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Abstract

Oral bioavailability enhancement of drug having poor water solubility is considered as a very hard task in
the formulation development of such drugs. The development of solid dispersions helps to enhance
bioavailability of poorly water soluble drugs to overcome the limitations of various approaches such as
salt formation, solubilization by co-solvents, and particle size reduction. Studies revealed that drugs in
solid dispersion need not necessarily exist in the micronized state. Carvedilol’s B-adrernergic receptor
blocking ability decreases the heart rate, myocardial contractility and myocardial oxygen demand.
Carvedilol and its metabolites also prevent OH- radical induced decrease in sarcoplasmic reticulum Ca-
ATPase activity. Therefore, carvedilol and its metabolites may be beneficial in the chronic heart failure
by preventing free radical damage. Carvedilol belongs to BCS class-1l drug having poor water solubility.
For the improvement of solubility solid dispersions of carvedilol were prepared using fusion method.
Various concentrations of polymers like mannitol and PVPK-30 were used for the preparation o solid
dispersions.
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Introduction

The therapeutic effectiveness of a drug depends upon the ability of the dosage forms to deliver
the medicament to its site of action at a rate and amount sufficient to elicit the desired
pharmacologic response. The formulation of poorly water soluble drugs has always been a
challenging problem faced by pharmaceutical scientists and it is expected to increase because
approximately 40% or more of the new chemical entities being generated through drug
discovery programmers are poorly water soluble. Low solubility, low dissolution rate, poor
intestinal permeability, intestinal cellular efflux, chemical instability in the gastrointestinal
tract, mucin binding, rapid metabolism, absorption via a low capacity active transporter, and
limited absorption due to a narrow transit period must be considered as contributing factors for
poor bioavailability.

The BCS is scientific framework for classifying drug substances based on their aqueous
solubility and intestinal permeability. When combined with the dissolution of the drug
product, the BCS takes into account three major factors that govern the rate and extent of drug
absorption from solid oral dosage forms: dissolution, solubility and intestinal permeability.
According to the BCS drug substances are classified as follows:

Class I: High Solubility — High Permeability

Class II: Low Solubility — High Permeability

Class I11: High Solubility — Low Permeability

Class 1V: Low Solubility — Low Permeability

Solid dispersion technology is the science of dispersing one or more active ingredients in an
inert matrix in the solid stage to achieve an increased dissolution rate or sustained release of
drug, altered solid state properties and improved stability. The fusion process is technically
less difficult method of preparing dispersions provided the drug and carrier are miscible in the
molten state.

Materials and Methods
Materials
Carvedilol was kindly supplied by M/s Shodhana Labs Ltd. Hyderbad, India as a gift sample.
Mannitol, PVP K-30, PEG- 6000 and ethanol etc. were used as ingredients for the formulation of
solid dispersion of carvedilol.
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Methods

Characterization of Drug

The procured sample of carvedilol was characterized in terms
of its physical description, organoleptic properties, melting
point and solubility in various solvents.

Melting Point Determination

A small quantity of carvedilol was filled in the capillary tube
sealed at one end and kept it in melting point apparatus. The
melting point was recorded and compared with literature
value of carvedilol.

Solubility Studies

The solubility of carvedilol was checked in distilled water and
0.1 N HCL at room temperature for 24 h using rotary shaker.
Solubility of the drug was determined by saturation method.
Using slope of drug the solvent concentration of drug in the
solution was determined. From this concentration, amount
dissolved in the solvent i.e. solubility was determined.

Studies on Interference of Carries(S) on Drug UV Spectrum
Carvedilol (12.5 mg) was dissolved in methanol and volume
was made upto 100 mL with 0.1 N HCL. After suitable
dilutions, the U.V. spectrum of drug was obtained. In similar
way, U.V. spectra of carrier(s) viz. Mannitol and PVP K- 30
were obtained in the wavelength region 200 - 400 nm at their
respective maximum amounts employed in the study.

Preparation of Physical Mixtures

In order to prepare a physical mixture the drug, carrier(s)
were passed individually through sieve # 100. Various
physical mixtures were prepared by homogeneously mixing
the drug and the carrier(s) for 15 min. and subsequently filling
into empty hard gelatin capsules.

