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INTRODUCTION 

Oral administration is the most convenient and preferred 

means of any drug delivery to the systematic circulation. 

Oral controlled release drug delivery have recently been 

of increasing interest in pharmaceutical field to achieve 

improved therapeutic advantages, such as ease of dosing 

administration, patient compliance and flexibility in 

formulation.
[1]

  

 

Gastro retention is essential for drugs that are absorbed 

from the stomach, poorly soluble or degraded by the 

higher pH of intestine, and drugs with an absorption 

which can be modified by changes in gastric emptying 

time.
[2]

 

 

The mucoadhesive drug delivery system may include the 

following. 

1. Buccal delivery system.  

2. Sublingual Delivery system. 

3. Vaginal delivery system.  

4. Rectal delivery system.  

5. Nasal delivery system.  

6. Ocular delivery system.  

7. Gastro Intestinal delivery system. 

 

The objective of the study is to study the mucoadhesive 

effect of natural gum obtained from Moringa oleifera as 

tablet mucoadhesive polymer. Gastroretentive dosage 

forms are the systems that can stay in the gastric region 

for several hours and thus, prolong the gastric residence 

time of the drugs. After oral administration, such a 

dosage form is retained in the stomach and releases the 

drug in a controlled and sustained manner so that the 

drug can be supplied continuously in the upper GIT. The 

term mucoadhesion is commonly used for materials that 

bind to the mucin layer of biological membrane. 

Mucoadhesive polymers have been utilized in many 

different dosage form in efforts to achieve systemic 

delivery of drug through the different mucous. Gastro 

retention drug delivery system possess the ability of 

retaining the dosage form in gastrointestinal track 

particularly in stomach for a long period. Utilizing the 

concept of extended released by gastric mucoadhesion to 

enhance the bio availability of an acid stable drug.
[3,4]
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ABSTRACT 
The objective of the study is to study the mucoadhesive effect of natural gum obtained from Moringa oleifera as 

tablet mucoadhesive polymer. This property of the gum was evaluated and compared with standard syntactic 

polymers like PVP K30, HPMCH4M for mucoadhesion. In this current study Baclofen is used as a model drug, 

where Baclofen has the absorption window in upper GI track and due to this often display low bio-availability, the 

half-life of the drug is 2.5-4hrs. The comparability of polymer and drug are carried by FTIR. The mucoadhesive 

tablet of different ratio of Moringa, HPMCK4M and PVPK30 tablet are formulated and evaluated for 

mucoadhesive time, mucoadhesive strength, swelling index. Dissolution study was conducted to characterize 

release mechanism of the formulation and data are fitted to various kinetic models. Stability study for optimized 

formulation B at 400 ±20C/75±5%RH for 90 days. It could be concluded that the gum Moringa oleifera can be 

used as a pharmaceutical Excepients in oral mucoadhesive drug delivery system. 
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Fig. 1: Anatomy of stomach. 

 

MATERIALS AND METHODS 

Baclofen Gift sample available from Unicure Remedies, 

Gorwa While HPMCK4M and PVPK30 (Yarrow chem., 

Mumbai), Moringa gum from R.R.C.P Lab, Bangalore. 

Microcrystalline cellulose, Talc, Magnesium state were 

gifted by SD Fine Chem, Bangalore.  

 

METHOD OF PREPARATION 

Preparation method for Gastro mucuadhesive 

tablets
[5]

: The Baclofen mucoadhesive tablet of 100mg 

are prepared by wet granulation method by using 

synthetic polymer HPMC K4M, PVP K30, and Moringa 

gum as a natural polymer. MCC is used as a diluent and 

binding agent. Magnesium stearate is used as glident, 

talk are used as lubricant. The weighed quantity of drug, 

polymer are added to mortar and wetting agent are added 

to prepare a damp mass, the damp mass was passed 

through sieve 30. The wetted granules was dried at 500c 

for 20 min in hot air oven, the dried granules were 

passed through the sieve 60 the resulted granules are 

uniformly mixed with the lubricant and glident for 2min. 

