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Article info Abstract
The objective of the present study was to fabricate and evaluate a
Received: 09/07/2021 combination of Artemether and Lumefantrine as tablets and to make
Artemether in sustained form as to prolong its elimination time.
Revised: 19/08/2021 Artemether was formulated in form of microspheres and was then
formed into the tablet along with the Lumefantrine. Artemether
Accepted: 26/09/2021 microspheres were prepared and compressed into compressible tablet by
direct compression process using the compressible excipients along with
© 1JPLS Lumefantrine, which entails the convenience of a sustained release

product in one. The rationale behind this combination is that Artemether
initially provides rapid symptomatic relief by reducing the number of
parasites present before Lumefantrine eliminates any residual parasites.
This is thought to minimize development of resistance because the
malaria parasites are never exposed to Artemether alone due to its rapid
elimination.

Although they may be exposed to Lumefantrine alone, the probability of resistance developing
simultaneously to both drugs used in combination is thought to below. The Artemether microspheres were
formed by solvent evaporation technique using ethyl cellulose as a polymer, in presence of polyvinyl
alcohol as surfactant. Due to the sustained property of polymer and surfactant property of polyvinyl
alcohol, formulated microspheres can result in controlled release of drug. Ethyl cellulose coated
microparticles have also demonstrated their capability to absorb pressure and therefore save the coating
from fracture during tablet manufacturin gprocess.
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Introduction

Malaria is one of the most important and scourge infectious diseases in developing areas of the world.
Worldwide, over 40% of the population lives in areas where malaria transmission occurs i.e., parts of Asia,
Africa, Middle East, South and Central America. It & estimated that 300-500 million cases of malaria occur
each year resulting in 750,000- 2 million deaths (World malaria situation,1994). Microspheres are described
as small particles ranging from 1-1000 micrometer in size for use as carriers of drugs and other therapeutic
agents which consists of proteins or synthetic polymers that are biodegradable in

nature. The term microsphere describes a monolithic spherical structure in which the drug or therapeutic
agent is distributed throughout the matrix either as a molecular dispersion or as a dispersion of particles
(Nikam et.al 2012) They can also be defined as a structure consisting of continuous phase of one or more
miscible polymers in which the particulate drug is dispersed at the macroscopic or molecular level. (Prasanth
et.al 2011).

*Corresponding Author
E.mail: raju@aku.ac.in

Material and Methods

Artemether microspheres production procedure

Artemether microspheres were obtained by solvent evaporation technique. Firstly, polymer
(ethylcellulose) was dissolved in dichloromethane and then the drug (Artemether) was added to the
above solution. The polymer drug solution so obtained was injected into the PVA solution
maintained at variable speed using mechanical stirrer. Stirring was continued for required period
until all the dichloromethane evaporated. The formed microspheres were collected by filtration and
washed with n-Hexane and dried to obtain free flowing microspheres.

Figure: Artemether microspheres
Table: Formulation codes of Artemether-EC Microspheres

Formulation Drug Polymer (Ethyl | Solvent (DCM) Medium Stirring rate
Codes (Artemether) Cellulose) (ml) (PVA) (rpm)

(mg) (mg) (%)
500 1000 20 0.5 200

M1
500 1000 20 0.5 400

M2
500 1000 20 0.5 600

M3 12
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500 1250 20 0.5 200
M4

500 1250 20 0.5 400
M5

500 1250 20 0.5 600
M6

500 1000 20 0.3 200
M7

500 1000 20 0.3 400
M8
M9 500 1000 20 0.3 600

500 1250 20 0.3 200
M10

500 1250 20 0.3 400
M1l

500 1250 20 0.3 600
M12

500 1000 20 0.1 200
M13
M14 500 1000 20 0.1 400

500 1000 20 0.1 600
M15

500 1250 20 0.1 200
M16

500 1250 20 0.1 400
M17

500 1250 20 0.1 600
M18

Characterization Of Microspheres

Particle size analysis
All formulation showed a small mean size. The mean particle size for the drug loaded microspheres
varies from 14.80 um to 26.42 pm. The particle size distribution of microspheres is represented as

follows.

Table: Particle size of microspheres

Formulation Codes

Particle Size (um)

Formulation Codes

Particle Size (um)

M1 18.45 M10 2277
M2 18.30 M11 2187
M3 15.00 M12 19.35
M4 2312 M13 26.42
M5 19.10 M 14 23.80
M6 16.92 M15 20.00
M7 21.00 M16 26.10
M8 21.00 M17 2245 13
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M9 14.80 M18 18.95
Table: Size distribution of microspheres for different formulations
FC 0-5 6-10 11-15 | 16-20 |21-25 |26-30 |3140 |41-50 51-60
M1 0 16 26 22 13 16 7 0 0
M2 0 12 33 14 22 16 3 0 0
M3 2 22 38 18 12 8 0 0 0
M4 0 8 26 19 10 14 12 9 2
M5 0 7 30 21 22 16 4 0 0
M6 0 18 36 15 13 17 1 0 0
M7 0 9 21 21 18 22 5 3 1
M8 0 11 20 15 25 16 12 1 0
M9 6 22 31 24 8 7 1 0 0
M10 0 6 29 15 17 16 6 8 3
M11 0 5) 22 24 18 18 8 5) 0
M12 0 19 26 17 7 15 16 0 0
M13 0 3 15 11 21 27 10 8 5
M14 0 5) 28 7 24 10 18 6 2
M15 0 11 30 23 13 11 4 8 0
M16 0 1 18 24 14 15 14 9 5
M17 0 11 20 23 13 13 10 9 1
M18 0 22 32 14 9 11 3 7 2

