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ABSTRACT: The current requirement of the Mexican Authorities to demonstrate the interchange-
ability of ranitidine formulations is to establish that the dissolution profile of the drug shows
similarity. In order to establish if this requirement is adequate, the bioavailability of two
formulations that did not meet this similarity were compared. Twenty-five female volunteers
received 150 mg ranitidine (Azantac1 or Midaven1) under fasting conditions in two separate
sessions using a cross-over design. Plasma samples were obtained at selected times for a period of
12 h and stored frozen at �808C until analysed. Ranitidine plasma levels were determined and
pharmacokinetic parameters were obtained. Values ðmean� SEMÞ were: Cmax 528:85�25:34 and
563.03� 33.25 ng/ml, tmax 2:76� 0:19 and 2.79� 0.18 h, and AUC12 h 2694.94� 99.50 and
2648.51�133.38 ng.h/ml, for Azantac1 or Midaven1, respectively. No statistically significant
difference was obtained in the parameters evaluated. Moreover, 90% confidence limits were 96.6%–
116.2% and 90.7%–105.1% for Cmax and AUC12 h ratios, respectively, indicating that the formulations
tested are bioequivalent, despite the dissimilarity in the dissolution profile of the formulations.
These results suggest that the comparative dissolution profile is not an adequate test to demonstrate
the interchangeability of ranitidine formulations. Copyright # 2005 John Wiley & Sons, Ltd.
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Introduction

Ranitidine is an H2 antagonist that is widely used
in the treatment of peptic ulcer and in the control
of acid secretion [1,2]. It has been reported that
the effect of ranitidine on acid secretion does not
show any significant variability, however, inter-
individual variability in bioavailability is wide.
In addition, it has been reported that a long
antisecretory activity of ranitidine is observed,

although the short half-life of the drug varies
between 2 and 8 h [3]. Additionally, it has been
reported that ranitidine concentrations that pro-
duce 50% of the maximal effect are about 100 ng/
ml and the maximal effect is reached at concen-
trations of about 600 ng/ml [4].

So far, several generic formulations of raniti-
dine are sold in Mexico, and the current require-
ment to demonstrate interchangeability of
ranitidine formulations is to compare the dis-
solution profile of the formulations according to
the Mexican Pharmacopeia [5], with a f2 value of
at least 50 [6]. In vitro studies on ranitidine
dissolution have been reported, and several
strategies for detecting differences between for-
mulations have been suggested [7,8]. According
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to the classification of drugs based on perme-
ability and solubility, ranitidine has been classi-
fied as a class III drug (highly soluble, low
permeability), and, as mentioned above, the
current requirement for demonstrating the inter-
changeability of ranitidine formulations in Mexi-
co is to obtain a similarity factor (f2) of at least 50
in the comparative dissolution profiles of the
reference and test formulations, using the USP
apparatus 2 [6]. In order to establish if this
approach is adequate, it was decided to compare
the bioavailability of two formulations that did
not meet the criteria of in vitro interchangeability
(f2 higher than 50).

SUBJECTS, MATERIAL AND METHODS

Drugs and reagents

The ranitidine standard was obtained from the
United States Pharmacopeia, the nizatidine stan-
dard was purchased from Sigma. Midaven1

tablets of 150 mg (test formulation) were pro-
vided by Merck Mexico, S.A. de C.V. (Mexico
City, Mexico). Commercially available Azantac1

tablets of 150 mg (reference formulation) were
manufactured by Glaxo Smith Kline, S.A. de C.V.
(Mexico City, Mexico). Deionized water was
prepared using an EasyPure system (Waters
Inc., Milford, MA, USA). Acetonitrile of chroma-
tographic grade was obtained from Merck
(Darmstadt, Germany). All other reagents were
of analytical grade.

Dissolution profile

The ranitidine dissolution profile was evaluated
according to the Mexican Pharmacopeia [5],
using the USP apparatus 2 (paddle) at 50 rpm
using water as a dissolution media. Samples
were obtained at 10, 15, 20, 45 and 60 min and the
ranitidine concentration was measured using a
validated spectrophotometric method at 340 nm.

Subjects

Twenty-five young female subjects weighing
ðmean� SEMÞ 58:60� 1:22 kg, of 158:96�
0:92 cm height and 23:88� 0:66 years old volun-
teered for this study. Individual demographic

data are shown in Table 1. All subjects were fit
according to medical history, medical examina-
tion and suitable laboratory tests. None of the
subjects was an alcohol or drug abuser or was
taking any concomitant medication at the time of
the study. All volunteers read the protocol that
was approved by the research and ethics com-
mittees and was carried out following the
recommendations of the Declaration of Helsinki,
and gave written informed consent before enter-
ing the study.

