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Abstract:

The objective of present study is to design a novel multiparticulate system for colon targeting drug delivery system of
cyclophosphamide (CPM) using biodegradable Konjac glucomannan (KGM) as a carrier for colorectal cancer treatment.
Glucomannan is a high-molecular weight, water-soluble, non-ionic polysaccharide extracted from the tuber or root of the elephant
yam, also known as konjac (Amorphophallus konjac or Amorphophallus rivieri). cyclophosphamide (CPM) has been the only agent
with clinically active against colorectal cancer. Different batches of CPM granules were prepared and coated with KGM. Optimized
CPM granules (KGM-STMP) were evaluated for flow properties, granular parameters, weight variation and content uniformity. The
prepared formulations were subjected for in-vitro drug release studies in simulated gastric and intestinal fluids. It was found that
during 2 hr at pH 1.2 HCI (SGF), 3 hr at pH 7.4 phosphate buffer (SIF) only less than 20% of drug was released. The drug release
studies was also carried out in simulated colonic fluid (SCF) of pH 6.8 containing f-mannanase in order to mimic the conditions from
mouth to colon. Drug release from 5-FU granules coated with KGM-STMP followed diffusion dependent zero order kinetics. Further,
report suggested that konjac glucomannan (KGM) was biodegradable and susceptible to the colonic microfloras under anaerobic
environments. Spectroscopic, (FTIR), X-ray Diffraction (X-RD) and DSC studies concluded that no polymer-drug interaction was
concluded. Accelerated stability studies indicated that no significant changes, in drug release and micrometric patterns for observed
when stored at 40+ 2°C / 75+5% RH. Therefore, it was concluded that konjac glucomannan (KGM) is a promising potential carrier for
targeting CPM in the vicinity of colon in order to treat colon cancer effectively.
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INTRODUCTION:

The colon targeted drug delivery is beneficial for the
localized treatment of several colonic diseases mainly
inflammatory bowel diseases (IBD), irritable bowel
syndrome and colon cancer [1-3]. To achieve clinically
relevant bioavailability of poorly absorbed drugs from
the upper parts of the gastrointestinal tract because of
their polar nature and/or vulnerability to chemical and
enzymatic degradation in the small intestine specifically
for proteins and peptides [4-7].

Konjac glucomannan is a high-molecular weight, water-
soluble, non-ionic polysaccharide extracted from the
tuber or root of the elephant yam, also known as konjac
(Amorphophallus konjac or Amorphophallus rivieri)[8].
KGM is a polysaccharide of the mannan family, very
abundant in nature, specifically in softwoods
(hemicellulose), roots, tubers and many plant bulbs.
Despite the variety of sources, the most commonly used
type of glucomannan (GM) is hamed konjac GM (Fig.1),
which is extracted from tubers of Amorphophallus
konjac. Irrespective of its origin, KGM is composed of -
1, 4 linked D-mannose and D-glucose monomers [9].
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Fig 1: Structure of Konjac Glucomannan

Targeted drug delivery may provide maximum

therapeutic activity by preventing degradation or
inactivation of drug during transit to the target site. An
ideal targeted delivery system should be nontoxic,
biocompatible, and biodegradable and physicochemical
stable in-vitro and in-vivo. The targeted drug delivery is
dependent on the identification and exploitation of
attribute that is specific to the target organ [10-17].

MATERIALS AND METHODS:

Materials

Cyclophosphamide was obtained as a gift sample from
Biophore Pharmaceutical Pvt. Ltd, (Hyderabad, India).
Konjac glucomannan was purchased from Dalian
Ruishengda International Trade Co., Ltd., Western Hills
Village Shahekou District Dalian, China. Sodium
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trimetaphosphate (STMP)was purchased from Central
Drug House, Mumbai. Magnesium stearate, Lactulose,
Talc were purchased from Merck Chemicals Corporation
Mumbai, India. All other chemicals and solvents are of
reagent grade. Double distilled water (DDW) was
prepared using the in-house distillation unit.

Preparation of cyclophosphamide granules[18-20]:
Different  batches of  matrix  granules  of
cyclophosphamide were formulated by wet granulation
method. All ingredients were weighed on digital
weighing balance and passed through sieve no. 40. The
sieved ingredients (except lubricants and glidants) were
placed in mortar and pestle for mixing. Then distilled
water was added for wet massing, to form a coherent
mass. The obtained coherent mass was placed on the
sieve no. 10 and forced out through a sieve screen where
it was continuously formed into extradites. Cylindrical
shaped extradites were then transferred and spreaded out
on perforated trays for drying of product in hot air oven
at 50 °C + 2 °C for 1.5-2 hours. Then dried cylindrical
mass was forcefully passed through sieve no. 22 to get
uniform sized granules. Lubricants (magnesium stearate)
and glidant (talc) were added to improve flow properties.
. Used ingredients are listed in table.1.

