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ABSTRACT
Introduction: This study aimed to determine the hypothetical plasma concentrations of amiodarone-HCl (AMD) 
formulations from in vitro release data. Methods: The dissolution method used a United States Pharmacopeia paddle 
apparatus at 75 rpm. The dissolution medium was 0.1 N hydrochloric acid (pH 1.2) with 1% sodium dodecyl sulfate 
(SDS), pH 4.5 acetate buffer with 1% SDS, and pH 6.8 phosphate buffer with 1% SDS. The reference and a generic tablet 
formulation (200 mg) were studied. Dissolution parameters were compared and analyzed for statistically significant 
differences (e.g., mean dissolution time, cumulative drug release, dissolution efficiency, and others). Hypothetical 
plasma concentration-time profiles were calculated with dissolution data and reported pharmacokinetic information 
for AMD using a convolution approach. Results: Similarity factor (f2) analysis indicated that all dissolution profiles were 
similar; however, some statistically significant differences (p < 0.05) were noted in the dissolution parameters. According 
to established criteria of R2

adjusted and AIC values, AMD dissolution behavior was best explained by the Weibull model. 
Conclusion: Dissolution data for the reference formulation at pH 4.5 gave an acceptable prediction error for Cmax and 
AUC0-inf.     
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INTRODUCTION

A  miodarone-HCl (AMD) tablets are suggested for 
the treatment of life-threating ventricular and 
supraventricular arrhythmias and atrial fibrillation 

(1, 2). AMD is a compound with low solubility (0.35 mg/
mL), high permeability, high protein binding (> 96%), and 
moderate bioavailability (35–65%) (1). Food promotes 
drug absorption, which improves bioavailability (3). AMD 
is classified by the Biopharmaceutic Classification System 
(BCS) as a class 2 drug (2, 4).

Dissolution studies are an important tool to establish the 
release performance of poorly soluble drugs. Compendial 
quality control tests for AMD tablets are performed using 
United States Pharmacopeia (USP) apparatus 2 (paddle) at 
an agitation rate of 100 rpm with 1000 mL of 1% sodium 

dodecyl sulfate (SDS); and no less than 80% of the dose 
should dissolve in 60 min (5). 

In vitro release of AMD formulations has been studied 
by some authors. For context, in Brazil, Rubim et al 
reported increased solubility and dissolution of AMD with 
a solid dispersion technique using an inclusion complex 
containing a hydrophilic carrier (dissolution media were 
distilled water and aqueous solution of pH 1.2, 4.5, and 6.8 
in USP apparatus 2 at 50 rpm for 90 min) (6). In Australia, 
Ngo et al compared different commercially available AMD 
tablets using a high-performance liquid chromatography 
(HPLC) method (USP apparatus 2 at 100 rpm for 90 
min with 1000 mL 1% SDS in water); however, only the 
innovator and two out of three generic (multisource) drug 
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products achieved the pharmacopeial criterion (Q ≥ 80% 
in 30 min) (4). 

Considering the variability observed in bioequivalence 
studies, the narrow therapeutic ratio, and diversity in 
dissolution results, the objective of the present study 
was to determine the release behavior of AMD tablets 
available to the Mexican population, considering 
biowaiver conditions, and to estimate the hypothetical 
plasma concentration-time profiles (3, 7). 

METHODS  
AMD tablets of the reference formulation (Cordarone 200 
mg, Sanofi-Aventis de México, S.A. de C.V. Ocoyoacac, 
Mexico; lot no. BMXA002; expiration October 2023) 
and a generic formulation (Braxan 200 mg, Armstrong 
Laboratorios de México, S.A. de C.V. Mexico City, Mexico; 
lot no. 21080057; expiration Oct 2023) were tested. HCl, 
methanol, acetic acid, sodium acetate, sodium hydroxide 
pellets, and sodium phosphate monobasic crystals were 
supplied by J.T.Baker-Mexico. AMD reference substance 
was provided by Sigma-Aldrich Co. (St. Louis, MO, USA).

