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ABSTRACT
Because drug-surfactant interactions are specific, careful choice of surfactant media is required to develop dissolution 
tests for Biopharmaceutics Classification System (BCS) Class II drugs. The purpose of this study was to investigate the 
effects of cationic hexadecyltrimethylammonium bromide (CTAB) and nonionic surfactants (polysorbate 80) on the 
dissolution of bioequivalent immediate-release formulations of a BCS Class II anticancer drug, tamoxifen citrate (TMX), 
and to identify the most suitable surfactant medium reflecting the formulation differences and in vivo dissolution of the 
drug. Dissolution behaviors of the reference and test products were studied using USP apparatus II at pH 1.2, 4.5, and 
6.8 with and without surfactant. At pH 6.8, the effects of 0.5% (w/v) CTAB and 0.5% (w/v) polysorbate 80 on dissolution 
of the formulations were much more pronounced compared to pH 1.2. Based on model-dependent and model-
independent approaches, test products were found to be different from the reference in all surfactant media. Overall, 
none of the surfactant media reflected the bioequivalence of test products to the reference; however, polysorbate 80 
may provide a discriminative test for certain formulation changes, and it may be physiologically meaningful to mimic in 
vivo solubilization and sink conditions due to continuous intestinal absorption of TMX.    
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INTRODUCTION

T he Biopharmaceutics Classification System (BCS), 
which is the scientific framework for classifying 
drugs based on their aqueous solubility and 

intestinal permeability, has been an important tool 
for waiving the regulatory requirement for in vivo 
bioavailability (BA) and/or bioequivalence (BE) studies 
in both new and generic drug development (1, 2). 
Currently, the U.S. Food and Drug Administration (FDA) 
and European Medicine Agency (EMA) support the BCS 
as a scientific approach to permit a waiver of in vivo BE 
testing for immediate release (IR) solid dosage forms 
for Class I (high solubility−high permeability) and Class 
III (high solubility−low permeability) drugs based on in 
vitro dissolution profile similarity of a drug product (3, 
4). Current regulations do not allow biowaivers of Class 
II drugs (low solubility−high permeability); however, the 
World Health Organization (WHO) further considers 
biowaivers of certain Class II drugs such as diclofenac, 
ibuprofen, ketoprofen, verapamil, and piroxicam (5–9). 
For BCS Class II drugs, dissolution can be the rate-limiting 
step of drug absorption (10). Therefore, a mechanistic 
understanding of the correlation between in vitro 
dissolution and in vivo performance is a challenge (11, 
12). It is also a challenge to develop an appropriate in vitro 

dissolution test for BCS Class II drug products for quality 
control (QC) purposes and drug product development, as 
well as for the establishment of biorelevance to forecast 
the in vivo performance during drug development. Since 
the pH and composition of the dissolution medium are of 
great impact on the dissolution process of poorly soluble 
drugs, in such cases synthetic surfactants may be used to 
increase drug solubility and dissolution and provide sink 
conditions in dissolution tests (13, 14).  

The purpose of this study was to investigate the effects of 
different types of surfactants (cationic and nonionic) on the 
solubility of tamoxifen citrate (TMX) and the dissolution of 
its IR tablets, and to identify the most suitable surfactant 
medium for dissolution testing to reflect the formulation 
differences and in vivo dissolution of the drug. Being a BCS 
Class II weak base, TMX (2-[4-[(Z)-1,2-diphenylbut-1-enyl]
phenoxy]-N,N dimethylethanamine; 2-hydroxypropane-
1,2,3-tricarboxylic acid) (CAS 54965-24-1) was chosen 
as the model drug for the present study (15). TMX is a 
selective estrogen receptor modulator in breast cancer 
tissue, thereby reducing the risk of recurrence and 
mortality of breast cancer (16). In the present study, in vitro 
disintegration and dissolution behaviors of reference and 
test products were investigated to make a comparison 
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ABSTRACT 
Carbamazepine is an antiepileptic iminostilbene that is dispensed from multiple sources in Peru 
without bioequivalence studies. The biopharmaceutical equivalence of two generic (A and B) and 
one commercial brand (C) of carbamazepine sodium as compared to the innovator drug was 
determined by an in vitro study of commercial 200-mg tablets, following the guidelines of the 
Biopharmaceutical Classification System. Hardness, weight, friability, and content were evaluated 
for compliance with official specifications. A United States Pharmacopeia (USP) dissolution 
apparatus 2 (paddle) was used at with 900 mL of medium (pH 1.2, 4.5, and 6.8) at 75 rpm and 37 
± 0.5 °C. Samples (5 mL) were withdrawn at 5, 10, 15, 30, 45, 60, and 90 minutes and analyzed in 
a UV spectrophotometer at 288 nm. The studied drugs did not release 85% of the active 
pharmaceutical ingredient within 30 minutes in any media. When compared to the innovator 
brand using the similarity factor (f2), product A was < 50 at all three pH levels; B was < 50 at pH 
4.5, and C was < 50 at pH 1.2 and 4.5. For all products, dissolution efficiency was 56.1–84.3% and 
mean dissolution time was 18.0–47.5 min. Despite meeting the official specifications for quality 
control tests, the evaluated samples are not in vitro biopharmaceutical equivalents with the 
innovator brand based on the dissolution profiles (f2 < 50). 

