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ABSTRACT 

Objective: To characterize the dissolution behaviour of carbamazepine generic suspensions using the USP Dissolution Apparatus 2 and the flow-
through cell method with simulated gastrointestinal fluids as dissolution media. 

Methods: Tegretol® suspension and two generic formulations were tested. Dissolution studies were performed using the USP Apparatus 2 (75 rpm 
and 900 ml of dissolution medium) and the flow-through cell method (laminar flow at 16 ml/min). Simulated gastric fluid (SGF) (with and without 
pepsin) and simulated intestinal fluid (SIF) (without pancreatin) at 37.0±0.5 °C, was used as dissolution media. The quantity of dissolved 
carbamazepine was determined at 5 min intervals until reaching 60 min, at 285 nm. Percentage dissolved at 60 min, mean dissolution time, 
dissolution efficiency values (model-independent parameters), as well as t50% and t63.2%

Results: Since the first sampling time, the reference product had reached 100% of drug dissolved, which was determined using USP Apparatus 2. 
Nevertheless, significant differences in the three model-independent parameters of generic products were found (*P<0.05). Dissolution data 
obtained with the paddle apparatus were fitted to different kinetic equations; however, usingthe flow-through cell method and SIF without 
pancreatin, the three drug products were fitted to the same kinetic model (Gompertz). With ANOVA-based comparisons and the flow-through cell 
method, significant differences were found in dissolution data of generic product A versus reference at all sampling times (*P<0.05). The flow-
through cell method and SGF with pepsin were the best options to discriminate among dissolution profiles. 

 were calculated (model-dependent parameters). Values for 
all parameters were compared between the reference and generic formulations using one-way analysis of variance (ANOVA) following a Dunnett’s 
multiple comparison test. Dissolution data were also fitted to different fit models. 

Conclusion: 

Keywords: Carbamazepine, Flow-through cell apparatus, Simulated gastrointestinal fluids, Suspensions, USP Apparatus 2 

The flow-through cell method seems to be an adequate dissolution apparatus to characterize in vitro dissolution performance of Class 
II drugs manufactured as suspensions. For carbamazepine suspensions, SGF and laminar flow at 16 ml/min were the most appropriate conditions to 
discriminate among generic formulations. Given the physicochemical characteristics of carbamazepine and the environment in which the drug 
products were tested, these differences could be of clinical relevance. 
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INTRODUCTION 

In vitro dissolution studies are useful to assess the lot-to-lot quality of 
pharmaceutical formulations, changes in their manufacturing process 
and prediction of in vivo performance of some drugs. These studies are 
currently performed with the United States Pharmacopeia (USP) 
basket (USP Apparatus 1) or paddle apparatus (USP Apparatus 2). An 
official dissolution test for carbamazepine suspensions, using the USP 
Apparatus 2 at 50 rpm with 900 ml of water (deaerated) as the 
dissolution medium, has been reported elsewhere [1]. 

Generic drug products are off-patent formulations that contain the 
same active ingredient at the same dose as the reference products. 
The best way to ensure an adequate in vivo performance of a generic 
formulation is to conduct a bioequivalence study in humans. 
However, in vitro dissolution studies can contribute to establishing 
the interchangeability of generic formulations [2]. Recently, some 
authors have been concerned about the safe interchangeability 
between reference products and their generic counterparts or even 
among generic formulations [3, 4]. 

Carbamazepine is a drug to treat epilepsy, a persistent long-lasting 
medical neurological state or situation characterized by repeated, 
frequent and occasional seizures as a part of abnormal signal variation 
from neurons, which affects 1% of the worldwide population [5]. This 
compound has a low solubility and high permeability [6] and 
according to the Bio-pharmaceutics Classification System, drugs with 
these characteristics are of Class II. A feature of these drugs is that 
their absorption is dissolution rate limited. Compounds belonging to 
Class II are eligible to establish a significant in vitro/in vivo correlation 

(IVIVC), hence the appropriate selection of dissolution test conditions 
is important to have a method able to discriminate among drug 
products with potential problems of bioavailability. 

