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Abstract

AIM: To evaluate the bioequivalence of ranitidine and
bismuth derived from two compound preparations.

METHODS: The bioavailability was measured in 20
healthy male Chinese volunteers following a single oral
dose (equivalent to 200 mg of ranitidine and 220 mg of
bismuth) of the test or reference products in the fasting
state. Then blood samples were collected for 24 h.
Plasma concentrations of ranitidine and bismuth were
analyzed by high-performance liquid chromatography
and inductively coupled plasma-mass spectrometry (ICP-
MS), respectively. The non-compartmental method was
used for pharmacokinetic analysis. Log-transformed Ciax,
AUCov and AUC--) were tested for bioequivalence using
ANOVA and Schuirmann two-one sided f-test. 7max was
analyzed by Wilcoxon'’s test.

RESULTS: Various pharmacokinetic parameters of
ranitidine derived from the two compound preparations,
including Cmax, AUC(0-ty, AUC(0-=), Tmaxand 712, were
nearly consistent with previous observations. These
parameters derived from test and reference drug
were as follows: Cmax (0.67 £ 0.21 vs 0.68 + 0.22
mg/L), AUCwov (3.1 £ 0.6 vs 3.0 £ 0.7 mg/L per hour),
AUC(0-«) (3.3 £ 0.6 vs 3.2 £ 0.8 mg/L per hour),
Tmax (2.3 £ 09ws 2.1 £09h)and 712 (2.8 £ 0.3 vs 3.1
= 0.4 h). In addition, double-peak absorption profiles
of ranitidine were found in some Chinese volunteers.
For bismuth, those parameters derived from test and
reference drug were as follows: Cmax (11.80 £ 7.36 vs
11.40 + 6.55 pg/L), AUCw (46.65 = 16.97 vs 47.03 %
21.49 pg/L per hour), 7max(0.50 £ 0.20 vs 0.50 + 0.20 h)
and 712 (10.2 £ 2.3 vs 13.0 + 6.9 h). Ninety percent of
confidence intervals for the test/reference ratio of Cmax,
AUCw+v and AUCo--) derived from both ranitidine and
bismuth were found within the bioequivalence acceptable
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range of 80%-125%. No significant difference was found
in 7max derived from both ranitidine and bismuth.

CONCLUSION: The two compound preparations are
bioequivalent and may be prescribed interchangeably.
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INTRODUCTION

Ranitidine is a very common histamine H2 receptor
antagonist. It exerts most prominent effect on basal acid
secretion and less profound effect on acid producrion“’zj.
Bismuth potassium citrate has mucosal protective effects
by blocking pepsin activity, retarding hydrogen-ion back-
diffusion and stimulating prostaglandin synthesis. In
addition, it has an inhibitory effect on Helicobacter pylori
(pr/orz)l}éj. Thus, ranitidine and bismuth potassium
citrate have a synergistic effect and are usually concurrently
prescribed in poly-therapy regimens for gastroduodenal
ulcers and H pylori infection. Especially, the availability of
ranitidine bismuth citrate and compound preparation of
ranitidine and bismuth potassium citrate in market makes
administration more conveniently and increases medication
compliance in ulcer patientsw’sJ.

The pharmacokinetics of ranitidine has been described
previously[()’m. After oral administration 50% of ranitidine
is absorbed, resulting in the peak serum concentration
of 2% 3 h after dosing, followed by elimination with
a half-life of 2.5% 3 h. Ranitidine is metabolized to a
small extent, primarily via flavin mono—oxygenases“zj. It
is eliminated through kidney, with approximately 70%
of the systemically available dose recovered in urine as
unchanged drug, Bismuth is only minimally absorbed and
its bioavailability ranges 0.16%-0.28%, but the median
peak bismuth concentration occurs 30 min (range 15-105
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min) post-dosing! ™", The concentration of bismuth
in kidneys is high and it is also retained there for a long
time. Elimination from blood displays multi-compartment
pharmacokinetics'”,

Comparative bioavailability of different mono-
preparations of ranitidine hydrochloride or colloidal
bismuth sub-citrate in healthy volunteers or patients
has been described previously!**”. However, to our
knowledge, there is no report on the pharmacokinetic
and bioequivalence evaluation of compound preparations
containing these two drugs.

