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 Research Paper

This investigation is related to the development and optimization of multiparticulate beads of fenugreek 
seed mucilage-sodium alginate containing 5-flurouracil through ionotropic gelation technique using  
32 full factorial design generated with Design-Expert® Version11 software. The beads were developed 
using CaCl2 as the crosslinking agent. The effect of ratio of fenugreek seed mucilage and sodium alginate 
blend and concentration of CaCl2 on the drug encapsulation efficiency, bead size and percent cumulative 
drug release in 6 h was optimized by 32 factorial design. The beads were also characterized using field 
emission scanning electron microscopy, Fourier-transform infrared spectroscopy and thermal analysis. 
The percent drug encapsulation efficiency of all these beads was within the range of 43.91 to 85.39 % with 
an in vitro drug release of 33.92 to 39.23 % in 6 h. The optimized batches of beads were coated with Eudragit  
S100 (5, 10 and 15 % w/v) to facilitate colon targeting in a prominent way. The in vitro drug release from 
the coated beads (P3) in various colonic fluids followed zero-order pattern with erosion mechanism in  
18 h. The average size of these beads was within the range of 895 to 1021 µm. The optimized fenugreek seed 
mucilage-alginate beads containing 5-flurouracil showed significant drug permeability over a prolonged 
period in an ex vivo permeability study through goat colon. The results indicated successful colon targeting 
of 5-flurouracil multiparticulate beads developed using polymeric blends containing sodium alginate and 
fenugreek seed mucilage in an appropriate ratio.
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Drugs, those are specifically targeted in the colonic area 
are highly significant in the treatment of several diseases 
like ulcerative colitis, Crohn’s disease, colorectal 
cancer and amoebiasis. In addition to the above, the 
colon-targeted drug delivery systems (CTDDS) posses 
a high impact in the development of oral delivery of 
therapeutic peptides and proteins, which are found to be 
unstable in the upper parts of the gastrointestinal tract. 
It has been observed that the colonic area is found to be 
having low intensity along with low diversity of several 
enzymatic activities in comparison to the stomach 
and small intestine[1]. Several approaches have been 
developed for targeting the drug release into the colonic 
area[2]. Polysaccharides like inulin, chitosan, pectin, 
and guar gum have already been proven their impact 
in colon-specific drug delivery[3-6]. The polysaccharides 
remain unaffected in the virulent environment of the 
stomach as well as small intestine and get degraded 

by polysaccharidases on arrival in the colonic area[7]. 
pH-sensitive polymers dissolved at or above pH 7.0, 
are mostly used for colon targeting. However, as per 
Ashford et al. such type of polymers are unsuitable 
for developing CTDDS because of their low site 
specificity[8]. Thus the delayed arrival at the ileocecal 
junction and quick transit indicates that targeting colon 
with a single unit may not be a suitable approach for 
developing a colon-targeted drug delivery system. 
Over the past few decades, a maximum focus has 
been intensified for developing hydrogel beads from 
polysaccharides through ionotropic gelation technique, 
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which are considered to be useful as the potential 
carriers in controlling the drug delivery[9,10]. Lack of 
site specificity is one of the major reasons for the drug 
in reaching the target site in therapeutic concentrations 
in colorectal cancer. In order to compensate the lack of 
site specificity, an increase in the dose size is usually 
preferred which leads to various toxicities. Researchers 
have proved targeting the drug to the tumor tissues. The 
localization of the drug at the colon area helps in getting 
drug released on colonic region leading to the major 
amount of the drug entering into the colon. Coating of 
drugs with several polymeric materials such as cellulose 
derivatives and acrylic polymers can deliver them 
directly to large bowel[11]. However the encapsulation 
efficiency of the beads through ionotropic gelation 
technique developed an ecofriendly environment by 
avoiding the possible toxicity of reagents associated 
with chemical cross-linking[9]. 

Sodium alginate (SA), the widely investigated cationic/
anionic natural polysaccharides, due to an unique nature 
of developing hydrogel beads with the impact of various 
bi and trivalent metal ions such as Ba2+, Ca2+, Al3+, 
Zn2+ through an ionic interaction with the carboxylic 
acid groups located on the polymer backbone[12-14]. The 
cross-linked alginates are mostly fragile irrespective of 
their mucoadhesive property[15-17]. To develop various 
cross-linked alginate systems for targeting the sites 
like colon, the use of other polymer-blend along with 
alginate is one of the widely accepted approaches[17,18]. 

Drug encapsulation efficiency and stability of beads 
can be enhanced by a polymeric blend in comparison 
to cross-linked alginate hydrogel beads, which are 
developed through ionotropic gelation technique[17,19,20]. 
Literature review indicated that only a few investigations 
were carried out for developing mucoadhessive beads 
of SA in association with natural polymeric blend[21-24]. 
Fenugreek seed mucilage (FSM) was basically isolated 
from Trigonella foenum-graecum L. seeds known as 
methi, commonly used for culinary purpose[25]. A high 
percentage of mucilage was obtained from fenugreek 
seeds. However, FSM is already reported to possess 
pharmaceutical applications such as mucoadhesive 
gelling[25], binding[26], disintegration[27] and antidiabetic 
agent[28]. Literature review revealed that the major 
component of the mucilage is galactomannans, which 
normally act as a hydrophilic sustaining/binding agent. 
Galactomannan, a hydrophilic hetero polysaccharide 
from FSM commonly contains D-mannopyranose 
and D-galactopyranose residues with a molar ratio of 
1.2:1.0. The key chain of this galactomannan comprises 

of b-(1,4)-linked D-mannopyranose residues, in which 
83.3 % is substituted at C-6 with a single residue of 
a-(1,6)-D-galactopyranose. Galactomannan has a 
molecular weight of 3.23×105 g/mol and an intrinsic 
water viscosity of 235 ml/g. Fenugreek gum (seed 
endosperm) contains 73.6 % galactomannan. The 
viscosity of fenugreek gum at 1 % concentration was 
found to be 286 pa-s (30°, 170/s). The viscosity of 
the solutions decreased sharply as the rate of shear 
increased and decreased as the temperature of the 
fully hydrated gum solution was gradually raised from 
30 to 90°. Fenugreek gum is an efficient thickening 
agent and is widely used as a matrixing agent in drug 
delivery systems[29]. The sugar moieties identified in the 
component were 2,3,4,6-tetra-O-methyl-D-galactose, 
2,3,6-tri-O-methyl-D-mannose and 2,3-di-O-methyl-
D-mannose, respectively[30].