KEYWORDS: Quality control, carbamazepine, bioequivalent drugs, drug interchangeability, 
dissolution 

INTRODUCTION  
Relative bioavailability studies demonstrate the bioequivalence of high health risk drugs that 
belong to class 2 (low solubility and high permeability) and class 4 (low solubility and low 
permeability) (1, 2).  Through in vitro studies, the bioequivalence of class 1 (high solubility and 
high permeability) and class 3 (high solubility and low permeability) drugs is demonstrated, 
according to the Biopharmaceutical Classification System (BCS) using three dissolution media at 
pH 1.2, pH 4.5 and pH 6.8 (2–4). In vitro dissolution tests must simulate the physiological 
conditions of the gastrointestinal tract to predict optimal absorption (5). Carbamazepine (5-H-
dibenzazepine-5-carboxamide) is an iminostilbene-type class 2 drug derived from tricyclic 
antidepressants, with a pKa of 2.3 due to the N of the dibenzazepine ring and a pKa of 13.9 due 
to the free NH2 group of the carboxamide (6, 7). So, in vitro bioequivalence studies do not apply 
but in vitro biopharmaceutical equivalence studies can be used to evaluate the 
biopharmaceutical phase of the tablets, following the BCS guidelines for class 1 and 3. The BCS 
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differences and in vivo dissolution of the drug. Being a BCS 
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test products were investigated to make a comparison 

dx.doi.org/10.14227/DT280221P6

e-mail: tincecayir@gazi.edu.tr 

* Corresponding author. 2 

 

for class 1 indicates that the test drug as the reference must be very fast-dissolving or fast-
dissolving, releasing more than 85% of the active pharmaceutical ingredient (API) in ≤ 15 or 30 
minutes, respectively. For very fast-dissolving class 3 drugs, it is stated that they should release 
the at least 85% of the API in ≤ 15 minutes (2, 4). In vitro biopharmaceutical equivalence studies 
evaluate disintegration, disaggregation, and dissolution; these processes are determined by 
hardness and other technological production processes (1, 3); therefore, hardness, weight 
variation, friability, disintegration, concentration quality, and content uniformity should be 
studied (8–11). This makes it possible to demonstrate the interchangeability of class 2 drugs 
because their performance is demonstrated through the dissolution profiles, and with thorough 
quality control tests, defects in the standards established in international pharmacopeias are 
detected (3, 8). 

The General Directorate of Medicines, Supplies, and Drugs of Peru has documented the existence 
of counterfeit and unregistered medicines of different commercial and generic brands (12). It has 
been established that counterfeit drugs can be without API, with insufficient amounts of API, and 
with counterfeit packaging (11). As there are generic drugs of doubtful origin and low quality, 
they are questioned by specialist doctors. This is a global public health problem, which is why the 
World Health Organization (WHO) has documented and analyzed that there are counterfeit, low-
quality drugs and some lack health registration (13). China and India are the countries that 
commercialize raw materials in bulk to produce low-quality drugs (14). 

In Peru, there is a lack of in vitro and in vivo bioequivalence studies, so it has been decided to 
evaluate the carbamazepine tablets, which are part of the list of essential drugs of the Ministry of 
Health, for the following reasons: immediate-release carbamazepine tablets are available in the 
Peruvian pharmaceutical market, carbamazepine has a narrow therapeutic margin; it is 
considered a low-quality drug; it is a BCS class 2 drug; and to detect adulterated or falsified drugs. 
To our knowledge, there has not been a bioequivalence study with immediate-release 
carbamazepine tablets that demonstrates the interchangeability of multi-source drugs with the 
innovator. 

The objective of this research was to determine the biopharmaceutical equivalence of three 
different brands of carbamazepine sodium tablets compared to the innovator drug, which are 
prescribed in Lima, Peru, through an in vitro dissolution study, following the guidelines of the BCS 
and USP. As a statistical indicator of equivalence, similarity factor (f2) and dissolution efficiency 
were calculated. Also, the purpose of this work is to encourage the application of relative 
bioavailability and in vitro bioequivalence studies, which allow for demonstration of therapeutic 
equivalence of generic and commercial brand drugs with the innovator brand, guaranteeing 
interchangeability in clinical practice. 

