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Abstract

Background: Paracetamol, also known as acetaminophen, is a painkiller that is popular throughout the world because it does not irritate the 
stomach. Paracetamol was first discovered to have both analgesic and antipyretic properties in the late nineteenth century. The aim of present 
work was to Formulate, develop and evaluate Paracetamol Tablets by Moisture Activated Dry Granulation (MADG) process to short manufacturing 
time and process variables as compared with convention process. 

Method: Colloidal anhydrous silica is used in the formulation to absorb the extra moisture present in the MADG process formulation. A total number 
of five formulations were prepared and weight of all tablets kept constant. i.e. 595 mg. 

Result: All the formulations resulted in acceptable limit. The final batch F3 (contained PVPK 3% and Kollidon 90F 4%) considered as optimized 
batch which gives the release up to 95.38% in 30 min. All Pre-compression parameters like Carr’s Index, Hausner’s Ratio and Angle of Repose 
met the standard values indicating good flow properties. The average weight, friability and hardness were within compendia limits. Drug content 
uniformity was within acceptable limits. The result of stability study of the batch F3 showed that there was no significant change in Hardness, 
Friability, In-vitro Disintegration time, The optimized formulation batch F3 showed better drug release profile with other formulations.

Conclusion: The PCM tablets prepared by MADG process had advantages such as short manufacturing time and few critical formulation and 
process variables when compared with convention wet granulation process.
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Introduction

The objectives of the research work
•	 To prepare, optimize, characterize immediate release tablets by 

MADG process and set parameters that can serve as quality control 
tool. 

•	 To overcome the difficulties experienced with wet granulation, in 
terms of endpoint, drying and milling.

•	 To perform Preformulation studies of selected API. 

•	 To shorten the processing time 

•	 To improve the efficacy of drug and minimize endpoint sensitivity. 

•	 To optimize the developed formulation. 

•	 Physicochemical, in-vitro evaluation of optimized formulation. 

•	 To study stability of optimized formulation. 

•	 To improve the solubility of drug.

Alhussain AH, et al. developed Metformin ODT using the moisture 

activated dry granulation (MADG) process. The feasibility of developing 
Metformin ODT was assessed utilizing a 32mfull factorial design to elucidate 
the influence of water amount (X1) and the amount of pre gelatinized 
starch (PGS; X2) as independent variables on key granules and tablets’ 
characteristics [1]. The prepared granules and tablets were characterized for 
granule size, bulk density, flow properties, tablets’ weight variation, breaking 
force, friability, capping tendency, in vitro and in vivo disintegration and drug 
release. Regression analysis showed that X1 and X2 had a significant (p ≤ 
0.05) impact on key granules and tablets’ properties with a predominant effect 
of the water amount. Otherwise, the amount of PGS had a pronounced effect 
on tablet disintegration. Optimized ODT was found to show better mechanical 
strength, low friability and short disintegration time in the oral cavity. Finally, 
this technique is expected to provide better ODT for many kinds of high-dose 
drugs that can improve the quality of life of patients [2,3].

In Reddy BV, et al. prepared Losartan potassium tablets by MADG 
process were found to be a simple, clean and robust process [4]. The results 
from the evaluation of the effects of the granulating binder level, binder type 
suggest that the MADG process is robust and creates granulation with good 
physical properties and finished products with satisfactory quality attributes. 
The process is applicable for accomplishing most of the granulation need for 
solid dosage-form development as practiced in the pharmaceutical industry. It 
is essentially a one-step granulation process. It is also an economical, energy 
saving and efficient manufacturing process. The Losartan potassium tablets 
prepared by MADG process had advantages such as short manufacturing 
time and process variables when compared with convention wet granulation 
process [5-9].

Material and Methods

Pre-formulation studies
Identification test for Paracetamol: The sample was observed visually. 