5-Fluorouracil (5-FU), an antimetabolite commonly 
used against colorectal cancer. Cancer chemotherapy 
in a conventional way is very least impactful against 
colorectal cancer, as the drug molecule does not 
available on the target site at a desired therapeutic 
concentration. In contrast, 5-FU causes severe systemic 
toxicity, as well as cytotoxicity when administered 
intravenously[31]. On oral administration, it gets 
rapid renal clearance with a half-life of 8-20 min. 
However the drug possesses poor absorption, variable 
bioavailability as well as unusual toxicity in the non-
targeted sites. Thus the above nature can be overcome 
with entrapment/encapsulation[32]. Delivering 5-FU 
directly into the colon leads to reduction in systemic side 
effects, resulting in an effective and safe therapy with 
higher tumour diffusivity[33]. Thus the current research 
was designed to achieve a site specific, sustained release 
using biodegradable polymeric blends of SA and FSM. 
It is also aimed to focus equal emphasis on testing the 
sustaining efficiency towards drug release from the 
polymer blends in colonic condition by developing 
microbeads especially with FSM. 

Multiparticulate beads of 5-FU were formulated 
using FSM and SA in different ratios using CaCl2 as a 
crosslinking agent. Thus the multiparticulate polymer 
beads on ultimate contact with the colonic mucosa 
should have increased retentivity of the formulation 
to prolong the liberation of encapsulated drug at the 
site of absorption in a controlled way to exaggerate 
the therapeutic potential. The composition of polymer-
blend on the nature of SA-FSM beads containing 5-FU 
relating to encapsulation efficiency of drugs along 
with their release was investigated by computer-based 
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optimization technique using with 32 full factorial design 
(response surface methodology). The main rationale 
behind using these types of polymers (Eudragit S100) 
is their ability to prevent drug degradation in the gastric 
environment and their ability to release the drug after 
entering into the distal ileum. So the main objective is 
to develop multiparticulate beads of 5-FU with different 
polymer ratios using ionic gelation technique. Eudragit 
S100 polymer was used which can provide enteric 
coating thereby protecting 5-FU in acidic environment 
in the stomach and releasing it in colon.

MATERIALS AND METHODS

5-FU was obtained as a gift sample from Yarrow Chem. 
Pvt. Ltd., Mumbai, India. Fenugreek seed was purchased 
from the local market of Dehradun, Uttarakhand, India. 
SA (viscosity 1 % w/v, 5.5±2 cps at 25o; D-mannuronate 
to L-glucoronate ratio, M/G = 0.6) and Eudragit S100 
were purchased from Loba Chemi Pvt. Ltd. Mumbai, 
India and CDH Pvt. Ltd., Mumbai, India, respectively. 
All other chemicals and reagents used in the study were 
of analytical grades.

Extraction of FSM:

Finely powdered fenugreek seeds (100 g) were placed 
in 500 ml double distilled water and heated on a water 
bath at 80° for 4 h under continuous stirring. The thick 
mass obtained was kept at room temperature for 4 h and 
left overnight in a refrigerator. The aqueous mucilage 
was separated by muslin cloth, precipitated with ethanol 
and acetone treatment, respectively. FSM precipitates 
were dried, pulverized and passed through mesh no (#) 
80 to obtain uniform powder[34]. 

Preparation of micro beads containing 5-FU:

5-FU containing FSM-SA microbeads were developed 
using the conventional ionotropic gelation method 
with a slight modification[35]. Weighed quantity of FSM  
(1, 2 and 3 ratio to SA) in 20 ml distilled water heated 
at 80° on water bath for 20 min with occasional stirring. 
5-FU (100 mg) homogenized with an SA aqueous 
solution (200 mg/10 ml) was added to the FSM aqueous 
dispersion. Resulting drug polymer dispersion was 
added drop wise into CaCl2 aqueous solution (5, 7.5 and 
10 % w/v; 60 ml) and subjected to 40 min curing time. 
The beads were washed with distilled water and dried 
at 40o in a hot air oven. 

Characterization of beads: 

Fourier transform infrared spectroscopy (FTIR) and 
thermal analysis such as differential thermal analysis 

(DTA), thermal gravimetric analysis (TGA) and 
differential thermogravimetry (DTG) were carried 
out for 5-FU, SA, FSM, polymeric physical mixtures 
with 5-FU (drug physical mixture, DPM) and without 
5-FU (physical mixture, PM). All the samples were 
ground into powders, mixed with potassium bromide 
and compressed into disks at 600 kg/cm2 to obtain solid 
samples for FTIR analysis. The spectroscopic data 
was recorded over a wave number region of 4000 to  
400 cm-1. FTIR spectra of 5-FU, SA, FSM, and a 
physical mixture of drug and polymers (1:1:1) and the 
developed FSM-SA beads were recorded at the Indian 
Institute of Technology, Roorkee, Uttarakhand, India[36].

Thermal analysis:

TGA, DTG and DTA measurements were made 
by using simultaneous DTATGA thermal analyser 
apparatus. Samples (4-7 mg) of 5-FU, SA, FSM, DPM, 
PM and the developed FSM-SA beads were weighed on 
a platinum pan. Measurements were carried out from 
ambient to 900° under dynamic nitrogen atmosphere 
with a flow rate of 30 ml/min and heating rate of  
10°/min[37]. 

Bead size and percent drug entrapment efficiency 
(% DEE) measurement: 

To determine average bead size, 100 dried beads of each 
batch were measured on an optical microscope. Percent 
DEE of beads was quantified in 0.1N HCl (pH 1.2) 
using UV/Vis spectrophotometer (UV-1800, Shimadzu, 
Japan) at λmax 266 nm (n=3) and was calculated using 
the following Eqn., % DEE = actual drug content/
theoretical drug content×100. 