MATERIALS AND METHODS

Drugs and reagents

Ranitidine reference substance (purity>99.5%) was
provided by Shuguang Pharmaceutical Factory (Beijing,
China). Bi20Os reference substance (purity>99.999%) and
TICI reference substance (putity>99%) were provided by
ALDRICH Chemical Company (USA). Nitric acid was of
MOS grade. Ultra pure water was obtained from Milli-Q
Academic (Millipore Co., USA). Acetonitrile was of HPLC
grade. Potassium dihydrogen phosphate and perchloric
acid were of analytical grade. Test preparation was
compound ranitidine tablet (lot 041201, expiracy: 12/2006)
from Chongqing Pharmaceutical Factory (Chongqing,
China). Reference preparation was compound ranitidine
capsule (lot 041002, expiracy: 9/2006) from Nuode
Pharmaceutical Factory (Jiangsu, China). Each tablet ot
capsule contained ranitidine hydrochloride (equivalent
to 100 mg of ranitidine) and bismuth potassium citrate
(equivalent to 110 mg of bismuth).

Study subjects

After approval by the Ethics Committee of the 2
Affiliated Hospital (School of Medicine, Zhejiang
University), 20 male healthy Chinese volunteers (age, 2441
years; weight, 63.8+6.1 kg; BMI, 22.1+1.7 kg/mz) gave
their written informed consent to participate in the study
and all of them completed the study. All volunteers were
considered to be in good health on the basis of physical
examination, electrocardiogram (ECG), and laboratory
tests including complete blood count, blood biochemistry
testing and urinalysis. Each volunteer was required to
be 18-40 years old, a nonsmoker, and to have a BMI
between 19 and 25 kg/mz. Participants were excluded
for the following reasons: any significant medical history,
history of any localized or systemic infection within 4 wk
before admission, use of prescription or over-the counter
medication or alcohol within 2 wk before enrollment,
history of alcohol or drug abuse, donation of blood within
the past 2 mo.

nd

Study design

The study had an open-label, randomized, two-period
crossover design, with 1 wk washout between periods. All
volunteers were not allowed to take any medications 2 wk
before and during the study period. After fasting for 12 h
overnight, the volunteers received a single oral dose
(equivalent to 200 mg of ranitidine and 220 mg of
bismuth) of the test or reference products with 200 mL

water in a crossover fashion. No food was allowed until
4 h after dose administration. Water intake was allowed
after 2 h of dose. Water, lunch and dinner were given to
all volunteers according to a time schedule. The volunteers
were under direct medical supervision at the study site.
Blood samples (4 mL) were drawn into Vacutainer™™
tubes containing KeEDTA from a forearm vein using
an indwelling catheter before drug intake and at 0.17,
0.33, 0.50, 0.75, 1.0, 1.5, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0, 10.0,
12.0, 24 h for the two phases after dosing, Blood samples
were centrifuged at 3000 t/min for 10 min, and plasma
was separated and stored at -80 °C until assay. ECG,
biochemical and hematological laboratory tests were
performed for each volunteer to record any clinically
abnormal finding.

Analytical procedure

High performance liquid chromatography (HPLC) assay
method for ranitidine was developed in our laboratory. In
brief, 50 uL. of perchloric acid solution (2.5 mol/L) was
added to 200 pL plasma in the eppendorf tube (1.5 mL).
The mixture was vortexed for 20 s and then centrifuged at
36670 t/min for 10 min. The supernatant was transferred
to vial on the rack of autosampler and 50 pl. was injected
onto the column. The HPLC injection sequence was as
follows: calibration standards of 0.02, 0.05, 0.1, 0.2, 0.5,
1.0, 2.0 mg/L, volunteers’ plasma samples and quality-
control samples of 0.04, 0.4 and 1.5 mg/L throughout all
sequences.