Table 1: Ingredients used in preparation of granules.

S.NO | Ingredients Quantity (mg)
1 Cyclophosphamide 300
2 Lactose 785
3 Magnesium stearate 50
4 Talc 600

Crosslinking of Konjac glucomannan[21-25]:
According to the methodology used by Gliko-Kabir et
al.[26-28] konjac glucomannan dispersion was prepared.
The dispersion was stirred for 2 h to allow the polymer to
completely dissolve. The following amounts of sodium
trimetaphosphate (STMP) were added to three 100 mL
portions of the dispersion: 5 mL 30% to the first (sample
A), 10 mL 30% to the second (sample B), 15 mL 30% to
the third (sample C), 20 mL 30% to the fourth (sample
D) and 30 mL 30% to the fifth (sample D) . Five hundred
milligrams of drug loaded granules were coated in
fluidized bed coater by different coating formulations.
Coating conditions are listed in table 2.

Table 2: Coating parameter

Inlet temp. Exhaust temp. Atomization Spray rate Pan rate Weight gain  Curing
‘c) ‘c) (bar) (g/min) (rpm) (%) (mins)
40-45 32-35 20-25 2-4 9-11 3% 30
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Physical characterization of granules:

All physical tests of granules were performed like Bulk
density, Tapped density, Compressibility Index,
Hausner’s ratio and Loss on drying, PSD by sieve
analysis.

Drug content determination:

The test was performed with formulations CTDD-1 to 5
by assaying them individually according to USP limits.
The capsule was crushed and dissolved in phosphate
buffer saline solution (pH 7.4) and volume made up to
100 ml in the volumetric flask. A 0.1 ml aliquot was
taken out and volume made up to 10 ml with PBS (pH
7.4) solution and filtered through Whatman No.1 filter

paper.

RESULTS AND DISCUSSION:

The granules of all the formulations were evaluated for
angle of repose, bulk density, tapped density,
compressibility index and hausner’s ratio. The angle of
repose was found to be 31°51° £0.77-33°69’+0.74. It
indicates that granules have a good flow property. The
bulk density and tapped density was found to be in the
range of 0.36+0.00-0.4+0.01 gm/cc and 0.39£0.0-
0.48+0.02gm/cc respectively. The compressibility and
hausner ratio was found to be 7.69+1.86 to 15.50+1.74
and 1.08+0.04 to 1.17+0.04 indicating good flow
character of the granules (table-3). All the results are
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within the prescribed limit [29-31].

Prepared colon targeted drug capsule formulations were
subjected to preliminary in-vitro release studies.
Dissolution was carried in three media, namely
simulated gastric fluid (acidic buffer, pH 1.2) for the first
two hours, simulated intestinal fluid (sorensen’s
phosphate buffer, pH 6.8) for three hours and simulated
colonic fluid (phosphate buffer pH 7.4) evaluated in
presence of B-mannanase for the subsequent hours[32-
36]. After ingestion of the capsule, there was no drug
release in the stomach due to the acid resistibility of the
polymeric layer with all the formulation, indicating the
efficiency of glucomannan as biodegradable enteric
coating polymer. This polymer proved that the drug was
not released in the stomach. The release profile of the
various formulations coated with KGM crosslinked with
STMP is given in table 4 and figure 2 respectively. The
drug release was slow in first 5 hours followed by spread
over 24 hour and depends upon concentration of
phosphated glucomannan [37-41].

When FT-IR and DSC studies were performed, it was
found that there was no interaction between CP and
polymers used (fig. 3and 4). The physicochemical
properties of the entire KGM coated pellets batches
were found to be in limits. The optimized KGM-STMP
coated pellets-filled-capsule formulation CTDD-4
releases CP in presence of f-mannanase after a lag time
of 98.75% at the end of 24 hrs respectively.

