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Abstract 

Purpose: The present work deals with the formulation and optimization of pectin-based 

colon specific microsphere formulation containing Resveratrol followed by comprehensive in 

vitro and in vivo evaluations thereof. Methods:  Pectin based microparticles containing 

Resveratrol were prepared and optimised using Box-Behnken design and coated with 

Cellulose acetate phthalate. The formulations were evaluated by in vitro dissolution test in 

simulated gastric, intestinal, and colonic fluid with and without 4% w/v rat caecal matter. 

Drug-excipients compatibility study was also performed by FTIR spectrometric analysis. 

Drug release pattern was evaluated by mathematical modelling. In vivo pharmacokinetic 

study was also performed and the optimised formulation was evaluated for efficacy in a 

TNBS rat model of ulcerative colitis in vivo. Results: Box-Behnken design assisted 

successful formulation of optimised microspheres and the formulated microspheres were 

within the official limits. FTIR study showed no well-defined chemical interaction between 

drug and excipients. In vitro studies showed MF4 and MF5 as the best formulations. Hence in 

vitro study in 4% w/v rat caecal matter was performed which revealed greater drug release in 

that environment. Statistical analysis by unpaired student’s t test also supported the above-

mentioned findings (p<0.0001). Mathematical modelling showed that release pattern follows 

the Peppas model. In vivo pharmacokinetic study demonstrated improved and favourable 

pharmacokinetic parameters for the microspheres. In TNBS induced colitis model, the 

microsphere formulation demonstrated significant improvement in TNBS induced colitis. The 

rats treated with microsphere formulation in different doses (10 mg or 20 mg/kg) via oral 

route and sulfasalazine (500 mg/kg) showed remarkable dose-dependent improvement of 

mentioned symptoms after 7 days of treatment. Conclusion: The study showed that the 

pectin-based CAP coated microparticles were synthesized and optimized successfully and can 

be used successfully for colon specific drug delivery system. 
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1. INTRODUCTION 

Colon targeted drug delivery has achieved 

great importance as a targeted drug 

delivery system. Colon specific diseases 

are often inefficiently managed by oral 

therapy, because most orally administered 

drugs are absorbed before arriving in the 

colon.1 Therefore colon-specific drug 

delivery systems, which can deliver drugs 

to the lower gastrointestinal tract without 

releasing them in the upper gastrointestinal 

tract, can be expected to decrease the side 

effects of the drugs and improve the 

quality of life of patients suffering from 

colon-specific diseases. Many colon-

specific drug delivery systems have been 

investigated, not only to treat the colonic 

diseases, but also to improve the 

bioavailability of drugs.1  

Various approaches have been reported 

during the last decade to develop new 

methodologies for colon site specific drug 

release, including pH sensitive delivery 

systems, gastrointestinal transit time of 

various formulation (time controlled 

release) ,microbially controlled release.2 

Colonic micro flora is increasingly 

recognized as preferable triggering 

component in the design of colon specific 

drug delivery systems, since the abrupt 

increase of the bacterial population and 

corresponding enzyme activities in the 

colon represent a continuous event 

independent of GI transit time. It has been 

well established, that the colon contains 

over 400 distinct species of bacteria having 

a population of 1011-1012 CFU /ml.3 The 

primary sources of carbon and energy for 

these bacteria is the fermentation of 

polysaccharide present in dietary residues.3 

The most promising colon-specific drug 

delivery systems are those based on the 

enzymatic action of colonic bacteria on 

polysaccharides.4  

Based upon this natural phenomenon, 

colon specific drug delivery using pectin 

further coated with cellulose acetate 

phthalate (CAP) can be a promising 

technique for colonic drug delivery. 

Coming from renewable sources, pectin 

also have frequently economical advantage 

over other synthetic polymers.5 The drug 

release from the system activated by 

colonic micro flora appears to be more 

suitable with regard to selectivity. 

Exploiting the use of this pectin based 

systems for colonic drug carrier means that 

issues of safety, toxicity and availability 

are simplified.6, 7, 8, 9 

The purpose of the present study was to 

formulate colon specific microparticles 

using the pectin and CAP to target the 

colon. Resveratrol was used as model drug 

as it is absorbed throughout the 

gastrointestinal tract 10 and recent studies 

has also proved its efficacy in the 

treatment of colorectal cancer as well as 

ulcerative colitis.11-13 The microparticles 

were tested for its efficacy by performing 

in vitro dissolution test with and without 

4% w/v rat caecal matter. In vivo 

pharmacokinetic study and in vivo 

pharmacodynamic study in TNBS animal 

model were also performed for evaluation 

of the efficacy of the optimised 

formulation. 

 

2. MATERIALS AND METHODS 

2.1 Materials 

Resveratrol was received as a gift sample 

from M Sea Pharmaceuticals Pvt. Ltd., 

Paonta-Sahib, India. Disodium hydrogen 

phosphate and Potassium dihydrogen 

phosphate was purchased from Loba 

Chemie Pvt. Ltd, Mumbai, India. Cellulose 

Acetate phthalate (CAP), Sodium 

metabisulphite and other excipients used to 

were of standard pharmaceutical grade and 

all other chemical reagents used were of 

analytical grade.  

2.2 Methods 

2.2.1 Drug and excipients compatibility 

study 

The compatibility between drug, 

excipients and polymers was investigated 

using FTIR spectrophotometer (Shimadzu 
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FTIR 8400S,USA) according to potassium 

bromide pellet method.14 

2.2.2 Formulation of colon targeted 

microparticles 

The pectin microspheres were prepared 

using the method reported by Esposito et 

al. 15 with slight modifications. Briefly, the 

drug-polymer solution in distilled water 

(10 mL) was dispersed in 50 mL isooctane 

containing span 80 and the dispersion was 

continuously stirred at varied speed to 

obtain stable water/oil emulsion. The 

dispersion was rapidly cooled to 108°C 

and then 50 mL of acetone was added, in 

order to dehydrate the pectin droplets. The 

formulation was continuously stirred at 

1000 rpm for 30 min at 30°C for complete 

solvent evaporation. Microspheres were 

freeze-dried and kept in airtight container 
15, 16. 

2.2.2.1 Optimization of uncoated 

microsphere 

Systematic optimization of uncoated 

microsphere was done by Box-Behnken 

design 17 (BBD) employing three critical 

factors, pectin concentration (A); Stirring 

speed (B) and Span 80 concentration (C). 

Particle size (µm), entrapment efficiency 

(EE %) and recovery (%) were the key 

CQAs. A total seventeen runs were given 

by the design expert software for the 

uncoated microsphere to be prepared and 

evaluated for response variable such as 

particle size (µm), EE (%) and recovery 

(%).  

