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Abstract

Adequate calcium intake is important for the prevention of bone loss and osteopo-
rosis. For some populations such as those of Southeast Asia where calcium intake is
very low, supplements represent a suitable dietary source of calcium. The objective
of this study was to compare the relative oral bioavailability of calcium from calcium
glucoheptonate, a highly soluble calcium salt containing 8.2% of elemental calcium,
to that of calcium carbonate. A single-dose, randomized-sequence, open-label, two-
period crossover study, with a 7-day washout period, was conducted in 24 Indonesian
healthy adult volunteers. After a 12-hour (overnight) fast, subjects received either
two oral ampoules of 250 mg/10 mL of calcium glucoheptonate each or one effer-
vescent tablet of calcium carbonate containing 500 mg of elemental calcium. The
relative oral bioavailability of calcium from calcium glucoheptonate as compared to
calcium carbonate was 92% within 6 hours and 89% within 12 hours after study drug
administration. The 90% confidence intervals for the mean test/reference ratios of
the maximum plasma concentration and the area under the concentration-time curve
at 12 hours post-administration were 77.09%-120.31% and 60.58%-122.30%, re-
spectively. Five subjects experienced a total of eight adverse events which were all
mild and transient; no serious adverse events or deaths were reported. These results
indicate that calcium glucoheptonate is associated with a high relative bioavailability
of calcium compared to calcium carbonate, and is well-tolerated. Calcium glucohep-
tonate might thus be a potential choice for calcium supplementation in Southeast

Asian populations.
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1 | INTRODUCTION

Calcium is the most abundant stored nutrient in the human body,
and is involved in several physiological processes, such as bone de-
velopment, vascular contraction, vasodilation, muscle functions,
nerve transmission, intracellular signaling, and hormonal secre-
tion.>? Calcium homeostasis, which refers to the maintenance of a
serum calcium concentration between 8.5 and 10.5 mg/dL (2.1 to
2.6 mmol/L), is controlled by the parathyroid hormone, calcitriol
and calcitonin.>* Perturbations of calcium homeostasis can be
life-threatening, with hypercalcemia resulting in lethargy, kidney
stones, constipation, loss of appetite and confusion, and hypocalce-
mia resulting in osteoporosis, seizures and arythmias.® Hence, bal-
anced dietary calcium intake plays a critical role for the maintenance
of calcium homeostasis and the integrity of the skeleton.®

Recommendations for daily calcium intake have been issued
by governmental and non-governmental organizations in several
countries.> Adequate calcium intakes currently vary from 500 to
1200 mg/day in adults, depending on age and gender.* While cal-
cium intake comes from dietary sources such as dairy products,
certain vegetables, and fortified foods, many people do not achieve
the recommended intake from diet alone.” A recent systematic re-
view, which compiled available data on average national dietary
calcium intake around the globe, found that most Southeast Asian
countries have low average dietary calcium intake (<400 mg/day).8
In Indonesia, Southeast Asia's most populous country, average cal-
cium intake was reported to be 342 mg/day.® Hence, for some pop-
ulations such as those of Southeast Asia, supplements represent a
suitable dietary source of calcium.’

Several forms of calcium supplements are available on the market
today, mainly differing in bioavailability and elemental calcium con-
tent.” The most commonly used oral calcium preparations include
calcium carbonate, calcium citrate, and, to a lesser extent, calcium
lactate and calcium gluconate.'® Calcium carbonate is inexpensive,
widely available, and provides relatively high elemental calcium con-
tent (40%), consequently requiring fewer tablets than other forms
of calcium.*®* However, calcium carbonate is the most constipating
supplement, has a very low solubility in water, and should be taken
with meals, since gastric acidity is required for sufficient absorp-
tion.*®2 Calcium citrate is the most easily absorbed calcium supple-
ment, and it may be taken with or without meals, since its absorption
is not dependent on gastric acidity.10 However, as compared with
calcium carbonate, calcium citrate is expensive, and provides less el-
emental calcium (21%), which translates into a reduced compliance
due to the need to take more tablets or capsules to make the dose
equivalent to that of calcium carbonate.’®! There currently remains
a paucity of data on whether clinically important differences exist
between calcium supplement formulations with respect to skeletal
benefits and potential side effects.’®

Calcium glucoheptonate is a highly soluble calcium salt contain-
ing 8.2% of elemental calcium.®® The high solubility and tolerabil-
ity of calcium glucoheptonate suggest that it might be an adequate

source of calcium for dietary supplementation in Southeast Asian

populations.’* However, no information is available regarding the
bioavailability of calcium from calcium glucoheptonate. Hence, the
aim of this study was to compare the relative oral bioavailability of
calcium from a single dose of calcium glucoheptonate (ie, test drug)
with that of calcium carbonate (ie, reference drug) in Indonesian
healthy adults. Calcium carbonate was chosen as the reference drug
due to its widespread use as a calcium supplement, particularly in
Southeast Asia where this study was conducted, and the accumu-
lating knowledge on its bioavailability over the last 20 years. The
results of this study show that the plasma concentration-time pro-
file of calcium glucoheptonate is comparable with that of calcium

carbonate.

