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ABSTRACT

This study evaluated the dissolution behaviour of a novel amorphous form (Form A) and the
commercially preferred crystalline form (Form 1) of efavirenz. Generally, amorphous forms tend
to achieve a greater extent and rate of dissolution compared to their crystalline counterparts. The
results showed that the dissolution of Form A to be significantly lower than that of Form | due to
agglomeration. Factors which contributed to the agglomeration behaviour of Form A include:
high surface free energy, a lower degree of wetting, and the low glass transition temperature of
Form A which caused the sample to convert to the rubber phase which is stickier. The
agglomeration increased the relative particle size thereby reducing the exposed surface area of
Form A; ultimately reducing the rate and extent of dissolution. The dissolution behaviour of
Form A was found to be dependent on sample size and surfactant (SLS) concentration. Scanning
Electron Microscopy (SEM) was employed to investigate surface area properties which provided
information supporting the powder dissolution results. The solubility and intrinsic behaviour of
the two forms were found to be comparable. Upon further investigation it was found that Form A
undergoes phase mediated transformation into Form | during the solubility and dissolution
experiments and that this too contributed to the apparent dissolution and solubility behaviour of
Form A. It was found the nucleation rate of Form A was potentiated by higher SLS content in
the dissolution medium.
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INTRODUCTION:

Efavirenz is a non-nucleoside reverse transcriptase inhibitor (NNRTI) which acts as an inhibitor
of HIV-1 reverse transcriptase’. It is commonly administered in combination with nucleoside
reverse transcriptase inhibitors (NRTI) due to the fact that resistance towards NNRTIs has been
reported”. The use of substandard medicines result in treatment failure and increases the risk of
resistantance®>. Substandard medicines are products whose composition and ingredients do not
meet the final product specifications®.
A total of 19 different solid forms of efavirenz are currently described in the literature: Forms I-
V, HL, o, B, vy, yl, y2, ®, 8, N, O and P as well as three amorphous forms*®. The literature
suggests Form | to be the most desired crystal form of efavirenz for pharmaceutical
manufacturing®>. Different solid forms of a compound may vary in solubility and rate of
dissolution due to differences in thermodynamic properties of the crystal conformations®'°. The
more stable the crystal form, the stronger the bonding forces between the molecules will be and
vice versa'®. For dissolution to take place, the intermolecular forces of a compound must be
overcome’®, and therefore rate of dissolution is indirectly proportional to crystal stability.
Efavirenz is a poorly water soluble compound'’ rendering its polymorphs susceptible to
significant differences in bioavailability. Theoretically meta-stable forms will exhibit higher
solubility compared to their crystalline counterparts®'®. Amorphous forms being the least stable
form of a compound are therefore anticipated to exhibit the greatest dissolution rate and extent of
dissolution compared to its crystalline forms™®.
Many other aspects (besides polymorphism) contribute to product quality, including the
analytical methods and specifications which are used to assess performance indicators (like
dissolution). A recent study proposed how changes to the current USP dissolution medium (0.1
N HCL with 1% (w/v) Sodium Laurel Sulfate-SLS) can aid with identification of the
mebendazole polymorphic forms'?. At the time of this study, we noticed that numerous
manufacturer methods, guidelines and in-process monographs state the use of either 1% or 2%
SLS as dissolution medium for Efavirenz final products**™°.
In the light of the aforementioned, we set the following objectives for this study:
i) to prepare and characterize an amorphous form of efavirenz (Form A) prepared by a
quench cooling technique;

i) to evaluate the dissolution and solubility properties of efavirenz Form A and Form I, and
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1)) evaluate the difference between the use of 1% wi/v or 2% w/v SLS as dissolution medium
on the dissolution behaviour of both forms

MATERIALS AND METHODS

Particle size analysis

Prior to any experimental procedure, both forms (Form A and Form I) were lightly ground with
the use of a mortar and pestle. The resultant powder was sieved and subjected to particle size
analysis to ensure a uniform particle size distribution. Particle size distribution measurements
were done with a Malvern Mastersizer 2000 (Malvern Instruments Ltd., Malvern, UK) fitted
with a Hydro 2000SM dispersion unit. Samples were dispersed in the sample suspension unit
containing a dispersant (water). The average d(0.5) and d(0.9) values obtained for Form | were
44 um and 122 pm respectively. The average d(0.5) and d(0.9) values obtained for Form A were
57 um and 123 um. The results obtained from particle size analysis rendered the particle size of
the powder used for experimental procedures to be comparable.

