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Abstract The limited solubility of clarithromycin (CAM), coupled with low bioavailability
and rapid elimination, are major shortcomings, needed to be addressed to achieve optimum
therapeutic goals. Therefore, sustained-release (SR) tablets containing solid dispersion (SD)
granules of CAM were prepared in this study. Initially, SD granules of CAM were prepared
by hot melt extrusion (HME) technique using Kollidon VA64 as a hydrophilic carrier. The
saturation solubility of SD showed almost 4.5-fold increase as compared to pure CAM in
pH 6.8 medium. /n vitro drug dissolution data indicated a substantial increase in the dissolu-
tion of SD as compared to that of pure CAM. The thermal stability of drug, carrier, and SD
at elevated HME temperatures was evident from the results of thermogravimetric analysis
(TGA) and differential scanning calorimetry (DSC). Powder X-ray diffraction (PXRD) data
and scanning electron microscope (SEM) images revealed a decrease in the crystallinity and
the uniform dispersion of drug, respectively. Moreover, Fourier transformed infrared spectros-
copy (FT-IR) data confirmed the formation of hydrogen bond between the carbonyl group of
drug and the hydroxyl group of carrier. SD loaded sustained-release (SD-SR) matrix tablets
were prepared with hydrophobic polymers (Eudragit RS100 and Eudragit RL100). The pH-
independent swelling and permeability of both polymers were responsible for the sustained
drug release from SD-SR tablets. Pharmacokinetic (PK) studies suggested a 3.4-fold increase
in the relative bioavailability of SD-SR tablets as compared to that of pure CAM.
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INTRODUCTION

The majority of drugs being discovered exhibit poor aque-
ous solubility and are classified as BCS Class II drugs
(1). The limited solubility of class II drugs leads to poor
dissolution rate and lower bioavailability (2). One of the
most promising methods to enhance the dissolution rate
is the delivery of drugs in the form of amorphous solid
dispersion by using efficient hydrophilic carriers (3). Car-
riers including polyethylene glycol, poloxamer, different
Eudragit grades, gelucire, and polyvinylpyrrolidone have a
propensity to form molecular complexes with a variety of
drug substances owing to their strong hydrophilic nature
(4). Interaction of hydrophobic drug and hydrophilic car-
rier can be increased by intense mixing of drug and car-
rier in the presence of a surfactant using sophisticated
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homogenization techniques such as hot melt extrusion
(HME) (5). HME is a continuous process in which the
powder drug and excipient blend is homogenously mixed
by pumping the materials through heated rotating screw
(6). HME can offer several advantages over conventional
homogenization methods, i.e., (a) atmosphere friendly by
eliminating the use of solvent, (b) intensive mixing of the
components can facilitate uniform molecular dispersion
and conversion of drug into amorphous form resulting in
greater solubility and bioavailability (7, 8), and (c) drug
release profile can also be modulated by proper selection
of polymers (9).

On the other hand, sustain release (SR) dosage sys-
tems are known to maintain drug concentration within
the effective therapeutic range for drugs having short
elimination half-life in plasma over a prolonged time
period to achieve desired therapeutic efficacy (10).
SR can demonstrate likely advantages over immediate
release (IR) dosage forms, i.e., decreased fluctuations
in plasma drug concentration, reduced gastrointestinal
side effects, ease of administration, and patient compli-
ance. Moreover, SR can effectively achieve optimum
therapeutic profile for drugs requiring frequent dosing
in chronic diseases (11). SR dosage forms containing
poorly water-soluble drugs require both solubilization
and release-modulation for better therapeutic efficacy
(12, 13). Recently, SR dosage forms containing solid
dispersion (SD-SR) have been reported as a promising
pharmaceutical approach in an attempt to improve the
dissolution and patient compliance concomitantly (14,
15).

