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Abstract

The primary objective of this investigation was to improve the aqueous
solubility as well as dissolution rate of Azithromycin using Mannitol and
Povidone K30 for formulating solid dispersions of the drug. Various by
weight ratios (1:1, 1:2 & 1:3) of the drug and carrier were used in kneading
and melt agglomeration methods for formulating the solid dispersions.
Solubility study was performed in distilled water while the dissolution
studies were carried out in phosphate buffer pH 7.4. The differential
scanning calorimetry theromogram revealed that no interaction between
the drug and the carriers occurred. The SD was able to improve the
solubility of AZI from around 4 to 16 times. The formulation F7 (1:1,
Povidone K30, kneading) released minimum AZI (16.43 % % 0.709 %)
while F6 (1:3, Mannitol, melt agglomeration) released the highest amount
of AZI (84.23 % + 1.677 %) after 30 min of dissolution study. Our results
led to the conclusion that the aqueous solubility and dissolution rate of
Azithromycin could be effectively enhanced using Mannitol and Povidone
K30 as carriers for solid dispersion. Furthermore, the simplicity of the
methods used for formulating the solid dispersion meets the objectives of
the study.
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Introduction

Azithromycin (AZI) (Figure 1) is a semisynthetic macrolide antibiotic and is one of the most
commonly prescribed antibiotics for pediatric patients®. It has poor ageuous solubility and low
dissolution rate in the gastrointestinal tract, which limits the bioavailability after oral
administration®3, The drug has an oral bioavailability of around 37% and pKa of 8.74%
Additionally a unpleasantly bitter taste of AZI makes it non-compliant for oral administration to
pediatric patients®.
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Figure 1 Chemical structure of AZI

Drug with poor aqueous solubility are expected to exhibit absorption dependent on dissolution of
the drug. Therefore increasing the solubility leads to an improved absorption and eventually
bioavailability of the drug®. Various methods like cosolvency, micronization, nanonization, self-
emulsification, solubilization, solid dispersion and complexation are employed in the
enhancement of solubility of poorly soluble drugs’.

Solid dispersion (SD) is a technique wherein the active pharmaceutical ingredient (API) is
dispersed in an inert matrix or polymer. Solid dispersions of many poorly water-soluble drugs by
incorporating them into a water-soluble polymer matrix have been considered as an effective
method for improving drug dissolution rate and their saturation solubility in the gastrointestinal
fluids®. SD is widely accepted as an effective formulation technology to improve dissolution and
bioavailability of the molecules as well as to mask unpleasant taste of API by virtue of its ability
to reduce particle size, create high porosity and wettability as well as formation of amorphous
APIS,

Kneading has been employed to prepare binary systems containing Povidone (PVP) and has
displayed enhancement in solubility significantly!?>. Melt-Agglomeration (MA) is also
established as an effective technique for formulation of amorphous SD*3. Even though studies
have been previously carried out for formulating SD of AZI using polymers like Poly ethylene
glycol, Primogel, Kolliphor etc*'4%, a void is still present in obtaining a highly effective binary
system of AZI and its use in oral solutions.

The objective of the present study is to achieve enhanced solubility and dissolution of AZI by
formulation as SD for utilizing the SD for preparation oral solution The SD were prepared using
mannitol as well PVP K30 as the carrier and utilizing melt-agglomeration and kneading
methodology.
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Material and Methods

Materials

AZl was obtained as a generous gift sample from Ind-Swift Laboratories Limited, Baddi.
Mannitol was purchased from Fisher Scientific and PVP K30 was procured from Himedia. All
additional materials utilized were of pharmacopoeial grade and obtained from a variety of
commercial sources.

Methods

Solubility Study

AZIl (15 mg) was added to 20 mL distilled water in conical flask, and shaken at 28°C room
temperature for 24 h. Resultant samples containing undissolved solid dispersions suspended in
the test medium were centrifuged at 10,000 rpm for 5 min, and the clear supernatants obtained
was filtered, suitably diluted with distilled water, and analyzed by spectrophotometer. The drug
content in the solution was determined using the equation obtained from the calibration curve.
Preparation of solid dispersions by Melt Agglomeration method

The SD containing AZI were prepared using two different carrier viz. mannitol and PVP K30 in
1:1, 1:2 and 1:3 ratios by mass. AZI and carrier were accurately weighed and mixed physically in
a dry porcelain dish and the mixture was heated on a paraffin bath till molten?-25, The molten
mixture was poured on a clean tile and allowed to cool and solidify. The resulting solidified mass
was dried, and pulverized and finally passed through 100 mesh sieve. The powdered SD was
stored in screw capped vials at room temperature for further analyses.