Diffuse Reflectance Infra-red Fourier Transform (DRIFT) spectroscopy

The IR spectra were recorded on a Nicolet Nexus 470 spectrophotometer with the Avatar diffuse
reflectance smart accessory (Nicolet Instrument Corp., Madison, WI) over a range of 4000 cm™-
400 cm™. IR samples were prepared and analyzed in a potassium bromide (Merck®,
Johannesburg, South Africa) matrix.

X-Ray Diffractometry (XRD)

A Bruker D8-Advanced diffractometer (Bruker, Frankfurt, Germany) was used to obtain X-Ray
Powder Diffraction (XRPD) patterns. The following conditions were applicable: target, Cu;
voltage, 40 kV; current, 30 mA,; divergence slit, 2 mm; anti-scatter slit, 0.6 mm, detector slit, 0.2
mm; monochromator; scanning speed, 2/min with a step size of 0.025 and a step time of 1.0 sec.
Differential Scanning Calorimetry (DSC)

Approximately 2-5 mg of sample was weighed into a 40 pl aluminium sample pan, fitted with a
pierced lid (Mettler Toledo, Greifensee, Switzerland) and crimped. Samples were analyzed using
a Mettler Toledo DSC823° (Mettler Toledo, Greifensee, Switzerland) at a heating rate of
10°C/minute with the nitrogen flow rate set to 80 ml/min. The thermal events were evaluated by
means of the STAR® software (version 9.0x) (Mettler Toledo, Greifensee, Switzerland).
Dissolution

Two different dissolution techniques were employed to study the dissolution properties of Form

A and Form I, namely: powder dissolution and intrinsic dissolution. For both techniques an
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Erweka D700 dissolution system (Erweka, Heustenstamm, Germany) fitted with paddles (50
rpm) was used. 1% and 2% (w/v) SLS solutions were used as dissolution media. The dissolution
experiments were performed at 37.0+0.5°C.

The samples and standards were suitably diluted and filtered before analysis. Samples were
analyzed by means of (High Pressure Liquid Chromatography) HPLC as described under the
High Pressure Liquid Chromatography analysis section.

Powder dissolution

The technique described by Létter and co-workers™® was used for the powder dissolution testing.
This technique has successfully been used to distinguish between different crystal forms of
different active pharmaceutical ingredients*>*’. Samples weighing approximately 50 mg, 200 mg
and 600 mg were accurately transferred into test tubes containing glass beads with a diameter of
0.1 mm (Sigma Aldrich, Johannesburg, South Africa) corresponding to approximately 50% of
the sample weight. 10 ml of dissolution medium was transferred into each test tube. The
suspended samples were agitated using a Vortex Genie shaker (Scientific Industries Inc.,
Bohemia, New York) for 30 seconds, before being rinsed into the respective vessels. Samples
were withdrawn after 7.5, 15, 30 and 45 minutes. The samples were filtered using Millipore 0.45
um filters (supplied by Microsep, Sandton, South Africa) prior to HPLC analysis.

The dissolution profiles of Form A and Form | were compared using the similarity factor'®. The
equation for the similarity factor (f,) is depicted by equation 1. Form I was used as the reference

sample.

f,= 50 |og{[1+%i(Rt—Tt)2I xlOO} (1)

Where: n is the number of withdrawals; Ry is the % reference sample dissolved at time t and T;is
the % sample dissolved at time t.

