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ABSTRACT
Efavirenz is a poorly water-soluble drug categorized as a Class 2 drug under the Biopharmaceutics Classification System 

(BCS). Intrinsic dissolution is an effective tool for evaluating the physical–chemical properties of an active pharmaceuti-
cal ingredient (API). The aim of this study was to develop an intrinsic dissolution method for use in quality control of 
efavirenz to be used in the selection of an API for the production of dosage forms. The influence of compression force, 
rotation speed, dissolution medium, and surfactant concentration on the intrinsic dissolution rate (IDR) of efavirenz were 
evaluated using a rotating-disk holder. The developed method was applied to the evaluation of batches using different 
raw materials (batches A–G). Dissolution media containing 0.5% sodium lauryl sulfate (SLS) and a rotation speed of 100 
rpm proved the most discriminative. Batches A, D, and F provided intrinsic dissolution rate (IDR) values greater than 36 
µg/min/cm2 in this medium, while batches B and E provided IDR values of approximately 31 µg/min/cm2. The IDRs ob-
tained showed a high correlation with the surface areas of the batches. The method may be used in the development of 
efavirenz formulations to select API with physical–chemical properties that enable appropriate dosage form dissolution.
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INTRODUCTION

Efavirenz is an antiviral drug used worldwide in the 
treatment of acquired immune deficiency syn-
drome (AIDS). It is the non-nucleoside inhibitor of 

the reverse transcriptase enzyme indicated by the World 
Health Organization for polytherapy against the human 
immunodeficiency virus (1–3). This drug is categorized as 
Class 2 (low solubility and high permeability) according 
to the Biopharmaceutics Classification System (BCS), thus 
its low solubility (pKa = 10.2 and log P = 5.4) limits dissolu-
tion of its dosage forms (4, 5). Alternative approaches to 
improve efavirenz dissolution were reported, such as the 
use of superdisintegrants (6), complexation with cyclodex-
trin (7, 8), production of solid dispersions (9, 10), and the 
use of nanotechnology for the preparation of polymeric 
micelles containing efavirenz (11, 12). However, beyond 
issues with formulations, physical–chemical properties of 
the API including particle size distribution, specific surface 
area, polymorphism, and degree of hydration have direct 
impact on dosage form dissolution (13–15), and the use of 
low quality raw materials may result in formulations with 
bioavailability limitations (16, 17).

Intrinsic dissolution is an official method for the evalua-
tion of drug powders and has wide application in char-
acterizing drugs during the formulation development. It 
is an effective tool for evaluating the physical–chemical 
properties of an API upon dissolution without the influ-

ence of excipients (18, 19). Differences related to drug 
polymorphism and crystalline structure can be revealed 
by the IDR (20–22) and can be used for biopharmaceutical 
classification of drugs (23–25). A discriminative intrinsic 
dissolution method may indicate the differences that exist 
between API batches obtained from the same supplier as 
well as evaluate distinct suppliers of the same API. This 
would allow monitoring of the quality of raw materials 
and assist in batch selection of raw materials with physi-
cal–chemical properties that are appropriate for formula-
tion development (26–29).

Although the intrinsic dissolution method is described 
in a USP general chapter, there are no official drug 
monographs available; therefore, test parameters such as 
disk compression force, rotation speed, and dissolution 
media have to be evaluated for each drug to establish an 
intrinsic dissolution method (19). Dissolution methods for 
tablets, capsules, and oral efavirenz solutions have been 
reported in the major pharmacopeias and by the FDA (19, 
30–32); however, until now there was no official method 
described for intrinsic dissolution evaluation of this drug. 
The purpose of this study was to develop an intrinsic 
dissolution method for the quality control of efavirenz 
raw materials to be used for API selection. In addition, the 
physical–chemical properties of the API will be evaluated, 
which will enable production of dosage forms with appro-
priate dissolution properties and bioavailability. This work 
also aimed to apply the developed method to the evalua-
tion of different raw materials in efavirenz batches.*Corresponding author.
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MATERIALS AND METHODS
Chemicals and Reagents

