Chapter III

Results

1. Preliniinary study

Chitosan polymer-could be dissolved in 1 %w/v of acetic acid to be
yellowish transpareat‘Solution: - Both CMC and pectin could be dispersed in water
to be colloid of differeny'viscosities dcbending on concentration. The viscosities of
these polymer solutions' aud colloids.are shown in Table 7. CMC colloid was

transparent while opaque brown colloid was of pectin.

Chitosan-CMC ' and chitosan-pectin, microcapsules could be prepared by
complex coacervation technique. The: processing conditions were ﬁxéd at pH 4.0,.
temperature of chitosan solution at 10¢2°c, and variods concentrations of chitosan,
CMC or pectin solution. Preparations of indemethacin microcapsules by chitosan-
CMC with different hardening times of 2 and 3 hours“exhibited no difference in the
percentage of drug entrapment ‘and drug recovery as shown in Table 13. Therefore,
the step of hardening time ‘Would be'2-hours in’all preparations. Table 8 shows
that-no) encapsulation «was=found; in the (preparation) of 0:5%w/{voCMC solution.
However, other chitosan-CMC preparations could obviously form microcapsules as
shown in Figure 5. For chitosan-pectin microencapsulation, it appeared as a slurry
or non encapsulation when pectin soluﬁon was sprayed into chitosan solution.
However, encapsulation occurred by adding calcium chloride into chitosan solution
to precipitate and to prevent aggregation of the droplets of microcapsules. In Table

9, preparation of calcium chloride and pectin was non encapsulation. It showed




Table 7 Viscosities of chitosan, CMC, and pectin solutions in different

concentrations at 25°c

Polymer solution Concentration (%w/v) Viscasity at 26 ¢ (cps)
Chitosan 0.25 <10
0.50 <10
0.75 <10
1.00 : <10
CMC 0.50 39.32
0.75 82.94
100 | 196.17
1.50 906.85
Pectin 250 15.48
5.00 _ 79.63
o0 357.58
10.00— 1125.58

Table 8 : Formability of chitosan-CMC microcapsules at various concentrations

CMC Chitosan solution (%w/v)
solution (% w/v} 0.26 0.50 0.75 1.00
0.:50 NE NE NE NE
0.75 E E E E
1.00 E E E E
1.50 E E E E

NE = Non Encapsulation, PE = Partial Encapsulation, E = Encapsulation
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Figure 5  Optical photomicrographs and scanning electron photomicregraphs of chitosan-CMC
microcapsules prepared from chitosan 0.5%w/v, CMC 1%w/v, glutaral 0.25 gm,
2 hrs. hardening time
(A and B = optical photomicrograph x100 and x200 magnilications

C and D = scanning electron photomicrograph x80 and x800 magnifications)
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Table 9 : Formability of chitosan-pectin microcapsules at various concectrations

Pectin Chitosan solution {%w/v) with calcium chloride 3 gm
solution (% w/v) 0 0.26 0.50 0.76 1.00
2.50 NE PE PE PE NE .
- 5.00 NE E E E E
7.50 NE E E E E
10.00 NE E E E E

NE = Non Encapsulation, PE = Partial Encapsulation, E = Encapsulation

only droplets of pectin/solution in the calcium chloride solution. Pectin solution at
the concentration of 2.5 %w/v, in various concentration of chitosan-calcium chloride
solution showed partial encapsultion. . Table 10 describes the differences of
microcapsules which were prepared by chitosan-CMC and chitosan-pectin during
the process of spraying, washing and drying. In the process of spraying polymer
into chitosan solufion, the wall of chitosan-CMC micCrocapsule immediately and
easily wrinkled while microcapsule wall of chitosan-pectin was unchanged. In
addition, chitosan-CMC ., microcapsules could be washed and dried easier than

chitosan-pecfin microcapsules.
2. Microencapsulation of indoniethacin
The dried chitosan-CMC indomethacin microcapsules looked like small

particles of pale yellow to brown colour while the dried chitosan-pectin

indomethacin microcapsules looked like granules of light brown colour.  The dried
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Table 10 . Comparison of chitosan-CMC and chitosan-pectin microcapsules in each

process
Process Chitosan-CMC Chitosan-pectin
Spraying - transparent microcapsules - transparent brownish
{Microencapsulation) in colorless wansparent microcapsules in opaque
solution brown liquid
- fast collapsing microcapsule | - long period for collapsing
wall microcapsule wall
Washing - easy to wash - difficult to wash
-meeded small yolume of - needed large volume of
IPA to remove water in IPA to remove water in
the microcapsules the microcapsules
Drying ~ifast drying - long time for drying

(spray mirogen gas-about
~ 30-60 minutes)

(spray nitrogen gas about
60-90 min and keep in
desstcator at room temp.

for 24-48 hours)

chitosan-CMC. indomethacin-microcapsules _seemed 'to be: bulkier than chitosan-

pectin_microcapsules,

All preparations shown in Tables 5 and 6 could form microcapsules.

However, some preparations failed to give collected yield in the recovery process

because in the process of hardening microcapsule wall, the medium turned to gel.

Preparations which failed in recovery process are shown in Table 11.
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Table 11 . Appearance of indomethacin microcapsules which fafled in recovery process

Prep. | Chitosan Pectin soln CaCl,(gm)/ Glutaral(gm)/ | Microcapsule
soln (%w/v) (%ow/v) chitosan 1 gm | polymer 1 gm appearance
26 0.50 5.0 3.0 025 _
31 0.50 7.5 1.0 0.25 Deposited in
17 0.50 PN % 025 gel like
42d 0.75 . 10.0 3.0 0.10 medium
43cd 075 " 100 30 0.25

2.1 Morpholoegy of indomethacin microcapsules

The ‘opti¢al = photomicrographs of chitosan-pectin indomethacin
microcapsule while pectin-indomethacin dispersion was being sprayed into chitosan-
calcium chloride solution ‘are shown' in Figures 6-9. Figu:es‘ 6 and 7 show
preparations of chitosan 0:25%; various pectin concentrations at 5.0% and 7.5%,
and various calcium-chioride-contents-at-gm-and 3 gin /gm chitosan and Figures 8
and 9 show preparations of chitosan 0.5% vaned in the same condition. The
photomicrographs showed that chitosan-pectin complex coacervation entrapped
indomethacii, in‘all ‘preparations. |Howeyer, the'preparation-which had only 1 gm of

calcium chloride showed agglomeration of microcapsule droplets;

Figures 10-11 and 12-17 show the optical photomicrographs of dried
chitosan-CMC and chitosan-pectin indomethacin microcapsules, respectively,
prepared from various conditions and mounted with water prior to the microscopic
examination at x200 magnification. The photomicrographs of Figures 10 and 11 |

showed that indomethacin was encapsulated in the transparent wrinkle microcapsule
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Figure 6 : &!tlﬂl photomicrographs of chitosan-pectin indomethacin microencapsulation prepared
from chitosan 0.25 % w/v, pectin 5% w/v

{A and C = calcium chloride 1 gm, B and D = calcium chloride 3 gm
AB and C.D = x40 and x200 magnifications)
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Figure 7 : Optical photomicrographs of chitosan-pectin indomethacin microencapsulation prepared
from chitosan 0.25%w/v, pectin 7.5%wiv

mandC-calciumdllm-Idelgm,EmﬂD-mIciumdllm-ideﬂgm
AB and C,D = x40 and x200 magnifications)
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Figure 8 : Optical photomicrographs of chitosan-pectin indomethacin microencapsulation prepared
from chitosan 0.5%w/v, pectin 5% w/v

(A and C = calcium chloride 1 gm, B and D = calcium chloride 3 gm
AB and C.,D = x40 and x200 magnifications)
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Figure 9 © Optical photomicrographs of chitosan-pectin indomethacin microencapsulation prepared
from chitosan 0.5 %w/v, pectin 7.5 % w/v
(A and C = calcium chloride 1 gm, B and D = calcium chloride 3 gm
AR and C.D = x40 and x200 magnifications)
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Figure 10 I Optical photomicrographs of chitosan-CMC  indomethacin microcapsules prepared from

glutaral 0.25 gm, 2 hrs. hardening time (prep. 1,2.3,6,8a,10), mounted with water,
X200 magnilication