The granules of each formulation was compressed by 

using 8mm punch at a speed of 20 rpm on tablet 

punching machine. 

 

Preparation method for Moringa Gum
[6]

: The gum 

was collected from the tree by making insertion, It was 

dried (10gm) and soaked in water (250ml) at room 

temperature for 8 to 10 hr. The soaked gum was 

mechanical stirred for 15 min to get a uniform blend and 

it was filtered through the muslin cloth. Add the acetone 

to the filtrate in beaker twice the quantity with continues 

stirring gives precipitate, the precipitate was collected 

washed with distilled water, dried in hot air oven at 45°C 

for 3hrs, triturate the dried mass in mortar and piston 

gives a fine powder.  

 

 
Fig. 2: Maceration of gum with water.                                         Fig. 3: Precipitation of Gum. 
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Fig. 4: Trituration of gum.                                                         Fig. 4: Fine blend of gum. 

 

Table 1: Composition of Formulation (in mg/tablet) BATCH –A. 

SL .NO. INGREDIENTS 
FORMULATIONS 

A1 A2 A3 A4 

1 Baclofen 10 10 10 10 

2 HPMCK4M 20 20 20 30 

3 PVP K30 - 20 30 20 

4 MCC 105 95 85 105 

5 Talc 7.5 7.5 7.5 7.5 

6 Magnesium stearate 7.5 7.5 7.5 7.5 

 TOTAL 150 150 150 150 

 

Table 2: Composition of Formulation (in mg/tablet) BATCH–B. 

SL .NO. INGREDIENTS 
FORMULATIONS 

B1 B2 B3 B4 

1.  Baclofen 10 10 10 10 

2.  HPMCK4M - 20 20 30 

3.  PVP K30 20 20 30 20 

4.  MCC 105 95 85 105 

5.  Talc 7.5 7.5 7.5 7.5 

6.  Magnesium stearate 7.5 7.5 7.5 7.5 

 TOTAL 150 150 150 150 

 

Table 3: Composition of Formulation (in mg/tablet) BATCH –C. 

SL .NO. INGREDIENTS 
FORMULATIONS 

C1 C2 C3 C4 

1.  Baclofen 10 10 10 10 

2.  PVP K30 20 20 20 30 

3.  Moringa Gum - 20 30 20 

4.  MCC 105 95 85 105 

5.  Talc 7.5 7.5 7.5 7.5 

6.  Magnesium stearate 7.5 7.5 7.5 7.5 

 TOTAL 150 150 150 150 

 

EVALUATION OF GASTRO MUCOADHESIVE 

TABLETS 

A) Precompression parameters
[7]

 

a) Angle of repose (θ)  
Fixed funnel method was used. The powder was allowed 

to flow through the funnel fixed to a stand at definite 

height (H). The angle of repose was then calculated by 

measuring the height and radius of the heap of powder 

formed. 

tan θ = h/r  

θ = tan-1 (h/r)  
Where θ = angle of repose  

h = height 

 

b) Bulk density (Db)
[8]

: Accurately weighed quantity of 

powder was carefully poured in to graduated measuring 

cylinder and initial volume was measured. The bulk 

density was then obtained by dividing the weight of 
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sample in grams by the volume in cm3 of the sample 

contained in the cylinder. It was calculated by using the 

given equation:  

Db = M/Vo  
Where Db = bulk density  

M = weight of sample  

V0= initial volume 

 

c) Tapped density (Dt)
[8]

: After measuring the initial 

volume the cylinder was allowed to fall under its own 

weight on to a hard surface from the height of 2.5cm at 

second intervals. Tapping was continued until no further 

change in volume was noted. The tapped density was 

then obtained by dividing the weight of the sample in 

grams (M) by the final volume in cm3 (Vf) It was 

calculated by using the given equation:  