Simulating gastrointestinal conditions is essential to adequately 
predict in vivo behaviour of poorly soluble drugs [7]. For immediate-
release dosage forms containing a Class II drug, solubilization and 
formulation properties have a substantial effect on in vitro and in vivo 
dissolution. In vitro dissolution profiles should be evaluated during 
drug development by means of bio-relevant tests (using bio-relevant 
media combined with bio-relevant hydrodynamics appropriate for the 
formulation), so that a significant IVIVC can be established [8]. Drug 
absorption may be affected by several physiological factors, including 
the volume and composition of gastrointestinal fluids, the pH and 
buffer capacity of these fluids, digestive enzymes, contraction patterns, 
and bacterial flora in the gut [9]. Simulated human fluids have been 
widely used to mimic the natural environment in which the dosage 
forms will be administered and to evaluate the predictive capability of 
a dissolution test. Simulated gastric fluid (SGF) with or without pepsin 
and simulated intestinal fluid (SIF) with or without pancreatin are 
commonly used as dissolution media. 

The flow-through cell method (USP Apparatus 4) is an alternative 
dissolution equipment [10, 11]. Its advantages over USP Apparatuses 1 
and 2 have been widely demonstrated, especially for the study of in 
vitro dissolution behaviour of poorly water-soluble drugs [12, 13]. The 
flow-through cell apparatus permits continuous extraction of the drug, 
simulating absorption into the systemic circulation and generating an 
intermittent flow of the dissolution medium into the cell where the 
dosage form is placed [14]. It can be used as an open system, allowing 
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release under sink conditions, which facilitates the dissolution of 
poorly soluble drugs,and changing the dissolution medium within a pH 
range of physiological relevance [15]. 

Despite the advantages of the flow-through cell apparatus over USP 
Apparatuses 1 and 2, little information is available on the in vitro 
release of carbamazepine using the USP Apparatus 4 and simulated 
gastrointestinal fluids.  

The aim of this study was to characterize the dissolution behaviour 
of carbamazepine from reference and two generic formulations, 
using the flow-through cell apparatus and SGF with and without 
pepsin and SIF without pancreatin. The dissolution profiles of the 
reference and two generic formulations thus obtained were 
compared with the dissolution profiles obtained with the USP 
Apparatus 2 using model-independent, model-dependent and 
analysis of variance (ANOVA)-based comparisons. 

Reagents and drug products 

MATERIALS AND METHODS 

Carbamazepine and pepsin were purchased from Sigma-Aldrich Co. 
(St. Louis MO, USA). Ethanol, sodium chloride, sodium hydroxide and 
potassium phosphate monobasic were purchased from J. T. Baker-
Mexico. Tegretol®

Dissolution studies 

 suspension (Novartis Farmaceutica SA de CV, 
Mexico) containing carbamazepine (2 g/100 ml) was used as 
areference (coded as R), since this brand has been established as the 
reference drug product by Mexican health authorities (COFEPRIS) 
[16]. Two generic formulations (coded as A and B) containing the 
same dose were also used. 

Dissolution profiles of carbamazepine suspension were obtained 
using two automated devices for dissolution testing, a USP 
Apparatus 2 (Sotax AT-7 Smart, Switzerland) at 75 rpm and 900 ml 
of dissolution media at 37.0±0.5 °C and a USP Apparatus 4 (Sotax 
CE6, Switzerland) with 22.6-mm cells (i.d.) and laminar flow at 16 
ml/min. SGF with and without pepsin as well as SIF at pH 6.8 
without pancreatin were prepared according to the USP procedure 
[1]. After 15 min of mechanical agitation and with the aid of a 
syringe, a sample of 1 ml of suspension was added to each vessel or 
cell. Sequential sampling, using nitrocellulose filters, was performed 
every 5 min until reaching 60 min, with 12 replicates. The amount of 
dissolved carbamazepine was determined with a standard 
calibration curve at 285 nm. Standard solutions of carbamazepine (1 
mg/ml) were prepared by serial dilutions of stock solutions in SGF 
with and without pepsin, and in SIF without pancreatin to achieve 
concentrations of 2.5–20 µg/ml. 

