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Purpose: A differential release fixed dose matrix tablet of amlodipine besylate (AML-B)
and simvastatin (SIM) was formulated to enhance patient compliance.

Material and Method: In the first phase, release controlling parameters of AML-B and
SIM granules were identified and in the second phase a fixed dose AML-B and SIM tablet
formulation was prepared and optimized for a differential release of the drugs using a quality
by design (QbD) and risk assessment approach. A validated HPLC method was employed for
simultaneous determination of AML-B and SIM for FDC formulation. A pharmacokinetics
of the above drugs was studied in healthy dogs in the third phase.

Results: In QbD-based optimized formulation, Eudragit® RSPO-dicalcium phosphate (DCP)
blend controlled the release of AML-B over 8 h, though this diffusion-controlled release
assumed first order kinetics. DCP and Eudragit® RS 100 also retarded release of SIM causing
SIM release over 8 h after AML-B release from the optimized FDC tablet formulation. The
HPLC retention times of AML-B and SIM were 2.10 and 15.52 min, respectively. Linearity
for AML-B was 5.0-50 ng/mL and 0.01-2.0 pg/mL for SIM with percent recoveries of
92.85-101.53% and 94.51-117.75% for AML-B and SIM. AUC,_,, of AML-B was increased
3 fold, while AUC,_, of SIM was decreased 2 fold. The t,,, values for AML-B and SIM
were 12 and 6 h, respectively. AML-B was absorbed without any lag time (tj,,) While tj,, was
6.33 + 0.81 h for SIM, thus met the study objective.

Conclusion: The pharmacokinetic study showed an immediate absorption of AML-B while
that of SIM was withheld for 6 h, close to the desired delay time of 8 h.

Keywords: differential release, Eudragit S100, Eudragit RSPO, DCP-Eudragit blend, quality
by design, polymers, amlodipine besylate, simvastatin

Introduction

Hypertension is the major risk factor for cardiovascular diseases (CVDs), which are
the leading causes of death globally. Co-occurrence of hypertension and dyslipide-
mia is high." According to the third report of the National Cholesterol Education
Program guidelines, the treatment of hypertension requires an aggressive
management,” often warranting the prescription of more than one drug. But pre-
scription of numerous drugs along with some other factors reduces the patient
compliance.” Drug compliance can be improved with fixed dose combination
(FDC) as compared to a free drugs' combination regimen.* Currently, amlodipine
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besylate (AML-B) and simvastatin (SIM) are often pre-
scribed together to reduce CVD risk by managing blood
pressure and lowering low-density lipoprotein cholesterol.
Thus, FDC of AML-B and SIM is logical. AML-B inhibits
cytochrome P450 3A4 enzyme which metabolizes SIM.
Thus, simultanecous administration of AML-B and SIM
results in a 30% increase in systemic SIM concentration,
which may exacerbate the side effects of SIM, including
liver damage and rhabdomyolysis.” Furthermore, the SIM
metabolism starts during the evening,® thus, a non-
concurrent administration of both drugs is preferred.”
Keeping the above in view, this work focused on develop-
ing a single tablet-based sustained release delivery system
with a differential release of AML-B and SIM with a gap
of 8 h. Such a fixed dose combined delivery system for
both drugs is expected to enhance patient compliance,
minimize potential peak trough fluctuations of SIM in
plasma by continuous release of AML-B and 8 h-lagged
release of SIM, and the AML-led inhibition of cytochrome
P450 3A4. The lower fluctuation of plasma SIM concen-
trations is also expected to reduce SIM’s side effects and
an effective cholesterol reduction during the night, due to
its delayed release at pH above 7, ie, in the colon.
A prolonged colon transit time of a dosage form enhances
the time available for drug absorption. Among several
approaches for prolonging the colon transit time,* use of
the pH-dependent polymer approach is preferred.” Both
Eudragit RS, pH-dependent and Eudragit S100, pH-
independent polymers are effectively used to control
drug release through matrix tablets.'”

Devising a sustained release delivery system requires
the controlling of several factors, which could be best
achieved by a combined quality by design (QbD) and
risk assessment approach. Formulation by QbD approach
initially estimates the quality target product profile
(QTPP), a scheduled summary of the end product’s fea-
tures required essentially for its desired safety and efficacy.
The critical quality attributes (CQAs) of a finished product
can also be determined by QTPP. The initial risk assess-
ment estimates possible critical factors that can signifi-
cantly affect the final product quality. Accordingly,
optimization of process parameters and material attributes
reduces the quality risk of a finished product. In line with
the above, in this study, the formulation variables were
systematically investigated in a screening experiment'' to
establish the relationships between CQAs (factors) and
QTPP (responses) using a simplex design with the help
of Design Expert”®, version 12.

Materials

AML-B (FYNK Pharmaceuticals, Lahore), SIM (Getz
Pharma Karachi, Pakistan), Eudragit® RSPO, Eudragit®™
RLPO and Eudragit® S-100 (Evonik, Germany), Dibasic
(EMCOMPRESS®™),
Magnesium stearate and talcum (Elite Chemicals
Karachi), PVP K-30®, sodium phosphate monobasic and
tribasic, sodium dodecyl sulfate (SDF), methanol, acetoni-
trile (Sigma-Aldrich Co. USA).

calcium phosphate  anhydrous

Methods
Study Design

The study was conducted in three phases as shown in
Figure 1. In the first phase, the individual granule formula-
tions for each of AML-B and SIM were prepared and
optimized by using QbD through design of experiment
(DOE)
the second phase, the optimized granules of both drugs

through Design Expert™, version 12. In
were physically combined for compression into a matrix
tablet formulation which was studied for in-vitro release of
the respective drugs. A HPLC-UV based simple, accurate,
precise, and robust analytical method was developed and
validated for simultaneous determination of AML-B and
SIM FDC in the samples derived from in-vitro release
media and dog plasma. In the third phase, non-
compartmental pharmacokinetics of the fixed dose AML-
B and SIM in dogs was studied for its suitability in
humans.

