CHAPTER 3

RESULTS AND DISCUSSION

3.1 Amylose content

The amylose content of native mungbean starch (MB) was determined by a
colorimetric method, as described by Juliano (1971) that involves the complexation of
amylose and KI/I; (Figure 3.1). The iodine-amylose complex was insoluble in water.
It was yellow-to-green colloid solution (Figure 3.2). The complex was detected by
UV/VIS spectrophotometer (Shimadzu™~ UV-2450, Japan) at 620 nm. The amylose
content was made comparison with an amylose standard curve that related between
amylose standard concentration (pg/ml) and absorbance (A) at 620 nm. (Figure 3.2).
The standard curve was established based on 2.06-10.30 pg/ml of standard amylose
(*=0.9976) (Figure 3.3). The results showed native MB has 37.35+0.43% of amylose
(Table 3.1). This was in the same range (32.0-45.0%) as found for amylose in
previous reports (Hoover etal., 1991; Jung etal.. 1991: Kabir etal. 1998;

Kasemsuwan et.al., 1999; Ohwada et.al., 2003).
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Figure 3.1 lodine-amylose complex diagram

(Ref. : web.virginia.edu and www.whizurl.com)
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Figure 3.2 The complexation of amylose standard and KI/1»
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Figure 3.3 Amylose standard curve at 620 nm.
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Table 3.1 Amylose content of native mungbean starch

Native mungbcan starch Amylose content (%)
(Mungbean starch) Results Average Previous report**
MB -1 37.15
MB.- 2 37.84 37.35+0.43 32.0-45.0
MB -3 37.04

** Hoover et.al., 1991; Jung et.al., 1991; Kabir ct.al., 199§; Kasemsuwan et.al., 1999;

Ohwada et.ai., 2003

3.2 Chemical starch meodification

The reaction of carboxymethylation and/or cross-linking was moditied in a three-
necked, round-bottomed flask. The modification was conducted in a closed system
with the starch modification apparatus (Figure 3.4). The apparatus was kept in 70°C
with condenser to protect the evaporation of solvent and the temperature was

controlled with thermometer.
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Figure 3.4 Starch modification apparatus
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The modification of carboxymethyl modified mungbean starch (CMMS), Cross-
linked modified mungbean starch (Cross-linked MB) and Cross-linked carboxymethyl
modified mungbean starches (CL-MBs, 7 conditions) were carried out through the
carboxymethylation and/or cross-linking between native MB, monochloroacetic acid
(MCA) and/or dichloroacetic acid (DCA) with the single step reaction. The
carboxymethylation and cross-linking was the etherification as a base-catalyzed
substitution reaction, called Williamson ether synthesis. These is a nucleophilic

displacement of alkyl halides by alkoxides (equation 1).

R-ONa + R'-X 2%, R.O-R' + X~ — @

The conventional Williamson ether synthesis involves treatment of a parent
alcohol with a strong base (liked sodium hydroxide, NaOH) to form the alkoxide,
followed by addition of an appropriate aliphatic compound bearing a good leaving
group (R'-X), called an alkyl halide. The reaction uses an alkoxide ion to attack an

alkyl halide, substituting the alkoxy (-O-R) group. The alkoxide ion is a powerful

nucleophilic and reacts well with the good leaving groups (X ), included iodide (1)

bromide (Br ), tosylate (p-toluenesulfanate, CH,C,H,SO,0 ), besylate (benzene-
sulfonate, C;H,SO,0 ), mesylate (methanesulfonate, CH,SO,0 "), trifate (trifluoro-

methanesulfonate, CE,SO,0 ) or other sulfonates (RSO,0 ). It only gives the best

yields with primary alkyl halides so that the backside attack is not sterically hindered,
or elimination will complete with the desired substitution. On the other hand, it
usually does not work well for aryl halides. The mechanism will not work upon
secondary or tertiary alkyl halides because of competition from the E, mechanism (E,
elimination), which would form an alkene. The elimination products were depended
on the alkoxide anion dued to steric hindrance from the large alkyl groups (Smith
et.al., 1969; Vollhardt et.al., 2007).

CMMS, Cross-linked MB and 7 conditions CL-MBs were prepared by adding
MCA and/or DCA to react with native mungbean starch via carboxymethylation
reaction and/or cross-linking reaction, respectively. The temperature of mixture was

increased and native MB mixture was changed to be yellowish mixture when
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50%w/w NaOH solution was added on. The yellowish mixture was in a state of
finishing step reaction. from adding NaOH. According to first step reaction, starch
granule was slightly swelling owing to be catalyzed with NaOH. Carboxymethylation
reaction and/or cross-linking reaction could be easily to react with these phenomenon.
The native MB was reacted at 70+2°C for 60 min with reflux system to protect
solvent evaporation and over burnt. At the end of reaction, glacial acetic acid was
added into the mixture to stop the reaction by neutralization. With the neutralization,
the starch granule was reverted to original condition as a slurry. The slurry was

washed with several times 70-90% double distillated MeOH to remover by product

(consisted of sodium chloride (NaCl), sodium acetate (CH,COO Na") and disodium

acetate (Na*CH,COO Na"). These salts caused an interruption of modified starches

swelling as a result that they were tested by 1%w/w AgNO; solution with filtrant.
The slurry was final washed with 100% MeOH when the filtrant was clear (without

the white precipitate of silver chloride (AgCl), silver acetate (CH,COO Ag*) and

disilver acetate (Ag"'CH,COO Ag")) after the test. The modified starch was dried in

a hot air oven at 50°C for 24 hours and sieved with 80 mesh strainer. The finished
powders of CMMS, cross-linked MB and CL-MBs were obtained as light yellowish,
fine powders (Figure 3.5). The CL-MBs yield were between 95.67-97.75% (Table
3.2)

The appearance of native MB powder (Figure 3.5A) was as white, fine powder
and coarse-grained. It was insoluble in cold water and when starch suspension was
heated in water, it became paste. The paste of native MB was flexible, transparent, of
high strength and homogeneous. These results were agreed with the amylose content
experiment about 37.35%. Therefore, native MB contained high amylose starch.

