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Tl e INTRODUCTION TO GENERIC DRUGS
India. Pharmaceuticals have made a major contribution to improving the

health status of patients over a past few decades. At the same time, its
expenditure has increased rapidly, with spending on medicines outpacing economic growth in
many countries. Many economists have speculated that, if spending on healthcare continues
to increase at the current rate, the economies of most countries will be severely affected. Most
government have, therefore, begun to implement cost containment measures to slow the rate
of healthcare spending and have concentrated to a larger degree of pharmaceutical spending.
Since generic are marked at substantially lower prices than the original brand —name products
and, with the rising cost of healthcare; this has made them an attractive option to healthcare

providers and government.

The US is by far the world’s largest generic market, and the combination of the country’s
free prizing rules and pro-generic environment make it an extremely attractive prospect for
foreign investors, despite the intensity of the competition During 2005-07 two thirds of the
major international acquisitions involving a US pharmaceutical company involved a foreign
company acquiring a US firm. However, the level of competition in the US is increasingly

putting a brake on growth, driving consolidation and global expansion. Therefore, the
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relatively less penetrated European markets provide a more attractive prospect for domestic

players.

The FDA’s use of the word “Identical” is very much a legal interpretation, and is not literal in
most cases, generic products are available once the patent protections afforded to the original
developer have expired .when generic products becomes available, the market competition
often leads to substantially lower prices for both the original brand name product and the

generic forms.

USFDA requires generic drug to have the same quality, strength, purity, and stability, as
brand name drug. The manufacturer of the generic drug product has certain constraints in
formulation development that differ from the formulation development of candidate drug
product. For example a generic drug manufacturer may have to use the same or similar
inactive ingredient or Excipients as in the brand formulation. Generic drugs are usually sold
for significantly lower prices than their branded equivalents. One reason for the relatively
low prize of generic medicines is that competition increase among producers when drugs are
protected by patents .Companies incur fewer costs increasing generic drugs (only the cost to
manufacture ,rather than the entire cost of development and testing) and are therefore able to

maintain profitability at a lower price.

1. Types of Layered Tablets
a. Bilayer Tablet!"8°
Bilayer tablets are suitable for sequential and simultaneous release of two different API’s. In

this two layers are immediate release.

Bilayer tablet is suitable mean of to deliver two drugs at one time without any dynamic and
pharmacological interaction. The bilayer tablet containing subunits that may be either the
same drug (homogeneous) or different drugs (heterogeneous).

layer
. Second

lazer

l Third
laver l
Eilayer Taklet Trilaywer Taklet

Fig. 1: Types of Multi-layered tablet.
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Homogenous typel’®

Bilayer tablets are preferred when the release profiles of the drugs are different from one
another. Bilayer tablets allows for designing and modulating the dissolution and release
characteristics. Bilayer tablets are prepared with one layer of drug for immediate release while
second layer designed to release drug, later, either as second dose or in an extended release

manner.

Heterogeneous typel’8?

Bilayer tablet is suitable for sequential release of two drugs in combination, separate two

incompatible substances.

2. Drug Candidate
Table 1: Drug profile of Drug — Bupropion.

Attribute Description

Description \White powder

Solubility Soluble in water, in 0.1 N HCI and in alcohol

PH 4.98 (ag.Solution)

pKa 8.1

Lop p 2.8

Hygroscopicity Not hygroscopic

Polymorphism Hetero product of crystalline form |

Isomerism Contain one chiral central and the configuration at chiral center|
Therapeutic categorylAnti-depressant

Table2: Drug profile of Drug — Naltrexone.

Attribute Description

Description \White powder

Solubility Soluble in water, in 0.1 N HCI and in alcohol
PH 7.2 (\ag.Solution)

pKa 0.1

Lop p 1.9

Hygroscopicity Hygroscopic

Polymorphism Hetero product of crystalline form Il
Isomerism Contain chiral central

Therapeutic categoryOpioid Antagonist
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of different batches by Wet Granulation:

Table 3: Formulation of batch T1 to T4.

. (Quantity in mg/tablet)

Sr. NolIngredients T1 T T3 | T2
Layer | : Drug-Bupropion
Intra-granular

Drug —Bupropion 90 90 90 90

Microcrystalline cellulose (PH 101) 135 135 | 135 | 135
Granulation

L-Cysteine HCL 2.5 5.0 75 10

HPMC 6 Cps 5 5 5 5

Purified Water Qs Qs Qs Qs
Extra-Granular

Hydroxy propyl cellulose (Klucel HXF)| 525 | 55.0 | 475 | 45.0

Magnesium stearate 5 5 5 5
TOTAL 290 | 295 | 290 | 290
Layer 111 : INNERT LAYER
Intra-granular

Microcrystalline cellulose (PH 102) 105 | 105 | 105 | 105

Sodium Starch Glycolate 9 9 9 9

Magnesium stearate 050 | 050 | 1.0 | 1.0
TOTAL 115 | 115 | 115 | 115
Layer Il : Drug-Naltraxone
Intra-granular