Preparation of AML-B Tablet
Formulation

Preliminary Screening for Preparation
Method

A screening study was carried out to select an appro-
priate manufacturing method for tablets of just AML-B
from direct compression, water- or isopropyl alcohol
(IPA)-based granulation The AML-B
tablets were prepared by direct compression (AB-1),
water based wet granulation (AB-2) and IPA-based
granulation (AB-3),

techniques.

according to the composition
given in Table S1 . For the direct compression, all
the materials were mixed for 10 min and compressed
by using 8 mm biconcave punches on a rotary com-
pression machine (ZP-19, China). For the water-based
wet granulation method we added PVP K-30® aqueous
solution to the premixed AML-B and dibasic calcium
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Figure | Schematics for study design.

phosphate (DCP). The resulting wet mass was dried in
a hot air oven at 60 °C for 20 min, passed through 18#
mesh and dried again at 60 °C for 10 min followed by
assessment of moisture content using Sartorius® moist-
ure analyzer. Eudragit® RSPO was added to the dried
grains and mixed for 5 min. Finally, magnesium stea-
rate was added followed by mixing for 2 min. The
granules were compressed into tablets as above. The
IPA-based AML-B granules were prepared by mixing
and granulating a half quantity of required Eudragit®
RSPO, AML-B and DCP with PVP K-30® dissolved in
35 mL IPA while the remaining quantity of Eudragit
RSPO and magnesium stearate was dry mixed with the
resultant granules. The granules were dried at 45 °C
for 25 min, sieved through mesh #30 and compressed
into tablets as above.

The IPA-based granulation method was found appropriate,
thus five AML-B tablet formulations, AB-4 to AB-8, were
prepared, where the amounts of drug, PVP K-30® and mag-
nesium stearate was fixed as 7, 12 and 2 mg, respectively.
Only, the amounts of Eudragit® RSPO and DCP were varied
(Table 1). Tablets were compressed as above with a final
weight of 200 mg. The DoE analyzing software, Design
Expert”, generates a statistically-designed template for differ-
ent levels of factors. However, entry of the user-defined data is
also possible in its historical data option. The cause-and-effect
data of AB-4 to AB-8 (Table 8) were entered in the historical
(happenstance) node in Design Expert® for finding
a composition for the desired AML-B release at different
time intervals. The response surface plot (Figure 2a) shows
the combined effects of the above parameters on the drug
release at different times. The Eudragit® RSPO, 20 mg and
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Table | Composition of AML-B and SIM Tablets for Pilot Study
Ingredient (per Tablet) Amount AML-B SIM
AB-4 AB-5 AB-6 AB-7 AB-8 S3 S4 S5 S6
Drug Mg 7 7 7 7 7 10 10 10 10
Eudragit RSPO® % 10 15 20 25 30 - - - -
mg 20 30 40 50 60 - - - -
Eudragi S-100® % - - - - - | 2 3 5
mg - - - - - 2 4 6 10
DCP % 795 745 69.5 64.5 59.5 93 92 91 89
mg 159 149 139 129 119 186 184 182 178

of DCP, 159 mg were predicted to be the best for the desired
properties of an AML-B tablet. The composition of AB-4
formulation was similar to that predicted by the Design
Expert for a formulation meeting the desirability for drug
release. Thus, in optimization study, the composition was
further maneuvered, using QbD approach around the levels
of the above factors (detailed in the proceeding text).

Formulation of Amlodipine Besylate by
Quality by Design

The simplex lattice design for two factors, Eudragit®™
RSPO and DCP was employed to generate a matrix for
experimentation under the QbD approach after deliberately
varied amounts of Eudragit® RSPO and DCP, respectively
from 15 to 25 mg and 154 to 164 mg (Table 2). Since
a total of the two factors was 179, thus, this value was
given as the constraint in the lattice design, comprising 3

Release at8h

¢, Releaseatth
B Releaseatdh

p Releaseat2h
Releaseat1h

" . 119.00 © 2000
Minimum Maximum

Response - Response

simplex, 2 augment and 3 replicate points to fit in the
quadratic model. The appropriateness of the model was
determined based on the goodness-of-fit statistical criteria.
Lack of fit F value should reflect the predictive capability
of model, Adeq precision (measure of the signal to noise
ratio) should be > 4 and Pred R* must be in close agree-
ment (difference not more than 0.2) with Adj. R>. AML-B
releasedata at 1, 2, 4, 6 and 8 h only in acidic media (0.1
N HCI) were taken as responses. Based on the experimen-
tal design, tablet formulations of AML-B were prepared.

Determination of Quality Target Product Profile and
Critical Quality Attributes

The quality target product profile (QTPP) begins by deter-
mining required dosage form and critical quality attributes
(CQAs) of product that should be controlled for quality
product as shown in Table 3.'*"3

' Releaseatb h

Release

Release at4 h

Release at 2 h
Releaseat1h

A Palymer

60.00 11900

Figure 2 Combined effect of Eudragit and DCP on the release of AML-B at different time intervals in: (A) screening study and (B) optimization study.
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Table 2 Design Matrix for Optimization of Amlodipine Tablet

Experimental Runs A:Polymer (mg) B: DCP (mg)
| 25.00 154.00
2 15.00 164.00
3 15.00 164.00
4 20.00 159.00
5 20.00 159.00
6 25.00 154.00
7 17.50 161.50
8 22.50 156.50

Risk Assessment

Risk assessment was calculated by using the failure mode
and effect analysis (FMEA) at the preliminary stage rather
than quality checking at the last stage. Risk score matrix
was employed to determine a factor's priority and ranked
accordingly to probability, severity and detectability. Risk
priority number (RPN) was calculated by multiplying
three factors and score range was set at 15 and a factor
above 15 was taken as high-risk (Table 4).'*'*

Preparation of the SIM Tablet

Formulation
SIM tablets by wet granulation (S-1) and IPA-based granu-
lation (S-2) were prepared using compositions shown in

Table S2. SIM wet granules were prepared and compressed
into tablets using the same wet granulation method as
employed for the preparation of AML-B, except the follow-
ing few modifications. DCP was mixed with Eudragit®™
S-100 and passed the semi-dried material through 30#
mesh prior to drying again and no Eudragit® RSPO was
added. In the IPA-based granulation (S-2), we mixed SIM,
DCP and Eudragit® S-100 using mortar and pestle and
granulated with IPA, dried the wet mass at 45 °C for 25
min and compressed into tablets as above. On finding the
appropriateness of SIM tablets, formulations, S-3, S-4. S-5
and S-6 were prepared using an IPA-based granulation
method. Amount of SIM and magnesium stearate was kept
constant as 10 mg and 2 mg, respectively while Eudragit®™
S-100 and DCP were used in different ratios (Table 3).