On the other hand, the appearance of CMMS (Figure 3.5B) and 7 conditions of
CL-MBs (Figure 3.5D-J) were opposite from the native MB. They were light
yellowish, fine powder and fine-grained. They were soluble in cold water, forming
gel. The gel was flexible, transparent, was of higher strength and more homogeneous

than native MB paste at the same concentration.
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Table 3.2 The appearances of CMMS, Cross-linked MB and CL-MBs vs MB

Yield value

Types of starch Appearances
i o (% yield)

white, fine powder

Native mungbean starch )
coarse-grained -

(MB) none gel formation
CMMS light yellowish whl.te, fine powder
(C - MB - 100) fine-grained 94.02

gel was formed

light yellowish white, fine powder

Cross-linked MB fine-grained 99 .45

L -MB - 100 :
( ) none gel formation
CL-MB-1 \ 97.75
CL-MB-4 97.40
CL-MB-5 97.01
light yellowish white, fine powder
fine-grained
CL-MB-7 95.67
gel was formed
CL-MB-8 96.45
CL-MB-9 96.85
CL-MB-10 95.88

For cross-linked MB (Figure 3.5C), the appearance as light yellowish, fine
powder and fine-grained was varied from the starting material, whereas it liked some
other modified starch (CMMS and cross-linked MB). It’s solubility was similar as the
native MB. Cross-linked MB was difficult to disperse in the solvent, thus the

precipitation was rapidly.
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Figure 3.5 The comparison of cross-linked carboxymethyl modified mungbean

starches (D-J) vs MB (A), CMMS (B) and cross-linked MB (C)
(D =CL-MB-1, E =CL-MB-4, F = CL-MB-5, G = CL-MB-7, H = CL-MB-8, I = CL-MB-9, J = CL-MB-10)
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3.3 Modified starch identifications

3.3.1 Determination of degree of substitutions (DS)

The degree of substitution (DS) is the amount of carboxymethyl groups
(-CO-CH3) contained in the carboxymethyl starch network that substituted hydroxyl
groups (-OH). The DS of modified starches were determined using a USP XXXII
method, as described for sodium croscarmellose. The method consisted of titration
step and a residue on ignition step. The DS value of CMMS was 0.3537, a result
which agrees with a previous report (Kittipongpatana et.al., 2006). The DS value of
CL-MBs ranged between 0.2121 and 0.2456. The DS value was linked with the
intensity of the carbonyl group peak, determined by FT-IR analysis (Table 3.3).

Table 3.3 Degree of substitution (DS) of CMMS, cross-linked MB and CL-MBs

with varied conditions

Degree of
Types of modified starches substitution
(DS)

Carboxymethyl modified mungbean starch, CMMS sy

(C-MB -100) ’

Cross-linked modified mungbean starch, Cross-linked MB
(L - MB - 100) el
Cross-linked carboxymethyl modified mungbean starch, CL-MBs

CL-MB-1 0.2121
CL-MB-4 0.2300
CL-MB-5 0.2321
CL-MB-7 0.2379
CL-MB-8 0.2456
CL-MB-9 0.2402
CL-MB-10 0.2144

3.3.2 Scanning electron microscopy (SEM)

The morphology of the starch powder granules, and the surface and shape
of the CL-MBs were analyzed using SEM. The appearance of starch granules after
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modification was showed in Figure 3.6. The SEM image of native MB shows kidney-
shaped image. The native MB was 4-16 um width and 8-30 pm long (Figure 3.6A),
agreed with the former times literatures (Kittipongpatana et.al., 2006 and Abdel-
Rahman et.al., 2008). The CMMS (Figure 3.6B), cross-linked MB (Figure 3.6C) and
7-condition CL-MBs (Figure 3.6D-J) were showed an SEM image similar to native
MB (Figure 3.6A). CMMS was soluble in cool water but cross-linked MB just
dispersed.

In the case of CL-MBs, they were soluble in cool water and exhibited good
swelling. These had similar properties as CMMS. The formation of a grooved
surface can be observed on the starch granules with CL-MB-5 (3.6F), CL-MB-7
(3.6G), CL-MB-8 (3.6H), CL-MB-9 (3.6I) and CL-MB-10 (3.6J). The grooved
surface was far below the surface, extending far downward when the concentration
was increased.

3.3.3 Fourier transform infrared (FT-IR) spectroscopy

The FT-IR spectra, the substitution reaction of carbonyl group (-C=0-)
was confirmed by a strong sharp peak at wave number 1600-1700 cm™. The FT-IR
spectra of CMMS (Figure 3.7B) and CL-MBs (Figure 3.7D-J) show a strong
absorption peck between wave number 1600 and 1650 cm™. This is a characteristic
of the carbonyl group side-chain. The FT-IR spectra of modified starch (Figure 3.7B
and 3.7D-J) are different from the native MB (Figure 3.7A), except cross-linked MB
(Figure 3.7C). The hydroxyl group was substituted by a carbonyl group (-C=0-) or a
carboxymethyl group (-CH,COO-) from MCA. This strong peak was not show in
native MB and cross-linked MB.

In the CMMS, a strong absorption peck of carbonyl group substitution and
7-condition CL-MBs were shown at wave number 1613.48 cm™ (Figure 3.7B) and
1600-1650 cm™ (Figure 3.7D-J), respectively. These was agreed with the former
times literatures (Kittipongpatana et.al., 2006 and 2008). The strong peak of carbonyl
group of cross-linked MB was disappeared at wave number 16001700 cm™ (Figure
3.7C) that had similar as the FT-IR of native MB (Figure 3.7A). So, it was confirmed
that DCA was not given the carbonyl group substitution to the side-chain of native

MB.






