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Abstract

Metronidazole, tetracycline HCI and famotidine are commonly used for the treatméi#elicbbacter pyloriassociated
peptic ulcer. In this paper, stabilities of these drugs and their combinations in solid and liquid states were studied as part of
preformulation in the development of a combination drug delivery system. Solubility studies of metronidazole and tetracycline
HCI were investigated, which indicated that both metronidazole and tetracycline HCI have high solubilities at and around pH
2.0. Metronidazole is relatively stable with little degradation in liquid phase. Tetracycline HCI in the dry state is stable when
stored at room temperature regardless of exposure to light or humidity in the range of 20-65%. Enhanced temperature associated
humidity effect was responsible for the instabilities of tetracycline HCl and famotidine to different extents. Elevated temperature
accelerated the degradation of all the drugs in liquid phase but light exposure was not a factor for the degradation. The degradation
processes of tetracycline HCl and famotidine were highly dependent on the pH of the solution, and relatively stable profiles were
achieved at pH 4.0. No potential incompatibility between the drugs under storage conditions was observed in the development
of a new multi-drug delivery tablet.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Freston, 199y Approximately 90-100% of patients
with duodenal ulcers and 70-90% of patients with gas-
Helicobacter pyloriis identified as the dominant tric ulcers have been infected Iby. pylori (Balaban
factor in the causes of peptic ulcévélfertheiner and and Peura, 1997; Faigel and Melnyk, 1998ntibi-
otics have been strongly recommended by the National
"+ Corresponding author. Tel.: +1 215 707 7670; Institute of Health (NI_H_) Malfertheiner anql Fr_eston, _
fax: +1 215 707 3678. 1997 and several antibiotics-based combination regi-
E-mail addressreza.fassihi@temple.edu (R. Fassihi). mens for the treatment &f. pylori-related peptic ulcers
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have been approved by the Food and Drug Adminis-
tration (FDA) because of their effectivene&alaban
and Peura, 1997

Metronidazole and tetracycline HCI are two antibi-
otics used along with bismuth in a triple therapy that is

et al.,, 1997; Murray et al., 1998; Yao and Moeller-
ing, 1999, and famotidine Cooper et al., 1990; Piper

et al., 1997; Karalliedde and Henry, 1998; Lacy et
al., 2001; Schrefer and Nissen, 2001; The Merck
Index, 200}, have been well investigated. In addi-

believed to be one of the most effective regimens in the tion, owing to the commercial availability of these

eradication oH. pyloriand is used as a “gold standard
therapy” Balaban and Peura, 199 However, poor pa-
tient compliance significantly reduces the healing rate,

and the frequency of dosing, side effects and large num-

dosage forms as single tablets or capsules they appear
to be relatively safe and can be given as combination
product.

However, when combinations of drugs are used in

ber of tablets to be taken daily (e.g. 16 tablets/day) are one formulation, chemical incompatibility issues be-

some of the main concernBl@lferteiner, 1996; Unge,
1996; Howden, 1997

come one of the most important factors influencing
drug stability. Interaction may take place either among

To overcome these deficiencies, a three-layered ma-different active ingredients or active ingredient and ex-

trix tablet based on the gold standard triple therapy
with a supplement of an Hreceptor anatagonist has

been developed in our laboratory utilizing the prin-
ciple of geometrical modification of monolithic ma-

trix along with gastroretentive delivery strategies. This
novel formulation approach provides for simultane-
ous delivery of the four actives with different release
rates to potentially improve the therapeutic outcome

cipients within the formulation, and can be classified
as physical or chemical incompatibility according to
the mechanism of interaction. The former is always
shown as precipitation, complexation, color change,
etc., while the latter is chemical reactions, including
decomposition.
In view of the stability of the pharmaceutical sub-

stances, an adequate stability study is necessary and a

and enhance patient compliance by overcoming the requirement prior to submission to the Food and Drug

aforementioned limitations. However, one major con-
cern in design of such delivery system from prefor-
mulation point of view is the possible incompatibili-

Administration (FDA). In addition, the United State
Pharmacopoeia (USP) requirements and the Interna-
tional Conference on Harmonization (ICH) guidelines

ties between metronidazole and tetracycline HClwhen all provide various techniques that are widely used

combined in a single layer of three-layered matrix
tablet.

