respectively (4076.79 ± 817.18 and

5862.19 ± 1383.43 nM h; both p\ 0.001, Fig. 2).

Discussion

It is known that the triphenylethylene-derived molecular

structure of clomiphene is very similar to that of tamoxifen,

a widely used selective estrogen receptor modulator

(Mürdter et al. 2012). Tamoxifen requires metabolic acti-

vation by CYP3A4/5 and CYP2D6 to elicit its pharmaco-

logical activity, and two active metabolites,

4-hydroxytamoxifen and 4-hydroxy-N-desmethyl tamox-

ifen (endoxifen) are the major therapeutic moieties of

tamoxifen (Desta et al. 2004; Lim et al. 2005). Lim et al.

(2007) reported that association between CYP2D6 genetic

polymorphism and tamoxifen pharmacokinetics and clini-

cal outcomes in patients with breast cancer. In patients

carrying the CYP2D6*10/*10 genotype, the steady-state

plasma concentrations of both 4-hydroxytamoxifen and

endoxifen were 1.6- and 2.3-fold lower than those in

CYP2D6*wt/*wt or CYP2D6*wt/*10 genotype group,

respectively. Therefore, it is inferred that CYP2D6 can also

play a pivotal role in producing potent active metabolites

of clomiphene, and genetic polymorphisms in CYP2D6 can

lead to the alterations in pharmacokinetics and/or clinical

outcomes of clomiphene.

Mürdter et al. (2012) has previously reported that clo-

miphene metabolites, which have similar structure to the

active metabolite of tamoxifen, are considered to be more

potent than clomiphene parent drug in vitro, and CYP2D6

genetic polymorphism can affect the pharmacokinetics of

clomiphene and its metabolites, based on the data con-

ducted in Caucasians. However, the sample size in their

research was too small (total of six subjects, including only

two CYP2D6 PMs) to evaluate the clear effects of CYP2D6

genetic polymorphisms on the pharmacokinetics and/or

clinical outcomes of clomiphene, and the influences of non-

functional CYP2D6 alleles might be exaggerated. In this

study, we evaluated the effects of CYP2D6*10 allele on the

Fig. 1 Plasma concentration–time profiles of clomiphene (a), 4-hy-

droxyclomiphene (b), and 4-hydroxy-N-desethylclomiphene (c) in

CYP2D6*wt/*wt (n = 8, circles), CYP2D6*wt/*10 (n = 8, squares)

and CYP2D6*10/*10 (n = 6, triangles) groups after a single oral dose

of clomiphene citrate 50 mg. Each value is given as mean ± SD
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pharmacokinetics of clomiphene and its active metabolites,

with at least six subjects per each genotype group. Con-

sequently, the presence of CYP2D6*10 allele caused no

significant changes in most pharmacokinetic parameters of

clomiphene, except for Cmax. Moreover, the subjects

homozygous for CYP2D6*10 exhibited higher plasma

concentrations for two active metabolites, 4-OH-CLO and

4-OH-DE-CLO, than CYP2D6*wt/*wt and/or *wt/*10

genotype groups, which are inconsistent with the previous

study results (Mürdter et al. 2012; Ji et al. 2016). A similar

tendency was also observed with the comparison of clo-

miphene active moiety.

Clomiphene has a complex metabolic pathway, and the

active metabolites of clomiphene, as well as the parent

drug, is metabolized by various CYP isozymes including

CYP2D6 (Mürdter et al. 2012). Therefore, we suggest that

the genetic polymorphisms of CYP2D6 and alterations in

enzymatic activity also influenced the pharmacokinetic

profiles of clomiphene metabolites. Increased plasma

concentrations of clomiphene active metabolites may lead

Table 1 Pharmacokinetic parameters of clomiphene in 22 healthy Korean subjects after a single oral dose of clomiphene citrate 50 mg

Variable CYP2D6*wt/*wt

(n = 8)

CYP2D6*wt/*10

(n = 8)

CYP2D6*10/*10

(n = 6)

p value

Clomiphene

Cmax (nM) 20.37 ± 5.64

(16.46, 24.28)

24.43 ± 5.49

(20.63, 28.23)

29.53 ± 4.06*

(26.28, 32.78)