Determination of Percentage yield o fmicrospheres
The percentage yields for all formulations were determined. The values varied from 66.63% to

94%.
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Table: Percentage yield (%) of microspheres

Formulation % Yield Formulation Codes % Yield
Codes

M1 84.87 M10 86.68
M2 79.40 M11 86.91
M3 94.00 M12 66.63
M4 90.28 M13 86.00
M5 86.00 M14 84.06
M6 70.34 M15 76.67
M7 88.33 M16 71.88
M8 92.27 M17 88.91
M9 91.73 M18 90.11

Determination of flow properties of microspheres

The prepared microspheres were evaluated for flow properties including bulk density, tapped
density, Carr’s index, Hausner ratio and angle of repose. Bulk density of all the batches was in the
range of 0.63 — 0.68 gm/cm®. Tapped density in the range of 0.71 — 0.78 gm/cm®. Carr’s index in
range of 10.95 — 14.86 and Hausner ratio varies from 1.07 — 1.17 indicating excellent flow
properties. Angle of repose was also found in the prescribed range showing excellent flow

characteristics.
Table: Flow properties of Artemether microspheres
Formulation Bulk Density | Tapped Density Carr’s Index Hausner Angle of
Codes (gm/cm®) (gm/cm®) Ratio Repose (0)

0.66 0.76 13.15 1.15 20.21
M1

0.67 0.78 14.10 1.16 22.47
M2

0.66 0.77 14.28 1.16 19.63
M3

0.64 0.73 12.32 1.14 21.06
M4

0.65 0.73 10.95 1.07 20.13
M5

0.67 0.76 11.84 1.13 16.69
M6

0.68 0.79 13.92 1.13 20.51
M7

0.66 0.75 12.00 1.15 21.13
M8

0.66 0.76 13.15 1.15 18.30
M9

0.66 0.76 13.15 1.15 17.26 15
M10
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0.65 0.75 13.33 1.15 18.14

M11
0.67 0.77 12.98 114 16.49

M12
0.64 0.75 14.66 117 18.33

M13
0.64 0.74 1351 1.16 20.54

M14
0.67 0.76 11.84 113 17.05

M15
0.63 0.72 12.50 1.14 21.89

M16
0.61 0.71 14.08 1.16 19.94

M17
0.63 0.74 14.86 117 21.40

M18

Drug Entrapment efficiency

To calculate the entrapment efficiency, accurately weighed quantity of microspheres (50 mg) were
taken along with 50 ml of phosphate buffer pH 7.4 in a volumetric flask and kept for 24 hours. It
was then filtered, suitably diluted and then analyzed by UV spectrophotometry at 216 nm. The EE
was calculated and % EE varied from 52.81% to 74.42%. M9 formulation shows least percentage
entrapment and M16 shows the highest.

Table: Entrapment efficiency (%) of microspheres

Formulation Codes | % Entrapment Formulation Codes | % Entrapment
M1 66.20 M10 73.31
M2 60.49 M11 69.98
M3 54.06 M12 66.98
M4 70.57 M13 70.15
M5 67.42 M14 68.39
M6 63.23 M15 63.86
M7 67.81 M16 74.42
M8 61.15 M17 71.26
M9 52.81 M18 67.07

In vitro release studies of microspheres

In-vitro release of Artemether microspheres was carried out using the USP dissolution test
apparatus at 37+0.5°C in 900 ml of phosphate buffer pH 7.4. Microspheres equivalent to 20 mg
Artemether was placed in the muslin cloth and rotated at 100 rpm. A sample of 5 ml was withdrawn 16
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at various time intervals and replaced with equal amount of medium to maintain the sink condition.
The withdrawn samples were analyzed by UV spectrophotometer at 216 nm using phosphate buffer
7.4 as blank solution.

Table (a): Cumulative drug release (%) of M1 - M5

S.No. | Time (hrs) % CDR
M1 M2 M3 M4 M5
1 0 0 0 0 0 0
2. 0.5 3.12 3.76 3.12 3.64 7.45
3. 1 5.76 5.10 7.08 5.18 8.26
4. 2 10.44 13.05 10.44 10.85 13.02
5. 3 16.47 13.86 17.82 17.64 20.86
6. 4 22.65 21.93 24.63 21.63 21.26
7. 5 28.83 31.41 30.87 27.13 36.02
8. 6 34.89 40.35 34.47 34.37 44.10
9. 7 44.49 45.18 45.42 40.88 48.97
10. 8 51.78 56.85 56.28 48.23 54.11
11. 9 57.81 62.47 65.98 55.72 58.34
12 10 63.03 68.38 71.65 57.85 61.95
g % Cumulative drug release
7
5 M1
0
8 el V)
X4
0 M3
, M4
3 A
0 E(-—ﬂ/k
0 2 4 6 8 1 12

Figure (a): Cumulative drug release (%) of M1 - M5
% Cumulative drug release of formulation (M1-M5) varied from 57.85%-71.65%. M4 shows the
minimum release after 10 hrs and M3 shows the maximum which may be due to the change in
concentration of polymer or PVA or it could be due to the presence of other variables.