Preparation of Solid Dispersions

All the solid dispersions of carvedilol were prepared using
water soluble carriers viz. mannitol and PVPK -30 in various
ratios by fusion method. In this method, the drug was
incorporated into previously molten carrier(s), homogenously
blended and subsequently flashed cooled in an ice-bath. The
resulting solid dispersions were stored for 24 hrs in a
dessicator to congeal. Finally, dispersions were passed
through sieve + 100 and filled into empty hard gelatin
capsules

In-vitro - Dissolution Studies

The In-vitro dissolution studies on pure drug (12.5mg) and
physical mixtures and solid dispersion formulations of
carvedilol were carried out in triplicate, employing USP
XXII1 paddle (Apparatus 2) using 900 mL 0.1 N HCL, as the
dissolution medium at 100 rpm and 374+0.5°C. An aliquots
sample (10 mL) was periodically withdrawn at suitable time
intervals and volume replaced with equivalent amount of
dissolution medium. The samples were analyzed on
spectrophometer at 241.2 nm using UV-visible
spectrophotometer.

Data Analysis

The data obtained from in-vitro dissolution were analyzed
using PCP Disso V3 software. The software is in built
provision for applying the correction factor for volume and
drug losses during sampling, calculating the values of amount
of drug dissolved, percent release, rate of drug release at

varied time. The graph was drawn using MS-EXCEL.

Characterization of Physical Mixture and Solid Dispersion
of Carvedilol

Powder X-Ray Diffraction (PXRD)

PXRD patterns ware recorded using high power powder x-ray
diffracto meter with Cu as target filters having a
voltage/current of 40 KV/40 mA at a scan speed of 4
degree/min. The samples were analyzed at angle range of 2 to
45 step time was 0.5 second and time of acquisition was 1
hour.

Differential Scanning Calorimetry (DSC)

DSC analysis of the drug, carriers, one of the selected
formulation and its physical mixture were carried out by
heating the samples from 25 °C to 250 °C at a rate of 10 °C
per minute.

Fourier Transforms Infrared Spectroscopy (FTIR)

FTIR spectroscopy was performed on I.R. spectrophotometer.
Pellets of the drug samples in KBr were prepared on KBr
press. The spectra were scanned over a wave number range of
4000 to 400 cm-t.,

Scanning Electron Microscopy (SEM)

Sample were coated with thin gold- palladium layer using a
sputter coater unit and the surface topography was analyzed
with (JCM-6100, Scanning electron microscope, Japan)
operated at acceleration voltage of 15 Kv. The samples were
mounted onto stubs using double sided adhesive tape. The
samples were then coated with gold palladium alloy (150- 200
AP°) using fine coat ion sputter (Jeol, fine coat ion sputter JFC-
1100). The samples were subsequently examined under a
scanning electron microscope.

Results and Discussion

Melting Point Determination

The melting point of carvedilol was observed to be 115.33 °C
which is in close agreement of reported values i.e. 114 °- 115
°C.

Table 1: Melting Point of Carvedilol

S. No. Melting Point (°C) Mean Value + S.D.(°C)
1 119
2 117 115.33£2.334
3 110

Studies on Interferences of Carrier(S) on Drug UV
Spectrum

No interaction of the carrier (S) viz. Mannitol and PVP K-30
was seen on the UV spectrum of carvedilol

Solubility Studies

Solubility studies were carried out as an attempt to find out
whether the medium 0.1 N HCL was able to maintain sink
condition during the dissolution studies or not. The solubility of
pure drug in distilled water and 0.1 N HCL is depicted in Table
given below. The result indicated that the solubility of carvedilol
in 0.1 N HCL was 1.062 mg/ml. Since a total dose of 12.5 mg of
drug was planned to be subjected for dissolution using 900 mL of
medium, the equilibrium solubility was much higher than the
maximum concentration of the drug any time during dissolution
process. Therefore, 0.1 N HCL was chosen as the dissolution
medium because sufficient amount of drug can dissolve in it,
necessary to maintain sink conditions.
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Table 2: Solubility of carvedilol in various solvents

Solubility (mg/mL)

0.323 mg/mL

S. No. Solvents
1 Distilled water
2 0.1 NHCL

1.062 mg/mL

In-vitro Dissolution Studies
Tables given below enlist the dissolution performance of
various solid dispersions prepared using mannitol and PVVP K-

30 as carriers and their corresponding release profiles are
shown in figures below.