Dt = M/Vf 
Where Dt = tapped density  

M = weight of sample  

Vf = final volume 

 

d) Carr’s index
[9]

 
The flowability of powder can be evaluated by 

comparing the bulk density (Db) and tapped density (Dt) 

of powder and the rate at which it packed down. It is 

calculated by-  

𝐜𝐚𝐫𝐫′𝐬𝐢𝐧𝐝𝐞𝐱% = (𝐃t−𝐃b)/𝐃t× 𝟏𝟎𝟎 
Where Db = bulk density  

Dt = tapped density 

 

e) Hausner’s ratio
[10]

 
It indicates the flow properties of the powder and is 

measured by the ratio of tapped density to the bulk 

density  

Hausner′s ratio =Tapped density/Bulk density 

 

B) Post compression parameters 

a) Tablet thickness and diameter
[11]

 
Thickness and diameter of tablets were important for 

uniformity of tablet size. Thickness and diameter were 

measured using Vernier callipers. The tablet thickness 

should be controlled within a ± 5% variation of a 

standard value. 

 

b) Hardness
[12]

 
This test is used to check the hardness of a tablet which 

may undergo chipping or breakage during storage, 

transportation and handling. In this five tablets were 

selected at random and the hardness of each tablet was 

measured with Monsanto hardness tester. The hardness is 

usually measured in terms of kg/cm2. 

 

c) Uniformity of weight
[13]

 
This test is performed to maintain the uniformity of 

weight of each tablet which should be in the prescribed 

range of Indian pharmacopoeia 2007, this is done by 

sampling and weighing 20 tablets at random and average 

weight is calculated. 

 

d) Friability test
[14]

: The friability of tablets was 

determined using Roche friabilator. It is expressed in 

percentage (%). Ten tablets were initially weighed (W) 

and transferred into friabilator. The friabilator was 

operated at 25rpm for 4 min or run up to 100 revolutions. 

The tablets were weighed again (Wt). The % friability 

was then calculated by  

%F = (W-Wt / W) × 100 

 

e) Content uniformity
[14]

 
Tablet of 5 containing 10mg of drug is crushed in motor 

and take average weight of the powder dissolved in 

100ml of 0.1N HCl having pH 1.2 taken in volumetric 

flask. The drug is allowed to dissolve in the solvent. The 

solution was filtered, 1ml of filtrate was taken in 100ml 

volumetric flask and diluted to mark with 0.1N HCl and 

analyzed spectroscopically at 220nm. The concentration 

of Baclofen in mg/ml was obtained by using standard 

calibration curve of the drug. Drug content studies were 

carried out in triplicate for each formulation batch. 

 

f) Swelling studies
[15]

 
Gastro mucodhesive tablets from each batch were 

individually weighed (W1) and placed separately in each 

petri dish with 15 ml of 0.1N HCl having pH 1.2. At time 

intervals of 1, 2, 3, 4, 5, 6, 7 and 8 hours, the tablet was 

removed from each Petri dish and excess surface HCl 

from the tablet was wiped out carefully with filter paper. 

Each swollen tablet was reweighed (W2) and the 

swelling index (SI) was calculated using the following 

formula,  

Swelling index (SI) = (𝐖2 – 𝐖1) /𝐖1× 100% 

Where W1= Initial weight of the tablet,  

W2= Weight of the tablet after specific time interval. 

 

g) Mucoadhesion strength
[16]

:
 
Mucoadhesion strength 

of the tablet was measured on a modified physical 

balance (fig-9.) employing the method using sheep 

intestinal mucosa as model mucosal membrane. 