Melting point: Melting point analysis is also useful for identification of 
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compound. The melting point range can be indicated and recorded with the 
help of a digital thermometer. Small amount of crystals of sample was fetched 
into the melting point capillary tube. The capillary tube contained the sample 
was placed into the melting point apparatus. Hence, both initial and final 
melting point of the samples was observed and recorded. This experiment was 
repeated twice to obtain the ranges of the melting point. The melting point of 
Paracetamol ranges from 167 to 174 degree Celsius. 

Solubility: Solubility of Paracetamol is determined in ethanol (95%) 
and acetone. Solubility studies were performed by taking excess amount of 
Paracetamol in different beakers containing the solvents. The mixture was 
shaken for 24 hrs. at regular intervals. The solution was filtered by using 
whattmann's filter paper grade no.41. The filtered solutions were analyzed 
spectrophotometric ally at 243 nm. 

Infrared absorption spectrophotometry: The experiment was conducted 
for all samples.0.1g of each samples were measured with macro spatula and 
1ml of concentrated hydrochloric acid was added to it. The solution was gently 
shake and heated to boil for about three minutes. 1ml of water was added to 
the boiling solution. After boiling, the solution was then placed in an ice bath to 
cool. Observation was made and there was no precipitation form. Therefore, 
0.05m of 4.9/L solution of potassium dichromate was added to it and the colour 
developed for sample was violet without changing into red.

Determination of λ max: A solution of Paracetamol containing the 
concentration 10 µg/ml was prepared in acetone and UV spectrum was taken 
using Shimadzu 1800, Japan UV/ Visible Double beam Spectrophotometer. 
The solution was scanned in the range of 200 - 400 nm. a. Preparation of 
standard calibration curve of Paracetamol: 100 mg of Paracetamol was 
accurately weighed and transferred into 100 ml volumetric flask. It was 
dissolved and made up to the volume with 0.1 N HCl to gine stock solution 
containing 1000 µg/ml. From the standard stock solution, 10 ml solution was 
diluted with 100 ml 0.1 N HCl (100 µg/ml). Appropriate aliquots were taken 
in different volumetric flasks and made up to 10 ml with 0.1 N HCl so as to 
get 6 different concentrations (2, 4, 6, 8 and 10) µg/ml. The UV absorbance 
readings were taken at 243 nm using UV- Visible spectrophotometer. 0.1 N 
HCl was used as a blank. The Beer- Lambert curve was drawn and correlation 
coefficients calculated. 

Compatibility studies: Fourier Transform Infra-red (FT-IR) 
Spectrophotometer of pure crystalline drug and granules were obtained. The 
samples were diluted with pure crystalline KBr. The pellets were prepared on 
a KBr-press (Spectra lab, India). The spectra were scanned at range from 
4000 cm-400 cm-1. 6.2.8 Loss on drying: Loss on drying is the loss of weight 
expressed as percentage w/w resulting from volatile matter of any kind that can 
be driven off under specified condition. The test can be carried out on the well 
mixed sample of the substance.

Drug- excipients compatibility studies: Drug excipients studies hold 
great importance in designing a formulation. In drug formulation it is essential 
to evaluate the possible interactions between the active principle and the 
excipients, as the choice of the excipients should be performed in relation to 
the drug delivery, to their compatibility with the same drug and to the stability 
of the final product. 

Preparation and evaluation of granules

Preparation of granules:
There are two major stages in MADG: Agglomeration and moisture 

distribution / absorption. All ingredients were weighed and passed through 
mesh #40. During agglomeration, Paracetamol was mixed with agglomerating 
binders such as PVP K30 and Kollidon 90F to obtain a uniform mixture. While 
mixing, a small amount of water was sprayed onto the powder blend, which 
moistened the binder and makes it tacky. The binder facilitates the binding of 
the drug and excipients as they move in a circular motion forced by the mixer 
impellers or blades. The resulting agglomerates were small and spherical 
because the amount of water used in MADG is much lower than in conventional 
wet granulation; thus preventing the agglomerates from forming large wet 
lumps. The particle size of the agglomerates generally falls in the range of 

