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Abstract

Osteoporosis is a common skeletal disorder, often leading to fragility fracture. Combination therapy with raloxifene, a
selective estrogen receptor modulator,and cholecalciferol (vitamin D3) has been proposed to improve the overall efficacy
and increase compliance of raloxifene therapy for postmenopausal osteoporosis. To our knowledge, there has been no
report of any study on the pharmacokinetic interaction between raloxifene and cholecalciferol. This study aimed to
evaluate the possible pharmacokinetic interactions between raloxifene and cholecalciferol in healthy adult male Korean
volunteers. Twenty subjects completed this open-label, randomized, single-dose, 3-period, 6-sequence, crossover phase
1 study with a 14-day washout period. Serial blood samples were collected from 20 hours before dosing to 96 hours
after dosing. The plasma concentrations of raloxifene and cholecalciferol were determined using a validated method
for high-performance liquid chromatography with tandem mass spectrometry. The geometric mean ratios (90%CIs) for
area under the plasma concentration–time curve from time 0 to the last quantifiable time point and maximum plasma
concentration of raloxifene with or without cholecalciferol were 1.02 (0.87-1.20) and 0.87 (0.70-1.08), respectively. For
baseline-corrected cholecalciferol, geometric mean ratios (90%CIs) of area under the plasma concentration–time curve
from time 0 to the last quantifiable time point and maximum plasma concentration with or without raloxifene were 1.01
(0.93-1.09) and 0.99 (0.92-1.06),respectively.Concurrent treatment with raloxifene and cholecalciferol was generally well
tolerated. These results suggest that raloxifene and cholecalciferol have no clinically relevant pharmacokinetic drug-drug
interactions when administered concurrently. All treatments were well tolerated, with no serious adverse events.
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Osteoporosis is a common skeletal disease character-
ized by lowbonemass and bone structure deterioration,
often leading to bone fragility and an increased risk
of fracture.1 It is a public health concern because
osteoporosis-related fractures are associated with pain,
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diminished quality of life, disability, and even death,
imposing an enormous burden on individuals and
society.2 Nonpharmacologic interventions in osteo-
porosis management include calcium and vitamin D
supplementation, weight-bearing exercise, smoking
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cessation, and fall-prevention strategies.3 Current
FDA-approved pharmacologic treatment options in-
clude antiresorptive agents (bisphosphonates, receptor
activator of nuclear factor kappa-B ligand inhibitor
denosumab, estrogens and selective estrogen receptor
modulators [SERMs]), or anabolic agents (parathyroid
hormone 1-34, teriparatide).3,4

Raloxifene hydrochloride, a SERM, exerts agonistic
effects on bone and lipid metabolism and antagonistic
actions on the endometrium and breast in estrogenic
pathways.5,6 It increases bone mineral density by
decreasing bone resorption and bone turnover.
Raloxifene has been used to prevent and treat post-
menopausal osteoporosis, especially as first-line ther-
apy for patients in whom a reduction of spine fracture is
the primary aim.3,7 In several placebo-controlled trials
involving postmenopausal patients with osteoporosis,
raloxifene 60mg decreased the risk of vertebral fracture
or increased bone mineral density over 36 months.8,9

The recommended dose of raloxifene is 60 mg once
daily.10 Raloxifene undergoes rapid absorption after
oral administration, with 60% absorbed. However,
its bioavailability is only 2% in humans because of
extensive first-pass metabolism by glucuronidation and
sulfonation.11,12 Raloxifene is not metabolized by the
cytochrome P450 (CYP) system.13 The elimination
half-life of raloxifene is approximately 27 hours after
oral dosing.6 When orally administered, the majority
of raloxifene is excreted in feces and to a lesser extent
in the urine (6%).11 The results of several in vitro and
in vivo studies indicate that organic anion-transporting
polypeptide (OATP) 1B1, OATP1B3, multidrug
resistance–associated protein (MRP), P-glycoprotein
(P-gp), and breast cancer resistance protein (BCRP)
were important contributors to the intestinal and
hepatic uptake or excretion of raloxifene, and glu-
curonidated and sulfated raloxifene conjugates.11,12,14,15

Vitamin D3 (cholecalciferol) plays an important role
in calcium absorption and bone health, and inadequate
vitamin D levels have been linked to the development
of osteoporosis, muscle weakness, falls, and fracture.4,16