Therefore, considering this background, a combination
of SD and SR can be proposed. Clarithromycin (CAM)
was selected as a model drug for this study because of
its shorter elimination half-life (2.6—4.4 h), poor water
solubility, and reduced bioavailability (<55%) after oral
administration (16, 17). Previously, several attempts
have been made to modify the release profile of CAM
but still a question remained on its limited solubility
(18). Therefore, SD-SR approach could be a better way
forward to overcome the above described shortcomings
related to CAM. Kollidon VA64 was selected as a carrier
owing to its greater hydrophilicity and thermal stabil-
ity (19). The pH-independent swelling and permeability
of Eudragit RS100 and Eudragit RL100 advocated their
selection as sustained-release polymers (20).

In this study, we have attempted to prepare hot melt
extruded SD in a bid to enhance the dissolution rate and
bioavailability of CAM. Then, SD granules were directly
compressed into SR tablets to achieve pH-independent
sustained-release of the drug. Structural parameters were
studied by scanning electron microscope (SEM), Fou-
rier transform infrared spectroscopy (FT-IR), and powder
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X-ray diffraction (PXRD). Thermal stability of pure
drug, carrier, and SD was evaluated by thermogravimet-
ric analysis (TGA) and differential scanning calorimetry
(DSC). In addition to in vitro drug dissolution, in vivo
pharmacokinetic (PK) studies were also performed to
compare the bioavailability of SD-SR tablets with that
of pure drug.

MATERIALS AND METHODS
Materials

CAM was received as a kind gift from Akson Pharma-
ceuticals, Mirpur, Pakistan. Eudragit RS100 and Eudragit
RL100 were purchased from Evonik, Germany. Kollidon
VA64, polysorbate 80, and talc were purchased from
Sigma Aldrich, USA. HPLC grade acetonitrile was pur-
chased from Tedia, USA. Monobasic potassium phos-
phate, sodium acetate, hydrochloric acid, acetone, ace-
tic acid, and orthophosphoric acid were purchased from
Sitara Chemical Industries, Pakistan.

Preparation of SD vie HME

A mixture of drug, Kollidon VA64, and polysorbate
80 (50:45:5% w/w/w) was pre-blended in a high shear
granulator (BMG, Germany) for 3—5 min at 300 rpm to
prepare physical mixture (PM). The PM was then added
to the feeding zone of co-rotating Prism 16 mm Twin-
screw extruder (Thermo Fisher Scientific, USA), which
consisted of a cylindrical-shaped die with 1.75 mm die
nozzle, rotated at 50 RPM. The extruder had three heat-
ing zones which, from feeding zone to the die, had set
points ranging from 120 to 140 °C. After cooling, extru-
dates were crushed in a shear mill (ESB-500X, Shanghai,
China) and pulverized at 20,000 rpm for 5 min. Finally,
the powder was sieved through a British Standard Sieve
(BSS) of pore size 180 pm.

HPLC Analysis

The quantitative analysis of CAM was performed using
HPLC system (1200 series, Agilent Technologies, Ger-
many) equipped with an isocratic pump (G-1310/A), degas-
ser (G-1379/A), column thermostat (G-1316/A), auto sam-
pler (G-1329/A), fluorescent light detector (G-1321/A),
diode array detector (DAD) (G-1312/A), and chem sta-
tion LC/LCMS for windows. Eclipse X DB C18 (5 pm,
4.6 x250 mm) column was used as a stationary phase to
carry out elusion. Monobasic potassium phosphate buffer
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(0.035 M) and acetonitrile (68:32 v/v), adjusted to pH 4.5 with
diluted orthophosphoric acid, was used as an isocratic mobile
phase. Twenty microliters of the sample was filtered through
a 0.22-pm membrane filter (Minisart, Sartorius, Germany)
and eluted at the flow rate of 1 mL min ! through the column
maintained at 40 °C temperature and detected by a diode array
detector, set at 205 nm. Prior to analysis, HPLC method was
validated in terms of linearity, precision, and accuracy. The
linearity was attained in concentration range of 10—150 pg/mL
(R=0.9996). Inter- and intra-day precision was calculated as
% RSD and values were <2%. The accuracy was determined
by using three different concentrations of CAM and percent-
age recovery was in the range of 98—102%.

Characterization of SD
Post-processing Drug Content

HPLC analysis was performed for quantitative determina-
tion of CAM in extruded SD. SD granules were dissolved
in acetone to achieve a drug concentration of 1 mg/mL
and diluted with HPLC mobile phase to a concentration of
100 pg/mL. The amount of drug recovered was stated as
total drug present in the SD.

