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Abstract

A new strategy is proposed for the triple drug treatment (tetracycline, metronidazole and bismuth salt) of Helicobacter
pylori associated peptic ulcers. The design of the delivery system was based on the swellable asymmetric triple layer tablet
approach, with floating feature in order to prolong the gastric retention time of the delivery system. Hydroxypropylmethyl-
cellulose and poly(ethylene oxide) were the major rate-controlling polymeric excipients. Tetracycline and metronidazole
were incorporated into the core layer of the triple-layer matrix for controlled delivery, while bismuth salt could be included
in one of the outer layers for instant release. The concentration of tetracycline and metronidazole released over time was
determined simultaneously on a gradient high-performance liquid chromatography system. Results demonstrated that
sustained delivery of tetracycline and metronidazole over 6–8 h can be easily achieved while the tablet remained afloat. The
floating aspect was envisaged to extend the gastric retention time of the designed system to maintain effective localized
concentration of tetracycline and metronidazole. Additionally, the developed HPLC method for the concurrent determination
of tetracycline and metronidazole was proved to be rapid and accurate. The developed delivery system has potential to
increase the efficacy of the therapy and improve patient compliance. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction pylori) are the two most common causes of peptic
ulcer disease [1–5]. In the United States, peptic ulcer

It has become apparent that consumption of disease affects 10% of population at some point in
nonsteroidal anti-inflammatory drugs (NSAIDs) and their lives [6]. The prevention and management of
stomach colonization by Helicobacter pylori (H. NSAID related gastrointestinal (GI) complications

are well recognized and in many cases successfully
treated [1]. However, the understanding and treat-

*Corresponding author. Tel.: 11-215-7077670; fax: 11-215- ment of H. pylori-induced ulcers are still in progress.
7073678.

1 During the early 1980s, Marshall and Warren [7] forPresented in part at 12th annual meeting of American Associa-
the first time isolated a spiral, urease-producing,tion of Pharmaceutical Scientists, Boston, Massachusetts,
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identified as Helicobacter pylori, a causative factor result, urea is broken down into bicarbonate and
ammonia, which protects the bacterium in the acidin the etiology of peptic ulcer disease. H. pylori
milieu of stomach [15] and causes gastric epithelialappears to be responsible for 95% of the cases of
injury [16]. For effective H. pylori eradication,gastritis and 65% of gastric ulcers [8]. Although
therapeutic agents have to penetrate the gastricmost individuals with H. pylori are asymptomatic,
mucus layer to disrupt and inhibit the mechanism ofthere is now convincing evidence that this bacterium
colonization. This requires targeted drug deliveryis the major etiologic factor in chronic dyspepsia, H.
within the stomach environment. Although mostpylori-positive duodenal and gastric ulcers and gas-
antibiotics have very low in-vitro minimum inhib-tric malignancy [9,10]. Consequently, H. pylori
itory concentrations (MIC) against H. pylorieradication is now recognized to be the correct
(MIC90#1 mg/L) [17], no single antibiotics hasapproach along with conventional therapies in the
been able to eradicate this organism effectively.treatment of the disease. Options that have been
Currently, a drug combination namely ‘‘tripleconsidered to treat peptic ulcer disease include taking
therapy’’ with bismuth salt, metronidazole and eitherdrugs such as antacids, H -blockers, antimuscarinics,2
tetracycline or amoxycillin with healing rates of upproton pump inhibitors and combination therapy for
to 94% has been successfully used [3,18,19]. Thegastritis associated with H. pylori.
principle of triple therapy is to attack H. pyloriThe eradication of H. pylori is limited by its
luminally as well as systemically. The current treat-unique characteristics. Once acquired, it penetrates
ment is based on frequent administration (4 timesthe gastric mucus layer and fixes itself to various
daily) of individual dosage forms of bismuth, tetra-phospholipids and glycolipids on the epithelial sur-

TMcycline and metronidazole (Helidac Therapy, con-face, including phosphatidylethanolamine [11], GM3
b sisting of 262.4 mg bismuth subsalicylate, 500 mgganglioside [12] and Lews antigen [13]. Therefore,

tetracycline and 250 mg metronidazole). The associ-the organism exclusively resides on the luminal
ated limitations are the complex dosing regimen/surface of the gastric mucosa under the mucus gel
frequency, large amount of dosage forms and re-layer in the acidic environment of the stomach (see
duced patient compliance. Therefore, a successfulthe schematics, Fig. 1). The organism is catalase
therapy not only includes the selection of the rightpositive, oxidative positive and urease positive. As a
drugs but also the timing and frequency as well as
the formulation of the delivery system.