The stability and compatibility of the active ingre-
dients are an important concern in the preformulation

to monitor the possible decomposition pathways and
degradation products. Understanding of the nature of
active compounds in a combination formulation is the

essential component of a successful product develop-

studies that are conducted during the early stagesment.

of dosage form development. Drug substances can
undergo the decomposition processes via hydrolysis,

oxidation, photolysis, etc. Furthermore, isomerization,
including epimerization, is also grouped into this
category of decomposition in terms of pharmaceutical
instability. For instance, the formation of epitetracy-
cline HCI is the indication of decomposition of its
parent drug tetracycline HCI.

More importantly the stability, physical and chem-
ical compatibility is the primary concern when fac-
ing complicated combinations of drugs in the design
of the three-layered matrix tablet. Therefore, the sta-
bilities of different drugs and their combinations in
solid and liquid states, normal and accelerated condi-
tions were studied in this work. The solubility studies
of metronidazole and tetracycline HCI were initially

The physicochemical characteristics, as well as the investigated, as this drives the formulation and dis-
pharmacological and pharmacokinetic parameters of solution studies of the proposed three-layered matrix

the drugs of interest, i.e. metronidazoWwdgarley and

Anthony, 1984; Moreau, 1995; Erah et al., 1997; Jones

et al., 1997; Scheibel and Dyke, 1997; Yao and Moel-
lering, 1999; The Merck Index, 2001; Van der Wouden
et al., 2001; Bakshi and Singh, 2003etracycline

HCI (Ali, 1976; Moreau, 1995; Corrall, 1997; Jones

tablet.

Furthermore, evaluation of the stabilities of com-
bined granulation of metronidazole and tetracycline
HCI, and the granulation of colloidal bismuth subcitrate
(CBS) and famotidine was performed by the developed
and validated HPLC method.
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2. Materials and methods
2.1. Materials and instrument
Metronidazole (Farchemia, Italy), tetracycline HCI

(Sichuan Pharmaceutical Co., Ltd., China), famotidine
(Spectrum, NJ) and CBS (MCP, CT) were the active

3

profiles for both metronidazole and tetracycline HCI at
different pHs were calculated and constructed accord-
ing to the datar{=2) from HPLC analysis.

2.3. Stability and compatibility of drugs in solid
state

agents. The standard samples of metronidazole and Granules of metronidazole and tetracycline HCI

tetracycline HCI (USP) were purchased from Spec-
trum, NJ. Polyvinylpyrrolidone K-25 (PVP, Plasddhe
ISP, NJ) and sodium carboxy methylcellulose (Na-
CMC, Amend, NJ) inlow viscosity (31 cps of 2% water
solution) were used as binder in wet granulation.

Methanol (MeOH) and monobasic potassium phos-
phate (KRPQy) were purchased from Spectrum, NJ,
phosphorous acid (#P0y), hydrochloric acid (HCI)
and nitric acid (70%) from J.K. Backer, NJ, sodium
hydroxide (NaOH) from Amend, NJ. All the solvent
and chemicals applied for HPLC were HPLC grade and
the remaining were analytical grade agents. Deionized
water was used in the study.

An HP-1050 series HPLC (Hewlett-Packard, DE)
with a UV detector and a Supelcod LC-18 col-
umn (4.0 mmx 150 mm, Sum, Supelco, USA) were
used to perform analytical work. An Accumet 25 pH
meter (Fisher Scientific, USA) was used to test pH
of solutions. An oscillating sieve machine (Erweka,
AR400, Germany), and an air oven (Thelco, GCA,
USA) were used for the granulation. Sterifil filter sys-
tem and Millex AH filter membrane were also used in
the study (Millipore, Bedford, MA).

2.2. Solubility study of metronidazole and
tetracycline HCI

At room temperature (22XC), saturated solutions
were made by dissolving excess amounts of metron-
idazole or tetracycline HCI into buffer solutions with
pH ranging from 1.2 to 8.0, which covers the normal
pH range of the human gastrointestinal tract. The pH
of the solution was adjusted by hydrochloric acid and
sodium hydroxide. Small volumes of these solutions
were filtered and diluted as necessary.