48

100 -
 MUNCBEANRTARCH - MB
-
: 2
%
: 3
: 3
e
92 2
0;
g e
§ :
& -
8 ]
2 8
82+
0:
-
%:
74-
72- =)
: 3
R USRS W o B e T T TN, T e il . .
000 »0 3000 00 200 1500 1000 500
Wavenumbers (cm-1)

Figure 3.7A FT-IR spectrum of native mungbean starch which showed less intensity

-COO peak at 1649.67 cm’!
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Figure 3.7B FT-IR spectrum of CMMS (C-MB-100) which showed strong
intensity - COO peak at 1613.46 cm™
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Figure 3.7C FT-IR spectrum of cross-linked MB (L-MB-100) which showed less
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Figure 3.7D FT-IR spectrum of CL-MBs with DCA 1% which showed - COO"
peak at 1609.95 cm™
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Figure 3.7G FT-IR spectrum of CL-MBs with DCA 7% which showed - COO
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Figure 3.7H FT-IR spectrum of CL-MBs with DCA 8% which showed - COO"
peak at 1610.77 cm™
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Figure 3.71 FT-IR spectrum of CL-MBs with DCA 9% which showed - COO
peak at 1610.50 cm™
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Figure 3.7J FT-IR spectrum of CL-MBs with DCA 10% which showed - COO"
peak at 1611.39 cm™
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3.3.4 X-ray diffraction (XRD)
The X-ray diffractograms of native MB, CMMS, cross-linked MB and CL-
MBs (Figure 3.8) exhibit strong diffraction peaks at 15.25, 17.43 and 23.05°20.

These values agree with the results found for C-type crystalline starches (at 5.6 and
17.9°20, disappeared), showed the legume characteristic (Bogracheva et.al, 1998).
The typical peak of the B-type crystalline starch is at 5.6°20 and the A-type crystalline
starch is at 17.9°20. (Gidley, 1987 and Cairns et.al., 1997).

MUNGBEAN STARCH (MB)

e

%M
CMMS (C-MB-100)
et
J/\ CROSS-LINKED MB (L-MB-100)
%

ngummn CMMS - 1 (CL-ME-1)

M

CROSS-LINKED CMMS - 4 (CL-MB-4)

\lw”
“/wj\/\/\ CROSS-LINKED CMMS-7 (CL-MB-7)

M

CROSS-LINKED CMMS-8 (CL-MB-8)

CROSS-LINKED CMMS-9 (CL-MB-9)

CROSS-LINKED CMMS-10 (CL-MB-10)

Bragg angle (20)

Figure 3.8 X-ray diffractograms of native mungbean starch, CMMS,
cross-linked MB and CL-MBs
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Figure 3.8, the spectra of CMMS and 7-condition CL-MBs showed a
slightly decrease in the signal intensity, corresponding to a bit decrease in the
crystalline polymorph of native MB (no significance). The signal intensity of cross-
linked MB was not different from the native MB.

3.3.5 Cold-water solubility

CMMS and CL-MBs were soluble in cool water. The solutions of CMMS

and CL-MBs were turbid when the concentrations of both CMMS and CL-MBs were

increased. These results are supported by Kittipongpatana et.al. (2006). The cross-
linked MB was insoluble in cool water.

Figure 3.9D-J, CL-MBs were rapid to swelling, corresponding with the
free swelling capacity (FSC) value. The CL-MBs was swiftly swelling in cold-water
and clear when these were compared with CMMS (Figure 3.9B).

For cross-linked MB, it was insoluble in water as same as native MB
(Figure 3.9A), corresponding with the antecedent literatures. The solubility of
modified starch was reduced with the high cross-linking (Kerr et.al., 1950 and
Rutenberg et.al, 1984)

3.4 Physicochemical properties study

3.4.1 Moisture content

The specification of modified starch was referred to the monograph of
croscamellose sodium and modified starch in USP XXXII. The moisture content was
not more than 10% of its weight. In Table 3.4, the moisture content of modified
starched became lower compared to that of the native starch. This pattern is related to
the reaction between the hydroxyl groups (-OH) of glucose units of starch and the
functional chemical reagent used in this chemical modification, decreasing the
possibility of reaction between the hydroxyl groups of starch chains and the water
molecules and consequently the join of water to this polymer. The CL-MB-7 was
shown the least dampness and the extremely humidity was CL-MB-1. So, the
sequential of moistness was CL-MB-7 < CL-MB-8 < CL-MB-9 < CL-MB-10 < CL-
MB-5 < CL-MB-4 < CL-MB-1
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Figure 3.9 Cold-water solubility of CL.-MBs compared with CMMS (B),

cross-linked MB (C) and native mungbean starch (A)
(D = CL-MB-1, E =CL-MB-4, F = CL-MB-5, G = CL-MB-7, H = CL-MB-8, I = CL-MB-9, J = CL-MB-10)
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Table 3.4 Moisture content of CMMS, cross-linked MB and CL-MBs with

varied conditions

Moisture
content
Types of modified starches (% of its
weight)
Native mungbean starch (MB) 10.169+0.08
Carboxymethyl modified mungbean starch, CMMS
(C - MB - 100) 9.832+0.03
Cross-linked modified mungbean starch, Cross-linked MB =
(L - MB - 100) 8.747+0.01
Cross-linked carboxymethyl modified mungbean starch, CL-MBs
CL-MB-1 9.246+0.04
CL-MB-4 8.763+0.02
CL-MB-5 8.664+0.03
CL-MB-7 8.181+0.02
CL-MB-8 8.259+0.02
CL-MB-9 8.314+0.04
CL-MB-10 8.491+0.05

3.4.2 Free swelling capacity (FSC)

The FSC of CL-MBs was determined by using the teabag method (Figure
3.10), as described by Christoph et.al. (2007). The FSC was compared with CMMS,
cross-linked MB and four commercial polymers, including CP, MC, HPMC and
SCMC, the results of which are shown in Table 3.5 and Figure 3.11.