Formulation optimization: 

Factorial design in contrast to conventional optimization 
methods, yields highest amount of information in lowest 
possible number of trials and simultaneously examines 
the effect of different variables on the responses and 
interaction thereof[38,39]. 32 full factorial design using 
Design Expert version 11 software (Stat-Ease, USA) 
was used for formulation optimization (F1-F9). Based 
upon two independent variables, X1 (specific ratios of 
polymers; FSM:SA) and X2 (crosslinking agent; CaCl2) 
at three levels, low (−1), medium (0) and high (+1); 
% DEE, bead size (µm) and percent drug released in 
6 h (Q6 %) were evaluated as dependent variables[40]. 
The response was measured for each run and factorial 
designs models including linear and quadratic model 
was fitted by carrying out multiple regression analysis 
and F-statistics to identify statistically significant 
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terms[41]. For optimization, the effects of independent 
variables upon the responses were analysed using 
quadratic mathematical model as given below[42,43].  
Y = b0+b1X1+b2X2+b3X1X2+b4X11+b5X22, where, Y is 
the response, b0 is the intercept and b1, b2, b3, b4, b5 are 
regression coefficients. X1 and X2 are individual effects, 
X11 and X22 are quadratic effects, X1X2 is the interaction 
effect. 

Coating of beads (F0):

Anionic pH-sensitive methacrylic acid and methyl 
methacrylate copolymer, Eudragit S100 (ES100) 
was used to promote upper GI stability of the beads. 
The optimized batch (F0) was coated with ES100 by 
emulsion solvent evaporation technique using 5 % 
(P1), 10 % (P2) and 15 % (P3) w/v in acetone-ethanol 
(2:1)[44,45]. Coated microbeads were dried for 2 h at 
40°. Surface morphology of optimized uncoated (F0) 
and coated (P3) beads was examined by field emission-
SEM (FESEM). Randomly selected beads were placed 
on double-sided copper conductive tape (NEM Nisshin 
EM Co. Ltd.) fixed on aluminium stubs. The beads were 
then sputter-coated with a thin layer of gold in a vacuum 
for 45 s at 20 mA using a coating unit (Cressington 
108 auto sputter coater, UK) to make it electrically 
conductive and was analysed at 5 kV at Indian Institute 
of Technology, Roorkee, Uttarakhand, India[46].

In vitro drug release profile, release kinetics and 
permeability studies:

For release profile study, uncoated and coated 
microbeads of SA (U0 and C0) and SA-FSM  
(F0, P1, P2 and P3), equivalent to 100 mg of 5-FU, 
were transferred into the basket and placed into 
dissolution baths containing 900 ml of simulated 
gastric fluid (pH 1.2 for 0-2 h), simulated intestinal 
fluid (pH 6.8 for 2-6 h; pH 7.4 for 6-18 h) in an USP 
type I apparatus (Electrolab Dissolution Tester, TDT 
08L, Mumbai, India) maintained at 37±0.5° and  
50±3 rpm. The concentration of 5-FU was determined 
on a double beam UV/Vis spectrophotometer at λmax 
266 nm against a standard calibration plot with a 
concentration range 2-18 µg/ml in simulated dissolution 
media of pH 1.2, 6.8 and 7.4. An ex vivo permeability 
study using Franz diffusion was conducted for 5-FU 
and optimized formulations coated (P3) and uncoated 
(F0) beads. Permeability was observed for 18 h on the 
excised colonic mucosal membrane at 37o±0.5o, at a 
low speed (35 rpm)[43].

Release kinetics of coated and uncoated beads  
(F0 and P3) was also studied in simulated biological 
fluids including fluid thioglycolate media (FTM) 
containing probiotics, human faeces and goat caecum, 
under anaerobic conditions[32]. Kinetic parameters 
including zero order, first order, Higuchi’s and 
Korsmeyer-Peppas equations were investigated[47,48]. 
Optimized formulations were first exposed to 
dissolution media (pH 1.2, 2 h; pH 6.8, 4 h), followed 
by probiotic culture media containing FTM, 5.0 % w/v 
human faecal slurries, 4.5 % w/v of goat caecal content 
and FTM without microbiota, respectively, maintained 
at a pH of 7.4[49,50]. 5-FU was quantified using UV/Vis 
spectrophotometer at 266 nm.

Statistical analysis:

The statistical significance of the differences between 
two means was evaluated using ANOVA. A value 
of p<0.05 was considered as significant. Statistical 
optimization was performed with the Design-Expert® 
Version 11 software (Stat-Ease Inc., USA). 

RESULTS AND DISCUSSION

SA and FSM beads were prepared by dropping the 
solution of the 5-FU SA-FSM dispersion into calcium 
chloride solution, where beads were developed because 
of cross linking of alginate by calcium ions. Preparation 
of beads by ionotropic gelation is based on the ability 
of various polysaccharides such as pectin, alginate, 
chitosan, and gellan to form a gel in the presence of 
multivalent ions. Beads can therefore be prepared simply 
by adding, drop wise, a dispersion of polysaccharide and 
material to be encapsulated into solution of multivalent 
ions. The contact of droplets with the ions results in 
instantaneous formation of spherical gel structures 
containing the material to be encapsulated uniformly 
dispersed throughout the polysaccharide matrix. SA-
FSM micro beads were successfully prepared by the 
ionotropic gelation method. The beads were coated 
with ES100 by emulsion solvent evaporation technique. 
The coated beads were found to be of spherical shape. 
Diameter of beads varied as shown in Table 1 for 
different formulations. The result indicated that as the 
amount of polymer (SA and FSM) increased, the size of 
beads proportionally increased. The permeability study 
of the drug through goat intestinal membrane shoed a 
good response.

FTIR spectra were recorded on a Perkin Elmer FTIR 
spectrum-2 and summarized in fig. 1. IR spectra of 
SA showed 1032 cm-1 (C-O-C stretching) attributed 
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to saccharide structure and bands at 1615 and  
1416 cm-1 were of asymmetric and symmetric 
carboxylate ion stretching[51]. FSM spectral lines at 
3227, 1020 and 1414 cm−1 were of O-H, -C-O stretching 
and C-O-C linkage, respectively. The peaks observed at 
810 and 872 cm-1 correspond to the -CH oscillations 
of (b-mannopyranose residues of fenugreek 

galactomannan) and the absence of peak around 
1560 cm-1 for amide confirms the absence of proteins 
impurity[29]. 5-FU has characteristic peaks at 2934, 1666, 
1429, 1181 and 1348 cm−1. All these characteristic peaks 
were similar to previous observations reported[32,33]. 
DPM and calcium alginate-FSM beads containing 
5-FU (BFU) spectra showed peaks corresponding to 
all 3 constituents. FTIR spectra of BFU showed peaks 
at 3068, 1990, and 1664 cm−1, without any significant 
shifting, indicating the absence of covalent interaction 
between the 5-FU and used polymers[29,52].