The recommended daily dose of vitamin D for elderly
individuals varies from 400 IU to 800 IU.17 However,
dietary sources of vitamin D and adequate exposure to
sunlight with efficient synthesis of vitamin D are lim-
ited, especially in older adults.18 Accordingly, vitaminD
supplementation, especially in postmenopausal women
who appear to have vitamin D inadequacy, might help
maintain optimal vitamin D levels and prevent fragility
fractures. Vitamin D3 from intestinal absorption or
endogenous synthesis in the skin under exposure to
sunlight is metabolized in the liver by 25-hydroxylases
(CYP2R1, CYP27A1, and CYP3A4) to produce 25-
hydroxyvitamin D3 [25(OH)D3].19 25(OH)D3 is hy-
droxylated in the kidney by 1α-hydroxylase (CYP27B1)

into 1α, 25-dihydroxyvitamin D3, the active form of vi-
tamin D3.

19 According to several in vitro studies, P-gp
was involved in vitamin D efflux by enterocytes, and
the expression of P-gp, MRP2, and MRP4 was acti-
vated by treatment with vitamin D3.20,21 In another
in vitro study, vitamin D3 showed an inhibitory ef-
fect on the transport function of P-gp, MRP1, and
BCRP.22

In osteoporotic patients, pharmacologic treatment
combined with vitamin D supplementation would be
more beneficial. For either osteoporosis treatment or
prevention, vitamin deficiency or hypocalcemia should
be assessed and corrected, if possible, before initiation
of pharmacologic therapy, with subsequent calcium
and/or vitaminD supplementation.23 As a combination
tablet of a bisphosphonate and vitamin D, Fosamax
Plus D (alendronate sodium/cholecalciferol) was ap-
proved by the Food and Drug Administration in 2005
to treat osteoporosis in postmenopausal women.24

Recently, the fixed-dose combination formulation of
bazedoxifene, another SERM, and cholecalciferol
was manufactured, and the bioequivalence of the
pharmacokinetic properties for the fixed-dose com-
bination formulation of bazedoxifene/cholecalciferol
and the coadministered individual formulations was
demonstrated.25 Combination products containing
both raloxifene and vitamin D might improve the over-
all efficacy of raloxifene therapy for the treatment of
postmenopausal osteoporosis, with increased compli-
ance and convenience. Based on the results from several
in vitro and in vivo studies, raloxifene and vitamin D3

share the same transporter proteins like P-gp, MRP,
and BCRP.11,12,20–22 Accordingly, potential drug-drug
interactions when administered concurrently might be
plausible through competition for drug transporters.
To our knowledge, there has been no report on the
potential pharmacokinetic interaction between ralox-
ifene and cholecalciferol. Therefore, this study sought
to evaluate the potential pharmacokinetic interac-
tion between raloxifene and cholecalciferol following
coadministration as a preliminary effort in the future
development of a combination tablet of raloxifene and
vitamin D.

Subjects and Methods

Subjects and Design of the Study
The Ministry of Food and Drug Safety in Korea and
the Institutional Review Board of Kyungpook Na-
tional University Hospital (KNUH, Daegu, Republic
of Korea) authorized this research (No. KNUH 2015-
11-007). The research was conducted at the KNUH
Clinical Trial Center in accordance with the Decla-
ration of Helsinki and its revisions, as well as the
International Conference on Harmonization’s Good
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Clinical Practice. Before recruitment in the trial, all
individuals provided written informed consent for
participation.

At screening, healthy Korean male volunteers aged
>19 years with a body weight ≥50 kg and within ±20%
of their ideal body mass were included if they did not
have clinically significant abnormalities as determined
by a detailed medical history, physical examination,
routine clinical laboratory tests, and 12-lead electrocar-
diography. They were instructed to avoid sun exposure
for 10 days before the first dose and for the duration
of the trial by wearing clothes, a helmet, and sunscreen
(SPF 30). The individuals were instructed to abstain
from vitamin D–rich meals, vitamin D–fortified foods,
and vitamin D pills for 10 days before receiving the first
dose. Exclusion criteria included, but were not limited
to, the following: a history of or current clinically
significant medical illness; a history of hypersensitivity
to raloxifene or cholecalciferol; a history of taking a
high dose of vitamin D3 (>50 000 IU) within 1 month
before the first dose; and in the presence of serum
25(OH)D3 levels >9 ng/mL, serum phosphorus levels
greater than the reference value, or serum alkaline
phosphatase levels ≥2× the upper limit of normal.
The ineligibility was judged at the discretion of the
study investigator, based on other clinical laboratory
tests.