The reagents ammonium acetate, monobasic potassium 
phosphate, polysorbate 80 (Tween 80), sodium chloride, sodi-
um hydroxide, and sodium lauryl sulfate (SLS) were acquired 
from Vetec (Rio de Janeiro, Brazil). Chromatographic grade 
acetonitrile and methanol were purchased from Tedia (Rio de 
Janeiro, Brazil). All solutions were prepared using Milli-Q water 
(Millipore, Bedford, MA, USA). The 100.0% pure efavirenz 
standard was supplied by Globe Química (São Paulo, Brazil). 
Seven batches of raw materials (batches A–G) were acquired 
from three different Brazilian suppliers: Nortec Química (Rio 
de Janeiro, Brazil), Globe Química, and Cristália Produtos 
Químicos Farmacêuticos Ltda (São Paulo, Brazil). Batches A 
and B were used for the production of tablets by Farmanguin-
hos Laboratories (Rio de Janeiro, Brazil). Tablets obtained from 
batch A were bioequivalent to the reference drug Stocrin, 
while tablets prepared with batch B were not bioequivalent 
(33). Batches A003352 and A006610 of the reference medica-
tion Stocrin (Merck Sharp & Dohme, NJ, USA) were used in the 
bioequivalence studies of biobatches A and B, respectively. 
Biobatch B used in the bioequivalence study showed values 
of Cmax and AUC that were 56% and 52% less than the refer-
ence, respectively, with the same Tmax of 4.5 h (33).

Drug Characterization
X-ray Powder Diffraction

X-ray diffraction (XRD) was performed to verify drug poly-
morphism and crystalline structure. Powder samples were 
analyzed in an X-ray diffractometer (Higaku Miniflex, Tokyo, 
Japan) operated with a voltage of 30 kV, a current of 15 mA, 
a step size of 0.05°, a 1 °C/min scan speed, at room tempera-
ture and using CuK2 radiation. Samples were scanned with 
an angular range between the 1° and 40° 2θ scale.

Differential Scanning Calorimetry
Differential scanning calorimetry (DSC) (Shimadzu, DSC-

60, Columbia, MD, USA) was carried out by weighing 2-mg 
samples of the drug substance into an aluminum pan, 
which was scanned from 25 to 250 °C using a heating rate 
of 10 °C/min and a nitrogen gas flow rate of 50 mL/min.

Particle Size Analysis
The particle size distribution was measured by laser 

diffraction using the wet mode (Malvern Mastersizer 2000, 
Hydro 2000 SM; Worcestershire, UK). Samples were pre-
pared using approximately 10 mg of the drug substance, 
which was dispersed in a beaker containing 10 mL of 0.02% 
(w/v) polysorbate 80 solution. The dispersion medium was 
100 mL of water, and the rotation speed was 2000 rpm. Par-
ticle size analyses were evaluated considering the param-
eters of mean, median, mode, and polydispersion index (PI).

Specific Surface Area
The specific surface areas of the efavirenz batches were 

evaluated by nitrogen gas adsorption (Micromeritics Gem-

ini VI 2385C, Norcross, GA, USA). Samples were degassed at 
25 °C for 24 h under a vacuum that generated pressures of 
500 mm Hg/min, and the equilibrium time for adsorption 
was 70 s. The amount of nitrogen gas adsorbed was calcu-
lated using the Brunauer, Emmett, and Teller (BET) method 
with a relative pressure range of (0.05 < P/P0 < 0.35).

Scanning Electron Microscopy
The morphology of the raw materials was determined 

by scanning electron microscopy (SEM) (Jeol, JSM-5310, 
Tokyo, Japan). The samples were mounted with carbon 
adhesive onto an aluminum holder, and the surface was 
sputter-coated with gold for 2 min (Sputtering Balzers, 
FL 9496, Balzers, LI) and photographed at a voltage of 
20 kV.