Intrinsic dissolution

The intrinsic dissolution behaviour of Form A and Form | in 1% (w/v) SLS was evaluated using
the guidelines described in the current United States Pharmacopeia™ and British Pharmacopeia®.
300 mg samples were compressed (3 ton for 1 minute) using a Beckman 00-25 hydrolic press
(Beckman, Glenrothes, Scotland) in tempered aluminum dies (diameter: 13 mm). Samples were
withdrawn after 7.5, 15, 30, 60, 90, 120, 180 and 240 minutes. The samples were filtered using
Millipore 0.45 um filters (supplied by Microsep, Sandton, South Africa) and suitably diluted
prior to HPLC analysis.
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Solubility studies

The solubility of the two forms were determined in 0.1N HCI (pH 1.2), acetate buffer (pH 4.5),
phosphate buffer (pH 6.8), 1% (w/v) SLS and 2% (w/v) SLS. Sieved fractions (approximately
200 mg) of the two forms were weighed and transferred into test tubes together with 5 ml of each
medium respectively. The test tubes were sealed and affixed to sample holders in a temperature
controlled water bath which was maintained at 37.0+0.2°C. The samples were rotated at 50 rpm
for 24 hours. The samples were filtered using Millipore 0.45 um filters (supplied by Microsep,
Sandton, South Africa) and suitably diluted prior to HPLC analysis.

Contact angle measurement (CAM)

Powder samples were transferred into suitable CAM sample holders. The surface of the powder
bed was smoothened to ensure an even powder surface. A Kriiss DSA 100S (Kriss, Hamburg,
Germany) drop shape analyzer with Drop Shape Analysis for Windows, version 1.90.0.14
(Kriiss, Hamburg, Germany) was used for contact angle measurements. The water drop size
ranged from 7-13 ul. The sessile drop method was employed and the results were calculated
using the tangent technique.

Hot stage microscopy (HSM)

A Nikon DS-Fil (Nikon, Tokyo, Japan) digital camera affixed to a Nikon ECLIPSE E400 light
microscope (Nikon, Tokyo, Japan) was used for HSM. Samples were heated with the use of a
Leitz hot stage (Leica Microsystems Inc., Bannockburn, IL). The captured images were analyzed
using NIS-Elements F2.30 software (Nikon, Tokyo, Japan).

Scanning Electron Microscopy (SEM)

A small amount of sample was used to cover the carbon tape that was affixed to the pin. The
sample was then covered with a gold-palladium film using an IB-2 Eiko engineering ion coater
inside a vacuum (Eiko Engineering, Ibaraki, Japan). The coated sample was then affixed to the
microscope sample holder and analyzed using a FEI Quanta 200 ESEM & Oxford INCA 400
EDS system (FEI, Hillsboro, OR).

High Pressure Liquid Chromatography (HPLC) analysis

The concentration of efavirenz from the dissolution and solubility samples was measured
employing an isocratic HPLC method?! on an Agilent 1200 HPLC system with Rev. B. 02.01-
SR2 [260] ChemStation for LC 3D systems software (Agilent Technologies, Santa Clara, CA). A

C18 (5 um, 4.6 mm x 25 cm) column (Phenomenex, Torrance, CA) was used.
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RESULT AND DISCUSSION

Preparation of the amorphous form of efavirenz

Efavirenz raw material (Matrix Laboratories Limited, Secunderabad, India), was obtained from a
local pharmaceutical manufacturer. This raw material (Form I) was used as starting material for
the preparation of the amorphous form by quench cooling the melt. A calibrated laboratory hot
plate was covered with aluminum foil and set to 140°C. A desired amount of Form | raw
material was placed onto the aluminum foil and allowed to melt. The aluminum foil was
thereafter quickly removed from the hot plate and subjected to ambient conditions. The melt
instantly solidified into a glassy solid. The obtained glass was dubbed efavirenz Form A. Form A
was subjected to assay analysis using the method as described in the HPLC section to ensure that
the employed preparation method did not result in any significant breakdown of the active. The
recovery of efavirenz was found to be 99.6%.