 

Fresh sheep intestinal mucosa was obtained from a local 

slaughter house and was used within 2 hrs of 

slaughtering. The mucosal membrane was washed with 

distilled water and then with 0.1N HCl pH 1.2. A double 

beam physical balance was taken. To the left arm of 

balance 50 ml of beaker is placed and to the right arm of 

balance a thick thread of suitable length was hanged and 

to the bottom side of thread a glass slide with uniform 

surface was tied. Additional weight to the right arm is 

hanged and if required additional weight to left hand pan 

is also placed to make the right side weight equal with 

left side pan. The intestinal mucosa with mucosal side 

upward was stuck uniformly using adhesive (Feviquick) 

over the base of inverted petridish which was 

continuously wetted with 0.1N HCl with help of pipette 

to keep it moist.  

 

The tablet was then stuck to glass slide from one side 

membrane using an adhesive. The two sides of the 

balance were made equal before the study. A weight of 5 
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g (preload) was removed from the left hand pan, which 

lowered the glass slide along with the tablet over the 

mucosal membrane with a weight of 5 g. The balance 

was kept in this position for 3 min. Then, water was then 

added in 50ml beaker in left side pan by using burette at 

a constant rate of 100 drops per min. The excess weight 

on the left pan i.e. total weight minus 5gm (preload) was 

taken as a measure of the mucoadhesive strength. The 

mean value of three trials was taken for each set of 

formulations. After each measurement, the tissue was 

gently and thoroughly washed with 0.1N HCl left for 5 

minutes before placing a new tablet to get appropriate 

results for the formulation. After calculating. 

 

 
Fig. 5: Muco adhesive strength testing apparatus. 

h) Ex vivo mucoadhesion time
[16]

 
The mucoadhesive performance of tablets was evaluated 

using fresh sheep intestinal mucosa obtained from local 

slaughter house. The ex vivo mucoadhesion time was 

performed after application of the tablet on freshly cut 

sheep intestinal mucosa. The fresh sheep intestinal 

mucosa was tied on the glass slide and a tablet was 

wetted with 1 drop of 0.1N HCl and pasted to the sheep 

intestinal mucosa by applying a light force with a 

fingertip for 30 sec. The glass slide was then put in the 

beaker of disintegrating apparatus, which was filled with 

200 ml of the 0.1N HCl and was kept at 37 ± 1°C. After 

2 min, a 50 rpm dipping rate was applied to simulate the 

GIT environment. and tablet adhesion was monitored for 

12 hrs. The time for the tablet to detach from the sheep 

intestinal mucosa was recorded as the mucoadhesion 

time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6: Ex –vivo mucoadhesion by disintegration machine. 

 

i) In vitro dissolution studies
[17]

 
In vitro release studies were carried out using USP 

dissolution testing apparatus II (paddle type). The 

dissolution medium consisted of 900 ml of 0.1N HCl. 

The release was performed at 37ºC ± .5ºsC, with a 

rotation speed of 50 rpm. Samples (5ml) were withdrawn 

at predetermined time intervals (1, 2, 3 up to 11 hrs) and 

volume was replaced with the fresh medium. The 

samples were filtered through Whatman filter paper and 

analyzed after appropriate dilution by UV 

spectrophotometer at 200nm. The experiments for 

different Batches A, B and C formulations were 

conducted in triplicate and average values were recorded. 

The release kinetics such as zero order, first order, 

Higuchi and Hixson- Crowell were determined. 

 

j) Stability studies
[18]

: In the present study, accelerated 

stability studies were carried out at 400C and 75% RH 

for a specific time period up to 90 days for optimized 

formulation.  

 

For accelerated stability study, the tablets were sealed in 

aluminium packaging coated inside with polyethylene. 

These sample containers were placed in desiccator 

maintained at 75% RH.  
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NOTE: Saturated solution of sodium chloride at 400 

±0.20C yields a 75±5% relative humidity. 

 

RESULT AND DISCUSSION 

PREFORMULATION STUDIES 

Drug – Excipient compatibility study 

Based on the FTIR interpretation results, all the major 

drug peaks were identified when compared with the 

physical mixture of drug and polymer, which ensures 

that there was no any chemical interaction between them. 

The major sharp and significant peaks (functional 

groups) of the drug and drug and polymer mixture are 

shown in Table No8. Andthe spectra are shown in Figure 

No 12 to 16. 