Solubility
The solubility of efavirenz was evaluated by adding an 

excess amount of sample into a beaker containing 10 mL 
of medium. The media used were 0.1 N hydrochloric acid 
pH 1.2, 0.05 M acetate buffer pH 4.5, water pH 5.5, and 
0.05 M sodium phosphate buffer pH 6.8 (19). All media 
were evaluated without surfactant and at concentrations 
of 0.5, 1.0, and 2.0% (w/v) SLS. Samples were agitated 
using a magnetic stirrer at 50 rpm for 24 h at 25 °C. Sub-
sequently, samples were centrifuged at 3500 rpm for 30 
min and filtered through a 0.45-μm pore membrane, and 
the concentration was determined by UV-vis spectropho-
tometer (Vankel 50, Varian Inc., Palo Alto, CA, USA) using 
a wavelength of 248 nm. All experiments were analyzed 
in triplicate with the same batch of API (batch D) that was 
used for all solubility analyses.

Development of the Intrinsic Dissolution Method
The intrinsic dissolution method was developed using a 

rotating disk holder similar to the one proposed by Wood 
et al. (34) with a surface area of 0.5 cm2. Disks of the efavi-
renz drug substance were prepared by compressing 180 
mg of sample with a hydraulic press (QLA 2 Ton Universal 
Press, NJ, USA). Dissolution studies were performed at 
a temperature of 37 ± 0.5 °C in a Hanson Research SR6 
dissolution tester (Hanson Research Corp., Chatsworth, 
CA, USA). The distance between the intrinsic die and the 
bottom of the vessel was 3.8 cm. Aliquots of 5 mL were 
withdrawn using a 10-µm cannula filter at 15, 30, 45, 60, 
90, 120, 150, 180, 210, 240, 270, and 300 min. The concen-
tration of efavirenz in the solution was measured by UV 
spectrophotometer at a wavelength of 248 nm (Vankel 
50, Varian Inc., Palo Alto, CA, USA) according to the drug 
monograph (19). Sink conditions were maintained dur-
ing the experiment. All measurements were performed 
in triplicate. Subsequently, batch D was used during the 
development of the intrinsic dissolution method.

The parameters of disk compression force, rotation 
speed, dissolution medium, and surfactant (SLS) con-
centration were determined during the development 
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of the intrinsic dissolution method. Drug powder was 
compressed at pressures ranging from 100 to 2000 psi for 
1 and 30 min. Rotation speeds of 50, 100, 150, and 200 
rpm were evaluated. The dissolution media used were 
0.1 N hydrochloric acid pH 1.2, 0.05 M acetate buffer pH 
4.5, water pH 5.5, and 0.05 M sodium phosphate buffer pH 
6.8. SLS was used in these media at concentrations of 0.5, 
1.0, and 2.0% (w/v). The dissolution media were prepared 
according to USP specifications (19).

The compact disks of efavirenz were evaluated con-
sidering the disk surface aspects and hardness and were 
characterized by XDR. XDR analysis was performed as 
described above as recommended by the USP to deter-
mine if the applied compression force changed the crys-
talline structure of the drug (19). Compact disks of each 
batch were evaluated and removed from the rotating 
disk holder at the completion of the dissolution test. The 
final dissolution conditions that were selected were also 
analyzed by XDR to investigate whether any polymorphic 
changes occurred during dissolution (19).

Intrinsic Dissolution Rate of Different Efavirenz Raw 
Materials

The different batches of efavirenz (A–G) were analyzed 
by the intrinsic dissolution method that was developed. 
The IDR was determined from the slope of the intrinsic 
dissolution–time profiles and was expressed in µg/min/
cm2. All experiments were performed in triplicate.