Saturation Solubility

A saturation solubility evaluation was performed in 0.05 M
monobasic potassium phosphate buffer solution (pH 6.8) and
0.1 M sodium acetate buffer solution (pH 5.0). An excess
quantity of pure CAM, PM, and SD was separately dispersed
into 5 mL each of medium in a test tube and mechanically
stirred in a water bath for 72 h at a temperature of 37.0 °C.
One milliliter of sample was collected at the predetermined
times and filtered through a 0.22-pm membrane filter. Fresh
medium was added to maintain the volume of the test tube.
The filtrate was diluted with HPLC mobile phase to a suit-
able concentration and then analyzed by HPLC. Three
measurements were taken and the mean solubility data was
calculated.

Fourier Transform Infrared Spectroscopy

The FT-IR analysis of pure drug, Kollidon VA64, and SD
was performed using FT-IR 8400 S, Shimadzu, Japan. Sam-
ples were mixed with KBr after size reduction in mortar
and pestle and compacted into 6-mm discs with pressure
after drying at 40 °C. FTIR spectrum was recorded within
4000-650 cm ™"
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Powder X-ray Diffraction

The PXRD analysis of pure drug, Kollidon VA64, and SD
was performed using an X-ray diffractometer (JDX-3532,
JEOL, Japan) with Cu Ka radiation (A=1.54 A) having
a position-sensitive detector (PSD). Data was collected
within 20 =5-35° keeping the step size 0.02°.

Thermogravimetric Analysis

TGA was performed using a TGA analyzer (Pyris Dia-
mond Series, Perkin-Elmer, USA) using 6.0-7.0 mg of
sample in aluminum crucibles surrounded by energetic
nitrogen atmosphere. Sample specimen was analyzed by
running the experiment at 5 °C/min heating run between
temperature range 20 and 500 °C.

Differential Scanning Calorimetry

DSC studies of CAM, Kollidon VA64, and SD was per-
formed using a TA instrument (Q 2000, USA). Approxi-
mately 10 mg of sample was placed on an aluminum pan
and scanned over a temperature range of 20-350 °C by
keeping the heating rate at 10 °C per minute. Nitrogen was
used as purged gas flowing at a rate of 50 mL per minute.
The percentage crystallinity was calculated by the DSC
method reported by Smith ef al. (21). The formula for
calculation of residual crystallinity is given as follows:

AH

m,a

Xc(%) = x 100 (1)

AI—Im,()t(l()O% crystalline)

where Xc is the estimate for residual crystallinity and
AH,, , is the melting endotherm of clarithromycin (J g .

Scanning Electron Microscope

The morphology of pure CAM and SD was examined
using SEM (JSM-5910, Japan). Scanning was performed
with the help of a secondary imaging technique with differ-
ent magnifications. Analysis was performed under 30 kV
accelerating voltage and 63,000 nA emission current.

Preparation of SD-SR Matrix Tablets

SD, hydrophobic polymers, and other excipients were
mixed for 5 min and passed through a BSS of pore size
180 um. SD-SR tablets were prepared by direct compres-
sion using 16-mm oval-shaped punch and die set on single
punch eccentric tablet press (EP-1, Erweka, Germany) by
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Table I Composition of SD-SR

Code SD Eudragit RS100 Eudragit Lactose Talc Total weight
Tablets (mg) RL100

Gl 500 250 0 145 5 900

G2 500 300 0 95 5 900

G3 500 350 0 45 5 900

G4 500 0 350 45 5 900

G5 500 175 175 45 5 900

SD contain drug, Kollidon VA64, and polysorbate 80 (50:45:5% w/w/w) equivalent to 250 mg of drug

applying compression pressure of 12 KN. Composition of
different SD-SR tablets is represented in the Table I.

Pharmacotechnical Characterization of the Tablets

Various quality controlled tests such as thickness, hardness,
friability, and weight variation were performed and evalu-
ated according to the guidelines given in United States Phar-
macopeia (USP). Thickness of the tablets (»=10) was meas-
ured using a digital caliper (Mitutoyo, Japan). Mean and
standard deviation were evaluated. Hardness of the tablets
(n=10) was calculated using a hardness tester (Pharmatron
Multitest S0H). Results were reported as kg/cm?. Mean and
standard deviation were evaluated.