MATERIALS AND METHODS 
Chemicals and Reagents 

The reagents were analytical grade and ACS (American Chemical Society) quality including 36% 
hydrochloric acid, 96% ethanol, sodium hydroxide, and monobasic potassium phosphate. A USP 
carbamazepine standard was used. Chromafil syringe filters of size 25 mm and pore of 0.45-μm 
(0.45-μm/25mm) were used. All substances and reagents were purchased from Mercantil 
Laboratory SAC (Lima, Peru). 
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Samples 

The sample size consisted of 200 tablets of each 200-mg brand of carbamazepine including two 
generic brands, one commercial brand, and the innovator product. The generic products were 
designated as “A” (Bot, Lot L929171205, RS N° EE01867, exp. date 12/2021) and “B” (Drock, Lot 
102339, RS EE-03825, exp. date 02/2022), the commercial brand was designed as “C” (IQF, Lot 
11226348, RS EN 04065, exp. date 12/2022), and the innovator product was designated as “R” 
(Tegretol, Novartis, Lot 1907751, RS N° E-20882, exp. date 01/2021). Product A was purchased in 
a Ministry of Health hospital pharmacy, and products B, C, and the innovator were purchased in a 
pharmacy in Lima, Peru. 

Method Validation and Calibration 

The dissolution method was validated with 50-mg propylthiuracil tablets by UV-Vis 
spectrophotometry (5OBIO, Varian Medical Systems) at a wavelength of 288 nm. The specificity 
was evaluated to determine the interference of excipients in the tablet formulations with respect 
to the active pharmaceutical ingredient (API). Linearity was determined in the range of 1.60–7.75 
µg/mL with an R2 0.9998. Precision was evaluated with six tablets on 2 days, observing no 
significant differences (p = 0.064). The test for filtration influence showed that the filter does not 
adsorb the API and there is no interference (p = 0.32), so its use in the experimental process is 
acceptable. 

According to the internal calibration sheet of the UV/Vis spectrophotometer, it has passed the 
diagnosis of photometric accuracy, linearity, noise, stability, diffuse light, and resolution. The 
dissolution tester (EDT-08Lx, Electrolab) has been calibrated (the same as performed once a year 
with USP Prednisone Tablets [disintegrating] and with USP Salicylic Acid Tablets [non-
disintegrating] in purified water degassed and in degassed 0.05 M pH 7.40 ± 0.05 phosphate 
buffer at 37 ± 0.5 °C for 30 min). The isothermal medium (water bath) was calibrated in two 
stages: operation and performance. The operation of the switch was verified and the 
temperature was set at 37 °C. The distribution of heat in the water bath was observed with 
distilled water in the external container and degassed purified water inside the glass until 
reaching and maintaining the optimum temperature of 37 ± 0.5 °C. It was concluded that the 
water bath equipment heats homogeneously by thermal convection of the water. These 
procedures are located in the Laboratory of Chemistry and Instrumental Analysis, Department of 
Chemistry of the San Luis Gonzaga National University of Ica-Peru. 

In Vitro Biopharmaceutical Tests 
Hardness  

In the BIOBASE THAT-3 digital durometer, the force (kgf) necessary to cause rupture was 
measured for 20 tablets individually from each study sample. The acceptable limit was 6 ± 2 kgf 
(11, 15). 

Weight  

Twenty tablets of each formulation were randomly selected then individually weighed on a Boeco 
BBL31 analytical balance. The acceptance criterion being a standard deviation < 5% (15–18). 

Friability  

Twenty tablets of each brand were weighed and placed in the Erweka TADR friabilizer drum at 25 
rpm for 4 min, then the tablets were dusted and weighed. The difference in the two weights was 
used to calculate the friability, using the following formula: (Iw – Fw) / Iw x 100% where Iw = 
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initial weight and Fw = final weight of the tablets. The tablet complies with the test according to 
USP if tablets lose less than 1% of their weight (11, 15–19). 

Content  

Drug content was determined by the USP method and Volonté et al. using the UV/Vis 
spectrophotometer (15, 17, 20–22). First, 20 carbamazepine tablets were individually weighed 
and immediately ground to fine powder. Second, 60 mg of carbamazepine powder was weighed 
and transferred to a 100-mL volumetric flask. Next, 50 mL of 96% ethanol was added, mixed, 
sonicated or 15 min, and allowed to cool to room temperature. Then, it was diluted and 
completed to volume with 96% ethanol, and before each reading it was passed through a 
membrane filter of 0.45-µm porosity, discarding the first 5 mL of the filtrate. Finally, the 
absorbances were read in triplicate at a wavelength of 288 nm. Mean absorbance and 
concentration were obtained to calculate the percentage of carbamazepine in each formulation. 
A calibration curve with an R2 value of 0.999 was applied to calculate the concentration. The USP 
states that carbamazepine tablets must contain no less than 90.0% and no more than 110.0% of 
the amount specified on the label. 

Dissolution Tests 

To perform the dissolution test, 12 tablets of each carbamazepine formulation were placed in a 
USP dissolution apparatus 2 (paddle) for 90 minutes at 75 rpm and 37 ± 0.5 °C. The dissolution 
media were 900 mL each of hydrochloric acid at pH 1.2, acetate buffer at pH 4.5, and phosphate 
buffer at pH 6.8. 