17
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Table (b): Cumulative drug release (%) of M6 - M 10

S.No. | Time (hrs) % CDR
M6 M7 M8 M9 M10
1. 0 0 0 0 0 0
2. 0.5 9.03 441 5.07 2.44 591
3. 1 9.83 5.76 5.76 7.71 8.26
4. 2 17.67 9.12 9.78 15.06 14.56
5. 3 24.78 15.18 16.47 19.17 16.24
6. 4 31.99 21.27 21.93 27.99 23.28
7. 5 37.69 29.28 28.68 34.20 29.72
8. 6 43.99 36.87 36.96 40.32 36.96
9. 7 50.68 4452 45.27 48.69 42.53
10. 8 56.32 50.97 54.99 58.17 48.41
11. 9 64.65 60.09 64.18 68.71 57.44
12 10 69.19 69.01 7179 76.72 63.38
8 % Cumulative Drug Release
8
0
5 0 -
® M7
g M8
M9
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2 4 Timg(hrs) 8 1 1

Figure (b): Cumulative drug release (%) of M6 - M10
% Cumulative drug release of formulation (M6-M10) varied from 63.38%-76.72%. M10 shows the
minimum release after 10 hrs and M9 shows the maximum which may be due to the change in
concentration of polymer or PVA or it could be due to the presence of other variables.
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Table (c): Cumulative drug release (%) of M11 - M14

S.No. Time (hrs) % CDR
M1l M12 M13 M14
1. 0 0 0 0 0
2. 0.5 6.72 8.99 3.77 5.76
3. 1 15.96 17.60 7.08 7.11
4, 2 20.83 23.84 13.74 16.41
5. 3 24.92 29.47 18.54 2451
6. 4 32.86 34.44 24.69 33.51
7. 5 40.92 40.04 34.86 42.99
8. 6 47.53 49.81 42.48 54.66
9. 7 53.27 60.41 49.56 61.24
10. 8 60.65 64.54 54.45 67.18
11. 9 65.87 68.66 66.92 71.47
12. 10 70.14 74.48 7251 76.45
8 % Cumulative Drug Release
8
n g
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0
g . M11
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0
0
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Figure (c): Cumulative drug release (%) of M11 - M14

% Cumulative drug release of formulation (M11-M14) varied from 70.14%-76.45%. M11 shows
the minimum release after 10 hrs and M14 shows the maximum which may be due to the change in
concentration of polymer or PVA or it could be due to the presence of other variables.
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Table (d): Cumulative drug release (%) of M15 - M18

S.No. Time (hrs) % CDR
M15 M16 M17 M18
1. 0 0 0 0 0
2. 0.5 7.08 10.57 12.14 16.73
3. 1 9.75 12.91 12.95 19.14
4. 2 19.77 20.02 23.91 29.36
5. 3 29.22 26.39 32.62 35.87
6. 4 42.09 34.37 39.86 45.50
7. 5 48.51 43.23 46.48 49.63
8. 6 58.93 48.05 50.86 56.28
9. 7 64.84 55.51 56.49 61.74
10. 8 71.97 64.58 66.33 66.47
11. 9 79.15 69.89 72.35 70.28
12. 10 84.87 71.02 75.11 79.48
9 % Cumulative Drug release
0
8
0
x M15
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Figure (d): Cumulative drug release (%) of M15 - M 18

% Cumulative drug release of formulation (M15-M18) varied from 57.85%-71.65%. M16 shows
the minimum release after 10 hrs and M15 shows the maximum which may be due to the change in
concentration of polymer or PVA or it could be due to the presence of other variables.
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Effect of different formulation variables on various evaluation parameters

The influences of different formulation variables on various evaluation parameters were studied.
The effects of polymer concentration (Ethylcellulose 1000-1250 mg), emulsifier concentrations
(PVA concentration 0.1%-0.5%), and altered stirring speed of a mechanical stirrer (200, 400, 600
rpm) on microspheres characteristics (percentage yield, drug entrapment efficiency, particle size
and cumulative drug release) were studied.

FC Polymer % Yield % EE Particle size % CDR

(mg) (Hm)

1000 84.87 66.20 18.45 63.03
M1

1000 79.40 60.49 18.30 68.38
M?2

1000 94.00 54.06 15.00 71.65
M3

1250 90.28 70.57 23.12 57.85
M4

1250 86.00 67.42 19.10 61.95
M5

1250 70.34 63.23 16.92 69.19
M6

1000 88.33 67.81 21.00 69.01
M7

1000 92.27 61.15 21.00 71.79
M8

1000 91.73 52.81 14.80 76.72
M9

1250 86.68 73.31 22.77 63.38
M10

1250 86.91 69.98 21.87 70.14
M11

1250 66.63 66.98 19.35 74.48
M12

1000 86.00 70.15 26.42 72.51
M13

1000 84.06 68.39 23.80 76.45
M14

1000 76.67 63.86 20.00 84.87
M15

1250 71.88 74.42 26.10 71.02
M 16

1250 88.91 71.26 22.45 75.11
M17

1250 90.11 67.07 18.95 79.48
M18

The values for the % Yield for all formulations varied from 66.63% - 94% and is independent of the 21
polymer concentration.The increase in the polymer concentration equals an approximately identical
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increase in the entrapment efficiency.The particle size was dependent on the polymer concentration,
as the increasing concentration increase the particle size. The particle size of microspheres prepared
with 1000 mg of polymer ranged between 14.80 — 26.42 ym, with 1250 mg varies from 16.92 —
26.10 um.It was observed that % cumulative drug release of formulations varied from 57.85%-
84.87%. The increase in the concentration of polymer results in the decrease in the % drug release.
The increased polymer concentration might have led to increased density of the polymer matrix,
resulting in an increased diffusional path length and consequent retardation of drug release. All the
formulations prepared at 1000 mg concentration exhibited higher drug release than the formulation
prepared at 1250mg.