150–500 µm. In moisture distribution/absorption, moisture absorbents, such 
as microcrystalline cellulose or colloidal anhydrous silica, were added while 
mixing continues. When they came into contact, the moisture absorbents pick 
up moisture from the moist agglomerates resulted in moisture redistribution 
within the mixture. When this happens, the entire mixture becomes relatively 
dry. While some of the moisture is removed from the wet agglomerates, 
some of these agglomerates remain almost intact and some - usually the 
larger particles -may break up. This process results in granulation with more 
uniform particle size distribution. The process continues with the addition of a 
disintegrant, such as crospovidone, to the mixture followed by blending for a 
few minutes. Then, while mixing, lubricant(s), such as magnesium stearate are 
added and blended for sufficient time to achieve adequate lubricity. Different 
formulations were prepared by MADG technique (Table 1).

Evaluation of micromeritic properties of granules
Before tablet preparation, the mixture blend of all the formulation was 

subjected for compatibility studies, IR. and pre-compressible parameters like 
Angle of repose, Bulk density, Tapped density, Compressibility index and 
Hausner’s ratio.

The tablets prepared were subjected to post compression parameters 
like Hardness, Friability, Weight variation, Wetting time, Water absorption 
ratio, in-vitro dissolution and in-vitro disintegration. Tablet compression was 
carried out in Rotary compression machine. Compression force was kept 
constant throughout the study. Compression was carried out using 12.5 mm 
flat beveled edge punches Rotary Press Tablet, Rimek Tablet Compression 
Machine according to the 1, 2, 3, 4, 5... a total number of five formulations were 
prepared along with one with conventional wet granulation process and weight 
of all tablets kept constant. i.e 595 mg.

Results and Discussion 
Preformulation studies of paracetamol: The Preformulation studies of 

drug were carried out by conducting various parameters i.e. solubility, melting 
point, pH determination and spectral analysis.

Solubility: The solubility of pure drug in solvent was carried out and found 
to be soluble in acetone and ethanol and insoluble in water.

Melting point: Melting point of Paracetamol was found to be 170˚C. From 
this it was concluded that drug sample is pure.

Estimation of paracetamol by UV spectroscopy
Determination of λ max for Paracetamol: The λ max for Paracetamol was 

found to be 243 nm Figure 1.

Calibration curve: Absorbance data for the calibration curve of Paracetamol 
at 243 nm Table 2 and Figures 2-5. 

Pre-compression evaluation of paracetamol tablets
Five formulations were prepared along with a formulation with conventional 

wet granulation method was prepared. For each designed formulation, powder 

Table 1. Different formulations were prepared by MADG technique.

Sr. No Ingredients Trial (F1) Trial (F2) Trial ( F3) Trial  (F4) Trial  F5)
1 Paracetamol 84 84 84 84 84
2 PVP K- 25 6 4 4 2 1
3 Kollidon 90F 1 3 4 6 6
4 Water 2 2 2 2 2

5 Colloidal anhydrous 
silica 0.6 0.6 0.6 0.6 0.6

6 Microcrystalline 
Cellulose 3 3 2 2 3

7 Crospovidone 1.9 1.9 1.9 1.9 1.9
8 Purified talcum 1 1 1 1 1
9 Magnesium Stearate 0.5 0.5 0.5 0.5 0.5
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mixed blend of drug and excipients were prepared and evaluated for various 
parameters as follows:

Angle of repose (θ): The angle of repose of various powders mixed 
blend, prepared with different quantities, was measured by cylinder method. 
Angle of repose was found in the range from 29.42 to 37.27. The good flow 
ability of powder blend was also evidenced with angle of repose which is 
indicated a good flow ability. The result is given in Table 3.

Moisture content: Moisture content of various powders mixed blend, 
prepared with different quantities, was determined using a moisture balance 
(Mettler PM 480, Switzerland) fitted with an infrared heating unit (Mettler LP 
16). Moisture content was found in the range from 2.11 to 2.19. The result are 
given in Table 4. 