(1=0C80.25 %wlv, CMC 0.75%w/v 8 = CS5 0.5%w/v, CMC 0.75%w/v

2 = C5 0.25%w/v, CMC 1%w/v 8a=CS5 0.5%wv, CMC 1%w/v

3=0C50.25%wy, CMC 1.5%w/y 10 = C8 0.5%w/v, CMC L5%w/v)
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Figure 11 : Optical photomicrographs of chitosan-CMC indomethacin microcapsules prepared
from 2 hrs. hardening time (prep.4,5,7,9), mounted with water, x200 magnification
(4 = CS 0.35%w/v, CMC 1%w/v, glutaral 0.25 gm, indomethacin 1.5%
5 = CS 0.5%w/v, CMC 0.75 %w/v, glutaral 0.1 gm, indomethacin 1%
7 = €5 0.5%w/v, CMC 1%w/v, glutaral 0.1 gm, indomethacin 1%

9= C5 0.5%w/v, CMC 1%w/v, glutaral 0.25 gm, indomethacin 1.5%)
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Figure 12 7 Optigul photomicrograples of chitosan-pectin indomethacin microcapsules prepared from
2 hrs. hardening time (prep.11,12,13,15,168,17), mounted with water, 200 magnification
(11=05 0.25% pectin 5 %ow/v,CaCl, 1 gm, glutaral 0.1 gmindomethacin 1%
LZ=075 0025 % pectin 5 %ew/v,CaCl, 1 gm, glutaral 0.1 gm,indomethacin 29
Ld=005 0.25 % pectin 5 %w/v,CaCl, 1 gm, glutaral 0.25 gmindomethacin 1%
La=005 0.25 % pectin 5% wiv,CaCl, 3 gm, glutaral 0.1 gm indomethacin 1%
L= 0025 % pectin 5 % wiv, CaCl, 3 gm, glutaral 0.25 pmgindomethacin 1%

17=075 0.25 % pectin 5% wiv.CaCly, 3 gm, glutaral 0.25 pmindomethacin 2% )



Figure 13 : {};IIQu.I phatomicrographs of chitosan-pectin indomethacin microcapsules prepared from

2 hrs, hardening time (prep.18,19,20,21,22 23), mownted with water, 200 magnilication
(18=0C5 0.25 % pectin 7.5 %w/v,CaCl, 1 g, glutaral 0.1 godindomethacin 1%

19=05 0.25% pectin 7.5 % wiv,CaCly 1 gy, glutaral 0.1 gmgindomethacin 2%

20=05 0.25 % pecting 7.5 %w/v,CaClL, 1 gm, plutaral 0,25 gogindomethacin 1%

21=U8 0,25 % pectin 7.5 %w/v.CalCl, 3 gm, glotaral 0.1 gaindomethacin 1%

22=05 0.25 % pectin 7.5 % w/v,CalCly 3 pm, plutaral 0.25 govindomethacin 1%

23=05 0,256 % pectin 7.5 %\5‘-"‘-‘.’[:;1(1_. 3 g, glotaral 025 poimdomethoacin 2%
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Figure 14 ; {IIJlirul: photomicrographs of chitosan-pectin indomethacin microcapsules prepared from
2 hrs. hardening time (prep.26,27,28,30,34), mounted with water, x200 magnification
(268=05 0.5 %, pectin 5% w/v,CaCl, 1 gm, glutaral 0.1 gm,indomethacin 1%
27=05 0.5%,pectin 5%w/v,CaCl, 1 gm, glutaral 0.25 gmindomethacin 1%
28205 0.5% pectin 5% w/v,CaCl, 3 gm, glutaral 0.1 gm,indomethacin 1%
0=U5 0.5%,pectin 7.5%w/v,CaCl, 1 gm, glutaral 0.1 gmjindomethacin 15

34=C5 0.5% pectin 7.5% w/v,CaCl, 3 gm, glutaral 0.1 gnindomethacin 1% )
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Figure 15 : ﬂpncul photomicrographs of chitosan-pectin indomethacin microcapsules prepared from
calcium chloride 3 gm, glotaral 0.25 gm, indomethacin 3% (prep.24¢,240,38¢,38d,40¢,40d),

muonnied with water, x200 magnification

(24c amd 24d = €5 0.25%, pectin 7.5 % w/v, 8 and 18 hrs. laedening time

38c and 38d = CS 0.5%, pectin 7.5%wiv, 6 and 18 hrs, hardening tine

40¢ and 40d = €S 0.5%, pectin 10%w/v, 6 and 18 hrs. hardening time)
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Figure 16 Optcal phistomicrographs of dhitosan-pectin indomethaon microcapsales sprepiis s,
Lol AZ00 wounted with woter, 2200 magnilication
S5 e 36205 D55 pectin T 0w 4 Cal ], 3 gmgglutaral 001 govindomethacin 2 and 34
i

o S 0255, peaind 07 CaCL 3 pmgelutaral 0025 grvindn 3 48 hes. hardening time

e = 05 0T pratin 10001, 3 gogglataral 001 grvandn 37 6 hies, hardemng tine
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Figure 17 Optical photomicrographs of chitosan-pectin indomethacin microcapsules prepared from
no glutaral .(prep.14,32.,33,39,41), mounted with water, x200 magnification
(14 = chitosan 0.25%, pectin 5‘%;\'W‘V,CnCl,I 3 gm, indomethacin 3%
32 and 33 = chitosan 0.5% ,pectin 7.5%w/v, CaCl, 3 gm, indomethacin 1 and 5%
30 = chitosan 0.5%, pectin 10%w/v,CaCl, 8 gm, indemethacin 3% \

41 = chitesan 0.75%, pectin 10%w/v,CaCl, 8 gm, indomethacin 3%)
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wall of chitosan-CMC. When mounted with water, the chitosan-CMC nﬁ(;rocapsule
wall was slightly swollen. In Figure 10, higher concentrations of CMC showed
thicker microcapsule wall. In Figure 11, preparations 5 and 7 which had less
glutaraldehyde of 0.1 gm /gm polymer showed weak and partially complete of
microcapsule wall when compared to preparations 6 and 8a, respectively. When
more indomethacin was loaded in the prepafation 9, more drug could be seen in

microcapsule than in preparation 8a.

Figures 12-17 show the optical photomicrographs of chitosan-pectin
indomethacin microcapsules mounted with water.  The wall was transparent and
indomethacin was dentvapped inside.r Figures 12-13 and 14 display optical
photomicrograph of wvarigus prebarations which prepared from chitosan 0.25% and
0.5‘ %w/v, respectively, various using pectin 5% and 7.5 %w/v, CaCl, 1 and 3 gm /
gm chitosan, glutaraldehyde 0.1 and 0.25 gm /gm polymer, indomethacin 1% and
2%. Figure 15 shows optical photomicrograph of preparations with hardening time
of 6 and 18 hours which prepared from chitosan 0.25% and 0.5 %w/v, pectin 7.5%
and 10.0 %w/v, CaCl, 3 gm /gm chitosan, glutaraldehyde 0.25 gm /gm polymer,

' indomethacin 3%. The optical photomicrographs of preparations 35, 36, 25d, and
42c are shown in.Figure 16.  The optical photomicrographs. of Figures 12-16 show
notably more ‘swollen~"of “chitosan-pectin” microcapsule *wall.  But optical
photomiciographs) i) Figure 17 of preparations” without glitaraldehyde show only
slightly swollen microcapsule wall. Moreover, microcapsules of some preparations

fused into large particles hence they were opaque when mounted with water,

The scanning electron photomicrographs of chitosan, CMC, pectin,
and indomethacin are shown in Figure 18. Imregular shapes of particles were

observed in chitosan, CMC, and pectin.  Regular crystalline in various size was of
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Figure 18 : Scanning electron photomicrographs of chitosan(A), CMC(B), pectin(C),
x40 magnification, and indomethacin({D}) x200 magnification
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indomethagcin,

Figures 19-22 and 23-35 show the shape and surface topography of
chitosan-CMC and chitosan-pectin indomethacin microéapsules, respectively,
prepared from different conditions. Figures 19 and 20 compare the shape and
surface of chimsm-CMF indomethacin® microcapsule prepared with chitosan of
0.25% and 0.5 %w/v and the CMC concentrations of 0.75%, 1.0%, and 1.5 %w/v.
The shape was partially _round. The merﬁbrane surface was smooth to wavy,
folding and no pore. It was notable that shape and surface of microcapsules using
various chitosan con€entrations seemed to be no difference as shown in Figures
19&20, and 22. Using vagous CMC concentrations as shown in Figures 19-21
showed differences in thickness “and creasing of membranes. Higher CMC
concentration caused thicker and wavier membrane than lower concentration. It was
- shown in Fiugre 21 that surface and shape of microcapsule of the preparations with
0.1 gm of glutaraldehyde were thin and showed some crackings on the membrane

when compared to the surface and shape of preparations 6 and 8a in Figure 20,

The Shape and surface topography of Chitosan-pectin indomethacin
microcapsule are shown in Figures 23-35. Tracés of indomethacin could be seen on
the surface of’ microcapsule i all ‘preparations:’ If'could be observed in Figures 31-
35 of preparations 24c-25d and<38c-42c) thav the shape was)not round, moreover, it
had a heavily wavy form and the surface of membrane was rough, more threads or
fibers in a form of net with no pore. The topograph of preparations of higher
chitosan and pectin concentration showed thicker membrane. However, the
topographs of preparation with CaCl, 3 gm /gm chitosan and 2 hours hardening
time shown in Figures 24, 26, 27 Prep.28, 28 Prep.34, 29-30 were unround

shape, wavy surface of microcapsule membrane and some agglomeration of
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Figure 19 @ Scanning electron photomicrographs of chitosan-CMC indomethacin microcapsules

prepared from chitosan 0.25%w/v, glutaral 0.25 gm, 2hes. hardening time
{prep.1,2,3), x80 and x800 magnification