Preparation of SD by kneading

Accurately weighed quantity of AZI and the carrier were triturated using mortar and pestle to
obtain the physical mixtures. The physical mixtures were triturated using a small volume of
ethanol-water (1:1) solution to make a thick paste, which was then knead and then dried at 45°C
in an oven. The dried mass that was obtained was passed through 24 mesh sieve, dried again and
sieved through 100 to obtained fine powder of SD%.

Particle size of SD

SD particles are observed under microscope using calibrated ocular micrometer (ERMA) to
calculate the average particle size of the solid dispersion. SD was dispersed in water and a drop
of the dispersion was placed on glass slide and viewed under microscope. The number of
divisions of ocular micrometer occupied by particles was counted.

Calibration curve of AZI

The calibration curve of AZI was prepared in the range 10 to 50 pg/ml by dissolving 10 mg of
AZI in 10 ml of 0.1M HCI to obtain the stock solution. The working standards were prepared by
pipetting required quantity of stock solution in 10 ml volumetric flasks and making up the
volume up to mark by phosphate buffer pH 6.8.The UV absorption maximum of AZI was
scanned in phosphate buffer pH 6.8 and was found to be 210 nm?’.A plot of concentration versus
absorbance was prepared and the regression equation was obtained using MS Excel software.
Drug content in SD
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Accurately weighed amount of SD (15 mg) was dissolved in phosphate buffer pH 6.8 and the
amount of drug is calculated using absorbance data at 210 nm using UV Visible
spectrophotometer?’.

Phase-Solubility Study

AZl, physical mixture of AZI with PVP K30 (PMPVP) & AZI with mannitol (PMMan) and SD
equivalent to 15 mg of AZI were added to 20 mL distilled water in conical flask, and shaken at
28°C room temperature for 24 h?®2°_ Resultant samples containing undissolved solid dispersions
suspended in the test medium were centrifuged at 10,000 rpm for 5 min, and the clear
supernatants obtained were filtered, suitably diluted with distilled water, and analyzed by
spectrophotometer. The drug content in the solution was determined using the equation obtained
from the calibration curve.

Thermal Analysis

Differential scanning calorimetric (DSC) method was used to study the effect of heat on the
stability of AZI as well as to observe the interaction of the drug and the carriers. Briefly, 3.100
mg of sample was pressed in aluminum pan disc and placed on the heating head of DSC
instrument (Jade DSC, Perkin) and temperature of the DSC furnace was gradually increased
from 30°C to 300°C. The thermogram was obtained from the software (Pyris 6 DSC).

In vitro Dissolution of SD

The in vitro dissolution study was done using paddle type dissolution apparatus (Labtronics, LT-
731), stirred at 50 rpm, maintaining the temperature of the dissolution media (phosphate buffer,
pH 7.4) at 37+1°C?8. AZI or SD equivalent to 100 mg AZI were used for the study. Sample (5
mL) were withdrawn through a filter (0.45 p) at different time intervals, suitably diluted, and
assayed for AZI.

Stability study

The solid dispersion kept under accelerated conditions (4°C, RT and 40°C) for stability study in
a stability oven (Labtronics, LAB-1852) for three months. At the end of the third month, the drug
content in the solution under each storage condition was determined to assess the stability of the
solid dispersion

Results and Discussion

Solubility of AZI

The solubility study of AZI was performed in water and the amount of drug solubilized was
calculated by the calibration curve equation. It was found that only 19 ug drug was soluble in per
ml of water.