2 | MATERIALS AND METHODS
2.1 | Study design

This was a phase |, single-center, single-dose, randomized-sequence,
open-label, two-period crossover study conducted in Jakarta,
Indonesia, between April 23 and May 21, 2018. Each subject partici-
pated in two treatment periods, where he/she served as his/her own
control and was assigned a supplement order using a block randomi-
zation scheme. The treatment periods were separated by a wash-
out period of 7 days to avoid any possible carryover effects from
one study period to the other. The present study was performed in
accordance with the principles of the Declaration of Helsinki and
the International Conference on Harmonization Guideline for Good
Clinical Practice. The protocol of this study was approved by the
independent ethics committee of the National Institute of Health
Research and Development (Badan Penelitian dan Pengembangan
Kesehatan, Ministry of Health), and by the National Agency of Drug

and Food Control of the Republic of Indonesia.

2.2 | Participants

Indonesian healthy adults aged between 18 and 55 years and of ei-
ther sex were enrolled in the study. A clinical screening procedure
including a personal interview, a physical examination, and labora-
tory tests which included hematology, blood biochemistry, urine
analysis and serologic tests for hepatitis B and C and HIV antibodies
was undertaken before eligible subjects were selected. In addition,
a pregnancy test was performed for female subjects of childbearing
potential, and an electrocardiogram was performed for all subjects.
Exclusion criteria included: heavy smoking (>10 cigarettes per day);
abnormal electrocardiogram, vital signs, or laboratory test results; pos-
itive test for hepatitis B or C virus, or HIV; history of significant use of
alcohol or recreational drugs within one year of screening; history of
allergic reactions to food or medications; or use of a prescription or an
over-the-counter medication within 7 days of screening. Subjects were
also excluded from the study if they were pregnant or breastfeeding;

had a current or a past history of a relevant medical condition which
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might influence the bioavailability or the pharmacokinetics of the
study drugs (eg, calcium or vitamin D malabsorption, hypercalcemia,
bone diseases, diabetes mellitus, hypo- or hyperparathyroidism, etc);
had donated 2300 mL of blood in the 3 months before the study; or
participated in clinical trials during the previous 3 months. Moreover,
women of childbearing potential not willing to use contraceptive meth-
ods during the study were excluded.

All participants had been informed about the details of this
study, including its potential risks and benefits, and provided written
informed consent before the commencement of screening tests and
other study-related procedures. They were free to withdraw from

the study at any given time.

2.3 | Study drug administration

The volunteers were randomized in a 1:1 ratio into two treatment
groups. One group received a single dose of the test drug (batch no.
16003NC-f1B; manufacturing date, September 2016; expiration date,
September 2018) in period 1 and the reference drug (batch no. J1485;
manufacturing date, September 2016; expiration date, August 2018) in
period 2; the other group received the reference drug in period 1 and
the test drug in period 2. In each treatment period, at 07:00 am after
an overnight fast of 12 hours, subjects were administered, under su-
pervision by study investigators, two oral ampoules of 250 mg/10 mL
of calcium glucoheptonate (3056.16 mg) each (Calcium Corbiere Plus®,
Sanofi Vietnam Shareholding Company) or one effervescent tablet of
300 mg of calcium carbonate and 2940 mg of calcium lactate gluconate
(Calcium Sandoz®, Novartis; one tablet containing 500 mg of elemen-
tal calcium). We opted to use an effervescent formulation of calcium
carbonate, because it is recommended in comparative studies of bio-
availability to use an aqueous solution as the reference dosage form,
since it eliminates all factors concerned in the dissolution process.'”
Both the test and reference products were administered with
240 mL of water in a seated position. For calcium carbonate admin-
istration, the effervescent tablet was first dissolved in water and the
solution was then drunk immediately after complete dissolution of
the tablet. For calcium glucoheptonate administration, after break-
ing the ampoule open, the solution was withdrawn into the glass
of water and then drunk. Each ampoule was immediately disposed
after use. No food or beverages were allowed for four hours after
ingestion of the doses. Subjects were asked to remain in an upright
position (standing or sitting) for 1 hour after study drug administra-
tion. The volunteers were instructed to abstain from the use of any
medication for at least 1 week before and during the study, and from
alcohol, tobacco, milk, and foods or beverages containing xanthine

derivatives within 24 hours of each treatment period.