Deaeration of the dissolution medium was carried out under a vacuum, passing the liquid 
through a 0.45-µm/25-mm membrane filter while sonicating in a water bath on a Black UC10 
ultrasound. The dissolution tester was programmed to maintain the optimum temperature. Each 
tablet was weighed and subsequently placed in each of the six containers containing 900 mL of 
dissolution medium.  

Samples (5 mL) were extracted through a syringe with a 0.45-µm chromafil filter at 5, 10, 15, 30, 
45, 60, and 90 minutes, without replacement of medium. Subsequently, 1 mL of sample was 
diluted in a 10-mL vial, being volumetric with the respective medium (2, 4). These samples were 
covered with aluminum foil until analysis. The absorbances were determined by UV/Vis 
spectrophotometry at a wavelength of 288 nm, and the dissolution medium was used as a blank 
for each case (4, 8). A calibration curve with an R2 value of 0.996 was made to calculate the 
concentration and percentage of content. 

Statistical Analysis 

SPSS 23 and Microsoft Office Excel 2007 were used for statistical analysis. As a statistical indicator 
of the in vitro biopharmaceutical equivalence, the recommendations for in vitro bioequivalence 
studies were used, such as the similarity factor (f2), dissolution efficiency (DE), and mean 
dissolution time (MDT) (4, 5, 22). DE was determined with the formula: (AUCot x 100) / Q∞ x t∞, 
where AUCot is the area under the release curve from the initial time to the final time of the 
experiment; Q∞ is the mean amount of the drug obtained at the end time of the experiment; t∞ 
is the end time of the experiment. The mean dissolution time (MDT) was estimated with the 
formula: ∑itiΔQ (ti)/Q∞, where ∑itiΔQ (ti) is the sum of the difference in time and mean amount 
of drug; Q∞ is the mean amount of the drug obtained at the end of the experiment (4, 8, 18,23). 
Analysis of variance (ANOVA) was performed including the drug and pH as independent variables 
(23); and Dunnett's test was used to compare the innovator with the other formulations. A p 
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INTRODUCTION

T he Biopharmaceutics Classification System (BCS), 
which is the scientific framework for classifying 
drugs based on their aqueous solubility and 

intestinal permeability, has been an important tool 
for waiving the regulatory requirement for in vivo 
bioavailability (BA) and/or bioequivalence (BE) studies 
in both new and generic drug development (1, 2). 
Currently, the U.S. Food and Drug Administration (FDA) 
and European Medicine Agency (EMA) support the BCS 
as a scientific approach to permit a waiver of in vivo BE 
testing for immediate release (IR) solid dosage forms 
for Class I (high solubility−high permeability) and Class 
III (high solubility−low permeability) drugs based on in 
vitro dissolution profile similarity of a drug product (3, 
4). Current regulations do not allow biowaivers of Class 
II drugs (low solubility−high permeability); however, the 
World Health Organization (WHO) further considers 
biowaivers of certain Class II drugs such as diclofenac, 
ibuprofen, ketoprofen, verapamil, and piroxicam (5–9). 
For BCS Class II drugs, dissolution can be the rate-limiting 
step of drug absorption (10). Therefore, a mechanistic 
understanding of the correlation between in vitro 
dissolution and in vivo performance is a challenge (11, 
12). It is also a challenge to develop an appropriate in vitro 

dissolution test for BCS Class II drug products for quality 
control (QC) purposes and drug product development, as 
well as for the establishment of biorelevance to forecast 
the in vivo performance during drug development. Since 
the pH and composition of the dissolution medium are of 
great impact on the dissolution process of poorly soluble 
drugs, in such cases synthetic surfactants may be used to 
increase drug solubility and dissolution and provide sink 
conditions in dissolution tests (13, 14).  

The purpose of this study was to investigate the effects of 
different types of surfactants (cationic and nonionic) on the 
solubility of tamoxifen citrate (TMX) and the dissolution of 
its IR tablets, and to identify the most suitable surfactant 
medium for dissolution testing to reflect the formulation 
differences and in vivo dissolution of the drug. Being a BCS 
Class II weak base, TMX (2-[4-[(Z)-1,2-diphenylbut-1-enyl]
phenoxy]-N,N dimethylethanamine; 2-hydroxypropane-
1,2,3-tricarboxylic acid) (CAS 54965-24-1) was chosen 
as the model drug for the present study (15). TMX is a 
selective estrogen receptor modulator in breast cancer 
tissue, thereby reducing the risk of recurrence and 
mortality of breast cancer (16). In the present study, in vitro 
disintegration and dissolution behaviors of reference and 
test products were investigated to make a comparison 
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value < 0.05 was considered significant (4, 8). 

RESULTS 
Hardness, Weight, Friability, and Content Tests 

Results of the hardness, weight, friability, and content testes are presented in Table 1. Average 
hardness values were within the acceptance criterion (6 ± 2 kgf), oscillating in an interval from 
1.42 ± 0.18 to 2.55 ± 0.09 kgf. Weight variation was acceptable; all products had a standard 
deviation (SD) of less than 5%, indicating reproducibility within and between batches. Friability 
test results were within acceptable limits (< 1% loss due to friction). All formulations met the 
requirements for drug content (i.e., 90–110% of the label amount).  

