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Abstract

The H2-receptor antagonist ranitidine has previously been shown to be a substrate for colonic bacterial metabolism.
The objective of the present study was to assess the in vitro stability of the other H2-receptor antagonists, cimetidine,
famotidine and nizatidine, to colonic bacteria. One hundred milligrams of each drug were introduced into individual
batch culture fermenters (100 ml) consisting of buffer medium inoculated with freshly voided human faeces (10%
w/v). Control experiments, equivalent drug quantities in buffer medium without the presence of faeces, were also run
in parallel. Samples were removed at set time intervals over a 24 h period and were subsequently analysed by HPLC.
A selection of the samples removed from the fermenters was also subjected to analysis by UV spectroscopy and mass
spectrometry. Following an initial dissolution phase in the fermentation system, a marked decline in nizatidine
concentration was noted over time with virtually no drug remaining after 12 h, thereby suggesting degradation and
metabolism of the drug by colonic bacteria. No such decline in concentration was noted for cimetidine or famotidine
or for any of the drugs in the control buffer systems. The metabolic reaction pathway for nizatidine was complex,
although UV and mass spectrometry analysis indicated that metabolism was initiated via cleavage of an N-oxide bond
within the molecule. These results in combination with those obtained from a previous study indicate that of the four
commercially available H2-receptor antagonists, nizatidine and ranitidine are susceptible to metabolism by colonic
bacteria, which in turn has ramifications for drug delivery and absorption. © 2002 Elsevier Science B.V. All rights
reserved.
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1. Introduction

Prior to reaching the systemic circulation, an
orally administered drug must firstly dissolve in
the fluids of the gastrointestinal tract and then
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traverse the gastrointestinal mucosa. Apart from
these solubility and permeability issues, the stabil-
ity of the drug within the lumen of the gut is a
further factor that will have an impact on oral
absorption. For instance, the presence of gastric
acid, pancreatic enzymes and other intestinal se-
cretions can lead to a gastrointestinal environ-
ment that is potentially conducive to drug
degradation and/or metabolism, which in turn
will limit oral bioavailability. Moreover, the resi-
dent gastrointestinal microflora may also have a
role to play in this respect. The microflora, al-
though present throughout the gut, predomi-
nantly colonize the distal regions of the
gastrointestinal tract where the bacterial count in
the large intestine is 1011 per g as compared to 104

per g in the upper small intestine (Finegold et al.,
1983). The bacteria of the large intestine are es-
sentially anaerobic in nature and are involved in
the digestion of endogenous and exogenous mate-
rials such as carbohydrates and proteins that have
escaped degradation in the stomach and small
intestine (Cummings et al., 1989). The metabolic
reactions performed by these bacteria and their
respective enzymes are diverse and include hydrol-

ysis, reduction, dehydroxylation, decarboxylation,
dealkylation, dehalogenation, deamination, hete-
rocyclic ring fission, aromatisation, nitrosamine
formation, acetylation, esterification, and isomeri-
sation among others (Scheline, 1973; Mikov,
1994). It is therefore not unduly surprising that
these bacteria also have the ability to metabolise
drugs and other xenobiotics (Scheline, 1973;
Shamat, 1993). In practice, most orally adminis-
tered drugs, by virtue of rapid and complete
absorption from the proximal regions of the gas-
trointestinal tract, will not come in contact with
the heavily colonised lower gut. However, those
drugs that display poor solubility and/or perme-
ation characteristics, or that are secreted from the
systemic circulation into the lumen of the gut, or
that are formulated as modified-release systems
may be exposed to the microflora and its
metabolic effect.

The H2-receptor antagonist ranitidine (Fig. 1)
has recently been shown in vitro to be susceptible
to metabolism by colonic bacteria (Basit and
Lacey, 2001). It was postulated that this finding
might in part explain the poor bioavailability of
ranitidine from the colon (Basit and Lacey, 2001),

Fig. 1. Structures of the H2-receptor antagonists.
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Fig. 2. Stability of cimetidine under both control and simulated colonic conditions of the fermentation system. (Each point
represents the mean of three experiments and a coefficient of variation of less than 5%).