Being an amorphous solid form, the stability of Form A was expected to be at risk. For this
reason Form A was freshly prepared for each experimental procedure. The desired amount which
was required for a given experimental procedure was prepared directly prior to use.
Characterization of the efavirenz crystal forms

Physico-chemical characterization by means of XRPD, DRIFT-IR and DSC was performed on
the samples.

The x-ray powder diffractogram of the efavirenz raw material produced clearly defined
diffraction peaks characteristic of a crystalline form (Figure 1). The presence of diffraction
peaks at the following 26- angles: 6.0+£0.2, 6.3+0.2, 10.3+0.2, 10.8+0.2, 14.1+0.2, 16.8+0.2,
20.0+0.2, 20.520.2, 21.10+0.2 and 24.8+0.2, confirmed the raw material to be Form 1*°. Form A
revealed no distinct XRPD peaks (Figure 1), confirming absence of a definite crystal packing.
The IR spectra of Form | and Form A differed significantly in the 2750-3500 cm™ and 1600-
1800 cm™ regions (Figure 2). The IR spectrum of Form A did not reveal the secondary amine
stretch at 3312 cm™ which is prominent in the IR spectrum of Form I. Furthermore, the carbonyl
stretch was observed at 1739 cm™and at 1750 cm™ for Form A and Form | respectively.

The DSC thermogram of Form | revealed a melting endotherm (T,) at 138.40°C whilst that of
Form A revealed a glass transition at 33.4°C (Ty), a crystallization exotherm (T) at 83.26°C and
a melting endotherm (Tn) at 138.00°C, when heated at a rate of 10°C/min (Figure 3). The low Ty
suggest that Form A will present in the rubber phase above this temperature and as a glass below

this temperature™®.
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Figure 1: XRP diffractograms of efavirenz Form I and Form A.
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Figure 2: Overlay of the DRIFT-IR spectra of Form | (dotted) and Form A (solid).
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Figure 3: DSC thermograms of efavirenz Form | (solid line) and Form A (dotted line) when

heated at a rate of 10°C/min.

Hot stage microscopy (HSM) was used to elucidate and confirm the thermal events observed in
the DSC thermograms of Form A and Form I. Form A revealed fine, superficial channels which
formed during the preparation of the glass (Figure 4 - 1). No birefringence was detected when

the sample was exposed to polarized light confirming the absence of crystalline phases in the
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sample. Between 28-63°C the superficial channels disappeared and the sample displayed a
smooth viscous-like surface, which could be attributed to the transition of the glass to the rubber
phase. Small nuclei were detected at 76°C (Figure 4 - 3) which revealed a two dimensional
growth when exposed to increased temperatures (Figure 4 - 4). Investigation of the sample at
84°C under polarized light confirmed the growth of the crystalline phase due to the presence of
birefringence (Figure 4 - 6). The crystalline phase darkened at 132°C (Figure 4 - 7) and
underwent complete melting at approximately 138°C (Figure 4 - 8). No remarkable HSM events
were observed for Form | when exposed to increased temperatures. The melting of Form |
initiated at 128°C and concluded at 135°C, confirming the single thermal event observed in the

DSC thermogram thereof.

Figure 4: Hot stage photomicrographs of Form A at: (1) 15°C, (2) 55°C, (3) 76°C, (4) 79°C,
(5) 80°C, (6) 84°C, (7) 132°C & (8) 138°C.