The assay method for bismuth was as follows: plasma
samples (0.5 mL) were added to TI (internal standard)
working solution and diluted to a volume of 5 mL with
super pure watet, followed by direct measurement in a
PQ3 ICP-MS system (Thermo Electron Corporation,
USA). The assay sequence was as follows: calibration
standards of 0.2, 0.5, 1.0, 5.0, 10.0, 30.0, 60.0, 100.0 pg/L,
volunteers’ plasma samples and quality-control samples of
0.30, 8.00, 20.0, 80.00 pg/L throughout all sequences.

The two assay methods were validated according to

international guidelines[zﬂ.

Chromatography

Chromatography for ranitidine was performed on a
Beckman SYSTEM GOLD" liquid chromatography
system (USA) consisting of a 125 solvent module, 508
auto-sampler, 166 UV detector and AT-330 column oven
(Medilab). The software package 32 Karat 5.0 was used
to control the chromatographic system and produce UV-
spectrometric data. Analytical column used was Kromasil
C18 ODS (Sweden, 250x4.6 mm ID, 5 um, particle size),
protected by a security guard cartridge C18 ODS 4x 3.0
mm ID (Phenomenex Inc, USA). The mobile phase
consisted of 0.02 mol/L KH2POu-acetonitrile (86:14, V/V).
The flow rate was 1.0 mL/min. Column oven was kept
at 25°C. Auto-sampler was set at 4 C. The UV detective
wavelength was 320 nm.

Working condition of ICP-MS

ICP-MS measurements were carried out under the
following operation conditions. The forward power
was 1350 W, the coolant and auxiliary and nebulizer gas
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Figure 1 Chromatograms of spiked plasma sample (B), plasma samples of patients before (A) and after (C) the administration of 200 mg ranitidine. M1 and M2 are

metabolites of ranitidine.

flow rate were 13, 0.70, and 0.73 L/min, respectively.
Sample uptake flow rate was 1.2 mL/min. Mass-to-charge
ratios detected (/3) were 205 (”T1) and 209 (*”Bi).
Sweep mode was peak hopping. Dwell time was 10 ms.
Number of sweeps per run was 60. Uptake time was 60 s.
Acquisition duration was 4 s.

Statistical analysis

Pharmacokinetic parameters were calculated by non-
compartmental method. Bioequivalence evaluation was
performed by the software BAPP2.0 (Center of Drug
Metabolism & Pharmacokinetics, China Pharmaceutical
University, Nanjing, China). Maximal plasma concentrations
(Cmax) and the time points at which they occurred
(Tmax) were determined by inspection of the plasma
concentration-time profile. The terminal elimination rate
constant (1-) was determined by linear regression of the
terminal portion of the log concentration-time profile. The
elimination half-life (Ti1/2) was calculated as 0.693/).. Area
under the plasma concentration-time curve (AUC) was
determined by trapezoidal rule and extrapolated to infinity
by calculation of Ci/A.. F=[AUCoy (T)/AUCw0-y (R)]x
100%. Log transformed Cmax, AUC (09, AUC 0 were
analyzed using ANOVA analysis and Schuirmann two-
one sided £test. Tmx was analyzed by the non-parametric
test and Wilcoxon’s test. A P value of less than 0.05 was
considered statistically significant. Data were reported as
mean + SD. If the two preparations were bioequivalent,
90% confidence intervals (CI) for test/reference ratios of
Cinas, AUC @9 and AUC 0« should fall within the range of
80%-125% %,

RESULTS

Validation of the assays

Typical chromatograms of spiked ranitidine plasma
samples, plasma samples of patients before and after
the administration of compound ranitidine preparation
are shown in Figure 1. The retention time for ranitidine
was 5.1 min. Under the chromatographic condition
described, ranitidine and its metabolite were well resolved.
Endogenous plasma components did not show any
interfering peaks. The assay was linear from 20.0 to 2000.0
ug/L for ranitidine in plasma samples. The mean absolute
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Component Parameters Test Reference

Ranitidine  Twax (h) 23409 21+09
Crmax (mg/L) 0.67+0.21 0.68+0.22
Ti2 (h) 28403 31404
AUCo+y (mg/L per hour) 3.1+0.6 3.0£0.7
AUC(-<0) (mg/L per hour) 3.3£0.6 3208