These were injected onto g&column and eluted
with the mobile phase comprised of methanol-50 mM
KHoPO, pH 2.5 (40:60, viv) at a flow rate of
1.0 ml/min. Metronidazole and tetracycline HCI were
determined simultaneously at 280 nm. The solubility

were made using a wet granulation method by adding
5% polyvinylpyrrolidone (PVP) into the blend of pow-
ders of metronidazole and tetracycline HCI (1:1, w/w),
and sieving with an oscillating granulator. Granules
were dried at a temperature of 80. Dried granules
were re-sieved, divided into several parts, precisely
weighed, distributed into small storage bottles (open,
closed, brown and transparent glass containers) and
stored under different conditions (room temperature
and refrigerated) respectively as describediable 1

Triplicate samples were withdrawn at predeter-
mined time intervals, accurately weighed and dis-
solved in water to a known volume. Sample solutions
were filtered through a 0.4bm filter, and analyzed by
HPLC at 280 nm using a mobile phase consisting of
methanol-50 mM KHPQy, pH 2.5 (40:60, v/v) at a
flow rate of 1.0 ml/min.

Additional batches of granules of metronidazole and
tetracycline HCIl were made for the stability tests un-
der accelerated conditions, with a 3% (w/v) of sodium
carboxy methylcellulose was used as binder. The same
procedures were applied to the granulation of famoti-
dine and CBS (1:20, w/w), with the binder concentra-
tion of sodium carboxy methylcellulose at 1% (w/v).
Dried granules were sieved, divided into small quan-
tities and accurately weighed. Samples were placed
in a capped glass container which contained saturated
sodium chloride solution to create a 75% relative hu-
midity environment Ryqvist, 1983, and then stored
in a constant temperature water bath at@0

Samples (triplicate) were removed at predetermined
time intervals. Metronidazole and tetracycline HCI
granules were dissolved in 10ml of 0.1 N HCI and
instantly diluted to 500 ml of water. Sample solu-
tions were filtered through a 0.48n filter. Gran-
ules of famotidine and CBS were dissolved in 50 ml
of HCI buffer (USP, pH 2.0) and filtered with Ster-
ifil filter system to remove the precipitated bismuth
salt. The filtrate was diluted when required and ana-
lyzed by HPLC at 280 nm. Mobile phase comprised
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Table 1

The storage conditions of metronidazole and tetracycline HCI granules

Sample no. Transparent Brown Open Closed Room temperature Refrigerated
A + + +

B + + +

C + + +

D + + +

E + + "

of methanol-acetonitrile-50 mM KiPOy, pH 2.5 ubility ata pH < 2.0. For example, at room temperature,
(10:15:75, viviv) at flow rate of 1.0 ml/min was se- pH 1.2, the solubility of metronidazole and tetracycline
lected in order to get best resolution of all analytes and HCI were 64.80 and 57.96 mg/ml, respectively. The

potential degradation compound(s). high solubility values at pH 1.2 masked the influence

of temperatures on solubility. However, the solubility
2.4. Stability and compatibility studies of drugs in of tetracycline HCI, being an amphoteric drug, demon-
liquid state strated a parabolic relationship showing minimum sol-

ubility around pH 3.0-6.0 and high solubilities in both
Drug solutions were prepared at the concentrations the low acid and alkaline range. This may be the result
similar to the amount in the proposed formulations as- of multiple pKa values that tetracycline HCI possesses
suming complete dissolution. Approximately 250 mg
of metronidazole, 250 mg of tetracycline HCI, and Table2
10 mg of famotidine were dissolved into 1000 ml of Stability studies in liquid state under various conditions
USP buffer solution, respectively. The mixture of drugs Sample  Storage conditions