0.018

t1/2 (h) 128.12 ± 76.52

(75.09, 181.15)

114.23 ± 90.23

(51.70, 176.76)

113.21 ± 49.07

(73.95, 152.47)

0.914

CL/F (L/h) 72.46 ± 27.61

(53.33, 91.59)

75.65 ± 25.68

(57.85, 93.45)

74.95 ± 29.48

(51.36, 98.54)

0.971

AUC0–168 (nM h) 1159.78 ± 276.92

(967.88, 1351.68)

1156.79 ± 258.06

(977.96, 1335.62)

1185.67 ± 244.30

(990.19, 1381.15)

0.976

AUCinf (nM h) 1936.81 ± 737.08

(1426.04, 2447.58)

1835.28 ± 735.87

(1325.35, 2345.21)

1802.03 ± 490.18

(1409.80, 2194.26)

0.925

4-Hydroxyclomiphene (4-OH-CLO)

Cmax (nM) 0.95 ± 0.32

(0.73, 1.17)

1.19 ± 0.30

(0.98, 1.40)

1.07 ± 0.18

(0.93, 1.21)

0.272

t1/2 (h) 13.30 ± 3.96

(10.56, 16.04)

23.85 ± 11.72

(15.73, 31.97)

34.52 ± 5.06***

(30.47, 38.57)

\ 0.001

AUC0–168 (nM h) 8.12 ± 2.80

(6.18, 10.06)

14.05 ± 4.95

(10.62, 17.48)

28.84 ± 4.38***, ###

(25.34, 32.34)

\ 0.001

AUCinf (nM h) 8.57 ± 2.68

(6.71, 10.43)

14.54 ± 5.10

(11.01, 18.07)

29.85 ± 4.35***, ###

(26.37, 33.33)

\ 0.001

4-Hydroxy-N-desethylclomiphene (4-OH-DE-CLO)

Cmax (nM) 1.15 ± 0.32

(0.93, 1.37)

1.64 ± 0.44

(1.34, 1.94)

1.47 ± 0.35

(1.19, 1.75)

0.053

t1/2 (h) 15.34 ± 3.99

(12.58, 18.10)

22.01 ± 4.36

(18.99, 25.03)

37.73 ± 7.14***, ##

(32.02, 43.44)

\ 0.001

AUC0–168 (nM h) 17.36 ± 5.44

(13.59, 21.13)

29.26 ± 9.68

(22.55, 35.97)

71.00 ± 16.66***, ###

(57.67, 84.33)

\ 0.001

AUCinf (nM h) 18.37 ± 5.23

(14.75, 21.99)

30.79 ± 9.28

(24.36, 37.22)

75.82 ± 17.78***, ###

(61.59, 90.05)

\ 0.001

AUCinf of active moiety (nM h) 4076.79 ± 817.18

(3510.51, 4643.07)

5862.19 ± 1383.43

(4903.52, 6820.86)

12027.68 ± 2421.32***, ###

(10090.22, 13965.14)

\ 0.001

Data are represented as the mean ± SD. Values in parentheses represent 95% confidence intervals

Cmax Maximum plasma concentration, t1/2 elimination half-life, CL/F apparent oral clearance, AUC0–168 area under the plasma concentration–

time curve from time 0–168 h, AUCinf area under the plasma concentration–time curve from time 0 to infinity, n the number of subjects

*p\ 0.05, ***p\ 0.001 compared with the CYP2D6*wt/*wt genotype group
##p\ 0.01, ###p\ 0.001 compared with the CYP2D6*wt/*10 genotype group
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to the enhancement in the clinical drug response of clo-

miphene. This is supported by one recent study performed

by Ji et al. (2016), which demonstrated that the all patients

with CYP2D6 IM genotype in their study were classified as

clomiphene responders, while clomiphene non-responders

were composed only of CYP2D6 EM patients. Meanwhile,

the plasma concentrations of 4-OH-DE-CLO, which is

known to be the final metabolite of clomiphene, also sig-

nificantly increased in subjects with CYP2D6*10/*10

genotype. The reason for pharmacokinetic differences

between the three genotype groups is unclear, but the

possibility of currently unknown metabolic pathways after

conversion to 4-OH-DE-CLO might be considered.