CL-MB-7, CL-MB-8, CL-MB-9 and CL-MB-10showed the higher FSC
values than CMMS, cross-linked MB and the 4-commercial polymer. The CL-MB-7
had completely swelled after 180 minutes (100.006340.01) and had swollen to 100
times its starting weight. It showed the highest FSC value (87.6421+1.08) after 15
minute, though a higher FSC value was observed in CL-MB-7, CL-MB-8, CL-MB-9
and CL-MB-10, compared with the others.
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Figure 3.10 Free swelling capacity (FSC) protocol

3.4.3 The particularities of cross-linked carboxymethyl modified mungbean

starch gels in distillated water

The modified starch powder was dissolved in ethanol (EtOH): water (H,0)
mix of ratio 0:100 at 1, 3 and 5%w/v concentration, compared with 4-commercial
polymers : CP, MC, HPMC and SCMC. The gels were stored at 8°C and 45°C, and
underwent a heating-cooling (HC) stability (8 cycles—each cycle consisted of 2 days at
8°C and another 2 days at 45°C), as shown in Figure 3.12A-3.12N.

CL-MBs and CMMS were soluble in cool water. The polymer gel in
distillated water was flexible, transparent, was of high strength and homogeneous as
similar to three commercial polymers - MC, HPMC and SCMC, but they were
different from that of CP. With the observation, the viscosity of polymer gel that
made of CL-MBs and CMMS were increased at the high concentration; though the
gel is turbid at high concentrations. CL-MB-7, CL-MB-8, CL-MB-9, and CL-MB-10
have had the highest viscosity at the same concentration. Their viscosity were less
than four commercial polymers - CP, MC, HPMC and SCMC. However, the CL-
MBs formed gel when dissolved in water.

The bacterial growth could not be solved with the carboxymethylation and
cross-linking. So, the preservative such as paraben conc. was added into the gelling

agent in the pharmaceutical applications.
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Viscosity, pH and clarity of cross-linked carboxymethyl modified

mungbean starch gels in distillated water

The modified starch powder was dissolved in EtOH: H,O mix of ratio

3 and 5%w/v concentration, compared with four commercial polymers :

CP, MC, HPMC and SCMC. The gels were stored at 8°C and 45°C, and underwent a

HC stability (8 cycles—each cycle consisted of 2 days at 8°C and another 2 days at
45°C), shown in Table 3.6A-3.6D.

The sample of rheograms of 7-condition CL-MBs, presented in Figure

3.13, showed a pseudoplastic flow with thixotropy; a typical behavior of a gelling

agent. The rheological profile of CL-MBs showed an increase in solution viscosity

compared to that of CMMS but the viscosity of CL-MBs gel was significantly less

than for the four commercial polymers, but had a gel like appearance.

350

300

250

200

150

Shear stress (Pa)

100

50+

EtOH : H,0 - 0 : 100

-o- Freshly :- CL-MB-7
—= FT :- CL-MB-7

—+ 8°C :- CL-MB-7
—— 45°C :- CL-MB-7

T T T

20 40 60 80 100 120
Shear rate (1/s)

Figure 3.13 The sample of rheograms of CL-MB-7 at 1%w/v conc. in distillated

water, stored in 8°C, 45°C and HC cycle stability (8 cycles—each cycle
consisted of 2 days at 8°C and other 2 days at 45°C.)
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In table 3.6A, the viscosity of CL-MB-5, CL-MB-7, CL-MB-8§, CL-MB-9
and CL-MB-10 gel were significantly higher than CMMS (1.768+0.02 Pa.s) at 1%w/v
concentration in distillated water. The CL-MB-7 exhibited the highest viscosity
(2.385+0.01 Pa.s). The viscosity was increased at the high concentration. Under
accelerated conditions, the characteristics of CL-MBs gel were not different from
those of CMMS gel. The viscosity of CL-MBs solutions after being subjected to HC
cycles remained two times higher than that of CMMS at the same concentration. The
viscosity of CL-MB gel was significantly less than for the four commercial polymers,
but had a gel-like appearance. The CL-MBs gels that exhibited good viscosity were
CL-MB-7 and CL-MB-8, because the values were only slightly changed after the
stability test at 8°C and 45°C, after the HC cycle stability test (not significant).

The pH of CL-MBs gels at 1, 3 and 5%w/v in the distillated water was 6.8
to 7.4, unchanged from the pH of CMMS gels at the same condition (pH = 7.2) These
was nearby the pH of 3-commercial polymers : MC, HPMC and SCMC, excepted CP
that had 7.4-7.5 because the TEA was added.

The clarities of CL-MBs gel at 700 nm, presented in Table 3.6A-3.6D,
were more than that of CMMS at the same condition; although the gel is turbid at high
concentrations. The clarity of CL-MB-7 gel in distillated water was significantly less
than for the four commercial polymers, but similar to CMMS, and slightly changed at
8°C and 45°C and when tested for HC cycle stability. The clarity of CL-MBs
decreased at high concentrations, similar to CMMS. The CL-MBs gels that exhibited
the best clarity were CL-MB-7, CL-MB-8 and CL-MB-9. Their clarity changed
slightly after a stability test at 8°C and 45°C, and an HC cycle stability (not
significant). The cross-linked MB showed a very high absorbance level, because it is
insoluble in water. However, the clarity of the CL-MBs gels was better than for the
CMMS gel.

3.4.5 Viscosity of cross-linked carboxymethyl modified mungbean starch

oels at varies pH

Table 3.7, the viscosity of CL-MBs exhibited the highest viscosity at pH
5.4. CL-MB-7, CL-MB-8, CL-MB-9 and CL-MB-10 viscosity were significantly
higher than that of CMMS at varied pH. The viscosity decreased at the high acid and
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base conditions. So, the suitable pH interval that had slightly changed values and a
gel-like appearance was 4.4-7.0.

