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Summary

Simple compendia media are of value for quality
control purposes and adequate only for predictimeg t
performance of highly soluble compounds but
inadequate for less soluble compounds. Compendial
media normally failed to predict dissolution fan
vitro-in vivo correlation (IVIVC) of class Il drugs
because their composition does not consider all the
physiological parameters.
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The objective is to study dissolution of poorlyidake
drug Efavirenz in different biorelevant dissolution
media and to evaluate the usefulness of the
biorelevant dissolution testing in predicting troed
and formulation effects on the absorption of poorly
soluble lipophilic Efavirenz (EFV) drug.

Dissolution studies were studied using USP appsaratu
Il in FaSSGF, milk and SLS (0.1, 0.2, 0.3, 0.5%)eT
in vitro data was compared with tle vivo data for
the new formulation (NF) and the marketed
formulation (MF) under fasted and fed conditions.

The NF developed was compared against the MF. The
% release was studied using various biorelevant
media in fasted and fed conditions. In the fed
condition the Cmax for the NF (1454 ng/mL) is lesse
than the MF (1698 ng/mL) indicating that the food
effect generally observed in the MF is loweredha t
NF. The T,ax of the NF (2 hours) was found to be
lesser than the MF (4 hours and 3 hours in fed and
fasted conditions respectively) indicating that Nie
reaches the system faster than the MF. An IVIVC for
formulations derived based on the Pearson's
correlation coefficient was found to be in the ramd
0.9to 1.0.

The present study clearly demonstrates the utility
the biorelevanin vitro data in the prediction of the
meaningful Invivo data of poorly soluble drug EFV.

Keywords: Lipophilic drug, in vitro-in vivo
correlation (IVIVC), Fasted State Simulated Gastric
Fluid(FaSSGF), Fed State Simulated Gastric
Fluid(FeSSGF), Biorelevant dissolution testing,
Efavirenz
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Introduction

Efavirenz (EFV) is a lipophilic and non-nucleosideverse
transcriptase inhibitor for the treatment of th&/Hiifection and new
drug application (NDA) warrants vitro dissolution data together
with bioavailability, chemistry, manufacturing amdntrol (CMC)
data. An appropriate medium has been chosen based o
discriminatory capability, robustness, stabilitytbe analyte in the
test medium, and relevanceitovivo performance (1-3).

Simple compendia media are of value for qualitytemnpurposes
and adequate only for predicting the performancaigiily soluble
compounds which is to a greater extent the basibiowaiver
guidelines (4) but inadequate for less soluble cmmpgs.
Compendial media normally fail to predict dissaatifor in vitro-in

vivo correlation (IVIVC) of class Il drugs because thamposition
does not consider all the physiological parametezstioned (5).

Galia et al. (5) suggested that use of milk assadution medium
may be a useful tool for detecting specific foodtfialation

interaction on Class | drugs. They also proposed new media
representing the fed and fasted state in the ypperum while milk,

3.5% fat and the USP simulated gastric fluid withathout pepsin
(1) were chosen to represent fed and fasted statditons of the
stomach respectively. Dressman et al. (6,7) shahatdnany factors
such as surfactants, pH, buffer capacity, ioniergth, volume
available for dissolution and the media used nedaktcontrolled to
dissolute class Il drugs for a meaningfalvitro-in vivo correlation

(IVIVC).

Jantratid et al. (8) showed that biorelevant Fastatle simulated
gastric fluid (FaSSGF) and Fed state simulatedrigatiid FeSSGF
media were stable for 72 hours under usual digsolutest
conditions and can be used to predict formulatierfggmance and
food effectan vivo but difficulties in drug analysis limited the use
this approach. Alternative media such as milk (W8tB% fat) and
Ensure® Plus are similar to those of the standadl mecommended
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by the American HHS-FDA for the effects of foodhiavailability

(BA) and bioequivalence (BE) studies (9). It wasirfd that drug
binding to milk components was increased with thereased fat
content of milk (10) whereas tablet disintegratiees 5-fold more in
milk than in FaSSGF (11). Other alternative mediappsed are
milk with an acidic solution of pepsin and snapshetia (8).