Bismuth Tmax (h) 0.50+£0.20 0.50£0.20
Coax (ng/L) 11.80£7.36  11.40%6.55
T2 (h) 10.2+£2.3 13.0£6.9
AUCe+ (ug/L per hour) 46.65+16.97  47.03+21.49
AUCe-0) (ug/L perhour)  5538+2127  57.81+2331

recovery was about 97.2%, while the intra- and inter-
day coefficients of variation and percent error values of
the assay method were all lower than 8%. The limit of
quantification (LOQ) was found to be 20.0 pg/L, with
a precision of less than 20% (»=5) and an accuracy
of £20% (#=1>5). Ranitidine was stable in plasma samples
at different storage conditions: immediately after 3 h
at ambient temperature, after perchloric acid treatment
and being on the auto-sampler at 4 C for 24 h, after two
freeze/thaw cycles and after 1 mo storage at -80 C.

The ICP-MS assay was linear from 0.2-100.0 pg/L for
bismuth in plasma samples. The mean absolute recovery of
bismuth from quality control samples was about 100.5%,
while the intra- and inter-day coefficients of variation and
percent error values of the assay method were all lower
than 8%. LOQ was found to be 0.2 pg/L, with a precision
of less than 10% (»=30) and an accuracy of +15% (#=30).

The validity study demonstrated that the HPLC assay
was reliable for quantification of plasma ranitidine and the
ICP-MS assay was reliable for determination of plasma
bismuth levels. The specificity, sensitivity, accuracy and
precision all met the requirement for PK study.

Concentration-time curves and PK of ranitidine

The average concentration-time curves are shown in
Figure 2. The main PK parameters including Gmax, AUC -,
AUC 0, Trmaxand Ti/2are given in Table 1. The variation



Zhou Q et a/. Bioequivalence of ranitidine and bismuth

2745

0.9
0.8
0.7 [
0.6
0.5
0.4
0.3
0.2

Ranitidine plasma concentrations (mg/L)

—(— Reference
—A— Test

Figure 2 Concentration-time curves of ranitidine in
20 Chinese volunteers after oral administration of
two compound preparations. n=20. Mean+ SD. Bars
indicate standard deviations (lower bars for test drug and
upper bars for reference drug).
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Figure 3 Typical double-peak plasma profiles of ranitidine in two Chinese
volunteers (Ne14 and Ne16) after oral administration of two compound preparations.

sources of P values and 90% CI for the parameter ratios
are presented in Table 2. No statistically significant
formulation or period effect was encountered, with P value
greater than 0.05. Inter-subject differences were the main
source of variability in log-transformed AUC ¢+ and AUC
0. The 90% CI for the ratio of Cmax (86.7%-113.6%),
AUC 09 (96.0%-113.4%), and AUC 0 (95.3%-112.5%)
values for the test and reference products was entirely
within the FDA acceptable range of 80%-125%. The data
indicated that the 2 preparations were bioequivalent with
respect to ranitidine. In addition, no significant difference
was obtained in Timax.

Interestingly, double-peak plasma profiles of ranitidine
were observed in some volunteers receiving either test
drug or reference drug. Typical double-peak plasma
profiles of ranitidine in two volunteers (Ne 14 and Ne 16)
after oral administration of two compound preparations
are shown in Figure 3.

Component Parameters ANOVA (P-value) 90%CI (%)
Variation source
Drug Subjects  Period

Ranitidine Crmax 0.9191 0.0686 0.7679  86.7-113.6
AUC (o 0.3917 0.0153 0.8366  96.0-113.4
AUC(-) 0.4733 0.02118 0.9064 95.3-112.5

Bismuth Crmax 0.65695  0.51515 0.39551 89.8-120.0
AUC (- 0.66066  0.11347 0.71245 88.1-124.0
AUC(-) 0.75149  0.15804 0.87169 85.3-111.5

Concentration-time curves and PK of bismuth

The average concentration-time curves are shown in
Figure 4. The main PK parameters including Gmax, AUC ©-,
AUC 0, Trmaxand Ti/2are given in Table 1. The variation
sources of P values and 90% CI for the parameter ratios
are presented in Table 2. No statistically significant
formulation or period effect and inter-subject differences
were encountered, with P value greater than 0.05. The
90% CI for the ratio of Cmax (89.8%-120.0%), AUC @
(88.1%-124.0%), and AUC 0 (85.3%-111.5%) values for
the test and reference products was also entirely within
the FDA acceptable range of 80%-125%. In addition, no
significant difference was obtained in Tmax (P>0.05).