Effect of stirring speed

Table : Effect of stirring speed on various parameters

FC Stirring % Yield % EE Particle % CR

rate (rpm) Size (um)
M1 200 84.87 66.20 18.45 63.03

400 79.40 60.49 18.30 68.38
M2

600 94.00 54.06 15.00 71.65
M3

200 90.28 70.57 23.12 57.85
M4

400 86.00 67.42 19.10 61.95
M5

600 70.34 63.23 16.92 69.19
M6

200 88.33 67.81 21.00 69.01
M7

400 92.27 61.15 21.00 71.79
M8

600 91.73 52.81 14.80 76.72
M9

200 86.68 73.31 22.77 63.38
M10

400 86.91 69.98 21.87 70.14
M1l

600 66.63 66.98 19.35 74.48
M12

200 86.00 70.15 26.42 72.51
M13

400 84.06 68.39 23.80 76.45
M14

600 76.67 63.86 20.00 84.87
M15

200 71.88 74.42 26.10 71.02
M16

400 88.91 71.26 22.45 75.11
M17

600 90.11 67.07 18.95 79.48
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M18

The prepared microspheres with the mean size ranging between 14.80 pm to 26.42 pm showed
particle size dependence on the stirring speed. The results in the table confirmed that the
microsphere mean size decreased with an increase in the stirring speed. The force of higher stirring
distributes the internal phase into smaller droplets, resulting in the formation of smaller
sizedmicrospheres.

Formulation of Tablets containing Artemether microspheres and Lumefantrine

Tablets of Artemether (ART) microspheres and Lumefantrine (LUM) were prepared by direct
compression technique. Microcrystalline cellulose (MCC) was used as a directly compressible
diluent. Sodium starch glycolate (SSG) and Croscarmellose sodium (CCS) were used as
superdisintegrants in a concentration of 1-5% of tablet weight. The corresponding amount of ART
microspheres equivalent to 20 mg drug, lumefantrine, MCC and superdisintegrants were accurately
weighed and blended. Thereafter the corresponding amount of magnesium stearate and colloidal
silicon dioxide were added to the mixture. The mixture was allowed for direct compression into
tablets weighing 300mg using a tablet punching machine with 8 mm flat facedpunches.

Figure : Tablets containing artemether microspheres and lumefantrine
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Table: Formulation codes of tablets containing ART Microspheres and LUM

FC ART LUM MCC SSG CCS Mag. Colloidal
microsp Stearate | Silicon
here Dioxide
eq.to
20 120 107 3 - 7 3

MT1

MT2 20 120 105.5 4.5 - 7 3
20 120 104 6 - 7 3

MT3
20 120 102.5 7.5 - 7 3

MT4
20 120 101 9 - 7 3

MT5
20 120 99.5 10.5 - 7 3

MT6
20 120 98 12 - 7 3

MT7
20 120 96.5 13.5 - 7 3

MT8

MT9 20 120 95 15 - 7 3
20 120 97 - 3 7 3

MT10
20 120 95.5 - 4.5 7 3

MT11
20 120 94 - 6 7 3

MT12
20 120 92.5 - 7.5 7 3

MT13
20 120 91 - 9 7 3

MT14
20 120 89.5 - 10.5 7 3

MT15

MT16 |20 120 88 - 12 7 3
20 120 86.5 - 13.5 7 3

MT17
20 120 85 - 15 7 3

MT18

*All quantities are in mg
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Characterization of Tablets
Determination of thickness

3 tablets from each batch were taken randomly and their thickness was measured using Vernier
calliper and the average value was calculated. It is expressed in millimetre. The thickness of each
formulation was determined and was found to be relatively near about same. It was 4.83 mm to

4.88 mm.

Table : Thickness ofT ablets

Formulation Codes

Thickness (mm)

Formulation Codes

Thickness (mm)

MT1 4.88 +0.01 MT10 4.87+0.01
MT2 4.85+0.01 MT11 4.87+0.02
MT3 4.83+0.02 MT12 4.88+0.03
MT4 4.88+0.03 MT13 4.86+0.01
MT5 4.86+0.02 MT14 4.85+0.03
MT6 4.86+0.01 MT15 4.88+0.01
MT7 4.88+0.04 MT16 4.87+0.02
MT8 4.87+0.01 MT17 4.84+0.01
MT9 4.83+0.02 MT18 4.88+0.01

Determination of diameter

3 tablets from each batch were taken randomly and their diameter was measured using Vernier
calliper and the average value was calculated. It is expressed in millimetre. The diameter of each
formulation was determined and was found to be relatively near about same. It was 9.05 mm to

9.08 mm.
Table 7.3.2: Diameter of Tablets

Formulation Codes | Diameter (mm) Formulation Codes | Diameter(mm)
MT1 9.08+0.006 MT10 9.06+0.006
MT2 9.05+0.005 MT11 9.06+0.020
MT3 9.06+0.006 MT12 9.08+0.010
MT4 9.07+£0.020 MT13 9.06+0.003
MT5 9.06+0.006 MT14 9.05+0.01
MT6 9.06+0.010 MT15 9.06+0.006
MT7 9.06+0.006 MT16 9.08+0.010
MT8 9.05+0.020 MT17 9.07+£0.010
MT9 9.07+0.006 MT18 9.06+0.006
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Determination of hardness
3 tablets from each batch were taken randomly and their hardness was measured using Monsanto
hardness tester. It is expressed in Kg/cm?® The hardness of each formulation was determined and
was found to be relatively near about same. It was 4.33 to 6.00 Kg/cm?.
Table 7.3.3: Hardness of Tablets

Formulation Codes | Hardness (mm) Formulation Codes | Hardness (mm)
MT1 4.33+0.44 MT10 4.33+0.44
MT2 4.67+0.89 MT11 6.00+£0.00
MT3 5.00+0.67 MT12 5.00+0.67
MT4 4.33+0.44 MT13 5.33+0.44
MT5 4.67+0.43 MT14 5.00+0.00
MT6 6.00+0.00 MT15 6.00+0.00
MT7 5.33+0.44 MT16 5.33+0.44
MT8 5.33+0.44 MT17 5.33+0.44
MT9 6.00+0.00 MT18 4.67+£0.89

Determination of friability
The friability of the tablet was measures sing Roche Friabilator. The friability of all the
formulations was found to be between 0.75% to 0.92%, which was found to be within the
pharmacopoeial requirement i.e.not more than 1% indicating good mechanical resistance of
tabletsufficient.