Table 3: Values of Percent Drug Released at Varied Times for Solid Dispersions of Carvedilol and Mannitol (N=3)

Time (min) Mean Percent Drug Dissolution + S.D
Pure Drug | CRL: Mannitol 1:1 (SD1) | CRL: Mannitol 1:2 (SD 2)|CRL: Mannitol 1:3 (SD 3)| CRL: Mannitol 1:5 (SD 4)
0 0 0 0 0
10 25.153+1.67 32.753+1.42 47.1+£1.86 56.46+1.67 61.31+2.42
20 47.121+2.3 58.108+1.62 66.92+2.13 78.04+2.38 85.85+2.67
30 53.110+.68 86.106+0.24 92.03+0.11 96.07+0.19 97.8+0.28
45 64.162+.10 91.13+0.40 97.31+0.18 98.16+0.21 98.79+0.41
60 70.652+.28 96.35+0.27 97.18+0.24 97.73+0.12 97.5+0.28
90 80.352+.26 95.74+0.18 96.31+0.34 97.01+0.09 97.6+0.18
120 88.431+.31 93.41+0.14 95.56+0.21 96.13+0.14 96.69+0.25

100
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% Drug release
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Fig 1: Plot between % Drug Released and Time for Various Carvedilol-Mannitol Solid Dispersions

Table 4: Values of Percent Drug Released at Varied Times for Solid Dispersions of Carvedilol and PVP K-30 (N=3)

Time (min) Mean Percent Drug Dissolution + S.D
Pure Drug | CRL:PVP K-301:1(SD5) | CRL: PVP K-301:2 (SD 6) | CRL: PVP K-301:3(SD 7) | CRL: PVP K-30 1:5 (SD 8)
0 0 0 0 0
10 25.15340.19 30.153+.11 37.42+.68 45.13+.12 52.93+0.01
20 47.121+0.11 51.121+.40 60.36+.10 65.83+.18 69.42+0.03
30 53.11040.25 57.110+.21 61.280+.28 72.62+1.34 77.1940.10
45 64.162+0.18 66.162+.18 71.18+.31 79.38+.169 81.36+0.06
60 70.652+0.28 77.652+.11 81.83+.26 87.12+1.68 88.12+0.92
90 80.352+0.41 83.352+.10 88.16+.18 93.37+1.31 94.34+0.29
120 88.431+0.28 90.431+.34 92.103+1.20 95.3940.62 96.68+0.31
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Fig 2: Plot between % Drug Released and Time for Carvedilol — PVP K-30 Solid Dispersions.

On studying in vitro release study the mannitol dispersions
had profound influence on the release profile of carvedilol.
The results, however, were almost identical at or above 1:2
Drugs: Mannitol ratios. There was also improved release
performance of PVVP K-30 solid dispersions in comparison to

pure drug. The effect of low concentration of PVP K-30 was
milder. The result of higher concentration (1:3 and 1:5) of
PVP K-30 showed better and almost identical release
performance throughout the dissolution profile.
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Physical mixtures

During initials studies the physical mixtures of carvedilol
(CRL) with two chosen carries (i.e., Mannitol and PVP K-30)
were also prepared by taking drug: carrier ratio of 1:1, 1:2 1:3

and 1:5 respectively. Tables given below enlist the dissolution
parameters of these physical mixtures and also figures given
below showed their dissolution profiles.