To determine the pharmacokinetic interaction of
raloxifene and cholecalciferol in healthy male volun-
teers, an open-label, randomized, single-dose, 3-period,
tri-treatment, 6-sequence, crossover phase I research
was undertaken. Each participant received 1 of the fol-
lowing 3 single-dose therapies during each period: 2000
IU of cholecalciferol (1000 IU/10 mg, Admin Forte®,
PMG Korea, Seoul, Republic of Korea) alone (treat-
ment A), 60 mg of raloxifene (Evista®, Eli Lilly and
Company, Indianapolis, Indiana) alone (treatment B),
or 2000 IU of cholecalciferol and 60 mg of ralox-
ifene combined (treatment C). Twenty-four individuals
were randomly assigned to 1 of 6 therapy sequences
(ABC, ACB, BAC, BCA, CAB, and CBA), each of
which included all 3 therapies, as detailed in Figure S1.
At least 14 days of washout occurred between dosing
intervals.

Each patient was admitted to the KNUH Clinical
Trial Center 22 hours before dosing and remained re-
stricted until 24 hours after dosing. All individuals were
given the research medications with 150 mL of water in
a fasting state for at least 10 hours. Food consumption
was prohibited for 4 hours after dosing, with the excep-
tion of water drinking 2 hours after dosing. Subjects re-
cruited after screening were requested to abstain from
vitamin D–rich meals, vitamin D–fortified foods, and
vitamin D and calcium supplementation for 10 days be-
fore the first dosage and for the duration of the research.

Raloxifene and Cholecalciferol Quantification
To determine the pharmacokinetic profiles of ralox-
ifene and cholecalciferol, serial blood samples (8 mL
each) were drawn from a catheter inserted into a fore-
arm vein before dosing (0 hour) and at 2, 4, 5, 6, 7, 8,
10, 12, 24, 48, 72, and 96 hours after each raloxifene
dose, and before dosing (–20, –16, –12, and 0 hours)
and at 2, 4, 6, 8, 10, 12, 14, 16, 24, 36, 48, 72, and
84 hours after each cholecalciferol dose. Blood sam-
ples were collected in dipotassium ethylenediaminete-
traacetic acid tubes and instantaneously placed on ice
before centrifugation (1,600 g for 10 minutes at 4°C) to
separate plasma. Plasma samples were dispensed into 4
Amber polypropylene tubes (0.9 mL each) and kept at
70°C until evaluated by the Biocore analytical facility
in Seoul, Republic of Korea.

The plasma concentrations of raloxifene and chole-
calciferol were quantified using a validatedmethodwith
some modifications described in the literature. This
method involved the use of ultra-fast liquid chromatog-
raphy (LC; Shimadzu UFLC system, Shimadzu Corp.,
Kyoto, Japan) in conjunction with tandem mass spec-
trometry (MS/MS).26,27