2.2.2.2 Coating of Pectin Microparticles 

Pectin microparticles coating was done 

using the oil-in-oil solvent evaporation 

method as reported by Lorenzo-Lamosa et 

al., (1998) with little changes 18. In this 

method, the dispersion of 50g pectin 

microparticles was prepared in 10 ml of 

organic solvents mixture (acetone: ethanol, 

9:1) containing CAP. Addition of the 

prepared organic phase into 70mL of light 

liquid paraffin containing 1% w/v span 80 

was done followed by constant stirring for 

3 h at 1200 rpm at room temperature to 

evaporate the solvent. Finally, the filtration 

and washing of coated microparticles were 

done with n-hexane. At last, the coated 

microparticles were filtered, dried, and 

stored in a desiccator. 

2.2.3 Characterization microspheres 

Percentage Yield  

After preparation of microspheres by the 

above stated method the Yield (%) of the 

batches was calculated by the following 

formula 19: 

 

Micromeritics properties 

The flow properties of prepared 

microspheres were measured by using 

various factors like angle of repose, bulk 

density, tapped density, Carr’s Index and 

Hausner’s, ratio. These were measured by 

using following equations 20. 

Drug Loading and Entrapment 

Efficiency Determination 

Drug loading and entrapment efficiency 

were determined as per the protocol 

reported somewhere else using the back-

calculation method. The centrifugation of 

microparticles dispersion was done at 

12000 rpm for 30 min. The supernatant 

was collected in a test tube. The 

microparticles were washed 3 times by 

using water, centrifuged and supernatants 

were collected. The amount of per drug in 

the supernatant was determined using 

calibration curve. These parameters were 

estimated by the following formula 21, 22.  

According to the following equations, drug 

loading and entrapment efficiency 

percentages were calculated: 

 

 
 

Particle Size Analysis 

The particle size and size distribution of 

the microspheres were measured by using 

Malvern NANO ZS90. The instrument is 

equipped with a solid-state laser, which 

employ dynamic light scattering (DLS). 
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Appropriate amount of the dried 

microspheres from each formulation was 

suspended in double distilled water and 

was sonicated for an appropriate period 

prior to the measurement. The resulted 

homogeneous suspension was then 

determined for the average hydrodynamic 

particle size, and size distribution 23, 24. 

Transmission Electron Microscopy 

(TEM) and Scanning Electron 

Microscopy (SEM) 

The morphology of microspheres was 

examined using TEM (JEM CX 100) 

operating at 200kv capable of point-to-

point resolution. Amalgamation of bright 

field imaging at magnification and of 

diverse modes was used to disclose the 

form and size of polymeric nanoparticle. 

The sample was done by negative staining. 

First the sample was allowed to dry on 

carbon coated grid and then negatively 

stained with 2% aqueous uranyl acetate 

solution 23, 25.The shape and surface 

morphology of the microspheres was 

examined using Scanning Electron 

Microscopy Hitachi SEM (S-3600N). 

Suitable amount of sample of 

nanoparticles was mounted on metal stubs, 

with a double-sided adhesive carbon tape 

and was splited with a razor blade. The 

samples were sputter-coated with gold 

under argon atmosphere for secondary 

electron emissive SEM and observed for 

morphology 23, 25. 

In-vitro drug release study  
In vitro drug release study is one of the 

imperative analytical implements which 

can predict or provide basic information of 

the delivery system and its several 

characteristics. The release of drug from a 

controlled & targeted drug delivery system 

like microspheres is of particular 

significance and through it release 

mechanism and kinetics of the drug can be 

known. There has been significant 

advancement in the design and 

development of particulate systems but 

unfortunately still there is no new updated 

compendial or regulatory standard 

available for its in vitro drug release study. 

Many challenges are faced while opting 

both compendial and non-compendial in 

vitro release methods 26, 27.  

For successful colon specific drug 

delivery, the drug needs to be protected 

from absorption from the environment of 

the upper gastrointestinal tract and then be 

abruptly released into the colon. Hence 

continuous efforts have been made on 

designing colon targeted drug delivery 

systems with improved site specificity and 

versatile drug release kinetics to fulfil 

different therapeutic needs.28 In order to 

evaluate this parameter in vitro dissolution 

study of the formulations was performed 

in the upper gastrointestinal tract followed 

by colon for further 5 h. For in vitro 

evaluation of colon specific drug delivery 

systems, the ideal dissolution should 

closely mimic the in vivo conditions with 

regard to pH and types of enzymes. 

Dissolution testing of colonic delivery 

systems with conventional basket method 

has usually been conducted in different 

buffers for different periods of time that 

the colon specific delivery system might 

encounter in vivo.3 In the present study, in 

vitro dissolution study was performed in 

900 ml of (SGF) pH 1.2 for 2 hrs, pH7.4 

(SIF) for 3 hrs and pH 6.8 (SCF) for 5 hrs. 

About 1 ml of sample was withdrawn at 

regular interval of time and diluted to 10 

ml in volumetric flask .The apparatus was 

maintained at 37 0.5 ± 0.5°C and at 100 

revolution per minute 29. Finally, the drug 

concentrations in samples were measured 

in triplicates using UV-spectrophotometer 

(Shimadzu-UV1700 spectrometer, 

Shimadzu, Japan) at 303 nm.  

Preparation of Rat caecal content 

medium 

The IAEC (Institutional Animal Ethics 

Committee), Bilwal Medchem and 

Research Laboratory Pvt. Ltd., Vidhyadhar 

Nagar, Jaipur, Rajasthan according to the 

guidelines of CPCSEA (Committee for the 

purpose of Control and Supervision on 

Experiments on Animals) approved the 
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present experimental protocol (Reg. No.-

2005/PO/RcBT/S/18/CPCSEA). 

Accordingly, albino rats weighing 

150‐200g maintained on normal animal 

feed were used for the preparation of rat 

caecal content medium, induced with 1% 

w/v solution of pectin for 7 days. Thirty 

minutes before commencement of studies, 

6 rats were killed, abdomen opened, the 

caeca isolated, ligated at both ends, cut 

loose and immediately transferred to pH 

6.8 dissolution medium previously 

bubbled with CO2. The caecal bags were 

opened; their contents were individually 

weighed, mixed and then suspended in pH 

6.8 dissolution medium to give required 

caecal dilution of 4% w/v. As the caecum 

is naturally anaerobic, all these operations 

were carried out under supply of CO2. 