Data analysis 

The dissolution profiles of generic formulations vs. reference 
product were compared by model-independent, model-dependent 
and analysis of variance (ANOVA)-based methods [17]. For model-
independent methods, the mean dissolution time (MDT) and 
dissolution efficiency (DE) were calculated. Furthermore, the 
percentage of drug dissolved at 60 min was also taken for 
comparative purposes. For calculation of DE and MDT values, the 
Excel add-in DDSolver was used [18]. For model-dependent 
comparisons, dissolution data were fitted to Weibull, logistic, 
Gompertz and probit models. The model with the highest adjusted 
determination coefficient (R2 adjusted

y = a

1+e−(x−x0
b )

Eq. 

) and the minimum Akaike 
information criterion (AIC) was taken as the best fit model [17]. Data 
analysis was performed using the Excel add-in DDSolver. 
Additionally, dissolution data were fitted to sigmoidal model (Eq. 1) 
using SigmaPlot software (version 11.0). 

[1] 

Where x is the time of the test, y is the percentage of drug dissolved 
at time t, and a, b, and x0  are constants. With these parameters, the 
t50% and t63.2% values were calculated. The ANOVA-based 
comparisons were carried out with the percentage of carbamazepine 
dissolved at each time point. In the three methods used to evaluate 
the dissolution profiles, the values were compared by one-way 
ANOVA following a Dunnett’s multiple comparison test. Differences 
were considered significant if *P<0.05. 

RESULTS AND DISCUSSION 

Dissolution profiles 

The dissolution profiles of carbamazepine suspensions, determined 
using the USP Apparatus 2 and the flow-through cell method with 
simulated gastrointestinal fluids, are shown in fig. 1. 

It is interesting to note different dissolution performances of all 
drug products studied with the USP Apparatus 2 and the flow-
through cell method. Even under a hydrodynamic environment of 
the USP Apparatus 2, the dissolution profile of the reference 
product is totally different from those of generic formulations. 
From the first 5 min. of the test, the complete dose of 
carbamazepine was dissolved regardless of the dissolution 
medium used. Generic formulations A and B show a typical 
dissolution pattern with the low influence of dissolution medium, 
except for dissolution profile of generic formulation B with SGF 
containing pepsin, where from the minute 20 till the end of the test 
60-70% of the drug was dissolved. 

Under the hydrodynamic environment of the flow-through cell method, 
all drug products showed a slow dissolution pattern. Some researchers 
have suggested that this result can be explained by hydrodynamic 
conditions that characterize the USP Apparatus 4, which lacks an 
agitation mechanism; also, by the fact that dosage form and drug 
particles are continuously exposed to uniform laminar flow, similar to 
the natural gastrointestinal tract environment, which causes a different 
dissolution pattern [19]. When using the flow-through cell method, cell 
size, glass bead type, and flow rate are critical factors in determining this 
pattern. The use of the flow rate of 16 ml/min is suggested by the 
European and US Pharmacopeia [20]. Due to coefficients of variation out 
of established criteria, no f2 similarity factor values were calculated. This 
criterion (comparisons by f2 value) would not be applicable to the data 
generated in the USP Apparatus 2 due to complete dissolution of the 
reference product (100%) from the first sampling time. In the flow-
through cell with SIF without pepsin as dissolution medium, reference 
product dissolved less than 25% of the dose which does not allow an 
adequate comparison of dissolution profiles. 

Model-independent comparisons 

The mean values standard error of the mean (SEM) of percentage 
dissolved at 60 min and model-independent parameters MDT and 
DE are shown in table 1. 

In all comparisons, significant differences between the generic 
formulations A and B vs. reference product were observed (*P<0.05), 
except when the flow-through cell method and SIF without pancreatin 
were used as dissolution medium. The model-independent parameters 
MDT and DE are commonly used to compare dissolution profiles. MDT 
represents the average time at which 63.2% of the dose is dissolved, 
and DE relates the area under the curve of the dissolution profile to the 
total area of the rectangle formed by the theoretical dissolution of 
100% dose and the time interval of the test. MDT and DE have been 
also proposed as adequate parameters for IVIVC levels B and C [21]. 
Level B is defined as the relationship between MDT and mean 
residence time (average time that a molecule stays in the body), and 
both parameters are calculated by statistical moment analysis. Level C 
is defined as the association between a dissolution time point 
(t50%,t85%, etc.) and one pharmacokinetic parameter, such as area 
under the curve, Cmax, or Tmax. DE is used by some researchers as an 
appropriate parameter to express the global drug dissolution 
performance, useful for comparing dissolution profiles [22], or relating 
them to some in vivo parameter. 