Safety

The two preparations were well tolerated by the volunteers.
Unexpected incidents that could have influenced the
outcome of the study did not occur. There was no drop-
out and all volunteers participating in the study continued
to the end. Post-study clinical laboratory tests revealed
normal results.

DISCUSSION

The assay methods we developed for ranitidine and
bismuth are reliable and applicable in bioavailability
study. With respect to HPLC assay for ranitidine, direct
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injection of the plasma samples after deproteination using
perchloric acid warranted high sensitivity, good accuracy
and precision and least time for sample preparation. Most
literature on ranitidine determination in plasma involves
solid-phase extraction (SPE)®**” or liquid-liquid extraction
(LLE)®"®). However, the methods employing LLE not
only consume large time for sample preparation but also
give highly variable and relatively low recoveries. The SPE
techniques are quite good, but they still involve several
steps and need several hundred cartridges. With respect
to the ICP-MS assay we developed for bismuth, sample
preparation method is more simple and has less matrix
effect than the method provided by Mauras Y ¢z a/™.

The PK of ranitidine derived from ranitidine bismuth
citrate is consistent with observations for ranitidine
administered alone”". However, literature on PK of
ranitidine derived from compound preparation is not
yet available. Wen e# a/”” showed that. Gusx and AUC 0+
derived from a single 300 mg dose of ranitidine alone are
0.91 mg/L and 4.78 mg/L per hour, respectively. Howevert,
when 300 mg colloidal bismuth sub-citrate capsules are co-
administered, the two parameter values are significantly
decreased by 41.8% and 33.7%, respectively. No significant
differences have been observed with respect to Tmax and
Ti/2 under the two different circumstances, suggesting that
ranitidine granules are partially enwrapped by colloidal
precipitation as presented by Wen ez a/°”!, which can
explain the loss in ranitidine absorption. Ranitidine is
characterized by a dose-proportional PK. So Cmax and
AUC ) for ranitidine mono-preparations are both
standardized to dose (200 mg), ranging 0.60-1.20 mg/L
and 3.0-4.5 mg/L per hour, respectively!”'”*. The mean
Cumax and _AUC - values for ranitidine derived from
combined formulation in our study were 0.67 mg/L and
3.1 mg/L per hout, respectively, falling within the above
range for ranitidine administered alone. If significant loss
exists at absorption phase of ranitidine derived from test
compound formulation and the decreased percentage is
similar with the results of Wen e @/, G and AUC 0.
values for ranitidine mono-preparation would be estimated
to be 1.15 mg/L and 4.7 mg/L per hout, respectively,
still being within/ot near the mean range. Thus, the
possible effects of bismuth potassium citrate on ranitidine
absorption could not be excluded, thus more relative
studies are needed to confirm the results presented by
Wen et al”™”. Moreover, it would be useful to investigate the
difference between the bioavailability of ranitidine in the
compound preparation relative to the administration of
two mono-preparations that are ingested simultaneously,
although compound preparation has advantages such as
more convenience in administration and better medication
compliance in ulcer patients. However, the main purpose
of this study was to confirm whether the two compound
preparations can be prescribed interchangeably by
bioequivalence evaluation.

The PK of oral drugs exhibiting double peaks cannot
be adequately described by conventional compartmental
models”™. So we used non-compartmental method. The
double-peak phenomenon of ranitidine plasma profile in
several volunteers is consistent with previous reports”™ >,
However, this PK profile has not been revealed in
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Figure 4 Concentration-time curves of bismuth in 20 Chinese volunteers after oral
administration of two compound preparations. n=20, mean+SD. Bars indicate
standard deviations (lower bars for test drug and upper bars for reference drug).

Chinese. The proposal mechanism responsible for the
existence of secondary peaks, presented by Yin e# al™ and
Schaiquevich ez al™ | includes enterohepatic recirculation
and the existence of multiple sites of absorption along the
gastrointestinal tract.