(1= CMC 0.75%wlv, 2 = CMC 1.0%wl/v, 3 = CMC L.5%wlv)



Figure 20 : Scanning electron photomicrographs of chitosan-CMC indomethacin microcapsules
prepared from chitosan 0.5 % w/v, glutaral 0.25 gm, 2hrs. hardening time
(prep.8,8a,10), x80 and x800 magnification
(6 = CMC 0.75%wlv, 8a = CMC LO%w/v, 10 = CMC L5%w/v)
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Figure 21 ©Scanning eleetron ||Ilutumicrdgra|llﬁ of chitosan-CMC indomethacin microcapsules
prepared from chitosan 0.5%w/v, glutaral 0.1 gm, 2hrs. hardening time
{prep.5,7), x80 and x800 magnification
(5 = CMC 0.75%w/v, 7= CMC L.0%w/v)
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Figure 22 OScanning electron photomicrographs of chitosan-CMC indomethacin microcapsules
prepared from CMC LO%w/v, glutaral 0.25 gm, indomethacin 1.5%,
2 hrs. hardening time (prep.4.9), x80 and x800 magnification
{4 = chitosan 0.35 % w/v, @ = chitosan 0.5%w/v)



Figure 23 © Scanning electron photomicrographs of chitosan-pectin indomethacin microcapsules
prepared from chitosan 0.25%wi/v, pectin 5.0%w/v, calcium chloride 1 gm,
2 hrs. hardening time (prep.11,12,18), x60 and x800 magnification
(11 = glutaral 0.1 gm, indomethacin 1%
12 = glutaral 0.1 gm, indomethacin 2%
13 = glutaral 0.25 gm, indomethacin 1%)



Figure 24 : Scanning electron photomicrographs of chitosan-pectin indomethacin microcapsules
prepared from chitosan 0.25%w/v, pectin 5.0 %w/v, calcium chloride 3 gm,
2 hrs. hardening time (prep.15,16,17), x60 and x800 magnification
(15 = plutaral 0.1 gm, indomethacin 1%
18 = glutaral 0,256 gm, indomethacin 1%
17 = glutaral 0.25 gm, indomethacin 2%)
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Figure 25 : Scanning clectron photomicrographs of chitosan-pectin indomethacin microcapsules
prepared from chitosan 0.25 %w/v, pectin 7.5%w/v, calcium chloride 1 gm,
2 hrs. hardening time (prep.18,19,20), x80 and x800 magnification
(18 = glutaral 0.1 gm, indomethacin 1%
18 = plutaral 0.1 gm, indomethacin 2%
20 = plutaral 0.25 gm, indomethacin 15
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Figure 26 | Scanning electron photomicrographs of chitosan-pectin indomethacin microcapsules
prepared from chitosan 0.25 % w/v, pectin 7.5 % w/v, calcium chloride 3 gm,
2 hrs. hardening time (prep.21,22,23), x60 and x800 magnification
{21 = glutaral 0.1 gm, indomethacin 1%
22 = glutaral 0.25 gm, indomethacin 1%
23 = glutaral 0.25 gm, indomethacin 2%)



Figure 27 ! Scanning electron pholomicrographs of chitosan-pectin indomethacin microcapsules

prepared from chitosan 0.5 %w/fv, pectin 5.0%w/v, indomethacin 1%,
2 hrs. hardening time (prep.26,27,28), x680 and x800 magnification
(26 = calcium chloride 1 gm, glutaral 0.1 gm

27= calcium chloride 1 gm, glutaral 0.25 gm

28 = calcium chloride 3 gm, glutaral 0.1 gm)
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Figure 28 [(Scanning electron photomicrographs of chitosan-pectin indomethacin microcapsules
prepared from chitosan 0.5 %w/v, pectin 7.5%w/v, indomethacin 1%,
2 hrs. hardening time (prep.30,34), x80 and x800 magnification
(30 = calcium chloride 1 gm, glutaral 0.1 gm
34 = calcium chloride 3 gm, glutaral 0.1 gm)
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Figure 29 | Scanning electron photomicrographs of chitosan-pectin indomethacin microcapsules
prepared from chitosan 0.5 % w/lv, pectin 7.5 %w/lv, calcium chloride 3 gm,
glutaral 0.1 gm, 2 hrs, hardening ime (prep.35,36), x80 and x800 magnification
(3% = indomethacin 2%

36 = indomethacin 3%)
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Figure 30  Scanning electron photomicrographs of chitosan-pectin indometihacin microcapsules
prepared from calcium chloride 3 gm, no glutaral (prep.14,32,33),
xB80 and x800 magnification
(14 = chitosan 0.25%w/v, pectin 5.0%w/v, indomethacin 3%
3% = chitosan 0.5%w/v, pectin 7.5%w/v, indomethacin 1%
33 = chitosan 0.5%w/v, pectin 7.5%w/v, indomethacin 5%)
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Figure 31 : Scanning electron photomicrographs of chitosan-pectin indomethacin microcapsules

prepared from calcium chloride 3 gm, no glutaral, indomethacin 3%,
(prep.39,41), x80 and x800 magnification

(38 = chitosan 0.5 %w/v, pectin 10.0%w/y

41 = chitosan 0.75%w/v, pectin 10.0%w/v)
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Figure 32 | Scanning electron photomicrographs of chitosan-pectin indomethacin microcapsules
prepared from chitosan 0.25 % w/v, pectin 7.5%w/v, calcium chloride 3 gm,
glutaral 0.25 g, indomethacin 3% (prep.24c,24d), x80 and x300 magnification
(Z4c = 8 hrs. hardening time

24d = 18 hrs. hardening time)



80

38c 33{:

38d 384

Figure 33 {Scanning electron photomicrographs of chitosan-pectin indomethacin microcapsules
prepared from chitosan 0.5 %w/v, pectin 7.5 %w/v, calcium chloride 3 gm,
glutaral 0.25 gm, indomethacin 3% (prep.38¢,38d), x80 and x800 magnification
(%8¢ = & hrs. hardening time
38d = 18 hrs. hardening time)
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Fipure 34 © Stanning electron photomicrographs of chitosan-pectin indomethacin microcapsules

prepared from chitosan 0.75 %w/v, pectin 10.0%w/v, calcium chloride 3 gm,
glutaral 0.25 gm, indomethacin 3% (prep.40c,40d}, x80 and x800 magnification
{40¢ = 6 hrs. hardening time

404 = 18 brs. hardening time)
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Figure 35 ! Scanning electron photomicrographs of chitosan-pectin indomethacin microcapsules
prepared from pectin 10.0%w/v, calcium chloride 3 £m, indomethacin 3%,
{prep.25d,42¢), x80 and x800 magnification
(25d = chitosan 0.25%w/v, glutaral 0.25 gm, 18 hrs, hardening time
42¢ = chitosan 0.75%w/v, glutaral 0.1 gm, B hrs. hardening time)
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microcapsules. But other topographs of preparations shown in Figures 23, 25, 27
Prep. 26-27, 28 Prep. 30 prepared from using CaCl, 1 gm /gm chitosan could be

observed many large particles and seemed like solid dispersion.
2.2 Size and size distribution