Model-dependent comparisons 

The R2 adjusted and the AIC mean values for carbamazepine 
suspensions are shown in table 2. 

According to the established criterion to choose the best fit model, the 
dissolution data of all drug products were adjusted to differential 
equations, except the data generated with the use of flow-through cell 
method and FIS without pancreatin as dissolution medium. Only under 
such conditions, the reference product and generic formulations A and 
B fitted to a single model (Gompertz), but due to the low dissolution of 
the reference product, it was not possible to perform the comparison 
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of dissolution profiles. However, based on the shape of the profiles, 
especially of those obtained with the flow-through cell method, the 

sigmoidal equation was used to fit all data. The coefficient of 
determination (R2) and the tx% 

 

mean±SEM are shown in table 3. 

 

Fig. 
 

1: Dissolution profiles of carbamazepine suspensions. R: reference, A and B: generic formulations. mean±SD, n=12 

 

Table 1: Model-independent parameters o

USP 

f carbamazepine suspensions 

Medium Code Diss. at 60 min (%) MDT (min) DE (%) 
2 I R 110.18±1.07 3.14±0.03 104.42±1.01 

A 104.99±2.08 13.08±0.13* 82.07±1.52* 
B 88.87±2.65* 6.59±0.10* 79.13±2.41* 

II R 106.22±1.91 2.11±0.15 102.46±1.80 
A 99.13±1.29* 14.73±0.19* 74.81±1.15* 
B 65.86±1.77* 7.39±0.26* 57.75±1.55* 

III R 109.97±1.38 3.23±0.04 104.05±1.34 
A 112.34±1.04 8.28±0.16* 96.83±0.89* 
B 92.20±1.77* 6.80±0.25* 81.71±1.42* 

4 I R 100.93±1.02 18.31±0.12 70.13±0.75 
A 58.87±1.80* 22.39±0.32* 36.91±1.20* 
B 94.26±1.65* 19.69±0.32* 63.28±0.89* 

II R 96.75±1.92 15.24±0.28 72.11±1.12 
A 79.94±2.90* 25.01±0.28* 46.72±1.95* 
B 82.81±1.04* 13.09±0.25* 64.71±0.59* 

III R 24.27±2.05 9.06±0.67 20.48±1.62 
A 86.50±3.53* 22.26±0.51* 54.61±2.66* 
B 35.02±3.08* 8.37±0.30 30.10±2.61* 

MDT: mean dissolution time, DE: dissolution efficiency, I: SGF without pepsin, II: SGF with pepsin, III: SIF without pancreatin, R: reference, A and B: 
generic formulations. mean±SEM, n=12. *P<0.05 
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Table 2: Criteria used for the selection of the best fit model 

 USP apparatus 2 Flow-through cell method 
Medium Code Weibull logistic Gompertz probit Weibull logistic Gompertz probit 
R2 adjusted 
I R 0.9777 0.9777 0.9777 0.9776 0.9994 0.9985 0.9919 0.9974 

A 0.9993 0.9978 0.9961 0.9975 0.9980 0.9991 0.9999 0.9998 
B 0.9968 0.9972 0.9961 0.9978 0.9991 0.9995 0.9976 0.9993 

II R - 0.4740 0.5381 0.4803 0.9989 0.9985 0.9926 0.9982 
A 0.9990 0.9983 0.9972 0.9980 0.9984 0.9989 0.9997 0.9995 
B 0.9957 0.9934 0.9915 0.9946 0.9970 0.9951 0.9837 0.9942 

III R 0.9781 0.9779 0.9779 0.9778 0.9790 0.9929 0.9961 0.9904 
A 0.9988 0.9929 0.9894 0.9945 0.9968 0.9980 0.9994 0.9989 
B 0.9982 0.9892 0.9847 0.9929 0.9843 0.9967 0.9985 0.9940 