Nicolaides et al. (12) suggested that the predictd the plasma
profile of a lipophilic drug is possible by vitro dissolution data
which is better than those obtained with compendialdia if its
absolute bioavailability is known with dissolutibmited absorption.

The main objective of the present study is to stdigolution of
poorly soluble drug Efavirenz in different bioredat dissolution
media and to evaluate the usefulness of the bmaetedissolution
testing in predicting the food and formulation effe on the
absorption of poorly soluble lipophilic drug, Efesnz. The
secondary objective was to check the usefulnessusiig the
biorelevant media as a pre-cursor for the bio-swidn comparison
to the compendia medium.

Experimental

Materials and reagents:

Sodium lauryl sulfate were obtained from Hi MediRepsin(95%
purity) and Ammonium acetate (98% purity) from LoGhemie
Private Limited; Hydrochloric acid (36% purity), @am chloride
(99.5% purity), acetic acid (99.8% purity), acetdl@ (HPLC grade)
and ammonia (30% purity) were obtained from Qualsyd=favirenz
drug used in the analysis were obtained from AumddiPharma
Private Limited; marketed formulation (600 mg) ofOT#

6K17955A and the R&D new formulation RD039 formelat(600
mg) at International Specialty Products (ISP) waskected for the
present study.
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Instrumentation:

The HPLC system (Alliance, Milford USA) consisted 2695

Separation module and 2998 Photodiode array detegith a

thermostat for column and autoinjector. The VardK 7010

dissolution apparatus equipped with auto samplel8UB0 unit were
used for the dissolution studies. The cooling rspkied centrifuge
from Thermo Electronic Corporation (IEC CL31R) wesed for the
centrifugation of the samples at higher rpm andeloil@mperature.

Preparation of Efavirenz tablets:

Efaverinz (50%), Microcrystalline cellulose (MCCHRL.01 (20%),

cross carmellose sodium (CCS)(6%), Lactose (20%) Rlasdone
K29/32 (3%) were pre-mixed with water for 1 minuteide the

charge vessel of the Pro-C-Ept granulator at areli@pspeed of
1000 rpm. The chopper was started at 2300-2500affgn 2 minutes
of water addition. The granules were sieved thro#trmesh sieve
and dried at 60°C. The final dried granules weredithrough #30-
mesh sieve, blended with superdisintegrant, magnesstearate
(0.5%) and fumed silica (0.5%) in a V-cone blen(erpm) to form

a homogenous mix and compressed using (for 600 18 mm

capsule shaped standard concave punch set wasnsed6 station
rotator tablet press (Cadmach model CMD4, Indiayivahced

Instrumentation monitor (AIM) software (MetropoliteaComputing

Corporation, USA) was used with the tablet presddtermine the
compression force required to give tablets of appmnately equal

hardness(breaking force) for the various doses st study (13).

Hardness and friability determination:

The hardness of the prepared tablets was detern2ihdtburs after
compression using an Erweka hardness tester (Erw@&@th 310
MD, Germany), which also measures the tablet diam@&en tablets
were tested for hardness from each batch, the raednstandard
deviations were calculated.

Pre- weighed 20 tablets were placed in a plastiamtiered
friabilator (Erweka TAR 200, Germany) attached to n®tor
revolving at a speed of 25 rpm for 4 minutes. Tdidets were then
de- dusted, reweighed and percentage mass losdbil{fy)) was
calculated.
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Content uniformity:

The prepared tablet formulation was assayed fog dantent. Ten
tablets were randomly selected from the batch arndepzed to a
fine powder. Weighed aliquots containing an amoahtpowder
equivalent to a single dose were taken in tripicand assayed for
the drug content using procedure mentioned in tiadytical method
section.