Statistical Analysis
Statistical analysis of the dissolution data was per-

formed using one-way ANOVA and Tukey’s multiple com-
parisons test with the aid of GraphPadprisma software 
(Version 5.0, GraphPad Software, Inc., 2007).

RESULTS AND DISCUSSION
Drug Characterization

The XRD technique indicates that the crystalline state 
of the efavirenz batches (Figure 1) was present as Form 
I since the characteristic signals were observed at 12.9°, 
20.3°, 22.65°, and 29.6°. Form I is the most stable poly-
morph of efavirenz and is commonly used in pharma-
ceutical formulations (35, 36). The DSC thermogram 
(Figure 2) shows that the endothermic melting curves 
of efavirenz batches were between 138 and 141 °C. 
The mean onset and endset temperatures were around 
138.7 °C and 140.5 °C, respectively (ΔH = 44.6 J/g). Ad-
ditional peaks indicative of polymorphic transitions were 
not observed and confirmed results obtained from XRD, 
indicating that the evaluated samples contained only 
polymorph I (35, 36).

Efavirenz batches A–G presented different distribu-
tions of particle size and specific surface area values, as 
shown in Table 1. Batches A, D, and G presented mean 
particle sizes ranging from 2.0 to 2.38 µm, batches C and 
F presented mean values around 3.5 µm, while batches B 

and E showed the largest particle sizes at 5.779 and 4.980 
µm, respectively. The modal values of the particle size 
distributions were superior to the respective mean and 
median values for all batches of efavirenz, especially for 
batches B and E. This parameter indicates the most fre-
quent particle size in the batch, and in some cases, it is the 
most representative parameter for evaluation of particle 
size distribution (37). The modal value of the particle size 
distribution was notable for batch B (21.825 µm) indicat-
ing that this batch possessed the largest particle size of 
the seven efavirenz batches evaluated. Large PI values 
were found in batches C and G, present especially in batch 
G, demonstrating that the diameter of the particles was 
not homogeneous in these batches. The specific surface 
area ranged between 2.0 and 9.0 m2/g, with emphasis on 
batch A, which showed a greater surface area than the 
other batches, 8.6790 m2/g, compared with batch B, which 

Figure 2. DSC thermograms of efavirenz batches A–G.

Figure 1. X-ray diffractograms of efavirenz batches A–G.



34 Dissolution Technologies | MAY 2014

showed the lowest value, 2.0030 m2/g. The surface area 
values were consistent with the respective values ob-
tained for particle size.

Figure 3 presents the morphology of the efavirenz batch-
es analyzed by SEM. Batches A and D showed rod-shaped 
crystals that were comparatively smaller and shorter than 
the other batches of efavirenz analyzed, which is in agree-
ment with the obtained values of particle size and surface 
area (Table 1). The particle size in batches B and E was visu-
ally larger than in other batches with a marked 7500× in-
crease. Examination of the morphological aspects of batch 
B revealed that it was predominantly made up of clusters of 
long rod-shaped crystals, which justifies the high mean par-
ticle diameter values and low surface area measurements of 
5.779 µm and 2.0030 m2/g, respectively.

Solubility
Table 2 shows the solubility of efavirenz in the different 

media evaluated, pH 1.2 hydrochloric acid, pH 4.5 acetate 
buffer, water pH 5.5, and pH 6.8 sodium phosphate buffer. 
In the absence of SLS surfactant, the highest solubility 
value observed was 12.3 µg/mL in pH 1.2 hydrochloric 
acid, while in other media without surfactant, the solubil-
ity values were closer to 10 µg/mL, as described in the 
literature for efavirenz (4, 38). An increase in drug solubil-
ity was observed with an increase in surfactant concentra-
tion in the four media evaluated, and the highest solubil-
ity observed was 5.37 mg/mL in pH 6.8 sodium phosphate 
buffer with 2.0% SLS. The solubility of efavirenz in water, 
even in the presence of SLS, was lower than that observed 
in other media, confirming its poor water solubility and its 
behavior as a brick dust drug (39, 40).