The objective of this study is to develop a new
floatable drug delivery system for controlled delivery
of drugs commonly referred to as ‘‘standard triple
therapy’’. The bismuth salt will rapidly dissolve
while sustained delivery of both tetracycline and
metronidazole will follow. The floating feature is
incorporated for possible prolongation of the gastric
retention time of the delivery system [20–23], thus
increasing localized concentration and effects of the
antibiotics. Schematics of the system design and a
brief description of its associated macroscopic
changes during drug release are presented in Fig. 2.

2. Materials and methods

2.1. Materials
Fig. 1. Schematics of H. pylori location within the stomach. The
bacteria is S-shaped, gram-negative, having flagella and measuring

Poly(ethylene oxides) (PEO, polyox®-WSR) with0.5 to 1.0 mm in width and 2.5 to 4.0 mm in length (for more
6 6detail, refer to reference [14]). average molecular weight of 1310 and 7310 were
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ronidazole, individually and incombination is given
in Table 1. All ingredients were passed through a [
20 US standard sieve, the particulate mixture for
each layer was blended in a cube-mixer for fifteen
min. 0.1% magnesium stearate was added and mixed
for additional five min. The tablets were produced
using a Carver laboratory press (Model C, Fred S
Carver Inc., Wabash, IN) with 10 mm diameter flat
faced tooling. The powder mix of each layer wasFig. 2. Schematic representation of the macroscopic changes
transferred into the die manually, the first and secondassociated with a triple-layer tablet delivery system during disso-
layer were compressed up to 900 lbs and finally afterlution study. a, Initial configuration of the system; b, after

introduction into the dissolution medium the bismuth layer rapidly addition of the third layer the total die content was
dissolves and matrix start swelling; c, system dynamics of compressed to 5000 lbs. The full compression cycle
swelling and erosion; d and e, system erosion leading to complete of one minute was used in each case. In thedissolution.

formulation I (Table 1) in the rapidly dissolving
layer bismuth salt was replaced with an equivalent

received from Union Carbide Corp. (Danbury, CT). amount of lactose to simplify analytical measure-
Hydroxypropylmethyl cellulose (HPMC, Methocel ments. The lactose or bismuth salt containing layer
K4M) was supplied by Dow Chemical Company disintegrated within 10–15 min.
(Midland, MI). Tetracycline hydrochloride and met-
ronidazole were purchased from Sigma Chemical 2.3. In-vitro buoyancy lag time determination and
Co. (St. Louis. MO). Other excipients were of USP floating capacity optimization
or NF grades and the solvents used in HPLC analysis
were of analytical grade. All material were used with The gas-generating layer consisted of 120 mg
no further purification. poly(ethylene oxide) Polyox® WSR-303 (MW573

610 ), 20 mg HPMC K4M, and a mixture of sodium
2.2. Tablet manufacturing bicarbonate: calcium carbonate (1:2 ratio). To de-

termine and optimize the floating lag time and
The formulation composition of a ‘‘triple layer buoyancy duration of the delivery system, 20, 30, 40,

system’’ for delivery of tetracycline and met- 50 and 60 mg gas-generating salt mixtures were

Table 1
Proposed formulation composition for single dose ‘‘triple therapy’’ of Helicobacter pylori

a,bLayer Function Total weight Components Formulation (%, w/w)
(mg)

I II III
61 Swellable gas 200 PEO MW57310 60 60 60

generating layer HPMC K4M 10 10 10
Calcium carbonate 20 20 20
Sodium bicarbonate 10 10 10