 In vitro drug release study with 4%w/v 

rat caecal matter 

To overcome the limitation of 

conventional dissolution testing, rat caecal 

contents have been widely utilized as 

alternative dissolution medium because of 

the similarity of human and rodent colonic 

micro flora. For example, the average 

log10 viable count of Bacteriodes and 

Bifido bacteria, two numerically 

predominant polysaccharide-degrading 

bacteria, is 8.0 and 7.0, and 8.0 and 8.2 in 

human large intestine and rat caecum 

respectively. Another advantage of 

utilizing rat caecal contents is the 

relatively easy availability of rats.3  

On the basis of performance of in vitro 

dissolution study in SGF, SIF and SCF for 

10 h, the best formulation/s which gave 

lowest cumulative release in SGF and SIF, 

but highest cumulative release in SCF was 

selected for further in vitro dissolution 

study with 4%w/v rat caecal matter.30, 31 

Initial studies were carried out at pH 1.2 

for 2 h, after this ,the dissolution medium 

was changed to pH 7.4 for 3 h followed by 

pH 6.8 containing 4%w/v rat caecal matter 

and the dissolution was continued until the 

completion of 10 h. The dissolution was 

performed in six stages USPII dissolution 

rate apparatus, but slight modification was 

made to it. A beaker (capacity 250 ml, 

internal diameter 55 mm) containing 100 

ml of dissolution medium was immersed 

in the water containing in 1000 ml 

dissolution flask, which was in turn, in the 

water bath of the apparatus. The 

microparticles were placed in the baskets 

of the apparatus and immersed in the 

dissolution medium containing 4% w/v 

caecal contents. The experiments were 

carried out with continuous CO2 supply 

into the beakers to simulate anaerobic 

environment of the caecum.32 

Mathematical treatment of the in vitro 

release kinetics  

In order to understand its pharmacokinetic 

models, it is necessary to evaluate the 

mechanism by which drug is released from 

microspheres/pellets as well as its 

corresponding kinetics. Data obtained 

from the in vitro drug release studies were 

analysed using a range of kinetic equations 

such as zero order, first order, etc., and 

graphs were compiled based on these 

equations. In order to determine the value 

of r2 and k, a regression analysis was 

performed on the corresponding linear 

plots 33. The release kinetics of the best 

formulation/s was analysed according to 

zero order, first order kinetics, Higuchi and 

Korsmeyer-Peppas model. The correlation 

coefficients (r 2) were calculated for 

linearity.34 

Statistical analysis of the in vitro release 

data 

The in vitro release data of the best 

formulation/s with and without 4% w/v rat 

caecal matter was subjected to statistical 

analysis by student’s ‘t’ test to find out the 

extent  increase in the release rate 35. 

In vivo Pharmacokinetic studies 

Male Wistar rats, weighing 250–300 g, 

were obtained from Bilwal Medchem and 

Research Laboratory Pvt. Ltd., Vidhyadhar 

Nagar, Jaipur, Rajasthan, India. All 

animals used in the experiments received 

care in compliance with the guidelines of 
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The Committee for the Purpose of Control 

and Supervision of Experiments on 

Animals. The experimental protocol was 

approved by the Institutional Ethical 

Committee, Bilwal Medchem and 

Research Laboratory Pvt. Ltd., Vidhyadhar 

Nagar, Jaipur, Rajasthan, India (approval 

no. CPCSEA – 

2005/PO/RcBT/S/18/CPCSEA). The rats 

were randomly divided into two groups (n 

= 8) receiving plain Resveratrol suspended 

in 0.5% sodium CMC and optimized 

coated microspheres/pellet, respectively. 

Both the groups were further divided into 

two subgroups for blood withdrawals at 

alternate time points. The rats were fasted 

12 h prior to dosing having free access to 

water. The dose of Resveratrol in both the 

groups was kept to 10 mg/kg p.o. 

Formulation was administered orally along 

with water with the help of infant feeding 

tube (No. 8) due to large particle size. 

Blood (0.5 ml) was withdrawn from both 

the groups at 5 min, 15 min, 30 min, 1, 2, 

3, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 25, 

30 and 48 h through retro orbital plexus 

under anaesthesia. The blood was collected 

in the micro centrifuge tubes containing 

EDTA. Plasma samples (supernatant) were 

collected by centrifuging the blood 

samples at 5000 rpm for 10 min and stored 

at -20 0C until HPLC analysis. The 

pharmacokinetic parameters such as 

Cmax, Tmax were obtained from plasma 

concentration versus time curve whereas 

AUC0–48h was calculated by linear 

trapezoidal rule and compared between 

plain drug and optimized coated 

microsphere/pellet formulation. 

In vivo Pharmacodynamic studies: 

TNBS induced colitis 

Study Design and Induction of Colitis 

The Laboratory Animal Center of Bilwal 

Medchem and Research Laboratory Pvt. 

Ltd., Vidhyadhar Nagar, Jaipur, Rajasthan, 

India with a pathogen-free environment, 

constant temperature (23 ± 2), and 

acceptable humidity (55 ± 5%) provided us 

with 48 male Wistar rats (aged 4-6 weeks, 

150–200 grams) supplied with a balanced 

diet along with free access to water. The 

rats were fasted with free access to water 

for 24 h before induction of colitis. After 

rats were anesthetized with ketamine (50 

mg/kg i.p), the rubber-tipped gavage 

needle was inserted into the anus of rats (7 

cm) and 1 ml solution of 2,4,6-

trinitrobenzenesulfonic acid (TNBS, 150 

mg/kg dissolved in ethanol) was slowly 

injected into the colon while the control 

group received only ethanol. Animals were 

held in the head down position for 30 

seconds and then returned to their cages 36-

38. Later, water and food were available. 

12 hours after colitis induction, the 

treatments were started and continued one 

a day for six consecutive days. The 

effectiveness of treatment was assessed by 

clinical, macroscopic, and 

histopathological assessments. The rats’ 

general conditions were assessed daily. 

Experimental Animals.  

A total of 48 Wister rats were divided into 

6 groups (8 rats per group, n = 8). Group 

I: Healthy control group (Normal control); 

Group II: TNBS-induced colitis untreated 

rats (Positive control); Groups III: TNBS-

induced colitis treated rats who received 

Free Resveratrol 10 mg/kg orally Groups 

IV: TNBS-induced colitis treated rats who 

received MF 10 mg/kg orally; Groups V: 

TNBS-induced colitis treated rats who 

received MF 20 mg/kg orally and Groups 

VI: TNBS-induced colitis treated rats who 

received Sulfasalazine (treated control) 

Macroscopic and histopathological 

scoring  

The dosage and period of treatments were 

accompanied by daily body weights, gross 

stool evaluation for visible and/or occult 

bleeding. On the last day of the experiment 

(7th), the degree of colonic inflammation 

and damage was scored (Table 1.) as 

described by Morris et al. with slight 

modifications 39, 40. After the 10 cm of 

distal colon segments of slaughtered rats 

have been dissected (under the guide of 
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anaesthesia), flushed with cool saline, and 

weighted, histologic assessment of colitis 

was performed by a drug blinded expert 

pathologist. The histopathological 

assessment of damage was determined 

according to the numerical grading score 

introduced by Wallace et.al outlined in 

Table 2. 41. The edema intensity was 

estimated by calculating the ratio of wet 

tissue weight to the length of the colon. 