Preparation of SD

The SD containing AZI were prepared in various mass ratios of drug and carrier (Table 1).Six
SD formulations each were prepared using MA method (F1-F6) and kneading method (F7-F12).
Previous studies involving SD preparations containing AZI has widely investigated solvent
evaporation method®. Nevertheless in the present study MA and kneading methods were utilized
as these methods have lesser chances of residual solvents in the final preparation due to non-use
or very limited use of organic solvents®!,
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Table 1 Design table for preparation of SD using MA and kneading techniques

Formulation F1/F7 F2/F8 F3/F9 F4/F10 F5/F11 F6/F12
X1 (D:P) 1:1 1:2 1:3 11 1:2 1:3
Quantity used (g) 0.5/0.5 0.5/1.0 0.5/15 0.5/0.5 05/1.0 |05/15
X2 (Polymer) PVP K30 | PVP K30 |PVP K30 Mannitol | Mannitol | Mannitol

Morphology and particle size

A calibrated ocular micrometer was used to measure the size of the SD particles under a
microscope equipped with image analyser. The particles were irregular to spherical in shape
(Figure 2) and the average particle size ranged from 34.90 to 38.09 um for the particles. The
particularly stable size was obtained as all the particles were finally passed through sieve of 100
mesh.

Figure 2 Microscopic image of F2 (200X magnification) showing spherical particles of
solid dispersion

SEM was used to elucidate the exterior and form characteristics of the samples. The physical
mixture displayed heterogeneous crystals of variable sizes (Figure 3(A)). The SD prepared with
mannitol on the other hand displayed smoother surface leaving behind the morphology of the
original components of the mixture and a few acicular crystals were present on the surface
(Figure 3(B)). The SD prepared using PVP were having smooth surface not showing much
crystals on the surface (Figure 3(C)). These results suggest that AZI might have been dispersed
homogenously in the matrix of the SD and could possibly be existing in amorphous state.
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Figure 3 SEM images (A) Physical mixture (B) SD with mannitol (C) SD with PVP

The XRD pattern of the AZI, physical mixture and SD is shown in Figure 4. The XRD of AZI
displayed low intensity peaks at 30°, 33°, 35°, 40°, 42.5° and 46.2° (20). The low intensity
diffraction values exhibit a low crystallinity in the structure of AZI. The crystalline peaks were
even lower in intensity in the physical mixture suggesting dilution. In the diffraction pattern of
the SD, the peaks of AZI were completely missing suggesting formation of an amorphous form
of the product wherein the crystalline structure was completely absent.
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Figure 4 XRD pattern of (A) AZI (B) Physical mixture (C) SD
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Calibration curve of AZI

The calibration curve was found to be linear in the concentration range of 10 to 100ug/ml with
regression coefficient (R?) value of 0.993 (Table 2, Figure 5). The linearity equation of the
calibration curve was used to calculate the amount of AZI in the samples of drug content,
solubility and dissolution.

Table 2. Absorbance data of azithromycin in phosphate buffer pH 6.8

Concentration (ug/mL) | Absorbance
10 0.089 + 0.0020
20 0.179 + 0.0026
30 0.241 +0.0026
40 0.311 + 0.0005
50 0.368 + 0.0026
60 0.426 + 0.001
70 0.511 +£0.0021
80 0.575 £ 0.0015
90 0.650 + 0.0025
100 0.769 + 0.0021
0.9
0.8 y =0.0071x + 0.0204
R2=0.9937
0.7
o 0.6
§ 0.5
S 04
Ne)
< 0.3
0.2
0.1

0 20 40 60 80 100 120
Concentration (pug/mL)

Figure 5 Calibration curve of AZI in phosphate buffer pH 6.8

Yield of SD and Drug content

The yield of the SD was highest for F12 (98.3%) and least for F1 (77.6%). For all the
formulations the yield was nevertheless higher than 75% suggesting a proper binary mixture
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formation. The highest drug content was found to be 98.3% in F10 whereas it was least in F1
(95.3%). The drug content ranged from 95.3% to 98.3% for all the SD formulation depicting
higher content in the SD prepared by kneading method (Figure 6). The high amounts of drug
content in the SD reflect amorphous nature of the SD*.
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Figure 6 Drug content and yield of SD

Solubility determination

The solubility of AZI in aqueous solutions was evaluated using flask shaking method and it was
found the pure AZI was poorly water soluble exhibiting a solubility of 19ug/mL. The physical
mixture improved the solubility of AZI from 2 to 4 times whereas the SD were able to improve
the solubility of AZI from around 4 to 16 times. The solubility enhancement of AZI exhibited by
SD is presented in Table 3.