Study design

The study was carried out according to a
randomized cross-over design. Volunteers ar-
rived at the hospital the night before the drug
administration. After an overnight fast, a cannula

Table 1. Demographic data and sequence of administration of
volunteers that were enrolled in the comparison of the
bioavailability of two formulations of ranitidine. Formulation
A corresponds to Azantac1 and formulation B corresponds to
Midaven1

Sequence of
administration

Subject Age
(years)

Weight
(kg)

Height
(cm)

Session 1 Session 2

1 22 52.5 151 A B
2 22 52 160 B A
3 23 59 162 A B
4 22 63 156 A B
5 21 66 162 B A
6 23 70 162 B A
7 23 54 162 A B
8 21 54.5 155 A B
9 27 56 160 B A
10 24 70 171 B A
11 20 53 156 B A
12 32 59 161 A B
13 21 55 157 A B
14 26 58 155 A B
15 23 64.5 158 B A
16 21 64 157 B A
17 22 59.5 168 B A
18 27 66 164 A B
19 21 48.5 160 A B
20 33 62 158 A B
21 26 50 153 B A
22 24 55 160 A B
23 24 64 156 B A
24 27 56 157 A B
25 22 53.5 153 B A
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was placed in a suitable forearm vein and a blood
sample was obtained. Then, subjects received an
administration of 150 mg ranitidine (formulation
A or B, according to the sequence shown in Table
1), and blood samples were obtained at 0.25, 0.5,
0.75, 1, 1.5, 2, 3, 4, 6, 8 and 12 h after drug
administration. Samples were centrifuged to
obtain plasma that was stored frozen at �808C
until analysed by a high-performance liquid
chromatographic (HPLC) method. After a 1 week
washout period, the subjects went back to the
hospital for the administration of the second
formulation which proceeded in the same form
as the first session.

Determination of plasma levels of ranitidine

Plasma ranitidine concentrations were deter-
mined by an HPLC method based on the report
by Castañeda-Hernández et al. [3]. Briefly, 0.5 ml
plasma samples were placed in conical glass
tubes and 0.1 ml of 2 mg/ml of nizatidine, used as
internal standard, was added. The samples were
alkalinized by the addition of 0.1 ml of 2.5m
sodium hydroxide and extracted with 3 ml
dichloromethane by agitation in a vortex mixer
for 1 min. The organic layer was transferred to
another conical glass tube and evaporated to
dryness in a water bath under a stream of
nitrogen. The dry residue was redissolved in
0.2 ml of mobile phase (see below) and 50 ml
aliquots were injected into the chromatographic
system. Separation of compounds was carried
out using a Symmetry C18 column (15 cm length
� 3.9 mm i.d.) of 5 mm particle size eluted with a
mixture of 0.05m potassium dihydrogen phos-
phate solution adjusted to pH 6.5 with sodium
hydroxide and acetonitrile (88:12, v/v). The flow
rate was kept constant at 1 ml/min and detection
of compounds was carried out by absorbance at
313 nm. Under these conditions, the method was
linear in the range 20–1000 ng/ml, accuracy was
between 95.5% to 109.9% and the coefficient of
variation was always lower than 3.5%, indicating
that this method is suitable for pharmacokinetic
studies of ranitidine.

Pharmacokinetic and statistical analysis

Individual plasma level-time curves were con-
structed and the maximal concentration ðCmaxÞ

and the time to reach this maximum ðtmaxÞ were
obtained direct from these curves. The area
under the plasma levels against the time curve
(AUC12 h) was obtained by the trapezoidal rule
[9] extrapolation to infinity ðAUC1Þ was deter-
mined by dividing the last concentration by the
elimination rate constant [9]. The half-life was
obtained by log-linear regression of the terminal
decay phase.

Pharmacokinetic parameters (Cmax and
AUC12 h) were log transformed and compared
by analysis of variance for a cross-over design.
The ratios and 90% confidence limits for both,
Cmax and AUC12 h with both formulations were
calculated and two one-sided t-tests [10] were
employed to evaluate if the confidence limits
were within the acceptance criteria (80%–125%)
[11,12]. All pharmacokinetic and statistical ana-
lyses were carried out using the WinNonlin
Professional software v. 2.1 (Pharsight, Palo Alto,
CA, USA).