Intrinsic Dissolution Method Development
Evaluation of Compression Force Parameter on IDR

The efavirenz compacts used for intrinsic dissolution 
testing were prepared using reduced levels of compres-
sion force and compression time that were still capable 
of generating a nondisintegrating compact material as 
specified by USP (19). Efavirenz has electrostatic behav-
ior and stuck to the lower surface plate of the apparatus 
used for drug compression, resulting in fragmentation 

of the compacts when the plate was removed from the 
disk, as Yu et al. (23) reported for the drug metoprolol. The 
compacts prepared under compression forces up to 300 
psi for 1 min and 600 psi for 30 s were slightly brittle, and 
drug was deposited on the base of the intrinsic dissolution 
apparatus. Under compression forces of 1500 and 2000 
psi, the compacts appeared clearer and slightly opaque. 
To reduce the deposition of efavirenz and facilitate the 
preparation of compacts, a small amount of magnesium 
stearate was used to lubricate the base of the intrinsic dis-
solution apparatus, as described by Sehic et al. (28). With 
the lubricant, it was possible to obtain nondisintegrating 
compacts produced in the range of 300–1200 psi using 
both 1-min and 30-s compression times.

The XRD analyses of the compacts showed no changes 
in the crystalline structure of the drug after application of 
the compressive force, since the XRD patterns obtained 
with 30 s and 1 min of compression corresponded to the 
crystalline form I patterns of efavirenz and to the dif-
fractograms (Figure 1) obtained before the application 
of compressive force (35, 36). The compacts increased in 
hardness when prepared in the range of 100–1000 psi for 
30 s, which indicates that the compacts became harder 
when subjected to increasing compression forces of up to 
300 psi. The compact hardness obtained under a com-
pression force of 100 psi was 17 N, and 24 N under a com-
pression force of 300 psi. The hardness of the compacts 

Table 2. Solubility of Efavirenz (mg/mL) in Different Media 
and SLS Concentrations

Medium
SLS concentration (% m/v)

0 0.5 1.0 2.0

Hydrochloric acid 
pH 1.2

0.0123 0.8889 2.0709 4.3188

Acetate buffer 
pH 4.5

0.0108 1.0168 2.3052 4.8428

Water pH 5.5 0.0093 1.0708 1.8663 2.9780

Phosphate buffer 
pH 6.8

0.0072 1.1446 2.5395 5.3727

Table 1. Particle Size Distribution and Surface Area of Efavirenz Batches

Batch Surface Area (m2/g)
Particle Size Distribution (µm)

Mean Median Mode Polydispersion index

A 8.679 2.213 3.288 4.860 2.752

B 2.003 5.779 17.077 21.825 2.724

C 3.894 3.341 6.166 15.377 4.430

D 6.257 2.037 2.736 5.558 2.441

E 2.739 4.980 11.656 15.657 2.751

F 5.230 3.833 7.699 13.484 3.038

G 5.067 2.378 3.443 8.336 6.414
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obtained under compression forces of 400–1000 psi was 
maintained in the range of 29–33 N. Compressive forces 
above 1000 psi were not evaluated due to the difficulty in 

removing the intact compact from the intrinsic dissolution 
apparatus for evaluation.

Figure 4 shows the intrinsic dissolution profiles of efa-
virenz using compression forces of 100–1200 psi for 30 s, 
carried out in 500 mL of aqueous 0.5% SLS with a rotation 
speed of 50 rpm. After 5 h of dissolution testing, about 9 
mg of drug dissolved from the compact at all the com-
pression forces evaluated. This represents around 2.5% of 
the total mass used in the preparation of the compacts; 
this small percentage of dissolved drug is due to the low 
solubility of efavirenz in water and its behavior as a brick 
dust drug (4, 5, 39, 40). The efavirenz IDR obtained from 
the compressive force ranging from 100–1200 psi was 
maintained between 26.33 and 28.99 µg/min/cm2, and 
although the forces of 100, 150, and 300 psi provided a 
comparatively larger released mass by area, there was no 
statistically significant difference among the compression 
forces evaluated (p > 0.05).