62 Swellable / sustainable 500 PEO MW51310 15 15 15
drug(s) containing layer Tetracycline hydrochloride 50 50 0

Metronidazole 25 0 25
Lactose 10 35 60

3 Rapidly dissolving 100 Lactose 38 78 78
cdrug layer Bismuth salts 60 0 0

Ac-Di-Sol 2 2 2
6PEO MW51310 0 20 20

a1% magnesium stearate was used as lubricant in each layer.
bThe solubility of tetracycline and metronidazole in 0.1 M HCl (pH51.8) solution at 378C was 99.7 mg/ml and 24.3 mg/ml respectively.
cBismuth salts was replaced with lactose for simplicity of analysis.
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incorporated into the gas-generating layer while the conditions at a flow-rate of 1.0 ml /min. The absorp-
weight of other formulation components were kept tion wavelength of the detector was set at 280 nm.
constant. The total weight of the entire tablet was Five standard solutions were prepared from the
maintained around 800 mg. The buoyancy lag time original stock solution containing 18.1 mg met-
and the duration of buoyancy were determined in the ronidazole and 36.2 mg tetracycline per 100 ml of
USP 23 dissolution apparatus II in an acid environ- 0.1 M HCl solution (pH51.8). A volume of 20 ml
ment as is outlined in the drug release section. The standard solution was injected for the HPLC analy-
time interval between the introduction of the tablet sis. Each sample was analyzed in four replicates to
into the dissolution medium and its buoyancy to the obtain the statistical data. 20 ml aliquot of sample
top of dissolution medium was taken as buoyancy solution from dissolution studies was directly in-
lag time and the duration of system floatation was jected into the HPLC. A typical chromatogram of the
observed visually. sample is shown in Fig. 3.

2.4. Individual drug release measurements
3. Results and discussion

The in-vitro release studies were conducted in
accordance with USP 23 apparatus II procedure (VK 3.1. In-vitro buoyancy lag time determination and
7000, Vankel Industries, Inc., Edison, NJ) at 378C in floating capacity optimization
900 ml 0.1 M HCl solution (pH51.8). The paddle
speed was 50 rotation per minute. As part of the It has been reported that floating delivery systems
formulation development the initial formulation con- can prolong the gastric retention time and thus
tained either tetracycline or metronidazole (i.e., increase the overall drug bioavailability for certain
formulations II and III). The amount of tetracycline drugs [20–23]. In this work, for greater localized
or metronidazole released from their corresponding effect of tetracycline and metronidazole, the floating
formulations was independently measured on a strategy was taken into consideration in the design of
HP8451A photo-diode array spectrophotometer at delivery system. The floatation was accomplished by
356 and 278 nm respectively. incorporating gas-generating salts such as sodium

bicarbonate and calcium carbonate into a swellable
2.5. Chromatographic analysis of tetracycline and hydrophilic layer (i.e., gas generating layer, see Fig.
metronidazole mixture 2). The overall makeup of this particular matrix is of

swellable hydrophilic polymers. As the dissolution
The concomitant release of tetracycline and met- medium was imbibed into the matrix, the interaction

ronidazole was determined on a high-performance
liquid chromatography method developed in this
study. Samples (2 ml) were withdrawn at 0.5, 1.0,
1.5, 2.0, 3.0, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0 and 7.5 h
during the dissolution process and kept frozen until
analysis. 0.1 M HCl solution (2 ml) was added to the
dissolution vessel after each sampling period to
maintain constant volume.