Differences in the thermal decomposition behavior 
of 5-FU and polymers were clearly observed through 
Exstar SII TG/DTA 6300 and the thermograms were 
depicted in fig. 2 and Table 2. The DTA of 5-FU showed 
a sharp endothermic peak at 279°, which corresponded 
to the melting point of 5-FU (fig. 2A)[14]. Percent weight 
loss with increasing temperature was almost steady up 
to 200o for 5-FU and maximum loss (Tmax) was observed 
at 328o with a rate of 12.57 %/min at 319°, which 
could be due to single stage decomposition of 5-FU  
(fig. 2; Table 2). Whereas, SA showed an exothermic 
peak at 244°, it exhibited major weight loss up to 300° 
with the onset of major decomposition occurred at 200° 
(T0) with the highest rate of 6.63 %/min at 242° (fig. 2). 
SA decomposed in 3 steps, where first was attributed to 
water loss, followed by the formation of a carbonaceous 
residue and finally Na2CO3

[53]. 

FSM underwent strong thermal degradation up to 400°, 
which could be attributed to 2 stage decomposition events 
of galactomannan depicted by all other polymers[54-57]. 
First was near 100°, might be attributed to the loss of 

A
Batch X1 (FSM:SA) X2 (CaCl2 %) % DEE BS (µm) % Q6

F1 1:1 (-1) 5 (-1) 43.91±1.56 895±1.34 39.23±1.23
F2 1:1 (-1) 7.5 (0) 46.19±1.26 911±1.24 38.42±1.02
F3 1:1 (-1) 10 (+1) 48.46±1.31 925±1.34 38.61±0.98
F4 2:1 (0) 5 (-1) 55.51±0.85 946±1.25 37.89±0.78
F5 2:1 (0) 7.5 (0) 65.79±0.98 963±1.24 35.07±1.36
F6 2:1 (0) 10 (+1) 74.07±1.56 978±0.85 36.26±2.01
F7 3:1 (+1) 5 (-1) 78.11±1.24 991±1.45 35.54±2.15
F8 3:1 (+1) 7.5 (0) 85.39±1.63 1008±0.97 34.73±1.32
F9 3:1 (+1) 10 (+1) 81.67±1.89 1021±1.45 33.92±1.45

B
F0 (Optimized Formulation)

X1 (FSM:SA) X2 (CaCl2 %) % DEE BS (µm) % Q6

Predicted Value

3.06:1 7.36

80.97 1003.76 36.22
Observed Value 78.83±1.89 999.3±1.29 38.74±1.65
% Error 2.14 % 4.76 % - 2.52%

TABLE 1: 32 FACTORIAL DESIGNS WITH MEASURED RESPONSES OF FSM-SA BEADS CONTAINING 
5-FU 

% Error= (predicted value-observed value)/predicted value ×100. Responses were measured in triplicate

Fig.1 FTIR spectra
5-FU: 5-fluorouracil, SA: sodium alginate, FSM: fenugreek 
seed mucilage, (PM) SA+FSM polymer mixer, (DPM) 5-FU  
+ SA + FSM drug polymer mixer, BFU: beads of 5-FU
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water associated with hydrophilic functional groups 
of the polysaccharide chain (~11 % at 200°). The 
second mass loss event resulted in a weight loss due 
to polysaccharide thermal decomposition, presenting 
peaks of the derivate of the weight loss curve (DTG) at 
305° with highest rate of 5.30 %/min (Table 2). These 
findings also corroborated to the values reported by 
Miguel et al. for the galactomannan extracted from 
Gleditsia triacanthos, Caesalpinia pulcherrima and 
Adenanthera pavonina, with values of 309.81, 321.73 
and 320.62°, respectively[58,59].

However, PM of SA and FSM showed an exothermic 
peak at 246° and major weight loss started from 200o 
(14.93 %) up to 400o (52.29 %), whereas the rate of 
decomposition was observed highest 3.20 %/min 
at 243° and 1.87 %/min at 301°, attributed to the 
decomposition of SA and FSM, respectively (fig. 2). 
Moreover, DPM showed an exothermic peak at 246°, 
contributed by SA with significant decomposition rate 
of 3.88 %/min at 235° and 1.74 %/min at 296° (fig. 2). 
BFU showed a characteristic exothermic peak at 187° 
and exhibited relatively slower rate of decomposition 
of 2.65, 2.42 and 1.75 %/min at 183, 203 and 

274o, respectively, which ranged from 181o to 400o  
(fig. 2). The rate of decomposition of PM and DPM 
was observed quite slow and steady as compared to 
that of 5-FU, SA and FSM. This slower degradation 
of mass in case of PM and DPM and the absence of 
5-FU characteristic endothermic decomposition peak in 
BFU signified better stability of the formulation, which 
could be due to ionic crosslinking of 5-FU molecule 
within the PM of polymeric blend and supported the 
ionic interaction hypothesis of FTIR findings[60,53]. All 
these findings also corroborated with polymer-induced 
stability to drug molecules in the ionic gelation matrix 
and the findings were quite satisfactory compared 
to the data reported by Patel et al. and Nithitanakool  
et al.[61,62].

Morphological analysis at magnifications of 100, 
1000 and 5000X, respectively, for both coated (P3) 
and uncoated optimized BFU (F0) by FESEM, 
(FEI Quanta 200F), revealed the impact of ES100 
coating on bead surface morphology (fig. 3). ES100, 
an anionic pH-sensitive copolymers of methacrylic 
acid and methyl methacrylate and emulsion solvent 
evaporation technique were used for coating beads. 
Slow evaporation of solvent resulted in a polymeric 
coating over microbeads[45]. Uncoated beads were 
circular in shape with wrinkles and cracks along with 
the fibers of the mucilage, which may be due to partial 
collapsing of polymeric gel networks during drying 
(fig. 3). Polymeric debris was seen on the bead surface, 
which could be due to the method of preparation of 
simultaneous gel bead preparation and formation of 
the polymer-blend matrix[63]. However, the ES100-
coated beads showed smooth texture and lesser cracks  
(fig. 3). The larger porosity observed in uncoated beads 
is reduced by ES100 coating. The quadratic equation 
for the % DEE is given as follows, % DEE (Y1) = 
65.68+17.94X1+4.11X2-1.34X11-0.84X22+0.25X12.