W?th identical concentrations as well as the mixture pH2.0 pH4.0 pH6.0 Light Dark 37TC 25°C
with a supplement of 200 mg CBS were also prepared T -
. h . . etracycline HCI
to investigate the effect of combination of drugs on 1 + + +
the aqueous stability by comparing with the treatments 12 + + +
containing single drug. T3 + + +
Prepared solutions were stored at different condi- T4 * ot
tions including different pH values, temperature, light 12 * . : :
and dark (se@able 9. Buffer solutions were prepared  \jetronidazole
atpH 2.0, 4.0, and 6.0 (USP), and water baths were set M1 + + +
at 37 and 25C, respectively. A florescence lampwas M2+ + +
utilized to provide light condition, and aluminum foil, M3+ + *
. M4 + + +
brown paper and chamber cover were used to provide M5 . N N
a dark environment. M6 + " +
Famotidine
F1 + + +
3. Results and discussion F2 + + +
F3 + + +
3.1. Solubility study of metronidazole and Eg * . N
tetracycline HCI 6 + + 4
Mixture
The pH solubility profiles for metronidazole and TMF  + + +
tetracycline HCI are shown iRig. 1 Overall, the sol- TMFB + + +

ubility Of' metronidazole is significantly higher than  Number represent different treatment under defined storage condi-
tetracycline HCI at all the determined pH values. Both tion. Letters reflected drug(s) involved in the treatment, i.e., T: tetra-
metronidazole and tetracycline HCl exhibited high sol- cycline HCI; M: metronidazole; F: famotidine; B: CBS.
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Fig. 1. The effect of various pH values on solubility of metronidazole chromatographic peaks were detected and no signifi-
(upper) and tetracycline HCI (lowen) € 2). cant variation in peak area was observed.

The slight decrease of the relative amount of tetra-
(Ali, 1976). Metronidazole, being a weak base, appears cycline HCI may be due to the incomplete extraction
to dissolve maximally around pH 2.0. of drug from granules possibly due to the binder ef-
fect. Lowering the pH of the solution always increased
the relative amount of tetracycline HCI due to greater

3.2. Stability and compatibility of drugs in solid ¢
solubility of the drug at low pH.

state

3.2.1. Stability and compatibility of metronidzole 3.2.2. Stability studies of metronidazole,

and tetracycline HCl in solid state under mild tetracycline HCI, and famotidine in solid state
conditions under accelerated conditions

After 8 weeks evaluation, the experimental results In this study, the stability studies are based on the
showed that in the solid state, metronidazole and drug combinations where drug—drug compatibility in-
tetracycline are compatible in the granular form under stead of single drug is performed using indicating
all storage conditions selected. When compared to HPLC methods.
the initial amount of analytes, there were no apparent  Drugs were separated into two sets as their ap-
decreases over a period of storage time and no pearance in the different release layers of the pro-
significant differences in drug stability when granules posed three-layered tablet. This includes the mixture of
stored in brown or clear container at refrigerated metronidazole and tetracycline HCI in one layer in the
temperature (4C) or room temperature (2%), and form of a monolithic tablet, and famotidine and CBS in
open or closed conditior{(g. 2). another layer. The solid-state stability study of the four

Chromatograms also provide the evidence that there actives was conducted on the granules rather than the
was no degradation of analyte for either initial or final tablets. Test was performed over 3 months under the
samples over a long storage time since no additional accelerated condition (4@, 75%RH). The stability



6 Y. Wu, R. Fassihi / International Journal of Pharmaceutics 290 (2005) 1-13

1004 Table 3
o =3 —3 Degradation rate constant, % remaining after 7 days and half-life for

— & e "

£ drugs in solid state under stress condition
(=
'g 80 4 Sample k(perday) % Remaining ti (day)
&» after 7 days
= —#— Metronidazole Metronidazole 0.0003 98.980.76 2310
§ 1 |- TetrecycineHol Tetracycline HCl  0.0020 98.851.33 346
32 —&— Famofidine Famotidine 0.0061 96.920.61 114

40 . : : : .