2.4 | Tolerability

Participants were under continuous medical supervision at the

study site throughout the trial. Vital signs (blood pressure, heart
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rate, respiratory rate, and body temperature) were monitored at the

screening visit, at 24, 12 hours and immediately before study drug
administration, and at 1, 3, 5, 12, 24, 36, and 48 hours after each
study drug administration. Participants were asked to report any ad-
verse event (AE) to the investigators at any time during the study,
including the 7-day washout period.

Tolerability was assessed by investigators based on subject in-
terviews, spontaneous reporting, vital signs, physical examination,
and laboratory test results (hematology, blood biochemistry, urine
analysis) before and after study completion. AEs were considered
serious if they were life-threatening or led to death, disability, hos-
pitalization, or medical intervention to prevent permanent impair-
ment or damage. All AEs were recorded in case report forms by an
investigator.

2.5 | Blood sample collection

For the assessment of pharmacokinetic parameters, 6-mL whole
blood samples were drawn into tubes containing EDTA immediately
before drug administration, and at 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 5, 6, 8,
10 and 12 hours after administration. Blood samples were collected
by direct venipuncture. All blood samples were centrifuged at 1613
rcf or G-force for 10 minutes (corresponding to 3000 rpm for a rota-
tional radius of 16 cm). Plasma samples were separated promptly by
centrifugation and stored frozen (-20°C) until assay.

Plasma concentrations of calcium were determined using induc-
tively coupled plasma-optical emission spectrometry (ICP-OES).
ICP-OES was validated in terms of specificity, selectivity, precision,
accuracy, carry-over, lower limit of quantification (LLOQ), calibration
curve, stability, and dilution integrity. Accuracy and precision were
both validated within a single run (within-run) and between differ-
ent runs (between-run). The LLOQ for calcium was determined to
be 0.1 mg/L.

2.6 | Pharmacokinetic analysis

The bioavailability of an orally administered exogenous compound
is defined as the fraction of the dose that reaches the systemic cir-
culation. For an endogenous substance such as calcium, measure-
ment of the absolute bioavailability (fractional absorption) of an oral
dose requires the use of isotopic methods, but for assessing rela-
tive oral bioavailability, the pharmacokinetic method is much more
convenient.!?

The maximum plasma concentration (C__ ) and the time taken to

max

T__ )were determined directly from the visual inspection

reachC,_, (T ..

of individual plasma concentration-time curves of calcium carbonate
and calcium glucoheptonate. The area under the concentration-time
curve from time zero to the time of the last measurable concentra-
tion (AUCo_t) was calculated according to the linear trapezoidal rule
from O to 6 hours and from O to 12 hours after drug administration.

We were not able to calculate the area under the concentration-time
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curve from O to infinity (AUC,_,) and the elimination half-life (t, ,),
because the slope of the terminal logarithm-linear portion of the
concentration-time curve could not be determined.

The relative bioavailability (F) of the test product was calculated
as follows: F = AUCO—t(test)/AUC ) X 100%. The 90% confi-
dence intervals (Cls) of the test/reference ratios for the log-trans-

O-t(reference]

formed values of C_ . and AUC,_ were also determined. According
to guidelines established by the United States Food and Drug
Administration (2002)' and the Association of Southeast Asian
Nations (2015)," for AUC, andC, .., 90% Cls for the test/reference
ratio should be contained within the predetermined acceptance in-
terval of 80% to 125%.

max’

2.7 | Statistical analysis

Sample size determination was based on the intrasubject coefficient
of variation (CV%), derived from the 90% Cls of AUC_, as reported
by Nowak et al (2008)'8in a study which aimed to compare the oral
bioavailability of calcium from tablets containing calcium fumarate
to that of calcium gluconate. The derived intrasubject CV%, which
was determined to be 14%, yielded a sample size of 24 subjects for
a statistical power of 280% to detect a 5% difference in the pharma-
cokinetic parameters between the two products, while accounting
for a 10% dropout rate.