Drug-Naltraxone 8 8 8 8

Microcrystalline cellulose (PH 101) 80.25 | 80.25 | 80.00 |80.00

Lactose monohydrate 99 99 |9150 |915
Granulation

Edetate Disodium 1.0 2.5 50 | 50

HPMC 6 Cps 5 5 25 | 25

Purified Water Qs Qs Qs Qs
Extra-Granular

Hydroxyl propyl cellulose( Klucel HXF ) 35 35 50 75

Colloidal silicon dioxide 8.5 8.5 85 | 85

FD&C Blue #2 Aluminum Lake 0.5 0.5 05 | 05

Magnesium stearate 4 4 4 4
TOTAL 240 | 240 | 250 | 275
Coating Material

Opadry Il Blue 20 20 20 20

Purified Water 80 80 80 80
TOTAL 665 | 670 | 675 | 700
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Table 4: Formulation of batch T5 to T8.
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Sr. Nolngredients

(Quantity in mg/tablet)
T5 T6 T7 T8

Layer | : Drug-Bupropion

Intra-granular

Drug-Bupropion

90 90 90 90

Microcrystalline cellulose (PH 101) 135 | 135 | 135 | 135
Granulation

L-Cysteine HCL 125 | 150 | 175 | 20.0

HPMC 6 Cps 5 5 5 5

Purified Water

Qs Qs Qs Qs

Extra-Granular

Hydroxy propyl cellulose (Klucel HXF)

42.5 | 40.0 35.0

37.5

Magnesium stearate

TOTAL

290 | 290 | 290 | 290

Layer Il : INNERT LAYER

Intra-granular

Microcrystalline cellulose (PH 102) 105 | 105 | 105 | 105

Sodium Starch Glycolate

Magnesium stearate

1.0 1.0 1.0 1.0

TOTAL

115 | 115 | 115 | 115

Layer 111 : Drug-Naltraxone

Intra-granular

Drug-Naltraxone

Microcrystalline cellulose (PH 101) 80.00 | 80.00 | 80.00 | 80.00

Lactose monohydrate 915 | 915 | 915 | 915
Granulation

Edetate Disodium 5.0 5.0 5.0 5.0

HPMC 6 Cps 2.5 2.5 2.5 2.5

Purified Water Qs Qs Qs Qs

Extra-Granular

HPMC K100 LVCR

75 75 75 75

Colloidal silicon dioxide

8.5 8.5 8.5 8.5

Magnesium stearate

0.5 0.5 0.5 0.5

TOTAL
Coating Material
Opadry I1 Blue 20 20 20 20
Purified Water 80 80 80 80
TOTAL 645 | 650 | 655 | 710

3. Manufacturing procedure by Wet Granulation:

Lyer I Sifting

1. Sift microcrystalline cellulose (PH 101)& API through ASTM # 20 mesh.
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Dry mixing

2. Transfer the sifted mass into RMG bowl and dry mixing for 10 minutes at slow Impeller
speed and chopper off.

LOD = 2.0%&BD = 0.7 gm/ml

Binder solution preparation
3. Dissolve L-Cysteine HCL and HPMC 6 Cps in purified water at room temperature.

Granulation

Table 5: granulation process parameter.

Sr.no.Process Time(seconds)ImpellerAmpereschopper/Amperes
1 200 ml Binder addition 120 150 1.2 slow 1.2
2 |Kneading 60 150 1.3 slow 14
3 |50 ml water addition 60 150 1.2 slow 1.2
4 |Kneading 30 150 1.2 slow 14

Total binder addition = 200 ml Total granulation time = 4.5 min.

Drying
5. Transfer material into RD and continue the drying at inlet temperature 60-70 C and
observed LOD at 105 C for 5 minutes should not be more than 1.5 to 3% w/w.

Table6: RD parameter during drying of granules.

Parameter/Condition

Pressure 45 amp

Temp. 60-70°C

Time Until the LOD (105°C,5 minutes) of 1.5- 3.0% w/w|

Sifting

6. Discharge the granules and sift the dried granules through ASTM # 30. Collect the
undersize & the over size. Pass over size dried granules through mesh ASTM # 30 using
suitable milled Screen 1.0 and 0.5 mm.

7. Calculate the percent yield of granules and dispense the extra granular material
accordingly.

8. Above blend and sifted extra granular Hydroxyl propyl cellulose (Klucel HXF) and
Colloidal silicon dioxide through ASTM # 40 uniformly.

Blending

9. Above size granules were blending for 10 min. at 12 rpm.
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Lubrication

10. Sift the Magnesium Stearate through ASTM mesh # 60 and mix with material uniformly
by blending for 5 min. at 12 rpm.

11. Compress the lubricated blend into tablets using suitable punch tooling.

Layer 11 Sifting
1. Sift microcrystalline cellulose (PH 102), Methocel, Hypromellose K4M & API
through ASTM # 20 mesh.

Dry mixing

2. Transfer the sifted mass into RMG bowl and dry mixing for 10 minutes at slow Impeller
speed and chopper off.

LOD =2.10%

BD = 0.65 gm/ml

Binder solution preparation
3. Dissolve Edetate disodium in warm water.

4. Dissolve Klucel LF and HPMC 6 Cps in purified water at room temperature.

Granulation

Table 7: granulation process parameter

Sr.no. |Process Time (seconds)| Impelle r | Ampere s| chopper | Amperes
1 200 ml Binder addition 120 150 1.2 slow 1.2
2 |Kneading 60 150 1.3 slow 14
3 |50 ml water addition 60 150 1.2 Slow 1.2
4 |Kneading 30 150 1.2 slow 14

Total binder addition = 200 ml Total granulation time = 4.5 min.