Table 5: Values of percent drug released at varied times for physical mixtures of Carvedilol and Mannitol (n=3)

Time (min) Mean Percent Drug Dissolution + S.D
Pure Drug | CRL: Mannitol 1:1(PM1) | CRL: Mannitol 1:2(PM2) | CRL: Mannitol 1:3(PM3) | CRL: Mannitol 1:5(PM4)
0 0 0 0 0 0
10 25.153+0.41 27.753+3.53 29.1+2.10 32.46+1.08 38.31+1.07
20 47.121+0.16 51.108+3.41 54.92+1.19 57.04+1.87 62.85+1.32
30 53.110+0.34 56.56+0.07 60.03+1.68 63.07+1.67 67.8+0.13
45 64.162+0.14 65.89+1.32 68.31+2.67 71.16+1.82 79.79+0.12
60 70.652+0.21 74.08+2.18 78.18+1.23 82.73+0.67 84.5+0.16
90 80.352+0.11 83.74+0.98 87.31+1.44 89.01+0.03 91.6+0.13
120 88.431+0.12 90.41+0.68 92.56+0.32 94.13+0.66 95.69+1.67
— 1
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Fig 3: Plot between % Drug Released and Time for Various CRL-Mannitol Physical Mixtures.

Table 6: Values of Percent Drug Released At Varied Times for Physical Mixtures of

Carvedilol and PVP K-30 (n=3)

Time (min) Mean Percent Drug Dissolution = S.D
Pure Drug | CRL:PVP K-30 1:1(PM5) | CRL: PVP K-301:2 (PM6) | CRL: PVP K -30 1:3 (PM7) | CRL: PVP K-30 1:5 (PM8)
0 0 0 0 0 0
10 25.153+0.67 26.208+0.86 28.431+0.12 29.36+1.42 32.29+0.10
20 47.121+0.68 49.13+0.82 51.513+1.23 53.131+1.48 62.103+0.21
30 53.110+1.23 56.16+0.13 58.18+1.68 59.321+1.92 68.118+0.13
45 64.162+0.38 67.103+0.67 68.213+0.62 69.123+2.61 76.129+0.12
60 70.652+1.32 71.236+0.92 73.103+1.36 77.1134£3.42 82.103+0.21
90 80.352+1.64 84.85+0.10 87.721+2.21 90.81+4.13 92.117+0.13
120 88.431+1.32 89.03+0.34 91.136+2.36 92.108+3.10 94.121+1.63
100
90 -
4 80 -
3
< 70 —4—Pure drug
& 60
@ 5 —-PM5
& a0 PM6
w 30 —4—PM7
20
10 ==PM38
0 ‘
0 20 40 60 80 100 120
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Fig.4: Plot between % Drug Released and Time for Carvedilol-PVVP K-30 Physical Mixtures

As is indicated by the dissolution study mannitol and
carvedilol physical mixtures had only marginally better
release performance than that of pure drug. CRL and PVP K-
30 mixtures also exhibit marginally better release than that of
pure carvedilol. Again from the results it was observed that
physical mixtures of both carvedilol —Mannitol and carvedilol

— PVP K-30 exhibits better release performance by increasing
the drug — carrier ratios.

However, improvement in release performance was not
significantly better than that of the pure drug. This all
indicates that the improvement in the dissolution performance
of carvedilol by Mannitol or PVP K-30 cannot attribute to
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simple synergistic effect of Mannitol or PVP K-30, when used
as physical mixtures. Nonetheless, the release performance of
the corresponding solid dispersion was distinctly superior to
that of the physical mixtures.

Characterization of Solid Dispersion
Differential Scanning Calorimetery (DSC) Study

Table given below depicts various DSC characteristics of pure
carvedilol, mannitol, PVP K-30; selected solid dispersion
formulation prepared using mannitol or PVP K-30 and their
corresponding physical mixtures. DSC curve for pure
carvedilol shows a single fusion endotherm, representing the
melting point at 116.77 °C and exhibits the normalized value
of 127.4 Jg~-

Table 7: Characteristics of Differential Scanning Calorimetry of Carvedilol, Mannitol PVP K-30, Solid Dispersion Formulations and their
Corresponding Physical Mixtures.