 

 
Fig. 7: Ftir Spectra of Baclofen. 

 

 

Fig. 8: Ftir Spectra of Baclofen+Pvpk30. 
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Fig. 9: Ftir Spectra of Baclofen+Moringa. 

 

 
Fig. 10: Ftir Spectra of Baclofen+Moringa+HPMCK4M+PVPK30. 

 

Table 4: Pre-compression parameters of Baclofen powder mixture. 

Formulation 

code 

Angle of 

repose (ø) in 

degree 

Bulk density 

g/cm
3
 

Tapped 

density 

g/cm3 

% Compressibility 

Index 

Hausener’s 

ratio 

A1 19.866±.057 0.462±0.003 0.55 ±0.005 14.12±1.15 1.178±0.016 

A2 21.656±1.55 0.479±0.003 0.550±0.004 12.64±0.21 1.150 ±0.03 

A3 19.4±0.1 0.409±0.005 0.455±0.005 9.49 ±0.72 1.115 ±0.09 

A4 19.733±.057 0.404±0.004 0.454±0.005 11.86±0.09 1.351 ±0.05 

B1 19.6±0.1 0.408±0.009 0.458±0.003 11 ±0.12 1.130±0.02 

B2 19.03 ±0.14 0.396±0.005 0.484 ±0.01 18.46±0.27 1.237 ±0.04 

B3 20.93±0.09 0.413±0.004 0.458±0.005 09.28±0.26 1.114±0.005 

B4 21.88 ±0.06 0.456±0.003 0.513±0.003 11.47 ±0.21 1.128±0.005 

C1 18.44 ±0.06 0.338±0.005 0.448±0.007 24.16 ±0.35 1.343±0.003 

C2 18.86 ±0.01 0.403±0.004 0.487±0.003 18.04 ±0.88 1.243±0.014 

C3 18.18 ±0.05 0.505±0.004 0.580±0.007 12.77 ±0.17 1.143±0.006 

C4 19.946±1.01 0.464±0.005 0.525±0.003 11.24 ±0.12 1.132±0.005 

All the a mucoadhesive gastroretentive tablets of Baclofen were evaluated for Weight variation, Hardness, Thickness, 

Friability, Drug content and the data shown in Table 5. 
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Table 5: Post-compression parameters of Baclofen mucoadhesive tablet. 

Formulation 

Code 

Weight variation 

(gm) 

Hardness 

(kg/cm
2
) 

Thickness 

(mm) 

Friability(%) 
Drug content 

(%) 

A1 0.201±0.003 6.78±0.3 2.46±0.005 0.49±0.04 94.27±0.05 

A2 0.203±0.002 7.26±0.6 2.38±0.005 0.36±0.03 96.19±0.06 

A3 0.205±0.004 7.58±0.2 2.26±0.005 0.31±0.02 98.79±0.06 

A4 0.206±0.003 7.24±0.5 2.29±0.004 0.30±0.04 96.78±0.01 

B1 0.207±0.009 6.89±0.3 2.38±0.08 0.39±0.03 97.75±0.12 

B2 0.202±0.011 6.97±0.4 2.41±0.007 0.35±0.02 96.91±.052 

B3 0.205±0.21 7.21±0.2 2.41±0.003 0.33±0.04 98.67±0.08 

B4 0.206±0.21 7.05±0.3 2.45±0.005 0.34±0.03 97.23±0.06 

C1 0.205±0.003 7.38±0.3 2.49±0.005 0.30±0.02 99.4±0.07 

C2 0.205±0.003 7.60±0.6 2.48±0.004 0.29±0.04 98.63±0.05 

C3 0.208±0.006 7.67±0.4 2.46±0.003 0.31±0.06 96.52±0.15 

C4 0.2±0.01 7.79±0.6 2.52±0.005 0.27±0.03 97.46±0.09 

 

The measured hardness of tablets of each Batchranged 

between 6.78kg/cm2 to 7.79kg/cm2 and are shown in 

Table 5. This ensures good handling characteristics of all 

Batches. The percentage weight variations for all 

formulations are shown in Table 5. All the tablets passed 

weight variation test as the % weight variation was 

within the pharmacopoeia limits of ±7.5% of the weight. 