Table 1. Physical Characteristics of 200-mg Carbamazepine Immediate-Release Tablets (n = 20)  
Product Hardness (< 6 kg-f) Weight (SD < 5%) Friability  

(< 1%) 
Content 

(%)  Mean ± SD (kgf)  CV% Mean ± SD (mg)  CV% 
Generic A 1.44 ± 0.12 8.54 307.2 ± 1.7 0.55 0.41 102.0 

Generic B 2.55 ± 0.09 3.48 357.5 ± 2.0 0.57 0.33 103.0 
Commercial 

Brand 
2.32 ± 0.20 8.57 400.0 ± 1.6 0.41 0.14 105.0 

Innovator Brand  1.42 ± 0.18 12.8 295.6 ± 0.4 0.13 0.34 102.0 

SD: standard deviation; CV%: coefficient of variation. 

Dissolution Tests 

Results of the dissolution tests are presented in Table 2. At pH 1.2, dissolution percentages were 
< 85% at 30 min (A: 75.4%; B: 52.8%; C: 31.7%, R: 47.8%). At 10 min of dissolution, the coefficient 
of variation (CV%) was > 20% for C (A: 10.46%, B: 17.0%, C: 24.78%, R: 10.53%). At 15 min, CV% 
was ≥ 10% for B and C (A: 9.82%; B: 15.07%; C: 12.15%, R: 7.77%). These results indicate great 
variability in the dissolution profiles. For class 1 drugs, the CV% should not be higher than 20% in 
the first 10 min and should not exceed than 10% at other time points (2).  

At pH 4.5, the tablets did not release 85% of the API within 30 min, indicating low solubility at 
this pH (A: 63.7%; B: 53.8%; C: 80.6%, R: 47.1%). CV% did not exceed 20% at any time point but it 
was > 10% at 10 mins for B and C and at several other time points for B and the innovator.  

At pH 6.8, the percentage of drug release was less than 85% at 30 min (A: 74.0%; B: 54.3%; C: 
48.9%, R: 48.5%). The CV% was less than 20% for all products at 10 minutes. After 15 min of 
dissolution, the CV% was highly variable for all products. The CV% for B was most variable, 
ranging from 16.99–32.12% within the first 30 minutes. 

The similarity factor, DE, and MDT test results are presented in Table 3. The f2 values were within 
the range of similarity (f2 50–100%) for product B at pH 1.2 (56.7%) and 6.8 (52.4%) and product 
C at 6.8 (89.3%). At pH 1.2 and 4.5 product C did not reach the minimum value of 50. Product A 
failed to meet the minimum value of f2 at all three pH levels. DE values were above 50% and MDT 
was between 18.0 and 47.5 min. 

DISCUSSION 
In Peru, it is essential that the 31 generic essential drugs must have therapeutic equivalence 
studies, so in this study, the in vitro biopharmaceutical equivalence for four products (two generic 
formulations, one commercial brand, and the innovator brand) carbamazepine (class 2 drug)  
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increase drug solubility and dissolution and provide sink 
conditions in dissolution tests (13, 14).  

The purpose of this study was to investigate the effects of 
different types of surfactants (cationic and nonionic) on the 
solubility of tamoxifen citrate (TMX) and the dissolution of 
its IR tablets, and to identify the most suitable surfactant 
medium for dissolution testing to reflect the formulation 
differences and in vivo dissolution of the drug. Being a BCS 
Class II weak base, TMX (2-[4-[(Z)-1,2-diphenylbut-1-enyl]
phenoxy]-N,N dimethylethanamine; 2-hydroxypropane-
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as the model drug for the present study (15). TMX is a 
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Table 2. Dissolution of 200-mg Carbamazepine Immediate-Release Tablets at pH 1.2, 4.5, and 6.8 
Time  
(min) 

Innovator Brand Generic A Generic B Commerical Brand  
Mean 

(%) 
± 

SD 
CV% Mean 

(%) 
± 

SD 
CV% Mean 

(%) 
± 

SD 
CV% Mean 

(%) 
± 

SD 
CV% 

Dissolution medium: Hydrochloric acid, pH 1.2 
5 12.4 2.2 17.90 48.0 4.5 9.33 13.7 2.4 17.26 7.8 3.5 44.54 

10 21.9 2.3 10.53 57.8 6.1 10.46 25.0 4.3 17.00 12.9 3.2 24.78 
15 29.3 2.3 7.77 68.1 6.7 9.82 37.8 5.7 15.07 18.9 2.3 12.15 
30 47.8 4.2 8.82 75.4 9.5 12.63 52.8 5.7 10.69 31.7 3.6 11.35 
45 59.1 9.0 15.25 83.0 5.6 6.71 66.1 3.2 4.77 43.9 1.4 3.08 
60 66.2 5.1 7.68 86.0 5.8 6.73 75.2 4.8 6.34 61.6 6.9 11.14 
90 77.1 2.2 2.86 97.0 6.5 6.73 88.9 4.9 5.51 79.3 2.4 3.06 

