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Aims

 

To evaluate the effects of food and formulation on the pharmacokinetics of bismuth
biskalcitrate, metronidazole and tetracycline when combined in a new 3-in-1 single
capsule (BMT) for eradication of 

 

Helicobacter pylori

 

.

 

Methods

 

In a randomized, 3 

 

¥

 

 3 cross-over design, 23 healthy males received one dose of
BMT in the fed and fasting states and equivalent doses of the three drugs g iven
together but as separate capsules while fasting. Bioequivalence was evaluated accord-
ing to 90% confidence intervals (CIs) of ratios of geometric least square means for

 

C

 

max

 

, AUC

 

t

 

, and AUC

 

•

 

.

 

Results

 

With respect to food, none of the three drugs met bioequivalence guidelines. Bismuth
had lower limit CIs ranging from 12% for 

 

C

 

max

 

 to 25% for AUC

 

•

 

. The corresponding
values for tetracycline were 59% and 51%. Metronidazole had a lower limit CI of
74% for 

 

C

 

max

 

. With respect to formulation, bismuth had lower limits of CIs rang ing
from 39% for 

 

C

 

max

 

 to 50% for AUC

 

t

 

 and higher limits of 146% for AUC

 

t

 

, metronidazole
met bioequivalence guidelines, and tetracycline had lower limits of CIs between 72%
for AUC

 

t

 

 and 74% for AUC

 

•

 

.

 

Conclusions

 

Food significantly decreased the relative bioavailability of each drug but formulation
was without effect. This decrease may be beneficial when a local gastric action is
needed, as confirmed by a near 90% eradication rate when this combined capsule
is administered with food to treat gastro-duodenal local infection by 

 

H. pylori

 

.

 

Introduction

 

Eradication of 

 

Helicobacter pylori

 

 requires treatment by
several drugs given simultaneously. A well-recognized
combination is bismuth, metronidazole, and tetracy-
cline. To comply with this treatment patients must take
different numbers of tablets and capsules from different

containers several times a day. A new ‘3-in-1’ capsule
(BMT) combining bismuth, metronidazole and tetra-
cycline has been developed to increase patient
acceptability.

Since this BMT capsule will be given with meals, the
food effect on the bioavailability of each component
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should be assessed. In addition, if a formulation com-
bines several drugs in a single capsule, a comparison of
the bioavailability of each component given in the for-
mulation with that of each drug given in separate  cap-
sules is required to rule out chemical interactions.

The objectives of this study were to evaluate the
effects of food and formulation on the relative bioavail-
ability of bismuth, metronidazole and tetracycline from
this BMT capsule.

 

Methods

 

The Institutional Review Board of Algorithme Pharma
Inc., Canada and the Canadian regulatory agency
approved this study. Participants were enrolled after
signing an informed consent form that had been previ-
ously revised and approved by both the Institutional
Review Board and the Canadian regulatory agency.

Three regimens were administered as a single oral
dose according to a three-sequence, three-period, cross-
over design. Subjects received in a random order three
BMT capsules (the recommended single dose) (Heliz-
ide™; Axcan Pharma Inc., Mont-Saint-Hilaire, Can-
ada), each containing 140 mg bismuth biskalcitrate

 

+

 

125 mg metronidazole 

 

+

 

125 mg tetracycline on one
occasion while fasting, on another occasion after a stan-
dardized breakfast. The third regimen consisted of one
375-mg metronidazole capsule (Flagyl

 

®

 

 375; Searle, IL,
USA) 

 

+

 

three 125-mg tetracycline capsules 

 

+

 

one 420-
mg bismuth biskalcitrate capsule while fasting.

Participants were healthy males (18–50 years) and
nonsmokers or ex-smokers for at least 1 year. Exclusion
criteria were: a history of hypersensitivity to bismuth,
metronidazole, tetracycline; conditions known to inter-
fere with bioavailability; chronic use of bismuth for
6 months before the study; drug or alcohol dependency;
significant illness; use of enzyme-modifying drugs
within 28 days before the study; a positive urine or
serum test for drugs of abuse; positive HBsAg or anti-
HCV tests. Subjects were asked not to take any drugs
for at least 7 days prior to and during the study.

Subjects arrived at the study site 58 h prior to drug
administration and were assigned to a group by random-
ization. The study drugs were administered on the third
day following admission, and after a supervised over-
night fast. Each regimen was 4 weeks apart because of
the long half-life of bismuth, and the length of the study
was 9 weeks.