A Waters gradient HPLC system (model 600E)
with a tunable UV detector (model 486) was used.
The column was a Nova-Pac C-18 (3.93150 mm, 4
micron Waters, Milford, MA). The mobile phase
consisted of a mixture of 0.2 M ammonium oxalate,
diethylformamide, and 0.1 M EDTA. The pH was Fig. 3. A typical chromatogram of tetracycline and metronidazole
adjusted to 6.2 with a 0.4 M tetrabutylammonium mixture. The retention time of 5.23 and 8.78 min represents
hydroxide. All experiments were run under isocratic metronidazole and tetracycline respectively.
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of acidic fluid with sodium bicarbonate /calcium no floatation was achieved below the minimum gas-
carbonate resulted in the formation and entrapment generating quantity of 20 mg within 60 min. Also the
of carbon dioxide gas within the swollen gel thus system was afloat over the entire dissolution period
causing floatation as the matrix volume expanded in each case. The result implied that the thickness of
and its density decreased. It was observed that all the gas-generating layer can vary over a wide range and
tablets ascended to the upper one third of the as a result the desired release duration can be easily
dissolution vessels within a short time, and remained achieved. Since larger tablets might have the po-
floated until the completion of release studies. The tential to stay in stomach for a longer time period
relationships between the amount of gas-generating [23], in this work maximum amount of gas-generat-
salt blends and the buoyancy lag time as well as the ing mixture was incorporated into the gas-generating
duration of system buoyancy are shown in Fig. 4, layer in the formulation as shown in Table 1.
panels a and b. It is observed that the buoyancy lag
time for this system is in the range of 17–28 min and 3.2. Experimental optimization of matrix

formulations for controlled delivery of tetracycline
and metronidazole

The principle of the triple-layer configuration
delivery system has been discussed previously [24].
It consisted of a drug-containing layer sandwiched
with two different barrier layers. The barrier layers
were also designed to erode away at variable rates.
When the matrix system was exposed to dissolution
medium, the rapidly dissolving layer goes into the
solution and the remaining layers start swelling as a
result of fluid ingress. Due to the gradual and
continuous generation of gas in the first layer the
matrix gradually floated [25]. At the same time drug
release rate was controlled by polymer swelling,
matrix erosion, drug diffusion and the gel thickness
dynamics.

Individual triple-layer tablets of tetracycline and
metronidazole were designed (formulation II and III
in Table 1) to float and provide linear and complete
drug release within 8 h. The fraction and amount of
tetracycline and metronidazole released from corre-
sponding triple-layer tablets are presented in Fig. 5,
panels a and b. Both drugs were able to be delivered
at constant rates up to 90% of the total loading dose.

3.3. Design and in-vitro evaluation of delivery
system for the controlled and concomitant release
of tetracycline and metronidazole

Based on the results from individual asymmetric
triple-layer tablets for tetracycline and met-

Fig. 4. The relationship between system buoyancy lag time (a); ronidazole, a triple-layer delivery system containingbuoyancy duration (b) and weight of gas-generating blend.
both drugs was developed (formulation I in Table 1).Calcium carbonate: sodium bicarbonate ratio is 2:1 (n54, error

bar denotes standard deviation). Its schematics as well as the actual matrix photo-



220 L. Yang et al. / Journal of Controlled Release 57 (1999) 215 –222

Fig. 6. Photograph showing (A) the system swelling 15 min after
introduction into the dissolution medium and (B) the disappear-
ance of the rapidly dissolving layer after 30 min during dissolution
process.

and K are constants denoting the significance of2
diffusion-controlled and Case-II transport contribu-
tion respectively. A nonlinear regression analysis of
release data fitted to Eq. (2) was performed (Sigmap-
lot for Windows, version 4.0, Jandel Scientific,
California), and the calculated K and K values were1 2
0.2836 and 0.0398 (K /K 57.1) for tetracycline, and1 2Fig. 5. The release profiles of individual drugs from the proposed
0.2623 and 0.0413 (K /K 56.4) for metronidazole.formulation II and III (see table I). Using USP 23 apparatus II at 1 2
These values indicated that both diffusion and poly-50 rpm and pH of 1.8. Key: (a) Tetracycline fraction (d) and

corresponding amount released (s); (b) Metronidazole fraction mer relaxation-erosion were taking place. Overall,
released (d) and corresponding amount released (s). (n54, error the diffusion mechanism was the dominant process
bar denotes standard deviation). of drug release.