For friability studies, weight of ten tablets was calculated
and placed in Roche friabilator (Curio, Pakistan) operating
at 25 rpm and dropping the test tablets from 6 in. distance
to put mechanical stress on tablets. After 4 min, tablets were
again weighed to calculate % friability.

Fig. 1 TGA curves of (A) pure
CAM, (B) Kollidon VA64, and

F = Wi — Wf/Wi x 100 ©)

where F is friability, Wi is the initial weight, and Wf is
the final weight.

Weight Variation and Content Uniformity

Average weight of 20 randomly selected tablets was meas-
ured using electronic balance (Sartorius AG, Goettingen,
Germany) and then standard deviation of each tablet weight
from the mean weight was calculated to find weight variation.

For content uniformity, 20 tablets were taken and crushed,;
powder weighing equivalent to one tablet was dissolved in
250 mL of acetone and sonicated for 2 h. The sample was
diluted with the HPLC mobile phase to a concentration of
100 pg/mL and then analyzed according to the given HPLC
method. Content uniformity was expressed as percentage of
the labeled claim. Drug content in the range of 90-110% is
considered acceptable (22).
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In Vitro Drug Dissolution

In vitro release performance of pure CAM, PM, SD, and SD-SR
tablets was evaluated using a United States Pharmacopeia (USP)
dissolution apparatus II. The dissolution method developed
by Morakul et al. was used in this study (22). The dissolution
medium (900 mL) was stirred at 50 rpm and temperature was
maintained at 37+1 °C. The dissolution study of pure CAM,
PM, and SD was performed in 0.05 M monobasic potassium
phosphate buffer solution pH 6.8 and 0.1 M sodium acetate
buffer solution pH 5.0 for 02 h. While the dissolution study of
SD-SR tablets was performed in two phases, initially in 0.1 N
HCI for 02 h and then in pH 6.8 buffer solution for 22 h, I mL
of the sample was withdrawn at 1/6, 1/3, 1/2,3/4, 1,2, 3,4, 6,
8, 10, 12, 16, and 24 h and the same volume of fresh medium
was added to the vessels so that the total volume of dissolution
medium remained constant. Samples were analyzed accord-
ing to the HPLC method described previously in the “HPLC

Fig. 3 FT-IR spectra of pure
CAM, Kollidon VA64, and SD

% Transmittance (a.u.)

T T T 1
150 200 250 300

Temperature (°C)

analysis” section. Concentration of drug present in samples was
determined from the regression correlation Eq. (23).

Drug release patterns were analyzed according to zero
order, first order, Higuchi model, and Korsmeyer-Peppas
models. Selection of most appropriate method was estab-
lished by the value of 7 close to 1 (24). The release expo-
nent “n” calculated from the Korsmeyer-Peppas model
is dependent on the system geometry which governs the
release mechanism. When n=0.5, release order is fickian,
n=1 is corresponding to case II transport, and 0.5<n<1 is
in indicative of non-fickian diffusion mechanism (25).

Pharmacokinetic Studies
A method developed by Amini and Ahmadiani was used for

bio-analytical quantification of CAM by RP-HPLC (26).
Stock solution was spiked with rabbit plasma to prepare

SD

Kollidon VA64

T/ ™~ CAM

T
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T
2000 3000

Wave number (cm™)
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Fig. 4 PXRD spectra of pure CAM, Kollidon VA64, PM, and SD

sample solutions and final concentrations were adjusted to
31.25,62.5, 125, 250, 500, 1000, and 2000 ng/mL. PK studies
were performed using male albino rabbits after oral adminis-
tration of 40 mg/kg of the drug. This research study involving
rabbits was approved by the animal ethical committee of the
Punjab University College of Pharmacy, University of the
Punjab, Lahore, Pakistan (AEC/PUCP/1106).