Drying
5. Transfer material into RD and continue the drying at inlet temperature 60-70 C and
observed LOD at 105 C for 5 minutes should not be more than 1.5 to 3% w/w.

Table 8: RD parameter during drying of granules.

Parameter/Condition
Pressure 45 amp
Temp. 60-70°C
Time Until the LOD (105°C,5 minutes) of 1.5- 3.0% w/w/|
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Sifting

6. Discharge the granules and sift the dried granules through ASTM # 30. Collect the
undersize & the over size. Pass over size dried granules through mesh ASTM # 30 using
suitable milled Screen 1.0 and 0.5 mm.

7. Calculate the percent yield of granules and dispense the extra granular material
accordingly.

8. Above blend and sifted extra granular Hydroxyl propyl cellulose (Klucel HXF)
through ASTM # 40 uniformly.

9. Sift the FD&C Blue #2 Aluminum Lake through ASTM mesh # 60 and mix with material

uniformly.

Blending

10. Above size granules were blending for 10 min. at 12 rpm.

Lubrication

11. Sift the Magnesium Stearate through ASTM mesh # 60 and mix with material uniformly
by blending for 5 min. at 12 rpm.

12. Compress the lubricated blend into tablets using suitable punch tooling.

Layer Il

1. Sift microcrystalline cellulose (PH 102), Sodium Starch Glycolate and adjusted quantity
through ASTM # 30.

2. Magnesium Stearate through ASTM # 60 in a vibratory sifter.

3. Compress the lubricated blend into tablets using suitable punch tooling.

Compression parameters: Punch description

e Size:8.17 mm

e Shape: Rounded

e Embossing: Upper punch-N/B Lower punch- 8/90
e Tooling: “B”

API Calculation: (g/batch)
Label claim X Batch size X 100
1000 X Assay of drug as base on as is basis

g/batch =
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Table 9: Compression details.

Sr. No |Parameters Description
1  |Appearance Rounded, White and blue, flat uncoated tablets.
2.  [Target Weight of unit tablet |680.0 mg
3. Uniformity of Weight 680.00mg +5 %
4. |Weight variation of 10 tablets 680 gm * 5%
5. Length 11.55 mm = 0.2 mm
6. Thickness 6.41 mm 0.2 mm
7.  [Tablet breaking force 190 N to 270 N
8. Friability (6.5 gm) Not more than 1.0 % w/w ( 100 revolutions)

Table 10: Summary of general dissolution conditions.

Sr. No. |Parameter Specifications
1. Dissolution medium  |Degassed water 900 ml
2. Temperature 3700+£201C
3. Rotation speed 50 rpm
4, \Volume withdrawn 10 ml
5 Apparatus Paddle II
6 Time interval 0.5,1,1.5,2,3, 4, 6, 8hours
7. Tablet taken Gtablet

a. Stability Studies

e Stability of a drug has been defined as the ability of a particular formulation, in a specific
container, to remain within its physical, chemical, therapeutic and toxicological
specifications.

e The purpose of stability testing is to provide evidence on how the quality of a drug
substance or drug product varies with time under the influence of a variety of
environmental factors such as temperature, humidity, light and enables recommended

storage conditions, retest periods and shelf lives to be established (Natalie, 1997).

ICH specifies the length of study and storage conditions:
e Long term testing 25°C + 2°C / 60 % RH £ 5 % for 12 months.
e Accelerated testing 40°C £2 °C / 75 % RH + 5 % for 6 month
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4. PRE-FORMULATION RESULTS

Pre-formulation Parameters

1. API characterization results
Table 11: Analysis of API.

World Journal of Pharmaceutical Research

Test Result
Bupropion Naltraxone
_ : \White to almost
Description \White powder White powder
Taste and Odour [Slightly bitter & odorless Slightly bitter &
odorless
- Not hygroscopic (sample weight increased up to .
HYgroscopicity o 50696 to the original weight) Very hygroscopic
Melting point ~ [233-234% ¢ 274-276%C
Sieve Analysis
Table 12: Results of sieve analysis of drug.
Sr.no. | TW (gm) | GW(gm) | PW(gm) | %R (%) | C.R (%)
#60 357.5 360.1 2.6 8.2 8.2
#80 348.7 350.7 2.0 6.3 14,5
#100 350.0 359.9 9.9 314 45.9
base 504.0 521.0 17.0 53.9 53.9
total - - 315 99.8 99.8

Flow property

The various derived properties of powder were characterized for the drug. The results were as

shown in table

Table 13: Flow Property of API.

www.wipr.net |

Tapped Density Test Report Characters
Bupropion | Natraxone
\Weight of material (g) 32.7.gm 29.3 gm
Initial volume (V0) in ml 72.0 ml 73 mi
Bulk Density (g/ml) 0.45 g/ml 0.40 g/ml
Tap Set Values 67 ml 70 ml
10 63 ml 67 ml
500 61 ml 64 ml
1250 57 ml 60 ml
Final volume (V1) in ml 57 ml 60 ml
Tapped Density (g/ml) 0.57 g/ml 0.48 g/ml
Carr's Index (C.1.) 20.8 % 17.80 %

Vol 13, Issue 9, 2024. |
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Conclusion

So there was the need for wet granulation .In case of Drug the Carr’s index & Hausner ratio
of Bupropion is 20.8 % & 1.26 and Naltraxone is 17.80% & 1.216respectively, which
indicated as drug-A& drug-B g fair to passable flow hence it was also preceded for wet

granulation.