Table: Friability of Tablets

Formulation Codes | Friability (mm) Formulation Codes | Friability (mm)
MT1 0.75 MT10 0.85
MT2 0.85 MT11 0.78
MT3 0.87 MT12 0.88
MT4 0.79 MT13 0.89
MT5 0.80 MT14 0.85
MT6 0.88 MT15 0.86
MT7 0.85 MT16 0.86
MT8 0.86 MT17 0.81
MT9 0.92 MT18 0.85
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Determination of Weigh tVariation
20 tablets were selected randomly from each formulation. These tablets were weighed and the
average weight was calculated. The weight variation of each formulation was determined and
was found to be relatively near about same. The average weights of tablets were found to be
297.45-303.24 mg. The acceptable weight range is +5% as per IP for uniformity of weight thus
indicating consistency in the preparation of the tablets and minimal batch to batchvariation.
Table: Weight variation of tablets

Formulation Weight Variation | Formulation

Codes (mm) Codes Weight Variation (mm)
MT1 303.15+0.95 MT10 301.46+0.57
MT2 302.70+0.73 MT11 303.11+2.07
MT3 301.35+0.97 MT12 299.64+1.86
MT4 297.45£1.04 MT13 300.16x0.44
MT5S 302.00+1.11 MT14 301.00£0.69
MT6 302.18+0.94 MT15 302.38+2.04
MT7 300.90+0.53 MT16 302.89+1.19
MT8 298.14+2.06 MT17 300.40+0.68
MT9 303.24+0.77 MT18 301.75x0.04

Determination of Drug Content
Five tablets were crushed and the powder equivalent to 20 mg of drug were accurately weighed
and transferred to 10 ml volumetric flask. To this flask, small amount of 0.1 N HC| was added to
dissolve it completely. Then, the volume of flask was made up to the mark with the same solvent.
From this, 1ml of the aliquot was pipette out and transferred to 10 ml volumetric flask and the
volume was made up to the mark with 0.1 N HCI. Solution was filtered, suitably diluted and drug
content of lumefantrine was analyzed spectrophotometrically at 234 nm .
The drug content for all the formulations was determined. It was 96.32% - 99.43%

Table 7.3.6: Drug content of Tablets

Formulation Codes | Drug Content (%) | Formulation Drug Content (%)
Codes

MT1 98.91+0.17 MT10 99.24+0.27

MT?2 99.16+0.13 MT11 95.49+0.18

MT3 98.67+0.83 MT12 97.89+0.19

MT4 99.31+0.24 MT13 98.99+0.32

MT5 98.13+0.86 MT14 98.64+0.41

International Journal of Pharmacy & Life Sciences Volume 12 Issue 9: September. 202 1javig



Research Article ISSN: 0976-7126

CODEN (USA): IJPLCP Gautam e a1, 12(9):11-34, 2021
MT6 96.32+0. 14 MT15 99.43+0.24
MT7 98.62+0.23 MT16 99.33+0.21
MT8 94.38+0.46 MT17 96.54+0.17
MT9 97.94+0.68 MT18 98.77+0.19

The drug content for all the formulations was determined. It was 96.32% - 99.43%.

Microscopic evaluation of tableted microspheres

The morphology of the surface of tablets and broken diametrical surface of tablets was observed
using a scanning electron microscopy (FEI, Model NOVANANO 450). The tablets and the
broken tablet surfaces were sputter coated with gold at a pressure of 5.13E to 4 pascal and 5 KV
at 0° was maintained to get the photographs so as to observe the surface morphology of
compressed microspheres.

The morphology of the prepared batches of tablet was evaluated by Scanning Electron
Microscopy (SEM). Scanning Electron micrographs of the tablet surface and broken tablet
surface are shown in figure at different magnifications of 200x, 24000x and 100000x for tablet
and 50000x and 200000x respectively revealing the spherical and smooth surface. The
microspheres appeared deformed but intact. This would explain the similar in vitro dissolution
profiles for both the tablets and microspheres.

In vitro dissolution studies of Lumefantrine
Table : Cumulative drug release (%) of MT1 - MT18

S.No. | % CDR Time (Min)
0 10 20 30 60 90 120

1. M1 0 22.3 | 29.06 | 30.14 | 36.43 |48.02 |53.14
2. M2 0 ;3.4 30.15 | 35.94 | 44.61 |51.95 |57.36
3. M3 0 25.1 31.61 |38.87 |4492 |53.60 |60.63
4. M4 0 ;6.1 3447 |40.14 | 48.33 |55.72 | 63.08
5. M5 0 29.4 3352 |41.33 [ 50.19 |58.32 | 64.21
6. M6 0 gO.l 36.80 |41.74 |53.44 |62.71 | 68.82
1. M7 0 22.1 37.48 | 46.29 |52.22 | 64.26 | 70.38
8. M8 0 21.3 37.92 | 49.52 | 53.15 | 66.19 | 71.44
9. M9 0 %2.7 37.36 | 421 59.45 [ 68.78 | 74.53
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10 M10 0 |336 [40.70 | 4542 |51.17 | 62.04 |69.63
11 M11 0 34.0 4132 | 46.93 | 53.87 | 64.10 | 70.15
12 M12 0 25.2 4281 | 49.32 | 57.02 | 66.15 | 72.49
13 M13 0 23.1 39.24 | 46.82 | 55.38 | 68.09 | 74.86
14 M14 0 54.0 4732 | 52.26 | 60.15 | 67.12 | 75.32
15 M15 0 26.1 4632 | 54.87 | 6251 | 71.70 | 78.04
16 M16 0 26.6 4412 | 49.33 | 51.08 | 63.95 | 78.11
17 M17 0 28.4 4752 | 54.36 | 58.27 | 69.84 | 80.60
18 M18 0 %9.3 50.21 | 59.08 | 66.52 | 74.39 | 81.14