Raloxifene chromatography was performed on a
C18 column (3.0-μm particle size, 2.1-mm internal di-
ameter × 50 mm). The mobile phase constituted a
55:45 (v/v) mixture of 10 mM of ammonium for-
mate (0.1% formic acid) and acetonitrile (ACN), with
a flow rate of 0.2 mL/min. Raloxifene detection was
conducted by a TQ 5500 mass spectrometer (SCIEX,
Foster City, California) with multiple reaction mon-
itoring in positive-ion mode at mass-to-charge ratios
(m/z) of 474.1 → 112.3 and 478.0 → 116.5 for ralox-
ifene and raloxifene-d4, the internal standard (IS), re-
spectively. Frozen plasma was thawed and vortexed for
10 seconds at ambient temperature. After spiking 10μL
of IS (15 000 pg/mL) to 200 μL of plasma within a
polypropylene tube, 1.2 mL of methyl tert–butyl ether
was added and mixed for 20 minutes, followed by a 5-
minute centrifugation step at 11,100 g. The solvent in
the organic layer was evaporated to dryness using an in-
ert stream of nitrogen gas. The residue was topped up
with 150 μL of a 45:55 (v/v) blend of ACN and 10 mM
of ammonium formate (0.1% formic acid), followed by
a 5-minute centrifugation at 11,100 g. A 5-μL aliquot
of this solution was then injected into the LC-MS/MS
coupled system for examination. The bottom limit of
quantitation was 10 pg/mL for raloxifene, while the lin-
ear calibration curves spanned from 10 to 1500 pg/mL
(r≥ 0.9950). The overall intra- and interday accuracy at
concentrations of 10, 30, 120, and 1200 pg/mL ranged
from 89.6% to 111.0%, and from 99.0% to 104.3%, re-
spectively. The intra- and interday precision (percent
coefficient of variation) varied from 1.4% to 10.4% and
1.8% to 12.3%.
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Cholecalciferol chromatography was performed on
a C18 column (3.0-μm particle size, 2.0-mm internal
diameter × 50 mm). The mobile phase consisted of a
90:10 (v/v) blend of methanol and deionized H2O, with
a flow rate of 0.4 mL/min (pump A) and 0.3 mL/min
(pumpB), respectively. Detection of cholecalciferol was
conducted by an API 5000 mass spectrometer (SCIEX)
with multiple reaction monitoring in positive-ion mode
at m/z of 385.4 → 259.4 and 391.3 → 265.3 for chole-
calciferol and cholecalciferol-d6, the IS, respectively.
Frozen plasma was thawed and vortexed for 10 sec-
onds at ambient temperature. After spiking 10 μL of
IS (50 ng/mL) to 300μL of plasma within a polypropy-
lene tube, 600 μL of ACN and 150 μL of ethyl acetate
were added and mixed for 1 minute, then centrifuged
at 11,100 g for 5 minutes. The supernatant (700 μL)
was loaded on the hydrophilic lipophilic balanced solid
phase extraction cartridge (30mg), preconditionedwith
methanol and deionized water (1 mL each). The car-
tridge was rinsed with 300 μL 70% ACN and eluted
with 4× 300 μL of ethyl acetate. The eluate solvent was
dry evaporated under an inert stream of nitrogen. The
residuewas reconstitutedwith 100μLof 90%methanol
(0.1% formic acid) followed by a 5-minute centrifuga-
tion at 11,100 g. A 10-μL aliquot of the resultant solu-
tion was fed into the LC-MS/MS system. The bottom
limit of quantitation was 0.1 ng/mL for cholecalciferol,
while the linear calibration curves spanned from 0.1 to
10 ng/mL (r ≥ 0.9950). The general intra- and inter-
day accuracy at concentrations of 0.1, 0.3, 1.2, and 8
ng/mL ranged from 89.8% to 111.4%, and from 95.3%
to 109.4%, respectively. The intra- and interday preci-
sion percent coefficient of variation ranged from 0.7%
to 9.9%, and 2.6% to 8.3%.

Pharmacokinetic Assessments
The Phoenix WinNonlin version 6.4 (Pharsight Cor-
poration, Certara, Princeton, New Jersey) was used to
generate the pharmacokinetic parameters for raloxifene
and cholecalciferol using individual subject plasma
concentration-time data: the maximum plasma concen-
tration (Cmax); the time required to reach Cmax; the
area under the plasma concentration–time curve (AUC)
from time 0 to the last quantifiable time point (AUC0-t);
the AUC from time 0 to infinity; and the elimination
half-life, including total body clearance.

Due to the endogenous nature of cholecalciferol,
its pharmacokinetic parameters were calculated using
baseline correction.28 Blood samples were obtained
at 20, 16, 12, and 0 hours before dosing to measure
the endogenous plasma concentrations of cholecalcif-
erol. The mean of predose endogenous cholecalciferol
concentrations in each sample was subtracted from the
postdose plasma cholecalciferol concentrations.

Subject Safety
The safety of each individual who received at least
1 dose of raloxifene or cholecalciferol was deter-
mined by examining treatment-emergent adverse events
(AEs). Throughout the trial, subjects willingly reported
any subjective symptoms. Additionally, throughout the
trial, vital signs, physical examinations, clinical labora-
tory assessments, and 12-lead electrocardiograms were
performed to determine safety. All laboratory analyses
were performed at a facility that was accredited (De-
partment of LaboratoryMedicine,KNUH,Daegu, Re-
public of Korea).

