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Abstract
Targeted drug delivery systems into the colon to cure different local diseases like ulcerative colitis,
cancer, and irritable bowel diseases have gained attention. These drug delivery systems are more effective
for local inflammation and have limited side effects. The purpose of the present study is to formulate a
controlled-release system of mesalazine, an anti-inflammatory agent by fluidized bed coating. The formulation was prepared using hydroxyl propyl methylcellulose as sustained delivery and cellulose acetate
phthalate for enteric-coated behavior. The prepared granules were evaluated for particles size, moisture
content, friability, dissolution test. The granules made with wet granulation had a suitable size and free
flowability with carr's index lower than 20. It was concluded that the prepared granules could be successfully formulated with the use of release retarding polymers. The formulation showed appropriate release
retardation of the drug, indicating the potential of a delivery system. A further investigation like capsule
preparation and microbial count examination is needed for better evaluation of the formulation.
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1. Introduction
Oral drug delivery is the preferred route
for drug administration due to patient compliance,
formulation flexibility, and ease of administration
(1). However, this method is insufficient for drugs
intending to cure local colon disease since most
drugs are absorbed before reaching the colon (2).
In recent years, specific drug delivery to the colon for local diseases like irritable bowel disease
(IBD), Ulcerative colitis (UC), and Crohn's disease (CD) has gained considerable attention. The
beneficial effects of targeted colon drug delivery
systems include lower doses consumption, reduced gastric mucosal damage, reduced drug side
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effects, and inhibited the first pass effect (FPE)
(3, 4).
Mesalazine (5-aminosalicylic acid (5ASA)) acts as a local anti-inflammatory compound by inhibiting cyclooxygenase, reducing
prostaglandins production in the colon for mild to
moderate UC patients, and maintaining treatment
during a recovery phase. Absorption of the drug at
the upper part of the gastric intestinal tract reduces
the therapeutic effects, and the anti-inflammatory
effect of mesalazine would be increased when the
drug primarily targets the mucosa of the colon or
terminal ileum (5). Therefore, a modified release
drug delivery system to control or delay the release
of the drug can provide stable delivery of the drug
to the colon (6).
Received: 08/12/2021; Accepted: 01/03/2022

Sanaz Mehdi-alamdarlou et al.

Many controlled-release formulations
have a pH-dependent manner and are developed
with enteric-coated polymers like cellulose acetate phthalate, polyvinyl acetate phthalate, and
hydroxypropyl methylcellulose phthalate (7, 8).
Granulation methods include a dry method using
mechanical compression-compaction to produce
sludge and a wet method that utilizes liquid-like
binder or solvent to form a wet mass, which assigns powder to fine granules with free flowability
(9). Wet granulation is the most widespread technique used despite the limitations involving multiple unit processes like wet massing preparation,
drying, and screening, which are complex, timeconsuming, and expensive, requiring ample space
and different types of equipment. Different granulation techniques such as roller compaction, spray
dryer, supercritical fluid, low or high shear mixing,
fluid bed granulation, extrusion/spheronization
have been successfully developed in the preparation of various pharmaceutical dosage forms (1012).
This study aimed to prepare controlled release mesalazine granules with a wet granulation
method. Two polymers were used for this formulation include cellulose acetate (CAP) for an enteric
coat (EC), and hydroxypropyl methylcellulose
(HPMC) was used for extended-release behavior
of granules.

tion, which set at 258 nm. C18 column used as
stationary phase, and acetonitrile and acetate buffer (pH =6.8) with a ratio of 60: 40 were used as
mobile phase (13). Chromatogram analysis was
performed by clarity® software. In this drug assay method, validation tests were performed completely. Standard sample solutions in an aqueous
solution were prepared. Samples concentrations
(0.5, 1, 5, 10, 25, 100 µg/ml) with serial dilution
was prepared from the stock solution (1mg/ml).
Each sample was prepared three times and injected
into the HPLC system on three different days.

2. Materials and methods
2.1. Materials
Exir Pharmaceutical Company kindly donated Mesalazine. (Borujerd, Iran). All chemical
compounds and materials needed for the present
study had been prepared locally, and all solvents
were HPLC grade.

2.2.3. Within day variation
Each concentration (0.5, 1, 5, 10, 25, 100
µg/ml) was prepared three times, and each of them
was injected into HPLC on the same day. The coefficient of variation (CV %) for all samples was
measured.