S. No. Formulation Normalized Value (Jg-1) | Onset of Endotherm (Degrees) | Peak of Endotherm (Degree)
1. Carvedilol 127.4 113.27 116.77
2. PVP K-30 150.5 137.13 143.66
3 Mannitol Peak 1 36.82 96.48 101.89

' Mannitol Peak 2 51.11 151.30 168.67
4. Physical mixture with PVP K-30 819.9 143.98 146.99
5. Physical mixture with Mannitol 812.6 142.99 146.99
6. Solid dispersion with PVP K-30 148.6 113.74 117.87
7. Solid dispersion with Mannitol 246.4 137.80 135.35

[u}
\R‘W 32T B1C
B 113.27°C 1152
127 .41..g
=
=
=
£
]
116.7F°C
- o 5‘0 ‘ll.lll:l ‘léD 2EllEl 25‘;0 360 3%0 <00
Temperature (7)) .
Fig 5: DSC Thermogram of Carvedilol
:|_
. =10+
u_j 15
%
_204
_25 -
4DIII6|OIII8|OI‘II[|)OI I'I‘20III14|10I‘I1RISOIII1EI
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Fig. 6: DSC Thermogram of Solid Dispersion of Carvedilol with Mannitol
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Fig 7: DSC Thermogram of Solid Dispersion of Carvedilol with PVP K-30

X-ray Diffraction Studies

The X-ray diffracto gram for the pure drug carvedilol is show
in figure below, whereas its characteristic peaks at 20 (in
degrees) listed in table given below. On comparing the x-ray
diffracto grams of the selected solid dispersions formulations
with mannitol or PVP K-30 and their physical mixtures, it can

be deciphered that the crystallinity of carvedilol is reduced
drastically in the solid dispersions vis-a-vis their
corresponding physical mixtures. Significant diminution in
the number of peaks as well as in the corresponding amplitude
of peaks is vividly discernable.

Table 8: Characteristics Peaks of Pure Carvedilol, Mannitol, PVP K-30, Solid Dispersion and their Corresponding Physical Mixture

S. No. Formulation Characteristics Peak at 2 © (degrees)
1 pure carvedilol 5.7,8.1,11.8,12.9,13.6, 14.7, 15.5, 16.9, 17.8, 19.1, 20.9, 21.6, 22.8, 23.5, 24.3, 25.3, 26.1,
27.5,28.1,29.3,31.4,32.4,34.1, 36.6, 38.0, 41.8, 42.7, 43.5, 44.7, 46.6, 48.0
5 Pure Mannitol 10.5,11.4,14.5,16.7, 20.5, 21.7, 23.4, 24.6, 25.9, 26.6, 28.3, 29.5, 30.5, 31.8, 32.7, 33.6,
34.2,35.9, 36.5, 37.7, 38.7, 40.2, 41.0, 42.9, 44.1, 45.6, 47.9
3 Pure PVP K-30 43.45.7
4 Physical mixture of 5.8,10.4,11.8,13.6, 14.8, 15.2, 16.8, 17.5, 18.7, 19.6, 20.5, 21.6, 22.8, 23.4, 24.6, 25.9, 26.5,
carvedilol with Mannitol |27.5, 28.3, 29.5, 30.5, 31.7, 32.6, 33.6, 34.8, 36.0, 38.7, 40.1, 41.7, 42.8, 43.3, 44.0, 45.5, 47.8
5 Physical mixture of 5.8,11.8,12.9,13.6,14.8, 15.1, 16.4, 16.8, 17.4, 18.4, 19.2, 20.2, 21.4, 22.8, 23.5, 24.2, 25.2,
carvedilol with PVP K-30 26.1,275,28.1,294, 315, 34.2, 38.0,41.8,43.5
6 Solid dispersion with ~ |9.6, 10.9, 13.6, 14.5, 17.2, 18.6, 20.3, 22.0, 25.8, 27.5, 28.4, 30.3, 31.3, 31.4, 36.1, 38.1, 39.5,
Mannitol 40.7,41.4,43.8,44.8,47.4,48.2,49.1
Solid dispersion with PVP
7 K-30 11.2,20.8
ConE
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Fig 8: XRD Pattern of Carvedilol
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Fig 10: XRD Pattern of Solid Dispersion of Carvedilol with PVP K-30