Composition and preparation of various dissolutiormedia:

Preparation of Fasted State Simulated Gastric Fluid (FaSSGF):
About 16 g of sodium chloride was weighed into 5000 of Milli-
Q water (Elix, Millipore, USA) followed by the addn of 16 g of
Pepsin and 35 mL of hydrochloric acid with constatitring. The
pH of the solution was found to be 1.2. (USP32)

Fed State Simulated Gastric Fluid (FeESSGF) Milk (with 3.5% fat)
is used as dissolution medium to represent thetie stomach.

Dissolution Studies using biorelevant media:For all dissolution
tests the paddle method using USP apparatus 2afyark7010,

with VK750D temperature controller and automatethgerature
sensor) was used. About 500 mL of dissolution mediar fasted

state (14), and 1000 mL of dissolution medium fed ktate at a
temperature of 37 £ 0.5°C were used at 50 rpm.ikerof samples
were drawn at appropriate time intervals. Dissolutprofiling was

carried out for the time points of 5, 10, 15, 36,ahd 60 minutes,
respectively. All the dissolutions were carried aging 6 vessels.
The samples except the fed stomach were drawn eatabove
mentioned time points and diluted by taking 1 nnirthe aliquot to
10 mL and the solution was made to the mark wighnttobile phase,
filtered through 0.45 um Millipore filters prior tmjection to the
HPLC.

For the fed stomach condition, the samples wergvmritom the
auto-sampler and it was observed that the drugmesent in the
non-aqueous layer of the milk. Hence the drug wdsaeted from
the milk with ethyl acetate due to its high solitki(724 mg/mL)
and low boiling point (78°C) compared to other iraailble solvents.
The organic layer collected was centrifuged usingcaoling
centrifugal device at 10°C and 6000 rpm for 30 rtesu
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The solution was transferred to 50 mL bottles. €thgy/l acetate was
evaporated using incubator shaker for 60 minute8QAC. The

solution was then reconstituted with 2 mL of acétde and filtered

through 0.45 um filter. Similarly, all the other ngales were
prepared and were analyzed by HPLC. All the sampla® stored
at £C prior to analysis.

Dissolution Testing: The dissolution profiling of the prepared
tablets was carried out in 1000 mL water with 2%SShs
recommended by U.S. FDA. The testing conditionsew®&d rpm
paddle speed of the apparatus USP Type |l paddietatperature
of 37.0°C + 0.5°C with different time points of ®, 10, 15, 30, 45
and 60 minutes respectively.

Methodology for content uniformity and in vitro dissolution
studies (by HPLC):

A validated analytical method using the InternagloGonference on
Harmonization (ICH) guidelines (15) was used in pinesent study.
The Waters HPLC system with a Thermo Hypersil BOISB @verse
phase column (250 X 4.6 mm, 5 p, 130 A) maintaise@mbient
condition using a thermostat was used for the amalyrhe column
was equilibrated with 0.01 M ammonium acetate smtuf{pH 7.5)
and acetonitrile in the ratio of 50: 50 (v/v) andl@awv rate of 1.5
mL/min. A 20 uL aliquot of the sample solution wagected to the
column.

Methodology for In vivo study:

The study was performed on 12 healthy male volustéribjects).

The selection of subjects was performed based @& Ibsurance

Corporation of India’s ideal height-weight chartr foon-medical

case and subjects weighed within £ 15% of the cAdm® age group
of the subjects was between 18 to 45 years anddtlg mass index
was between 18 to 25 kg/m2. The subjects weretsedlen the basis
of laboratory evaluations, medical history, cliniexamination, X-

ray, ECG recordings, screen for drugs of abuse surden for

alcohol breath test. The subjects meeting theserieriwere selected
for a two period cross over design study. Subjedtnibt take any
medication or alcohol at least 14 days prior to dadng the entire
study. Each subject gave his written consent tbgyaate.
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Subjects were randomly divided into two groups amd group
received 600 mg oral dose of marketed formulatiod another
group received the new R& D formulation with 240 rof. water
after an overnight fast (10 hours). Blood samplesevcollected just
before the drug administration and at 0.50, 1.9, 2.0, 3.0, 4.0, 5.0,
8.0, 12.0, 24.0, 48.0, 72.0 and 120.0 hours folhgwidrug
administration. After a washout period of 21 dayg)( the
volunteers received 600 mg of the marketed fornaraand new
R& D formulation after a meal. Plasma was separatetistored at -
70° C.