Eighteen healthy male rabbits were selected and placed in the
animal house. Six rabbits were given the pure CAM, other six
were given SD, and the rests were given the SD-SR tablets after
overnight fasting to minimize the effect of food on drug absorp-
tion. Blood samples were obtained from the marginal ear vein of
the rabbits at pre-determined time intervals of 1/2, 1, 2,4, 6, 8,
10, 12, 16, and 24 h. The samples were centrifuged at 10,000 g
for 5 min to extract plasma and plasma layer was transferred to
4 mL polypropylene tube. In order to perform extraction, 1 mL
of plasma was vortex mixed with 20 pL of 1 M NaOH and
2.5 mL of n-hexane/1-butanol (98:2, v/v) in a polypropylene
tube. After 3-min centrifugation at 12,000 g, whole organic layer
was separated and transferred to another tube. Then, 50 pL of
0.1% acetic acid was added and vortex mixed for 5 min. After
that, the mixture was centrifuged at 12,000 g for 2 min. After

Fig. 5 SEM images of A pure
CAM and B SD
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discarding upper organic phase, the aqueous phase was used
for HPLC analysis according to the chromatographic conditions
described previously in the “HPLC analysis” section. PK param-
eters were calculated using PK solver version 2.0 (27).
Statistical analysis was performed using SPSS 17. One-
way analysis of variance (ANOVA) was used to compare PK
parameters and statistical significance was defined at p<0.05.

RESULTS AND DISCUSSION
Preparation and Characterization of SD

It is important to consider the thermal properties of the
drug and excipients before the process of HME in order to
avoid the drug degradation (28). Therefore, TGA and DSC
of pure CAM, Kollidon VA64, and SD were performed and
results are illustrated in Fig. 1 and Fig. 2. The TGA curve of
pure CAM showed a major thermal event at around 230 °C,
caused by the degradation of drug. Greater thermal stability
of Kollidon VA64 was evident from its thermal behavior,
as it started to degrade at about 350 °C. The TGA curve of
SD showed slight shifting of thermal events towards lower
temperatures, and this behavior was likely to be caused by
the changes in crystalline properties of the drug after extru-
sion. The DSC thermogram of pure CAM (Fig. 2) displayed
an endothermic peak at 229 °C corresponding to the melting
point of the drug. This sharp peak indicated that the pure
CAM was in crystalline form (29). A broad endothermic
peak at 80—120 °C is visible in the thermogram of Kollidon
VAG64, which can be attributed to the loss of water content.
The sharp endothermic peak of the drug disappeared in the
SD thermogram, which is indicative of a decrease in the
crystallinity of drug (30). The post-HME drug content of
SD was determined by HPLC quantitative analysis and was
found to be 98.4+2.3%. The residual crystallinity calculated
was 36.87% and 18.33% for PM and SD, respectively. The

CRL UOP
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Table II Summary of Physical Properties of SD-SR Tablets (n=3)
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Formulation Thickness (mm) Hardness (kg/cm?) Friability (%) Weight variation (mg) Content uniformity (%)
Gl 3.16+0.12 6.32+0.21 0.45+0.023 895+11.52 98.12+1.12
G2 3.21+0.11 6.83+0.25 0.44+0.021 897+15.68 99.76+1.43
G3 3.32+0.09 6.93+0.31 0.31+0.078 905+16.12 98.89+2.21
G4 3.28+0.08 6.81+0.34 0.35+£0.083 907+11.31 99.42+1.31
G5 3.24+0.15 6.74+0.28 0.48+0.041 903+09.62 98.82+1.08

presence of small number of crystals of drug may acceler-
ate the recrystallization process. For this reason, a crystal-
lization inhibitor (Kollidon VA 64) was added which inter-
act with the drug molecules and inhibit and/or retards the
re-crystallization.

It is pertinent to note that a decrease in crystallinity of
drug is achieved, but it was difficult to attain complete amor-
phization at these experimental conditions. This may be due
to lack of mixture homogeneity (large bulk) and less con-
tact time in melting chamber. One may achieve complete
amorphization of the drug at higher polymeric fractions and/
or employing protracted thermal exposures. Nevertheless,
processing conditions related thermal degradation of drug
increase gross weight of the individual doses which may
push the study beyond operational limits.