The number of size disinbutGen; percentage frequency and the
cumulative percentage-frequeney undersize afe shown in Table 19 in the Appendix.
And geometric mean’ diameter at D, of microcapsules are displayed in Table 12.
The particle size disiributions ‘of chitesan-CMC and chitosan-pectin indomethacin
microcapsules varied in the range of 40-291 and 40-459 um, respectively. The
particle size distribution of chitosan-CMC was noficeably narrower than chitosan-
Iiectin indomethacin microcapsules. ~The ranges of 45.71-107.15 pm and 104.71-
281.84 pm were geomefric mean diameter (D,,) of chitosan-CMC and chitosan-
pectin indomethacin microcepsules, respectively. The minimum and maximum
geometric mean diameters of chitosan-CMC indomethacin microcapsules were found
in preparation 8a préepared from chitosan 0.5 %w/v, CMC 1.0 %w/v, glutaraldehyde
0.25 gm and preparation 3 prepared from chitosan 0.25 %w/v, CMC 1.5 %w/v,
glutaraldehyde 0:25~, gm, respectively. In- cchitosan=pectin indomethacin
microcapsules, preparation 24c prepared from chitosan 0.25 %w/v, pectin 7.5 %w/v,
CaCly, 3 gm, glutaraldehyde 0.25 gm; indomethacin'3 %, 6 hours hardening time
and preparation 16 prepared from chitosan 0.25 %w/v, pectin 5.0 %w/v, CaCl, 3
gm, glutaraldehyde 0.25 gm, indomethacin 1 %, 2 hours hardening time had

minimum and maximum geometric mean diameters, respectively.

a) Effect of chitosan concentraﬁonh: From Table 12, preparation of

chitosan-CMC indomethacin microcapsule with difference of chitosan concentrations
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Table 12 : Geometric mean diameters (D 50) of indomethacin microcapsules prepared

from various preparations

Preparation D 50 (micron) Preparation D 50 (micron)
1 107.15 22 218.78
2 52.48 23 208.93
3 114.28 e 104.71
4 75.86 244 114.82
5 8511 25d 125.89
6 7244 2 199.53
7 7262 27 208.93
8a 48571 28 234.42
9 8123 30 186.21
10 7943 32 186.21
1 j44.54 33 125.89
12 23442 34 208.93
13 147.91 35 199.53
14 15488 36 18197
15 229.09 38c 12023
16 781.84 384 109.65
17 239.88 39 131.83
18 165.96 40c 134.90
19 239.88 40d 114.82
20 158.49 41 109.65
2] 234.42 42 12303

of 0.25 % and 0.5 %w/v revealed that Dy, value increased with the decreasing of
chitosan concentration, except Dy, value of preparation 4&9 prepared from chitosan
0.35 % and 0.5 %w/v, CMC 1 %w/v, glutaraldehyde 0.25 gm, indomethacin 1.5 %
which decreased with the increasing of chitosan concentration. Figures 36-38

illutrate size distribubon of chitosan-CMC indomethacin microcapsule various
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chitosan concentrations. Preparations 4 and 8a displayed the narrowest size
distribution. Upon observation of D, values of chitosan-pectin indomethacin
microcapsules, increasing of chitosan concentration increased diameter in
preparations 11&26, 13&27, 15&28, 18&30, and 24c&38c. On the contrary, Dy,
values of preparations 21&34, 24d&38d, and 39&41, decreased with increasing of
chitosan concentration. Figures 39-44 show effect of chitosan concentration on size
distribution of chitosn-pectin  indomethaCin"mucrocapsules.  The narrow size
distribution could be found-in Figures 42-44 and while the wider size distribution

could be seen in Figures 3941

b) Effect of (CMC or-pectin concentration : Geometric mean diametérs

of preparatlons prepared from chitosan 0 25 %w/v, glutaraldehyde 0.25 gm, and .
various CMC concentratons from 0.75-1.50 %w/v could show that CMC
concentration 1 %w/v had the Jowest Dy, value. The result of Dy, value was the
same as preparations prepared from- chitesan 0.5 %w/v, glutaraldehyde 0.25 gm.
Size distributionis ‘of chitosan-CMC indomethacin microcapsules ﬁwuﬁ' from
| various CMC coricentrations shown in Figures 36-37 and 45 Prep.5,7 were 'of
similar pattern in Skewed narrow distribution. Inthe case of chitosan-pectin
indomethacin__microcapsules, = 'Di,. values decreased with. increasing of pectin
concentration”in preparations” 16&22, 17&23,°26&30, and 28&34. However, the
preparﬁtions 11&18, 1281913820, 15&21,) 24d8:25d /38 c&40c;and) 38d&40d had
small diameters with decreasing pectin concentration. The size distributions of
chitosan-pectin indomethacin microcapsules various pectin concentrations are shown
in Figures 39-43 and 46-47.  Figure 42 displays gkewed narrow size distribution
of preparation prepared from chitosan 0.25 % and 0.5 %w/v, pectin 7.5 % and 10.0
%w/v, CaCl, 3 gm, glutaraldehyde 0.25 gm, indomethacin 3 %, 6 hours hardening

time. The narrow size distribution had the same pattern in preparations prepared
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Figure 36 : Slze distribatlons of chitosan-CMC Indomethacin microcapsules prepared from
chitosan 0.26 % w/v, glutaral 0.26 pm, indomethacin 1%, 2 hrshardening time
(Prep.1,2,8)
(Prep. 1 = CMC 0.76 %w/v, Prep. 2 = CMC 1%w/v, Prep. 3 = CMC 1.6%w/v)
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Figure 37 : Size distributions of chitosan-CMC indomethacin microcapsules prepared from
chitosan 0.56%w/v, glutaral 0.256 gm, indomethacin 1%, 2 hrs.hardening ime
{Prep.8,84,10)

(Prep. 8 = CMC 0.76%w/v, Prep. 8a » CMC 1%w/v, Prep. 10 » CMC L56%w/v)
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Figure 38 . Size distributions of chitosan-CMC indomethacin microcapsules prepared from
CMC 1%w/v, glutaral 0.25 gm, indomethacin 1.6%,2 hrs, hardening time
(Prep.4,9)
(Prep. 4 = chitosan 0.85%w/v, Prep. 0 = chitosan 0.5%w/v)
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Figure 39 : Size distributions of chitosan-pectin indomethacin microcapsules prepared from
calclum chloride 1 gm, glutaral 0.1 gm, indomethacin 1%, 2 hrs. hardening time
(Prep.11,18,26,30)

(Prep. 11 and 18 = chitosan 0.25 %w/v, pectin 5% and 7.5%w/v
Prep.28 and 30 = chitosan 0.5%w/v, pectin 6% and 7.5%w/v)
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Figure 40 : Size distributions of chitosan-pectin indomethacin microcapsules prepared from
calcium chlogide 3 gm, glutaral 0.1 gm, indomethacin 1%,2 hrs. hardening time
(Prep.16,21,28,34)

{Prep. 15 and 21 = chitosan 0.25 %w/v, pectin 5% and 7.6 %w/v
Prep. 28 amd 34 = chitosan 0.5 %ew/v, pectin 5% and 7.5 % w/v)
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Figure 41 : Size distributions of chitosan-pectin indomethacin microcapsules prepared from
calcium chloride 1 gm, glutaral 0.25 gm, indometharin 1%,2 hrs. hardening time
(Prep.13,20,27)
{Prep. 13 and 20 = chitosan 0.26%w/v, pectin 5% and 7.5%w/v
Prep. 27 = chitosan 0.6 %w/v, pectin 5% w/v)
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Figure 42 : Size distributions of chitosan-pectin indomethacin microcapsules prepared from
calclum chloride 3 gmyindomethacin 3%,0 hrs.hardmlng time(Prep.24¢,38¢,40c,42¢)
(Prep. 24c» chitosan 0,25 %w/v, pectin 7.6 %wyv, glutaral 0.25 gm
Prep. 88c and 40¢ = chltosan 0.5%w/v,pectin 7.6 % and 10% w/vglutaral 0.25 pm
Prep. 42¢ = chltosim 0.5%w/v, pectin 10%w/v, glutaral 0.1 gm)
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Figure 43 . Size distributions of chitosan-pectin indomethacin microcapsules prepared from
calcium chioride 3 gm, glutaral 0.26 gm, indomethacin 3%,18 hrs.hardening time
(Prep.244,25d,384,40d) )

(Prep. 24d and 25d = chitosan 0.25%w/y, pectin 7.5% and 10%w/v
Prep. 38d and 40d = chltosan 0.5%w/v, pectin 7.5% and 10%w/v)
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Figure 44 : Size distribotions of d:ltoém-pedin indomethacin microcapsules prepared from
pectin 10%wiv, calciam chloride 8 gm, no glutaral , indomethacin 3%
{Prep.89,41}