2.2. Drug assay
This study used the high-performance
liquid chromatography (HPLC) method to determine the mesalazine amount. The applied HPLC
instrument (KNAUER, Azura made in Germany)
consists of a pump controller unit (P 6.1 L, FBE
182300004, KENAUVER), Reodyne injector with
20 ml loop for sample delivery with a flow rate
of 1 ml/min, and ultraviolet detector (UVD2.1 L,
FOA182300006, KENAUVER) for drug detec38

2.2.1. Method validation test
The developed method was validated by
evaluation of selectivity, specificity, linearity, the
limit of quantification (LOQ), precision, accuracy,
limit of detection(LOD) according to the US Food
and Drug Administration (FDA) guidelines (14).
2.2.2. Linearity
Serial samples (0.5, 1, 5, 10, 25, 100 µg/
ml) from drug concentrations were injected into
the HPLC in three separate runs. In each case,
the linear regression analysis was obtained on the
known added concentrations of mesalazine against
the corresponding peak AUC. Then the regression
coefficient (r), slope, and intercept of the resulting
calibration curves were determined.

2.2.4. Between day variation
On three different days, three same samples were used for the construction of the standard
curve. The same concentrations used in the withinday variations test were prepared and analyzed by
the HPLC method. The CV% was obtained in each
case.
2.2.5. Limit of detection and limit of quantification
The limit of quantitation (LOQ) of the
method was determined as the lowest mesalazine
Trends in Pharmaceutical Sciences 2022: 8(1): 37-42.
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concentration capable of being quantitated with acceptable accuracy (80-120%) and precision (20%).
Limit of detection (LOD) was determined as the
mesalazine concentration that produced a signal/
noise ratio of 3.
2.2.6. System suitability tests
The following parameters were calculated
as system suitability factors that indicated the suitability of the developed method (Equation 1-3).
 T 
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W h / 2 
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(Eq. 1)
(Eq. 2)
(Eq. 3)

Where "Rt" is the peak retention time,
"W" is the peak width at 0.05 peak height, "Wh/2"
is the peak width at 0.5 peak height, "f" is the front
half-width of the peak at 0.05 peak height, and "ta"
is the retention time of non-retained peak (solvent
front) (15).

lution by fluidized bed dryer bottom spray Glat®.
After that, 24 hours later, enteric-coated granules
were coated with CAP in the mixture of dichloromethane, propyl glycol, and ethanol.
2.4. In vitro characterization tests
2.4.1. Particle size and size distribution
Particle size is an important indicator for
determining the bio-fate of particles. After the drying process, particle size and size distribution were
evaluated with passed the granules through sieves
NO 25 and 8.
2.4.2. Moisture content evaluation
The moisture content of prepared granules was determined by comparison of the initial
weight (wi) of prepared granules with the final
weight (wf) of granules according to the following
formula (18) (Equation 4).

W i − W f / W i × 100

(Eq. 4)

2.4.3. Flowability of granules evaluation
Tapped density tester was used for obtained obtaining tapped and bulk density of granules. Bulk density was obtained after a 100 ml
glass cylinder filled with granules, whereas tap
density obtained after 1250 taps were applied to
the granules. By calculating these parameters,
carr's index (CI) according to the following equation was obtained. This parameter provides good
information for granules flowability (Equation 5).

2.3. Preparation of mesalazine granules
2.3.1. Preparation of core
For core preparation, the wet granulation
method was used with fluidized bed dryer bottom
spray Glat®. For this purpose, microcrystalline
cellulose (avicell) as a filler, starch paste 10% as a
wet binder, and starch as a disintegrant was used.
In brief, 50% of mesalazine, 16.67% of starch, and
27.5% of Avicell were mixed geometrically. The
ñT − ñB
30 mL of starch paste 10% was added drop-wise =
(Eq. 5)
CI
×100
ñ
T
in five steps and mixed with other substances with
fluidized bed dryer bottom spray Glat®. The obThe carr's index is higher than 25 indicates
tained granules were left at room temperature for
poor flowability of the granules, and CI lower than
24 hours (16).
20 indicates good flowability (19).
2.3.2. Granule coating
Two layers for specific delivery of mesalazine to the colon were used. The inner layer
was hydroxyl propyl methylcellulose (HPMC) as
sustained delivery, and the outer one was cellulose
acetate phthalate (CAP) for the enteric coat of mesalazine (17).
HPMC 5% in water was prepared, and
mesalazine granules were coated with HPMC soTrends in Pharmaceutical Sciences 2022: 8(1): 37-42.