Fig. 2: Thermograms 
A- 5-fluorouracil (5-FU), B- sodium alginate (SA), C- fenugreek 
seed mucilage (FSM), D- polymer mixer (PM, SA+FSM), E- 
drug polymer mixer (DPM) and F- beads of 5-FU (BFU). (:) % 
TG, (:11) DTG %/MIN, (---) DTA

Temperature 
(°) % Weight loss

5-FU SA FSM PM DPM BFU
0-200 1.08 18.16 10.90 14.91 9.86 24.44
201-250 5.55 45.13 15.75 28.84 28.59 37.28
251-300 33.26 49.66 43.59 42.70 44.81 50.21
301-350 86.69 53.63 60.02 49.26 52.29 54.66
351-400 89.29 56.10 66.09 52.27 58.03 57.85
401-450 92.28 57.72 73.78 54.86 62.97 63.20
451-500 94.47 58.44 87.79 56.34 73.31 65.59

Tmax 328° 255° 315° 316° 300° 300°

TABLE 2: PERCENT WEIGHT LOSS OF 5-FU, 
SA, FSM, PM, DPM AND BFU ON THERMO 
GRAVIMETRIC ANALYSIS
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The contour and surface response plots for % DEE 
were displayed in fig. 4. The DEE (%) of BFU ranged 
43.91±1.56 to 85.39±1.63 % (Table 2A). The regression 
analysis of DEE (%) for batches F1 to F9 revealed that 
the coefficient of variable X1 (b1=17.94) was statistically 
significant (p<0.05) and highly dominating (b1>b2) 
in comparison to X2 (b2=4.11). Hence, the polymeric 
ratio of (FSM:SA) (X1) is playing a key role towards 
increasing the DEE of the formulation as compared 
to the concentration of CaCl2 (%, w/v, X2, Table 3). 
The interaction between X1 and X2 showed positive 
impact on viscosity (b12= 0.25). ANOVA for DEE 
was carried out. The model F-value of 52.80 implied 
that the model was significant. Values of p less than 
0.05 indicated that the model terms were significant. 
However, 5-FU encapsulation of the developed beads 
was increased with increasing amount of both FSM 
and SA, which might be due to the increased viscosity 
of polymeric blend, which increased formation of a 
dense polymer network thus preventing the drug from 
leaving the droplet during crosslinking process. It was 
also resulted from the ionic cross-linking by increased 
concentrations of calcium ions to anionic sites of 
alginate molecules[64]. The high entrapment might also 

 

Fig. 3: Field emission-SEM images of 5-FU beads 
A, C and E-uncoated; B, D and F-coated beads; A and B-100X, 
scale bar 500 µm; C and D-1000X, scale bar 50 µm; E and 
F-5000X, scale bar 10 µm

 
Fig. 4: 3D-Response surface and contour plots for % DEE and BS 
% DEE is drug entrapment efficiency, BS is bead size in µm and % Q6 is drug release in 6 h
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be due to inclusion of drug into hollow hilum of the 
FSM[65]. The contour and surface response plot for 
DEE were displayed in fig. 4. Response surface graphs 
were generated which represent simultaneous effect of 
one variable on response parameters by taking another 
variable at a constant level. The P value (5 % level) 
and the value of correlation coefficient (R2) obtained 
for effect on DEE was 0.0002 and 0.9487 indicating 
a good fit of the model. The counter plot for the effect 
on DEE (fig. 4) shows that the green zone having the 
specified point is the zone where best result would be 
obtained with the polymeric ratio at (3.06:1, FSM:SA) 
and the concentration of crosslinking agent (CaCl2) 
at 7.36 %. Moreover, the 3D response surface plot  
(fig. 4) suggested that as the concentrations of polymer 
ratio increases up to certain extent, a good entrapment 
efficiency of 5-FU was observed. Similarly an increased 
concentration of crosslinking agent led to a better 
DEE. Both the combined effect of polymeric ratio and 
concentration of crosslinking agent lead to a positive 
impact on DEE[66]. The quadratic equation for BS is 
given as follows, BS (Y2) = 963.22+48.17X1+15.33X2-
3.83X11-1.33X22-5.06X12.

Average size of these formulated dried beads containing 
5-FU ranged from 895±1.34 to 1021±1.45 µm  
(Table 1A). The regression analysis of the bead size data 
in batches F1 to F9 using reduced model, revealed that 
the impact of the independent variable X2 (b2=15.33) 
was insignificant in comparison to X1 (b1=48.17, 
Table 3). Hence, a significant change in bead size 
must be attributed to a change in concentration of 
FSM:SA. The interaction between X1 and X2 showed 
the negative impact on viscosity (b12= -5.06). The 

quadratic values X11 and X22 possess negative impact, 
(b11= -3.83, b22= -1.33) respectively on bead size 
(Table 3A). ANOVA for bead size was carried out. 
The Model F-value of 1324.58 implies the model is 
significant. Values of p less than 0.05 indicated that 
model terms were significant. From the results obtained 
through the experiment, it was observed that with 
the increase in concentration of FSM, the size of the 
beads was increased. This could be due to an increase 
in viscosity of the polymeric mixture, which in turn 
increased the bead size, additionally accumulating 
polymeric mucilage along with SA under the influence 
of chemical crosslinking via calcium chloride as well 
as with interactions such as H-bonding[65]. The contour 
and surface response plot for bead size were displayed 
in fig. 4. The P value (5 % level) and the value of 
correlation coefficient (R2) obtained for effect on bead 
size was 0.0001 and 0.9999 indicating a good fit of the 
model. The counter plot for bead size (fig. 4) shows that 
the green zone having centre spot is the zone where best 
results would be obtained with the polymeric ratio at 
(3.06:1, FSM:SA) and the concentration of crosslinking 
agent (CaCl2) at 7.36 %. The 3D response surface 
plot (fig. 4) suggested that as the concentrations of 
polymer ratio increases up to certain extent, it leads to 
increase in the bead size. The increase in concentration 
of crosslinking agent up to certain extent leads to an 
increase in bead size. It can be concluded that the 
polymeric ratio (X1) has positive effect on bead size. 
While concentration of crosslinking agent (X2) did not 
show much effect on it. Both the combined effect of 
concentrations of polymer ratio and crosslinking agent 
leads to positive effect on bead size[66]. The quadratic 
equation for BS is given as follows, % Q6 (Y3) = 