{Prep, 89 = chitosan 0.5 %w/v, Prep. 41 = chitosan 0.75% w/v)

psules

% Frequency of

) ¥ ¥ L | ¥ 1

; 40-82 124-166 208-250 292-334 376418
Size range (micron)

glprep.s I Prep. 6 (] Prep. 7 I Prep. 8a

Figure 45 : Size distributions of chitosan-CMC indomethacin microcapsules prepared from
chitosan 0.6 %w/v, indomethacin 1%, 2 hrs. hardening time (Prep.5,8,78a)
(Prep. 6 and 8 = CMC 0.75%w/v, glutaral 0.1 and 0.25 gm
Prep. 7 and 8a = CMC 1%wi/v, glutaral 0.1 and 0.26 gm)
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Figure 48 : Size distributions of chitosan-pectin indomethacin microcapsules prepared from

chitosam 0.25% w/v, calclum chioride 1 gm, glutaral 0.1 gm, Indomethacin 2%,
2 hra. hardening time (Prép.12,10)
(Prep. 12 = pectin § %w/v, Prep. 19 = pectin 7.6%w/v)
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Figure 47 ; Size distributions of chitosan-pectin indomethacin microcapsules prepared from

chitosan 0.25 %w/v, calclum chloride 3 gm, glutaral 0.26 gm, 2 hrs. hardening time
(Prep.16,17,22,28)

(Prep. 16 and 17 = pectin 5 %w/v, indomethacin 1% and 2%

Prep. 22 and 23 = pectin 7.6%w/y, indomethacin 1% and 2%)
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from the same conditions with 18 hours hardening time shown in Figure 43.

¢) Effect of glutaraldehyde content : From the results'in Table 12, for
the preparations of indomethacin microcapsules prepared from chitosan-CMC with
difference of glutaraldehyde content of 0.1 and 0.25 gm /gm polymer, D,, value
decreased with increasing of glutaraldehyde content. Figure 45 shows similar
pattern of size distribution of chitosan-CMC indomethacin microcapsule prepared
from various glutaraldehyde contents. The effect of glutaraldehyde content on Dy,
values of chitosan-peetin indomethacin microcapsules was that lower diameter was
found at higher glutaraldehyde content in preparations 18&20 and 21&22. On the
contrary, D, values of preparations 11&13, 15&16, 26&27, and 32&34 increased
with increasing of glutaraldehyde content.  Figures 48-53 show effect of |
glutaraldehyde content on size distributions of chitosan-pectin  indomethacin

microcapsules.

d)' Effect of indomethacin content : From Table lé, among the
preparations of "indomethacin microcapsules prepared by chitosan-CMC with
difference in indomethacin contents of 1% and 1.5 %, D, values of the preparation
using indomethacin 1 % was leSs than that of the preparation using 1.5 %. Figure
54 shows that size distnibution”of preparation 8a'was ‘narrower than that of
preparation 9.~ In-the,comparison of the (geometric mean,diameters of preparations
11&12, 18&19 using CaCl, 1 gm /gm chitosan, D, values increased with adding
more indomethacin. While among preparations 16&17, 22&23, 32&33, and
34&35&36 using CaCl, 3 gm, D, values decreased with increasing of indomethacin
in the process. Figures 48-51, 53 and 55 show effect of indomethacin content on
size distributions of chitosan-pectin indomethacin’ microcapsules. Size distribution

of preparation 11 in Figure 48 was narrower than preparation 12.
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Figure 48 : Size distributiens of chitosan-pectin indomethacin microcapsules prepared from
chitosan 0.25%w/v, pectin 5%w/v, calclum chloride 1 gm, 2 hrs, hardening time
(Prep.11,12,19)

(Prep. 11 and 12 = glutaral 0.1 gm, indomethacin 1% and 2%
Prep. 13 = glutaral 0.25 gm, indomethacin 1%)
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Figure 49 | Size distributions of chitosan-pectin indomethacin microcapsules prepared from
chitosan 0.25%w/v, pectin 56 %w/v, calcium chloride 3 gm, 2 hrs. hardening time
(Prep.16,16,17)

(Prep. 16 = glutaral 0.1 gm, indomethacin 1% "
Prep.16 and 17 = glutaral 0,25 gm, indomethacin 1% and 2%)
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Figure 50 : Size distributions of ¢higpsan-pectin Indomethacin microcapsules prepared from

chitosan 0.25 %w/y, peetin 7.5 % w/v, calcdum chloride 1 gm, 2 hrs, hardening time
(Prep.18,10,20) ‘

(Prep. 18 and 19 = glutaral 0.1 gm, Indomethacin 1% and 2 %

Prep. 20 = glutaral 0.2 g, indomethacin 1%)
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Figure 61 : Size distributions of chitosan-pestin indomethacin microcapsules prepared from

chitosan 0.26 % w/v, pectin 7.6 %w/v, calcium chloride 8 gm, 2 hrs. hardening time
(Prep.21,22,23)

(Prep. 21 = glutaral 0.1 gm, indomethacin 1%

Prep. 22 and 28 = glutaral 0.25 gm, indomethacin 1% and 2%)
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Figure 52 : Size distributions of chitosan-pectin indomethacin microcapsnles prepared from
chitosan 0.5 % w/v, pectin 5%w/v, Indomethacin 1%, 2hrs. hardening time

(Prep.20,27,28)

(Prep. 20 and 27 » caldum chloride 1 g, glutaral 0.1 gm and 0.25 gm
Prep. 28 = calcdum chloride 3 gm, glutaral 0.1 gm)

35.00 ~
30.00-+
25.00" 4
20.00 -
15.00 -
10.00-
5.00
0.00

%Frequency of microcapsules

40-82

124-166 208-250 292-334 376418
Size range (micron)

I Prep.32 [ Prep.33 [ Prep.34

Figure 53 : Size distributions of chitosan-pectin indomethacin microcapsules prepared from
chitosan 0.5 % w/v, pectin 7.6 %w/v, caldum chioride 8 gm, 2 hrs. hardening time

(Prep.32,33,34)

(Prep. 32 and 33 = no glutaral, indomethacin 1% and 5%
Prep. 84 = glutaral 0.1 gm, indomethacin 1%)
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Figure 54 : Size distributions of chitosan-CMC Indomethacin microcapsules prepared from
chitosan 0.5 %w/v, CMC'1 %w/v, glutaral 0.26 gm, 2hrshardening time (Prep.8a,9)
(Prep. 8a » Indomethadin 1%, Prép. 9 = indomethacin 1.6 %)
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Figure 65 ! Size distributions of chitosan-pectin indomethacin microcapsules prepared from
chitosan 0.5 %w/v, pectin 7.5 %w/v, plutaral 0.1 £m, 2 hrs. hardening time
(Prep.30,34,85,30)

(Prep. 30 » caldum chloride 1 gm, indomethacin 1%
Prep. 34,356,368 = calciem chloride 8 gm, indomethacin 1%, 2%,3%)
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‘e) Effect of hardening time : Preparations hardened 18 hours had
lower Dy, value than 6 hours except preparation 24c&24d prepared from chitosan
0.25 %w/v, pectin 7.5 %w/v. Figures 56 and 57 show effect of hardening time on
size distribution of chitosan-pectin indomethacin microcapsules. They displayed

narrow size distribution in the range of 40-291 um,

f) Effect of calcium chloride“Content & From Table 12, among
preparations 11&15, 13816, 18&21, 20&22, 26428, and 30&34 of chitosan-pectin
indomethacin microcapsules with diffference of CaCl, contents of 1 and 3 gm /gm
chitosan, higher CaCl, content resulted in the larger geometric mean diameter,
Figures 52, 55, and 58-59 show cffect.of CaCl, content on size distributions of
chitosan-pectin indomethacin mucrocapsules. Figure 58 shows size distributions of
preparations 11&15 and 13&16 prepared from chitosan 0.25 %w/v, pectin 5.0 %
w/v, glutaraldehyde 0.1 gm and 0:25 gm, respectively. The lower CaCl, content
gave narrower size disﬁ'ibution, in the range of 40-333 um. Size distribution of
preparations 26&28, 30&34, and 18&21, 20&22 shown' in Figures 52, 55, and 59

exhibited skewed distribution in preparation with lower CaCl, content.
2.3 Percentage of drug<éntrapment, dfug recovery, and yield

Indomethacin, an-insoluble drug, .cquld be entrapped-in chitosan-CMC
and chitosan-pectin by complex coacervation. Drug entrapments of chitosan-CMC
indomethacin microcapsules in various preparations were in the range of 25.81-
50.25%. The drug could be recovered in the range of 42.73-91.00%. The
percentage of yield ranged 27.89-58.00%. In various preparations of chitosan-pectin
m.icrocapsu]es,.drug entrapment, drug recovery, and yield were in the range of 8.50-