Table 3 Solubility of AZI in SD
Formulation Solubility % incre_a_se in Ti_mes Inc_rf-:‘ase
(mg/mL) solubility in solubility
Pure AZI 0.0186 + 0.0005 - -
PMPVP 0.0366 + 0.0005 96.58 + 8.199 1.96 £ 0.0819
PMMan 0.0486 £ 0.0005 | 160.91 +10.138 2.60 £0.1013
F1 0.074 £ 0.001 296.58 £ 8.199 3.96 + 0.0819
F2 0.112 £ 0.0025 | 502.43 +32.004 6.02 + 0.3200
F3 0.129 £0.0026 | 591.81 + 36.053 6.91 + 0.3605
F4 0.106 + 0.002 468.42 + 27.850 5.68 + 0.2785
F5 0.239£0.002 | 1180.99 +31.338 | 12.80+0.3133
F6 0.293 £0.0015 | 1472.61 £57.457 | 15.72 £ 0.5745
F7 0.072 £ 0.001 278.94 + 5.2631 3.78 £ 0.0526
F8 0.105+0.0005 | 456.14 + 3.0386 5.56 £ 0.0303
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F9 0.117 +0.0011 517.54 +6.0773 6.17 + 0.0607
F10 0.099 +£0.0015 | 422.80 +8.0396 5.22 +0.0803
F11 0.152 + 0.001 700.00 £ 5.2631 8.00 + 0.0526
F12 0.237 +0.0015 1150.87 + 8.039 12.50 + 0.0803

It was evident that increasing the concentration of carrier was involved in higher solubility of the
drug. The highest solubility was obtained in F6, exhibiting 1472.61 + 57.45% increase in
solubility equivalent to 15.72 £+ 0.57 times more soluble than the pure AZI as such. In earlier
studies the solubility of AZI was improved from 3 to 11 times using various carriers. The best
increase was found using Kolliphor P 237 in mass ratio 1:2 whereas decreasing the concentration
of the carriers was found to decrease the solubility®>*®. In our study it could be correlated that the
use of mannitol as the carrier could improve the solubility better that by using PVP K30. This
was also visible in the physical mixture where mannitol increased the solubility of AZI by
160.91 % as whereas PVP K30 increased by 96.58%. The local solubilizing potential of the
carriers, a decreased particles size of the drug as well as improved wettability and reduced
particle aggregation could be the possible factors that lead to the enhancement of solubility of the
drug in the SD.

Thermal analysis of SD and AZI

The thermal analysis (DSC) was used to study interaction of the drug and carriers as well as the
effect of temperature on the stability of the drug. The DSC thermogram shows that no chemical
interaction occurs between the carriers and AZIl. The thermogram of AZI revealed sharp
endothermataround 140°C depicting the melting point of AZI. On the other hand the endotherm
of AZI was completely absent in SD suggesting the absence of the crystalline form of AZI which
might be due to the conversion of the crystalline AZI to amorphous form (Figure 7-8).
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Figure 8 DSC thermogram of SD

In vitro dissolution study

The in vitro dissolution study was performed for 30 min in anticipation of a complete release of
AZI from the SD formulations. 16.43 — 84.23 % drug was found to be released from the SD in 30
min. Formulation F7 released minimum AZI (16.43 £ 0.709 %) while F6 released the highest
amount of AZI (84.23 + 1.677 %) at the end of the study. It was seen that the release of AZI
from SD increased on increasing the ratio of the carrier. In previous study Kumar and
Maxumdar?*also found the increasing the concentration of the carrier PEG 6000 led to increased
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dissolution of AZI. The release of AZI from SD is depicted in Table 4 and Figure 9. These
observations confirm an increased solubility and dissolution of AZI from the SD.