From the results of sieve analysis it was concluded that the major proportion of the API

consisted of fines

Particle size distribution

Particle size distribution of Bupropion was carried out by Malvern Particle size analyzer. The
results are recorded in table no. 5.4

Here, D (v, 0.1) = mean particle size of 10 % of the total particles of Drugs

D (v, 0.5) = mean particle size of 50 % of the total Particles of Drugs

D (v, 0.9) = mean particle size of 90 % of the total particles of Drugs

Table 14: Mean particle size of Drugs.

SpecificationsMean particle size of BupropionMean particle size of Naltraxone
D (v, 0.1) 5.01 um 6.13 um
D (v, 0.5) 15.03 pym 22.42 pm
D (v, 0.9) 34.32 um 41.23 um

Conclusion: The results indicated that the particles of Drugs used in the studies were

relatively fine.

5. Solubility Studies Solubility study of Drug
Table 15: solubility data.

Sr.nojSaturated solubility[Temp.(°c)Experimental value(mg/ml)
1 [Water 26 33.3
2 |Water 37 33.3
3 |1.2 buffer 26 10
4 1.2 buffer 37 10
5 |4.5 buffer 26 20
6 4.5 buffer 37 20
7 6.8 buffer 26 20
8 16.8 buffer 37 20
9 |Ethanol 26 33.3
10 |Ethanol 37 33.3
11 |Acetonitrile 26 1
12 |Acetonitrile 37 1
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13 |Methanol 26 33.3
14 |Methanol 37 33.3
Table 16: Solubility data.
Sr.no[Saturated solubility|Temp.( ° JExperimental value(g/100g solvent)

1 |Water 0-5 5.6

2 |Water 20-25 8.3

3 |water 40-45 27.2

4 |Water 80-85 >100

5 [Methanol 20-25 6.6

6 [Ethanol 20-25 0.9

7 [2-propanol 20-25 <0.1

8 [Acetonitrile 20-25 <0.1

9 |Acetone 20-25 <0.1

10 |Methyl acetate 20-25 <0.1

12 |Ethyl acetate 20-25 <0.1

Conclusion: These drugs are water soluble according to the solubility study.

5. Drug Excipient Compatibility Study

In this study accurate weight of drug and excipient was taken as per the ratio described in

compatibility protocol. It was physically mixed by trituration. Container system was 10 ml
glass vial and final vials were stored at 25°c/60% RH & 40°C / 75% RH.

Table 17: Drug Excipients compatibility data Study of Bupropion.

Condition
Sr. . . Initial | 25%/60% | 40°C+75
No. Drug +Excipients and ratio Parameter Value RH %RH
1M 1M
Total Impurities % . . .
0L AP AP Nil Nil Nil
Appearance \ v v
Total Impurities Nil Nil Nil
02. |API+ Hypromellose (Methocel 6cps) %API
Appearance v N, \
Total Impurities Nil Nil Nil
03. |API+L-cysteine HCI AP
Appearance \ v v
API+Microcrystalline Cellulose (Avicel Total Impurities Nil Nil Nil
04. PH 101) AP
' Appearance \ v v
API + hydroxyl propyl cellulose (klucel Total Impurities Nil Nil Nil
05. |HXF) AP
' Appearance \ v v
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Total Impurities . . .
06 APl + Magnesium stearate AP Nil Nil Nil
' Appearance \ \ \
Total Impurities J J J
07 API + Opadry Il Blue 85F90663 %API
' Appearance Blue Blue Blue

Table 18: Drug Excipients compatibility data Study of Naltraxone.

Drug Condition
Sr. . » 25°c/60% | 40°C+7
No. JrraEt>i<g|p|ents and Parameter Initial Value RH 506RH
1M 1M
Total Impurities % Nil Nil Nil
0L | APl Appearance v v v
Total Impurities %API Nil Nil Nil
02. | API+ Appearance \ v v
API+ lactose Total Impurities %API Nil Nil Nil
03. | monohydrate Appearance \ \ V
04 API+Microcrystal Total Impurities %API Nil Nil Nil
" | line Cellulose Appearance N, N N
05 API + Edetate Total Impurities %API Nil Nil Nil
" | Disodium Appearance \ \ \
06 API + Total Impurities %API Nil Nil Nil
" | hydroxyl propyl Appearance \ \ V
Total Impurities %API Nil Nil Nil
07. | API Appearance \ v v
08 API + Total Impurities %API Nil Nil Nil
" | hydroxyl propyl Appearance \ \ \
09 APl + HPMC Total Impurities %API Nil Nil Nil
" | K100 LVCR Appearance \ v v
10 API Total Impurities %API Nil Nil Nil
" | +colloidal silicon Appearance \ v v
11 APl + FD&C Total Impurities %API Nil Nil Nil
* | #2 Aluminium lake | Appearance \ \ \
12 API + Total Impurities %API Nil Nil Nil
" | Magnesium stearate | Appearance \ \ \
13, | API+ Total Impurities %API \ \ N
" | Opadry Il Blue Appearance Blue Blue Blue
Where,

- Off white color

Excipients are considered compatible only if the total impurities do not exceed 2-times the
total impurities of initial. Based on the physical and chemical data provided in above tables

no significant changes observed with respect to physical appearance of the APl and there was
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no much increase in the impurity levels with the total obtained impurities(Known and
Unknown) were within the limit . Thus, from the above we may conclude that drug is

compatible with the excipients used in final formulation.

a. FORMULATION RESULT
Trial batches were carried out to develop process and standardize the formula ERtablets
containing Model drugs and to minimize physical instability, assay and content uniformity

problem and to match the dissolution profile as per innovator specification.