Fig. 3. Stability of famotidine under both control and simulated colonic conditions of the fermentation system. (Each point
represents the mean of three experiments and a coefficient of variation of less than 5%).
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and in turn precludes the development of a
modified-release formulation for this drug. The
aim of this study was to assess whether the other
commercially available H2-receptor antagonists,
cimetidine, famotidine and nizatidine (Fig. 1), are
also substrates for colonic bacterial metabolism.

2. Materials and methods

2.1. Materials

Cimetidine was obtained from GlaxoSmithK-
line (formerly SmithKline Beecham), Harlow,
UK. Famotidine was received from Merck Sharpe
and Dohme, Hoddesdon, UK, and nizatidine was
obtained from Eli Lilly, Basingstoke, UK. All
other chemicals were of AnalaR or HPLC grade
and were purchased from Merck, Poole, UK.

2.2. Fermentation studies

A batch culture fermentation system was used
to simulate the conditions of the colon (Basit and

Lacey, 2001). Such fermentation systems have
traditionally been used in studies concerned with
food metabolism in the distal gut (Englyst and
Macfarlane, 1986; Macfarlane et al., 1993; Sil-
vester et al., 1995), and more recently as a means
to investigate the in vitro performance of bacterial
enzyme degradable film coating formulations for
colonic delivery (Milojevic et al., 1996a,b; Siew et
al., 2000a,b). One hundred milligrams of each
drug were introduced into individual 100 ml fer-
menters inoculated with human faeces (10% w/v).
The fermenters were prepared by homogenising
the faeces, which were freshly obtained and
pooled from three healthy female volunteers, in a
phosphate-based buffer of pH 6.8. The fermenters
were sealed under positive nitrogen pressure to
establish an anaerobic environment and then in-
cubated at 37 °C in an orbital incubator. Control
experiments were also run in parallel using equiv-
alent drug quantities in the same buffer without
the presence of faeces. Each drug was assessed in
triplicate. Two millilitre samples were removed at
0, 1, 2, 4, 6, 12 and 24 h from both the fermenta-
tion and control systems. These samples were

Fig. 4. Stability of nizatidine under both control and simulated colonic conditions of the fermentation system. (Each point represents
the mean of three experiments and a coefficient of variation of less than 5%).
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Fig. 5. HPLC chromatograms for nizatidine after exposure to the simulated colonic conditions of the fermentation system, (a) 2 h,
(b) 6 h, (c) 12 h, (d) 24 h.

centrifuged at 13 000 rpm for 5 min, filtered
through 0.2 �m filters and then immediately
frozen prior to drug analysis.

2.3. HPLC assay

The samples were assayed by reversed-phase
HPLC using a system comprising a pump (model
Spectroflow 400, Kratos Analytical, Ramsey, NJ),
a variable wavelength detector (model LDC Spec-

tromonitor III, Milton Roy Co. FL) and an inte-
grator (model 3393A, Hewlett Packard, Bedford,
UK). The column, 100×4.6 mm Partisil (10 �m
particle size) (model 100ODS, Hichrom, Reading,
UK), was eluted with a mobile phase consisting of
a mixture of methanol (30%) and 0.1 M ammo-
nium acetate buffer (70%) at a flow rate of 2
ml/min. The detection wavelength was 220, 278
and 255 nm for cimetidine, famotidine and niza-
tidine, respectively.
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2.4. UV spectroscopy

A selection of the samples obtained from the
fermentation experiments were further assessed
using conventional UV spectroscopy. The samples
were initially diluted 1 in 20 with water and then
analysed, against a blank (diluted reference fer-
mentation sample obtained at 0 h), using an UV–
Vis spectrophotometer (model 554, Perkin Elmer,
Ueberlingen, Germany) between the wavelengths
of 190 and 400 nm.

2.5. Mass spectrometry

The fermentation samples subjected to UV
spectroscopy were also presented for analysis by
mass spectrometry. Analysis was performed using
a mass spectrometer (model ZAB-SE, VG Analyt-

ical, Manchester, UK) utilising fast atom bom-
bardment mode.