The release rate of Lumefantrine from tablets for all the formulations. At 2" hours release rate of
drug was between 53.14% - 81.14%. M18 formulation shows the maximum release and M1
shows the minimum release. It showed that the release of the drug was dependent on the
superdisintegrants used, in that Croscarmellose sodium can release drug faster compared to
Sodium starch glycolate.

In vitro release of Lumefantrine from tablets
In —vitro release of tablets containing microspheres was studied by using the USP dissolution test
apparatus at 100 rpm using 900 ml 0.1 N HCI as dissolution medium. Temperature of the
dissolution medium was maintained at 37+0.5°C. Aliquot of 5 ml of dissolution medium was
withdrawn at predetermined time intervals. The volume of the of the dissolution medium was
adjusted to 900 ml at every sampling time by replacing 5 ml with the same dissolution medium
so as to maintain the sink conditions. The withdrawn samples were analyzed by UV
spectrophotometer at 234 nm using 0.1 N HCI as blank solution and concentration of the drug
was determined. (Kasid et.al 2013)
Table (a): Cumulative drug release (%) of MT1 - MT5

S.No. | % Time (Min)
CDR

0 0.5 1 2 3 4 5 6 7 8 9 10
1. M1 0 3.71 [6.73 | 1428 | 26. |34.32|421 |46.2 | 52.8 | 59. | 61.88 |66.1
54 9 8 4 36 4
2. M2 0 417 [8.11 (1224 |24. | 3396|448 |49.2 |56.1 | 61. |64.15 |69.8
51 1 8 2 47 1
3. M3 0 310 |7.18 | 1533 [ 24. | 3467|483 |524 (585 |60. |68.30 731
11 1 3 5 19 2
4, M4 0 296 |6.84 | 1315 [20. | 2719|328 |39.2 [46.3 |50. |55.34 |61.2
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26 4 8 |7 19 4

3 M5 0 532 |6.17 | 1474 [26. [30.13 383 |44.3 [53.8 |58. | 61.82 |635
48 7 3 |9 |35 5

6. M6 0 714 | 927 1633 |25 3482381 |47.9 |50.1 |56. |60.89 |68.1
16 4 3 |2 |23 7

7. M7 0 314 | 623 |11.98 | 20. | 2837 | 34.2 |48.1 | 54.3 | 60. | 67.13 | 72.8
44 6 9 |2 |86 2

8. M8 0 414 |587 | 936 |17. | 2432|301 |39.8 464 |58. | 6537 | 74.1
14 7 6 |2 19 6

9. M9 0 364 | 7.13 | 1632 |20. | 2691 | 343 |41.8 |48.7 | 57. |69.92 |79.7
46 8 2 |6 14 3

10 MIO |0 406 |618 |11.31 |17. |2271 | 294 |36.1 | 44.8 |52. | 59.16 | 66.9
96 8 7 |1 |28 7

11 MIL |0 441 732 [11.76 | 15. | 20.96 [ 29.1 |37.2 [ 468 | 53. | 60.18 | 68.2
32 4 4 |7 |51 3

12 M12 |0 485 |940 1326 |21. | 2884 367 |451 |51.3 |62. | 70.73 [ 783
32 3 5 |3 |81 4

13 M13~ |0 340 |7.25 |1559 |20. | 2590 | 349 |46.1 |53.4 |61 |70.25 |77.1
56 9 1 |2 |89 2

14 M14 |0 495 |877 1506 |22. |30.04 [381 [47.6 [59.3 | 67. | 75.08 | 80.0
93 0 8 |0 |85 2

15 M5 |0 6.64 | 10.1 | 19.28 |30. | 44.86 |50.9 | 61.7 | 69.0 | 75. | 81.33 | 86.9
6 63 2 7 |3 |40 2

16 M16 |0 849 | 130 | 2157 |29. |37.23 | 458 |53.1 |59.3 | 62. | 66.05 | 70.1
6 42 1 5 |1 |84 3

17 M17 |0 987 | 152 | 24.68 | 33. | 42.27 | 49.9 |56.3 | 62.0 | 69. | 74.48 | 78.1
4 73 6 4 |1 | 9

18 M18 |0 815 | 158 | 2881 |37. | 4898 |57.2 |61.0 | 69.6 | 73. | 79.06 | 81.0
6 33 6 7 |3 12 3

The release rate of Artemether from the tableted microspheres for all the formulations. At 10"
hours release rate of drug was between 61.24% - 86.92%. M15 formulation shows the maximum
release and M4 shows the minimum release. It depicts that the release of artemether either from
microspheres or from the tableted microspheres was found to be relatively near about same. A
slight increase is observed in the release from tabletedmicrospheres.