AIC 
I R -12.57 -12.63 -12.65 -12.55 25.96 37.06 57.41 43.53 

A 17.21 30.68 37.65 32.52 24.77 14.58 -12.74 -2.39 
B 15.59 15.55 19.28 13.45 27.18 20.23 38.92 24.75 

II R - 16.77 15.93 16.54 28.30 32.25 51.82 34.85 
A 19.35 26.88 32.84 29.05 29.65 24.88 2.37 12.34 
B 17.41 21.54 24.90 18.93 36.75 42.88 57.36 44.80 

III R -10.45 -10.47 -10.49 -10.39 19.72 6.09 -2.28 9.39 
A 18.83 41.06 45.94 37.87 38.98 33.34 15.36 25.15 
B 16.18 40.12 44.31 34.53 25.43 2.90 -7.50 11.93 

 

AIC: Akaike Information Criterion. Mean, n=12 

 

Table 3: Parameters of sigmoidal model with t50% and t63.2%

USP 

 values 

Medium Code R a 2 b x t0 t50% 63.2% 
2 I R 0.9796 110.21 18.02 -56.22 † † 

A 0.9947 104.15 10.18 8.13 7.38±0.37 12.66±0.48 
B 0.9938 87.77 4.79 2.7 4.19±0.39 7.60±0.65 

II R 0.6556 106.13 -8.09 62.01 † † 
A 0.9928 98.39 11.06 9.92 10.37±0.35 16.53±0.56 
B 0.9915 65.40 5.89 3.35 10.67±0.90 17.09±0.73 

III R 0.9712 110.18 21.79 -65.57 † † 
A 0.9976 112.02 6.52 4.61 3.21±0.19 6.30±0.21 
B 0.9994 91.93 3.89 5.05 5.77±0.25 8.20±0.32 

4 I R 0.9950 98.63 6.23 16.54 16.73±0.16 20.18±0.22 
A 0.9845 57.74 10.18 19.93 42.39±2.84* † 
B 0.9893 92.35 8.35 17.42 18.82±0.29 23.96±0.38 

II R 0.9923 94.51 5.90 13.16 13.86±0.15 17.35±0.21 
A 0.9857 80.56 11.78 23.81 30.15±1.46* 41.04±2.58* 
B 0.9963 80.70 4.02 11.33 13.31±0.21 16.55±0.18 

III R 0.9751 23.69 3.64 6.92 † † 
A 0.9811 85.38 11.02 19.82 24.37±2.00 34.12±3.98 
B 0.9855 34.30 2.87 6.69 † † 

mean±SEM, n=12. *P<0.05. † No real values were found. 
 

Table 4: Dunnett’s multiple comparison test for the percentage of carbamazepine dissolved at each time point obtained with the flow-
through cell method 

  SGF withoutpepsin SGF withpepsin 
Comparison Time (min) Difference *P Difference *P 
A vs. R 5 2.22 <0.05 6.75 <0.05 

10 10.12 <0.05 18.77 <0.05 
15 21.62 <0.05 28.06 <0.05 
20 32.34 <0.05 34.34 <0.05 
25 40.72 <0.05 36.95 <0.05 
30 45.34 <0.05 36.46 <0.05 
35 46.47 <0.05 34.00 <0.05 
40 46.11 <0.05 30.55 <0.05 
45 45.29 <0.05 26.93 <0.05 
50 44.27 <0.05 23.39 <0.05 
55 43.16 <0.05 20.01 <0.05 
60 42.06 <0.05 16.81 <0.05 