FT-IR analysis was performed to observe the drug-
polymer interactions usually resulting in peak shifting or

Fig. 6 a Percentage drug dis- a
solved of (A) pure CAM, PM,

and SD at pH 6.8; (B) pure

CAM, PM, and SD at pH 5

(n=3). b Percentage drug dis-

solved of SD-SR tablets (n=3)

% Drug dissolved

0 20 40 60

Time (min)

absence/appearance of absorption peaks. The FT-IR spec-
trum of pure CAM (Fig. 3) displayed the representative
band of hydrogen bonds between -OH groups vibration at
3466 cm ™!, —O— ether function bands at 1090 cm™!, 0-C=0
stretching vibration in lactone ring at 1733 cm™!, N-CH3
stretching of aromatic ring at 1424 cm ™', and alkyl-CH3
substitution bands at 2940 cm ™! (31). The FT-IR spectrum
of Kollidon VA64 presented peaks for carbonyl stretching at
1650 cm™ ! and C-N vibration at 1290 cm ™' (32). The FT-IR
spectrum of SD displayed all the characteristic peaks of
drug and polymers, but slight shifting of carbonyl stretching
peak at a higher wavenumber was suggestive of a hydrogen
bond formation between the carbonyl group of CAM and
the hydroxyl group of Kollidon VA64 after dispersion. This
result is in agreement with the study carried out by Watanabe
et al., where hydrogen bonding between indomethacin and
the carrier was observed (33). The hydrogen bond formation
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Fig. 7 HPLC chromatogram of CAM in plasma sample after oral
administration of SD-SR tablet to rabbits

between Kollidon VA 64 (carrier) and drug is considered to
play a vital role in preventing recrystallization of amorphous
drugs. The inclusion of carrier might inhibit the association
of the drug molecule to form the crystal nucleus and inhibit
the crystal growth (34).

PXRD was conducted to study the physical state of
pure drug and SD granules. The PXRD pattern of pure
CAM (Fig. 4) demonstrated the crystalline nature of drug
owing to the presence of several distinctive peaks as con-
sistent with literature (35). No distinctive peak of Kol-
lidon VA64 was observed, thus confirming its amorphous
nature (36). A decrease in the crystalline behavior of the
drug was evident from the PXRD pattern of SD, as inten-
sity of all the distinctive peaks showed a decline. Similar
type of behavior was observed previously by Tantishai-
yakul et al. (37).
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SEM images of pure CAM and SD are depicted in Fig. 5.
SEM images of pure CAM showed small and large crystals
of the drug. On the other hand, SEM images of SD displayed
uniformly dispersed drug particles with enhanced surface
area, which is important for a representative dissolution and
bioavailability in drug delivery. These results are not unusual
as similar outcomes were observed earlier by Fini et al. (38).

An increase in the saturation solubility is one of the char-
acteristic features of SD (39). CAM shows pH-dependent
solubility as it is a weakly basic drug with a pKa of 8.8.
Therefore, greater solubility of CAM was observed at pH
5 as compared to pH 6.8. The saturation solubility of pure
CAM, PM, and SD as studied in different media evidenced
the solubility enhancement of CAM after dispersion. The
saturation solubility of pure CAM, PM, and SD in 6.8 pH
buffer solution was 0.62+0.15 mg/mL, 0.94+0.23 mg/
mL, and 2.96+0.21 mg/mL, respectively. These results
revealed almost 1.5 times increase in the solubility of PM
and 4.5 times increase in solubility of the SD as compared
to pure CAM. The saturation solubility of pure CAM, PM,
and SD in pH 5.0 buffer medium was 2.824+0.28 mg/mL,
3.974£0.37 mg/mL, and 8.23+0.43 mg/mL, respectively,
thus, indicating nearly 1.4 times increase in the solubility of
PM and 3 times increase in the solubility of SD as compared
to pure CAM. This enhanced solubility of PM as compared
to pure CAM in aqueous solutions can be credited to the
improved wetting and miscibility caused by the hydrophilic
nature of polysorbate 80 (40). Comparable outcomes were
observed by Peng et al., when saturation solubility of lopi-
navir was increased using polymeric surfactants (41). The
improvement in solubility of SD as compared to pure CAM
can be attributed to the dispersion of drug in amorphous form
(Fig. 4) and intermolecular interactions between drug and
hydrophilic carrier (Fig. 3).