Response
% DEE BS (µm) %Q6

FM RM FM RM FM RM
b0 65.68 64.23 963.22 959.78 35.86 36.63
b1 17.94 17.94 48.17 48.17 -2.01 -2.01
b2 4.11 4.11 15.33 15.33 -0.644 -0.644
b11 -1.34 - -3.83 - 0.33 -
b22 -0.84 - -1.33 - 0.83 -
b12 0.25 - -5.06 - -0.25 -
P value 0.0377 0.0002 0.0001 0.0001 0.0370 0.0014
F Value 11.09 52.80 5185.27 1324.58 11.25 23.70
Df 5 2 5 2 5 2

Quadratic Model (FM) Linear model (RM)

Obtained Predicted Adjusted Obtained Predicted Adjusted
% DEE 0.9487 0.3742 0.8631 0.9462 0.8737 0.9283
BS (µm) 0.9999 0.9986 0.9997 0.9977 0.9950 0.9970

% Q6 0.9494 0.5970 0.8649 0.8877 0.8168 0.8502

TABLE 3. SUMMARY OF RESULTS OF REGRESSION ANALYSIS OF FULL AND REDUCED MODEL

Correlation coefficient (R2) value of FM and RM. FM-Full model, RM- reduced model
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35.86-2.01X1-0.644X2 +0.33X11+0.83X22-0.25X12. 
Percent drug released in 6 h (% Q6) data for batches 
F1 to F9 was analysed and summarized in Table 1. The 
average percentage of drug release in 6 h (% Q6) for 
the developed beads containing 5-FU lie within the 
range of 33.92±1.45 to 39.23±1.23 % (Table 2A). The 
coefficient of variable X1 was (b1= -2.01) and that of 
X2 was (b2= -0.64) for Q6. Both b1 and b2 showed 
negative effect on drug release at 6 h. The coefficient of 
X11 was (b11= 0.33) and that of X22 was (b22= 0.83) 
which indicated their positive impact on drug release 
(Table 3A). The coefficient of b12 was (-0.25). Thus 
the data revealed that the quadratic response of X2 
was greater than that of X1 towards drug release. The 
drug release at a lower polymeric ratio (X1, FSM:SA) 
at a variable pH condition of the respective media (pH 
1.2 and 6.8) with an elevated concentration of CaCl2  
(5-10 %) leads to a comparatively increased % Q, which 
was further reduced. This could be due to the effect of 
increased polymer concentration (X1) on the retention 
of drug as compared to CaCl2 concentration (X2). This 
can be related to the formation of densely cross-linked 
polymeric layer on the surface of droplets which resists 
to Ca++ diffusion into the beads’ core, leading to the 
formation of beads with unreacted or partially reacted 
core with smaller resistance to drug release. These 
findings agree with those reported by Tavakol et al.[67]. 
ANOVA for percent cumulative drug release for 6 h 
was carried out. The model F-value of 53.70 implies the 
model is significant. Values of p less than 0.05 indicated 
that the model terms were significant. Increasing % 
DEE, bead size and decreased % Q6 release should be 
attributed to the increased viscosity of the FSM and 
SA polymer-blend and greater degree of cross linking, 
which in turn increased the droplet size as evident 
from F8 and F9 (Table 1A). The R2 values (obtained, 
predicted and adjusted) for all three responses were 
depicted in Table 3B. The contour and surface response 
plot for Q6 % were displayed in fig. 4. The P value  
(5 % level) and the value of correlation coefficient (R2) 
obtained for effect on % drug release at 6 h was 0.0014 
and 0.9494 indicating a good fit of the model. The 
counter plot for % drug release at 6 h (fig. 4) shown that 
the green zone having centre spot is the zone where best 
results would be obtained with the polymeric ratio at 
(3.06:1, FSM:SA) and the concentration of crosslinking 
agent (CaCl2) at 7.36 %. The 3D response surface plot  
(fig. 4) suggested that as the concentrations of polymer 
ratio increased up to certain extent, it led to decrease 
in the % drug release rate at 6 h. The increase in 
concentration of crosslinking agent up to certain extent 

also leads to a decrease in % drug release rate at 6 h. It can 
be concluded that the polymeric ratio (X1) has negative 
effect on % drug release at 6 h. While concentration 
of crosslinking agent (X2) also showed negative effect 
on it. Both the combined effect of concentrations of 
polymer ratio and crosslinking agent (CaCl2) have 
also shown a negative impact on % drug release rate at  
6 h. However the quadratic responses of both X1 and 
X2 shown positive response towards % drug release at  
6 h[66]. Optimization techniques based on factorial design 
generated mathematical equations using experimental 
data and appropriate statistical analysis and helped to 
select best possible model depending upon independent 
variables[68]. 

Response surface methodology based on 32 factorial 
design with two independent variables, ratio of 
polymers (FSM:SA) (X1) and concentration of CaCl2 
(% w/v, X2) were adopted for formulation optimization 
and their effect on DEE (%), bead size (µm) and Q6 
(%) were summarized in Tables 1 and 3. The contour 
and surface response plot for DEE, bead size and 
Q6 were given in fig. 4. Based upon the responses 
of observed formulations (F1-F9), factorial design 
software (Design-Expert 11) proposed specified point 
prediction values for independent variable (FSM:SA) 
as (X1) and CaCl2

 (% w/v) (X2) as 3.06:1 and 7.36 % 
w/v, respectively. 