It is known that clomiphene citrate is well tolerated at

recommended dosages. Nevertheless, increased amounts of

clomiphene active moiety may lead to the development of

several adverse events associated with the use of clomi-

phene. The ovarian hyperstimulation syndrome, one of the

most common adverse reactions, is characterized by rapid

progression and may lead to a serious medical disorder.

The clinical signs of this syndrome in severe cases include

gross ovarian enlargement, gastrointestinal symptoms,

ascites, dyspnea, oliguria, and pleural effusion. The lowest

effective dose is generally recommended when necessary

to minimize the occasional abnormal ovarian enlargement

and related symptoms due to clomiphene administration,

and clomiphene therapy should be discontinued if

enlargement of the ovary occurs. Patients should also be

advised regarding the risk for visual symptoms, such as

blurring, spots or flashes, during the use of clomiphene.

These symptoms increase in incidence, and may be irre-

versible with increased dosage or duration of therapy.

Although the etiology is not yet understood, patients with

any visual problems should discontinue treatment and get a

complete ophthalmological evaluation promptly (CLOMID

label information 2012).

There are several limitations in our study. First, we did

not determine the concentrations of each geometric isomer

for clomiphene and/or active metabolites. As mentioned

above, clomiphene is given as a mixture of (E)- and (Z)-

isomer, and the major metabolic route and pharmacological

activity of each isomer is quite different. It is reported that

4-hydroxylated metabolites of clomiphene is observed only

from (E)-clomiphene, while the primary metabolites of (Z)-

clomiphene are formed via N-deethylation and, to a lesser

extent, N-oxidation. The most potent inhibitory activities

against the estrogen receptor were observed in (E)-isomers

(Mürdter et al. 2012). Nevertheless, the calculated Cmax

and AUC of (Z)-clomiphene were 3- and 20-fold higher

than those of (E)-clomiphene, respectively, after a single

oral dose of 50 mg clomiphene citrate in 9 PCOS patients

(Ghobadi et al. 2009). Therefore, extremely low concen-

trations of 4-OH-CLO and 4-OH-DE-CLO compared with

clomiphene in this study might be because the (Z)-clomi-

phene accounted for the majority of quantified parent drug

contents. Second, our study is performed only with healthy

volunteers, in a single oral dose condition. In anovulatory

patients, the Cmax values for both clomiphene isomers, and

AUC value for (Z)-clomiphene showed significant differ-

ences when compared to those in healthy subjects (Gho-

badi et al. 2009). Moreover, clomiphene therapy regimen

generally consists of repeated cycles of increasing dose

from 50 to 150 mg per day until ovulation (Mürdter et al.

2012). Thus, a multiple-dose study with patients will be

able to suggest more obvious relationship between

CYP2D6 genetic polymorphisms and clomiphene pharma-

cokinetics and/or drug response. A recent study reported

that there were no significant differences in clomiphene

metabolite concentrations between CYP2D6 EM and IM

phenotype patients, after consecutive dose of clomiphene

citrate 100 mg/day (Ji et al. 2016). However, they could

not collect the blood samples of all subjects at the same

time due to their different expected day of ovulation

response after clomiphene therapy, affecting the interpre-

tation of the pharmacokinetics in different study groups.

In conclusion, the presence of CYP2D6*10 allele can

influence the biotransformation of clomiphene, leading to

the alteration in the pharmacokinetics of parent drug and its

active metabolites. Considering the involvement of diverse

CYP isozymes in the metabolism of clomiphene and its

dosage regimen in clinical practice, further studies on the

effects of genetic polymorphisms in other CYP enzyme-

expressing genes, along with CYP2D6, in a multiple-dosing

condition can provide more definite evidence for the inter-

Fig. 2 Plasma concentration–time profiles of active moieties of

clomiphene in CYP2D6*wt/*wt (n = 8, circles), CYP2D6*wt/*10

(n = 8, squares) and CYP2D6*10/*10 (n = 6, triangles) groups after

a single oral dose of clomiphene citrate 50 mg. Each value is given as

mean ± SD
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individual variabilities in clomiphene pharmacokinetics

and/or drug response.
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