KineticModelling

The dissolution data were analyzed according to various model dependent approaches (Zero
order, First order, Higuchi, Hixson Crowell, Korsmeyer-Peppas) and the mode of drug release
from the microsphoric tablets was calculated plotting the curves. The kinetic model with highest
value of coefficient of determination (R?) was considered to be a more suitable model for all
dissolutionprofiles.
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Table (a): Kinetics of Drug release

Formulation Zero Order First Order Higuchi

Code R2 Slope R2 Slope R2 Slope
MT1 0.979 6.920 0.994 0.064 0.957 23.67
MT2 0.980 7.322 0.993 0.053 0.946 24.9
MT3 0.976 7.658 0.988 0.057 0.946 26.08
MT4 0.996 6.189 0.993 0.040 0.946 20.86
MT5 0.982 6.747 0.991 0.046 0.951 22.97
MT6 0.987 6.636 0.990 0.047 0.960 22.65
MT7 0.994 7.629 0.973 0.056 0.917 25.35
MT8 0.989 7.400 0.930 0.054 0.878 24.13
MT9 0.990 7.620 0.903 0.059 0.895 25.08
MT10 0.993 6.644 0.954 0.045 0.893 21.80
MT11 0.988 6.770 0.948 0.046 0.885 22.16
MT12 0.996 7.768 0.939 0.061 0.909 25.68
MT13 0.995 7.804 0.948 0.060 0.908 25.79
MT14 0.996 8.248 0.951 0.068 0.914 27.35
MT15 0.987 8.967 0.976 0.085 0.955 30.52
MT16 0.974 6.993 0.997 0.052 0.976 24.22
MT17 0.979 7.635 0.994 0.064 0.981 26.43
MT18 0.958 8.097 0.997 0.073 0.984 28.39

Table 7.3.11 (b): Kinetics of Drug release

Formulation Korsemeyer — Peppas Hisxon Crowell

Code R2 Slope R2 Slope
MT1 0.831 1.225 0.995 0.146
MT2 0.820 1.213 0.993 0.157
MT3 0.850 1.287 0.990 0.168
MT4 0.851 1.206 0.998 0.125
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MT5 0.797 1.158 0.992 0.141
MT6 0.732 1.061 0.995 0.141
MT7 0.869 1.286 0.986 0.166
MT8 0.848 1.224 0.957 0.160
MT9 0.839 1.222 0.943 0.172
MT10 0.839 1.176 0.972 0.137
MT11 0.819 1.149 0.966 0.141
MT12 0.801 1.169 0.967 0.176
MT13 0.849 1.249 0.972 0.175
MT14 0.807 1.195 0.974 0.192
MT15 0.762 1.180 0.994 0.227
MT16 0.679 1.023 0.994 0.154
MT17 0.652 1.013 0.998 0.181
MT18 0.674 1.068 0.994 0.200

The results of kinetic analysis provided the evidence that zero order was the best fit model for
the dissolution data of all formulations as the plots showed the highest values of R? that indicated
that the mode of drug release was independent of concentration of drug. All other models
exhibited curvilinear plots having low values of R? when compared with that of zero order.

Conclusion

The objective of the present study was to fabricate
and evaluate a combination of Artemether and
Lumefantrine as tablets and to make Artemether
in sustained form as to prolong its elimination
time.

Artemether was formulated in form of
microspheres and was then formed into the tablet
along with the Lumefantrine. Artemether
microspheres were prepared and compressed into
compressible tablet by direct compression process
using the compressible excipients along with
Lumefantrine, which entails the convenience of a
sustained release product in one.

The rationale behind this combination is that
Artemether initially provides rapid symptomatic
relief by reducing the number of parasites present
before Lumefantrine eliminates any residual
parasites. This is thought to minimize
development of resistance because the malaria

parasites are never exposed to Artemether alone
due to its rapid elimination. Although they may be
exposed to Lumefantrine alone, the probability of
resistance developing simultaneously to both
drugs used in combination is thought to below.
The Artemether microspheres were formed by
solvent evaporation technique using ethyl
cellulose as a polymer, in presence of polyvinyl
alcohol as surfactant Due to the sustained
property of polymer and surfactant property of
polyvinyl alcohol, formulated microspheres can
result in controlled release of drug. Ethyl cellulose
coated microparticles have also demonstrated
their capability to absorb pressure and therefore
save the coating from fracture during tablet
manufacturingprocess.

Change in rpm also results in different particle
size, entrapment efficiency and in vitro release
from the microspheres. The increase in the stirring
speed equals an approximately identical decrease
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in the entrapment efficiency. Increasing the
stirring speed delivers greater energy to the
system, resulting in an increased breakdown of the
forming microspheres and lower entrapment
efficiency. The prepared microspheres with the
mean size ranging between 14.80 um to 26.42

pm showed particle size dependence on the
stirring speed. The results confirmed that the
microsphere mean size decreased with an increase
in the stirring speed. The force of higher stirring
distributes the internal phase into smaller droplets,
resulting in the formation of smaller sized
microspheres. The increase in the stirring rate
results in the identical increase in the % drug
release. All the formulations prepared at 600 rpm
exhibited maximum drug release than their
equivalent counterparts prepared at 400 and 200
rpm.

After successfully incorporating Artemether into
microspheres, this study aimed to obtain tablets as
a final oral dosage form. Artemether microspheres
along with Lumefantrine were formulated into
tablets by direct compression technique using the
excipients. The microspheres were tableted using
different concentration of superdisintegrants and
were evaluated for various parameters.

Hence the present work suggest that, Artemether
which has the lower half life and eliminates
quickly from the body, when loaded with ethyl
cellulose in form of microspheres and tableted
along with Lumefantrine results in sustained
release of drug in malaria. Therefore, Artemether
and Lumefantrine in combination minimizes
development of resistance as the malaria parasites
are never exposed to artemether alone, so are
considered as the best combination for treatment
of malaria.