Table 3.7 Viscosity of Cross-linked carboxymethyl modified mungbean starch at
varies pH compared with CMMS

S ——

Viscosity (Pa.s)
pH

CMMS | CL-MB-1 | CL-MB4 | CL-MB-5 | CL-MB-7 | CL-MB-8 | CL-MB-9 | CL-MB-10

2.4 | 0.45240.02 | 0.387+0.01 | 0.359+0.09 | 0.498+0.02 | 0.517+0.02 | 0.653+£0.05 | 0.706+0.08 | 0.708+0.03

3.4 ] 0.691+0.01 | 0.410+0.09 | 0.623+0.01 | 0.599+0.04 | 0.641+0.05 | 1.102+0.03 | 1.082+0.03 | 0.985+0.07

4.4 | 0.724+0.05 | 0.430+0.06 | 0.678+0.04 | 0.772+0.02 | 1.382+0.03 | 1.523+£0.05 | 1.515+0.03 1.195+0.02

5.4 § 0.841+0.02 | 0.468+0.03 | 0.930+0.06 | 0.889+0.02 | 1.391+0.04 | 1.536+0.04 | 1.832+0.03 | 1.413+0.06

6.4 | 0.526+0.01 | 0.445+0.02 | 0.763+0.02 | 0.722+0.02 | 1.124+0.03 | 1.138+0.02 | 1.307+0.02 | 1.408+0.03

7.0 | 0.41940.06 | 0.426+0.08 | 0.721£0.02 | 0.458+0.04 | 0.693+0.03 | 1.054+0.03 | 1.204+0.02 | 1.088+0.06

7.4 § 0.299+:0.01 | 0.398+0.08 | 0.391+0.03 | 0.354+0.02 | 0.451+0.02 | 0.426+0.07 | 0.539+0.06 | 0.504+0.05

8.0 | 0.219+0.01 | 0.384+0.08 | 0.326+0.12 | 0.295+0.03 | 0.438+0.09 | 0.427+0.03 | 0.325+0.02 | 0.443+0.01

9.4 | 0.212+0.08 | 0.21110.05 | 0.306+0.07 | 0.293+0.06 | 0.233+0.05 | 0.285+0.09 | 0.347+0.01 0.305+0.02

10.0 § 0.011:0.04 | 0.200+0.04 | 0.235+0.07 | 0.268+0.03 | 0.219+0.04 | 0.349+0.02 | 0.292+0.02 | 0.294+0.02

3.5 Alcohol tolerability

3.5.1 The particularities of cross-linked carboxymethyl modified mungbean

starch gels in the alcohol solution

The modified starch powder was dissolved in EtOH:H,O mix of ratio
30:70 and 50:50 at 1, 3 and 5%w/v concentration, compared with 4-commercial
polymers : CP, HPMC, MC and SCMC. The gels were stored at 8°C and 45°C, and
underwent a HC stability (8 cycles—each cycle consisted of 2 days at 8°C and another
2 days at 45°C), shown in Figure 3.14A-3.14N and 3.15A-3.15N. The facts were
compared with the data before stability test (freshly preparation).
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CL-MBs gels were prepared using the order-of-mixing technique. The
CL-MBs powder was dissolved H,O that was specified ratio of EtOH:H,O at 1, 3 and
5%w/v. The CL-MBs gels were allowed to stand overnight at room temperature.
Then, the specified ratio of EtOH (30 or 50%v/v) was added and mixed to be
homogenous gel.

In the experiment, CMMS gel attains its best properties with high
concentration; though the gel is turbid at high concentrations. Another weak point of
CMMS is that it is less resistant to alcohol at 30 and 50%v/v. The gel was glue-liked
and the viscosity became lower at the stability test with the observation. In the other
hand, the clarity of CL-MBs gel was increased in the alcohol solution. The alcohol
tolerability and stability of CL-MBs each condition was difference. The viscosity of
CL-MB-1 was decrease and still as a gel appearance at 3 and 5%w/v concentration.
The CL-MB-1 gel was unstable after the stability test. CL-MB-4 and CL-MB-5 gel
were more stable than CL-MB-1 but less than CL-MB-7, CL-MB-8, CL-MB-9 and
CL-MB-10. At the ratio of EtOH:H,O 50:50, the viscosity of CL-MB-7, CL-MB-8,
CL-MB-9 and CL-MB-10 became lower that contrast with 4-commercial polymers:
CP, MC, HPMC and SCMC. The CL-MBs gels that exhibited good viscosity were
CL-MB-7, CL-MB-8 and CL-MB-9 because they hade slightly changed values after
the stability test at 8°C and 45°C, after the HC cycle stability test (not significant).
Therefore, CL-MB-7, CL-MB-8 and CL-MB-9 can resist up to 30%v/v EtOH and
exhibited greater tolerance at high concentration. The cross-linked MB was insoluble

in water and EtOH.



83

HOY% 0€ Ul 195 (00 [-€IN-D) YoTels ueaq3unwu payipowt [AYiowAxoqied jo AI[iqels vH1'¢ 4n3iy

(14) @19/42 Buijoo) - BunjesH uoljesedasd Ajysaig

HOI3% 0€ W AIM% € HOIZ% 0F Ul AjM% G

HO13% 0€ Ul A/M% |

"GN -0

00}



84

HOY% 0€ ut uotsuadsns (00 1-GIN-T) YoIels ueaqSunuu payIpour payui|-ssoid jo AN[Iqels gy 1°€ 24ns1g

20,6 dwa) (14} 81242 Buijoon - BuijeeH uoijeiedald Ajysaig

HOI3% 0€ Ul A/M% €  HOIF% 0 Ul A/M% §

HO33% 0¢ Ul A/M% |

001 -aW -1



85

HOM% 0€ Ul [98 ([-GIN-10) %1 VOO Wis 4oIels ueaqiunu payipow [AYIawWAX0qIed payul[-sso1d jo AIqel§ Dp1°¢ 24ns1g