Dissolution Test 
Dissolution of AMD tablets was tested under biowaiver 
conditions using a paddle apparatus (Sotax, AT7-Smart) at 
75 rpm with 900 mL of 0.1 N hydrochloric acid (pH 1.2) and 
1% SDS, pH 4.5 acetate buffer with 1% SDS, and pH 6.8 
phosphate buffer with 1% SDS at 37.0 ± 0.5 °C. Automatic 
samples were taken every 5 min over 60 min (n = 12) 
and filtered with glass fiber prefilters (Millipore, Ireland). 
Dissolution medium was recirculated after each sample 
was taken. AMD was identified spectrophotometrically at 
243 nm (Lambda 25, PerkinElmer, USA) with the support 
of solutions with known concentrations ranging from 
1.87‒30 µg/mL.  

Data Analysis 
To compare AMD dissolution curves for the reference 
and generic product, the difference (f1) and similarity (f2) 
factors at each pH level were calculated. Acceptable f1 
values are 0‒15, and f2 values are 50 ‒ 100 (8). 

The cumulative amount of drug released at the last 
sampling time (Q60), mean dissolution time (MDT), and 
dissolution efficiency (DE) were computed and compared 
using the Student’s t-test. AMD release behavior was 
studied with following mathematical models: Makoid-
Banakar, Weibull, Korsmeyer-Peppas, Peppas-Sahlin, and 
logistic. The adjusted determination coefficient (R2

adjusted) 
and Akaike Information Criterion (AIC) were used to 
determine the best fitting model (9). 

The f1, f2, DE, and MDT values were computed by the 
Excel add-in DDSolver (10). Time to dissolve 50% of dose 
(t50%) was calculated with a hyperbola model.

Simulation of Plasma Concentrations 
AMD plasma levels were calculated with a convolution 
method as follows (11). Pharmacokinetic parameters were 
used to build drug levels in function of time, including 
elimination rate (ke), bioavailability factor (F), and volume 
of distribution (Vd) (12, 13). Peak plasmatic level (Cmax) and 
area under the plasma concentration-time curve from 
zero time to infinity (AUC0-inf) were computed using the 
Excel add-in PKSolver (14). 

Data for the reference AMD formulation in humans were 
then used to calculate prediction error (%PE; < 10% is 
optimal) for pharmacokinetic parameters Cmax and AUC0-

inf according to the following equation (3, 15):

RESULTS AND DISCUSSION  
Dissolution profiles for reference and generic AMD 
formulations are shown in Figure 1. Despite addition of 
SDS in all dissolution media, less than 50% was released 
from both formulations at pH 6.8 after 60 min. As shown 
in Table 1, both formulations had similar dissolution 
profiles based on f2 values. Statistical differences (p < 
0.05) in Q60 and DE values were noted at all pH levels, but 
MDT significant differences were only found at pH 1.2. 
Comparison of dissolution profiles by DE and MDT was 
made to facilitate results comparison; the differences had 
no physiological meaning (16).

These findings agree with results reported by others. 
Awan et al studied dissolution profiles of AMD powder, 
a commercial product (Cordarone 200 mg), and a test 
formulation (AMD nanocrystals equivalent to 200 mg) 
using the paddle apparatus at 100 rpm with 900 mL of 
distilled water and pH 1.2 and pH 6.8 buffer solutions. In 
all dissolution media, less than 60% of the AMD marketed 
product dissolved  after 90 min (17). 

Wang et al carried out an in vitro study of commercial  
tablets (Cordarone 200 mg) and AMD inside an inclusion 
complex using the paddle apparatus at 50 rpm with 900 
mL of distilled water, pH 1.0 HCl, and pH 4.5 and 6.8 buffer 
solutions. After 90 min with the commercial formulation, 
limited release (< 10%) was observed at pH 1.0 and 6.8 , 

%PE = (  −  )
 

× 100. 
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and less than 50% was released with distilled water; at pH 
4.5, 84.2% of dissolved drug was released (18).