Particle size distribution

Table 19: Particle size distribution.

Sv.no. | TW (gm) |GW(gm) | PW(gm) | %0R(%) | C.R(%0)
#40 364.6 383.1 18.5 37.0 37.0
#60 357.5 363.1 5.6 11.2 48.2
#80 348.7 354.7 6.0 12.0 60.2

#100 350.0 359.9 9.9 19.8 80.0
Base 504.0 514.0 10 20.0 20.0
Total - - 50 100 100

Physical parameter of blend and tablet

Table 20: Physical parameter of blend

Sr.no. LOD BD D Cl HR
A B A B A B A B A B
T1 18 1.6 0310 | 063 | 042 | 0.78 | 26.19 | 19.56 | 1.35 | 1.243
T2 1.9 1.9 0350 | 052 | 0410 | 052 | 14.63 | 25.64 | 1.17 | 1.345
T3 2.2 2.5 0330 050 | 0.39 | 0.67 | 1538 | 25.0 | 1.18 | 1.333
T4 2.0 2.1 0356 | 053 | 0472 | 064 | 2553 |16.07 | 1.25 | 1191
T5 2.1 2.3 046 | 054 | 054 | 067 | 1481 | 1956 | 1.17 | 1.243
T6 1.9 1.9 046 | 049 | 055 | 067 | 16.36 | 27.45| 1.19 | 1.37/8
T7 2.0 2.1 044 | 053 | 053 | 064 | 16.98 | 16.01 | 1.20 | 1.193
T8 2.0 2.2 046 | 055 | 054 | 0.73 | 1481 | 2432 | 117 | 1.321

Physical (Core Tablet) parameter of process development batches

Table 21: Physical (Core Tablet) parameter of process development batches.

Batch Average Thickness | Diameter Friabilit

No. wt.(mg) (mm) (mm) Hardness (N) (% Wlwgl Assay
T1 684.7 6.27 12.01 225 0.32 90.4

T2 675.6 6.31 11.99 232 0.25 99.98
T3 693.4 6.26 12.02 236 0.36 99.74
T4 672.1 6.26 12.01 225 0.51 99.50
T5 678.4 6.30 12.00 229 0.60 99.99
T6 683.6 6.28 11.99 235 0.52 99.18
T7 679.6 6.29 12.01 238 0.42 99.89
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| 18 | 6779 | 630 | 1202 | 234 | 0.53 | 99.81 |

In-vitro Dissolution release of different formulation batches

Table 22: In-vitro Dissolution release of different formulation batches.

Sr. no. |Time(hrs)|Innovator Formulation batches from T1 to T4
T1 T2 T3 T4

Al B A B A B Al B|A|B
1 0.0 ]0.0| 00 0.0 00 |00| 00 [00]0.0]00]0.0
2 0.5 24| 35 22 24 25| 23 | 35| 26 | 22| 33
3 1 37| 53 34 37 40 | 38 | 42| 34 | 33| 53
4 15 46 | 66 41 46 49 | 50 | 55| 46 | 41 | 66
5 2 54| 76 49 55 57 | 62 | 64| 58 |47 | 75
6 3 65| 86 60 68 68 | 78 | 71| 65 | 58 | 87
7 4 73| 92 68 78 76| 89 | 80| 76 | 65| 94
8 6 83| 96 81 92 86 | 99 | 91| 89 | 78| 97
9 8 89| 99 90 100 | 92| 104 | 95| 95 | 86 | 98

Table 23: F1-F2 factor results for T1 — T4.

Acceptance criteria LE T2 T3 T4
A|B|/A B|A|/B|A|B
Similarity Factor 50 -100 63|34 69|41 | 47 |33 |55 |75
Dissimilarity Factor 0-15 6|17 | 51313 19| 9 | 2

Table 24: In-vitro Dissolution release of different formulation batches

Sr.no. | Time(hrs) Innovator Formulation batches from T5 to T8
T5 T6 T7 T8
A B A B A B A B A B
1 0.0 0.0 0.0 00 | 00 | 0.0 0.0 0.0 00 [ 00| 00
2 0.5 24 35 23 33 22 22 21 33 | 24| 33
3 1 37 53 43 53 33 33 37 53 | 37| 52
4 15 46 66 58 65 41 41 48 67 | 44 | 66
5 2 54 76 69 75 47 47 57 72 | 54| 75
6 3 65 86 86 85 58 58 70 85 | 63| 86
7 4 73 92 89 96 65 65 79 94 | 71 | 94
8 6 83 96 96 99 78 78 89 99 |84 | 98
9 8 89 99 99 | 103 | 86 86 94 104 | 89 | 103

Table 25 F1-F2 factor results for T4 — T8.

Acceptance criteria TS T6 17 T8
A B A | B|A|B|A|B
Similarity Factor 50 -100 37 72 | 55 | 25 | 61 | 70| 84 |77
Dissimilarity Factor 0-15 20 3 9 |29 6 | 3|12

Conclusion

From the above dissolution results are concluded that T4 & T8 formulation batches of
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dissolution release are similar to innovator product.