Based on the characterization techniques employed, it was clear that Form A and Form | were
different solid forms of efavirenz. The study was furthered by examining the potential
differences in dissolution behaviour of the two solid forms using powder and intrinsic dissolution

techniques.
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Powder dissolution

The objective of the powder dissolution studies was to determine potential differences in the
dissolution behaviour of Form A and Form I. A two dimensional matrix approach was used for
this study, evaluating the influence of variations in sample size and dissolution medium
composition, on the discriminatory ability of the powder dissolution technique. The dissolution
of Form A and Form | in sample sizes of 50 mg, 200 mg, and 600 mg were evaluated in 1% and
2% (w/v) SLS. The specific sample sizes were selected, as they represent the most common
dosage strengths in the commercial pharmaceutical products’. The powder dissolution profiles
are illustrated in Figure 5. The error bars included in the figures are based on + 2 standard

deviations.
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Figure 5: Dissolution profiles of Form I and Form A (sample sizes: 50 mg, 200 mg and 600
mg) in 1% and 2% (w/v) SLS respectively.

Differences in the rate and extent of dissolution of Form A and Form | were observed. Form I
revealed 100% dissolution after 30 minutes regardless of the % SLS in the dissolution medium
or the sample size used for the dissolution. The 50 mg dissolution profiles of Form A revealed
that the extent of dissolution was approximately 2 times greater in 2% (w/v) SLS than in 1%

(w/v) SLS at Qgsmin. The difference between the Qusmin 0f Form A in 2% (w/v) and 1% (w/v)
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SLS, was found to be 8% and ~0% for the 200 mg and 600 mg sample sizes respectively. The f,-
similarity factors calculated for all the profiles (Figure 6) revealed that the dissolution profiles of
Form A and Form 1 in the various media and various sample sizes differed significantly (all f, <
50).

1% (W) SIS
2% (wiv) SIS

Fyvalue
"
]

Sample weight {mg)

Figure 6: fo-similarity factors calculated for the dissolution profiles of Form A and Form |
using different sample sizes in 1% and 2% (w/v) SLS.

The discriminatory ability of the dissolution method was influenced by the variations in the
sample size and the SLS concentration of the dissolution media (Figure 6). The effect of higher
SLS concentration can predominantly be observed when comparing the 50 mg profiles in the
different dissolution media. When using a sample size of 50 mg, the higher SLS content (2%
SLS) resulted in a difference of 9.9 in the f, value when compared to the profiles in 1% SLS,
however when using larger sample sizes, the higher SLS content did not significantly improve
the dissolution of Form A in comparison with the dissolution behaviour thereof in 1% SLS.

Both Form A and Form | underwent agglomeration once introduced to the dissolution medium
(in 1% and 2% SLS). The size of the Form A agglomerates increased with an increase in sample
size, whereas the size of the Form | agglomerates remained fairly constant (Figure 7). The
increased tendency towards agglomeration of Form A, increased the relative particle size of
Form A, thereby reducing the exposed surface area of Form A; ultimately reducing the rate and
extent of dissolution. The fact that Form | did not show an increased tendency towards
agglomeration with an increase in sample size explains why much better dissolution of this form
was possible. The increased tendency of Form A to form agglomerates once introduced into the

medium may also be attributed to the temperature of the dissolution medium. The temperature at
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which the dissolution experiments were performed (37.0£0.5°C), suggest Form A to present in
the rubber phase at this temperature. The rubbery state is known to exhibit stickiness™®, which
increased the tendency towards agglomeration.

1% (wiv) SLS 2% (wiv) SLS

50mg 200mg II 600mg
' 3
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Figure 7: Typical agglomerates of Form A and Form | which formed once introduced into
the dissolution media.

Although an increase in SLS content did not favour the dissolution of Form A in sample sizes of
200 mg and 600 mg in such a way as with the 50 mg sample size, the increase of SLS content did
manage to potentiate the disintegration of Form A agglomerates. This observation was prominent
in sample sizes of 50 and 200 mg, but less noticeable in the 600 mg sample size. Figure 8 (a) and
(b) revealed that the amount of Form | dissolved after 45 minutes in both media (C1o and Cas)
was directly proportional to the sample size (R®> = 0.999). The correlation between the sample
size and Cyo Or Cay 0f Form A was diminished (R? < 0.943) due to the inconsistent formation
and disintegration of agglomerates. The ratio of Cyy:Ci9 Of Form A versus the sample size
revealed that an increase in the SLS concentration of the medium potentiated the disintegration
and dissolution of Form A. During the dissolution study it was observed that smaller
agglomerates disintegrated faster compared to larger agglomerates (50 mg > 200 mg > 600 mg),
elucidating the higher C,, values at smaller sample sizes.