Table 1. Criteria for scoring of gross morphologic damage 38. 

Score Gross morphology 

0 No damage 

1 Localized hyperemia, but no ulcers or erosions 

2 Ulcers or erosions with no significant inflammation 

3 Ulcers or erosions with inflammation at one site 

4 Two or more sites of ulceration and/or inflammation 

5 Two or more major sites of inflammation and ulceration or one major site of 

inflammation and ulceration extending >1 cm along the length of the colon 

Table 2. Criteria for histological scoring of damage. 

Appearance Score 

Loss of mucosal architecture 0, 1, 2, or 3 (absent, mild, or severe) 

Cellular infiltration 0, 1, 2, or 3 (absent, mild, or extensive) 

Muscle thickening 0, 1, 2, or 3 (absent, mild, or extensive) 

Crypt abscess formation 0 or 1 (absent or present) 

Goblet cell depletion 0 or 1 (absent or present) 

Total Summation 

 

4.2.6.12 Stability study 

Stability studies of the optimized coated 

microsphere formulations were conceded 

according to the guidelines of ICH. The 

optimized drug loaded 

microparticles/pellets, were conducted at 

25˚C±2˚C and 40˚C±2˚C,60% RH 

±5%and 75±5% RH respectively. In the 

coated microparticles/pellets, the 

formulation was sealed in aluminum foils. 

Furthermore, significant changes were 

observed for 6 months. Finally, estimation 

of change in % drug entrapment, moisture 

content and percentage cumulative drug 

release was evaluated 42. 

4.2.6.13 Statistical analysis 

All the results are the mean ± SD of three 

independent experiments. The significance 

of differences (p < 0.05) between 

experimental variables was determined by 

the use of two-tailed Student’s test as well 

as by one way ANOVA (Analysis of 

Variance) followed by post hoc Turkey’s 

test (GraphPad Software Package). The 

statistical significance was indicated by p 

< 0.05. 

 

3. RESULTS AND DISCUSSION 

3.1 Drug and excipients compatibility 

study 

Based on the individual FTIR spectrum of 

pectin, Resveratrol and CAP and its 

comparison to the spectrum of Pectin-

Resveratrol-CAP physical mixture, it is 

evident that major as well as the 

characteristic peaks of the drug and the 

excipients were found to be retained in the 

spectra, indicating that there is no 
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incompatibility between the excipients, suggesting that they are perfectly stable. 

 

Figure 1. A. Shows FTIR spectra of pure Resveratrol. B. Shows FTIR spectra of pure 

Pectin. C. Shows FTIR spectra of physical m mixture. 

 

5.1.2 Preparation of Resveratrol 

loaded microspheres 

5.1.4.1 Preparation of uncoated 

microspheres  

The pectin microspheres were prepared 

using the method reported by Esposito et 

al. 15 with slight modifications 15, 16. 

5.1.4.2 Optimization of uncoated 

microsphere: Box-Behnken design 

(BBD) matrix 

Systematic optimization of uncoated 

microsphere was done by Box-Behnken 

design (BBD) employing three critical 

factors, pectin concentration (A); Stirring 

speed (B) and Span 80 concentration (C). 

Particle size (µm), entrapment efficiency 

(EE %) and recovery (%) were the key 

CQAs. Table 3. shows design matrix, 

composition of seventeen formulations in 

coded form and level of critical factors. A 

total seventeen uncoated microsphere were 

prepared and evaluated for response 

variable such as particle size (µm), EE (%) 

and recovery (%). The second order 

quadratic models were applied to identify 

significant immediate interaction between 

studied critical factors. One-way analysis 

of variance (ANOVA) was employed to 

determine the significance of the model 

(P<0.05) and individual response. The 

residual plot and other parameters such as 

F-value, P-value, regression coefficient 

(R2) and lack of fit were used to determine 

the good fit of the model. Response 

surface analysis was carried out with the 

help of 3D-plots for thorough 

understanding of the effect of each critical 

factors on the CQAs. Finally, the 

optimized formulation was selected from 

the numerical optimization based on the 

desirability function and the design space 

was also determined by graphical 

optimization. 
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Table 3. Box-Behnken design (BBD) matrix displaying seventeen formulations with 

varying levels of factors and result showing impact on CQAs. 

Code Run A B C Y1 Y2 Y3 

MS1 1 0 1 -1 130.80 ±2.23 88.35±1.39 88.83±5.62 

MS2 2 0 1 1 91.05±1.83 72.76±1.63 78.27±3.26 

MS3 3 -1 0 -1 105.72±2.93 62.34±1.92 57.64±2.43 

MS4 4 0 0 0 125.34±1.38 79.19±2.65 84.25±4.61 

MS5 5 0 0 0 123.87±3.82 77.32±1.35 84.28±3.24 

MS6 6 1 -1 0 219.58±1.57 89.23±1.79 69.83±5.73 

MS7 7 0 0 0 126.80±3.82 77.24±1.83 84.21±1.53 

MS8 8 -1 0 1 69.42±1.58 55.59±1.62 46.82±2.83 

MS9 9 1 0 -1 201.33±2.72 87.32±1.02 69.62±2.46 

MS10 10 1 1 0 174.57±1.96 92.13±1.11 80.43±3.09 

MS11 11 0 0 0 126.43±0.93 78.28±1.86 85.21±4.32 

MS12 12 -1 -1 0 125.12±2.06 63.24±2.19 57.05±1.09 

MS13 13 -1 1 0 81.21±1.53 75.32±1.56 68.43±3.25 

MS14 14 0 0 0 126.42±2.42 79.51±1.21 84.69±2.46 

MS15 15 0 -1 1 135.61±1.28 65.93±1.10 66.67±4.05 

MS16 16 1 0 1 160.57±1.62 72.48±2.17 58.86±3.28 

MS17 17 0 -1 -1 174.51±2.24 70.95±1.63 77.47±4.82 

Factors -1 0 +1 

A = Pectin concentration (%) 3.0 4.0 5.0 

B = Stirring speed (RPM) 500 1000 1500 

C = Span 80 concentration (%) 0.5 1.0 1.5 

Y1= Particle size(µm)); Y2 = Entrapment efficiency (EE %); Y3=Recovery (%) 

The responses were analyzed for ANOVA 

and result was presented in table 4. The 

table 5 shows coefficients of the 

polynomial equations generated using 

multiple linear regression analysis for all 

the CQAs. The significant p value (>0.05) 

and high F value of model for all three 

responses revealed that responses well 

fitted in selected model. The insignificant 

lack of fit test and closeness between 

adjusted R 2 and predicated R2 also verified 

good fitting of selected models.  