The statistical comparison of individual pharmacokinetic pa-
rameters (AUC,, and C_,) of the two study preparations was
performed by a two-way ANOVA. The ANOVA was performed on
AUC,, and C__  after log transformation, using a linear mixed ef-
fects model to evaluate the effects of product, period, sequence,
and subject (within sequence). All pharmacokinetic parameters were
summarized by descriptive statistics such as arithmetic means with
standard deviations, geometric means, medians and ranges, and in-
trasubject CV%, so that the results could be interpreted in relation to
both a normal distribution and a log-normal distribution. All statisti-
cal tests were two-sided and were performed at a 0.05 significance

level.

3 | RESULTS
3.1 | Study population

Twenty-four Indonesian healthy adult volunteers (16 men and
eight women) were enrolled and completed the study. The demo-
graphic and baseline characteristics of the study participants are
shown in Table 1. Of the 24 enrolled subjects, four (16.7%) were
classified as light smokers (<10 cigarettes per day). In all subjects,
serum levels of calcium and of vitamin D varied at baseline within
the normal references ranges of 8.5-10.5 mg/dL and >20 ng/mL,
respectively.

Four types of protocol deviations were recorded during the

study: (a) blood sampling time deviations occurred in 10 subjects; (b)

TABLE 1 Demographic and baseline characteristics of the 24
healthy volunteers

Study population

Baseline characteristic (N =24)

Age, years 35.5 + 8.7 (19-51)
Male/female, n (%) 16 (66.7)/8 (33.3)
Weight, kg 53.6 + 5.7 (45-65)
Height, cm 161.3 +£8.0(143-172)

20.6 £2.0(18.1-24.8)
110.4 + 11.2 (90-130)
74.2 + 7.8 (60-90)
72.6 + 9.4 (55-88)
36.3+0.2(35.9-36.8)
18.4 + 2.8 (16-24)

9.7 +0.3(9.0-10.4)
30.7 + 7.8 (22.4-53.3)

Body mass index, kg/cm?

Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Heart rate, beats per minute

Body temperature, °C

Respiratory rate, breaths per minute
Serum calcium levels, mg/dL

Serum vitamin D levels, ng/mL

Note: All variables, except gender, are expressed as mean * standard
deviation (range). Percentages are calculated as n/N.

six subjects left the study site (accompanied by a study team mem-
ber) for one hour on the day of study drug administration in periods
1 and 2 to attend religious prayer service; (c) three subjects fasted
for five hours after study drug administration instead of four; and (d)
as previously mentioned, AUC,__ and t,,, were not calculated in this
study. However, all protocol deviations were judged as unlikely to

have affected the results and conclusions of the study.

3.2 | Tolerability

No deaths or serious AEs were reported during this study. Five sub-
jects experienced a total of eight AEs during the study (Table 2). Of
the eight post-administration AEs, three were deemed to be prob-
ably related to the test treatment (tympanites, myalgia, and abdomi-
nal discomfort). There were no AEs that were considered associated
with the administration of the reference treatment. All reported AEs
were mild and disappeared within one day. The results of the physi-
cal examination, laboratory tests, and vital signs measurements re-
mained normal throughout the study and confirmed the absence of
clinically relevant changes in the participants’ state of health. None
of the volunteers withdrew from the study because of AEs.

3.3 | Pharmacokinetic findings

The mean plasma concentration-time profiles following oral admin-
istration of a single dose of calcium glucoheptonate and calcium
carbonate were comparable (Figure 1). The main pharmacokinetic
T ax @nd AUCO_t) determined at 6 and 12 hours

after oral administration of calcium carbonate and calcium glucohep-

parameters (C_ .,

tonate are summarized in Table 3.
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TABLE 2 Adverse events occuring after administration of calcium glucoheptonate (test) or calcium carbonate (reference) in 24 Indonesian

healthy adult volunteers

Relation to study drug (test or

Subject No. Adverse event reference) Action Severity

4 Tympanites Probably related (test) Observation Mild

6 Dizziness Unlikely related (reference) Observation Mild

6 Headache Unlikely related (reference) Administration of one tablet of Mild
paracetamol 500 mg

6 Myalgia Probably related (test) Observation Mild

9 Dizziness Unlikely related (test) Observation Mild

11 Abdominal discomfort Probably related (test) Observation Mild

20 Fever Unlikely related (test) Administration of one tablet of Mild
paracetamol 500 mg

20 Myalgia Unlikely related (test) Observation Mild

Mean concentration (mg/L)