Plasma assay:

Ten microliters of internal standard (Efavirenz éid 0.5 mL of
ammonium acetate buffer (pH 4.5) were added tav@.5of plasma
extracted with methyl-tert-butyl ether (TBME) agrextion solvent.
The mixture was vortexed for 10 minutes and ceargeti at 3000
rom for 5 minutes. An aliquot of 200 pL of the supant was
transferred to an auto sampler vial and injectedairshimadzu
(Kyoto, Japan) system using Thermo Hy- Purity adeafb0 X 4.6
mm, 5 um); and a mixture of 2 mM ammonium acetdde/b and
acetonitrile (20: 80) as mobile phase. The tempegain the auto
sampler and in the oven was 6 and 35°C respectiVély analysis
was performed using Analystsoftware. The detection was made
using mass/mass spectrometer (Applied BiosysterngxSAPI-
4000). The method was validated according to ICldejines.

Results
Physical parameters of the tablets:

Mass and thickness of the prepared tablets wetrenwi02.4 + 21.2
mg and 3.54 + 0.5 mm respectively. Further the iesd of the
prepared tablets was maintained at 120 + 5 N aedriability was
much lower than 1%. New formulation demonstrateddgoontent
uniformity, varying from 99.6 + 0.2%.

Validation of In Vitro analytical method:

The developed HPLC method was validated by momi¢plinearity
and range, precision, accuracy, intermediate pogislimit of
detection (LOD) and limit of quantification (LOQ)simg a stock
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solution of the drug at the strength of 1 mg/mlndarity and range
were determined by injecting a 20 pL solution comig 1-200
pg/mL of the drug in triplicate into the HPLC colamit was found
that the correlation coefficient §Rfor linearity was 0.999. Precision
was determined by injecting two different concetndras (1 and 100
pg/mL) six times on the same day as well as orewdfft days. The
percentage of relative standard deviation (R.S.@}¥ Wound to be
less than 0.5% (intra-day) and less thanl.5% (uldg). The
accuracy was evaluated by fortifying a mixture efcaded solutions
with four known concentration of the drug. The nemxy of the
added drug was within the range of 98 to 100%. ifitermediate
precision (% RSD) was determined through a studya atifferent
chromatographic systems using a different columna(i®i®BDS
C18, 250 X 4.6 mm, 5y, 130 A) to be less than 108D and LOQ
were determined by using signal to noise ratio .dsadd 1 pg/mL.
This was further confirmed by injecting the sameaaamtration into
the HPLC column.
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Figure 1: Dissolution Profiing of Efavirenz Marketed
Formulation In biorelevant media with standard deviation bars.
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Figure 2: Dissolution Profiling of Efavirenz New Famulation in
Biorelevant media with Standard deviation bars.

The HPLC method was applied to dissolution studadsthe

marketed formulation and the new formulation of\iif@nz drug in
different biorelevant dissolution media. The resulthe mean
dissolution profiles of Efavirenz marketed formugatin biorelevant
dissolution media is presented in Figure 1. SiryiJdfigure 2 shows
the mean dissolution profiles of Efavirenz new falation in

biorelevant dissolution media.