HO3% 0€ W A/M% € HO3T% 0¢ U A/M% G
L-aW -0

HO¥3% 0€ Ul A/M% |

(14 81242 Burjoon - Bunes uoneredasd Ajysaig



86

HOY% 0€ Ut [38 (p-GIN-T0) %t VO Wis yoeys uedaq3unw payrpow [AiawAxoqres payulj-sso1d Jo Aiqels apl'¢ 24nsiyg

HO33% 0€ Ul A/MY% € HOIZ% 0€ U A/MY% G
y-an -0

HO33% 0€ U! A/M% |

2,6¢ dway : (14) 81042 Buijeo) - Buijesy uonesedasd Alysaiy



87

HOY%

0€ ur 133 (g

S 1A\

10)

%S VO M yoIes ueaqSunw pagipow [AowAXoqies payul]-ssod jo ANIqeis Apl

(14! e12A2 Buljoon - Buijea

uoneiedaid Ajysaiq

€ 2angiy

0€ W A/M% G

0E W AIMY% € HOE%

S-gw-110

0c Wl A/M% | HOF%

HO33%



88

HOVI% 0€ Ut [93 (L-8IN-1D) %L VO UiA YoIess ueaqSuntu payjipow [AIawAXoqIed payur[-ssoid jo ANiqels g¢1°¢ d4n31g

HO3% 0€ W A/M% € HO3IT% 0¢ Ul A/MY% G
L-aW-T0

HO13% 0¢ Ul AN |

(14} 82Ao Butjoon - Bujes uonetedasd Alysaiy



89

HO¥% 0€ Ul [98 (8-€IN-"1D) %8 VO YHM [dIers ueaqsuntu payjIpow [AYIowAX0qIed payul[-sso1d Jo AN[Iqels HP]'¢ 24n31y

HO33% 0€ U AjM% € HO3IT% 0 Ul A/M% G
g-dW-10

HO3% 0€ Ul A/M% |

5

TisE

2,6t dw (14} 82k2 Buljoo) - Buijeey

uonjeiedasd Alysaiq




90

HOY% 0€ U1 [93 (6-8IN-1D) %6 VOO YA YoIes ueaqSunw pajipowt [AG1owAX0qied payuIj-ssold jo AJIqels

(1) 81242 Butjeon - Buijes uonetredaid Ajysaiq

Hp1°¢ 2an31y

HOI3% 0€ W A/M% €  HOIZ% 0 Ul A/M% G
6-aW -2

HO3% 0€ W A/MY% |



91

HOW% 0€ Ut 193 (01-GIN-"1D) %01 VO UM YoIels ueaqdunwu pagipour [AYIowAX0qIed payul[-ssod Jo AN[iqels T[ ¢ 94n31y

HO3% 0€ W A/MY% € HOIZ% 02 Ul A/M% §
0L-gW-"12

HO33% 0¢ Ul A/M% |

0,6t dwsy (14! 82Ao Buljoon - BuijesH uoneiedsid Alysaiy



¥

HOY%

2.5¢ ‘dwiay

0

€ ur A/mo47 18 (DINDS DN “DINdH se) s[od sowk[od [erdiawwod-¢ jo Ajiqers

rP1°€ 2an31y

0,8 dwsel (14) 8242 Buljoo) - Bunesyy uoneiedeid Alysaiq

JWDS

JOWdH

W

HO33% 0 Ul AjM% T



23

HOW % 0€ Ul A/mo%¢ 18 (QINDS D “DIJH $B) s[98 1owk[od [eroiswwod-¢ Jo A1[iqels Mg dansiy

0,5¢ dway (14} 21242 Bulpooy - BunesH uoneiedasd Alysaiqg

OWOS

OWdH

OW

HO33% 0€ Ul AjM% ¢



94

HO?

1%

QEsRA/M

%t 18 (DINDS DN “DINdH se) S[o8 1owA[od [erozeuwrod-¢ jo Aijiqels i

(14) 21242 Buljoo) - Bunes

€ aan3i g

uonelederd Alysaiq

JWDS

OWdH

oW

HO33% 0€ Wl A/M%



95

HO?

H4%

0 UL A

Y4\

%S 18 (DINDS DN ‘DINdH se) s[o38 1owikjod [erdrowuod-

(14} @240 Buljoon - BuniesyH

¢ Jo Apiqels Ap°E 3Insig

uoneredad Ajysaiy

JQWOos

OWdH

oW

HO¥3% 0€ Ul A/M%, G



96

HOY% 0€ UI A/M%0" | PUB A/M9%6°0 18 (0p6 [0dogie)) [23 1owik[od [eroieowwod jo AN[IqelS NpI°€ 34n31g

2,6F dway (14) 81240 Buijoon - Buijeay uonesedard Ajysaiq

do

HOI3% 0€ U A/M% G0 HOIT% 0F U! A/M% |



97

HOY% 06 Ut 123 (001

S 14

D) yores ueaqiunu payrpow [AawAxoqred jo Aiqels Vel

(14) 8242 Butjoon - Bunjesy

€ a3y

uoneredaid Alysaiy

HO3% 05 U AjM% € HOIT% 05 U AjM% G

HO3% 06 W A/M% |

00l -aW-2



98

HO¥% 0§ ut uoisuadsns (00 [-€N-"T) YoIes ueaq3untu payIpow payul|-sso1d jo Ajiqels gei g aandiy

2,8 dway (14} 81240 Butjoon - BunesH uofjeiedasd Alysaig

HO3% 05 Ul A/M% € HOIT% 05 Ul AjMY% §

HO33% 06 W A/M% |

001 -a -1



99

HOW% 0§ Ul 193 (1-€IN-TD) %[ VO YiM YoIels uedaqduntu payIpout [AYIoWAX0qIed payul[-ssold Jo AIfiqels JSI'¢ 3ansig