Preparation of a Fixed Dose Tablet of
AML-B and SIM

The fixed dose tablet formulation was prepared by mixing
equal weights of granules AB-4 (of AML-B) and S-3 (of
SIM) (Table 5) and compressed into 200 mg per tablet as
stated above.

Characterization of Tablets
Solely AML-B formulations AB-1, AB-2 and AB-3 and
SIM tablet formulations S-1 and S-2 were evaluated for

Table 3 Quality Target Product Profile and Identification of Critical Quality Attributes

Quality Attributes of Drug Target Is It Justification
Product CQAs?
Dosage form Modified release Yes Modified dosage form
Oral formulation Have minimum fluctuation in bioavailability.
Administration Route Oral Yes Oral route of administration is preferred.
Dosage design Tablets Yes It was objective to formulate Fixed dose matrix tablet.
Physical Characteristics of Tablets | Appearance - No Appearance is not critical factor only meant for patient acceptability.
Friability < 1% Yes Friability is critical factor as affecting s release of drug.
Thickness Yes For packaging tablet thickness is a critical factor.
(mm)
Hardness Yes Hardness is critical factor as affecting tablet disintegration and,
(Kp) dissolution rate.
% Yield Yes % Yield should be maximum and
formulation factor affects % yield
it is critical factor.
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Table 4 FMEA Risk Assessment of Fixed Dose Single Tablet Formulation of Amlodipine Besylate and Simvastatin
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physical characteristics including thickness, hardness and
diameter. While fixed dose tablets were separately evalu-
ated for physical characteristics (thickness, hardness, dia-
meter and friability).

In-Vitro Release Study for AML-B and SIM Tablet
Formulations

Drug release from AML-B tablets (AB-4 to AB-8) was
studied using USP Type-II apparatus in 500 mL, 0.01
N HCI (pH 1.2) at 37 °C. Samples were drawn at 1, 2, 4,
6 and 8 h and AML-B was determined using UV spectro-
photometer (1601 PC Shimadzu, Japan). A granule com-
position of the AML-B tablet showing release of 25, 40,
55, 65% and not less than 80%, respectively at 1, 2, 4, 6
and 8 h were carried on for further incorporation into
a fixed dose tablet. For SIM release from tablet formula-
tions (S-3 to S-6) in acid media, 0.01 N HCI with 0.5%
SDF, samples were drawn after 2 h. For assessment of
dissolution of drug in basic media, phosphate buffer (pH
7.0), samples were drawn after 2, 4, 6 and 8 h and the
respective drugs were determined at 247 nm and 257 nm
using UV spectrophotometer (1601 PC Shimadzu, Japan).
Formulation with minimal SIM release in acidic media and
delayed release in phosphate buffer was selected for devel-
opment of the FDC tablet.

In-vitro Release Study from FDC of AML-B and SIM
The FDC tablet formulation was evaluated for in-vitro
drug release in acid and basic phosphate buffer, pH 6.8
using USP Type II apparatus at 50 rpm. After 2 h of
stirring in acid media, the pH of the medium was changed
in-situ to 6.86 = 0.05 by adding 250 mL of 0.146 molar
trisodium phosphate in 0.5% SDS. Samples were drawn
after 2.5, 5.0 and 8.0 h. Since AML-B and SIM show
absorbance at 237 nm, their quantitative analysis of the
FDC tablet was carried out using a validated HPLC
(Shimadzu Model LC-20AT Japan) method with C18 col-
umn coupled diode array detector SPD-M20A.
Chromatographic analysis was carried out at ambient tem-
perature (22-25 °C). Isocratic separation of compounds
was carried out with mobile phase comprising phosphate
buffer, pH 3.5, acetonitrile and methanol (3:5:2). Mobile
phase was filtered through 0.45 pm membrane filter
(Millipore, Bradford, MA) followed by ultra-sonication
for 15 min. The mobile phase was run at a flow rate of
1.0 mL/min and finally 20 uL was injected into the col-
umn. Effluent was monitored spectrophotometrically at
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Table 5 Composition of Fixed Dose Tablet Formulation of AML-

B and SIM
AML-B SIM

Ingredients Quantity for | Ingredients Quantity for

500 Tablets 500 Tablets
AML-B (g) 35 SIM (g) 5.0
Dibasic calcium 36.99 Dibasic calcium 44.0
phosphate (g) phosphate (g)
Eudragit® 6.0l Eudragit® 0.5
RSPO (g) RSPO (g)
PVP K-30® (g) 3.0 Magnesium 0.5

stearate (g)

Magnesium 0.5 Isopropyl 30-35
stearate (g) alcohol (mL)
Isopropyl 30-35
alcohol (mL)
Total (g) 50.0 Total (g) 50.0

wavelength 237 nm. FDC tablet formulation was carried
forward for pharmacokinetic study.

Pharmacokinetic Study

Animals

For the pharmacokinetics study, dogs of 1.5-5.0 years age,
and 3040 kg body weight were purchased from
University of Veterinary and Animal Sciences, Lahore,
Pakistan. Dogs were not included in study if they had
any disease, recruited for any investigational drug study
within 4 weeks of screening. Dogs were excluded from
study if found to be allergic to any of the study drugs. The
study was approved from the Animal Ethics Committee,
Punjab University College of Pharmacy, University of
Punjab (Protocol No, AEC/PUCP/1039A-dated 28-5-12).
All the experiments in animals in this work were under-
taken in accordance with the International Conference on
Harmonization ICH guidelines.”

Dose Administration and Blood Sampling
Each dog received FDC differential release single tablet
formulation orally with 200 mL of water. A blood sample
(3 mL) was collected at pre-scheduled intervals from the
cephalic vein and plasma samples were stored at —80 °C
until assay. Plasma samples were treated with acetonitrile
and methanol to precipitate plasma proteins, vortexed for 1

min, centrifuged at 4000 rpm for 15 min and supernatant
was flushed with nitrogen gas. Dried residue was recon-
stituted with the mobile phase, injected to column and
peak areas were recorded.