The results obtained in this study are inconsistent with anticipated behaviour of amorphous
forms (i.e. improved dissolution)'®. The dissolution behaviour of Form A can be elucidated

utilizing the Noyes Whitney equation — equation 2%°.
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Figure 8: The amount of Form A and Form | dissolved in (a) 1% (w/v) SLS and (b) 2%
(w/v) SLS after 45 minutes and (c) the ratio of the results obtained in 2% (w/v) SLS and
1% (wi/v) SLS.

2 = KA(Cs- C) 2
Where ‘fi—T is the dissolution rate, k the dissolution rate constant, A the surface area of the

dissolving solid, Cs the concentration of the solid in the dissolution medium and C the
concentration of the solid in the diffusion layer surrounding the solid.

The Noyes Whitney equation reveals that the dissolution rate is dependant on surface area (A)
and solubility (Cs— C) of the solid. We investigated the solubility and surface area properties (by
CAM and SEM) of the two forms in order to evaluate the potential influences these properties
may have on the dissolution behaviour.

Solubility

Forms A and | were subjected to 24 hour solubility experiments in aqueous physiological- (0.1 N
HCI pH 1.2, acetate buffer pH 4.5 and phosphate buffer pH 6.8) and non-physiological (1%
(w/v) and 2% (w/v) SLS) media. The solubility results in the physiological media were
extremely low, which corresponded well with the findings of Rowe et al.. The solubility of

efavirenz Form A and Form | in 1% and 2% (w/v) SLS are reported in Table 1. The increase in
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the SLS concentration of the medium caused a two fold increase in the solubility of the two
forms. The solubility ratios for Forms A and | in 1% and 2% (w/v) SLS ranged between 1.0 and
1.2, indicating that the solubility of Form A and Form I in the mentioned media did not differ
significantly. Anomalous behaviour of amorphous forms has been reported in the literature
where the amorphous forms revealed a lower/same solubility compared to their crystalline
counterparts'’?4?°,

Table 1. The solubility (8) of efavirenz Form | (I) and Form A (A) in 1% and 2% (w/v)

SLS respectively at 37.0+£0.2°C after 24 hours

1 % (w/v) SLS 2% (w/v) SLS 8%%
/ &%
Form A §;%=11.02+0.16 mg/ml  §2%=21.1 +0.27 mg/ml 63%/ 91
61%_ '
A
Forml 6}%=9.11+0.83mg/ml  §2%=223+1.29mg/ml 2%/ _ ’5
5T

s, o e

Due to the fact that the equilibrium solubility was determined after 24 hours, the similarity in the

solubilities of the two forms could have been attributed to the conversion of Form A to Form | in
the aqueous media. The powder residue from the solubility experiments were subjected to
further analysis (see phase mediated transformation section).

Wettability

Since wetting of a solid is the precursor to the dissolution process, it is understandable that
differences in wettability will result in differences in dissolution rate. Contact angle
measurements are commonly used to evaluate the extent of wettability and are often capable of
elucidating differences in the crystal surface properties of polymorphic forms, making it possible
to explain differences in dissolution behaviour®?’.

The contact angles of Form A (6=135.1+£0.5°) and Form I (6=113.24+0.2°) were calculated using
the tangent method and the circle fill method — Figure 9. The results obtained from both methods
were in agreement. The higher contact angle of Form A signifies a higher surface free energy of
the solid and a lower degree of wetting compared to that of Form I. It has been reported that
cohesive energy of a substance is directly proportional to the surface free energy of the solid?®.
CAM findings thus supports why the tendency of agglomeration was more prominent with Form

A in comparison with Form I. Common techniques (such as interactive mixing, sonication and
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vortexing with glass beads) that are employed to decrease the effect of agglomeration during
powder dissolution are not always successful?®, as was the case with this study. The lower extent
of wettability and high extent of agglomeration contributed to the lower dissolution of Form A

when compared to Form I.