0 20 40 60 80 100 . ) ]
Time (day) andin accordance with zero-order or pseudo-first-order

kinetics with very slow degradation rate constant (see
Fig. 3. Stability studies of metronidaole, tetracycline HCI, and famo-  Table 3. Accordingly, the degradation rate constant for

tidine in solid state under accelerated conditions°@075%RH) each drug was calculated and the degradation half-life
over 90 daysi(=3). was calculated according to the pseudo-first-order
kinetics.

profiles of metronidazole, tetracycline HCI, and famo-

tidine are presented frig. 3. 3.3. Liquid state stability and compatibility studies
From the results it appears that metronidazole dis- of metronidazole, tetracycline HCI, and famotidine

played good stabilities in solid state under the acceler-

ated conditions (40C, 75%RH) over 3 months. 3.3.1. Stability of metronidazole, tetracycline HCI,
Tetracycline HCI was sufficiently stable under nor- and famotidine in aqueous solutions

mal storage conditions but under accelerated study un-  In liquid phase and acidic condition, metronidazole

derwent slow degradation over the 3 months period of demonstrated to be relatively stable, although a

studies. Results further indicated that high temperature very slight decrease in metronidazole was observed.

and humidity both facilitate tetracycline HCIl degrada- However, no new peaks were presented in the chro-

tion. matograms to indicate the possible degradation by
The granules containing tetracycline HCI gradually products. This finding was consistent with other publi-

changed color from light yellow to brown and dark shed HPLC and MS studies which demonstrated slight

brown after exposure to the humidity and heat over decomposition of low molecular weight compounds

20-30 days. Results also indicated that light, which is in the presence of aciBékshi and Singh, 2003

the well-known factor responsible for color transfor- The stability profiles as a function of time are shown
mation of tetracycline HCI, is not the only factor to in Fig. 4 Overall, the degradation of metronidazole is
cause color changes. slow and negligible and there is no significant differ-

Under the given accelerated conditions, a relatively ence under different conditions over 15 days. Results,
rapid degradation was also observed in the samplesindicate that metronidazole demonstrated excellent sta-
containing famotidine. The rate of degradation profile bility in aqueous solutions.
for famotidine demonstrated that famotidine was the  The process of degradation of tetracycline HCI at
least stable drug among the tested active ingredientspH 2.0, 25°C, and light conditions in the first 7 days
when subjected to accelerated storage conditions. however were apparent. The degradation profiles were

Itis widely accepted that most drug degradations of significantly different in the samples under different
drug substances follow the first-order kinetics. How- storage conditions as shownhig. 5and formation of
ever, determination of the exact degradation kinetics in epitetracycline HCI from tetracycline HCl is shown in
a complex nature of this formulation becomes difficult Fig. 6.
to estimate although not impossibMdrtin, 1993. It has been reported that small amounts of epite-

By analyzing the kinetics of degradation, tetra- tracycline and anhydrotetracycline could be found in
cycline HCI and metronidazole appear to follow the new tetracycline preparations and that the formation of
pseudo-first-order degradation. Metronidazole, as these degradants can be retarded but cannot be elim-
shown inFig. 3, demonstrated negligible degradation inated even when stored under ideal conditiof, (
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Fig. 4. Stability of metronidazole in liquid state undervarious storage -

conditions over time. Upper and lower plots represent the data in

normal and natural logarithm scales, respectively. Refer to Table 2 Fig. 5. Stability of tetracycline HCI in liquid state under various

for specific storage conditions of different samples. storage conditions over time. Upper and lower plots represent the
data in normal and natural logarithm scales, respectively. Refer to
Table 2for specific storage conditions of different samples.

1976. Our initial HPLC analysis demonstrated that
the standard samples of tetracycline HCI contains more ~ The stability profiles of famotidine versus time in
than 98.0% of tetracycline HCl and less than 1.64% of aqueous solution under various conditions are pre-
epitetracycline HCI. sented inFig. 7. Figures indicate that the stability of