1 1 f
78
0 2 4 6 8 10 12
Time (h) Se=" ===R

FIGURE 1 Mean + standard deviation plasma concentration-
time profiles in 24 Indonesian healthy subjects after single-dose
administration of the test product (T) calcium glucoheptonate
and the reference product (R) calcium carbonate under fasting
conditions

The 90% Cls of the ratios (test/reference) for the log-trans-
formed values of C_ . and AUC, , at 6 and 12 hours post-admin-
istration are shown in Table 4. At 6 hours after administration of
either calcium carbonate or calcium glucoheptonate, the 90% Cls
were 78.88%-124.83% and 66.42%-125.22% for the log-trans-
formed values of C_, and AUC,_,, respectively. At 12 hours after
study drug administration, the 90% Cls were 77.09%-120.31% and
60.58%-122.30%, respectively.

The relative oral bioavailability (F) of calcium from calcium glu-
coheptonate as compared to calcium carbonate was 92% within

6 hours and 89% within 12 hours after study drug administration.

4 | DISCUSSION

In the present study, the plasma concentration-time profile of cal-
cium glucoheptonate appeared to be well-characterized. The higher

mean C_. values obtained with calcium glucoheptonate at 6 and

12 hours post-administration in comparison with calcium carbonate
indicate higher serum calcium levels achieved in a relatively shorter
period of time. Similarly, compared with calcium carbonate, the
lower AUC,, _, values associated with calcium glucoheptonate admin-
istration translate into a shorter drug retention period which eventu-
ally leads to a reduced long-term toxicity.

Calcium absorption from calcium supplements has been shown
to be affected by several variables including the size of the dose
and the presence or absence of a coadministered meal.}>*’ The
enhancing effect of a coadministered meal on calcium absorption
might be a composite of prolonged gastric emptying from a meal
source, as well as interactions between food macromolecules and
calcium particles in ways that enhance the presentation of calcium
to the absorptive surface.?? Hence, to minimize the likelihood of
food-drug interactions and overcome the influence of the coad-
ministration of food on calcium absorption, we conducted this
study with subjects under fasting conditions. In addition, it has
been reported that doses over 500 mg per day can diminish the ef-
ficiency of calcium absorption from supplements.'??! Accordingly,
500-mg single doses of calcium carbonate and calcium glucohep-
tonate (and no more) were used in this study to optimize calcium
absorption.

To the best of our knowledge, our study is the first to evaluate
the bioavailability of calcium from calcium glucoheptonate. Even
though calcium glucoheptonate was associated with a very good
relative calcium absorption compared to calcium carbonate (92% at
6 hours and 89% at 12 hours post-administration), we found that the
90% Cls of the treatment ratios of the log-transformed values of C
and AUC,_, were outside the recommended range of 80% to 125%.
Differences in excipients, pharmaceutical formulations (efferves-
cent tablets versus oral ampoules), or manufacturing processes may
be responsible for these differences in product performance.zo'22
Indeed, it has been shown that pharmaceutical formulation can make
avery large difference in bioavailability, and that the absorbability of
some agents in tablet form significantly differs when taken in other
oral forms such as powders, syrups, or ampoules.?>?% In addition, the

marked intrasubject variability that was found in our study might also
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TABLE 3 Pharmacokinetic parameters at 6 and 12 hours after oral administration of calcium glucoheptonate and calcium carbonate

Test (calcium glucoheptonate)

Reference (calcium carbonate)

Parameter 6 hours 12 hours 6 hours 12 hours

Crnaxe Me/L
Mean + SD 16.07 £ 13.44 15.67 +£13.30 14.64 + 7.47 14.76 + 7.49
Median (range) 11.48 (3.85-68.21) 11.54 (3.85-68.21) 12.93(4.88-36.73) 13.58(4.88-36.73)
Geometric mean 12.98 12.58 12.96 13.07

T a0 hours
Mean £ SD 1.80+1.29 2.56+291 2.23+0.94 2.54+1.85
Median (range) 1.50(0.50-6.00) 1.50 (0.50-12.00) 2.50(0.50-4.00) 2.50(0.50-10.00)
Geometric mean 1.45 1.69 1.97 2.09

AUC,_,, mg*h/L
Mean + SD 28.27 £22.32 41.50 +£40.89 30.65 £ 21.22 46.64 + 37.84
Median (range) 20.58 (2.07-91.98) 26.22(5.49-150.09) 26.05 (4.69-77.75) 32.54 (4.69-121.26)
Geometric mean 21.01 26.70 23.28 31.02

Abbreviations: AUC,_,,
which C__ is observed.