In case of FaSSGF (pH~2), release from marketedulation was
significantly higher than the new formulation whilee converse was
true when the dissolution was carried out in FeSSEH~5)
(Figures 1 and 2). In other words, new formulafiavors the release
at higher pH. It is also evident from Figures 1 &that both the
marketed and new formulations showed increase ug delease in
milk when compared to the corresponding releaseFa$SGF.
Additionally, drug absorption in fed state was oked to reach
maximum faster for the new formulation in companmisto the
marketed formulation.
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Figures 1 & 2 depict the role of pH of the dissmntmedia on the
release of Efavirenz from two different formulatonin the
Efavirenz formulation the drug release clearly aejseon the pH of
the media. In the case of new formulation the drlgase reaches
the saturation point in 5 minutes and the releaseaintained at
other time points. However, in the case of the et formulation
the drug release is delayed.

1950
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Efavirenz

¢ 10 20 30 40 50 60 70 80 90 100110120130
Time (hours)

---¢--- Fasted state Marketed formulation
---&--- Fed state Marketed formulation
—&— Fasted state New formulation

—— Feql state New farmulatien

Figure 3: Pharmacokinetic Parameters of Efavirenz Mrketed
and New formulation in Human Plasma

Table 1: Pharmacokinetic Parameter of Efavirenz in Human

Tmax Cmax AUC 0-120h

Condition Sample Details (hour) (ng/mL) (ng.h/mL)
Fasted New formulation 2 1281 76397
Marketed formulation 4 1608 73625

Fed New formulation 2 1454 91538
Marketed formulation 3 1698 88844
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The pharmacokinetic parameter of the marketed dred riew
formulation of Efavirenz by the human bio-studieshe fasted and
fed state are represented in TablentiFigure 3. The analysis of all
test samples was done using a calibration curvie qulity control
standards, distributed throughout each batch. Afsguality control
samples was analyzed before and after all test Ilseangf each
period. The analyst did not have access to the orarmhtion
schedule until analysis was completed. In the aafsenarketed
formulation the Tax for the fasted and the fed state was observed to
be 4 and 3 hours respectively. Similarly for thevrfermulation the
Tmax for the fasted and the fed state was observee ®Hhwours. This
indicates that the new formulation reaches the dlsibeam earlier
compared to the marketed formulation regardless isftaken with
or without food. However the Cmax for the new fotation is lesser
than the marketed formulation indicating that theod effect
generally observed in the marketed formulationowdred in the
new formulation. The AUC for the new formulation sM@und to be
higher than that of the marketed formulation intdrggthat the new
formulation is available more to the body compaethe marketed
formulation.

An invitro-in vivo correlation (IVIVC) for the marketed and the new
formulation was derived based on the Pearson’dicmeft (17). The
in vitro dissolution profile in the various biorelevant neeah fasted
and fed state was correlated to the&ivo data of fasted and fed state
respectively and a meaningful correlation was ole@@i The
correlation coefficient was found to be in the ramgf 0.9 to 1.0

(Table 2).
Table 2: In vitro-in vivo Correlation
Biorelevant Pearson’s Coefficient
Media MF NF
FaSSGF 0.93 0.93
FeSSGF (Milk) 0.89 0.92
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Discussion

The selection of appropriate drug separation aradytioal methods
are necessary to obtain meaningful intended resolisidering the
complexity of the biorelevant media compositionk (B the present
study retention time of Efavirenz was found to le51lminutes at
Amax Of 252 nm. Further, free fatty acids produced frdigestion of
lipid dosage forms can induce a pH shift in the im€#i8) as well as
lipolysis products enhance wetting characterist@ésd hence
solubilization (19), but the effects are especialhparent for poorly
soluble lipophilic drugs (20). Meals can enhancéulsbty and
dissolution of poorly soluble drugs and hence badability (20, 21,
22).

Selection of the most appropriate media conditithsased on
discriminatory capability, robustness, stabilitytbé analytes in the
test medium, and relevance ito vivo performance, were possible.
When selecting the dissolution medium, the chemacal physical
properties e.g. the solubility and solution statbsity of the drug
substance and drug products as a function of theghlit need to be
considered.