Pharmacokinetic Data Analysis

A non-compartmental approach was used to compute phar-
macokinetic parameters by using Kinetica 4.4.1 software.
Pharmacokinetic parameters computed were peak
plasma concentration (Cpay), time t0 Cpax (tmax), (time
for first appearance of drug (ti,), total area under the curve
(AUC,.,), extrapolated AUC (AUC,.,,), volume of distri-
bution (Vd), Vd at steady state (Vss), rate of elimination
(Keiim), and half-life (t;,) to correspond to the different

pharmacokinetic processes.

Results and Discussion

The optimized fixed dose tablet formulation with contin-
uous release of AML-B and delayed release of SIM, using
different polymers was developed. First, the individual
tablet dosage forms with desired release characteristics
were developed separately for both drugs. Dry compres-
sion and granulation methods using different granulating
solvents and amounts of internal and external polymers
were employed. DCP was used as filler due to potential
incompatibility of AML-B with others, such as lactose in
the presence of magnesium stearate and water.'

Quality by Design

QTPPs and CQAs for the tablet are listed in Table 3. Risk
assessment, to identify various factors affecting drug qual-
ity is presented in Table 4. According to ICH Q8 R2
guideline, FMEA was used to identify the potential risk
factors, which could affect the tablets (Table 4). The rank
for risk quantification whose Risk Point Number (RPN)
score was found higher than 15 was evaluated. Then pre-
liminary study was done to select the method for formula-
tion factors for the FDC.

Characteristics of AML-B Tablet

Formulations

For AML-B, preliminary study was conducted to find the
best granulation technique. AML-B tablets prepared by
direct compression technique (AB-1) showed immediate
uptake of water, resulting in deformation and transforma-
tion to a soft palpable mass, thus further characterization
of tablets was not carried out. Granules prepared by wet
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Table 6 Physical Characteristics of AML-B and SIM Tablets

Methods Features AML SIM
Mean SD Mean SD
Water based wet Thickness 3.504 | 0.946 | 3.376 | 0.898
granulation (mm)
Diameter 7896 | 0018 | 7918 | 2.614
(mm)
Hardness 4.64 1.407 542 1.29
(Kp)
IPA-based Thickness | 3.3881 | 0.405 | 3.332 | 0.503
granulation (mm)
Diameter 7.897 | 1.702 | 7.906 | 2.23
(mm)
Hardness 9.99 2.85 9.2 0.64
(Kp)

granulation using water (AB-2) were soft. When sieved
through mesh #18, the maximum amount of material
passed through with slight hand pressure, as required,
dusty fines were at a minimum.'® Moisture content was
2.66% which was slightly above the ideal limit of 1-2%."”
Variation in thickness of tablets was low, probably due to
balanced grains to fine ratio, as dry Eudragit® RSPO was
added during the final mixing. However, this resulted in
a varied hardness from 4.2 to 5.1 (average 4.6) kp. To
improve tablet hardness, additional binding impact was
required and was achieved by granulating Eudragit®™
RSPO, AML-B and DCP with PVP K-30®, dissolved in
IPA.'® The granules prepared with IPA-dissolved PVP
K-30® (AB-3), exhibited an improved binding impact yet
the wet mass was difficult to handle, probably due to an
additional binding effect of Eudragit® RSPO secondary to
its solubility in IPA as Eudragits® also act as binding
agents.'” This necessitated using Eudragit® RSPO, to act

as an internal binder at granulation stage to improve

binding and also incorporating dry Eudragit® RSPO
(externally) during the final mixing stage to avoid
a sticky thick mass in granulation and allowing a higher
ratio of fines in the formulation. Granules were prepared
using inter- and intra-granular Eudragit® RSPO 1:1 and
were found to be moderately hard, with little fines and
having a moisture content of 2.6%. The ratio of fines in
granules was improved by adding half Eudragit® RSPO in
dry form after granulation and the tablets produced were
with the desired characteristics. Physical characteristics of
the tablets were satisfactory with improved hardness
(Table 6). Variation in tablet thickness was probably due
to improper mixing of Eudragit® RSPO with grains due to
the difference in size of granules. Hence, to achieve uni-
form distribution of Eudragit® RSPO with the rest of mass,
it was decided to sieve the dried material through 30#
mesh instead of 18# mesh in further study. Granulation
with TPA gave better hardness as compared to that pro-
duced by granulation with water. Thus, IPA-based granu-
lation method was adopted to prepare AML-B tablets.

Characteristics of SIM Tablets

The SIM tablet formulation showing the closest release
characteristics to that of delayed release system was
selected for incorporation in the FDC formulation and
characterization. SIM tablets prepared with wet granula-
tion using water were evaluated for physical characteris-
tics (Table 7) and behavior in 0.01 N HCI and phosphate
buffer, pH 7. SIM tablets showed minimal variation in
thickness probably due to uniform compression force.
However, there was a variation in hardness attributable
to the insufficient binding of granules. One tablet was
exposed to each 0.01N HCI and phosphate buffer, pH 7
in a petri dish and observed for physical appearance
under stagnant condition. The SIM tablet showed
signs of penetration of dissolution media as observed by
slow erosion of the tablet’s surface within 30 min,
a similar behavior in both media. This behavior was

Table 7 Physical Characteristics of Pilot Batches of AML-B and Simvastatin (Mean n = 10)

Characteristics AML-B SIM

AB4 AB5 AB6 AB7 AB8 S3 S4 S5 S6
Thickness (mm) 2.53 2.60 2.70 2.77 291 2.20 2.17 222 221
Diameter (mm) 793 7.92 7.92 791 791 7.94 793 7.93 7.92
Hardness (Kp) 10.3 10.9 12.6 1.1 10.3 42 6.2 82 9.3
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Figure 3 Behavior of simvastatin tablets after 2 h exposure (A) 0.0l N HCI (B)
phosphate buffer.

contrary to the predicted behavior of Eudragit® S-100
which was resistant to acidic environment and dissolved
in basic pH. This reflected a need to granulate material
using IPA to improve polymer behavior in acidic and
basic media. The physical characteristics of the tablets
prepared with IPA-based granulation are given in Table 7
and release behavior in 0.01 N HCI, pH 1.2 and
Phosphate buffer, pH 7 in Figure 3. SIM tablets prepared
by using IPA as granulating solvent were exposed sepa-
rately, to 0.01N HCI and phosphate buffer taken in a petri
dish and observed for physical appearance under stagnant
condition. After 2 h, tablets in 0.01 N HCI remained
intact with no sign of erosion (Figure 3A), while that in
phosphate buffer, showed an evidence of tablet dissolu-
tion (Figure 3B). Tablets were also dislocated from their
original place, a clouding ring in Figure 3B indicated.
This behavior demonstrated that SIM tablets prepared by
the above mentioned process withstood the acidic envir-
onment as desired and released drug in the basic pH. This
was further investigated by performing an in-vitro release
study of SIM tablets in both acidic and basic environ-
ments. [PA-based granules were used for preparation of
the SIM tablet formulation.