Comparison of Dissolution profile of innovator and formulation
batches

120

100 f

20 I""‘J

0 / ~4— innovator A
/I/ == innovator B

40 // i~ T4(B)

20 —=-T8(A)
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Time in Hrs.

Cumulative % drug release

Fig. 8:1 Dissolution profile of innovator and formulation batches (T4& T8).

Stability dissolution profile of Innovator & final formulation batches
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Fig. 8.2: Stability dissolution profile of innovator and formulation batches.
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b. Comparison of dissolution data of formulation batches (coated tablets) with
innovator (Degassed water)
Table 26: Dissolution Profile.

Sr.no. | Time (in hrs) | Innovator | Formulation batches
A B | (TYA | (T4 B
1 0.00 0.00 | 0.00 | 0.00 0.00
2 0.5 24 35 24 33
3 1.0 37 53 37 53
4 15 46 66 44 66
5 2.0 54 76 54 75
6 3.0 65 86 63 87
7 4.0 73 92 71 9
8 6.0 83 96 84 97
F2 8.0 89 99 89 98

Conclusion: From the dissolution data comparison as shown in table optimized batches

matched with the innovator dissolution profile.

c. Stability study of batch T8
Table 27: Stability observations of batch T8.

Storage condition]  |Room Temperature 1Month
Period(] Initial 25°C/60% RH | 40°C/75%RH Limitation
Formulation(] T8 T8 T8
Parameters [ A B A B A B

. : Oval | Oval | Oval | Oval [Nochange should
Physical Appearance  |Oval white|Oval blue white | blue | white | blue observed

Highest unknown 0.042 | 0044 | 0052 [0.054| 0.156 | 0.158 | NMT 0.2%

Impurity (%)

Highest Known 0024 | 0027 | 0042 |0.045| 0.675 | 0.700 | NMT 0.5%
Impurity (%)

Total Impurity (%) 0.093 - 0.095 0126 | - NMT 2%
Assay 99% | 98% | 98.8% | 99% | 98.7% | 99% -
CONCLUSION

Stability study of Optimized batch T10 was kept on stability condition 40°C/75 % RH for 1
month, Initial at room temperature and tablets were observed for any physical change then it
was found that there was no change in the color and appearance. Also results of the stability
studies concluded that there was no any significant change in the drug release and lag time of
drug in pH 6.8 phosphate buffer, and impurity level in tablets were within the specified limit
as shown in table when stored at 40°C, 75 %RH, for period of 1 month. Hence it may be

concluded that optimized batch T8 tablets were stable.
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Table28: Stability dissolution profile of batch T8.

i T8 of drug- T8 of drug- T4 of drug- T4 of drug-
ime . .
(Hrs) Innovator | bupropion bupropion Naltraxone Naltraxone
25°C/60%RH | 40°C/75%RH | B25°C/60%RH | 40°C/75%RH
A B 1 Month 1 Month 1 Month 1 Month
0 0.0 | 0.0 0.0 0.0 0.0 0.0
05 | 24 | 35 24 24 33 33
1 37 | 53 37 35 53 52
15 | 46 | 66 44 45 66 66
2 54 | 76 54 54 75 74
3 65 | 86 63 64 87 87
4 73 | 92 71 71 94 94
6 83 | 96 84 83 99 98
8 89 | 99 89 89 103 103

Physical parameters innovator tablet and formulation tablet

Table 29: Physical parameters innovator tablet and formulation tablet.

Sr. No. | Tests Innovators tablet | Formulated tablets
1 Average weight (mg) 684.00 684.7
2 Thickness (mm) 6.30 6.29
3 Diameter (mm) 12.0 12.01
4 Friability (%) 0.32 0.32
5 Hardness (N) 220 221

REFERENCE

1. www. Drugbank.com accessed on, 1 October 2017.

2. Sunil patil, Malay Jain & Ashish pharmaceutical composition for treatment of obesity,
2016; 14.

3. Sonla k. Billes, Puspa and Michal a. N/B for obesity: An investigational combination
pharmacotherapy for weight loss. Pharmacological research, 2014; 84: 1-11.

4. Lisa L. loannides-Demos, Loretta Piccenna, and John J. Mc Neil Pharmacotherapies for
Obesity: Past, Current, and Future Therapies Hindawi Publishing Corporation Journal of
Obesity, 2011; 2: 18.

5. E. Pappa, T.D. Filippatos, M.S. Elisaf N/B ER for the treatment of obesity. Journal of
Obesity, 2016; 7(4).

6. Herbert A. Lieberman, Leon Lachman and Joseph B. Schwartz, “Sustained Drug Release
from Tablets and Particles through Coating. In Pharmaceutical dosage forms Tablets”
Second Edition, Revised and Expanded, volume 3, Marcel Dekker, 1990; 199- 213.

7. Pravin Shende, R.S. Gaud. Mutli-layer tablet: current scenario and recent advances.

International journal of drug delivery, 2012; 4(4): 418.

www.wipr.net | Vel 13, Issue 9,2024. | 1SO 9001:2015 Certified Journal | 1325


http://www/

Ayodhya. World Journal of Pharmaceutical Research

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Rajiv Kumar, Parminder Nain & Ravi Dhavan. Multi-layer tablet-way of delivry of
incompatible drugs. Journal of drug delivery research, 2015; 5(1): 3.