Pharmacotechnical Characterization of the Tablets

All the formulations were observed to abide the USP
limits of thickness, hardness, friability, weight varia-
tion, and content uniformity (Table II). Hardness of tab-
lets was in the range of 6.32+0.21-6.93+0.31 kg/cm?,
while thickness of the all the tablets was in the range of
3.16+£0.12-3.32+£0.09 mm. Friability result of all the

Table III Release Kinetics of

", Sample code
Different SD-SR Tablets

Zero-order kinetics First-order kinetics Higuchi model

Korsmeyer-Peppas model

K, ” K, ” K, ” K, ” n
Gl 0.0418  0.756  0.0892  0.849 0.1694 0924 0.0961 0871 0.616
G2 0.0396 0772 0.0783  0.854 0.1532 0933  0.0854 0.883  0.640
G3 0.0373 0799  0.0681  0.877  0.1491 0949 0.0727 0910 0.671
G4 0.0603  0.699 02752 0938 02426 0911 0.1668 0.876  0.552
G5 0.0494 0721  0.1398 0.842 0.1814 0918 0.1281 0.892  0.581
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Table IV Pharmacokinetic

Pure CAM SD
Mean+SD

SD-SR

Mean+SD Mean=+SD

Parameters of Pure CAM, SD, Parameters Unit

and SD-SR (n=06)
Cmax ng/mL
Tmax h
t1/2 h
AUC 0-inf ng/mL*h
AUMC 0-inf ~ ng/mL*h?
MRT 0-inf h
R.B Y%age

1166.54+254.12
3.89+0.16
6.17+0.25
8858.25+544.11
68,474.42+843.57
7.73+£0.87

2042.17+468 43%*
2.00+0.20%
423+0.36%
12,219.88+684.20%*
57,983.26+871.16*
4.74+0.59%

138%*

1540.00+£377.12%%*
6.20+0.40%**
11.69+0.58%%*
30,241.12+£822.14**
596,205.98+4078.18**
19.71+£1.44%*

3471%**

*Significantly lower than pure CAM (p < 0.05)
**Significantly higher than pure CAM (p < 0.05)

studied formulations was observed to be within the limits
given in USP (<1%). Weight variation of all the tablets was
<5%, thus meeting the official pharmacopeia requirements
for weight variation. Results of content uniformity indicated
percentage content of active substance in all the formula-
tions lying within the USP limits (90-110%). Based on the
results, it can be inferred that CAM SD-SR tablets with
optimum physicochemical properties can be prepared by
direct compression.

In Vitro Drug Dissolution

In vitro drug release performance of pure CAM, PM, and
SD was studied in pH 5 and 6.8 dissolution medium for
02 h (Fig. 6a). Due to its pH dependent solubility, dissolu-
tion profile of the drug was greater in pH 5 as compared to
pH 6.8 medium. A considerable increase in the dissolu-
tion rate of SD was observed as compared to that of pure
CAM. On the other hand, the dissolution profile of SD-SR
tablets showed sustained drug release for up to 24 h without
any burst release (Fig. 6b). This pH-independent release of
drug is understandable, as both of the polymers used are

3000 -

—o—SD-SR —&—SD CAM

2500 -

2000 -

1500 F

1000 F

¥
i
{z

Concentration (ng/mL)

500

1\

Fig. 8 Plasma level time curves after oral dosing of pure CAM, SD
and SD-SR in rabbits (n=6)