B vs. R 5 -2.08 <0.05 1.71 <0.05 
10 -2.00 <0.05 2.66 >0.05 
15 2.86 <0.05 -0.17 >0.05 
20 8.01 <0.05 -0.44 >0.05 
25 12.04 <0.05 4.25 >0.05 
30 13.35 <0.05 8.90 <0.05 
35 12.10 <0.05 11.53 <0.05 
40 10.36 <0.05 12.75 <0.05 
45 9.05 <0.05 13.29 <0.05 
50 8.05 <0.05 13.53 <0.05 
55 7.24 <0.05 13.79 <0.05 
60 6.67 <0.05 13.94 <0.05 
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As can be seen, comparisons of dissolution profiles by model-
independent methods were only possible with data generated by the 
flow-through cell method as well as with SGF without pepsin (using 
t50% data) and SGF with pepsin (using t50% and t63.2% data) as 
dissolution media. Comparing these three sets of data, the 
dissolution profile of generic formulation B was considered similar 
to that of the reference product (*P>0.05). A previous report showed 
that sigmoidal model was suitable for adjusting dissolution data of 
generic drug products, generated with the flow-through cell method, 
and two derived parameters of this fit (t50% and t63.2% values) were 
used to compare their dissolution profiles with the dissolution 
profile of the reference product [23]. The tx% and sampling time 
values are commonly used to characterize the drug release rate. The 
tx% value corresponds to the time necessary to release a determined 
percentage of drug (e. g., t10%,t50%,t90%) and the sampling time 
corresponds to the amount of drug dissolved in that time (e. g., t10 

min,t50 min,t90 min). Pharmacopeias use this parameter as an acceptable 
limit for the dissolution test (e. g., t45 min ≥80%) [24]. 

ANOVA-based comparisons were used to compare the dissolution 
data of carbamazepine suspensions. The advantage of this approach 
is that it is not restricted to any of the requirements of model-
independent or model-dependent comparisons. Comparisons among 
the generic formulations A and B vs. reference product were carried 
out at all sampling times only with data obtained by the flow-
through cell method, with SGF without pepsin and SGF with pepsin 
as dissolution media. Results are shown in table 4. 

ANOVA-based comparisons 

Dissolution data were compared by one-way ANOVA followed by a 
Dunnett’s multiple comparisons test. This analysis does not compare 
the complete dissolution profile but compares the values at each 
sampling time in order to find the source of differences. The 
application of this approach allowed us to state that dissolution data 
of generic formulation B were similar to dissolution data of the 
reference product, under the same experimental conditions (flow-
through cell method and SGF with pepsin as dissolution medium) in 
the time interval of 10 to 25 min. As additional data, the gastric 
emptying time is 15 to 20 min under fasting conditions [25]. This 
time is very important for an oral suspension that controls seizures 
and is expected to have rapid pharmacological action. 

The three ways of comparing the dissolution data emphasized the 
high sensitivity and discriminative capacity of the flow-through cell 
method in the evaluation of dissolution behavior of carbamazepine 
suspensions in comparison to the official USP paddle apparatus. 
Sensitivity, discriminating capacity and reproducibility are 
important factors to be considered for a dissolution test. The flow-
through cell method establishes reasonable conditions for the 
evaluation of generic drugs which allow determining differences in 
dissolution when they really reflect aspects of drug product quality. 
Pharmacopeial conditions appear not to be the most appropriate for 
exhibiting such differences. A generic product may be defined as a 
product that has been produced by chemical synthesis, contains the 
same active ingredient as drug and is capable of exhibiting 
therapeutic equivalence as the reference product [26]; the USP 
Apparatus 4 helps to maintain these quality standards. Since its 
introduction, the flow-through cell method showed greater 
advantages in the evaluation of the rate and extent of dissolution 
performance compared to the official USP Apparatuses 1 and 2 [19]. 
The hydrodynamic environment generated by this equipment 
simulates in vivo performance better than other apparatuses and 
several reports confirm an adequate correlation with in vivo results 
[19, 27, 28]. Because little information is available on carbamazepine 
suspensions under hydrodynamic environment generated by the flow-
through cell method, additional research is necessary. It is important 
to emphasize that this is the first study on the dissolution behavior of 
carbamazepine suspensions using the flow-through cell method and 
simulated gastrointestinal fluids. In vivo performance of these drug 
products should be evaluated using appropriate clinical protocols. 

CONCLUSION 

The flow-through cell method seems to be an adequate dissolution 
apparatus to characterize in vitro dissolution performance of Class II 
drugs manufactured as suspensions. For carbamazepine 
suspensions, SGF and laminar flow at 16 ml/min were the most 

appropriate conditions to discriminate among generic formulations. 
Given the physicochemical characteristics of carbamazepine and the 
environment in which the drug products were tested, these 
differences could be of clinical relevance. 
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