Further inspection of Fig. 7 reveals that the
graph are shown in Figs. 2 and 6. The bismuth layer concomitant release of tetracycline and met-
was intended to disintegrate quickly in the stomach, ronidazole exhibited biphasic patterns. The initial
forming a colloidal suspension to partially cover and release of both drugs overlapped (i.e., the first 2 h),
protect the gastric mucus. However, to simplify the followed by a parallel and sustained delivery for the
analytical assay, bismuth salt was not included in the remainder of the dissolution period. The disappear-
rapidly dissolving layer and replaced with lactose ance of the rapidly dissolving layer together with the
powder. From the in-vitro dissolution studies, the high solubility of tetracycline (99.7 mg/ml in 0.1 M
fraction and amount of tetracycline and met- HCl solution at 378C) and metronidazole (24.3 mg/
ronidazole concomitantly released are shown in Fig. ml in 0.1 M HCl solution at 378C) are the major
7, panels a and b. factors contributing to the initial phase of release.

The drug release mechanism can be best described This is due to the matrix swelling and rapid drug
by the following equation [26]: diffusion. On the other hand, the second phase of

release in addition to drug solubility and formation
1 / 2Q 5K t 1K t (2) of new surfaces can be attributed to the polymer1 2

swelling /erosion characteristics as the disentangle-
where Q is the fraction of drug released at time t, K ment threshold is crossed. Dissolution of hydrophilic1
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Fig. 8. The extent of matrix erosion and concurrent changes in the
6matrix volume of PEO (MW51310 ) compacts as a function of

time.

expected will enhance water uptake and the degree
of polymer erosion.

Fig. 7. Concomitant released fraction of tetracycline (s) and
4. Conclusionmetronidazole (d) (panel a) and released amount of tetracycline

(s) and metronidazole (d) (panel b) in 0.1 N HCl solution at
378C as a function of dissolution time (n53, error bar denotes This study has demonstrated that a triple-layer
standard deviation). technology can be rationally designed for instant

drug release as well as sustained delivery of tetra-
cycline and metronidazole over 6–8 h. The floatingpolymers generally occurs via two distinctive pro-
feature could possibly prolong the gastric retentioncesses, swelling and subsequent erosion (i.e., chain
time of this system to maintain high localizeddisentanglement) at the dissolution front. Transition
concentration of tetracycline and metronidazole. Thisfrom glassy to rubbery phase occurs as a result of
aspect requires further work. The developed deliverywater ingress, leading to the formation of the poly-
system has a potential to increase the efficacy of themer gel. The polymer dissolution occurs once the
therapy for H. pylori associated ulcers and to im-swollen polymeric chains reach a disentanglement
prove patient compliance.threshold value [27,28] at the periphery of gel layer.

Therefore, drug release from swellable polymeric
systems in the late-time period is predominantly
governed by polymer relaxation and erosion. This is References
consistent with the data presented in Fig. 8. There-
fore, the biphasic release pattern observed in Fig. 7 [1] D.Y. Graham, Nonsteroidal anti-inflammatory drugs,
may be attributed to this phenomenon. In addition, Helicobacter pylori and ulcers: where we stand, Am. J.
the incorporation of soluble drugs and excipients as Gastroenterol. 91 (1996) 2080–2086.



222 L. Yang et al. / Journal of Controlled Release 57 (1999) 215 –222

[2] S.J. Rune, History of Helicobacter pylori infection, Scand. J. Helicobacter (Campylobacter) pylori from the bactericidal
Gastroenterol. 31(Suppl. 214) (1996) 2–4. effect of acid, Gastroenterology 99 (1990) 697–702.

[3] A.L. Blum, Helicobacter pylori and peptic ulcer disease, [16] A.T. triebling, M.A. Korsten, J.W. Dlugosz, et al., Severity of
Scand. J. Gastroenterol. 31(Suppl. 214) (1996) 24–27. Helicobacter-induced gastrci injury correlates with gastric

[4] R.P.H. Logan, Helicobacter pylori and gastric cancer, Lancet juice ammonia, Dig. Dis. Sci. 36 (1991) 1089–1096.
344 (1994) 1078–1079. [17] G.N.J. Tytgat, Treatments that impact favorably upon the

[5] H. Inouye, I. Yamamoto, N. Tanida, et al., Campylobacter eradication of Helicobacter pylori and ulcer recurrence,
pylori in Japan: bacteriological fracture and prevalence in Aliment. Pharmacol. Ther. 8 (1994) 359–368.
healthy subjects and patients with gastroduodenal disorders, [18] R.V. Heatley, The treatment of Helicobacter pylori infection,
Gastroenterol. Jpn. 24 (1989) 494–504. Aliment. Pharmacol. Ther. 6 (1992) 291–303.