10 15 20 25
Time (h)

insoluble in aqueous medium, but still permeable due to the
presence of quaternary ammonium groups in their structure.
Comparable behavior was observed earlier by Pietrzak et al.
(42). Incremental concentration of Eudragit RS100 demon-
strated sustained drug release; i.e., formulation “G3” having a
maximum concentration of Eudragit RS100 showed minimum
drug release (63.20+2.33%), as compared to other formula-
tions (G1=68.36+1.92%, G2=65.32+3.12%). This observa-
tion can be attributed to the fact that an increase in the concen-
tration of Eudragit RS100 leads to a denser and tightly packed
structure, making it difficult for the drug particles to migrate in
the surrounding medium (43). It was evident from the results
that the drug release augmented considerably by replacing
Eudragit RS100 with Eudragit RL100; i.e., the formulation
“G4” showed the greatest drug release (95.18+2.53%) as com-
pared to all other formulations. This characteristic is vindicated
by the presence of excessive quaternary ammonium groups in
Eudragit RL.100 as compared to Eudragit RS100. The formula-
tion “G5” prepared with a combination of Eudragit RS100 and
Eudragit RL100 (50:50) also demonstrated greater drug release
(78.81£2.28%) as compared to all the formulations prepared
solely with Eudragit RS100. These findings are comparable to
the study carried out by Reddy ef al., where the drug release
of nicorandil was prolonged with the help of Eudragit RS100
and Eudragit RL100 (44).

Drug release kinetics of SR tablets was studied by fit-
ting the in vitro drug release data into various models.
Values of regression co-efficient (%) were considered to
determine the goodness of fit of release profile against
different models, as given in Table III. The k model
showed greatest values of 7> as compared to all other
models, thus indicating the behavior of drug release kinet-
ics in accordance with Higuchi model. Values of release
exponent (n) calculated from the Korsmeyer-Peppas
model were greater than 0.5 but less than 1 for all the SR
formulations, which confirmed the non-fickian diffusion
release of the drug.
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PK studies were performed to compare the relative bioa-
vailability of SD granules and SD-SR tablets with that of
pure CAM. Chromatograms of CAM in the plasma sam-
ple after oral administration of the drug are illustrated in
Fig. 7. PK parameters of pure CAM, SD, and SD-SR tab-
lets are given in Table IV. For pure CAM and SD, a maxi-
mum plasma concentration (Cmax) of 1166.54+254.12
and 2042.17£468.43 ng/mL was achieved at
3.89+£0.16 and 2.0+ 0.20 h, respectively, while Cmax
(1540.00+377.12 ng/mL) for SD-SR tablets, where
drug release was attained in a sustainable fashion, was
achieved at 6.20+0.40 h. The half-life (t1/2) of SD-SR
tablets (11.69+0.58 h) was significantly greater than
that of pure CAM (6.17+0.25 h) and SD (4.23+£0.36 h).
SD-SR tablets showed greater in vivo mean residence
time (19.71+1.44 h) as compared to SD (4.74+0.59 h)
and pure CAM (7.73+0.87 h). The relative bioavailabil-
ity of SD was almost 1.4-fold greater as compared to that
of pure CAM, while the relative bioavailability of SD-SR
tablets was almost 3.4-fold greater as compared to that of
pure CAM. The AUCO-inf (30,241.12+822.14 ng/mL*h)
of SD-SR tablets was significantly greater than that of
pure CAM (8858.25+544.11 ng/mL*h). Sustained drug
absorption was evident from the plasma level time curve
of SD-SR tablets (Fig. 8). The plasma level time curve of
SD-SR tablets exhibited minimum fluctuation in plasma
concentration and greater tmax, as compared to those of
pure CAM and SD.

CONCLUSION

In this study, SD-SR matrix tablets were prepared in an
attempt to increase the solubility and bioavailability of
CAM. PK studies reflected a significant increase in the
relative bioavailability of SD-SR tablets as compared
to that of pure CAM. Different possible mechanisms
contributed towards the enhanced solubility and bio-
availability of SD-SR: (1) uniform drug dispersion dur-
ing the process of HME, (2) decrease in the crystallin-
ity of drug, (3) improved wetting and miscibility of the
drug caused by hydrophilic carrier and surfactant, (4)
intermolecular interactions between drug and carrier,
(5) sustained drug absorption for a prolonged period
of time. Although the major objective of the study has
been achieved, the study focusing on investigation of
the impact of the material attributes and hot melt extru-
sion process parameters on the critical quality attrib-
utes of solid dispersions to achieve complete amorphi-
zation would be an important future prospect.
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