Figure 9: The contact angles of: 1) Form A (0=135.1+0.5°) and 2) Form I (6=113.2+0.2°).
Scanning electron microscopy (SEM)
SEM was used to compare the surface area properties of Form A and Form |. The SEM
photomicrographs are depicted in Figure 10. The SEM photomicrograph of Form A revealed
shapeless, plate-like particles with dense, smooth surfaces whereas Form | presented particles
with varying morphology and prominent layering characteristics. The layered structure of Form |
allowed for a greater surface area exposed to the dissolution medium, which benefitted its

dissolution more than the morphology of Form A.

Figure 10: SEM photomicrographs of Form A (1) and Form | (2).
It can thus be concluded that the significant differences in the powder dissolution of Form A and
Form I, could be attributed to the differences in the surface area properties of the two forms.
Intrinsic Dissolution
Intrinsic dissolution studies were performed on Form A and Form | in order to evaluate the
dissolution behaviour with a constant surface area, thus minimizing the effect of surface
properties and agglomeration. The intrinsic dissolution results of Form A and Form | are

depicted in Figure 11.
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Figure 11. The intrinsic dissolution of Form A and Form | dissolved versus time in 1%
(w/v) SLS at 37.0+0.5°C.

To ensure sink conditions during the intrinsic dissolution studies, the minimum dissolution
medium volumes (Vpin) were calculated for Form A and Form | using equation 3%

Viin = (W X 10)/ & 3

Where Vpin is the minimum dissolution medium volume required, W is the weight of the sample
and 6 the solubility of the form in the specific dissolution®.

Vmin Was calculated for Form A and Form I, and found to be 272 ml and 329 ml respectively.
Thus, the 900 ml dissolution medium volume that was used during this study was adequate to
ensure sink conditions. The absence of a plato (Figure 11) confirmed the sink conditions.

Upon completion of the study it was observed that the surfaces of the Form A compacts revealed
prominent, white encrustments (Figure 12). It has been reported that dissolution may induce a
solvent mediated phase transformation of meta-stable crystal phases®. We investigated this
possibility by performing DSC and XRPD analysis on these encrustments (refer to phase
mediated transformation section).

Phase mediated transformation

Analysis of the powder remnants from the solubility and dissolution experiments by XRPD
revealed that Form A had converted into Form | during these experiments. The XRPD no longer
depicted a halo shape, but instead revealed the presence of the most prominent peaks
characteristic of Form | (see section characterisation).

31,32

DSC is commonly employed to quantify amorphous content®*“, and for this reason such a

method was similarly developed to quantify Form A. Binary mixtures of Form A and | were
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prepared and analysed by DSC. The difference in recrystallisation energy allowed for the linear
calibration curve (Figure 13), which made it possible to calculate unknown concentrations of

Form A from the dissolution and solubility samples.

Form|

Before After

FormA

Before After
Figure 12: Appearance of the Form A & Form | compacts prior- and after the intrinsic
dissolution studies revealed the prominent, white encrustments formed on the surface of

the Form A compacts.
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Figure 13: The relationship between recrystallization energy and theoretical % Form A.
The powder remnants from the solubility experiments after 24 hours revealed that Form A had
completely transformed in Form I (% Form | ~ 100%) as the DSC thermogram did not present
with a recrystallisation peak (recrystallisation energy = 0 J/g). The solubility of Form A, and its