Table 4. Summary of ANOVA and other statistical parameters for the CQAs of 

uncoated microspheres. 

Source SS Df MSS F P value Adj R
2
 Pred R

2
 Aedq preci 

Response Y1 (Particle size) 

Model 25840.79 7 3691.54 4817.48 < 0.0001 0.9995 0.9994 249.70 

Residual 6.90 9 0.77  - - - - 

Lack of fit 0.94 5 0.19 0.13 0.9781 - - - 
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Pure error 5.95 4 1.49 - - - - - 

Cor total 25847.69 16  - - - - - 

Response Y2 (Entrapment efficiency) 

Model 1548.26 7 221.18 71.65 < 0.0001 0.9687 0.9228 30.345 

Residual 27.78 9 3.09 - - - - - 

Lack of fit 23.44 5 4.69 4.32 0.0906 - - - 

Pure error 4.34 4 1.09 - - - - - 

Cor total 1576.04 16 - - - - - - 

Response Y3 ((Recovery) 

Model 2475.77 9 275.09 2071.47 < 0.0001 0.9991 0.9983 150.21 

Residual 0.93 7 0.13 - - - - - 

Lack of fit 0.20 3 0.066 0.36 0.7852 - - - 

Pure error 0.73 4 0.18 - - - - - 

Cor total 2476.70 16 - - - - - - 

Table 5. Coefficient and p value of terms for the CQAs of uncoated microspheres. 

Factor Response Y1 Response Y2 Response Y3 

Coefficient P value Coefficient P value Coefficient P value 

A 46.81 <0.0001 10.58 <0.0001 6.10 <0.0001 

B -22.14 <0.0001 4.39 <0.0001 5.62 <0.0001 

C -19.47 <0.0001 -4.78 <0.0001 -5.37 <0.0001 

AB -0.26 0.6082 -2.30 0.0078 -0.19 0.32 

AC -1.13 0.05 -2.02 0.0141 0.015 0.9367 

BC -0.21 0.6713 -1.66 0.0323 0.060 0.7516 

A2 12.80 <0.0001 -1.19 0.0908 -17.58 <0.0001 

B2 11.56 <0.0001 2.86 0.0022 1.99 <0.0001 

C2 -4.31 <0.0001 -7.69 <0.0001 -8.71 <0.0001 

Term indicated with Bold were insignificant (p> 0.05) 

The mean particle size for all formulations was in the range 69.42±1.58 - 219.58±1.57 µm. 

The reduced polynomial equation for mean particle size in coded value was given below 

 

The sign of coeffecient (table 5.4.) 

revealed that A has positive effect whereas 

B and C have negative effect on the 

particle size.Interaction terms AC has 

negative effect on mean particle size. The 

quadratic terms A2 and B2 were favourable 

for increasing particle size while 

interaction term C2 was unfavourable. The 

3-D response surface graph (Figure 2.) 

shows effect of critical factors on particle 

size. The value of the coeffecient revealed 

that the pectin concentration has the 

highest effect over the particle size. The 

particle size increased as concentration of 

pectin increased. The increase in size of 

microsphere could be explained on basis of 
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the viscosity of dispersing media which 

was increased due to higher concentration 

of the pectin and causes larger droplets in 

the emulsion resulting in increased 

size43.The particle size decreases with an 

increase in Span 80 concentration. This 

may be due to decrease in interfacial 

tension between dispersed droplets of 

pectin and oil leads reduction in droplets 

size and results decrease in particle size. 

With the increase of steering speed, the 

shear stress increases due to which the 

particle size decreases.  

 

Figure 2: 3D response graph showing the effect of critical factors on particle size. 

 

 

Figure 3: 3D response graph showing the effect of critical factors on EE. 

The EE (%) of various microspheres was 

ranged from 55.59±1.62 % - 92.13±1.11 

%. The effect of critical factors on EE  is 

presented by reduced polynomial equation. 

 

The sign of coefficient displayed that 

pectin concentration and steering speed 

have positive effect on EE. With an 

increase in span 80 concentration EE 

decreases. The influence of critical 

variables on EE is depicted by response 

3D plot (Figure 3.). The pectin 

concentration has highest effect on EE 

followed by span 80 concentration. The 

EE increased with increase in pectin 

concentration and speed indicating an 

enhancement in the loading efficiency of 

drug.   
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Figure 4: 3D response graph showing the effect of critical factors on recovery. 

The recovery of all formulations varied 

from 57.05±1.09 - 88.83±5.62 %. The 

effect of critical factors on T60% was 

presented as the reduced quadratic model 

equation as below. 

 

Pectin concentraion and steering speed 

have positive effect whereas span 80 

concentration has negative effect on 

recovery(%). This is illustrated in 3D plot 

(Figure 4.). From the plot it is revealed 

that the recovery increases with increase in 

the pectin concentration and steering 

speed. 

Selection of optimum formulation  

The CQAs acceptance value was set within 

a desired range to select optimum 

microsphere formulation and to create a 

design space for formulation and process 

parameters. The value of adequate 

precision greater than 4 revealed that 

applied model can employed to navigate 

design space 44 (Table 5).  The mean 

particle size was set to NMT 150 µm, EE 

was set to NLT 70% whereas recovery was 

set to NLT 70%. Figure 4 depicts an 

overlay plot comprising of two regions, the 

yellow region referring the optimal region 

and the gray area where the response was 

not in the acceptance criterion 45. 
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Figure 5. Design space showing optimize 

region for uncoated microsphere. 

To select optimum formulation, numerical 

optimization approach was employed and 

setting for optimum microsphere 

formulation is shown in table 6. Lower 

value of biases and relative biases 

indicated close agreement with small 

differences between observed and targeted 

value of responses.  

Table 6. Level of parameters, predicate value and experimental result for optimise 

formulation 

Optimal setting CQA Predicated Observed Absolute 

biases 

Relative 

biases 

(%) 

Desirability 

A = 4.13 % 

B = 1015 RPM 

C = 0.71 % 

Y1 (µm) 141.49  143.45  1.38 2.24 100 

Y2 (%) 79.67 80.32 0.65 0.81 

Y3 (%) 85.35 82.81 2.54 2.97 

5.1.4.3 Characterization of the optimum uncoated microspheres 

Recovery, entrapment efficiency  

The entrapment efficiency and recovery of the optimum uncoated microsphere was found 

80.32 ± 2.91 %, and 82.81 ± 3.14 % respectively.  

Particle size 

The mean particle size and polydispersibility index (PDI) of optimum uncoated microsphere 

were found 143.45 ± 4.82 µm  and 0.65 respectively. 