FT —IR studies

In the IR spectra of carvedilol, absorption was observed at
3345.17 cm=t due to hydroxyl (-OH) and amine (-NH)
stretching. Peaks at 2925.20 cm=, 1215.17 cm= and 1017.0
cm=t are due to C-H starching, alkyl aryl ether stretching and
bending vibrations respectively. Analysis of IR spectra of
pure mannitol showed sharp peak at 3400 cm-! that is
characteristics of O-H stretching vibrations and another set of
sharp peaks were observed between 3000 cm-t - 2800 cm=L,
characteristics of C-H stretching vibrations. In the IR spectra
of selected solid dispersion and its corresponding physical
mixture (fig.34, 36), the characteristics absorption bands of
pure carvedilol are distinctly appearing, as in both the cases
i.e., N-H stretching in the carvedilol is distinctly appearing in
the solid dispersion as well as in the physical mixture of
carvedilol with mannitol. Both the spectra are more or less
similar to each other. Hence, IR spectra did not indicate any
kind of chemical interaction between the drug and the

mannitol, in the solid dispersion formulation as well as
physical mixture of the carvedilol. Analysis of IR spectra of
the solid dispersions of carvedilol with PVP K-30 showed
slight shift is the absorption values. It exhibited peaks due to -
OHstr. and -NHstr. at 3436.32 cm=t while peak due to C-Hstr,
alkyl ether stretching and bending appeared at 1215.93 cm=t
and 1012.91 cm=t respectively. The above data indicated very
week interactions between carvedilol and PVP K-30 solid
dispersion. In case of physical mixture of carvedilol with PVP
K-30, the change was observed in the range 2700 cm=t -3000
cm=t, which were interpreted as -C-H stretching vibrations of
the aromatic ring. Difference were also found in ,C=C! (of
the aromatic ring) vibration region (1450 cm=1-1600 cm=t).
The absorption peaks due to alkyl aryl ether stretching and
bending appeared at 1209.08 cm=t and 1025 cm=
respectively. The change in the intensity and shape of these
bonds showed considerable interaction between carvedilol
and PVP K-30.
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Fig 13: F.TI.R. Spectra of Solid Dispersion of Carvedilol with PVP K-30

Scanning Electron Microscopy (SEM)

SEM photomicrograph of pure carvedilol is shown in fig.
given below. Analysis of SEM of carvedilol reveals that the
drug exists in the crystalline from. From the
photomicrographs of selected solid dispersions of carvedilol
with mannitol or PVP K-30(fig. 38-39), illustrates through
amorphous dispersion of drug in the matrix of mannitol and
PVP K-30. Further it also limpid that the drug crystallinity is
very significantly diminished, as is apparent from the
deformation in the erstwhile crystalline lattices,

characteristics of the individual ingredients viz. carvedilol,
mannitol and PVP K-30. This reduction in crystallinity has
also been corroborated earlier using x-ray diffraction spectra
(section 4.7.1.2) finally, it can be connoted that the solid
dispersion of mannitol and PVP K-30 leads to distinct
improvement in the dissolution profile of the drug.
Ostensibly, this can be attributed to decreased crystallinity of
the drug, as is vouched from characterization using XRD,
DSC and SEM.

Fig 14: Scanning Electron Microphotograph of Carvedilol

~ 440 ~



The Pharma Innovation Journal

Fig 16: Scanning Electron Microphotograph of Solid Dispersion of Carvedilol with PVP K-30

Conclusion

Carvedilol is an important antihypertensive drug. The drug
belongs to BCS class-1l and hence its bioavailability often
limited by its dissolution rate. Carvedilol-mannitol and
carvedilol- PVP K-30 solid dispersions as well as physical
mixtures in various ratios were formulated and studied for
their in-vitro release performance. Solid dispersion of
mannitol and PVP K-30 as effective and cost effective
carriers, with carvedilol showed distinct superiority in a
dissolution profiles vis-a-vis their corresponding physical
mixture and that of pure drug. Best results have been obtained
using carvedilol: Mannitol in ratiol:5 using solid dispersion
technique. The significant improvement in the rate of release
of carvedilol using carvedilol-mannitol solid dispersions
formulation can help in appreciable reduction in the lag time
of the drug absorption, characterized by high tmax values
(120 minutes), thereby can improve the rate of bioavailability
and onset of its therapeutic effects.
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