For the bismuth assays, 2-ml blood samples were
collected eight times for two consecutive days prior to
drug administration (baseline) and also prior to and at
0.17, 0.25, 0.33, 0.5, 0.67, 0.84, 1, 1.33, 1.67, 2, 2.5, 3,
4, 6, 8, 12, 24, 48, 72 and 96 h post drug administration.

For the metronidazole and tetracycline assays, blood
samples (2 

 

¥

 

 7 ml) were collected prior to and at 0.33,
0.67, 1, 1.33, 1.67, 2, 2.5, 3, 3.5, 4, 5, 6, 8, 10, 12, 16,
24, 36, 48 and 72 h post drug administration.

Food and beverages containing grapefruit or xan-
thines were not allowed for 58 h and 96 h, respectively,
prior to and during each period. Water was provided 

 

ad
libitum

 

 until 2 h predose and then 2 h after dosing. The
drugs were given with 240 ml of water.

During fasting, the subjects did not eat breakfast, but
lunch, dinner and snack were provided at 11.00 h,
17.00 h and 20.00 h on the 2 days preceding dosing. On
the third day they fasted overnight for at least 10 h
before dosing, and standard meals and a snack were
served 4, 10 and 13 h later.

In the with food regimen, the subjects received break-
fast, lunch, dinner and a snack at 6.30 h, 11.00 h,
17.00 h and 20.00 h on the 2 days preceding dosing. On
the third day they fasted overnight for at least 10 h until
a standardized high-fat breakfast was served 30 min
before drug administration. Standard meals and a snack
were served 4, 10 and 13 h later. All laboratory person-
nel were blinded to formulations and feeding conditions.

Samples were assayed for metronizadole by high-
pressure liquid chromatography (HPLC) with ultraviolet
detection in the laboratories of Algorithme Pharma (575
boul Armand Frappier, Laval Qc, Canada H7V 4B4;
http://www.algopharm.com, contact@algopharm.com).
Quality control samples were analysed in duplicate at
low (150 ng ml

 

-

 

1

 

), medium (6000 ng ml

 

-

 

1

 

), and high
(15000 ng ml

 

-

 

1

 

) concentrations with each analytical
batch. Between-run coefficients of variation (precision)
ranged from 2.2% to 3.9%. Percent nominal values
(accuracy) ranged from 98.4% to 102.0%.

Samples were assayed for tetracycline by HPLC with
mass spectrometric (MS) detection in the laboratories
of Algorithme Pharma. Quality control samples were
analysed in duplicate at low (30 ng ml

 

-

 

1

 

), medium
(800 ng ml

 

-

 

1

 

), and high (1700 ng ml

 

-

 

1

 

) concentrations
with each analytical batch. Between-run coefficients of
variation (precision) ranged from 5.1% to 6.9%. Percent
nominal values (accuracy) ranged from 96.8% to 99.0%.

The assays for bismuth used Inductively Coupled
Plasma with MS detection and were performed in the
laboratories of Cirion Biopharma Research Inc. (230 rue
Bernard-Belleau, suite 169, Laval Qc, Canada H7V
4A9; http://www.cirion.ca, info@cirion.ca). Quality
control samples were analysed in triplicate at 500, 2500,
17 500 and 28 000 pcg/ml. Between-run coefficients of
variation (precision) ranged from 5.7% to 8.3%. Percent
nominal values (accuracy) ranged from 96.7% to
105.0%.
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The following pharmacokinetic parameters were
determined: 

 

C

 

max

 

, 

 

t

 

max

 

, AUC

 

t

 

, terminal elimination con-
stant (

 

b

 

), elimination half-life (

 

t

 

1/2

 

), and AUC

 

•

 

. AUCs
and 

 

C

 

max

 

 were log transformed. Geometric least square
(GLS) means, 90% confidence intervals (CIs), mean,
standard deviation, and coefficient of variation were cal-
culated and comparisons were made by analysis of vari-
ance (

 

ANOVA

 

) or Mann–Whitney tests. The significance
was assessed at 5% and corrected when appropriate by
Bonferroni tests. Bioequivalence was established by

 

C

 

max,

 

 AUC

 

t

 

, and AUC

 

•

 

 if 90% CIs for GLS mean ratios
fell within the 80% to 125% acceptance range.

 

Results

 

Twenty-three healthy male Caucasians were studied.
Their mean plasma concentration 

 

vs.

 

 time profiles for
bismuth, metronidazole, and tetracycline under the dif-
ferent conditions are shown in Figures 1–3.