HO3% 05 Ul A/M% € HOIZ% 05 W A/M% G
L -dW -0

HO¥3% 08 Ul A/M9% |

2,6 dway 2,8 dway (14) 21242 Burjoos - Huneay uoneiredard Ajysaig



100

HO% 0§ Ul [93 (-9IN-1D) %t VO YHM Yyorels ueaqdunw payipow [AY1owAX0qIed payul[-ssoid jo Ajiqels s1 ¢ 24n3ig

O
-
=
@
+

HO¥3% 05 Ul A/M% € HO3IF% 0§ U A/MY% §

HO¥3% 06 Ul A/M9% |

2,6t dway 0,8 dwa (14) 3240 Burjoon - Hunesy uoneledard Ajysai4



101

HOW% 06 Ul 193 (S-HIN-"1D) %S VO UM YoIels Ueaqaunwu payIpou [AYIaWAX0qIed payul[-ss01d Jo AN[Iqels JST'€ d4n31 ]

HO3% 05 U A/M% € HO3IZ% 05 U A/MY% §
S-aW-1o

HO3% 06 Ul A/M% |

2,67 dwa)y 2,8 dway (14) 3240 Butjoon - Buneay uoneledard Ajysaiyg



102

HOY% 0§ Ul 133 (L-GIN-TD) %L VO YHm 4oIe)s ueaq3unuu payIpows [A1owAXoqred payul[-ssoid Jo AN[Iqels JS1°¢ 2an31y

€ HCIZ% 0§ W A/M% G

HOI3% 05 Ul A/M9%
L-aW-1D

I

HO33% 06 Ul A/MY

2,8 dway (14) @242 Buijoon - Aunyeay uoneledard Ajysaig



103

HOYI% 0§ Ul [93 (8-6IN-T1D) %8 VO YHM ydIels ueaqdunu payipour [AIowAxoqIes payui[-ssoid Jo A[iqels HST'¢ dnsig

HO¥3% 0G Ul A/M% € HOIZ% 0§ W A/M% G
g-dW -0

HO3% 06 Ul A/M% |

Py 1§l

2,8 dway (14} 81240 Burjoon - funeay uonesedard Ajysaig



104

HOY% 06 Ul [98 (6-6IN-T1D) %6 VO YHA yoIels ueaqsunuu payipour [AyIawAxoqred payui[-sso1d Jo AN[iqels HST'¢ dnaLy

HO33% 0§ Ul A/M% € HOI3% 0§ W A/M% §
6-dlW-10

HO3% 06 ! A/M% |

i

S 6 dway 2,8 dway (14) 81240 Burjoon - uneay uoneredaid Ajysalg



105

HOY% 0S W 193 (01-9IN-T1D) %01 VO YA yoIels ueaqdunwr paijipowr [AJ1owAxXoqred payul[-ssold Jo AN[IqelS [ST°¢ 34n31

HO3% 05 Ul AjM% ¢ HOIF% 06 Ul A/MY% G
oL-gn-12

HO33% 06 Ul A/MY% |

TEasiaen

(14) 81240 Autjoon - Buneay uoneledard Ajysaig



106

HOY% 0S Ul A/mo57 18 (DINDS DN “DINdH SB) S[23 1owA[od [eramawwod-¢ Jo ANfIqers

[ST°€ 2an31y

2,6t dway 2,8 dway (14) 21242 Buljoon - Buneay uoneiedald Ajysaig

JWOS

JWdH

oW

HO3% 06 Ul A/MY% 7



107

HOM% 08 Ul A/M%¢ 18 (DINDS DN “DINdH Se) s[o8 1owik[od [erosowwod-¢ Jo AJ[iqels S ¢ 2In3if

(14) 21242 Butjoon - Huneay uonelredard Ajysaig

JWOS

OWdH

OW

HO3% 06 Ul A/M% €



108

HOY% 0§ Ul A/m%¢ 18 (QNDS ‘DN “DJH se) s[o8 sow[od [erozouwrwod-¢ Jo A[iqers §1°¢ 34n31g

2,67 dway 0,8 dwa) (14) 281242 Buijoon - Butjeay uoneredald Ajysaig

JWOS

OWdH

OW

HO3% 0§ Ul A/M% ¢



109

HOM% 0S Ul A/M9%¢ 18 (DINDS DN “DINJH Se) s[5 1owk[od [erorowwod-¢ jo Afiqels JAST '€ 24n3sig

(14) o242 Butjoo) - Buljesy uoijeredald Ajysal4

OWOS

OWdH

OW

HO¥3% 0§ Ul A/MY%, G



110

HOY%

2,6 dway

0S UT A/M9%()" [ PUB A/M0%6°() 18 (016 [0doqie)) [98 sowAjod [erorauwwod jo Aijiqels NST

€ 2an31y

(14) 21242 Buljoon - Bunesy uoneredard Alysalyq

d0

HO3% 06 Ul A/M% G0 HO¥3% 06 Ul A/m9, |



111

3.5.2 Viscosity, pH and clarity of cross-linked carboxymethyl modified

mungbean starch gels in the alcohol solution

The study of alcohol tolerability was studied the changing of physico-
chemical properties, included pH, clarity and viscosity of 7-CL-MBs. The modified
starch powder was dissolved in 3 media: EtOH:H,O mix of ratio 0:100, 30:70 and
50:50, at 1, 3 and 5%w/v. The experiments was determined against CMMS, cross-
linked MB and four commercial polymers as CP, HPMC, MC and SCMC. The gels
was stored at 8°C and 45°C for 3 month, and underwent a HC stability (8 cycles—each
cycle consisted of 2 days at 8°C and another 2 days at 45°C). The facts were
compared with the data before stability test (freshly preparation), shown in Table
3.8A-3.8E (viscosity), Table 3.9A-3.9E (Clarity) and Table 3.10A-3.10E (pH).