In the preliminary study, the IPA-based granulation
method with inter- and intra-granular polymer at ratio 1:1
was found to produce the better tablet formulation for AML-
B. Using granulation with the IPA method, selected compo-
sition of AML-B was employed to find range of polymer to
be carried out further. For this purpose, amount of polymer
was deliberately changed to prepare five formulations. To
maintain total weight of tablet, varied amount of polymer
was adjusted with quantity of DCP, as bulking agent. Tablets
were evaluated for the physical characteristics and in-vitro
drug release, given in Tables 7 and 8 (Figure 4).

Drug release from all formulations, except formulation
AB-4, followed non-Fickian diffusion release mechanism
(n>0.5). In formulation AB-4, n<0.5 indicated a Fickian
diffusion release mechanism. The slightly higher R? value
suggested that release followed first order kinetics. R*
value of >0.95 for the Higuchi model suggesting that
drug release was diffusion based (Table 8).

Tablets demonstrated appropriate hardness (>10 kp) for
all five AML-B formulations. In-vitro release profile fol-
lowed near zero order. AB-4 was with appropriate hardness
and demonstrated close to the desired in-vitro release profile,
ie, 24.3, 35.3, 49.39, 59.10 and 68.80% after 1, 2, 4, 6 and 8
h, respectively. Range of polymer and DCP around 20 mg
(ie, 15-25 mg) and 159 mg (ie, 154-164 mg), respectively
were manipulated to achieve the optimized formulation.
Formulation AB-4 was further optimized by 8-runs plan
(design matrix), through DOE. Based on an experimental
design matrix, eight tablet formulations of AML-B were
prepared using different ranges of Eudragit® RSPO and
DCP while the amount of drug, PVP K-30" and magnesium
stearate were fixed. Release profiles of the tablets at different
time intervals was measured and given in Table 8.

Release data at different time points were fitted to
a quadratic mixture model. Release data of AML-B at 1
h revealed a significant interaction between Eudragit™

Table 8 In-vitro Release at Different Time Intervals of AML-B Tablets with R? Values of Release Models

Parameters % Drug Released (Average of 3 Tablets)
AB-4 AB-5 AB-6 AB-7 AB-8
Release models | Zero order 0.978 0.9841 0.979 0.982 0.969
First order 0.9977 0.9984 0.9923 0.9944 0.9572
Higuchi 0.9991 0.9997 0.9973 0.9986 0.9622
Korsmeyer Peppas R2 0.9991 0.9996 0.9982 0.9993 0.9794
n 0.49 0.51 0.52 0.54 0.51
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Figure 4 In-vitro release of tablets at different time intervals (A) AML-B tablets in 0.1 N HCL (B) SIM tablets in 0. N HCL + 0.5% sodium dodecy! sulfate and SIM tablets in

phosphate buffer containing 0.5% sodium dodecyl sulfate.

RSPO (Polymer, A) and DCP (B). All numerical and good-
ness of fit statistical criteria, indicated appropriateness of the
selected model which could capture the effects of the chan-
ging levels of Eudragit® RSPO and DCP without noise,
despite lesser experimental runs. Only the pred R* was not
close to Adj R?, which might be due to the lesser number of
experiments. The equation for AML-B release from tablet
formulation at 1 h (Rel_at 1h=+2741 x A +28.97 x B +
7.66 A x B) approximated the contribution of Eudragit®
RSPO and DCP or their interaction (Eudragit® RSPO x
DCP) to its release at 1 h. The equation reflected that
Eudragit® RSPO (A), DCP (B) and their interaction (AxB)
have a positive effect on release, DCP effect being the most
prominent (indicated by value 28.97). These findings were
in accordance with a previous study.”® The goodness of fit
statistics criteria for release data of AML-B at 2 h were
appropriate. The equation of release at 2 h (Rel at 2h =
+37.70 x A + 45.39 x B) indicated a more prominent effect
of DCP (B) for 2 h release as compared to Eudragit® RSPO
(A). For release, only the Pred R* was not close to Adj R* as
normally expected, which might be indicative of a possible
problem with the model and/or data and could be due to the
lesser number of experiments. Nevertheless, other model
parameters were appropriate, thus, the selected model
could be proceeded as it could be used to navigate design
space. Rel at 4h resulted in the equation, +52.09 x
A +72.14 x B indicating that Eudragit® RSPO (A) and
DCP (B) positively affected the release, DCP effect being
most strong, indicated by value 72.14 as compared to that of
Eudragit® RSPO (52.09 for A). The Adeq precision ratio for
Rel at 6h indicated an adequate signal, thus the model was
appropriate. The equation, Rel at 6h =+60.40 x A + 82.32
x B + 61.07 x A x B indicated the positive (but

insignificant) effect of Eudragit® RSPO, DCP and their
interaction on release, DCP effect being most intense, indi-
cated by value 82.32. Adeq precision ratio for Rel at 8h
indicated the adequate signal, thus the model was appropri-
ate. The equation for Rel at 8h, +75.49 x A +90.15 x B +
49.48 xA x B showed that all the terms (parameters and
their interaction) have a positive effect, though non-
significant on release at this time point, DCP effect being
most prominent, indicated by the value of 90.15.
Individually or in blend, Eudragit and DCP affected the
overall properties of granules-based tablet formulation and
also modulated the drug release at different time intervals
(Table 9). The combined effect of Eudragit and DCP on the
AML-B release, as a response surface plot has been given in
Figure 2A and B.