Analysis of blood samples (data not shown) con-
firmed complete washout of bismuth between periods.
There were no significant differences in the pharmaco-
kinetic parameters for bismuth between fasting and fed
conditions except for 

 

t

 

max

 

, but bioequivalence criteria
were not met. The lower limits of the CIs ranged from
12% for 

 

C

 

max

 

 to 25% for AUC

 

•

 

. Comparisons for bis-
muth between the BMT capsules and the individual
drugs given separately in the fasting state did not show
any difference for any parameter, but bioequivalence
criteria were not met. The lower limits of the CIs ranged
from 39% for 

 

C

 

max

 

 to 50% for AUC

 

t

 

 and higher limit of
146% for AUC

 

t

 

.
Comparisons between fasting and fed conditions

showed significant differences for metronidazole with
respect to 

 

C

 

max

 

, 

 

t

 

max

 

, AUC

 

t

 

, and AUC

 

•

 

. The fasting con-
dition gave values consistently larger than the fed con-
dition except for 

 

t

 

max

 

. The lower limit of the CI was 74%

for 

 

C

 

max

 

, which did not meet the requirements for
bioequivalence. Comparisons between the BMT capsule
and the drugs given separately while fasting showed no
differences in the pharmacokinetic parameters for met-
ronidazole. The 90% CIs on the ratio of means for 

 

C

 

max

 

,
AUC

 

t,

 

 and AUC

 

•

 

, were all within the accepted ranges
for bioequivalence.

 

C

 

max

 

, 

 

t

 

max

 

, AUC

 

t

 

, and AUC

 

•

 

 for tetracycline were sig-
nificantly different in the fasted compared with fed state.
The bioequivalence criteria were not met since the lower
limits of the CIs ranged from 51% for AUC

 

t

 

 to 59% for

 

C

 

max

 

. Comparisons between the BMT capsule and the
individual drugs given separately while fasting showed
no difference in the pharmacokinetics of tetracycline,
but bioequivalence requirements were not met since the
lower limits of the CIs ranges between 72% for AUC

 

t

 

and 74% for AUC

 

•

 

.
Nine participants reported 22 adverse events, 16 of

which were deemed related to the medication. One

 

Figure 1

 

Mean plasma bismuth concentrations 

 

vs

 

. time following the administration 

of the combined BMT capsule in the fasting state (

 

�

 

), after food (

 

�

 

), and 

when the drugs were given as separate capsules in the fasting state (

 

�

 

)
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Figure 2

 

Mean plasma metronidazole concentrations 

 

vs

 

. time following the 

administration of the combined BMT capsule in the fasting state (

 

�

 

), after 

food (

 

�

 

), and when the drugs were given as separate capsules in the 

fasting state (

 

�

 

)
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Figure 3

 

Mean plasma tetracycline concentrations 

 

vs

 

. time following the 

administration of the combined BMT capsule in the fasting state (�), after 

food (�), and when the drugs were given as separate capsules in the 

fasting state (�)
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occurred during the fasting period and four during the
fed period of the BMT capsule. Eleven occurred during
the fasting period where the individual drugs were
taken. Four events were regarded as severe. Five sub-
jects withdrew from the study: four for reasons unre-
lated to the medications (phlebitis and pain, bone
fracture between study periods, and personal reasons),
and one for a reason possibly related to the study med-
ications (worsening of lumbar pain present at onset but
not mentioned). All events resolved with time.

Discussion
This study has shown a marked effect of food on the
bioavailability of bismuth from the BMT capsule, which
resulted in a failure to meet bioequivalence. Given that
bismuth is poorly absorbed [1, 2], even a small change
in the amount absorbed can largely affect bioequiva-
lence. The observation that the two formulations did not
achieve bioequivalence may also be linked to small
changes in bioavailability.

The oral absorption of metronidazole is extensive
with a bioavailability over 90% [3]. The rate and extent
of the absorption of metronidazole from BMT capsules
were slightly decreased by food, an observation that is
partially in agreement with the product monograph that
states that food decreases only the rate but not the extent
of absorption of this drug [4]. However, the small mag-
nitude of this decrease supports work indicating that
food does not affect the bioavailability of metronidazole
[5]. Bioequivalence between the two formulations was
observed with respect to metronidazole.

Oral tetracycline has a bioavailability of 60–80% in
the fasting state [6, 7]. In the present study significant
differences between fasting and fed conditions in Cmax

and AUC but not tmax were seen, confirming previous
work [8–12]. The effect of formulation may be consid-
ered negligible with a difference of less than 10% below
the threshold for bioequivalence.