3. Results and discussion

All three drugs dissolved rapidly in both the
fermentation and control systems with peak con-
centrations reached within 1 h (Figs. 2–4). For
the remainder of the experiment little or no
change in drug concentration was noted for cime-
tidine and famotidine in the fermentation or con-
trol systems (Figs. 2 and 3). In contrast, a striking
decrease in the concentration of nizatidine within
the fermentation system was observed, with virtu-
ally no drug remaining after 12 h (Fig. 4). No
such change in nizatidine concentration was noted
in the control system (Fig. 4). Nizatidine, unlike

Fig. 6. Mass spectra for nizatidine after exposure to the simulated colonic conditions of the fermentation system, (a) 2 h, (b) 6 h,
(c) 12 h, (d) 24 h.
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Fig. 6. (Continued)

cimetidine and famotidine, is therefore inherently
unstable within the in vitro simulated colonic
conditions of the fermentation system. This insta-
bility is likely to be due to metabolism of the drug
by bacterial enzymes within the homogenised fae-
ces of the fermentation system. The rate and
extent of nizatidine metabolism was very similar
to that observed previously with an equivalent
quantity of ranitidine under identical testing con-
ditions (Basit and Lacey, 2001). It was also found
in this previous study with ranitidine that the rate
and extent of metabolism was proportional to the
quantity of drug (100�200�500 mg). Although
it would have been of interest, for comparison
purposes, to assess the stability of 200 and 500
mg sample sizes of cimetidine, famotidine and
nizatidine in the present study, this was not
deemed possible as these drugs are less soluble
than ranitidine and, in some cases, would not

have fully dissolved in the fermentation or control
systems.

The HPLC chromatograms for the nizatidine
samples obtained at selected times (2, 6, 12 and
24 h) from the fermentation experiments are
shown in Fig. 5. In the early sample, one peak
(retention time=4.3 min), which can be assigned
to the drug itself, is present on the chro-
matogram. Over time (6 and 12 h) this nizatidine
peak becomes less prominent and is superseded
by a major metabolite and a number of secondary
metabolite peaks. The major metabolite also ap-
pears to undergo metabolism, as indicated by a
reduction in its concentration in the final sample
(24 h). These results suggest that the metabolic
reaction pathway is complex, but nevertheless it
would appear that, as was the case with rani-
tidine, nizatidine is metabolised to at least four
different metabolites.
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In order to identify the region of the nizatidine
molecule that was being modified by the bacteria,
UV spectroscopy was performed on the fermenta-
tion samples. Two distinct maxima at 258 and 314
nm were present on the UV spectra of the early
samples (data not shown). The thiazole ring of the
nizatidine molecule is responsible for the absorp-
tion maximum at 258 nm, while the diaminoni-
troalkene functional group on the right of the
structure is responsible for the maximum at 314
nm. With time no significant change in the maxi-
mum at 258 nm was noted, whereas the maximum
at 314 nm was less pronounced and was conspicu-
ous by its absence from the 24 h sample, thereby
inferring that the bacteria were metabolising the
diaminonitroalkene region of the nizatidine
structure.

As a means of elucidating the molecular
weights of the nizatidine metabolites, the niza-

tidine fermentation samples were further evalu-
ated using mass spectrometry. The mass spectra
obtained for the nizatidine samples at times 2, 6,
12 and 24 h are presented in Fig. 6. In the 2 h
sample, a major peak at 332 can be seen on the
spectrum. This represents the molecular ion+1
(M+H)+ for nizatidine (molecular mass=331).
In the later samples, this peak is less prominent
and a peak at 316 begins to dominate over all
others. The emergence of this peak coincides with
the disappearance of the parent peak and implies
that nizatidine is being metabolised to a metabo-
lite of 16 mass units lower than the parent drug.
In combination with the UV spectroscopy data,
these results would indicate that the loss of an
oxygen atom, presumably by an enzymatic reduc-
tive process, from the diaminonitroalkene region
of the nizatidine molecule is responsible for the
generation of the metabolite. An identical mecha-