Using the compendial dissolution medium with 2% Sidsich was

designed for routine analysis one neither can iffeate the release
between different formulation nor one can foredhst food effects

on drug absorption, since no distinction is madsveen fasted and
fed state in the design of the compendial medidghe present study
the quasi-sink media was used to study releaserpadf drugs for

differentiating their dissolutions and it was fousdtisfactory with

0.2% SLS (Figure 4).
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Figure 4: Dissolution Profiling (Time vs Release) foEfavirenz
Test Formulation in quasi sink media. Experimentalparameters
were the same as those described in the text.

The biorelevant media were used to simulate theitons of fasted
stomach and fed stomach. Hence, biorelevant media able to
predict trends in then vivo data for different formulations and also
the food effects. Dressman and Reppas (7) showedl ttne
biorelevant media combinations had a clear advantager the
compendial media, which calculated plasma conceotia much
closer to those observed values and predicted tssilge food
effects on dissolution and absorption.

Composition of gastric components in the fed statehighly
dependent on the ingested meal and thereforediffisult to design
a medium which would be universally applicable. kig a logical
starting point, since its ratios of fat : proteircarbohydrates are
similar to those in a typical diet (23, 24). Soligation of drugs in
milk is due to non-specific binding to casein miesl and
partitioning into the lipid components for highlyipdphilic
compounds.
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The results of the present study (Figures 1 & 2Ppsuted the
findings of Galia et al. (10). The drug release dney absorption of
the new formulation both were increased and reaghegimum

within 5 minutes when milk was used as dissolutimedium

compared to that of FaSSGF which was supportedhmsr® (10, 11,
23 and 24).

The pH of FaSSGF and FeSSGF is 1.2 and 5.0 regehctin

FaSSGF the marketed formulation released a do$é €550 min)
which was higher than the test formulation (12% 6&t min).

Similarly in the FeSSGF the new formulation (90%68tminutes)
was found to higher than the marketed formulati6P¢8at 60
minutes). These results clearly show that the seleaf the new
formulation was higher at higher pH (pH 5 vs pH)ERures 1 & 2.

In addition, Thax (time where a drug is present at the maximum
concentration in blood plasma/serum) in the fetestathe marketed
formulation was at 4 hrs and that of the new foatiah was at 2
hrs. This clearly indicated that the new formulatmould maintain
drug level in blood for longer time than the maekkeformulation
and the food controlled the optimum dissolution dofig with a
longer time presence in the blood. The AUC forrbes formulation

is higher than the MF indicates that the NF is lakd¢ more to the
body compared to the marketed formulation (Figyre 3

Moreover, the new formulation would relief the eatis immediately
after intake (Table 1). Besides, the utilizationmoiik as an inert
vehicle of drug delivery systems (25) would be dditional reason
for performing dissolution experiments in the preseof milk.

Case examples of lipophilic drugs, where substantia
differences in dissolution were observed betweempamdial and
biorelevant media include albendazole (26), danazid
ketoconazole (27), and atovaqone and troglitaza8g As expected
from atovaquone’s high lipophilicity, its dissoloti in milk was
higher than in all other media and reached a meaximum (12%)
of its oral bioavailability in the fed state (29he present study also
supported the facts that biorelevant media was ebethan
compendial media for dissolution and absorptionlesfs soluble
lipophilic drugs like EFV.

The biorelevant media was used to differentiate wben
formulations and the food effect on absorption favizenz.
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Further, a bio-study was also conducted of the gtackformulation

and a test R&D formulation. The results of the présstudy (Table
1 & 2 and Figure 3) clearly supported the findirdgothers (26, 27
and 29). An IVIVC correlation was drawn between Hierelevant

dissolutions and it was within the range. It wasinfd that the

biorelevant dissolution studies could successfalbgess the food
effect.

Conclusions

The present study clearly demonstrates the utitifyin vitro

dissolution testing using biorelevant media asa@ tor predicting
thein vivo absorption of a poorly soluble drug EFV. Addititpnait

can also be employed to forecast the food anddimeulation effect
of the poorly soluble lipophilic drug. Hence thetalevantin vitro

data assist in the prediction of the meaningiuwiivo data.
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