Statistical Analysis
The pharmacokinetic features of raloxifene and chole-
calciferol when coadministered were compared to those
when the medications were mono-administered using
paired t-tests or the Wilcoxon signed-rank test (SPSS
forWindows software version 18.0 [SPSSKorea, Seoul,
Republic of Korea]). A P value <.05 was defined as
statistically significant. To identify the possible effect
of coadministration of raloxifene and cholecalciferol
on the pharmacokinetic profile of each drug alone, the
geometric mean ratios (GMRs) and 90%CIs of log-
transformed AUC and Cmax of raloxifene and chole-
calciferol were estimated for both treatment groups
(coadministration/individual administration) from the
mixed-effects model, using SAS software (version 9.2;
SAS Institute, Cary, North Carolina). Lack of clinically
significant drug-drug interaction effect on the pharma-
cokinetics would be concluded if the 90%CIs of the
GMRs were contained within the range of 0.80 to 1.25
for both Cmax and AUC.

With the highest intrasubject coefficient of varia-
tion of AUC and Cmax values (21.7%, as reported pre-
viously) of raloxifene and cholecalciferol, 18 subjects
were considered to be sufficient to demonstrate a 20%
difference in the log-transformed pharmacokinetic pa-
rameters of raloxifene and cholecalciferol within 80%
power at a significance level of .05. With an assumed
25% dropout rate, the total number of participants was
24.

Because this trial was not meant to demonstrate
bioequivalence but rather to investigate the possibility
for pharmacokinetic interaction, only people whowith-
drew before the start of period 1 were replaced by ad-
ditional waiting list participants.

Results
Subjects
Forty-five volunteers were screened, and 24 healthy Ko-
rean men participated in the study. Two subjects who
withdrew consent before initiation of period 1 were re-
placed by other subjects from the waiting list. During
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Figure 1. Mean plasma concentration-time profiles of raloxifene and cholecalciferol after administration of a single oral dose of
raloxifene (60 mg) or cholecalciferol (2000 IU) alone and coadministration of raloxifene and cholecalciferol. Note: Raloxifene (A)
linear scale and (B) semilog scale, and cholecalciferol; (C) baseline-corrected (semilog scale) and (D) baseline-uncorrected (semilog
scale). Error bars denote the standard deviations.

the study, 4 subjects withdrew consent. Accordingly,
20 subjects aged 19 to 36 years (mean [SD], 24.0 [3.6]
years), weighing 56.9 to 88.7 kg (mean [SD], 68.2 [9.1]),
with bodymass index of 18.4 to 26.3 kg/m2 (mean [SD],
22.1 [2.4] kg/m2) completed the study.

Pharmacokinetic Properties
Pharmacokinetic analysis was performed with the
20 subjects who completed the study. The mean
(SD) plasma concentration–time profiles of ralox-
ifene, baseline-corrected cholecalciferol, and baseline-
uncorrected cholecalciferol after coadministration of
raloxifene (60 mg) and cholecalciferol (2000 IU) and
administration of each drug alone are presented in
Figure 1 (A-D). A summary of the pharmacokinetic
parameters for raloxifene, baseline-corrected cholecal-
ciferol, and baseline-uncorrected cholecalciferol are
shown in Table 1.

As presented in Table 1, the 90%CI for the GMR of
raloxifene was 0.70 to 1.08 for Cmax and 0.87 to 1.20
for AUC0-t. For baseline-corrected cholecalciferol, the

90%CI for the GMRwas 0.92 to 1.06 for Cmax and 0.93
to 1.09 for AUC0-t. For baseline-uncorrected cholecal-
ciferol, the 90%CI for the GMR was 0.92 to 1.06 for
Cmax and 0.91 to 1.07 for AUC0-t.

Safety
Safety was evaluated in 24 subjects who received the
study medication at least once. During the study, a to-
tal of 6 treatment-emergent AEs were experienced by
4 (16.7%) subjects. No serious or severe AEs were re-
ported in this study, and none of the subjects discon-
tinued the study due to AEs. Of the 6 AEs, 4 were de-
termined to be possibly related to the study medica-
tion: 1 case each of increased alanine aminotransferase
and headache following administration of raloxifene
alone; 1 case of hypercalciuria following administration
of cholecalciferol alone; and 1 case of headache after
coadministration of raloxifene and cholecalciferol. All
AEs were transient, and all of the subjects with AEs re-
covered without any medication.
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Table 1. Pharmacokinetic Properties of Raloxifene and Cholecalciferol and GMR (90%CI) for the Log-Transformed Parameters
Following Single-Dose Oral Administration of Raloxifene (60 mg) and Cholecalciferol (2000 IU) as Concomitant Administration vs
Individual Administration Under Fasted Conditions in 20 Healthy Male Subjects