Since one of the emphases of this study was to find the
CQAs, under QbD approach, the DCP was also a focus.
DCP possesses good flowability and is used as a bulking
agent. It improves the compression properties, and causes an
increased erosion rate of the matrix, by reducing the Fickian
drug diffusion in a matrix-based uncoated sustained release
tablet formulation.>'*> DCP may retard drug release due to
its hydrophobic properties.”* However, the DPC’s potential
as a binder and release retardant have not been well
reported.?® In line with the previous findings,** DCP exhib-
ited a hybrid functionality as a binder and release retardant.
Furthermore, QbD supported, a synergistic interaction of
DCP with Eudragit RSPO as binder and release retardant
for AML-B, a breakthrough of QbD approach.?® The con-
centrations of both, in a blend, also critically affected the
hardness. All the responses were optimized using desired
“desirability” in

release characteristics, stated under

Table S3.
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Table 9 Release of Different Formulation of AML-B at Specified Time Intervals (Mean, n = 3)

Run Component Response

1 2 | 2 3 4 5
A: Polymer B: DCP Rel_at_Ih Rel_at_2h Rel_at_4h Rel_at-6h Rel_at_8h

| 25 154 28.39 37.52 48.3 62.61 76.55

2 15 164 29.61 43.06 59.8 73.25 84.68

3 ) 164 28.39 45.79 74.4 88.05 93.44

4 20 159 30.69 42.63 64.84 83.24 91.86

5 20 159 30.19 432 67.14 79.22 88.67

6 25 154 26.6 36.87 49.24 60.82 75.45

7 17.500 161.500 29.69 44.49 75.04 96.1 101.21

8 22.500 156.500 28.68 38.82 58.15 74.04 87.41

Figure 5 reflects the most desirable conditions, as shown
by blue dot for AML-B release at different time intervals.
A flag shows predicted levels of factors and desired release
for all time intervals. Based, on the predicted levels of
factors, polymer and DCP for optimized AML-B tablet
formulations (Table S4), a composition using Fudragit®™
RSPO 24.0 mg and DCP 155.0 mg, PVP K-30 12 mg and
magnesium stearate 2 mg was selected for validation. The
hardness of tablets was appropriate and content was 99.76%.
The in-vitro release of formulation (Table 10) was compar-
able to the DoE-predicted values of release at different time
intervals with only slight variations in drug release at 8 h.

Characteristics of SIM Tablet

Formulations

For SIM, initially four formulations were prepared with
varying concentrations of polymer (Eudragit® S100) and
evaluated for physical characteristics and in-vitro drug
release. As the amount of polymer in formulation was
increased, the hardness increased, probably due to the addi-
tional binding impact of Eudragit® S100, when mass was
granulated with IPA.'® Table 8 shows release data of tablets
in acid and phosphate buffer. Eudragit®™ S-100, being a pH-
sensitive polymer was insoluble at acidic pH, while soluble
at basic pH, thus, SIM formulations with a greater amount
of polymer exhibited less release in acidic media. Inverse
behavior was observed for tablets tested in basic phosphate
buffer. Increased polymer concentration in the formulation
raised the drug release in phosphate buffer due to higher
solubility and dissolution of polymer at alkaline pH, creat-
ing a porous matrix structure. These findings were in accor-
dance with the previous observations.”® However, as
reported when enteric polymers were only used as
binders in pellets, some drug released in the stomach,

showing that such simple matrices could not be used to
carry drugs to the lower parts of GIT.>” However, due to
selectivity in pH, such systems behaved as slow release
formulations. As we required SIM formulation exhibiting
resistance in acidic media and delayed release at basic pH,
formulation, S-3 with 1% polymer was selected for incor-
poration in FDC. Since the SIM tablet formulation, S-3, met
the desired characteristics without optimization study, thus
for simplicity, a formal optimization study for SIM was not
carried out.

Physical characteristics of fixed dose tablet (200 mg)
included thickness (2.36 mm), diameter (7.92 mm) and hard-
ness (7.9 Kp). The assay of the tablet was satisfactory for
AML-B, ie, 95.18% and SIM 100.81%. Release profile of
SIM tablet showed better release, closer to the desired release
profile of delayed release system of AML-B at 2.5 and 5 h and
of SIM in basic media at 5 and 8 h. Thus, this formulation was
selected for further in-vitro drug release study up to 24 h. The
SIM tablets in dissolution media for 24 h, resulted in a slightly
better release profile (Figure 6). The comparative release of
AML-B from all FDC tablets in the first 2.5 h was as
expected, but after changing pH of media, release was slightly
reduced, which may be due to the changed amount of bulking
agent in combined tablet formulation or alkaline pH of media.
SDS in the media was added as a compendial requirement to
facilitate SIM release.”® Individual release profiles of FDC
tablet in acidic media for AML-B or release of both AML-B
and SIM by using a different surfactant, like polysorbate 80
may be sought in future studies. Release of SIM in acidic
media without using surfactant can be confirmed in an in-vivo
or pharmacokinetic study. Also, in future the SIM can be
directly treated with a pH-selective polymer like Eudragit®
S-100 and compressed with a zero order or immediate release
formulation of AML-B.
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Drugs in Unknown Plasma Sam Ple Using ng/mL, respectively. AML-B and SIM were eluted at reten-
HPLC Method tion times, 2.10 min and 15.52 min, respectively. LOQ and
For simultaneous analysis of AML-B and SIM, calibration ~LOD of AML-B were 0.10 and 0.03 ng/mL, respectively and
curves in dog plasma were observed to be linear for AML-B the same parameters for SIM were 0.024 and 0.008 ng/mL,
and SIM in concentration ranges 5.0-50 ng/mL and 0.01-2.0 ~ respectively. Method was validated in dog plasma to

Table 10 Physical Characteristics and In-vitro Release of Validation Formulation of AML-B Tablet

Statistics: Thickness (mm) Diameter (mm) Hardness (Kp) % Drug Release
Observed Desired
Xmax 2.66 + 0.04 7.97 + 0.02 12.1 £ 0.5 - -
Xmin 2.38 £ 0.08 7.95 £+ 0.0l 84 +0.3 - -
Xi/n 2.54 + 0.06 7.96 £ 0.07 99+ 0.6 - -
Xrel (%) 3.31 £ 0.03 0.09 + 0.09 134 £ 0.4 - -
Time (min) - -
60 - - - 25.59 + 0.3 15-25
120 - - - 354+ 04 25-40
240 - - - 48.63 £ 0.3 35-60°
360 - - - 61.67 £ 0.3 50-80
480 - - - 70.55 £ 0.2 Not less than 80
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Figure 6 (A) Release profile of validated formulation (B) In-vitro drug release of fixed dose tablet of AML-B and SIM.

determine AML-B and SIM simultaneously. Recoveries for
AML-B and SIM were 93—101% and 94—117%, respectively
with RSD < 5% for both drugs (Table 11). Reproducibility
and repeatability of method was supported by the results
ensuring that it could be applied for pharmacokinetic studies
of AML-B and SIM.