Dissolution medium: Acetate buffer, pH 4.5 
5 11.7 1.7 14.80 39.6 4.9 12.46 12.5 1.4 11.32 10.2 1.2 11.71 

10 21.4 1.4 6.34 58.5 5.5 9.45 25.1 3.0 11.88 31.0 5.3 17.20 
15 29.6 3.3 10.97 63.1 5.3 8.46 35.7 4.7 13.07 47.5 4.4 9.34 
30 47.1 3.8 8.14 63.7 3.7 5.85 53.8 5.4 10.11 80.6 6.1 7.52 
45 56.5 7.7 13.71 68.4 4.6 6.70 70.7 3.0 4.31 93.7 6.0 6.36 
60 62.5 6.6 10.55 74.7 4.8 6.48 80.2 8.7 10.90 100.0 4.7 4.65 
90 67.9 6.2 9.12 78.6 6.1 7.75 102.8 14.3 13.92 110.8 8.4 7.53 

Dissolution medium: Phosphate buffer, pH 6.8 
5 12.0 1.2 9.72 42.3 5.1 12.10 9.3 2.4 25.52 13.0 1.2 9.16 

10 22.2 1.5 6.96 56.8 8.7 15.37 28.1 4.8 16.99 22.5 0.5 2.22 
15 30.1 1.4 4.52 62.4 3.6 5.83 33.6 10.8 32.12 29.0 4.0 13.75 
30 48.5 3.3 6.88 74.0 8.3 11.18 54.3 14.2 26.19 48.9 2.8 5.63 
45 55.9 2.6 4.69 83.2 5.1 6.11 70.0 3.7 5.32 55.7 4.1 7.32 
60 68.8 7.5 10.87 91.5 1.0 1.13 77.4 3.2 4.09 65.2 3.7 5.66 
90 77.0 1.8 2.34 94.6 1.3 1.33 91.2 5.0 5.46 75.5 0.7 0.90 

 
Table 3. Similarity Factor (f2), DE, and MDT Values for 200-mg Carbamazepine Immediate-Release Tablet 
Formulations 

Product f2 (%) AUCo
t (min%) DE (%) MDT (min) 

pH 1.2 4.5 6.8 1.2 4.5 6.8 1.2 4.5 6.8 1.2 4.5 6.8 
Generic A 

 
26.3 31.2 27.8 6975 5962 6957 79.9 84.3 81.7 22.9 18.0 20.9 

Generic B 56.7 39.6 52.4 5380 5758 5497 67.2 62.3 67.0 36.0 41.4 36.5 
Commercial 

Brand 
49.6 26.3 89.3 4003 7208 4637 56.1 72.3 68.2 47.5 31.0 35.2 

Innovator 
Brand  

   4715 4438 4741 67.9 72.7 68.4 35.5 30.5 34.8 

AUCo
t: area under the curve by the trapezius method, DE: dissolution efficiency, MDT, mean dissolution time. 

 

were evaluated, following the guidelines of the bioequivalence studies in vitro for class 1 and 3 
(4, 5, 8). The hardness test was carried out, with results being within the acceptance criterion (< 6 
± 2 kgf) for all products, indicating low variability for the same formulation, a fact that shows 
homogeneity within the batch for each pharmaceutical laboratory. No standard regulates the 
weight that tablets should have, and it is up to each laboratory to stipulate the weight of these 
pharmaceutical forms. Based on the reported literature and according to statistics, the standard 
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T he Biopharmaceutics Classification System (BCS), 
which is the scientific framework for classifying 
drugs based on their aqueous solubility and 

intestinal permeability, has been an important tool 
for waiving the regulatory requirement for in vivo 
bioavailability (BA) and/or bioequivalence (BE) studies 
in both new and generic drug development (1, 2). 
Currently, the U.S. Food and Drug Administration (FDA) 
and European Medicine Agency (EMA) support the BCS 
as a scientific approach to permit a waiver of in vivo BE 
testing for immediate release (IR) solid dosage forms 
for Class I (high solubility−high permeability) and Class 
III (high solubility−low permeability) drugs based on in 
vitro dissolution profile similarity of a drug product (3, 
4). Current regulations do not allow biowaivers of Class 
II drugs (low solubility−high permeability); however, the 
World Health Organization (WHO) further considers 
biowaivers of certain Class II drugs such as diclofenac, 
ibuprofen, ketoprofen, verapamil, and piroxicam (5–9). 
For BCS Class II drugs, dissolution can be the rate-limiting 
step of drug absorption (10). Therefore, a mechanistic 
understanding of the correlation between in vitro 
dissolution and in vivo performance is a challenge (11, 
12). It is also a challenge to develop an appropriate in vitro 

dissolution test for BCS Class II drug products for quality 
control (QC) purposes and drug product development, as 
well as for the establishment of biorelevance to forecast 
the in vivo performance during drug development. Since 
the pH and composition of the dissolution medium are of 
great impact on the dissolution process of poorly soluble 
drugs, in such cases synthetic surfactants may be used to 
increase drug solubility and dissolution and provide sink 
conditions in dissolution tests (13, 14).  