Reference

1. Abdulla S, Amuri B, Kabanywanyi A,
Ubben D, Reynolds C, Pascoe S, Fitoussi
S, Yeh C, Nuortti M, Sechaud R, Kaiser
G, Levfevre G. Early clinical
development of Artemether Lumefantrine
dispersible tablet: palatability of three
flavours and bioavailability in healthy
subjects. Malaria J 2010; 1-9.

2. Abdulla S, Sagara |, Borrmann S,
Alessandro U, Gonzalez R, Hamel M et
al., Efficacy and safty of Artemether-

10.

Lumefantrine dispersible tablet compared
with crushed commercial tablet in African
infants and children with uncomplicated
malaria: a randomized, single- blind,
multicentre trial. Articles 2008;1-9.
Abdulla S, Sagara |. Dispersible
formulation of Artemether/Lumefantrine:
specifically developed for infants and
young children. Malaria J 2009; 1-6.
Aboghanem A, Alburyhi M, Alwan M.
Effect of different excipients on
formulation of immediate release
Artemether/Lumefantrine tablets. J Chem
Pharm Res 2013; 617-625.
Alagusundaram M, Chetty M,
Umashankar K, Badarinath A, Lavanya C,
Ramkanth S. Microsphere as a novel drug
delivery system- a review. Int. J Chem
Tech Res 2009; 526-534.

Anand V, Kandarapub R, Garg S.
Preparation and evaluation of taste-
masked orally disintegrating tablets of
Prednisolone. Asian J Pharm Sci 2007;
227-238.

Anderson T, Nair S, Nkhoma S, Williams
J, Imwong M, Yi P, Socheat D., Das D.,
Chotivanich K., Day N, White N,
Dondorp A. High heritability of malaria
parasite clearance rate indicates a genetic
basis for artemisin resistance in western
Cambodia. J Infectious Diseases. 2010;
1326-1330.

Arun R, Smith A. Simultaneous HPLC-
UV method for the estimation for
Artemether and Lumefantrine in tablet
dosge form. Int J Pharm Biomed Res
2011; 201-205.

Aulton, M.E. Pharmaceutics: The Science
of Dosage Form Design, in: Wells, J.,
Second edition, Pharmaceutical
preformulation:  the  physicochemical
properties of drug substances. Churhill
Livingstone, Leicester: 2002; 114-136.
Balaji A, Kumari H, Kumar U.
Development,  characterization ~ and
evaluation of solid dispersions of
artemether and lumefantrine by solvent
evaporation method using hydrophilic
polymers. Int J Pharn Pharm Sci. 2014,
180-185.

International Journal of Pharmacy & Life Sciences

Volume 12 Issue 9: September. 202 1jekes



Research Article ISSN: 0976-7126

CODEN (USA): IJPLCP Gautam et a1, 12(9):11-34, 2021
11. Balamuralidhara V, Vinay S, Bhat S,
Kumar P. Comparative study of In- 17. Cavalier ST. Protist phylogeny and the
Process and Finished products quality high-level classification of protozoa.
control tests of IP,BP and USP for tablets. European J Protistology. 2003; 338-348.
Int J Pharm Teaching Prac. 2011; 176- 18. Cesar IC, Nogueria FHA, Pianetti GA.
183. Simultaneous determination of
12. Bannister LH, Sherman IW. Plasmodium. Artemether and Lumefantrine in fixed
Encyclopedia of Life Sciences. John dose combination tablets by HPLC with
Wiley & Sons. 2009; 1-10. UV detection. J Pharm Biomed Ana.
13. Bansal H, Kaur S, Gupta A. Microsphere: 2008;951-954.
Methods of preparation and applications; 19. Cesar ID, Pianetti GA. Quantitation of
A comparative study. Int J Pharm Sci Artemether in  pharmaceutical raw
Review Res. 2011; 69-78. material and injections by high
14. Bansal M, Bansal S, Garg G. Formulation performance liquid chromatography. Braz
and evaluation of innediate release tablets J Pharm Sci. 2009; 737-742.
of Zaltoprofen. Scholars academic J 20. Chen J, Huang G, Tan S, Guo J, Su ZQ.
Pharm. 2013; 398-405. The preparation of capsaicin- chitosan
15. Bate R, Tren R, Hess K, Attaran A. Microsphere (CCMS) enteric coated
Physical and chemical stability of expired tables. IntJ Mol Sci. 2013; 24305-24319.

fixed dose combination Artemether-
Lumefantrine in uncontrolled tropical
condition. Malria J 2009;1-7.

16. Bruce, Chwatt LJ. Chemotherapy of
malaria. Revised 2nd Ed. Geneva, World
Health Organization. 1986.

Cite this article as:

Gautam M., Choukse R. and Patel R. (2021). Formulation and Evaluation of Combination of
Artemether and Lumefantrine as Tablets, Int. J. of Pharm. & Life Sci., 12(9):11-34.

Source of Support: Nil

Conflict of Interest: Not declared

For reprints contact: ijplsjournal@gmail.com

International Journal of Pharmacy & Life Sciences Volume 12 Issue 9: Se ptember. 202 1t




	Figure: Artemether microspheres
	Determination of Percentage yield o fmicrospheres
	Effect of different formulation variables on various evaluation parameters
	Formulation of Tablets containing Artemether microspheres and Lumefantrine
	Characterization of Tablets
	Determination of diameter
	Determination of hardness
	Determination of friability
	Determination of Weigh tVariation
	Microscopic evaluation of tableted microspheres
	In vitro release of Lumefantrine from tablets
	Table (a): Cumulative drug release (%) of MT1 - MT5

	KineticModelling
	Table  (a): Kinetics of Drug release