Results

Figure 1 shows the dissolution profile of the two
formulations of ranitidine evaluated. It can be
seen that dissolution of Midaven1 was faster
than that observed with the reference formula-
tion (Azantac1). However, this difference was
not reflected in significant differences in the
bioavailability of ranitidine, as shown in Figure 2.
In fact, this figure shows mean plasma-levels
time curves after administration of both formula-
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Figure 1. Comparative dissolution profile of ranitidine
formulations, Azantac1 (black circles) and Midaven1 (white
circles), using the USP apparatus 2. Each point corresponds to
12 tablets � SEM
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tions. It can be seen that the ranitidine levels
increased reaching a maximum of about 550 ng/
ml in about 2.5 h. Then, the concentrations
decayed with a half-life of about 2.6 h. The
pharmacokinetic parameters are shown in Table
2. No statistically significant difference was
observed in any parameter. In order to establish
whether the formulations tested were bioequiva-
lent, the ratios of Cmax and of AUC12 h as well as
the 90% confidence limits of these ratios were
calculated (Table 3). Then, two one-sided t-tests
were performed for each parameter and the
probability of exceeding the limits of acceptance
(80%–125%) are shown in Table 3. It can be seen
that the probabilities of exceeding the limits of
acceptance were always lower than 0.05, indicat-
ing that the formulations tested are bioequivalent.

Discussion

A comparison of the bioavailability of two oral
formulations of ranitidine was carried out in this
study. The formulations showed a dissimilarity
in the dissolution profile, since f2 was lower than
50, the criteria accepted in Mexico for demon-
strating interchangeability [5,6], notwithstand-
ing, both meet the Mexican Pharmacopeia
criteria for dissolution (80% in 45 min) [5].
However, despite the dissimilarity in the dis-
solution profile, the formulations tested were
bioequivalent, indicating that the dissolution
profile seems not to be an adequate method to
demonstrate the interchangeability of ranitidine

formulations. A waiver has been established for
in vivo bioavailability and bioequivalence studies
for Class I drugs (highly soluble, highly perme-
able), since according to those characteristics, the
rate and extent of drug absorption is unlikely to
depend on drug dissolution and/or the gastro-
intestinal transit time. Recently, it has been
suggested that a waiver should also be applied
for Class III drugs (highly soluble, low perme-
ability), such as ranitidine [13], since the absorp-
tion of Class III drugs is essentially controlled by
the gut wall permeability of the drug and not by
the drug’s solubility. However, some excipients
may modify the absorption of this class of drugs
[13]. On the other hand, the use of the USP
apparatus 2 has been questioned for demonstrat-
ing the interchangeability of ranitidine generic
formulations, since some formulations that failed
to pass the f2 test are bioequivalent [7]. To solve
this problem, it has been suggested that USP
apparatus 1 [8] or 3 [7] may be adequate,
however, no information on in vivo–in vitro
correlation studies have been reported.

This study reports that a dissolution profile
using the USP apparatus 2 seems not to be
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Figure 2. Mean (� SEM) ranitidine plasma levels after
administration of 150 mg ranitidine in two oral formulations
(Azantac1, black circles, or Midaven1, white circles) to 25
female healthy volunteers

Table 2. Pharmacokinetic parameters obtained after adminis-
tration of 150 mg ranitidine in two oral formulations to 25
healthy volunteers. Data are expressed as mean � SEM.
Formulation A corresponds to Azantac1 and formulation B
corresponds to Midaven1

Parameter Formulation A Formulation B

Cmax (ng/ml) 528.85� 25.34 563.03� 2.79
tmax (h) 2.76� 0.194 2.79� 0.176
AUC12 h (ng.h/ml) 2694.94� 99.50 2648.51�133.38
AUC1 2867.31�102.40 2816.20� 136.41
t1/2 (h) 2.62� 0.086 2.66� 0.079

Table 3. Ratio and 90% confidence limits of Cmax and AUC12 h

of the formulations tested, as well as, probability of exceeding
the limits of acceptance for bioequivalence

Parameter Obtained value
(confidence
limits)

Probability of
having outside
values

Cmax 1.05945 50.80 p ¼ 0:0000
(0.9657 – 1.1623) >1.25 p ¼ 0:0152

AUC12 h 0.97589 50.80 p ¼ 0:0000
(0.9066 – 1.0505) >1.25 p ¼ 0:0000
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adequate for demonstrating the interchangeabil-
ity of ranitidine, since formulations that did not
meet similarity in dissolution profile are bioe-
quivalent. Based on the results observed in this
study, it seems that the dissolution profile for
Class III drugs is not an adequate test to
demonstrate the interchangeability of generic
formulations, since differences in this profile
may not be reflected in differences in the
bioavailability of the drug. A complete evalua-
tion of in vitro–in vivo correlation studies using a
different USP dissolution apparatus should pro-
vide a basis for an adequate selection of a
technique that best predicts the bioavailability
of ranitidine.
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