[6] NIH Consensus Development Panel on Helicobacter pylori [19] A.T.R. Axon, Helicobacter pylori therapy: effect on peptic
in Peptic Ulcer disease, Helicobacter pylori in Peptic Ulcer ulcer disease, J. Gastroenterol. Hepatol. 6 (1991) 131–137.
Disease. JAMA 272 (1994) 65–69. ¨[20] H.M. Ingani, J. Timmermans, A.J. Moes, Conception and in

[7] B.J. Marshall, J.R. Warren, Unidentified curved bacilli in the vivo investigation of peroral sustained release floating dos-
stomach of patients with gastritis and peptic ulceration, age forms with enhanced gastrointestinal transit, Int. J.
Lancet 1 (1984) 1311–1315. Pharm. 35 (1987) 157–164.

[8] A. Lee, The nature of Helicobacter pylori, Scand. J. Gas- ¨[21] J. Timmermans, A.J. Moes, Factors controlling the buoyancytroenterol. 31(Suppl. 214) (1996) 5–8. and gastric retention capabilities of floating matrix capsules:[9] G.N. Tytgat, Current indications for Helicobacter pylori new data for reconsidering the controversy, J. Pharm. Sci. 83eradication therapy, Scand. J. Gastroenterol. 31(Suppl. 215) (1994) 18–24.(1996) 70–73.
[22] W. Erni, K. Held, The hydrodynamically balanced system: a[10] M.P. Cooreman, P. Krausgrill, K.J. Hengels, Local gastric

novel principle of controlled drug release, Eur. Neurol. 27and serum amoxicillin concentrations after different oral
(1987) 21–27.application forms, Antimicrob. Agents Chemother. 37 (1993)

¨[23] A.J. Moes, Gastroretentive dosage forms, Crit. Rev. Ther.1506–1509.
Drug Del. Syst. 10 (1993) 143–195.[11] B.D. Gold, M. Huesca, P.M. Sherman, et al., Helicobacter

[24] L.-B. Yang, R.A. Fassihi, Zero-order release kinetics from amustelae and Helicobacter pylori bind to common lipid
self-correcting floatable asymmetric configuration drug deliv-receptors in vitro, Infect. Immun. 61 (1993) 2632–2638.
ery system, J. Pharm. Sci. 85 (1996) 170–173.[12] B.L. Slomiany, J. Piotrowski, A. Samanta, et al., Campylo-

[25] R. Fassihi, L. Yang, US Patent 5,783,212, July, 21 (1998).bacter pylori colonization factors shows specificity for
[26] R.S. Harland, A. Gazzaniga, M.E. Sangalli, et al., Drug/lactosylceramide sulfate and GM3 ganglioside, Biochem.

polymer matrix swelling and dissolution, Pharm. Res. 5Internat. 19 (1989) 929–936.
(1988) 488–494.´[13] T. Boren, P. Falk, K.A. Roth, et al., Attachment of

[27] A.T. Pham, P.I. Lee, Probing the mechanism of drug releaseHelicobacter pylori to human gastric epithelium mediated by
from hydroxypropylmethyl cellulose matrics, Pharm. Res. 11blood group antigens, Science 262 (1993) 1892–1895.
(1994) 1379–1384.[14] D.H. Balaban, D.A. Peura, Helicobacter pylori-associated

peptic ulcer and gastritis, in: J.T. LaMont (Ed.), Gastroin- [28] L.-B. Yang, R. Fassihi, Examination of drug solubility,
testinal Infections, Diagnosis and Management, Marcel polymer type, hydrodynamics and loading dose on drug
Dekker, New York, 1997, pp. 29–69. release behavior from a triple-layer asymmetric configuration

[15] B.J. Marshall, L.J. Barrett, C. Prakash, et al., Urea protects delivery system, Int. J. Pharm. 155 (1997) 219–229.