The compression force is a parameter evaluated for 
the intrinsic dissolution test that can be crucial for some 
drugs, such as acetaminophen, which has its crystal habit 
destroyed during the compression process used to obtain 
the compact disk (41). The compression forces applied 
during this study do not alter the efavirenz IDR in the 
ranges tested. Accordingly, the intermediate compres-
sion force of 600 psi for 30 s was selected for the intrinsic 
dissolution method of efavirenz. Furthermore, using this 
compression force resulted in observable reproducibility 
of compact material preparation and resulted in a non-
disintegrating compact. Compression forces similar to 
that adopted in this study were used to make rifampicin 
compacts (26). In that study, after evaluating compression 
forces between 100 and 5000 psi for 1 min and consider-
ing the possible polymorphic transitions, the authors used 
a pressure of 500 psi for 1 min as the ideal condition to 
obtain nondisintegrating compact material.

Evaluation of Rotation Speed Parameter on IDR
The effect of rotation speed on efavirenz IDR is shown in 

Figure 5, which also considers three different compression 

Figure 3. Scanning electron microscopy of efavirenz batches A–G.
Figure 4. Comparative intrinsic dissolution profiles at different disk com-
pression forces.
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forces. The mean values of IDR measured at the rotation 
speeds 50, 100, 150, and 200 rpm were 27.24, 38.06, 61.66, 
and 58.82 µg/min/cm2, respectively. The efavirenz IDR 
increased with increasing rotation speed up to 150 rpm. 
The amount of dissolved drug and the intrinsic dissolu-
tion profiles obtained from rotation speeds of 150 and 200 
rpm were considered statistically similar (p > 0.05). In addi-
tion, there were also no statistical differences among the 
compressive forces of 200, 600, and 1000 psi evaluated at 
the same rotation speed (p > 0.05).

The USP recommends rotation speeds between 50 and 
500 rpm (19). Intrinsic dissolution studies described in 
the literature (23, 26, 28, 42, 43) demonstrate that lower 
rotation speeds (i.e., 50 or 100 rpm) are ideal for use in 
discriminating methods. In this work, the rotation speed 
of 100 rpm was selected for the intrinsic dissolution of 
efavirenz to use milder, and therefore more discriminative, 
dissolution conditions (44).

Evaluation of Dissolution Medium Parameter on IDR
The dissolution media pH 1.2 hydrochloric acid, pH 4.5 

acetate buffer, water pH 5.5, and pH 6.8 sodium phos-
phate buffer were tested without surfactant and with 
the addition of 0.5, 1.0, and 2.0% SLS. Table 3 shows that 
both the dissolved mass of drug at the end of the dissolu-
tion test and the IDR increased with increasing surfactant 
concentration in the four media assessed. The lowest IDR 
was observed in pH 1.2 hydrochloric acid. There were 
no significant differences among the dissolution rates in 
acetate buffer, water, and phosphate buffer media at the 
same SLS concentrations (p > 0.05). The correlation coeffi-
cient calculated from the intrinsic dissolution-versus-time 
profiles shows a high correlation (r > 0.99) indicating zero-
order dissolution kinetics for all the conditions tested.

The media were selected to cover biorelevant condi-
tions within the physiological pH range (1.2–6.8) to reflect 
the in vivo performance of the dosage form (44, 45). 
However, water was selected as the dissolution medium 
due to the similarity in mass dissolved at the end of the 
dissolution test and the IDR between this medium and 
the other media tested, except for pH 1.2 hydrochloric 
acid. Moreover, this medium is consistent with the official 
monographs of pharmaceutical forms of efavirenz that 
adopt water containing surfactant SLS (19, 30–32). Thus, 
the conditions of the dissolution test were 900 mL of 
water containing SLS as the dissolution medium with a 
rotation speed of 100 rpm.