Park JS, Shim JY & Choi YE. A Novel three-layered tablet for extended release with
various layer formulation and in vitro release profile. Drugs Dev IND pharm, 2015: 11:
441-459.

Seema Farheen, Abdul Saleem, Mohammad, Nuha Rasheed and ShaikZubair.
Formulation and Evalution of Trilayered Tablets of Zolmitriptan. International Journal of
Pharmaceutical Science and Nanotechnology, 2016; 9(6): 4-7.

Y.Ankamma Chowdary, Ramakrishna Raparla and MuramshettyMadhuri. Formulation
and Evaluation of Multilayered Tablets of Pioglitazone Hydrochloride and Metformin
Hydrochloride Hindawi Publishing Corporation Journal of Pharmaceutics, 2014; 2.

. Harika Ryakala,1 S. Dineshmohan,1 Alluri Ramesh,1 and V. R. M. Gupta Formulation
and In Vitro Evaluation of Bilayer Tablets of Nebivolol Hydrochloride and Nateglinide
for the Treatment of Diabetes and Hypertension Hindawi Publishing Corporation Journal
of Drug Delivery, 2015.

Tiwari SB, Chowdhary PB. Controlled release formulation of Tramadol hydrochloride
using hydrophilic and hydrophobic matrix system. AAPS Pharmasci Tech., 2003; 4(3):
31

WWW. Drugbank.com accessed on, 1 October 2017.

Rowe R, Paul J, et al. Handbook of pharmaceutical excipients. 6th edition. London:
Pharmaceutical Press and the American Pharmaceutical Association, 2009; 563:
432,543,771.

Lippincott Williams &wilkins, Remington the science and practice of pharmacy,
published by wolters Kluwer, 21st edition, 2005; 1: 918.

Http: //www.emea. Europa. Eu/pdfs/human/ICH/273699 en.pdf ICH Harmonized
Tripartite Guideline: Stability testing of new drug substances and products: Q1A (R2).
USP 28, uniformity of dosage form p.no 2781) Aulton, 2nd edition, the science of dosage
form by M.E, pharmaceutics.

Young LR, Nestle M. The contribution of expanding portion sizes to the US obesity
epidemic, Am J Public Health, 2002; 92: 246-9.[PMC free article ] [Pub Med]
Birmingham CL, Muller JL, Palepu A, Spinelli JJ, Anis AH. The cost of obesity in
Canada, CMAJ, 1999; 160: 483-8. [PMC tree article ] [PubMed]

The United State Pharmacopeial Convection, United State of Pharmacopoeia. NF, Asian
edn., 2007; 03: 2703-4.

www.wipr.net | Vel 13, Issue 9,2024. | 1SO 9001:2015 Certified Journal | 1326


http://www/

Ayodhya. World Journal of Pharmaceutical Research

22.

23.

24,
25.

26.

27.

28.

29.

30.

31.

32.

33.

ICH. Stability testing of new drugs substances and products, International conference on
harmonization. IFPMA, Geneva, 2003.

The United State Pharmacopoeia. 26th Revision, US Pharmacopoeial Convention Inc.,
2004; 279.

Naltrexone/ Bupropion. Contrave 8/90mg. Adis R&D Profile, 2010; 10(1): 25-32.

Paul MO, et al. The aqueous stability of Bupropion. Journal of Pharmaceutical and
Biomedical Analysis, 2010; 53: 376-381.

Charles SW, et al. An open-Label tudy od Naltrexone and Bupropion combination
therapy for smoking cessation in overweGreenway FL, Fujioka K, Plodkowski RA., et al.
Effect of naltrexone plus bupropion on weight loss in overweight and obese adults (COR-
I): A multicentre, randomised, double-blind, placebo-controlled, phase 3 trial. Lancet,
2010; 376(9741): 595— 605. doi: 10.1016/S0140-6736(10)60888-4.

Apovian CM, Aronne L, Rubino D, et al. A randomized, phase 3 trial of naltrexone
SR/bupropion SR on weight and obesityrelated risk factors (COR-II). Obesity (Silver
Spring), 2013; 21(5): 935-943. doi: 10.1002/0by.20309.

Wadden TA, Foreyt JP, Foster GD, et al. Weight loss with naltrexone SR/ bupropion SR
combination therapy as an adjunct to behavior modification: the COR-BMOD trial.
Obesity (Silver Spring), 2011; 19(1): 110-120. doi: 10.1038/ oby.2010.147.

Hollander P, Gupta AK, Plodkowski R, et al. Effects of naltrexone
sustainedrelease/bupropion sustained-release combination therapy on body weight and
glycemic parameters in overweight and obese patients with type 2 diabetes. Diabetes
Care, 2013; 36(12): 4022-4029. doi: 10.2337/dc13-0234.

Orexigen Therapeutics Inc. Contrave (Naltrexone SR/Bupropion SR Combination)
Advisory Committee Briefing Document, 2010. Available at: www.fda.
gov/downloads/Advisory Committees/Committees, Meeting Materials/Drugs/Endocrino
logicand Metabolic DrugsAdvisory-Committee/UCM235672.pdf. Accessed July 15,
2015.