Tapped density: The tapped density of various powder mixed blends 
prepared with different quantities, was measured by measuring cylinder. The 
tapped density was found in the range from 0.605 to 0.621. The result is given 
in Table 5. 

Compressibility Index: The compressibility index of various powder 
mixed blends prepared with different quantities using bulk density and tapped 
density data, compressibility index was calculated. It was found in the range 
9.06 to 17.34 indicates better flow. The results are given in Table 6.

Figure 1. Determination of λ max for paracetamol.

Table 2. Calibration curve of paracetamol.

Sr. No Concentration (µg/ml) Absorbance
1. 0 0.00
2. 2 0.14
3. 4 0.23
4. 6 0.35
5. 8 0.44
6. 10 0.62

Figure 2. Calibration curve of paracetamol.

Figure 3. FTIR spectra of paracetamol, PVPK-25 and microcrystalline cellulose.

Figure 4. IR spectrum of starch.

Hausner ratio: The Hausner ratio of various powder mixed blends 
prepared with different quantities, it was calculated by using bulk density and 
tapped density data. It was found in the range of 1.1 to 1.19. As the results are 
in range of <1.25 indicates better flow. The results are given in Table 7.
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Figure 5. IR spectrum of crospovidone.

Table 3. Angle of repose of various powder mixed blend.

Batch Code Angle of Repose (θ)
F1 37.27
F2 34.92
F3 32.71
F4 31.65
F5 29.42

FCWG 32.78

Table 4. Moisture content of various powder mixed blend.

Batch code Moisture Content
F1 2.1
F2 2.12
F3 2.16
F4 2.14
F5 2.19

FCWG 2.12

Table 5. Tapped density of various powder mixed blends.

Batch code Tapped Density (gm/cm3)
F1 0.605
F2 0.609
F3 0.612
F4 0.612
F5 0.621

FCWG 0.601

Table 6. Compressibility index of various powder mixed blends.

Batch code Compressibility Index (%)
F1 17.34
F2 16.86
F3 14.57
F4 12.43
F5 9.06

FCWG 16.65

Table 7. Hausner ratio of various powder mixed blends.

Batch Code Hausner Ratio
F1 1.1
F2 1.14
F3 1.16
F4 1.14
F5 1.19

FCWG 1.12

Evaluation of paracetamol tablets

Weight variation:
Tablets were prepared using Moisture activated dry granulation technique 

and were compared with those of prepared with Conventional wet Granulation 
technique. The tablets were obtained in the range with acceptable weight 
variations as per pharmacopoeia specifications i.e. less than 5%. The results 
are given in Table 8.

Thickness: Tablets were evaluated by using vernier caliper. The thickness 
of tablets was found to be 2.1 uniform thicknesses was obtained due to uniform 
die fill. The results are given in Table 9.

Hardness: Tablets were evaluated by using hardness tester. Hardness 
of the tablets was found in the range 1.91 to 2.02. The results are given in 
Table 10. 

Friability: Tablets were evaluated by using Roche Friabilator and Friability 
of tablets was observed in acceptable range 0.21 to 0.73 (Less than 1%). The 
results are given in Table 11. 

Disintegration time: Tablets were evaluated for disintegration time in 
the disintegration test apparatus (I.P) The disintegration time was found in the 
range 2.2 min to 14.32 min for all the batches. The result is given in Table 12. 

Content uniformity: The results for content uniformity are presented in 
table no. The results showed drug content were lying within the limits. The 
assay limit of paracetamol tablets as per IP is 99-110%. The assays of the 
tablets were carried out as a process given in IP and data table are as follows 
Table 13.

In-vitro release studies: The Comparative analysis of each formulation 
was based on in vitro kinetic parameters, which elucidated the release profile. 

Table 8. Weight variations.

Batch Code Weight (mg) Variation (5%)
F1 598.4 Passes
F2 598.4 Passes
F3 598.3 Passes
F4 599.5 Passes
F5 597.6 Passes

FCWG 597.5 Passes

Table 9. Thickness of various tablets. 