Variables Arithmetic Mean ± SD Geometric Mean

Raloxifene
Raloxifene +
Cholecalciferol Raloxifene

Raloxifene +
Cholecalciferol GMR (90%CI)

Raloxifene tmax, ha 6.5 (2.0-24.0) 5.0 (2.0-48.0) 6.5 (2.0-24.0) 5.0 (2.0-48.0)
Cmax, ng/mL 0.33 ± 0.16 0.27 ± 0.09 0.29 0.25 0.87 (0.70-1.08)

AUC0-t, ng · h/mL 11.2 ± 5.7 10.5 ± 3.6 9.8 9.9 1.02 (0.87-1.20)
AUC0–∞, ng · h/mL 12.6 ± 6.2 11.9 ± 4.6 11.2 11.0 0.98 (0.85-1.14)

CL/F, L/h 6052.7 ± 2932.3 5853.9 ± 2383.2 5370.3 5435.7 1.02 (0.88-1.18)
t1/2, h 26.5 ± 9.9 28.4 ± 13.0 24.8 25.9 1.01 (0.84-1.21)

Cholecalciferol
Cholecalciferol +

Raloxifene Cholecalciferol
Cholecalciferol +

Raloxifene

Baseline-
corrected
cholecalciferol

tmax, ha 12.0 (10.0-14.0) 12.0 (8.0-14.0) 12.0 (10.0-14.0) 12.0 (8.0-14.0)
Cmax, ng/mL 2.32 ± 0.43 2.35 ± 0.49 2.28 2.29 0.99 (0.92-1.06)

AUC, ng · h/mL 63.6 ± 18.4 65.3 ± 17.7 61.0 62.7 1.01 (0.93-1.09)
AUC0–∞, ng · h/mL 67.3 ± 19.5 68.4 ± 18.6 64.5 65.7 1.00 (0.93-1.08)
CL/F, IU/(ng · h/mL) 32.4 ± 10.9 32.1 ± 12.1 31.0 30.5 1.00 (0.93-1.08)

t1/2, h 14.9 ± 5.4 15.0 ± 4.4 13.9 14.2 1.01 (0.84-1.22)

Cholecalciferol
Cholecalciferol +

Raloxifene Cholecalciferol
Cholecalciferol +

Raloxifene

Baseline-
uncorrected
cholecalciferol

tmax, ha 12.0 (10.0-14.0) 12.0 (8.0-14.0) 12.0 (10.0–14.0) 12.0 (8.0-14.0)
Cmax, ng/mL 2.42 ± 0.44 2.46 ± 0.50 2.38 2.40 0.99 (0.92-1.06)

AUC0-t, ng · h/mL 72.7 ± 20.2 74.3 ± 20.5 69.7 71.1 0.99 (0.91-1.07)
AUC0–∞, ng · h/mL 79.1 ± 22.4 80.7 ± 23.1 75.8 76.9 1.00 (0.91-1.09)
CL/F, IU/(ng · h/mL) 27.7 ± 9.8 27.7 ± 12.4 26.4 26.0 1.00 (0.92-1.09)

t1/2, h 19.3 ± 4.3 19.3 ± 4.2 18.8 18.8 1.00 (0.92-1.08)

AUC0-t,area under the plasma concentration–time curve from time 0 to the last quantifiable time point;AUC0–∞,area under the plasma concentration–
time curve from time 0 to infinity;Cmax,maximum plasma concentration;CL/F,apparent clearance;GMR,geometric mean ratio; t1/2, terminal elimination
half-life; tmax, time to reach maximum plasma concentration.
Data are presented as arithmetic mean ± standard deviation or geometric mean, except for tmax values as median (range)a, and GMR (90%CI).

Discussion
We investigated the pharmacokinetic interaction
between raloxifene and cholecalciferol in healthy
male volunteers. Peak and systemic exposure of
raloxifene and cholecalciferol were compared when
raloxifene and cholecalciferol are administered to-
gether relative to when each drug is administered
alone.

The raloxifene dose in this study was the daily rec-
ommended dose (60 mg). The daily dose of vitamin D
for adults aged 50 and older recommended by the Na-
tional Osteoporosis Foundation is 800 to 1000 IU.4 In a
study to evaluate bioavailability and bioequivalence be-
tween a combination tablet of alendronate and vitamin
D and when administered alone, the doses of vitamin
D selected were 2800 IU and 5600 IU in a once-weekly

dose.18 The dose of vitamin D selected for this study
was 2000 IU.