In-vitro dissolution and drug release kinetic study 

Dissolution study was performed in different pH. In-vitro drug release profiles of resveratrol 

from optimum uncoated microsphere has been presented in figure 6. Table 7. shows the 

results of fitting of the drug release data for resveratrol from microsphere into various kinetic 

models. The result shows that resveratrol release found to be best fitted in the Higuchi kinetic 
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model (R2 = 0.9891) and diffusional release exponent (n) of Korsmeyer Peppas model was 

found 0.7243 (< 0.5) indicating grossly non fickian diffusion 46. 
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Figure 6. In vitro drug release of resveratrol from optimised uncoated microsphere 

Table 7. Drug release kinetic analysis for optimized microsphere 

Zero order Higuchi 

Kinetic 

First order Hixson Crowel Korsmeyer 

Peppas 

R2 Ko R2 Kh R2 K1 R2 Khc R2 n 

0.9364 0.1271 0.9891 3.804 0.9874 0.0034 0.962 0.0008 0.973 0.7243 

 

5.1.4.4 Coating of optimised Pectin 

Microparticles 

Pectin microparticles coating was done 

using the oil-in-oil solvent evaporation 

method as reported by Lorenzo-Lamosa et 

al., (1998) with little changes 18.. 

5.1.4.5 Characterization of optimised 

Resveratrol loaded coated 

microspheres 

Percentage Yield of microspheres  

The percentage yield of the prepared five 

formulations were as follows in table 8. 

Table 8. Percentage Yield of optimised 

coated microspheres  

Formulation 

Code 

Yield (%) (Mean ± 

SD) * 

MF1 77.43±0.35 

MF2 77.67±0.79 

MF3 76.89±0.52 

MF4 77.98±0.97 

MF5 77.63±0.89 

Micromeritics properties of 

microspheres 

The flow properties of prepared 

microspheres were measured by using 

various factors like angle of repose, bulk 

density, tapped density, Carr’s Index and 

Hausner’s, ratio. These were measured by 

using following equations 20. 

Drug Loading and Entrapment 

Efficiency Determination 

The average drug loading capacity for 

Resveratrol in coated microparticles was 

found to be in the range of 66.58±1.32 to 

69.37±1.63 respectively. The % average 

drug entrapment of Resveratrol in coated 

microparticles was found to be in the range 

of 80.58±1.86 to 83.77±1.75. 
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Table 9. Micromeritics properties of optimised coated microspheres  

Formulation 

codes  

Angle of 

repose  

Hausner’s 

ratio  

Compressibility 

index  

Tapped 

density  

Bulk 

density  

MF1  18.46 ± 

1.46 

1.19 ± 0.11 15.62 ± 1.32  0.32 ± 

0.02  

0.27 ± 0.01  

MF2  22.53 ± 

1.95 

1.15 ± 0.32  12.90 ± 2.42  0.31 ± 

0.01  

0.27 ± 0.01  

MF3  24.81 ± 

2.36  

1.18 ± 0.15  15.15 ± 1.61 0.33 ± 

0.01  

0.28 ± 0.01  

MF4  24.67 ± 

2.56  

1.12 ± 0.59  10.81 ± 2.41 0.37 ± 

0.08  

0.33 ± 0.01  

MF5  26.38 ± 

2.45  

1.18 ± 0.29  15.79 ± 2.37  0.38 ± 

0.04 

0.32 ± 0.01  

Table 10. Characteristics of Resveratrol Loaded Polymeric microspheres 

Formulation 

code 

Average Particle size 

(μm) 

Polydispersity 

index (PDI) 

Drug loading 

(%) 

Entrapment 

efficiency (%) 

(Mean ± SD) * 

MF1  12.43 ± 1.63 0.705 66.58±1.32 80.58±1.86 

MF2  22.41 ± 1.55  0.673 67.34±1.61 81.39±1.24 

MF3  36.13 ± 1.27  0.641 69.37±1.63 82.56±1.91 

MF4  30.566 ± 1.21  0.711 68.83±1.33 81.81±1.85 

MF5  33.14 ± 1.16  0.609 67.28±1.61 83.77±1.75 
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Figure 7. Entrapment efficiency and drug loading of MF1-MF5. 

Particle Size Analysis 

The particle size and size distribution of the microspheres were measured by using Malvern 

NANO ZS90 23, 24. 
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Scanning Electron Microscopy (SEM) 

As shown in the SEM and TEM images, the microparticles were found to be spherical and 

had smooth surfaces as shown in the figures 8.  

 

Figure 8. SEM images of prepared Resveratrol loaded microspheres 

 

In-vitro drug release study  

The release of Resveratrol from the 

formulated microparticles in simulated 

gastric, intestinal, and colonic media was 

investigated. Figure 9. reveals that the 

release of Resveratrol in gastric media for 

the first two hours was very less ranging 

from 0.9-5.59%. The release pattern also 

showed that drug release was lesser in 

formulation containing higher proportion 

of polymer. Drug release was 

comparatively higher in SIF ranging from 

23.72%-32.41% as shown in table 11. 

However, release of drug from MF4 and 

MF5 was 31.96% and 37.44% 

respectively, this result clearly indicates 

that higher the proportion of coating higher 

is the ability to prevent the drug release in 

upper GIT. Due to the enteric coating of 

microparticles, CAP can restrict drug 

release in the stomach. This small quantity 

of drug release through this period may be 

due to the presence of the un-entrapped 

drug on the surface of the microparticles or 

diffusion of the drug from the outer 

surface of the pectin microparticles. 

Release of drug increased significantly in 

SCF from 44.66% to 60.12%, release rate 

at this environment was more for 

formulation MF4 and MF5.  These release 

patterns clearly indicate the potential of 

this formulation to be a suitable colonic 

drug delivery carrier. 

In vitro drug release study with 4% w/v 

rat caecal matter  

Based on in vitro release pattern in SGF, 

SIF and SCF, formulation MF4 and MF5 

was selected for further in vitro studies in 

SCF containing 4% w/v rat caecal matter 

as it predominantly renders anaerobic 

environment. The release pattern was 

similar during the first 5 h in SGF and SIF, 

but release rate increased significantly in 

SCF containing 4% w/v rat caecal matter 

in the 6 hrs (73.45% and 74.37%) as 

shown in the figure 10.  The release rate 

increases to 77.38% and 79.46% in SCF 

containing 4% w/v rat caecal matter at the 

end of 10h as shown in table 12. This 

clearly reveals the susceptibility of the 

pectin-based system for biodegradation in 

anaerobic environment of colon which is 

present in vivo. 

The colonic bacteria are predominately 

anaerobic in nature and secrete enzymes 

that are capable of metabolizing substrates 

such as carbohydrates and proteins that 

escape the digestion in the upper GI tract. 