Intrinsic Dissolution Rate of Different Efavirenz Raw 
Materials

Batches A and B were used to select a discriminative 
intrinsic dissolution method that can discern differences 
in bioavailability. In Figure 6, the intrinsic dissolution 
profiles in the various SLS concentrations demonstrate 

Table 3. Intrinsic Dissolution Rate of Efavirenz in Different Dissolution Media

Dissolution Medium
SLS concentration

(% m/v)
Mass dissolved

(mg) in 5 h
IDR

(µg/min/cm2)

Hydrochloric acid
pH 1.2

0.5 11.31 28.76 ± 0.97

1.0 21.15 56.92 ± 1.04

2.0 35.77 110.37 ± 4.68

Acetate buffer
pH 4.5

0.5 12.09 35.23 ± 0.59

1.0 20.57 63.09 ± 0.52

2.0 41.98 142.32 ± 1.29

Water
pH 5.5

0.5 11.53 36.87 ± 0.67

1.0 21.21 68.34 ± 1.44

2.0 38.64 114.32 ± 1.29

Phosphate buffer
pH 6.8

0.5 12.48 36.08 ± 0.47

1.0 21.79 67.56 ± 0.58

2.0 40.63 126.85 ± 3.35

Medium: 900 mL; disk rotation speed 100 rpm; disk compression force 600 psi for 30 s. Mean ± SD; n = 3.

Figure 5. Intrinsic dissolution rates at different disk compression forces and 
rotation speeds.
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that increasing the concentration of surfactant, besides in-
creasing the mass of drug dissolved, leads to more similar 
intrinsic dissolution profiles among these batches. Batches 
A and B were considered statistically different only in me-
dia containing 0.5% (p < 0.001) and 1.0% SLS (p < 0.001) 
according to ANOVA analysis. Evaluation of both intrinsic 
dissolution profiles in comparison to the IDR values (Table 
4) shows differences between batches A and B at these 
surfactant concentrations, especially 0.5% SLS, indicating 
that the higher surfactant concentrations resulted in non-
discriminatory media, as shown in other studies (46–48).

The reduction in the discriminatory capacity of the dis-
solution media upon increased surfactant concentrations 
was also verified in the other batches of efavirenz assessed, 
as can be seen in Table 4, which presents the IDR of batches 
A–G in water containing 0.5, 1.0, and 2.0% SLS. The dissolu-
tion medium containing 0.5% SLS was the most suitable for 
a comparative analysis between the batches and one-way 
analysis of variance ANOVA. A 0.5% concentration of sur-
factant allowed raw materials to be classified into groups. 
Batches A, D, and F were statistically equal (p > 0.05) and  
different from batches B and E (p < 0.001). Batches A, D, and 
F were classified as batches that release a higher mass of 
drug from the compact thus presenting higher IDR values 
(Group 1), while batches B and E were classified as batches 
with lower mass of released drug from the compact, with 
lower values of IDR (Group 2).

The IDR values observed using 0.5% SLS were consistent 
with the physicochemical characteristics of particle size 
and surface area of the batches assessed, since batches 
from Group 1 have smaller particle size and larger surface 
area, while the lots from Group 2 have larger particle size 
and smaller surface area. The interpretation of the IDR val-
ue cannot be performed in isolation; that is, for a compari-
son among different batches, it is necessary to critically 
evaluate the physicochemical characteristics in combina-
tion, considering all the parameters presented in Table 1. 
Consideration of the mean particle size in isolation does 
not always indicate the real characteristics of a batch, 
although it is necessary to assess the mode, D0.1 and D0.9 
values, and the polydispersity indices (37). The IDR of the 
Group 1 and 2 batches were plotted versus the surface 
area and particle size parameters as shown in Table 1. The 
highest correlation coefficient value was 0.9181 obtained 
with the surface area data followed by the median and 
mean, r = 0.8145 and 0.8048, respectively.