In order to validate the equation that describes the 
influence of independent parameters on % DEE, BS 
and Q6 %, an additional check point experiment 
was performed (Table 2B). The check point batch of 
FSM-SA bead (F0) containing 5-FU was formulated 
using predicted quantities of X1 and X2, and Table 
2B summarized predicted and observed values with  
% errors. F0 have showed percentage error of 2.14 % 
for % DEE (80.97 and 78.83), 4.76 % for BS (1003.76 
and 999.3 µm) and –2.52 % for % Q6 (36.22 and 38.74). 
From the result analysis, it was found that there was 
excellent agreement between the measured response 
and predicted response. The difference between 
measured and predicted values were not found to be 
statistically insignificant. Thus, it can be concluded that 
the polynomial equations fit the data satisfactorily and 
were valid for predicting the % DEE, BS and % Q6 for 
multiparticulate beads of 5-FU towards colon targeting. 
Thus, considering the results from 32 full factorial 
design, the batch F0 was selected as the optimized 
batch[66].

The release data of different formulations including 
coated and uncoated SA beads was presented in fig. 5A. 
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The in vitro release of SA beads (U0) showed ~8 % 
in 1 h and 100 % in 6 h release of 5-FU in simulated 
gastric fluid, whereas coating of ES100 (10 % w/v) to 
SA beads (C0) showed significantly delayed release as 
it took ~12 h to release 100 % drug and only 8 % 5-FU 
appeared after 4 h. These findings agreed with those 
of various earlier investigations[69-71] and signified that 
neither uncoated, nor the ES100-coated SA beads were 
able to retard the release of 5-FU in the gastric as well 
as in colonic region. Moreover, many scientists have 
incorporated various natural and synthetic polymeric 
materials/blends to achieve the desired degree of 
sustainability in terms of release of different drug 
molecules. FSM containing galactomannans has also 
been used for mucoadhessive formulations of guar gum, 
locust bean gum, tara gum, gum Arabic and tragacanth 
gum[72-75].

5-FU-containing SA/FSM multiparticulate formulation 
F0 (uncoated SA-FSM beads) optimized from linear 
and quadratic models of 32 factorial designs showed 
release of ~10 % in 2 h, ~39 % in 6 h and 100 % 
drug in 12 h, which was significantly slower than SA 
containing beads (U0). This delayed drug release must 
be due to the increased viscosity of polymeric matrix 
imparted by FSM. Moreover, Nayak et al. also reported 
that hydrophilic FSM also binds with water to form 
viscous gel-structure, which barricades the pores on 
the surface of polymeric matrix[76]. Retardation of drug 
release from polymer matrix might be the synergistic 
effect of both viscosity and gel forming properties of 
FSM, which also corroborated with various earlier 
findings[48,77-79].

ES100 like coating of SA beads (C0), also extended 
the release of F0. SA/FSM beads were coated with 
5 % (P1), 10 % (P2) and 15 % (P3) w/v of ES100. 
Coated batch P3 exhibited least % drug release of ~2 %,  
11 %, 46 % and ~85 % in 2, 6, 12 and 18 h respectively 
as compared to batch P1 (~3, 22, 58 and 97 %) and P2  
(~2, 16, 51 and 91 %). However, >75 % of drug was 
released from the coated beads when pH was gradually 
raised above 7.0, as ES100 coating membrane get 
dissolved and leads to a disturbance of the integrity of 
film[80]. The released profile data corroborated with the 
findings of Morelli et al. as ES100 coating prolonged the 
drug release upto 24h for the release of yeast cells into 
the colonic area[81]. Similarly Jena et al. has designed 
ES100 coated Chitosan microspheres which retarded 
the Capecitabine release upto 24h in colonic region[82]. 
FESEM topographic images also evidently supported 
the release data as methacrylic acid copolymer, 

ES100 coated the wrinkles and cracks on bead surface 
arises due to collapsing of polymeric gel networks. 
Smooth texture with lesser cracks evident in FESEM 
topographic examination of coated beads (fig. 3B, D 
and F) significantly restricted the observed porosity and 
extended the 5-FU release in concentration dependent 
manner. 

The ex vivo permeability of both coated, uncoated 
beads (F0 and P3) as well as of pure 5-FU conducted 
for 18 h using excised goat colonic mucosa in simulated 
conditions (0.1 N HCl for 0-2 h, phosphate buffer of 
pH 6.8 for 2-6 h and phosphate buffer of pH 7.4 for 
12 h) using Franz diffusion cell and summarized in 
fig. 5B. The study revealed that the percent cumulative 
drug permeability (% CDP) for 5-FU was significantly 
lower as compared to the formulated beads (F0 and 
P3) because of its hydrophilicity. Formulated beads  
(F0 and P3) showed lower initial permeability of the drug 
in pH 1.2 and 6.8, must be attributed to slow hydration 
as well as slow penetration of the simulated fluids into 
the bead matrix. Moreover, ES100 coating sealed the 
micro-pores of beads and restricted the permeation of 
the medium and findings equally supported by the 6 h 
permeability statistics (fig. 5B)[83].

In order to explore the effect of intestinal microbial 
flora and it’s enzymatic environment detailed release 
study was conducted using human fecal slurries, 
goat caecal content and probiotics medium. In the 
dissolution medium without microbiota, the release of 
the ES100 (15 % w/v) coated beads P3 was found to 
be 10.89 % up to 6 h as compared to uncoated (F0)  
31.74 %. Similar observations were recorded with 
different release medium including human faecal slurries, 
goat caecal content and probiotics medium up to 18 h in 
comparison to dissolution medium without microbiota, 
which may be due to the bacterial degradation of 
polysaccharide monomer units of polymeric structure 
present in the respective media (fig. 5C and D). The drug 
release pattern was observed in the following order i.e.  
4.5 % w/v goat caecal>FTM containing probiotic culture 
>5 % w/v human faecal slurries>FTM in absence of 
microbiota in 18 h for both coated and uncoated beads 
(P3 and F0). In vitro drug release data for F0 and P3 
were subjected to various kinetic models such as zero 
order, first order, Higuchi’s and Korsmeyer-Peppas 
equation for release data of 6 and 18 h to determine the 
mechanism of drug release (Table 4). The mechanism 
of drug release in first 6 h (without microbiota at pH 1.2 
(2 h) and 6.8 (4 h) for F0 and P3 followed zero order and 
first order erosion mechanisms of drug release (n>0.85) 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/methacrylate
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/copolymer
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Fig. 5: Drug release profiles
(A) Representing drug release in simulated gastrointestinal conditions (uncoated SA beads (U0), ES100-coated SA beads (C0), 
uncoated SA-FSM beads (F0), ES100-coated SA-FSM beads P1 (5 %), P2 (10 %) and P3 (15 %)) and B showing drug permeability 
through goat colon (ex vivo), C and D representing drug release profile of formulated beads in simulated gastrointestinal conditions. 
C-uncoated (F0) and D-ES100 coated beads of 5-FU (P3). A: (▬♦▬) U0, (▬■▬) C0, (▬▲▬) F0, (▬×▬) P1, (▬*▬) P2, (▬●▬) 
P3. B: (▬♦▬) 5-FU, (▬■▬) uncoated beads, (▬▲▬) coated beads. D: (▬♦▬) FSM containing probiotic culture, (▬■▬) 4.5 % 
w/v goat caecal contents, (▬▲▬) 5 % w/v human faecal slurries, (▬×▬) FSM in absence of microbiota