Fig. 6. (Continued)
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Fig. 6. (Continued)

Fig. 7. Possible tautomeric structures of nizatidine.

nism was proposed for the metabolism of rani-
tidine (Basit and Lacey, 2001). Comparing the
structure of nizatidine with that of ranitidine re-
veals very little difference between the two (Fig.
1). The only difference is the ring structure, which
is of the thiazole variety for nizatidine and furan
type for ranitidine. It is therefore perhaps not
overly surprising that nizatidine also undergoes
colonic bacterial metabolism. It has previously
been proposed that the structure of ranitidine

undergoes tautomerisation, and hence exists
chemically in a different form to that usually
represented in the literature (Hohnjec et al., 1986;
Basit and Lacey, 2001). By virtue of the almost
identical structure of nizatidine, it is feasible that
it also undergoes tautomerisation in accord with
the scheme shown in Fig. 7. In the tautomeric
form of the structure, cleavage of the N-oxide
bond would result in the loss of the oxygen atom
and the formation of the metabolite shown in the
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upper part of Fig. 8. This reaction pathway has
not only been previously reported for ranitidine
(Basit and Lacey, 2001) but also for nicotine
N-oxide (Beckett et al., 1970) and loperamide
N-oxide (Lavrijsen et al., 1995). In addition to
this reaction, the nizatidine metabolite may also
undergo further biotransformation. For instance,
cleavage of the hydroxyl group attached to the
nitrogen atom, a dehydroxylation reaction known
to be initiated by the gastrointestinal microflora
(Williams et al., 1970; Scheline, 1973), and loss of
the hydrogen atom associated with the carbon
atom on the other side of the double bond would
generate the metabolite depicted at the bottom of
Fig. 8. The loss of the hydroxyl group and hydro-
gen atom is essentially the removal of water and
18 mass units. This new metabolite would there-
fore be expected to have a molecular weight of
298. Interestingly, the mass spectra for the fer-
mentation samples obtained at later time points
display a peak, albeit one that is relatively small,
at 298, thereby providing support for the pro-
posed structure.

The HPLC results of the study suggest that
nizatidine was metabolised to at least four differ-
ent metabolites, which is in contrast to the mass
spectrometry data that highlight the presence of
only one or two metabolites. Potential reasons for

this discrepancy are twofold. Firstly, the addi-
tional metabolite peaks may in fact be present on
the mass spectra but are merely masked by the
background components of the fermentation sys-
tem, and hence difficult to identify. Alternatively,
the metabolites may have simply fragmented dur-
ing the ionisation process within the mass spec-
trometer. Despite the contradictory results
obtained from these analytical techniques, it is
possible that nizatidine and/or the metabolite will
undergo further metabolism than that proposed in
Fig. 8.

Overall, the results of this and the previous
study (Basit and Lacey, 2001) clearly demonstrate
that of the four commercially available H2-recep-
tor antagonists, nizatidine and ranitidine are sus-
ceptible to bacterial metabolism within the
simulated colonic conditions of the fermentation
system. On the assumption that a similar degree
of metabolism also occurs in vivo, both drugs are
liable to be poorly absorbed from the colon, as is
the case with ranitidine (Williams et al., 1992).
These findings not only have implications for the
delivery and absorption of these drugs but also
far more general consequences. The increasing
interest in utilising extended- and colonic-release
formulations will lead to a greater number of
established and novel compounds being delivered

Fig. 8. Possible reaction pathway for the metabolism of nizatidine by colonic bacteria.
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to the lower regions of the gastrointestinal tract.
This will therefore increase the number of poten-
tial substrates for the microflora. The batch cul-
ture fermentation system described here, although
not providing an exact replica of the human situa-
tion, can be used as a preliminary screen to assess
the colonic stability of drugs that are likely to be
exposed to the distal regions of the gut prior to
embarking on a complex, time-consuming and
expensive formulation development program.
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