Most common mechanisms of microbial 

activation in the colon are azo-reduction 

and glycosidic-bond hydrolysis.47 Pectin 

consists of the methyl esters rhamnose, 

galacturonic acid, galactose, glucose and 

glucuronic acid. The galacturonic acid in 

the pectin could be in the L-configuration. 
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The main structural elements of pectin as 

reported earlier concluded that it contained 

a repeating unit of galacturonic acid 

residues.48 The findings as shown in 

Figure 10 that drug release is less in upper 

gastrointestinal tract and comparatively 

more in colonic environment containing 

4%w/v rat caecal matter can be clearly 

related to the above mentioned facts. 

 

Table 11. Shows in vitro % cumulative release of formulations MF1-MF5 in SGF, SIF 

and SCF for ten hours. 

Time (Hours) % CR (Cumulative Release) 

 
MF1 MF2 MF3 MF4 MF5 

0 0 0 0 0 0 

1 3.19±0.42 2.98±0.46 1.3±0.56 1.3±0.43 0.9±0.51 

2 5.59±0.63 4.86±0.54 2.6±0.65 2.03±0.49 1.7±0.47 

3 16.78±0.55 22.78±0.45 24.85±0.47 26.78±0.35 28.91±0.47 

4 23.72±0.46 28.87±0.48 30.67±0.44 31.56±0.19 32.41±0.67 

5 28.66±0.38 34.67±0.55 35.52±0.46 36.96±0.64 37.44±0.49 

6 44.66±0.43 49.78±0.52 50.09±0.52 52.15±0.42 53.46±0.58 

7 49.33±0.57 54.65±0.72 56.19±0.48 56.39±0.46 56.56±0.49 

8 51.44±0.43 56.76±0.48 57.13±0.50 57.85±0.38 57.41±0.44 

9 53.49±0.47 57.80±0.39 58.24±0.61 58.67±0.56 58.75±0.48 

10 55.55±0.71 59.13±0.47 59.61±0.42 59.65±0.51 60.12±0.54 

Table 12. Shows in vitro % cumulative release of formulations MF4 and MF5 in SGF, 

SIF and SCF containg 4% w/v Rat caecal matter for ten hours. 

Time 

(Hours) 

% Cumulative Release in SCF containing 4% w/v Rat caecal matter from 

sixth hours 

 MF4 MF5 

0 0 0 

1 1.3±0.37 0.98±0.48 

2 2.15±0.51 1.97±0.61 

3 26.78±0.53 28.75±0.53 

4 31.56±0.38 32.41±0.44 

5 36.76±0.39 37.34±0.47 

6 73.45±0.58 74.37±0.51 

7 74.67±0.63 75.51±0.54 

8 75.45±0.58 76.62±0.48 

9 76.15±0.49 77.51±0.36 

10 77.38±0.47 79.46±0.46 



Section A-Research paper 

 

Fabricating coated pectin-based resveratrol loaded microparticles by Box-Behnken design 

optimization of for colonic delivery and in vivo evaluation thereof 
 

 

1024 Eur. Chem. Bull. 2023,12(Special Issue 5),1007-1033 

 

Figure 9. Shows in vitro cumulative drug release for ten hours in SGF (pH 1.2), SIF (pH 

7.4) and SCF (pH 6.8) 

 

Figure 10. Shows in vitro cumulative release of formulations MF4 and MF5 in 4% w/v 

Rat caecal matter. 
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Table 13. Shows data for r2 values of formulations MF4 and MF5 for different 

mathematical models. 

Formulation r2 value Mathematical Model 

MF4 0.901 Zero order 

0.884 First order 

0.830 Higuchi 

0.910 Peppas 

MF5 0.902 Zero order 

0.901 First order 

0.830 Higuchi 

0.917 Peppas 

Mathematical treatment of the in vitro release kinetics  

 

In vitro release kinetics of the two best 

formulations was subjected to 

mathematical treatment for zero order, 1st 

order, and Higuchi and Peppas model. 

Based upon the evaluated r2 value, release 

pattern of both the formulations was best 

fitted to Korsmeyer-Peppas model as 

shown in table 13. according to equation: 

Mt/M∞ = atn 

For formulation MF4 and MF5 (n= 1.771 

and n=2.013) respectively in case of 

Peppas model indicating the drug transport 

mechanism as Super Case II transport. 

This model describes the release of those 

polymeric dosage forms when more than 

one type of release phenomenon could be 

involved.49 Therefore in the present case 

the release of drugs from the 

microparticles is by swelling and erosion 

which is also in accordance to in vitro drug 

release data. 

Statistical analysis of the in vitro release 

data 

Statistical analysis by student’s ‘t’ test 

clearly signifies that release rate 

significantly increased in (SCF) containing 

4%w/v rat caecal matter (p<0.0001) as 

compared to release rate in (SCF) without 

4% w/v rat caecal matter. 

5.1.5 In vivo pharmacokinetic study 

In vivo pharmacokinetic studies of plain 

Resveratrol and optimized coated 

microspheres were performed in rats. The 

pharmacokinetic parameters evaluated are 

listed in table 14. Plasma drug 

concentrations following administration of 

the plain drug and optimized coated 

microspheres were plotted against time 

(Figure 11). The study showed longer 

Tmax value for optimized coated 

microspheres than plain Resveratrol. 

However, Cmax and AUC0–48h values 

were higher in case of plain drug than 

optimized coated microspheres. In group 

1, Resveratrol was detectable in plasma at 

5 min. Drug concentration was rapidly 

increased and reached to maximum 

concentration at 3 h, and then quickly 

decreased. Drug was not detectable in 

plasma at 12 h. In case of group 2, the drug 

was not detectable in plasma upto 12 h 

following administration of optimized 

coated microspheres. Thereafter, 

maximum concentration of Resveratrol 

was detected in plasma at 22 h, since 

enzymatic degradation of 

polysaccharides/pectin by colonic 

microflora is a slow process that requires 

several hours for completion 50, 51. Drug 

concentration in plasma gradually 

decreased with time such that the drug was 

not detectable in plasma at 48 h. 
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Measurement of drug concentration in 

blood was performed to determine drug 

release in the GI tract following 

administration of the formulation. Many 

researchers used pharmacokinetic study to 

predict in vivo colon specific drug release 
52-56. It is well established that drug in any 

formulation needs about 5–6 h for its 

arrival to the colon 53, 57. Hence, plain 

Resveratrol cannot be considered as colon 

specific since the drug starts appearing in 5 

min and the concentration was maximum 

at 3 h. On the other hand, no drug was 

detected in plasma till 12 h after 

administration of optimized coated 

microspheres/pellets. Absorption was 

delayed in case of optimized coated 

microspheres, indicated by its longer 

Tmax, indicating that the optimized coated 

microspheres prevented drug release in the 

upper part of the GI tract and releases it in 

the colon. The higher Cmax and AUC0–48 

with plain Resveratrol is due to the 

absorption of maximum amount of drug 

from the upper part of GI tract, which has 

a large surface area available for 

absorption. The lower value of Cmax and 

AUC0–48 in case of optimized coated 

microspheres/pellets would account for the 

low systemic bioavailability. Thus, 

minimal amount of drug is available 

systemically for interaction with non-target 

site such that most of the drug resides in 

the colonic tissue for longer duration for 

its desired local action at colonic sites. 