2.4.4. Dissolution test
In vitro dissolution test was performed for
coated granules using USP dissolution apparatus II
(paddle type). In brief, 900 ml of HCl 0.1 N with
pH 1.2 was transferred to the apparatus and allowed to reach the temperature of 37°C. 120 mg of
coated granules were rapidly placed into the apparatus, and the test was started. Sampling was carried out at times 1 and 2 hours, and the solution was
39
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Figure 1. Calibration curve of mesalazine (n=3).
filtered through a sieve with the mesh number 80.
Then granules were placed in the phosphate buffer
with pH 6.8 in the apparatus with a temperature of
37°C. Sampling was performed at times 1, 2, 3,
and 4 hours. Then the solution was filtered through
a sieve with number 80, and granules were placed
in phosphate buffer with pH 7.5. The sample was
withdrawn at a time of 90 minutes.
In all steps, the temperature was kept at 37
°C with 100 rpm. All samples were kept at -20°c
for further evaluations (20).

and p-value>0.05, respectively.
3.2. Method validation test
The LOD was 200 ng/ml, and LOQ was
0.5 µg/ml. The number of theoretical plates (N),
peak symmetry (Ps), and K’ were 1929.0036, 0.3,
and 2, respectively. The values obtained by between and within day variations and given in Table
1.
3.3. In vitro Characterization tests
3.3.1. Particle size and size distribution
In order to unify the granule's size and size
distribution, the granules were passed through the
sieves. The granules were placed at the surface
of sieve 25 were selected as optimal size. Results
from particle size and size distribution indicated
uni-dispersed particles larger than 710 mm. Due to
their uniformed size and smooth surface was desirable candidates for designing different types of
specific colon delivery systems.

3. Results and discussion
3.1. Drug assay
In this study, the HPLC method was used
to analyze the mesalazine amount. The retention
time was 3 minutes at 258 nm. Figure 1. demonstrated a linear correlation between concentration
and AUC in Mesalazine concentration 0.5 to 100
mg/ml. Linear regression with R2 (0.9999), slope
(11.433), and intercept (4.2205) were acquired.
In statistical regression analysis, the correlation
between R square and adjusted R square was de3.3.2. Moisture content
termined. With p-Value < 0.05, the R square and
The moisture content of obtained granules
adjusted R-square are 0.9999 and 0.9999, respecwas less than 5%. The low amount of moisture
tively. Additionally, the hypothesis test was delibcontent and the absence of fine particles in final
erated for intercept and slope with p-value<0.05
granules indicated that binder (microcrystalline
Table 1. The accuracy of within and between day variations of mesalazine.
conc. (µg/ml)

40

0.5
1
5
10
25

Within day variations
Accuracy % (Mean±SD)
78.47±0.05
78.87±0.002
107.04±0.26
113.80±0.13
101.88 ±1.07

Between day variations
Accuracy % (Mean±SD)
111.27±0.16
78.27±0.08
110.80±0.53
109.07±1.07
105.08 ±0.91

100

105.25±4.93

104.83±10.28
Trends in Pharmaceutical Sciences 2022: 8(1): 37-42.
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Figure 2. The results of drug released from granules.
cellulose) and filler (starch paste 10%) have a
good performance in granule preparation.
3.3.3. Flow ability of granules
The CI of prepared granules was calculated 18, and this parameter lower than 20 indicated
good flowability of granules.
3.3.4. Dissolution analysis
The results of drugs release (Figure 2.) in
different media from granules with different pH
indicated extended-release and enteric-coated behavior of granules in acidic media.

4. Conclusion
A colon-targeted drug delivery-based novel drug delivery system has been developed to provide controlled release systems for oral delivery of
mesalazine. The formulation showed appropriate
release retardation of the drug, indicating the potential of the delivery system. A further investigation like capsule preparation and microbial count
examination is needed for better evaluation of the
formulation.
Conflict of Interest
The authors have no conflict of interest.

.................................................................................................................................

References
1.
Keerthi Brahmandam K, Kothamasu S,
Makineni A, Nama S. Formulation and evaluation
of sitagliptin phosphate gastro retentive tablets.
Caribb J Sci Tech. 2014;2:270-81. https://doi.
org/10.1155/2019/3950942
2.
Omar S, Aldosari B, Refai H, Gohary OA.
Colon-specific drug delivery for mebeverine hydrochloride. J Drug Target. 2007 Dec;15(10):691700. doi: 10.1080/10611860701603281. PMID:
18041637.
3.
Amidon S, Brown JE, Dave VS. Colontargeted oral drug delivery systems: design trends
and approaches. AAPS PharmSciTech. 2015
Aug;16(4):731-41. doi: 10.1208/s12249-0150350-9. Epub 2015 Jun 13. PMID: 26070545; PMCID: PMC4508299.
4.
Bayan MF, Bayan RF. Recent advances
in mesalamine colonic delivery systems. Future J
Pharm Sci. 2020;6(1):43. doi:10.1186/s433094-2-00057-7
5.
Abinusawa A, Tenjarla S. Release of
5-Aminosalicylic Acid (5-ASA) from Mesalamine
Formulations at Various pH Levels. Adv Ther.
Trends in Pharmaceutical Sciences 2022: 8(1): 37-42.