43.38%, 40.73-99.50%, and 38.28-75.92%, réspecu'vely. The results are shown in
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Figure 58 : Size distributions of chitosan-pectin indomethacin microcapsules prepared from
pectin 7.5%, calcium chloride 3 gm,glutaral 0,25 gm, indomethacin 3%
(Prep.24c,24d,358¢,358d)

(Prep. 24c and 24d = chitosan 0.26%w/v, 6 and 18 hrs. hardening time
Prep. 88¢c and 38d = chitogan 0.5%w/y, 6 and 16 brs, hardening time)
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Figure 57  Size distributions of chitosan-pectin indomethacin microcapsules prepared from
pectin 10%, calcium chioride 3 gm.glutaral 0.26 gm, indomethacin 8%
(Prep.40¢,40d,42¢)

(Prep.40c and 40d=chitosan 0.5%w/v,glutaral 0.25 gm,6 and 18 hrs.hardening time
Prep. 42¢ = chitosan 0.75 %w/v, glutaral 0.1 gm, 6 hrs. hardening time)




99

40.00

30.00
20.00 <
0.00 - Y T T

40-82 124-166 208-250 292-3134 376-418

% Frequency of microcapsines

Size range (micron)

I Prep.11 (M Prep.13 [ Prep.i5 I Prop.16

Figure 58 : Size distributions of chitosai-pectin indomethacin microcapsules prepared from
chitosan 0.25% /v, pectin 5% wi¥, indomethacin 1%, 2hrs. hardening time
(Prep.11,13,15.16) 5
{Prep. 11 and 13 = calcdum chigride 1 gm, glutaral 0.1 gm and 0.25 gm

Prep. 15 and 16/= calclan chiloride 8 gm, glutaral 0.1 gm and 0.25 gm)
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Figure 60 : Size distributions of chitosan-pectin indomethacin microcapsules prepared from
chitosan 0.26%w/v, pectin 7.5%w/v, indomethacin 1%, 2 hrs. hardening time
(Prep.18,20,21,22) )

(Prep. 18 and 20 = caldum chloride 1 gm, glutaral 0.1 gm and 0.25 gm
Prep. 21 and 22 = calclum chioride 3 gm, glutaral 0.1 gm and 0.25 gm)
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Tables 13 and 14,

There were many variables such as concentration of chitosan, CMC,
pectin, content of glutaraldehyde, content of indomethacin, hardening time, and
content of calcium chloride for chitosan-pectin microcapsules. On varying of
chitosan concentrations in the chitosan-CMC microcapsule (preparations 1&6, 2&8a,
3&10), higher concentration of chitosan resulted in higher percentage of drug
entrapment ﬁnd drug recovery but lower percentage of yield. While in the chitosan-
‘pectin nﬁcrocapsule (preparations 11826, 13&27, 15&28, 18&30, 21&34, 24c&38c,
24d&38d), increasingconcentration of chitosan decreased the percentage of drug
entrapment, drug recovery and yield.  Among various concentrations of CMC,
preparations 2 and 8a showed the highest of %dmg entrapment and drug recovery,
whereas increasing concentration of pectin seemed (o decrease of percentage of drug
entrapment but increase of percentage of drug recovery. However, percentage of

yield increased with increasing of CMC or pectin concentrations.

The percentage of drug entrapment, drug recovery and yield increased
when the preparations had more content of glutaraldehyde from 0.1 to 0.25 gm /gm
polymer or more loading indomethacin. At haidening time of 2 and 3 hours of
chitosan-CMC, 'mticrocapsules;  there’ was.| no. difference’ in percentage of drug
entrapment,,drug.. recovery_and. yield, but_in__the process of chitosan-pectin
microcapsules, higher percentage of drug entrapment, drug recovery and yield were
obtained when increasing the hardening time from 6 to 18 hours. For chitosan-
pectin microencapsulation with calcium chloride in chitosan solution, the percentage
of drug entrapment, drug recovery and yield increased when the content of calcium

chloride increased from 1 to 3 gm /gm chitosan.
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Table 13 : Percentages of drug entrapment, drug recovery and yield of indomethacin

microcapsules of chitosan-carboxymethylcellulose

Preparation % Drug Entrapment % Drug Recovery % Yied
1 3052 4273 36.52
2 35.85 7215 49.29
3 25.81 68.46 57.90
4 5230 91.00 58.00
5 30.94 s5.41 26.80
6 3244 53.03 27.89
7 3412 6172 30.14
8a 36.86 7437 36.36
8b 3693 75.44 36.43
9 5025 87.13 40,61
10 29.30 85.17 43.63

Table 14 | Percentages-of drug enfrapment; drug recovery and yield of indomethacin
microcapsules of chitosan-pectin

Preparation %Drug Entrapment %Drug Révovery % Yied
11 16.30 75.56 5137
12 2773 71.85 57.06
13 14.39 7215 59.78
14 39.33 88.38 7191
15 11.60 55.95 59.68
16 14.66 68.39 57.66
17 26.51 77.65 64.50
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Table 14 © Percentages of drug entrapment, drug recovery and yield of indomethacin

‘microcapsules of i:hitman-pectin {continue)

Preparation %Drug Entrapment %Drug Recovery % Yield
18 10.67 69.80 61.81
19 17.31 70.13 69.93
20 9.21 68.94 70.69
21 10.48 72.92 65.78
n 9.71 78.03 7592
23 17.83 85.04 74.10
¢ 30.69 80,60 62.61
24d 3252 89.23 65.42
25d 27.55 88.11 58.73
26 10,47 40.73 38.28
27 12.56 4936 38.66
28 13.25 64.50 47.88
30 8.50 58.71 54.68
32 8.93 62.28 55.07
33 43.38 85.55 64.16
34 T332 77:66 59.21
35 2202 81.86 60.09
36 3171 91.70 64.27
38¢ 28.98 7254 47.86
38d 31.01 75.81 53.51
39 2671 83.58 41,73
agc | 26.70 81.41 48.51
404 U.22 712 4858
41 35.25 90.19 38.87
42 37.36 99,50 40.46
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2.4 Drug release study of indomethacin microcapsules

The drug release data of indomethacin microcapsule prepared by
complex coacervation of chitosan-CMC and chitosan-pectin are listed in Table 20
in the Appendix. Drug reléase profiles of indomethacin microcapsules were the
percentage of drug release against square root of time as Higuchi’s plot. Each
profile showed various condiions which™ affected the drug release from
microcapsules. The effccis-of these factors such as chitosan concentration, CMC or
pectin concentration, glutaraldehyde content, indomethacin content, hardening time,
and calcium chloride’conient (only for chitosan-pectin microcapsule) were discussed
in the following secion. /Preparations which percentage of drug release conformed
to the USP specificadon were chitosan-CMC microcpasule formulations 2, 4 and

chitosan-pectin microcapsule formulations 14, 17, 38d, 41.

a) Effect of chitasan concentration : From the drug releag profiles of
chitosan-CMC microcapsules shown in Figures 60-61, increasing of chitosan
concentration caused lower drug release at 24 hours from microcapsules in the
range of 10-19% except a slight difference in the preparations 1&6. The effect of
chitosan concentration on the drug release from_chitosan-pectin microcapsules
shown in Figures 62-67-were-the same-as-the ‘drug release from chitosan-CMC
microcapsules:y, It'caused)lower-drug) release~at-24 chours in~the range of 9-43%.
However, the drug release of preparations 15&28 and 21&34 were faster with

increasing concentration of chitosan.

b) Effect of CMC or pectin concentration : The effect of concentration
of CMC or pectin on the drug release of indomethacin microcapsules are shown in

Figures 60 and 68 Prep. 5,7 and 62-66, 69-70, respectively. The results were
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Figure 60 : Drug release profiles of chitosan-CMC indomethacin microcapsules prepared
from glutara! 0.25 gmyindomethacin 1%,2 hra.hardening time {(Prep.1,2,3,8,8a,10)
(Prep.1,2.8 = chitosan 0.26 Zw/v, CMC 0.76%,1%,1.6%w/v
Prep.8,8a,10 = chitosan 0.6 % w/v, CMC 0.76%,1%,1.6 % w/v)
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Figure 61 : Drug release profilesof chitosan-CMC Indomethacin microcapsules prepared
from CMC 1%w/v, glutaral 0.25 gm, Indomethacin 1.6%, 2 hrs. hardening time

{(Prep.4,9)
(Prep. 4 = chitosan 0,35 % w/v, Prep. 9 = chitosan 0.5%w/v)
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Figure 62 : Drug release profiles of chitosan-pectin indomethacin microcapsules prepared
from calcium chioride 1 gm glutaral 0.1 gm indomethacin 1%,2 hrs.hardenlng time