It was observed that epitetracycline HCl in T1, T3, famotidine is strongly dependent on the changes of
TMF, and TMFB was formed and increased with time temperature and pH in aqueous solutions and appears
in a zero-order manneF{g. 6). The parabolic profiles

were also observed for treatments T2, T4, T5, and T6, 5 40+

which exhibited a rapid increase, followed with a flat & -

(T2, T4, T5) or slow descent (T6). It is apparent that 5 301 ——T3

the elevated temperature and pH, regardless of light 5 :E

or dark condition, initially increased the formation of T 204 —o—T6

epitetracycline HCI. At the same time it is possible £ :m;

that the formed degradation compound might be trans- § 101

formed back to its parent drug or may further degrade %

into other compounds resulting in the profile descent. U'E} 0 ‘
Famotidine was the least stable compound in this s 20

drug combination system. Degradation chromatograms Time (day)

of famotidine demonstrated that famotidine stored in Fig. 6. Epitetracycline HCIformation from tetracycline HClin liquid

the aqueous solution at pH 2.0, 25 and under light state under various storage conditions over a period of timres}.
conditions is extremely unstable. Refer toTable 2for specific storage conditions of different samples.



8 Y. Wu, R. Fassihi / International Journal of Pharmaceutics 290 (2005) 1-13

g 120 —a—F1 @ 404 —— M1 (Light 25C)
B —e—F2 Q —e— M2 (Light 37C)
E 100 —a—F3 _-g 100 —a— M3 (Dark 25C)

—e—F4 &
Uﬂ_! 80 A 5 g 99 —O—M4 (Dark 37C)
S 60l —o—F6 % 98
2 —A—TMF 5
‘E 404 —o—TMFB o 97
' £
g 20 1 £ 9

1S
lIc 0 . o 954 T ! s
S0 2 4 6 8 T o 5 10 15
3 o= "
Time (day) 2 Time (day)

@ = —m—T1 (Light 25C)
= - Fi €120 —e— T2 (Light 37C)
2 55 ® —A— T3 (Dark 25C)
£ £ 100 —O—T4 (Dark 37C)
© ——F3 S,
- —o—F4 g &0
=4 —=Fs 3 e
£ —o—F6 -
= © 40
© —a— TMF o
GEJ —o—TMFB g 20
o ‘T
® g 0~ g : -
s 2-0 % 0 5 10 15
5 2 Time (day)

Time (day)

-
n
o

—m—F1 (Light 25C)
—o—F2 (Light 37C)
—A— F3 (Dark 25C)
—o—F4 (Dark 37C)

Fig. 7. Stability of famotidine in liquid state under various storage
conditions over time. Upper and lower plots represent the data in
normal and natural logarithm scales, respectively. Ref@iatde 2

for specific storage conditions of different samples.

-
(=3
o

to be independent of exposure to light. The presence of
other drugs in the study did not influence on the stabil-
ity of famotidine and overall result show good chemical
compatibilities.

n
o o
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o
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-
n
A
B
w

Time (day)

3.3.2. Effects of light and temperature on stability

The combined effects of Iight and temperature on Fig. 8. Effects qflightand t_emperature on stgb_ility of metronidazole
the drug stability were investigated on samples stored (OP): tetracycline HCl (middle), and famotidine (botton=(3).
. .. Refer toTable 2for specific storage conditions of different samples.
in buffer at pH 2.0. The plots of percentage remaining
of metronidazole, tetracycline HCI, and famotidine as
a function of storage time are shownkiy. 8. All the tested drugs except metronidazole, un-

It was noticed that the degradation in the samples derwent different degrees of degradation when sub-
containing the different drugs was independent of light, jected to thermal stress. In all the samples tested,
but was accelerated by the temperature increase. Forthere was no evidence of light-induced drug decom-
example, similar profiles were obtained in T1 (25 position.
light) and T3 (25'C, dark), and T2 (37C, light) and The results obtained for metronidazole in this study
T4 (37°C, dark), respectively when stored at same tem- were in conflict with reported literaturdBékshi and
perature regardless of exposure to the light. However, Singh, 2003, where it is stated that metronidazole un-
the increased storage temperature in T2 and T4 resulteddergoes photolysis under photolytic conditions.
in a faster degradation compared to the samples TLand Based on the results presented here it is evident that
T3 that were stored at lower temperature. none of the drugs tested show sensitivity to light, how-
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ever, generally it is prudent to protect drugs against
excessive light exposure.