Pharmacokinetic Parameters

Pharmacokinetic study of fixed dose tablet was conducted
to find whether the aim of formulation was met, ie, con-
tinuous release of AML-B and withholding of SIM release
up to 8 h. After administration of FDC of AML-B and
SIM, the plasma level time curve of AML-B in all six dogs
(Figure 6)
h indicating rapid absorption of drug, consistent with the

showed appearance of AML-B at 0.5

earlier reports.” In all dogs, AML-B concentration could
be noted up to 48 h except in Dog 3 where drug concen-
tration was below LOD at this time interval and thus,
zero for

taken as calculation of pharmacokinetic

parameters. Among all, in Dog 6, the AML-B concentra-
tion was consistently higher at all-time intervals, contrarily
in Dog 3, drug concentration was lower than all others
(Figure 7).

SIM appeared in dog 1 and dog 3 after 6 h while in the
rest of the animals, it was absorbed a bit later, ie, at 8 h. In
Dog 1, post dosing at 8 h, showed maximum SIM con-
centration, ie, 5.22 pg/mL. As compared to all dogs, Dog 1
showed higher SIM concentration at 1648 h. At 12
h highest drug concentration of 3.5 pg/mL was observed
in Dog 4. At the last time interval, ie, 48 h, SIM concen-
tration was observable in Dog 1 and Dog 6, while in Dog
3, Dog 4 and Dog 5 the drug was below the LOD and thus
shown as 0 pg/mL.

In the absorption phase, the drug did not incline con-
tinuously, yet after reaching a peak, concentration
declined, which again was raised to peak concentration,
creating what has been termed as a shoulder in plasma

level time curve. Shoulders of varying heights could be

Table || Percentage Recovery, Intraday and Inter-Day Accuracy, Precision of AML-B and SIM

Drug Conc. ng/mL | % Recovery (n=3) | RSD Intra-Day Precision | Inter-Day Accuracy (n=5) | Precision
Accuracy
(n=5)
AML-B 5 92.858 0.172 | 92.828 0.131 92.485 0.903
30 96.247 0011 | 96.260 0.023 96.725 0.987
50 101.538 0.013 | 101.535 0.017 102.563 1.677
SIM 0.2 117.754 0.309 | 117.682 0.273 102.563 0.273
0.6 108.754 0.152 | 108.568 0.126 108.568 0.126
2.0 94.515 0.060 | 94.517 0.042 94.517 0.042
Drug Design, Development and Therapy 2021:15 htps: 2205
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Figure 7 Plasma concentration vs time of FDC AML-B (5 mg) and SIM (10 mg) after a single oral administration in dogs (n=6).

noted at a time around 3 h in plasma level time profile of
AML-B before reaching C,.x in all dogs (Figure 7). This
justifies the provision of the plasma profile of AML-B of
all dogs (Figure 8). In the present study appearance of
plasma level time profile with a shoulder was not unusual,

more than one peak in plasma level time curve of AML-B

has reported earlier.”” The possible reasons for the multi-
ple peaks phenomena could be due to irregular blood
partition of drugs between plasma and blood cells, enter-
ohepatic recycling of drugs, rapid uptake of the drugs in
the tissues and then late release from the tissues to blood,

and/or the gastric emptying pattern of drugs.*
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Nevertheless, maximum peak of AML-B in plasma level
time curve was sharp enough to estimate C,,,, of AML-B.

A double peak phenomenon was clearly observed in
plasma level time profile of SIM in all animals except in
Dog 6 and Dog 2. Double peaks phenomenon was comple-
tely absent in Dog 6 however, though in Dog 2, plasma
level time curve did not reveal second peak, yet a small rise
in elimination curve could be seen (Figure 8), necessitating
showing plasma level time curves of all dogs. In Dog 6,
a rise in concentration of SIM might be shifted to some
other time interval where drug concentration had not mea-
sured. The appearance of multi-peak plasma level time
profiles has been hypothesized by several mechanisms.
Enterohepatic circulation is one of the well-established
causes of multi-peak in plasma level time profile.”'
Dosage forms may influence the biphasic release of a drug
and thus, may cause two peaks in plasma level time curve.
Being a matrix tablet, this could also be the cause of an
appearance of a double peak. However, biphasic release
was not evident in in-vitro drug dissolution profile of the
drug. The regional differences in drug absorption could be
a possible reason for the appearance of a double peak of
SIM in its plasma level time curve. However, this could not
be supported from the available literature.

The appearance of multiple peaks in the plasma concen-
tration time curve of both drugs, complicated the determina-
tion of elimination rate constant (K.ji,,) and, thereby, half-life
(t12) might not be reliable. For such drugs, a prolonged sam-
pling time is suggested for the precise determination of
Kel,-m.32 In this study, on one hand the samples had been
taken for a reasonable length of time, particularly for AML-
B and on the other hand, sufficient time points after second

.
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Figure 8 Mean plasma concentration vs time of fixed dose combination AML-B
(5 mg) and SIM (10 mg) after a single oral administration in dogs (n = 6).

peak were available in the terminal portions for the reliable
calculation of the above parameters. The adequacy of sam-
pling time intervals could be assessed from the percent con-
tribution of extrapolated area under curve (AUC,_,.) in the total
AUC (AUCy.,). In this study, AUC,, contributed less than
20% in AUC_., thus the number of sample points was suffi-
cient for both drugs. Furthermore, three points in terminal
portions are usually used to calculate K;,. Thus, computation
of the above parameters was likely to be reliable.