(Prep.11,16,26,30)

(Prep. 11 and 18 = chitosan 0.25 %w/y, pectin 5% and 7.5%w/v
Prep. 28 and 80 = chitosan 0.5 %w/v, pectin 5% and 7.5%w/v)
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Figure 08 : Drug release profiles of chitosan-pectin indomethacin microcapsules prepared
" from calcium chioride 8 gm,glutaral 0.1 gm,indpmethacin 1% ,2hrs.hardening time

(Prep.15,21,28,34)

(Prep. 15 and 21 = chitosan 0.25%w/v, pectin 5% and 7.5%w/v

Prep. 28 and 34 = chitosan 0.5%w/v, pectin 5% and 7.5%w/v)
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Figure 64 :

Drug release profiles of chitosan-pectin Indomethacin microcapsules prepared
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from calcium chioride 1 gm.glutaral 0.25 gmyndomethacin 1% 2hrs.hardening time

(Prep.18,20,27)

(Prep. 13 and 20 = chitosan .26 %wlv, pectin 5% and 7.5 %w/v
Prep. 27 = chitosan 0.5 %wiv, pectin 6 Zow/v)

Figure 65 :

% Drug release

Drug release profiles of chitosan-pectin
calcium chioride 3 gm,indomethacin 8%,6hrs.lm-guﬂng

Square root time (hr)

- - # - - USP limit
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(Prep. 24c = chitosan 0.25 % w/v, pectin 7.5 % w/v, glutaral 0.25 gm

Prep. 88¢ and 40c = chitesan 0.5 % w/v,pectin 7.5% and 10%
Prep.42c » chitosan 0.78 % w/v,pectin 10 %w/v,

glutaral 0.1 gm)

indomethacin microcapsules prepared from
ﬂme(Prep.24c,88c,40c,42c)

wiv,glutaral 0.25 gm
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Figure 06  Drug release profiles of chitosim-pectin indomethacin microcapsules prepared from
calcium chloride 8 gm, gluiaral 0,25 gm, indomethacin 8%,18 hrs.hardening time
(Prep.244,26d,98d,40d)

(Prep. 244 and 25d = ¢hitosan 0.26%w/v, pectin 7.5% and 10%w/v)
Prep. 38d and 40d = chitosan 0.6%wi/v, pectin 7.5% and 10 %w/v)
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Figure 67 : Drug release profiles of chitosan-pectin indomethacin microcapsules prepared
from pectin 10%w/v, calcium chloride 8 gm, no glutaral , indomethacin 3%

{Prep.30,41)
(Prep. 39 = chitosan

0.6 %w/v, Prep. 41 = chitosan 0.76 % wiv)
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Figure 08 : Drug release profiles of chitosan-CMC Indomethacin microcapsules prepared
from chitosan 0.5 %w/v, Indomethacin 1%,2 hrs. herdening time (Prep.5,6,7,8a)
(Prep. 6 and 8 = €MC 0.76 % w/v, glutaral 0.1 and 0.25 gm
Prep. 7 and 8a = CMC 1%w/v, giutaral 0.1 and 0.26 gm)
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Figure 69 ! Drug release profiles of chitosan-pectin indomethacin microcapsules prepared
from chitosan 0.25 %w/v, calclum chloride 1 gm, glutaral 0.1 gm, indomethacin 2%,
2 hrs. hardening time (Prep.12,10)
(Prep. 12 = pectin 5 %w/v, Prep. 10 = pectin 7.5%w/v)
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Figure 70 : Drug releasé profiles of ehitosin-pectin indomethacin microcapsules prepared from
chitosan 0.25% w/y, calcium chioride S gm, glutaral 0.25 gm, 2 hrshardening time
(Prep.18,17,22,28)

(Prep. 16 and 17 = pectin 5% w/v, indomethacin 1% and 2%

Prep. 22 and 28 = pectin 7.5%w/v, indomethacin 1% and 2%)

notable that incréasing the concentration of CMC or pettin, the percentage of drug
release decreased in the range of 4-41. But in the Figure 60, preparation 2 showed

higher drug release than preparation 1 about 7% and preparation 3 about 15%,

respectively.

c) .Effect of, glutaraldehyde-content:, Figures 168, and 71:74 illustrate
the effect of glutaraldehyde content on drug release of chitosan~-CMC and chitosan-
pectin indomethacin microcapsules, respectively. The results showed that the higher
glutaraldehyde content resulted in the faster release of indomethacin from both ‘
chitosan-CMC and chitosan-pectin ﬁﬁcrocapsules. Drug release of ﬁ:eparations

which had more glutaraldehyde content of 0.25 gm'" increased in the range of 6-43%.
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Figure 71 : Drug release profiles of chitasan-pectin indomethacin microcapsules prepared
from chitosan 0.26% wiv, pectin 5% w/v, 2 hrahardening time (Prep.11,12,18,16,16,17)
(Prep.11,1218=calclum chloride 1 gm,ghutaral 0,1,0.1,0.25 gmjndomethacin 1,2.1%)
Prep.16,16,17=ealcinm chioride 3 gm giutaral 0.1,0.25,0.26 gm,indomethacin 1,1,2%)
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Figure 72 : Drug release profiles of chitosan-pectin indomethacin' microcapsules prepared
from chitosan 0.26 % w/v,pectin 7.5 % w/v,2hrs.hardening time(Prep.16,9,20,21,22 283)
(Prep.18,18,20=calcdum chloride 1 gmglutaral 0.1,0.1,0.26 gm indomethacin 121%
Prep.21,22,28=calclum chloride 1 gmglutaral 0.1,0.25,0.25 gm,indomethacin 112%)
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Figure 73 : Drug reense profiles of chitosan-pectin Indomethacin microcapsules prepared
from chitosan 0.5 Bw/¥, pectin 5%w/v, indomethacin 1% 2 hrehardening time
(Prep.26,27,28) ‘

(Prep. 26 and 27 = caldum chioride 1 gm, glutaral 0.1 and 0.26 pm
Prep. 28 = calcium chloridé $ gm, plutaral 0.1 gm)
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Figure 74 : Drug release profiles of chltasan-pectin indomethacin microcapsules prepared from
chitosan 0.5%wi/v, pectin 7.6%w/v, 2 hrs. hardening time (Prep.30,32,33,34,35,36)
(Prep. 30 = calcdum chloride 1 gm, plutaral 0.1 gm, indomethacin 1%
Prep. 32 and 33 = caldum chloride 8 gm, no glutaral, Indomethacin 1% and 5%
Prep. 34,35,36 = calcdum chloride 3 gm, glutaral 0.1 gm, Indomethacin 1,2,8%)
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d) Effect of indomethacin content : When the content of drug
increased in the preparation, the percentage of drug release also increased. Higher
drug release in the range of 3-51% depended on higher indomethacin in the

formulation. Their drug release profiles are shown in Figures 71-72 and 74-75.

e) Effect of hardening ‘time : For chitosan-CMC indomethacin
microcapsules, when microcapsules were héidenied at 2 and 3 hours, there was no
difference in the drug release profile, as shown in Figure 75. But in chitosan-pectin
indomethacin mjcrocaps]ues, the drug release of preparations with longer hardening

time was lower in thefangeof'4=17% as shown in Figure 76 except Prep.24c&24d.