This signifies that CAP coated 

microspheres loaded with Resveratrol 

showed in vivo colon specific release. 

Table 14. Pharmacokinetic parameters of plain Resveratrol and optimized coated 

microspheres (Mean ± SD, n = 3). 

Optimized coated microspheres 

Pharmacokinetic parameters Group 1 

(Plain Resveratrol) 

Group 2  

(Optimized coated microspheres) 

Tmax (h)  3.1  23 

Cmax (mg/ml)  1.78 ± 0.62 0.98 ± 1.32 

AUC0–48h (mg h ml_1)  6.37 ± 1.24 4.24 ± 2.16 
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Figure 11. Plasma concentrations time profile of Resveratrol after a single oral dose of 

plain Resveratrol (Group 1) and optimized coated microspheres (Group 2) (p > 0.05). 
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5.1.6 In vivo Pharmacodynamic 

studies: TNBS induced colitis 

Effects on General Condition, Body 

Weight, and Colon Weight/Length 

TNBS-induced rats had hypomotility, 

frequent loose, purulent, and bloody stools 

with significant weight loss compared to 

the normal control group. The rats treated 

with microsphere formulation in different 

doses (10 mg or 20 mg/kg) via oral route 

and sulfasalazine (500 mg/kg) showed 

remarkable dose-dependent improvement 

of mentioned symptoms after 7 days of 

treatment. The body weight changes and 

improved colon weight/length ratios are 

demonstrated in figure 12. on the 7th day 

of research. 

 

Figure 12. Effects of trinitrobenzenesulfonic acid- (TNBS-) induced colitis and 

administration of optimised formulation or sulfasalazine on body weight change in 

comparison to the initial body weight before the start of the study (a) and the ratio of 

colon weight to colon length (b) at the 7th day after induction of colitis. Data are 

expressed as mean ± SD. N=8 in each experimental group. 

 

Effects on Macroscopic Changes in 

TNBS Induced Colitis 

The gross resemblance of the untreated 

TNBS-induced colon model was severe 

edema, inflammation, and hyperaemia 

compared with the healthy group that had 

no inflammation. As shown in table 15., 

the administration of formulations and 

sulfasalazine significantly improved the 

macroscopic scores of colitis with 

decreasing hyperaemia and inflammation 

of the colon in TNBS-induced groups. 

These improvements were dose-dependent. 

Effects on Histologic Changes in TNBS-

Induced Colitis 

The histologic appearance of untreated 

TNBS induced colitis mucosa was edema, 

ulceration, acute inflammatory cell 

infiltration, loss of cells, distorted mucosal 

architecture, and thickening of lamina 

propria (Table 15. and Figure 13.). The 

extent and severity of inflammatory cell 

infiltration and cellular damage were 

significantly attenuated by treatment with 

formulations orally (10 and 20 mg/kg) and 

sulfasalazine (500 mg/kg). These 
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treatments also improved edema of the 

colon mucosa and crypt architecture. The 

changes were dose-dependent, so more 

improvement was seen with 20 mg/kg 

formulation and sulfasalazine. 

 

Table 15. The effects of optimised formulations (microspheres) and sulfasalazine 

administration. 

Optimised coated microsphere formulation 

Group  Group A:  

Macroscopic score 

B:  

Histological score 

Normal control  0  0.72 ± 0.08 

Positive control  5  10.20 ± 0.74 

Free Resveratrol 10 mg/kg orally  3  8.41 ± 0.41 

MF 10 mg/kg orally  2  6.92 ± 0.21 

MF 20 mg/kg orally 1  6.74 ± 0.42 

Sulfasalazine (treated control)  1  6.56 ± 0.13 

 

 

Figure 13. Histopathological colonic mucosal sections at different groups contain 8 rats 

(n = 8): Normal control mucosa with the intact epithelial surface and crypts (A), TNBS-

induced colitis with severe mucosal ulceration, and totally glandular destruction, as well 

as crypt abscess formation and loss of mucosal architecture (B, X100), TNBS colitis 

treated with optimised microsphere formulation 10 mg/kg intragastrically shows 

moderate loss of mucosal architecture, cryptitis, goblet cell depletion, and muscle 

thickening (C, X100), TNBS colitis treated with optimised microsphere formulation 20 

mg/kg intragastrically shows mild loss of mucosal architecture, cryptitis, goblet cell 

depletion, and muscle thickening (D, X100) and TNBS colitis treated with sulfasalazine 

(E, X100) with mild glandular destruction, cryptitis, and goblet cell depletion. 
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5.1.8 Stability study 

The stability study of optimised coated 

microparticle best formulation was 

performed at temperature (25±2˚C and 

40±2˚C) and (60±5% as well as 75±5%) 

respectively with relative humidity for 6 

months. The changes in percentage drug 

entrapment, moisture content and % 

cumulative drug release of formulations 

have been shown in table 16. There was no 

significant decrease in % drug entrapment, 

moisture content and % cumulative drug 

release of formulations indicating high 

stability of the coated microparticles 

formulations as shown in table 16. 

Table 16. Stability of coated microparticle formulations (MF5) loaded with drug after 6 

months. 

MF5 

Coated 

microparticl

es 

Stability at 25±2 0C Stability at 40±2 0C 

Day 0 Day 60 Day 120 Day 180 Day 0 Day 60 Day 120 Day 180 

% Drug 

entrapment 

81.49±3.
14 

81.21±2.
55 

80.87±4.
52 

80.38±3.
64 

81.49±3.
16 

82.01±3.
65 

79.94±3.
54 

80.12± 
4.48 

% 

Cumulative 

drug release 

79.12±1.

6 

79.54±1.

8 

79.29±2.

17 

79.11±3.

8 

79.12±1.

4 

78.97±2.

7 

78.97±2.

5 

80.86±3

.5 

 

4. CONCLUSION 

The study clearly demonstrated a 

successful fabrication and optimisation of 

a colon targeted microsphere formulation. 

The in vitro and in-vivo study indicated 

that the formulation MF5 could protect the 

drug in upper GI tract while releasing 

significant (p<0.0001) of Resveratrol in 

SCF containing caecal content at the end 

of 10 h under anaerobic conditions. Thus, 

based on the above-mentioned findings it 

could be concluded that Pectin based 

enteric coated system could be 

successfully used in colon specific 

delivery systems. In this study, natural 

polysaccharides pectin was used for 

favourable degradation in the colon region 

only. The coating of enteric-coated CAP 

polymer was done which retarded the drug 

release in the stomach region.  
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