The mean Tmax value for bismuth derived from
compound preparations in this study was 0.50 h,
indicating that bismuth is rapidly absorbed by Chinese
volunteers. The result is similar with those presented by
Nwokolo e# a/'” and Benet ef a/'. Peak bismuth plasma
concentrations in our study ranged 3.24 pg/L-27.50
ug/ L, the mean Cinax value was 11.60 ug/L, suggesting
that bismuth neurotoxicity is not associated with steady-
state concentrations of 50-100 pug/L. The mean terminal
half-lives for bismuth derived from the test compound
preparation (equivalent to 220 mg bismuth) in this
study was 10.2 h, which is nearly similar with the mean
values of 9.1 h derived from a single dose of 350 mg
ranitidine bismuth citrate capsules for 10 Chinese health
volunteers”™. Benet e o/ considered that the intermediate
half-life of 5-11 d derived from colloidal bismuth sub-
citrate represents most of the clearance and elimination.
Moreover, the plasma terminal half-lives averaging 21 d
are derived from oral doses of 800 mg ranitidine bismuth
citrate, twice daily for 28 d”". These different results
are suggestive of possible ethnic differences in bismuth
elimination or indicate that multiple-dose administration
of bismuth may result in its prolonged elimination. In this
way, further investigations should be carried out.

A placebo-controlled crossover study showed that
daily oral administration of 40 mg omeprazole for 1 wk
increases the systemic availability of 240 mg bismuth
derived from tripotassium dicitrate bismuthate. The
explanation by Treiber ef al’" is that absorption of bismuth
may be dependent on intragastric pH which is elevated
by omeprazole. However, the mean AUCoy of bismuth
derived from test compound preparation (equivalent to
200 mg of ranitidine and 220 mg of bismuth) in our study
was 46.65 ug/L per hout, which is neatly similar with the
value of 46 pg/L per hour detived from mono-preparation
of tripotassium dicitrate bismuthate (equivalent to 220
mg of bismuth)®". Thus, additional experiments are also
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needed to address whether ranitidine increases the systemic
availability of bismuth.

The most important objective of bioequivalence testing
is to assure the safety and efficacy of generic formulations.
Two drugs are considered to be bioequivalent and thus
therapeutically equivalent if they are pharmaceutical
equivalents (i.c., similar dosage forms made, perhaps by
different manufacturers) or pharmaceutical alternatives
(.e., different dosage forms) and if their rates (Cma) and
extents of absorption (AUC) do not show a significant
difference when administered at the same molar dose
of the therapeutic moiety under similar experimental
conditions™. Interpretation of Tmas is difficult in some
oral bioequivalence studies, because of the occurrence of
multiple peaks. Comparison between the formulations is
based on the overall Cimax, Tmax, and AUC. Therefore, the
presence or absence of a double peak can not affect the
accuracy of measurements'"

It is generally accepted that the standard equivalence
range is 0.8-1.25 for basic pharmacokinetic characteristics,
such as AUC and Gua>*, For ranitidine derived from the
two compound preparations in this study, no significant
difference was obtained in Tmex (P>0.05) and 90% CI for
the test/reference ratio of Cmas, AUC 0y and AUC o)
was found within the range 80%-125%. Therefore the
two compound preparations can be expected to be equally
effective with respect to the action of ranitidine. To
support equal clinical efficacy of compound preparations,
it is necessary to show the equivalent gastric availability
(local effect) of the bismuth component. Its effect for a
large part is determined by the pharmaceutical form in
which this component is delivered. Coghill ez a/*" have
developed a novel means of comparing the bioequivalence
of the two preparations of tripotassium dicitrate
bismuthate (De-Noltab) in patients attending a gastroscopy
clinic by examining duodenal biopsies with electron
microscopy. However, this method is invasive, thus lacking
applicability. We performed a comparative bioavailability
study to reflect the equal gastric availability indirectly. The
results have confirmed the equivalent rates and extents of
absorption of bismuth derived from the two compound
preparations. Thus, we consider that these two compound
preparations have equal clinical efficacy with respect to
bismuth.

In conclusion, the 2 compound preparations are
bioequivalent with respect to both ranitidine and bismuth
and can be presctibed interchangeably.
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