1) Effect of calcium chloridé content : From Figures 71-74, increasing
in calcium chloride content of preparations 11&135, 18&21, and 20&22 décreased
drug release in the range of 13-17%. While preparations 13&16, 26&28, 30&34
increaseﬂ drug release in the range of 16-41%:

- '.
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. 80.00 = ' .-." .-® .
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Figure 75 ! Drug release profiles of chitosan-CMC indomethacin microcapsules prepared
from chitosan 0.6 %w/v, CMC 1%w/v, glutaral 0.25 gm (Prep.8a,8b,9)
{Prep. 8a and 8b = indomethacin 1%, 2 and 38 hrs. hardening time

Prep. 9 = indomethacin 1.5%, 2 hrs. hardening time)
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Figure 76 : Drug release profiles of chitosan-pectin indomethacin microcapsules prepared from
calcium chloride 3 gmglutaral 0,25 gm.indomethacin 8% (Prep.24¢c4,88¢,d,40cd)
(Prep.24c and 24d~chitosan 0,26% w/V,pectin 7.5%w/v,6 and 18 hrshardening time
Prep.38¢ and 88ds=chitasan 0.6% w/v,pectin' 7.6 % w/v,8 and 18 hrs hardening time
Prep.40c and 40d=chitosan 0.5 % w/v,pectin 10%w/v,8 and 18 hrs hardening time)

2.5 Determination of infrared spectra

The infrared spectra of chitosan, CMC, pectin, CaCl, and indomethacin
are shown in Figure-77. Bands in the region from 3700 to 3100 cm'l were various
OH stretching yibrations.”“Chitosan showed absorption peak of NH, stretching at
about 1590 cni. . Absorption-pesks at 1690_and 1710 cm - of indomethacin were
assigned..tosstretching. vibration of  carbonyl, groups COOQ and NCO, respectively.
Figure | 78" shows infrared” spectra = of ' chitosan-CMC, chitosan-CMC with
glutaraldehyde, chitosan-CMC with indomethacin, and chitosan-CMC indomethacin
microcapsules. There were absorption peaks of CONH stretching at 1710-1580
cm"1 when it was determined from chitosan-CMC complex coacervate and chitosan-
CMC microcapsule. When there was notable absorption band of chitosan-CMC

indomethacin complex coacervate, it showed obviously absorption peaks of
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Figure 77 : Infrared spectra of chitosan, CMC, pectin, CaCl, and indomethacin




115

450

T HonluieuEnieT j
RN TR INEAY

Figure 78 : Infrared spectra of chitosan-CMC complex coacervate or microcapsule

with or without indomethacin
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indomethacin interfering the peaks of interaction of chitosan-CMC complex
coacervate. In chitosan-CMC indomethacin microcapsules, it showed absorption
peaks of CONH stretching at 1710-1580 cm . The infrared spectra of chitosan-
pectin complex coacervate or microcapsules with or without indomethacin are
displayed in Figure 79. They showed absorption peaks of CONH stretching at
1710-1580 cm-l. The peaks of indomethacin could be seen in the preparation that
added indomethacin into pectin solution hence these peaks interfered the absorption
peak of CONH stretching, According to IR spectra of preparations chitosan-pectin
with or without calciumchleride, they could be found similar absorption band. The
spectra of preparations with ‘of without glutaraldehyde of chitosan-CMC and
chitosan-pectin without indomethacin showed absorption peaks of C=N stretching at
1660-1590 cm .

2.8 Determination of differential scanning calorimetric thermogram

Thermograms of chitosan, CMC, pectin, chitosan-CMC, cixitosan—pectin
and chitosan-pectin with calcium chloride are shown in Figure 80. Endothermic
peak of chitosan was at about 155 c. Pectin displayed-€ndothermic peak at 172.8°c.
For chitosan-CMC complex coatervate with chitosan 0.25%w/v and CMC 1%w/v,
endothermic peakwas shifted to 1ower temperaturé at about 75c. The thermograms
of chitosanspectin-complex coacervate, with chitosan (0.25%w/v, pectin 5%w/v, and
with or without calcium chloride 3 gm /gm chitosan wéfe seen to have shifting
endothermic peak below at 117.2°c and broad peak at about 115°c, respectively,
which two thermograms almost had the same peak. From the thermograms of
complex coacervate, they could be observed that the endothermic peaks of chitosan,

CMC, or pectin disappeared. :
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Figure 79 : Infrared spectra of chitosan-pectin complex coacervate or microcapsule
with or without indomethacin
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Figure 80 : DSC thermograms of chitosan (A), CMC (B), pectin (C), chitosan-CMC (D),

chitosan-pectin (E), and chitosan-pectin with CaCl, (F), complex coacervate.
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8. Reproducibility study

Preparations 2 and 17 which conformed to the USP drug release
specification were chosen for the study of reproducibility. The two preparations
were representative of chitosan-CMC and chitosanpectin  indomethacin
microcapsules, respectively. Determination of physical properties and drug release
patterns were performed in three batches of cach preparation.

Morphology of indomethacin microcapsules was determined by scanning
electron microscopes’ The seanning electron photomicrographs of three batches of
preparations 2 and /17 jare shown in Figures 81 and 82 respectively. The
photomicrographs of all batches of preparation 2 prepared from chitosan-CMC show
smooth surface with a  litle wrinkled on the membrane. The three
photomicrographs of chitosan-pectin indomethacin microcaosules illustrated in
Figure 82 show rather rough surface and very wavy form.

The geomefric mean diameters (Dy) of “indomethacin microcapsules
prepared from preparations 2 and 17 is shown in Table 15. In preparation 2, Dy,
values varied in the rangeof 52:48-61.66 ym. “While Dy, values of preparation 17
varied in the range of 208.93:239.88 (um. Figures ‘83’ and 84 show the size
distributions of _chitosan-CMC_.and - chitosan-pectin, indomethacin microcapsules,
respectively. Each batch 'of preparation 2 displayed similarly narrow skewed size
distributions and varied in the range of 40-249 um shown in Figure 83. The size
distributions of preparation 17 shown in Figure 84 exhibited wider size distributions
in three different batches and varied in the range of 82-459 pm,

-

Indomethacin microcapsules from preparations 2 and 17 were evaluated for
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Figure 81 : Scanning electron photemicrographs of chitosan-CMC indomethacin microcapsules
prepared from ehitosan 0.25%w/v, CMC 1%w/v, glutaral 0.25 gm,
2 hrs. hardening time (prep. 2), x80 and xB00 magnification
{A = hatch I, B = batch I, C = batch III))
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Figure 82 © Scanning electron photomicrographs of chitosan-pectin indomethacin microcapsules
prepared from chitosan 0.25 % w/v, pectin 5.0%w/v, calcium chloride 3 gm,
glutaral 0.25 gm, indomethacin 2%, 2 hrs. hardening time (prep. 17},
%60 and x800 magnification
(A= batch I, B = batch I, € =batch III}



Figure 83 : Size distributions of chitosan-CMC indomethacin microcapsules prepared from
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Figure 84 : Size distributions of chitosan-pectin indomethacin microcapsules prepared from

chitosan 0.25 % w/v, pectin 5%wlv,
indomethacin 2%, 2 hrs, hardening

calclum chloride 3 gm, glutaral 0.26 gm,
time in various batches of Preparation 17
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Table 15 ; Geometric mean diameters (D,) of indomethacin microcapsules prepared

from various batches of preparations 2 and 17

Preparation - Dy, (micron)
2bachl 52.48

2 baich IT 61.66

2 batch III 56.23

17 baich I @ 239.88

17 batch T 234.42

17 batch' T - 208.93

the percentage of drﬁg enttapment and drug recovery and the results are presented
in Table 16. It could be found that three batches of each preparation showed the
narrow range of the percentage of drug entrapment, drug recovery and yield. The
preparation 2 had drug efitraprinent and drug recovery in the range of 35.24 -35.91%
and 71.36-74.40%, respectively. In the fousth batch of preparation 2, the process of
filtering was improved by using paper filter no. 1 instead of cotton filter to decrease
loss of the yield. ~So, drug recovery and yield of thus batch were increased to
84.51% and 56.73% respectively. The drug entrapment, drug recovery and yield of
chitosan-pectin’ indomethacin microcapsules,in preparation~17 ranged from 26.51-
28.40%, 75.13-78.30%, and 60.16-64.50%, respectively.

Drug release profiles of indomethacin microcapsules preparations 2 and 17
are shown in Figures 85 and 86. The results in three batches of both preparations
showed no difference in the drug release profiles of Higuchi’s plot. Both
preparations prepared from chitosan-CMC and chitosan-pectin  indomethacin
microcapsules conformed to the USP drug releasenspeciﬁcation.
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Table 16 : Percentages of drug entrapment, drug recovery, and yield of indomethacin

microcapsules prepared from various batches of preparations 2 and 17.

Preparation %Drug entrapment %Drug recovery % Yield
2 batch I 35.85 72.15 49.29
2 batch I 35.24 71.36 49:59
2 batch I 3591 74.40 50.73
2 batch IvV* 35.58 84.51 56.73
17 batch I 26:51 77.65 64.50
17 batch I 2840 78.30 60.72
17 batch I 27.50 75.13 60.16

* The batch was filtered with paper filter no. 1 instead of cotton filter.
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Figure 85 : Drug release profiles of chitosan-CMC indomethacin microcapsules prepared
from chitosan 0.25%w/v, CMC 1%w/v, glutaral 0.26 gm, 2 hrs. hardening time
in various batches of Preparation 2
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Figure 86 | Drug release profiles of chitosari-pectin indomethacin microcapsules prepared

from chitosan 0.25 % w/v, pectin 5%w/v, calcdum chloride 8 gm,

glutaral 0.25 gm, indomethacin 2%, 2 hrs. hardening time in various batches

of Preparation 17
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