The purpose of this study was to investigate the effects of 
different types of surfactants (cationic and nonionic) on the 
solubility of tamoxifen citrate (TMX) and the dissolution of 
its IR tablets, and to identify the most suitable surfactant 
medium for dissolution testing to reflect the formulation 
differences and in vivo dissolution of the drug. Being a BCS 
Class II weak base, TMX (2-[4-[(Z)-1,2-diphenylbut-1-enyl]
phenoxy]-N,N dimethylethanamine; 2-hydroxypropane-
1,2,3-tricarboxylic acid) (CAS 54965-24-1) was chosen 
as the model drug for the present study (15). TMX is a 
selective estrogen receptor modulator in breast cancer 
tissue, thereby reducing the risk of recurrence and 
mortality of breast cancer (16). In the present study, in vitro 
disintegration and dissolution behaviors of reference and 
test products were investigated to make a comparison 
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deviation should not be greater than 5% to ensure reproducibility within and between batches 
(23, 24). All samples investigated in this study fulfilled this criterion. The friability test measures 
the ability of tablets to resist mechanical shock and abrasion during production, packaging, and 
transportation, with little loss of the API. In this study, the abrasion values indicate that the tablet 
surfaces are fragile to handling but there was no evidence of cracked, segmented, or broken 
tablets for all four products. Also, the drug content of the tablets was within the acceptance 
range of 90–110% for all products.  

This study also evaluated the dissolution profiles of carbamazepine tablets in three dissolution 
media (pH 1.2, 4.5, and 6.8) at seven sampling points. Analyzing the results at 15 and 30 min, the 
study samples did not release 85% of the API in all three dissolution media. The CV% was less 
than 20% up to 10 min for product A in all three media, for B only at pH 1.2, and for C at pH 4.5 
and 6.8. After 10 mins, A and C showed a CV% lower than 10% only at pH 4.5. The CV% was not 
acceptable for products and in the other dissolution media, reflecting low aqueous solubility (170 
mg/L), which would generate irregular and delayed absorption in vivo and affect bioavailability 
(25–27).  

It is well known that the manufacture, formulation, polymorphism of the drug, and the type and 
quantity of excipients can influence the dissolution process. For example, Block et al. 
demonstrated that in the wet granulation process, the amount and type of excipient used in the 
technological manufacture of metformin tablets influences the dissolution profile (27). Battu et 
al. reported that disintegrants and cross-linked polymers that swell in contact with water 
influence disintegration of the pharmaceutical form (28). Ghayas et al. showed that the 
compression force, mixing time, formulation, and amount of disintegrant and lubricant influence 
dissolution and bioavailability of the API (29). In the case of carbamazepine, Murphy et al. 
observed that carbamazepine has four anhydrous polymorphic forms and one stable dihydrate 
form, with the anhydrous polymorphic form III more soluble (380 mg/L) than the dihydrate form 
(130 mg/L) at 25 °C (30); whereas Tian et al. mentions that, in aqueous solution, polymorphic 
forms I–III are converted to the dihydrate form (31). To avoid such transformation and improve 
dissolution and bioavailability of carbamazepine, various technological processes have been 
proposed. Katzhendler et al. demonstrated that hydroxypropylmethylcellulose (HPMC) inhibits 
the transformation of carbamazepine form III into the dihydrate form in gels and an aqueous 
medium due to hydrogen bonding between the drug and polymer (32). Studies by Rodríguez-
Hornedo et al. and Li et al. demonstrated that the association of succinic acid (SUC, pKa 4.21 and 
5.64) with carbamazepine form the cocrystal (carbamazepine-succinic, CBZ-SUC), which is more 
soluble than the dihydrate form at pH 3 (33, 34). Although crystal pharmaceuticals can provide a 
better dissolution profile and, therefore, adequate bioavailability of the drug, recrystallization of 
the drug during the dissolution of the cocrystal has been observed (35). Markopoulos et al. and 
Dressman et al. demonstrated that pH of the dissolution medium influences the dissolution 
processes of drugs and bioavailability (5, 36). The physiological appearance of the intestinal 
mucosa, the allelic variants CYP2C9*2 and CYP2C9*3, and the metabolic phenotype of the 
patients, which influence the bioavailability and efficacy of carbamazepine, should also be 
considered (37).  