The values of friability test are showing Table5. The % 

friability was less than 1% in all formulations ensuring 

that the tablets were mechanically stable. The percentage 

of drug content was found to 97.23±0.07% to 

99.4±0.06% which was within acceptable limits. Table5 

shows the results of drug content uniformity in each 

Batch.  

The swelling index was 80.96% to 87.39% for the 

formulation Batch B in 8 hours, which contains Moringa 

and HPMC K4M.  

 

TABLE 6: Percentage Swelling index studies of Batch 

A, B, and C formulation 

The swelling index was 79% to 81% for the formulation 

Batch C in 8 hours, which contain PVPK30 and HPMC 

K15M as polymer. The swelling index of the tablets of 

Batch B and C increases by increasing Moringa gum. 

 

 

 

Time in hrs 
Swelling Index (%) 

Batch-A Batch-B Batch-C 

1 39.52 47.68 52.32 

4 66.06 69.91 71.58 

8 81.12 83.57 82.34 

 

 

Fig. 11: Swelling index of Batch, A, B and C. 

 

Table 7: Mucoadhesive strength and Mucoadhesion time of Batches A, B, C formulation. 

Formulation Mucoadhesive Strength (gm) Mucoadhesion Time (hrs) 

A 23.98± 1.23 9.59±0.93 

B 28.83±0.96 10.78±0.99 

C 22.50±1.50 8.12±0.63 
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TABLE 8: IN-VITRO DISSOLUTION PROFILE OF 

FORMULATION  

The tablets of Batch- A Containing PVPK30 and 

HPMCK4M showed release of the drug 78.59, Batch-B 

86.81 and Batch-C 83.74 for 8 hrs respectively. Among 

the polymers used, HPMC K4M showed extended drug 

release up to 78% for 8 hrs. Since moringa gum is more 

hydrophilic it readily absorb the water and form a gel 

like mass and increase the drug release. Formulation B 

which is showing 86.81% drug release for 8hrs is 

selected as optimized formulation. The increase in 

concentration of HPMC K4M in Batch A and B tablet 

formulations significantly decreases the release of drug. 

 

Time (hr) Batch A Batch B Batch C 

1.  38.14 41.11 42.90 

2.  44.22 47.67 48.28 

3.  49.82 53.71 54.09 

4.  56.45 59.63 58.52 

5.  61.30 65.80 65.71 

6.  68.54 73.28 71.33 

7.  75.39 80.31 77.05 

8.  78.59 86.81 83.74 

 

 

Fig. 8: In vitro dissolution study of Batch-A,B & C formulation. 

 

Table 9: Stability Studies of Optimized Formulation AT 40±0.20C/75±5% RH. 

Time in days 

Formulation B 

Muvoadhesion 

Strength (gm) 

In vitro release 

(%CDR 

Drug content 

(mg) 

0 34.67±1.16 91.62 9.6 

30 33.18±1.19 90.56 9.7 

60 34.10±0.17 90.70 9.6 

90 32.59±1.13 91.10 9.8 

 

The results of stability studies revealed no change in 

mucoadhesive strength, in-vitro drug release and drug 

content indicating the formulation was stable. The values 

are shown in table 9. 

 

CONCLUSION 

Based on the results obtained so far, it was concluded 

that the objectives of the investigation was fulfilled. 

From all the above study it could be concluded that the 

gum Moringa oleifera can be used as a pharmaceutical 

excipient in oral mucoadhesive drug delivery systems; it 

has the potential to replace some synthetic mucoadhesive 

polymers upon further modifications and the gastro 

mucoadhesive therapeutic effect for the spazam. 
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