The analysis of the dissolution residue found in batches 
A–G by XRD at the final intrinsic dissolution conditions 
containing 0.5% SLS indicates that there were no poly-
morphic changes to efavirenz after 5 h of analysis. XRD 
patterns similar to those shown in Figure 1 were obtained 
for these residues, confirming the presence of only poly-
morph I (data not shown).

The intrinsic dissolution method developed in this work 
can be applied in the development of efavirenz formula-
tions to select the raw materials for use in the production 

Figure 6. Comparative intrinsic dissolution profiles of efavirenz batches A 
and B at (A) 0.5%, (B) 1.0%, and (C) 2.0% concentrations of sodium lauryl 
sulfate (SLS) in the dissolution media. Dissolution conditions were com-
pression force 600 psi for 30 s and100 rpm.

Table 4. Intrinsic Dissolution Rate (µg/min/cm2) of Different 
Lots of Efavirenz

Batch
SLS concentration (% m/v)

0.5 1.0 2.0

A 39.13 ± 1.60 71.08 ± 0.69 103.45 ± 3.41

B 31.26 ± 1.77 59.53 ± 0.79 110.95 ± 1.20

C 33.57 ± 0.30 65.64 ± 0.63 106.30 ± 0.26

D 36.87 ± 1.77 68.55 ± 2.00 114.39 ± 2.00

E 31.92 ± 1.15 63.09 ± 0.21 102.76 ± 2.41

F 37.33 ± 2.16 68.30 ± 0.93 106.97 ± 1.05

G 30.87 ± 2.34 67.63 ± 1.38 115.24 ± 1.31

Medium: 900 mL; disk rotation speed 100 rpm; disk compression force 600 
psi for 30 s. Mean ± SD; n = 3.
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of dosage forms that provide adequate bioavailability and 
dissolution. The tablets prepared using efavirenz API batch 
A were bioequivalent to the reference drug product, while 
the tablets prepared using batch B were not bioequivalent 
(33). Although both tablet batches (biobatches A and B) pre-
sented the same Tmax (4.5 h), the pharmacokinetic param-
eters obtained for biobatch B (Cmax = 1.09 ± 0.44 µg/mL; AUC 
= 65.10 ± 16.45 µg·h/mL) were about 50% less than those 
obtained for biobatch A (Cmax = 2.93 ± 0.83 µg/mL; AUC = 
137.95 ± 42.85 µg·h/mL) (33), showing that the properties 
of particle size and surface area influence drug absorption. 
The IDR values obtained from the evaluation of the seven 
batches of efavirenz and the bioequivalence test results 
for batches A and B suggest that a minimum IDR value of 
35 μg/min/cm2, using the intrinsic dissolution conditions 
described in this study, is an ideal specification of efavirenz 
API with the possibility of approval for the bioequivalence 
test. Tablets produced using batches D and F may provide 
adequate bioavailability, since these batches showed similar 
performance to that observed in batch A approved in the 
bioequivalence test. Similarly, tablets produced using batch 
E may not provide adequate bioavailability.

CONCLUSIONS
In this study, an intrinsic dissolution method was 

developed that was applicable for quality control of 
efavirenz raw material using the USP rotating disk method 
(Wood’s apparatus). The compression force had no effect 
on the IDR of the drug, and IDR values were higher with 
increasing rotation speeds up to 150 rpm. The method for 
preparation of the compacts did not change the crystal 
structure of efavirenz, as shown by XRD analyses. Water 
containing 0.5% SLS was the most discriminative dissolu-
tion medium for the comparative evaluation of different 
efavirenz batches based on their particle size distributions 
and surface area properties. The method developed for 
intrinsic dissolution resulted in a high correlation between 
surface area of the API batch and its IDR value.
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