In the present study, the f2 was used as a statistical indicator for similarity of the generic and 
commercial products with the innovator brand, with acceptable values being 50–100%. Only 
product B had an f2 value greater than 50 at pH 1.2 and 6.8, and product C was acceptable at pH 
6.8. Based on f2 values < 50 at the three pH levels, in vitro biopharmaceutical equivalents could 
not be established for products A-C with the innovator brand. When comparing the DE values, 
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The purpose of this study was to investigate the effects of 
different types of surfactants (cationic and nonionic) on the 
solubility of tamoxifen citrate (TMX) and the dissolution of 
its IR tablets, and to identify the most suitable surfactant 
medium for dissolution testing to reflect the formulation 
differences and in vivo dissolution of the drug. Being a BCS 
Class II weak base, TMX (2-[4-[(Z)-1,2-diphenylbut-1-enyl]
phenoxy]-N,N dimethylethanamine; 2-hydroxypropane-
1,2,3-tricarboxylic acid) (CAS 54965-24-1) was chosen 
as the model drug for the present study (15). TMX is a 
selective estrogen receptor modulator in breast cancer 
tissue, thereby reducing the risk of recurrence and 
mortality of breast cancer (16). In the present study, in vitro 
disintegration and dissolution behaviors of reference and 
test products were investigated to make a comparison 
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only product A was greater than 80% in the three pHs, whereas the other products were greater 
than 50% and variable at the different pH levels (4, 38). Low DE indicates that there would be an 
amount of drug dissolved in the dissolution medium while in contact with the gastrointestinal 
mucosa where it would be absorbed, but drug release did not exceed 80% uniformly in the three 
dissolution media (3).  

The MDT represents the time at which 63.2% of the in vitro dose dissolves before 20 min. In this 
study, we observed that the MDT values are above 20 min (except for product A, which has a 
value of 18 min at pH 4.5), and when correlating these values in vitro with mean gastric 
emptying, which is 15-20 min in a fasted state, the dissolution profile of generic and commercial 
carbamazepine drugs is slow and variable. 

This work has some limitations that must be considered, such as not having evaluated all the 
generic and commercial brands of carbamazepine tablets that are prescribed and dispensed in 
Peru, not having carried out the disintegration test, and not having measured the dimensions of 
tablets, which should be considered in future studies. Notwithstanding the foregoing, this study 
provides scientific evidence on biopharmaceutical studies and dissolution profiles, which will 
encourage the implementation of in vivo bioequivalence studies of carbamazepine and the entire 
list of essential generic drugs of Peru. 

CONCLUSION 
This study examined the dissolution profiles of three different brands of 200-mg carbamazepine 
immediate-release tablets in three dissolution media that simulate the pH of gastrointestinal 
fluids. According to the similarity factor (f2), they are not bioequivalent in vitro with the innovator 
brand and therefore are not interchangeable, despite meeting the official specifications for 
quality control tests. Therefore, carbamazepine tablets cannot be exempt from relative 
bioavailability studies to demonstrate therapeutic equivalence and interchangeability in clinical 
practice. 
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ABSTRACT
Because drug-surfactant interactions are specific, careful choice of surfactant media is required to develop dissolution 
tests for Biopharmaceutics Classification System (BCS) Class II drugs. The purpose of this study was to investigate the 
effects of cationic hexadecyltrimethylammonium bromide (CTAB) and nonionic surfactants (polysorbate 80) on the 
dissolution of bioequivalent immediate-release formulations of a BCS Class II anticancer drug, tamoxifen citrate (TMX), 
and to identify the most suitable surfactant medium reflecting the formulation differences and in vivo dissolution of the 
drug. Dissolution behaviors of the reference and test products were studied using USP apparatus II at pH 1.2, 4.5, and 
6.8 with and without surfactant. At pH 6.8, the effects of 0.5% (w/v) CTAB and 0.5% (w/v) polysorbate 80 on dissolution 
of the formulations were much more pronounced compared to pH 1.2. Based on model-dependent and model-
independent approaches, test products were found to be different from the reference in all surfactant media. Overall, 
none of the surfactant media reflected the bioequivalence of test products to the reference; however, polysorbate 80 
may provide a discriminative test for certain formulation changes, and it may be physiologically meaningful to mimic in 
vivo solubilization and sink conditions due to continuous intestinal absorption of TMX.    
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which is the scientific framework for classifying 
drugs based on their aqueous solubility and 

intestinal permeability, has been an important tool 
for waiving the regulatory requirement for in vivo 
bioavailability (BA) and/or bioequivalence (BE) studies 
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and European Medicine Agency (EMA) support the BCS 
as a scientific approach to permit a waiver of in vivo BE 
testing for immediate release (IR) solid dosage forms 
for Class I (high solubility−high permeability) and Class 
III (high solubility−low permeability) drugs based on in 
vitro dissolution profile similarity of a drug product (3, 
4). Current regulations do not allow biowaivers of Class 
II drugs (low solubility−high permeability); however, the 
World Health Organization (WHO) further considers 
biowaivers of certain Class II drugs such as diclofenac, 
ibuprofen, ketoprofen, verapamil, and piroxicam (5–9). 
For BCS Class II drugs, dissolution can be the rate-limiting 
step of drug absorption (10). Therefore, a mechanistic 
understanding of the correlation between in vitro 
dissolution and in vivo performance is a challenge (11, 
12). It is also a challenge to develop an appropriate in vitro 
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