Kinetic modeling of in vitro drug release for the reference 
and generic AMD formulations is shown in Table 2. 
According to established criteria of R2

adjusted and AIC 
values, AMD dissolution behavior was best explained 
by the Weibull model, which emphasizes the S-shaped 
profile (19). The R2

adjusted and AIC values were selected due 
observed differences in other parameters (20). The model-
dependent parameter t50% (derived from adjustment to 

hyperbola model) and Td (derived from Weibull function) 
are listed in Table 1; statistical differences (p < 0.05) were 
noted for t50% but not Td. Because a low Q60 value (< 50%) 
was observed for AMD at pH 6.8, the t50% and Td values 
were not calculated.

After applying the convolution methodology and adjusting 
the predicted AMD plasma levels to a compartment 
model, the main pharmacokinetic parameter values 
were calculated. The hypothetical Cmax and AUC0-inf were 
associated with human data to calculate prediction error 
(3). As shown in Table 3, prediction error was less than 
10% for both parameters of the reference formulation 
only at pH 4.5. Therefore, using the paddle apparatus 
at 75 rpm with pH 4.5 acetate buffer and 1% SDS was 
suitable to predict AMD plasma concentrations similar 
to those reported in an in vivo study. The predicted 
dissolution profiles obtained with in vitro release data at 
pH 4.5 are shown in Figure 2. The convolution method 
was validated, as PE < 10% was found (15).

It is preferable to establish an in vitro-in vivo correlation 
(IVIVC) for formulations with absorption limited by 
the dissolution rate (21). Two studies of IVIVC using 
AMD tablets have been reported (2, 22). The first was 
a recompilation of three bioequivalence studies of 
a reference and three commercial generic products 
using the  paddle  apparatus at 75 rpm with 0.1 M pH 
5.0 acetate buffer and 1% SDS for 120 min; a poor level 
B correlation was found (p = 0.033) (2). The authors 
concluded that bioequivalence studies should be carried 
out to ensure the interchangeability of AMD multi-source 
formulations (2). The second IVIVC study estimated 

Figure 2.  Hypothetical plasma concentration-time profiles of reference 
and generic AMD tablet formulations calculated with dissolution data at 
pH 4.5. 
AMD: amiodarone-HCl; G: generic; HCl: hydrochloric acid; R: reference; 
SDS: sodium dodecyl sulfate.Figure 1.  Dissolution profiles (mean values, n = 12) of reference and 

generic AMD tablet formulations using the paddle apparatus at 75 rpm 
with 900 mL of 0.1 N HCl (pH 1.2) + 1% SDS; acetate buffer + 1% SDS (pH 
4.5); and phosphate buffer + 1% SDS (pH 6.8). 
AMD: amiodarone-HCl; G: generic; HCl: hydrochloric acid; R: reference; 
SDS: sodium dodecyl sulfate.
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AMD in vivo release from the pharmacokinetics of 
desethylamiodarone (active metabolite) using reference 
tablets (200 mg) and a test formulation and the paddle 
apparatus at 100 rpm with 1000 mL of SDS (10 mg/mL) 
in ultrapure water (22). After 60 min, both formulations 
released the complete dose. The authors proposed the 
correlation of in vitro drug release with pharmacokinetics 
of the active metabolite (22).

Given the variability with AMD’s in vitro and in vivo 
performance, more research is needed to establish an 
IVIVC for AMD tablets. This work simulated AMD plasma 
levels from dissolution data obtained under biowaiver 
conditions. The proposed methodology is an option 
to facilitate biopharmaceutical evaluation of AMD oral 
dosage forms and ensure interchangeability between 
different formulations. 