influence on the powder dissolution thereof, is therefore dependent on the rate and extent of the
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conversion into Form I. The mediated phase transition of Form A during the solubility
experiment elucidates the similarities in the solubility behaviour of Form A and Form I. The
analysis of the white encrustments from the intrinsic dissolution experiments revealed that the
exposed surface (encrustments) isolated from the compacts had completely transformed into
Form | (% Form I ~ 100%) as the DSC thermogram did not present with a recrystallisation peak
(recrystallisation energy = 0 J/g). The mediated phase transition of Form A elucidates the
similarities in the intrinsic dissolution profiles of Form A and Form I. From Figure 11 and Table
2, it was clearly observed that the margin of error for the intrinsic dissolution of Form A
increased over time. At the start of the dissolution, the margin of error is minuscule; however it
intensified and reached a maximum of 2.5 pg/ml.cm? at the final withdrawal time. This error
margin (error range) indicated that the phase transition of Form A was inconsistent amongst all
the samples (vessels) and that the accuracy of the results was influenced by the varying rate and
extent of phase transition.

Table 2.Intrinsic dissolution rates of Form A and Form I in 1% (w/v) SLS at 37.0£0.5°C

2

Form Equation r Intrinsic dissolution  Error range
rate (ug.min“cm?®  (ug.ml*cm?)

A y =0.0735x + 1.393  0.997 0.074 01-25

I y =0.0817x + 0.815 0.999 0.082 0.1-0.9

The powder dissolution conditions were simulated in the same fashion as previously described,
but instead of evaluating the % dissolved, we analysed the remaining powder from the vessels at
the original withdrawal times, by DSC. These results (Figure 14) show that a linear relationship
(R? > 0.990) was obtained for the phase transformation of Form A into Form | over time for the
different sample sizes. These results not only made it possible to predict the extent of
transformation at any given time, but also showed that the phase transformation was influenced
by the agglomeration/sample size, as the phase transformation rate was found to be indirectly
proportional to sample size (Figure 15). The DSC analyses of the powder samples of Form A
from the powder dissolutions in 2% w/v SLS revealed that it had completely converted to Form |
from 7.5 minutes regardless of the sample size.

The solubility and dissolution results obtained for Form A is not a true reflection of the
behaviour of Form A, seeing that this form underwent a phase mediated transformation. It is
known that surfactants (like SLS) may promote the nucleation process during the phase mediated
transformation®. This study supports this hypothesis, seeing that the powder dissolution of Form

A'in 2% SLS revealed a faster transition (and dissolution) compared to that in 1% SLS.
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Figure 14: The % Form A at specific time intervals during powder dissolution experiments
in 1% SLS for different sample sizes.
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Figure 15. The relationship between the rate of phase transformation (Kops) and sample
size (mg™).

CONCLUSION:

An amorphous form of efavirenz (Form A) was successfully prepared by means of a quench
cooling technique. Form A and the preferred polymorphic form of efavirenz (Form 1), were
characterized and thereafter subjected to powder dissolution, intrinsic dissolution, solubility
testing, CAM and SEM analyses to evaluate the possible differences between these two forms.
Form A underwent agglomeration once introduced into the dissolution media, which limited the
dissolution thereof, causing significant differences between the dissolution profiles of Form A
and Form | (f, value < 50). The degree of the agglomeration was found to be proportional to an

increase in sample size. Using higher levels of SLS potentiated the dissolution performance of
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Form A in smaller sample sizes, as increased SLS content in the dissolution medium promoted

the disintegration of the agglomerates at the smaller sample size. CAM and SEM supplemented

the findings of the powder dissolution results.

Intrinsic dissolution and solubility studies were performed in an attempt to elucidate the findings

of the powder dissolution studies. The results from the intrinsic dissolution and solubility studies

showed no significant differences between Form A and Form I. Further study into the behaviour

of Form A revealed it to be susceptible to phase mediated transformation in the dissolution

media. It was found the transformation of Form A to be potentiated when using smaller sample

sizes and higher SLS content.

Agglomeration and thermodynamic instability are unwanted characteristics during and after

product manufacture which may influence the quality of a final product and ultimately the

effectiveness of treatment. The use of Form A during manufacturing is discouraged.
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