In therapeutic trials, this BMT capsule was adminis-
tered after meals with eradication rates of H. pylori near
90% [13, 16], despite a decreased bioavailability caused
by food. The latter is likely to be beneficial since it may
be associated with an increased gastric retention time
for bismuth, metronidazole and tetracycline, thus pro-
longing their exposure to H. pylori in the gastric
mucosa.

In conclusion, food significantly decreases bioavail-
ability of bismuth, metronidazole and tetracycline but
their formulation in one capsule had no effect. The
administration of the combined BMT capsule given with
food has proved to be very effective in the treatment of
gastro-duodenal infection by H. pylori.

We are grateful to L. Regnaud for help with logistical
aspects of the study, which was supported by Axcan
Pharma Inc, Mont-Saint-Hilaire, QC, Canada.

References
1 Gavey CJ, Szeto ML, Nwoko CU, Sercombe J, Pounder RE. Bismuth 

accumulates in the body during treatment with tripotassium dicitrate 
bismuthate. Aliment Pharmacol Ther 1989; 3: 21–8.

2 Brunton LL. Bismuth compounds: absorption, distribution, clearance. 
In Goodman and Gilman’s The Pharmacological Basis of Therapeutics, 
9th edn. New York: McGraw-Hill 1996.

3 Ralf ED. Clinical pharmacokinetics of metronidazole. Clin 
Pharmacokinetics 1983; 8: 43–62.

4 Flagyl® 350 Product monograph. Physician Desk References 2001.
5 Melander A, Kahlmeter G, Kamme C, Ursing B. Bioavailability of 

metronidazole in fasting and non-fasting healthy subjects and in 
patients with Crohn’s disease. Eur J Clin Pharmacol 1977; 12: 69–72.

6 Barza M, Schiefe RT. Antimicrobial spectrum, pharmacology and 
therapeutic use of antibiotics. Part I. Tetracyclines. Am J Hosp Pharm 
1977; 34: 49–57.

7 Chambers HF. Antimicrobial agents. In Goodman and Gilman’s The 
Pharmacological Basis of Therapeutics, 10th edn. New York: McGraw-
Hill 2001.

8 Meyer FP. Minocycline for acne. Food reduces minocycline’s 
bioavailability. BMJ 1996; 312 (7038): 1101.

9 Cook HJ, Mundo CR, Fonseca L, Gasque L, Moreno-Esparza R. 
Influence of the diet on bioavailability of tetracycline. Biopharm Drug 
Dispos 1993; 14: 549–53.

10 Kshirsagar NA, Ankalesaria PS. Effect of food on doxycycline 
absorption. J Postgrad Med 1987; 33: 117–9.

11 Welling PG, Koch PA, Lau CC, Craig WA. Bioavailability of tetracycline 
and doxycycline in fasted and nonfasted subjects. Antimicrob Agents 
Chemother 1977; 11: 462–9.

12 Jung H, Peregrina AA, Rodriguez JM, Moreno-Esparza R. The influence 
of coffee with milk and tea with milk on the bioavailability of 
tetracycline. Biopharm Drug Dispos 1997; 18: 459–63.

13 Laine L, Hunt R, El-Zimaity H, Nguyen B, Osato M, Spenard J. Bismuth-
based quadruple therapy using a single capsule of biskalcitrate, 
tetracycline and metronidazole given with omeprazole vs. omeprazole, 
amoxicillin, and clarithromycin for eradication of H. pylori in duodenal 
ulcer patients. A Prospective, Randomized, Multicenter, North 
American Trial. Am J Gastroenterol 2003; 98: 562–7.

14 O’Morain C, Borody T, Farley A, De Boer W, Dallaire C, Schuman R, 
Piotrowski J, Fallone CA, Tytgat G, Mégraud F, Spénard J. Efficacy and 
safety of single triple capsule of bismuth biskalcitrate, metronidazole, 
and tetracycline given with omeprazole for eradication of Helicobacter 
pylori: international multicentre study. Aliment Pharmacol Ther 2003; 
17: 415–20.

15 de Boer WA, van Etten RJ, Schneeberger PM, Tytgat GN. A single drug 
for Helicobacter pylori infection: first results with a new bismuth triple 
monocapsule. Am J Gastroenterol 2000; 95: 641–5.

16 de Boer WA, van Etten RJ, Van De Wouw BA, Schneeberger PM, Van 
Oijen AH, Jansen JB. Bismuth-based quadruple therapy for 
Helicobacter pylori – a single triple capsule plus lansoprazole. Aliment 
Pharmacol Ther 2000; 14: 85–9.