CONCLUSION  
The present study proposes hypothetical AMD plasma 
concentration-time profiles on the basis of in vitro release 
data for the reference and a generic formulation obtained 

Table 2. Kinetic Release Parameters of Reference and Generic AMD Tablet Formulations (n = 12).

pHa Parameter Product Makoid-Banakar Peppas-Sahlin Korsmeyer-
Peppas

Logistic Weibull

1.2

R2
adjusted

R 0.8941 0.8709 0.7268 0.8226 0.9977

G 0.8986 0.8901 0.7350 0.8289 0.9974

AIC
R 68.94 71.40 79.97 74.32 17.38

G 62.83 63.78 73.79 67.77 17.88

4.5

R2
adjusted

R 0.9270 0.9143 0.7692 0.8226 0.9953

G 0.9142 0.9050 0.7521 0.8559 0.9954

AIC
R 65.06 67.32 79.16 74.32 33.24

G 63.42 65.22 76.12 69.44 16.01

6.8

R2
adjusted

R 0.9756 0.9700 0.9412 0.9096 0.9901

G 0.9017 0.8978 0.8455 0.8667 0.9906

AIC
R 42.86 45.20 58.97 51.46 30.95

G 51.19 51.66 55.95 54.08 22.27

aDissolution media: 0.1 N HCl (pH 1.2) + 1% SDS; acetate buffer + 1% SDS (pH 4.5); phosphate buffer + 1% SDS (pH 6.8). 
AIC: Akaike Information Criterion; AMD: amiodarone-HCl; G: generic; HCl: hydrochloric acid; R: reference; SDS: sodium dodecyl sulfate.

aDissolution media: 0.1 N HCl (pH 1.2) + 1% SDS; acetate buffer + 1% SDS (pH 4.5); phosphate buffer + 1% SDS (pH 6.8). 
bValues are expressed as mean ± standard error (n = 12).
*p < 0.05; †Less than 50% of dissolved drug was found at 60 min, so no t50% and Td data were calculated. 
AMD: amiodarone-HCl; DE: dissolution efficiency; f1: dissimilarity factor; f2: similarity factor; G: generic; HCl: hydrochloric acid; MDT: mean 
dissolution time; R: reference, SDS: sodium dodecyl sulfate; Td: derived from the Weibull model.

pHa Product f1 f2 Q60 (%)b DE (%)b MDT (min) b t50% (min) b Td (min) b

1.2
R - - 67.85 ± 0.89 55.80 ± 0.68 10.62 ± 0.36 14.70 ± 0.55 17.41 ± 7.25

G 11.20 57.91 72.42 ± 0.29* 62.18 ± 0.58* 8.48 ± 0.44* 9.15 ± 0.59* 8.60 ± 1.12

4.5
R - - 81.25 ± 0.68 67.90 ± 0.77 9.85 ± 0.37 8.55 ± 0.37 9.23 ± 0.34

G 9.05 58.83 73.03 ± 0.78* 61.79 ± 0.72* 9.23 ± 0.25 10.33 ± 0.54* 8.64 ± 0.31

6.8
R - - 49.67 ± 0.05 36.78 ± 0.54 15.44 ± 0.72 † †

G 23.34 50.94 36.73 ± 0.47* 28.54 ± 0.46* 13.38 ± 0.36 † †

Table 1. Dissolution Parameters of Reference and Generic AMD Tablet Formulations

aDissolution media: 0.1 N HCl (pH 1.2) + 1% SDS; acetate buffer + 
1% SDS (pH 4.5); phosphate buffer + 1% SDS (pH 6.8). 
AMD: amiodarone-HCl; G: generic; HCl: hydrochloric acid; SDS: 
sodium dodecyl sulfate; R: reference.

Product Parameter
pHa

1.2 4.5 6.8

R
Cmax 21.75% 7.02% 41.06%

AUC0-inf 20.94% 4.96% 43.31%

G
Cmax 18.64% 17.14% 57.18%

AUC0-inf 14.49% 14.21% 57.65%

Table 3. Prediction Error Parameters of Reference and Generic 
AMD Tablet Formulations.
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under biowaiver conditions. The best conditions to 
simulate in vivo behavior were obtained with data from 
the reference formulation using USP apparatus 2 at 75 
rpm with 900 mL of pH 4.5 acetate buffer and 1% SDS. 
At this pH, significant differences in model-independent 
parameters Q60 and DE as well as the model-dependent 
parameter t50% reflected differences in the proposed in 
vivo behavior of the generic formulation. The dissolution 
conditions and proposed predictions can be used to 
support better design of AMD formulations.
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