Pharmacokinetic parameters of AML-B and SIM after
oral administration of fixed dose showed in Table 12.
AUC45 of AML-B was 3-fold higher and C,,,, was slightly
above the reported C,,,,x values. AML-B t,.x was 12 h, higher
as compared to the reported 4 h thus, reflecting a plasma level
of a sustained release formulation. The prolonged plasma
half-life of AML-B, 13.03 h as compared to 7 h could be
attributed to a lower clearance (Cly) of 5.11 L/h. No lag time
(tiag) Was observed for AML-B and demonstrated its contin-
uous release post administration. An early release and appear-
ance of AML-B is the requirement of antihypertensive
therapy for early hypertensive coverage in patients.””*

If an interaction of AML-B had occurred, the concentra-
tion of SIM should have increased, secondary to inhibition of
metabolism by CYP 3A4, with simultaneous administration
of AML-B and SIM.” However, in this study, the C,,.x of

Table 12 Pharmacokinetic Parameters of AML-B and SIM After
Oral Administration of Fixed Dose

Parameter Mean £ SD values of Pharmacokinetic
Parameters of

AML-B SIM
Crrax (ng/mL) 46.37 = 12.19 407 £ 1.14
tmax (h) 12+0 8+0
tiag (h) 0£0 6.33 + 0.81
AUC,. .. (ng/mL*h) 1225.69 + 608.86 44.61 £ 20.18
AUC, ..(ng/mL*h) 187.60 = 203.93 2.75 £ 2.05
%AUC _..(ng/mL*h) 13.67 £7.44 5.66 £ 2.941"
MRT (h) 24.30 + 6.87 16.02 £ 3.36
Ketim (17h) 0.05 £ 0.06 0.12 £ 0.07
tin (h) 13.03 + 4.82 7.12 £ 3.88
Vq (L) 82.90 + 19.75 231 £0.75
Vs (L) 111.07 £ 3476 421 £ 1.55
Cl (I/h) 5.11 £297 0.27 £ 0.15
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SIM was reduced 5-fold compared to the reported C,.x
value.** The current formulation was designed so that it
could release AML-B but withhold release of SIM after
about 8 h. Thus, reduction in C,,,, was likely due to its
delayed release till 8 h, though further proof is required to
substantiate the hypothesis. The in-vitro release data revealed
successful achievement of this aim of dosage form develop-
ment which was supported by the pharmacokinetic study as
well. AML-B appeared within 0.5 h of its administration yet
SIM appeared in blood after 8 h in the majority of dogs, post
administration of dosage form. Appearance of blood concen-
tration of SIM at 6 h in Dog 1 and 3 was slightly earlier than
the expected 8 h. However, it seems that SIM release from
dosage form after this time interval will work since SIM
metabolism is started in the evening. At 8 h after the single
administration of the test formulation, the concentration of
SIM was at its peak. At the same time interval, the concen-
tration of AML-B was rising to achieve its maximum at 12
h and ranged from 28.12 ng/mL in Dog 1 to 60.4 ng/mL in
Dog 6.

SIM t,.x Was 8.28 h, delayed from the reported 4 h which
was a feature of controlled release formulation. The tj,, of SIM
was 6.3340.81 h which was a required objective of the present
study. AUCy_,, of SIM in the current study was reduced 2-fold
compared to reported values.** Immediate release formula-
tions can potentially lead to the saturation of intestinal meta-
bolic enzymes, subsequently leading to an enhanced
bioavailability.>>*® SIM is subjected to pre-systemic metabo-
lism mainly by CYP 3A4 located in the enterocytes. It was
possible that the intestinal metabolic enzymes became satu-
rated by an instantaneously released high dose of SIM, facil-
itating the rapid absorption of SIM.>**’ In this study, the
pharmacokinetics of drugs was compared to that of the
reported values in normal dogs. It would be worth studying
the comparative pharmacokinetics after the administration of
AML-B and SIM to dogs as separate tablets also.

The Vd for AML-B and SIM was 82.90 L and 2.3 L,
respectively. Vi is used to calculate drug amount in
body under equilibrium conditions and it is a clearance-
independent Vd. V is used to compute loading dose
and also predict fluctuation of plasma concentrations
during a dosage interval for an intermittent dosage regi-
men. Therefore, larger Vg, shows smaller fluctuations
and vice versa. Thus, dose and dosing interval can be
appropriately selected for drugs with narrow therapeutic
windows to minimize plasma concentration fluctuations.
For the Vi of AML-B, the maximum value of 172.30
L was seen in Dog 3 while the lowest, 80.54 L, was

noticed in Dog 6. For SIM, V¢ was found to be 111.07+
34.76 L. Regardless of the frequency of drug adminis-
tration, time required to reach steady-state conditions is
approximately 4-5 times the terminal half-life after
which Vg is achieved.*® Therefore, in the present
study, although the dose was administered once, the
study drugs, AML-B and SIM, had completed 4 and 7
half-lives, respectively achieving steady state conditions.
The Kejim of AML-B was 0.05 h™' and for SIM, it was
found to be 0.12 h™'. The values of plasma half-life of
AML-B and SIM were 13.03 h and 7.12 h. respectively.
The total body clearance (Clt) of AML-B was 2.97 L/h
and that of SIM was 0.27 L/h.

Conclusion

AML-B and SIM in separate tablet formulations, for
continuous and delayed release of drug, respectively
were successfully developed and optimized. DCP-
Eudragit blend played a paramount role in the release
of the drugs, showing that DCP, in combination with
Eudragit could be manipulated in formulation to control
the release of drugs. Differential release of the two drugs
from the FDC single tablet was also achieved success-
fully. AML-B showed continuous release and SIM was
withheld for close to the desired time of 8 h after admin-
istration of FDC. HPLC method offered simultaneous
quantitation of AML-B and SIM in FDC with a shorter
run time and high resolution of analytes’ peaks. HPLC
method was simple, sensitive and specific for objective
drugs, accurate, and precise over a wide range of ana-
lytes concentration. Pharmacokinetic parameters, such as
area under curve, peak plasma concentration and time to
reach peak concentration demonstrated that drugs could
be suitable for administration to human after
a pharmacokinetic study in humans, however, with this
FDC, liver damage and rhabdomyolysis must be evalu-
ated with acute and chronic use of this system.
Furthermore, multidose pharmacokinetic studies are
necessary to find the accumulation factors for both

drugs.
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