Mercer S. ACS chemical neuroscience molecule spotlight on Contrave. ACS Chem
Neurosci, 2011; 2(9): 484-486. doi: 10.1021/ cn200076y. Accessed May 30, 2015.
ClinicalTrials.gov. Cardiovascular outcomes study of naltrexone SR/bupropion SR in
overweight and obese subjects with cardiovascular risk factors (the Light Study).
NCT01601704.2012.Available,at:https://clinicaltrials.gov/ct2/show/NCT01601704ter
m=Naltrexone+SR%2 FBupropion+SR&rank=3. Accessed May 12, 2015.

Dow Jones Business News. Orexigen terminates required study for diet drug Contrave.

www.wipr.net | Vel 13, Issue 9,2024. | 1SO 9001:2015 Certified Journal | 1327



Ayodhya. World Journal of Pharmaceutical Research

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

Nasdag. Available at: www. nasdag.com/article/orexigen-terminates-required-study- for-
diet-drug-contrave-20150512-00828. Accessed May 12, 2015.

Bray GA. Why do we need drugs to treat the patient with obesity? Obesity, 2013; 21(5):
893-899. doi: 10.1002/ oby.20394. Accessed July 15, 2015.

Jensen MD, Ryan DH, Apovian CM, et al. 2013 AHA/ACC/TOS guideline for the
management of overweight and obesity in adults: a report of the American College of
Cardiology/American Heart Association task force on practice guidelines and the Obesity
Society. J Am Coll Cardiol, 2014; 63(25): 2985-3023. doi: 10.1016/j. jacc.2013.11.004.
American Medical Association House of Delegates. Resolution 420, A-13; Recognition
of Obesity as a Disease, 2013. Available at: WWW.ama-
assn.org/assets/meeting/2013a/al3-addendum-refcommd.pdf. Accessed July 15, 2015.
Pollack A. F.D.A. fails to approve diet drug. New York Times. February 2, 2011:B1.
Availableat:www.nytimes.com/2011/02/02/business/02drug.html?_r=1&ref=orexigent
herapeutics inc. Accessed July 15, 2015.

Food and Drug Administration. FDA approves weight-management drug Contrave, 2014.
Available,at:www.fda.gov/newsevents/newsroom/pressannouncements/ucm4138  96.htm.
Accessed January 1, 2015.

Contrave (naltrexone HCl/bupropion HCI) prescribing information. Deerfield, Illinois:
Takeda Pharmaceuticals America Inc, 2014.

Billes SK, Greenway FL. Combination therapy with naltrexone and bupropion for
obesity. Expert Opin Pharmacother, 2011; 12(11): 1813-1826.

Greenway FL, Whitehouse MJ, Guttadauria M, et al. Rational design of a combination
medication for the treatment of obesity. Obesity (Silver Spring), 2009; 17(1): 30— 39. doi:
10.1038/0by.2008.461.

Cone RD. Studies on the physiological functions of the melanocortin system. Endocr
Rev., 2006; 27(7): 736-749. doi: 10.1210/er.2006-0034.

Liotta AS, Advis JP, Krause JE, et al. Demonstration of in vivo synthesis of pro-
opiomelanocortin-, beta-endorphin-, and alpha-melanotropin-like species in the adult rat
brain. J Neurosci, 1984; 4(4): 956-965.

Brady LS, Smith MA, Gold PW, Herkenham M. Altered expression of hypothalamic
neuropeptide mMRNAs in foodrestricted and food-deprived rats. Neuroendocrinology,
1990; 52(5): 441-447.

Fan W, Voss-Andreae A, Cao W-H, Morrison SF. Regulation of thermogenesis by the
central melanocortin system. Peptides, 2005; 26(10): 1800-1813.

www.wipr.net | Vel 13, Issue 9,2024. | 1SO 9001:2015 Certified Journal | 1328


http://www/
http://www.nytimes.com/2011/02/02/business/02drug.html?_r=1&ref=orexigent
http://www.nytimes.com/2011/02/02/business/02drug.html?_r=1&ref=orexigent
http://www.fda.gov/newsevents/newsroom/pressannouncements/ucm4138
http://www.fda.gov/newsevents/newsroom/pressannouncements/ucm4138

Ayodhya. World Journal of Pharmaceutical Research

46. Pennock RL, Hentges ST. Differential expression and sensitivity of presynaptic and
postsynaptic opioid receptors regulating hypothalamic proopiomelanocortin neurons. J
Neurosci 2011;31(1):281-288. doi: 10.1523/JNEUROSCI.4654-10.2011.

47. Billes SK, Sinnayah P, Cowley MA. Naltrexone/bupropion for obesity: an investigational
combination pharmacotherapy for weight loss. Pharmacol Res., 2014; 84: 1- 11. doi:
10.1016/j.phrs.2014.04.004.

48. Sinnayah P, Wallingford N, Evans A, Cowley MA. Bupropion and naltrexone interact
synergistically to decrease food intake in mice [Abstract]. Obesity (Silver Spring), 2007;
15(9): Al179.

49. Marcucci C, Sandson NB, Dunlap JA. Linezolid-bupropion interaction as possible
etiology of severe intermittent intraoperative hypertension? Anesthesiology, 2004; 101(6):
1487-1488.

50. Bjornsson TD, Callaghan JT, Einolf HJ, et al. The conduct of in vitro and in vivo drug—
drug interaction studies: a PhARMA perspective. J Clin Pharmacol, 2003; 43(5): 443-4609.
35, 229- 234,

www.wipr.net | Vel 13, Issue 9,2024. | 1SO 9001:2015 Certified Journal | 1329