3.3.3. Effect of pH on stability of drugs in the
liquid state

The percentages remaining of metronidaozle, tetra-
cycline HCI, and famotidine versus the storage time are
plotted and shown ifrig. 9.

It is apparent that pH value of the agueous solution
was the critical factor on the stability of all three of
the drugs. Overall, metronidazole was relatively stable
under all the pH conditions. Only small variations be-

—m—M4 (pH 2.0)
—&— M5 (pH 4.0)
—A— M8 (pH 6.0)

-
o
=

% Remaining of Metronidazole
w w w (] ;
D ~ @ o (=]

w
(&}
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Fig. 9. Effects of pH on stability of tetracycline HCI (top), metron-
idazole (middle), and famotidine (bottonm) £ 3). Refer toTable 2
for specific storage conditions of different samples.

tween the profiles were observed. Specifically, pH 4.0
provided the most stable condition, while slight accel-
eration of the degradation was noticed in either pH 2.0
or 6.0 conditions, which is in agreement with published
report Erah et al., 19917

The results provide assurance that metronidazole
will remain stable during the dissolution studies under
all conditions.

The degradation profiles of tetracycline HCl demon-
strated that the stability of tetracycline HCI was
strongly dependent on the pH of the solution. Degra-
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Fig. 10. Effects of drug combination on stability of tetracycline HCI
(top), metronidazole (middle), and famotidine (bottom¥@). Refer
to Table 2for specific storage conditions of different samples.
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dation profiles from different pHs exhibited significant 3.3.4. Effect of drug combination on stability in
differences in their degradation kinetics. In all the sam- the liquid state
ples, the most rapid degradation occurredatpH2.0,and The effect of drug combination on drug stability
followed by the sample stored at pH 6.0. The sample was investigated on samples stored at@%nd un-
that retarded the process of degradation was achievedder light conditions. The plots of percentage remain-
at pH 4.0. These observations are consistent with pH ing of metronidaozle, tetracycline HCI, and famotidine
solubility profile of tetracycline HCI which behaves combination during storage time are giverHig. 10
similar to amphoteric substances. The results showed that mixture of metronida-
Therefore, both metronidazole and tetracycline HCI zole and tetracycline HCI would not cause incompati-
demonstrated their greatest stability around pH 4.0. It bility.
should be noted that in an in vivo situation the reduced  Tetracycline tends to form a complex (chelate) with
acidity of the environment created by famotidine would many metal ions and this formation will interfere with
enhance tetracycline stability and efficacy agalst  drug absorptionAli, 1976; Mayersohn, 1996; Corrall,
pylori (Malferteiner, 1996; Balaban and Peura, 1997; 1997; Yao and Moellering, 1999ccordingly, a major
Howden, 1997; Seppala etal., 2000; Dore et al., 2002 concern is the possible complexation between bismuth
Hence, the absorption of famotidine may increase gas- salt and tetracycline, which may result in a decrease in
tric pH to or greater than 4.0 which could be conducive availability of free tetracycline for both local effect as
to greater efficacy of drugs delivered locally. well as absorption.

Famotidine
Metronidazole
Epitetracycline HCI
Tetracycline HCI

BWw =

0 25 5 min

Fig. 11. Chromatograms of sample (TMFB) stored at pH 2.02&nd light conditions after 0, 3, and 7 days, respectively. Note the disappearance
of peak 1 after 7 days and changes in peaks 3 and 4 on days 3 and 7.
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Recent reportHealy et al., 199¥investigating the Table 4
possible interaction between tetracycline and bismuth Degradation rate constants, % remaining after 1 day, and half-life for
subsalicylate along with metronidazole used for the drugs in liquid state under various storage conditions
treatment ofHelicobacter pyloriinfections provides =~ Sample  k(perday) % Remaining after 1 day ty (day)

valuable information. Both in vitro and in vivo data T1 0.0197 985+0.17 3518
indicated that the bismuth salt was not responsible for ;g 8%?3% gg‘z‘ig-;g 3322
the qbserved decrea;e of tetracychne bloayallablllty by T4 0.1275 85594 0.27 544
forming a complex with tetracycline as previously pos- 15 0.0403 9282+ 0.39 1720
tulated. T6 0.0749 8917+0.44 Q25