Batch
Zero order First order Higuchi Korsmayer-Peppas

n r2 n r2 n r2 n r2

Dissolution media containing 0.1 N HCl (0-2 h), Phosphate buffer pH 6.8 (2-6 h; without microbiota)
F0 6.193 0.9941 0.1616 0.9431 25.131 0.9714 1.0793 0.9958
P3 1.687 0.8915 0.2534 0.9813 6.548 0.8430 1.6436 0.9771

FTM containing probiotic culture (6th to 18 h)
F0 5.452 0.9357 0.0322 0.8948 39.124 0.9596 0.9474 0.9548
P3 7.204 0.9886 0.0534 0.9467 51.145 0.9922 1.5518 0.9848

Dissolution media containing 0.1 N HCl (0-2 h), Phosphate buffer pH 6.8 (2-6 h; without microbiota)
F0 6.211 0.9872 0.1682 0.9470 25.842 0.9564 1.1216 0.9964
P3 1.785 0.9129 0.2274 0.9780 6.813 0.8580 1.4798 0.9795

4.5 % Goat caecal contents (6th to 18 h)
F0 4.828 0.8359 0.0272 0.8053 34.998 0.8748 0.8149 0.8878
P3 8.043 0.9301 0.0607 0.8471 57.735 0.9543 1.8025 0.9215

Dissolution media containing 0.1 N HCl (0-2 h), Phosphate buffer pH 6.8 (2-6 h; without microbiota)
F0 6.102 0.9905 0.1728 0.9575 26.055 0.9783 1.1465 0.9974
P3 1.650 0.8877 0.267 0.9795 6.447 0.8422 1.7294 0.9725

5 % human faecal slurries (6th to 18 h)
F0 5.393 0.9773 0.033 0.9477 38.438 0.9887 0.9596 0.9855
P3 6.774 0.9959 0.0576 0.9467 47.935 0.9930 1.6723 0.9836

Dissolution media containing 0.1 N HCl (0-2 h), Phosphate buffer pH 6.8 (2-6 h; without microbiota)
F0 5.465 0.9872 0.1562 0.9803 23.661 0.9763 1.0147 0.9784
P3 1.812 0.8948 0.2868 0.9616 7.1273 0.8573 1.8908 0.9887

FTM in absence of microbiota (6th to 18 h)
F0 4.346 0.9936 0.0303 0.9914 30.669 0.9852 0.8636 0.9935
P3 5.292 0.9841 0.051 0.9785 37.284 0.9726 1.464 0.9934

TABLE 4. IN VITRO RELEASE KINETICS OF BATCH F0 AND P3
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respectively. Similarly in case of simulated colonic 
fluids such as FTM containing probiotic culture, 5 % 
human faecal slurries and FTM in absence of microbiota 
both the coated and uncoated beads followed zero 
order super case II transport (erosion) principle of drug 
release at 6-18 h (n>0.85). The mechanisms associated 
with drug release for uncoated beads (F0) in 4.5 % Goat 
caecal contents was found to be zero order Anomalous 
diffusion (n<0.85) in 6-18 h whereas for coated beads 
(P3) the mechanism of drug release was zero order 
super case II transport (erosion) type[84]. The above 
observation signified that, the polymeric blends of SA-
FSM are much more efficient to control the drug release 
in colonic environment. 

Colorectal cancer is the third widespread cancer mostly 
affecting older people. Chemotherapy with 5-FU 
reduces the chances of cancer progression. 5-FU, has 
an established chemotherapeutic activity needs to be 
targeted into colon for target specific local therapy as 
well as to reduce the dose related side effects. Polynomial 
equations by statistical evaluation of the results 
were obtained in order to correlate the independent 
and dependent variables. Desirability/predictability 
function was utilized to obtain the optimized batch. 
Based on the overall desirability factor and design 
expert software the optimized batch was selected. To 
achieve site specific drug release, fabricated SA-FSM 
multiparticulate beads containing 5-FU was coated with 
Eudragit S100 as coating polymer. The SA-FSM beads 
loaded with 5-FU were formulated using ionotropic 
gelation technique which was supposed to get degraded 
by the colonic bacteria. The proposed prediction values 
for the optimized batch containing (FSM:SA) as (X1) 
and CaCl2

 (% w/v) (X2) as (3.06:1) and (7.36 % w/v), 
respectively. The formulation was optimized using 32 
full factorial design. The % in vitro drug release study 
was performed by changeover media in which initially 
0.1 N HCl was used followed by phosphate buffer 
pH 6.8 and finally phosphate buffer pH 7.4 wherein 
formulation exhibited sustained release effect till  
18 h. The ex vivo permeability study was performed in 
goat colon and different kinetic models were applied to 
check the release mechanisms of beads, which indicated 
that coated beads followed zero order super case II 
transport (erosion) mechanism. Thus, all the results 
obtained while development of the dosage form were 
as per the desired set of the objectives. Therefore, the 
coated beads can be a good candidate for site specific 
delivery of 5-FU to colon by decreasing the gastric 
irritation, reducing dose frequency and by improving 
patient compliance for the treatment of colon cancer. 

Though, the in vivo study should be performed using 
suitable animal model to demonstrate the enhancement 
in bioavailability and site specific action of formulation. 
Therefore, this kind of formulation targeting 5-FU to 
the colon can be effective due to local action to delay or 
prevent development of colon cancer.
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