2015 May;32(5):477-84. doi: 10.1007/s12325015-0206-4. Epub 2015 May 8. PMID: 25951927;
PMCID: PMC4449368.
6.
Déo SC, Andreazza IF, Possamai JC.
Development of mesalazine pellets coated with
methacrylic-derived polymer. Braz J Pharm Sci.
2011;47:103-9.
https://doi.org/10.1590/S198482502011000100013
7.
Kaur G, Grewal J, Jyoti K, Jain UK, Chandra R, Madan J. Chapter 15 - Oral controlled and
sustained drug delivery systems: Concepts, advances, preclinical, and clinical status. In: Grumezescu AM, editor. Drug Targeting and Stimuli Sensitive Drug Delivery Systems: William Andrew
Publishing; 2018. p. 567-626. https://dx.doi.org/1
0.3390%2Fpharmaceutics11090436
8.
Nesbitt RU, Goodhart FW, Gordon
RH. Evaluation of polyvinyl acetate phthalate as an enteric coating material. Int J Pharm.
1985;26(3):215-26. https://doi.org/10.1016/03785173(85)90231-5
9.
Shanmugam S. Granulation techniques
and technologies: recent progresses. Bioimpacts.
2015;5(1):55-63.
doi:
10.15171/bi.2015.04.
41

Sanaz Mehdi-alamdarlou et al.

Epub 2015 Feb 18. PMID: 25901297; PMCID:
PMC4401168.
10.
Agrawal R, Naveen Y. Pharmaceutical
processing–A review on wet granulation technology. Int J Pharm Front Res. 2011 Apr;1(1):65-83.
11.
Suresh P, Sreedhar I, Vaidhiswaran R,
Venugopal A. A comprehensive review on process and engineering aspects of pharmaceutical
wet granulation. Chem Eng J. 2017;328:785-815.
http://doi.org/10.1016/j.cej.2017.07.091
12.
Thapa P, Tripathi J, Jeong SH. Recent
trends and future perspective of pharmaceutical
wet granulation for better process understanding and product development. Powder Technol.
2019;344:864-82.
13.
Basavaiah K, Rajendraprasad N, Vinay KB. Isocratic High-Performance Liquid Chromatographic Assay of Olanzapine:
Method Development and Validation. ISRN
Anal Chem. 2014;2014:616941. https://doi.
org/10.1155/2014/616941
14.
Patil GD, Tambe KP, Shirsat SP, Patil A.
Review on enteric coated polymers. Res J Pharma Dosage Forms and Tech. 2021;13(1):82-5.
10.5958/0975.2021.00015.x
15.
Mozafari N, Azadi S, Mohammadi Samani S, Farjadian F, Azadi A. Concurrent analysis
of Simvastatin and citicoline using a Reversedphase High Performance Liquid Chromatography-Ultra Violet Method. Trends in Pharmaceutical Sciences. 2019; 5(1): 41-46. doi: 10.30476/
tips.2019.81749.1006.

42

16.
Hiremath P, Nuguru K, Agrahari V. Chapter 8 - Material Attributes and Their Impact on Wet
Granulation Process Performance. In: Narang AS,
Badawy SIF, editors. Handbook of Pharmaceutical
Wet Granulation: Academic Press; 2019. p. 263315.
17.
Efentakis M, Naseef H, Vlachou M. Twoand three-layer tablet drug delivery systems for
oral sustained release of soluble and poorly soluble
drugs. Drug Dev Ind Pharm. 2010 Aug;36(8):90316. doi: 10.3109/03639040903585119. PMID:
20196641.
18.
Szumilo M, Belniak P, Swiader K, Holody
E, Poleszak E. Assessment of physical properties
of granules with paracetamol and caffeine. Saudi
Pharm J. 2017 Sep;25(6):900-905. doi: 10.1016/j.
jsps.2017.02.009. Epub 2017 Feb 16. PMID:
28951676; PMCID: PMC5605841.
19.
Osamura T, Takeuchi Y, Onodera R, Kitamura M, Takahashi Y, Tahara K, Takeuchi H.
Formulation design of granules prepared by wet
granulation method using a multi-functional single-punch tablet press to avoid tableting failures.
Asian J Pharm Sci. 2018 Mar;13(2):113-119. doi:
10.1016/j.ajps.2017.08.002. Epub 2017 Aug 10.
PMID: 32104384; PMCID: PMC7032211.
20.
Garbacz G, Klein S. Dissolution testing of oral modified-release dosage forms.
J Pharm Pharmacol. 2012 Jul;64(7):944-68. doi:
10.1111/j.2042-7158.2012.01477.x. Epub 2012
Feb 21. PMID: 22686342.

Trends in Pharmaceutical Sciences 2022: 8(1): 37-42.