Batch Code Thickness (mm)
F1 2.12
F2 2.13
F3 2.10
F4 2.13
F5 2.04

FCWG 2.16

Table 10. Hardness of various tablets.

Batch Code Hardness (kg/cm2)
F1 3.4
F2 3.6
F3 4.5
F4 5.1
F5 5.6

FCWG 3.1

Table 11. Friability of tablets.

Batch Code Friability (%)
F1 0.73
F2 0.71
F3 0.30
F4 0.24
F5 0.21

FCWG 0.25
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The time taken for 80% drug release was taken as a response for comparative 
interpretation of binder quantities. The in-vitro drug release of tablets of 
paracetamol for all formulation is given as follows (Table 14 and Figure 6).

In vitro drug release studies details:
Apparatus used: USP Dissolution Apparatus 2 - Paddle (37 ℃)

Dissolution medium: 0.1N HCL

Dissolution medium volume:	900 ml 

Temperature: 37 ± 0.5 ℃

Speed of basket paddle: 50 rpm 

Table 12. Disintegration time of various tablets.

Batch Code Disintegration Time (min)
F1 2.25
F2 4.54
F3 6.82
F4 13.54
F5 16.32

FCWG 2.16
FCWG %

Table 13. Content uniformity.

Batch Code Content Uniformity (%)
F1 102.27%,
F2 100.43%
F3 101.32%
F4 99.89%
F5 97.35%

Table 14. In vitro drug release.

Time (min) F1 F2 F3 F4 F5 FCWG (Conventional Wet 
Granulation)

0 0 0 0 0 0 0
5 24.78 26.32 25.12 21.63 7.43 28.59

10 43.93 45.38 43.95 38.77 10.69 48.78
15 67.37 68.82 63.08 56.18 17.68 68.75
20 73.78 72.96 72.02 62.90 25.74 78.62
25 85.27 89.28 84.51 68.97 31.12 87.59
30 97.89 96.70 95.38 78.40 34.09 95.15

Table 15. Stability studies.

Sr .No Evaluation Parameter Observation F3

1. Physical Appearance **

2. Weight Variation (mg) **
3. Hardness(kg/cm2) 3.9
4. Friability (%) 0.5
5. Disintegration time 5.44
6. Drug content(mg/tablet) 101.13

Sampling intervals: 5 min

Sample withdrawn: 10 ml

Absorbance measured: 257nm

Stability studies of paracetamol tablets

On the basis of drug release profile along with other parameters, it was 
concluded that the batch F3 was an optimized batch, as it had all desirable 
properties. A stability study was carried out to check the stability of rapid 
disintegrating tablets of the Optimized batch at 40 ± 2 ℃ and 75 ± 5% RH 
for three month. After time period of 03 month Hardness, Weight Variation, 
Friability, Disintegration time, Drug content study was carried out. From results 
of stability study as shown it can be concluded that there is no significant 
difference in the Hardness, Weight Variation, Friability, Disintegration time, 
Drug content parameters. So, it was concluded that selected formulation is 
stable for longer time period (Table 15).

40 ℃ ± 2 ℃ /75% RH ± 5% RH and At Room Temperature

Conclusion
•	 The MADG process to prepare PCM tablets was found to be a simple, 

clean, lean and robust process for particle-size enlargement.

•	 The results from the evaluation of the effects of the granulating 
binder level, binder type suggest that the MADG process is robust 
and creates granulation with good physical properties and finished 
products with satisfactory quality attributes.

•	 The process is applicable for accomplishing most of the granulation 
need for solid dosage- form development as practiced in the 
pharmaceutical industry.

•	 It is essentially a one- step granulation process. It is also an economical, 
energy-saving, green and efficient manufacturing process.

•	 The PCM tablets prepared by MADG process had advantages such 
as short manufacturing time and few critical formulation and process 
variables when compared with convention wet granulation process.
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