In the liquid state stability study, an apparent de- Tmf 0.0097 9919+0.23 3094
crease of tetracycline HCI in combination with other mfb g-gcl)ig 13@2:8-2; 32‘;83
drugs mclud_mg CBS (TMFB) was observed when M2 0.0025 9%540.12 27720
compared with drug samples alone (T1) or when com- 3 0.0015 9946+ 0.25 46200
bined with drugs without the bismuth salt (TMB). M4 0.0026 10014+ 0.47 26654
The decrease was insignificant initially, however, it in- M5 0.0016 993+0.21 43313
creased significantly with the passage of time. It is as- M@ 0.0023 9913+ 0.06 30130
sumed that tetracycling HCI might be physically ad- Mb glggﬁ 188;?18:% igig
sorbed to the CBS as its extremely large surface areag, 0.3410 787+ 0.32 203
with a delayed equilibrium, as there was no appar- F2 1.0642 3746+ 0.63 065
ent decrease of tetracycline HCI during the first day, F3 0.3625 787+0.53 191
this kind of complex formation will not impact drug Eg é-égig gggig-gg 1532(1)
release during dissolution studies from the proposed F6 0.0059 9F0L 035 11746
three-layered tablet. tmF 0.3305 8772+3.01 210

The chromatograms of the samples containing four tmrb 0.3092 8424 0.65 224

drugs (TMFB) are shown ifrig. 11 Figure clearly

demonstrates that metronidazole is stable, however,

famotidine and tetracycline HCI show changes in shape

and size of the chromatograms. Both tetracycline and profiles and comparing the regression coefficient

epitetracycline peaks change while famotidine peak values R) among pseudo-first-order and zero-order ki-

disappears after 7 days with formation of a new peak netics, it is apparent that almost all the degradation

close to that of metronidazole (sEig. 11, data for day profiles followed the pseudo-first-order kinetics. Con-

3and 7). sequently, the degradation rate constants, percentage
The degradation profiles for the sample containing of drug remaining after 1 day, and half-lives of the

the combination of the drugs did not show a signifi- drugs in different samples were calculated as shown in

cant difference with the one containing the drug alone. Table 4

Tetracycline HCI exhibited a small decrease after con-

tact with CBS after 1 day which does not constitute a

major problem in this work. Accordingly based on the 4. Conclusions

above drug incompatibility and degradation profiles, it

is evident that during dosage form development and  The results from the solubility study indicate that

release evaluation drugs remain stable and compatibleboth metronidazole and tetracycline HCI showed good

in actual formulation design and delivery system. solubilities at low pH. Therefore it should be fairly
easy to combine these drugs together into a core layer
3.3.5. The kinetic of the drug degradation of the three-layered tablet that will release these two

By comparing the regression coefficient values antibiotics simultaneously in the acidic environment
(R) of degradation profiles plotted in logarithmic of the stomach.
scale (pseudo-first-order kinetics) with the ones in The results of the stability studies in solid state in-
normal scale (zero-order kinetics) the degradation dicated that metronidazole and tetracycline HCI were
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stable in the dry state when stored at room temperature
regardless of exposure to light or humidity in the range
of 20—-65%. Under accelerated conditions, the elevated
temperature and humidity were only responsible for
the instabilities of tetracycline HCI and famotidine to
different extents. No potential incompatibility between
the drugs in granular forms was noted under the various
storage conditions.

Degradation rate of drug stored in liquid phase was
particularly by hydrolysis. Metronidazole is relatively
stable material, with insignificant differences observed
between the degradation profiles of various samples

tested. Elevated temperature accelerated the degrada-

tion of all the drugs, however, light exposure was not a

factor for the degradation. The degradation processes

of tetracycline HCl and famotidine were highly depen-
dent on the pH of the solution, although relatively sta-
ble profiles for the drugs were achieved at pH 4.0. In
general in solid state and well-protected storage condi-
tions combinations of metronidazole and tetracycline
HCI, famotidine along with bismuth subcitrate does not
present any major problem in the development of a new
multi-drug delivery system.
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