Table 4 In vitro release data of AZI from SD

Cumulative Release (%0)
Time
(min) 0 5 10 15 20 30
F1 0| 2.07£0.208 | 5.43+0.611 8.13+0.208 | 12.13+0.153 | 15.93+0.152
F2 0| 5.13+0.208 | 14.06£0.153 | 19.00£0.264 | 26.03+0.231 | 34.27+0.208
F3 0] 7.97+0.208 | 20.37£0.305 | 26.53+0.513 | 30.83+0.251 | 40.1 £ 0.173
F4 0| 6.27+£0.058 | 14.33+0.115 | 20.87%0.058 | 34.07+0.058 | 47.23+0.115
F5 0 | 8.03£0.058 | 19.13+0.115 | 36.27£0.058 | 52.63+0.503 | 64.27+0.158
F6 0| 12.03+0.305 | 28.7 +£0.529 | 47.03£0.404 | 62.57+£0.503 | 78.73+0.473
F7 0| 3.07+0.058 | 7.30 £ 0.1 12.93+0.153 | 16.80+0.208 | 21.10 £ 0.2
F8 0]5.96+£0.153 | 15.07£0.231 |23.20£0.1 | 26.90+0.173 | 36.13+£0.289
F9 0] 10.07£0.058 | 23.10 £ 0.265 | 31.10 £ 0.1 | 38.93£0.153 | 53.17+£0.058
F10 0]4.03+£0.115| 7.13+0.208 | 13.96+0.208 | 21.17+0.231 | 26.17+0.115
F11 0| 9.00+0.265 | 21.232+0.289 | 33.07+£0.289 | 58.57 +2.25 | 68.90 £+ 0.5
F12 0| 13.934+0.231 | 33.26 + 0.208 | 49.17+£0.058 | 68.10 + 0.2 | 83.87+0.289
pure
AZI 0]053+£0.058| 2.03+0.028 | 3.67 +0.058 | 5.73 +0.153 | 9.76 + 0.115
wa || 5o o
g e an B
Time (min) Time (min)
A B
Figure 9 Dissolution profile of AZI from SD. (A) MA method (B) Kneading method

Stability of SD

The physical stability of the SD was assessed by evaluating the drug content in the SD on storage
at various conditions for accelerated stability testing as per International conference on
Harmonization (ICH) guidelines. The results did not reveal any significant change in the drug
content of the SD (Table 5). Hence it could be concluded that the SD were stable in all the
storage conditions.
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Table 5 Drug content in SD at storage conditions
Storage Drug content (%)
Conditio

n F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 | F11 | F12

Initial 953 196.2 |96.1 | 975 |97.1 {968 |96.3 {979 |97.1 |98.3 |98.1 |97.2
content 1 6 8 7 3 2 5 1 3 4 7 2

93.7 953 96.0| 96.1| 951 | 953 | 96.2| 96.4 | 97.7| 97.7 | 96.8

3| 9B+ 7| 3| 7x| 3| 6| 3| 7| 7| 6| 7%
005| 015| 0.17| 0.11| 0.15| 0.05| 0.05| 0.05| 0.15| 0.15| 0.05| 0.05
4°C 8 3 3 5 3 8 8 8 3 3 8 8

92.6 946 | 952 | 957 | 945 | 944 | 955 | 953 | 96.5| 96.6 | 96.0

3| 944 7+ 7+ 7+ 7+ 7+ 7+ 7+ 3+ 3+ 7+
0.05 +1 011 005 0.15| 0.11| 0.05| 0.05| 0.05| 0.20| 0.23 | 0.11
RT 8| 01 5 8 3 5 8 8 8 8 1 5

913 924 | 923 | 936 | 93.2| 922 | 931 | 935| 93.1| 93.7| 942 | 94.1

3+ +| 3| 7% +| 3+| 7| 3| 7| 7| 7| 7%

0.05| 026 0.11| 0.11| 0.17| 0.11| 0.11| 0.15| 0.11| 0.21| 0.20| 0.15

40°C 8 5 5 5 3 5 5 3 5 5 8 3
Conclusion

In the present study, it was clearly observed that mannitol and PVP K 30 could be effectively
utilized as the carrier for azithromycin to improve its aqueous solubility as well as dissolution
rate by formulating as solid dispersion. Melt agglomeration and kneading methods were effective
in producing solid dispersion in high yield. The ratio of the drug to carrier was found to affect
the yield, drug content as well as solubility of the drug. It could be concluded that reduced
crystallinity of azithromycin could have improve the wetting ability and hence improve its
solubility.
Finally the utilization of kneading method was found to be more yielding but the melting method
improved the dissolution. Mannitol was found to be better carrier in comparison to PVP K30 in
improving the solubility of azithromycin. The best formulation depicting the highest dissolution
in 30 minutes was found to be F6 containing 3 parts of mannitol per part of azithromycin.
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