area under the plasma concentration-time curve; C__.,

maximum plasma concentration; SD, standard deviation; T__ , time at

max’

TABLE 4 90% confidence interval (Cl) ratios of natural logarithm-transformed pharmacokinetic parameters of calcium glucoheptonate

(test drug)/calcium carbonate (reference drug)

Geometric mean ratio - %

90% Cls of the geometric mean ratio (%)

Intra-subject coefficient of
variation (%)

Parameter 6 hours 12 hours 6 hours 12 hours 6 hours 12 hours
Craxe M8/L 99.23 96.30 78.88-124.83 77.09-120.31 45.19 44.90
AUC,_,, mg*h/L 91.20 86.07 66.42-125.22 60.58-122.30 62.43 70.86

Abbreviations: AUC, _,,
explain the differences in drug exposure.?* As traditional bioavail-
ability studies, based on the 80%-125% limit, cannot evaluate the
differences in drug exposure levels in terms of C___ and AUC,_, inin-
dividuals, population bioequivalence and individual bioequivalence
approaches might be of great value for assessing the total variability
inC_ . and AUC,_, in the population, and intrasubject variability for
the test and reference products and the subject-by-formulation in-
teraction, respectively.?*

Both calcium carbonate and calcium glucoheptonate were
well-tolerated in this study. All calcium supplements are generally
well-tolerated; however, some patients complain of gastrointestinal
symptoms, including constipation, gas, flatulence, and bloating.** In
our study, only one volunteer who received calcium glucoheptonate
experienced a gastrointestinal AE that was deemed probably related
to the study treatment. Moreover, there were two reports of dizzi-
ness in two different subjects, one treated with calcium carbonate
and one with calcium glucoheptonate. There was also one report of
headache in a subject who received calcium carbonate. These symp-
toms of dizziness and headache have been reported in previous bio-
availability studies evaluating calcium supplements.?®

Calcium supplements are recommended for individuals who
cannot achieve the recommended daily calcium intake. In Southeast

Asia, dietary calcium consumption has been found to be alarmingly

area under the plasma concentration-time curve; Crnax

maximum plasma concentration.

low.® Of great concern was the finding from a 2003 cross-sectional
study that up to 96% of pregnant women in Central Java, Indonesia
had inadequate calcium intake.?® Given that suboptimal dietary cal-
cium intake can increase the risk of osteoporosis and of subsequent

fractures,8 27

as well as the risk of preeclampsia in pregnant women,
it is important to encourage calcium supplementation in Southeast
Asian countries where the incidence of osteoporotic fractures has
been growing at alarming rates.?® The present study found a high
relative bioavailability of calcium from calcium glucoheptonate,
which might be probably related to the ionizing ability of calcium
glucoheptonate, as well as its high solubility.}*?? Taking into account
these results, the good tolerability of calcium glucoheptonate, and
its widespread availability across different Southeast Asian coun-
tries such as Indonesia and Vietnam, calcium glucoheptonate might
be a potential choice for calcium supplementation in this population
at increasing risk for both diminished bone density and osteoporotic
fractures. The results of this study might serve as a reference for fu-
ture controlled studies of calcium glucoheptonate in a larger patient
population.

There are however a number of limitations to this study. First,
we were unable to analyze calcium content in urine or measure frac-
tional intestinal calcium absorption isotopically because commercial

preparations cannot be labeled with calcium isotopes. Second, since
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our study was limited to healthy subjects who were administered a
single dose, the pharmacokinetic characteristics of calcium gluco-
heptonate might differ in target populations such as postmenopausal
women and adolescents. Nevertheless, because calcium absorption
is significantly influenced by age and hormonal state among other
factors, we chose to recruit only healthy volunteers for this study
to minimize individual-specific variability in the pharmacokinetics of
the study drugs.?! Third, our study had a relatively small sample size.
However, the sample size was sufficient to allow adequate testing
of relative bioavailability despite the limitation of high intrasubject
variability. Finally, since the slope of the terminal logarithm-linear
portion of the concentration-time curve could not be determined,
we were unable to calculate AUC,_, and t, . Despite these lim-
itations, our study also had many strengths, including its random-
ized-sequence controlled design and the absence of missing data.

In summary, this single-dose pharmacokinetic study conducted
in fasting, Indonesian healthy adult volunteers showed that calcium
glucoheptonate was well-tolerated, and was associated with a high
relative bioavailability of calcium compared to calcium carbonate.
This suggests a potential use of calcium glucoheptonate as a calcium

supplement in Southeast Asia.
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