A multinational study involving 18 countries has
found the high prevalence of vitamin D insufficiency
(92.1%) and the lowest mean serum 25(OH)D level
(17.6 ng/mL) in Korea.29 From another study con-
ducted in Korea, vitamin D insufficiency or deficiency
was found in>98% of healthy young adolescents.30 The
predosemean 25(OH)D3 concentrations of the subjects
in this study was 9.6 ng/mL, and the maximum value
was 17.0 ng/mL. Although the vitamin D deficiency
may affect the pharmacokinetic profiles of cholecalcif-
erol, the volunteers who had vitaminD deficiency could
not be excluded in our study because of the limited
pool of the volunteers with a serum 25(OH)D level of
>30 ng/mL. To reduce the potential bias of vitamin D
activation from sun exposure or diet supplementation,
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sun exposure was limited with clothing, hat, and sun-
block, and foods rich in vitamin D, vitamin D–fortified
foods, and vitamin D and calcium supplements were
prohibited from 10 days before the first dose until study
completion. Furthermore, baseline correction was per-
formed before calculating pharmacokinetic parameters
as described in the study protocol.28

The 90%CI values for the AUC0-t and Cmax of
baseline-corrected cholecalciferol were 0.9330 to 1.0888
and 0.9182 to 1.0622, respectively, indicating that the
pharmacokinetics of cholecalciferol were not signifi-
cantly affected when coadministered with raloxifene.
For raloxifene, the 90%CIs of the GMRs for AUC0-t

were between 0.8 and 1.25, indicating that raloxifene
exposure during concomitant treatment was not signif-
icantly affected by cholecalciferol. However, the 90%CI
in the Cmax of raloxifene (0.7006-1.0795) fell slightly
outside of the range of 0.80 to 1.25, and the GMRs
for Cmax of raloxifene with or without cholecalciferol in
this study indicated that Cmax of raloxifene decreased
by 13% in the presence of cholecalciferol. However,
considering the high intrasubject variability of ralox-
ifene Cmax, the 13% decrease of Cmax was not clinically
relevant.

The large intersubject variability in raloxifene Cmax

and AUC0-t could be explained by genetic poly-
morphisms in uridine 5-diphosphate–glucuronosyl-
transferase or the transporters required for intestinal
and hepatic uptake or excretion of raloxifene, and glu-
curonidated and sulfated raloxifene conjugates includ-
ing OATP1B1, OATP1B3, P-gp, or BCRP.11,12,28,31

Raloxifene has been approved for use in the
treatment and prevention of osteoporosis in post-
menopausal women. As raloxifene, as an estrogen
agonist/antagonist, increases estrogen levels in women,
premenopausal use of raloxifene should be avoided.3

Accordingly, female volunteers were excluded from this
study.When orally administered to male rats for at least
2 weeks, impairment of fertility including sperm pro-
duction or reproductive performance was not affected
by raloxifene (unpublished data, Alvogen Korea Co.
Ltd.). However, significantly increased testosterone lev-
els were observed with raloxifene administration in sev-
eral studies conducted in healthy men or in male pa-
tients with schizophrenia.32,33 Accordingly, instead of
a multiple-dose study, a single-dose study with a special
and useful type of crossover design such as Williams
design in healthy male volunteers was recommended by
KoreaMinistry of Food and Drug Safety. Even though
long-term osteoporosis treatment is required in clini-
cal settings, only a single dose was administered in this
study. According to the results reported by Fan et al,
the expression of P-gp, MRP2, and MRP4 was upreg-
ulated by vitamin D3 treatment through the nuclear vi-
tamin D receptor.21 Durk et al34 reported the increased

expression levels of P-gp after 2- or 3-day vitamin D3

treatment in rats, compared to no immediate effect. Ac-
cording to Tan et al,22 MRP1 mRNA and protein ex-
pression was not significantly altered with 2-day vita-
minD3 treatment at 1μMconcentration. Therefore, the
inhibitory effects of vitamin D3 on drug efflux trans-
porters may differ when multiple doses are adminis-
tered, leading to the different pharmacokinetic interac-
tions between raloxifene and vitamin D3 from those in
a single-dose study.

Conclusions
In conclusion, the individual pharmacokinetics of
raloxifene and cholecalciferol were not affected by their
coadministration, and there were no serious or unex-
pected AEs.
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