Table 3: Evaluation of matrix granules of CP

Formulation Bulk Tapped Carr’s Hausner’s Angle of Drug
Code density*(g/cc) | density*(g/cc) | index* (%) ratio* repose*(0) content*(%o)
Gl 0.41£0.01 0.48+ 0.02 15.50£1.74 1.17+0.04 33°14°+0.66 98.20+ 1.33
G2 0.40+0.01 0.46+0.02 13.04+1.66 1.15+0.02 33%9°+0.74 100.87 £1.31
G3 0.38+0.05 0.42+0.01 9.52+1.27 1.10+0.02 30°30°+0.67 101.2+1.89
G4 0.36+0.00 0.39+0.01 7.69+1.86 1.08+0.04 32%°42°+0.59 95.99 + 1.96
G5 0.36+0.01 0.40+0.01 10+2.01 1.11+0.03 31%51°+0.77 97.04 £2.13

Table 4: In-vitro dissolution studies of CTDD filled with granules coating with different ratios of KGM-STMP

solution
S.NO Time Formulation Code
(inhrs) [ CTDD-1 CTDD-2 CTDD-3 CTDD-4 CTDD-5
1 2 1.31+1.06 0.86+1.27 1.22+0.41 1.49+0.23 1.5340.35
2 5 11.65+1.59 12.18+1.87 11.05+1.56 12.14+2.31 11.75+1.22
3 7 28.42+1.34 31.69+3.56 30.48+0.16 31.72+1.69 29.43+1.28
4 9 32.54+2.79 45.04+1.67 43.25+2.35 44.33+3.78 33.27+1.04
5 12 41.50+3.45 55.29+2.59 53.69+1.24 61.29+1.45 40.37+2.11
6 15 49.28+2.54 59.18+3.65 57.46+1.36 69.78+4.23 48.53+1.05
7 18 55.29+0.49 62.01+1.16 61.55+1.14 78.26+2.38 54.11+1.34
8 21 68.37+3.52 71.55+2.92 70.24+0.33 89.98+0.46 67.42+1.34
9 24 82.86+1.64 87.46+2.06 85.13+2.41 98.75+1.33 82.47+2.54
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Fig 2: In-vitro release study of capsule coated with different concentrations of phosphated glucomannan

S Byl rraistasm, Sehoriuisiimirmisn mic s oo i £ s amih ilsctiie KA, e, T PO
Size: 5.0000 mga Operator: PV . SURESH
Method: Ramp Run Date: 14-May-2016 14:09
Comment: Melting point Instrument: DSC Q20 V24,11 Build 124
0.5
oo S
g
%adns
— — M
= 0.5 e
= —
= S
=
E a0
1.5 — 177 13C
-2.0 . . . T . - . 1 - - —~ —r- - - T —- - - —— - - -
(8] 50 100 150 200 250 300
e Temperatre (&) iveraat v A st
Fig 3: DSC thermogram of Physical mixture of Cyclophosphamide and Konjac Glucomannan
Physical mixture of Cyclophosphamide, Konjac Glucomannan
3500 3000 2500 2000 1500 1000 500
=3 s I f f f L L L ' s
= I Sl n =
\ (\ I “ W
=3 | | =
I | A ” £
wi f I
s 1|l AT Nir =
- ‘
= 0 A 8o Il
g R n f“ “\\' IEmLe A | [t =
3 2 “!‘\ j” ‘,‘-}‘gvgv \‘I \ /\v . " I
gl ((Wig L \u] A A 2
5 8 ;"v‘ il HR| S/ a3V WV V\f\/f\”‘\,\fwf\v “3 s
- (I g\’ IJ ] % B!s 8§ &||<L 8! PV A o [1
=8| = ! LR | 5 2= w23 - &= A =
- AR IS PR 1 e AP, -
it | §§ b 8 =88 2 ZHR|| g & Y \/V /\‘N\/w ~\ M |8
= B | B » & & 3 2 Eg g2 g2 == 8 | M
<18 z5°% g LE W gl g € %8 S ER|Z BEly =
E g & ol g = =l e
- = g 2 = ]
& §g g
8 a2
3500 3000 2500 2000 1500 1000 500
Wavenumber cm- 1 R G

Fig 4: FT-IR graph of physical mixture of Cyclophosphamide and Konjac Glucomannan
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CONCLUSION:

In-vitro release of cyclophosphamide (CPM) granules
was evaluated in presence of B-mannanase. It was
concluded that the reservoir-like drug release system
of phosphated KGM membrane could be potencial as
an colon-specific drug delivery. Therefore, it was
concluded that konjac glucomannan (KGM) is a
promising potential carrier for targeting CPM in the
vicinity of colon in order to treat colon cancer
effectively. The results of our study clearly indicate
that there is great potential in delivery of
cyclophosphamide to the colonic region as an
alternative to the conventional multiparticulate
system.
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