The sample of rheograms of CL-MBs in the EtOH:H,0 mix of ratio 0:100,
30:70 and 50:50, presented in Figure 3.16, show a pseudoplastic flow with thixotropy;
very important behavior when using as a gelling agent. The rheological profile of
CL-MBs showed an increase in solution viscosity compared to that of CMMS. The
viscosities of 3%w/v solution in EtOH:H,0 mix of ratio 0:100, 30:70 and 50:50,
ranged between 2.51-6.96, 2.66-6.86 and 2.36-5.10 Pa.s., respectively (Table 3.7A-
3.7E). Under accelerated conditions, the characteristics of CL-MB gel were not
different from those of CMMS gel. The viscosity of CL-MB solutions after being
subjected to HC cycles remained 2 times higher than that of CMMS at the same
concentration. The viscosity of CL-MB-7, CL-MB-8, CL-MB-9 and CL-MB-10 in
EtOH:H,O0 mix of ratio 30:70 at 1, 3 and 5%w/v, was unchanged or only slightly
changed when compared to the water solution. The viscosity of CL-MBs gel was
significantly less than for the four commercial polymers, but had a gel like
appearance. The CL-MB gels that exhibited good viscosity were CL-MB-7 and CL-
MB-8, because they hade slightly changed values after the stability test at 8°C and
45°C, after the HC cycle stability test (not significant). Therefore, CL-MB-7, CL-
MB-8, CL-MB-9 and CL-MB-10 can resist up to 30%v/v EtOH and exhibited greater

tolerance at high concentration.
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The clarity of CL-MBs gel at 700 nm is presented in Table 3.9A-3.9E.
The clarity of CL-MB-7 gel in distillated water was significantly less than that of the
four commercial polymers, but was similar to that of CMMS, and slightly changed at
8°C and 45°C and when tested for HC cycle stability. The clarity of CL-MB
decreased at high concentrations, similar to CMMS. The clarity of CL-MB in an
EtOH: H,0 solution of ratio 0:100, 30:70 and 50:50 and at 1, 3 and 5%w/v, slightly
increased. The CL-MB gels that exhibited the best clarity were CL-MB-7, CL-MB-8
and CL-MB-9. Their clarity changed slightly after a stability test at 8°C and 45°C,
and an HC cycle stability (not significant). The cross-linked MB showed a very high
absorbance level, because it is insoluble in water and EtOH. However, the clarity of
the CL.-MB gels was better than for the CMMS gel.

Table 3.10A-3.10E, the pH of CL-MBs gel at 1, 3 and 5%w/v in 3 media:
an EtOH: H,O mix of ratio 0:100, 30:70 and 50:50, was 6.8 to 7.4. In the experiment,
the pH of CL-MBs paste was not changed by EtOH when stored in 8°C and 45°C and
when tested for HC cycle stability. So, the alcohol was non effect to the clarity of

CL-MBs in the same as four commercial polymers.

3.6 Selection of Cross-linked carboxymethyl modified mungbean

From the physicochemical properties and alcohol tolerability, the three best
cross-linked carboxymethyl modified mungbean starch (CL-MBs) were chosen to use
in the formulation of NM gel. CL-MB-7, CL-MB-8 and CL-MB-9 exhibited good gel
characteristics, which suggested the potential use of CL-MBs as a new gelling

biopolymer for pharmaceutical application.

3.7 Nimesulide gel formulation

3.7.1 Nimesulide gel preformulation

The preliminary batches were formulated by varying the concentration of
gelling agent and other excipients. Nimesulide (C;3H2N,O5S) were kept constant at
1%w/w, as an active ingredient. Each material was weighed accurately and added on
the order by mixing. Three-chosen CL-MBs and commercial polymers (CP and
SCMC) were used as a gelling agent in the formulation. The gelling agent was

dispersed in the distillated water at the concentration in the formula. The suspension
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was stirred and allowed to stand over night at room temperature in order to be
completely swelling.

NM gel was formulated by the order-of-mixing technique. Nimesulide
(NM) was used as an active ingredient in the gel formulation. Three-chosen and
commercial polymers (CP and SCMC) were used as a gelling agent. Dimethyl
sulfoxide (DMSO) and denatured ethanol (DEB 96) were used as a solvent. DMSO
was a penetration enhancer. Propylene glycol was used as a humectant and
triethanolamine (TEA) as a pH adjuster. Methyl paraben and propyl paraben were

added as a preservatives.

Figure 3.17 — Nimesulide gel preparation

In the experiment, Part 1: NM was dissolved in the mixture of DMSO and
DEB 96 to be yellowish (Figure 3.17A-3.17B). TEA was added into the solution and
mixed to be the amber-colored solution (Figure 3.17C). Part 2: the humectant
(Propylene glycol) and TEA were added into the polymer gel and mixing the mixture
by stirring to be a homogeneous mixture (Figure 3.17D). Afterward, Part 1 was
added slowly together with Part 2 and stirred continuously to protect the foaming

from the polymer (Figure 3.17E). The preservative (Paraben conc.) was add into the
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homogeneous mixture. NM gel was stored in the well-tight container. The formula
(recipe) was shown in Table 3.10.
The specification of nimesulide gel : 1 g of nimesulide was contained in

100 g of the gel formulation (1%w/w of nimesulide).

- Appearance : amber-colored gel

- Identification : the formulation contains nimesulide (active ingredient)

- pH (10%w/w nimesulide gel in distillated water) : 5.5-8.5

- Assay of active ingredient :

Labeled amount : each 1 g of the gel formulation contains 10 mg nimesulide

Limit : 0.09-1.10%w/w of nimesulide

Table 3.11, F1-F12 formulations were prepared by using CL-MBs as a
gelling agent. On the contrary, the gelling gent was incorporated in F13-F15 as
commercial polymers: CP and SCMC, respectively (Figure 3.19). Nimesulide was
soluble in DMSO. It showed recrystallization after it was incorporated in NM
preparation (Figure 3.18). So, the formulation that varied DMSO and DEB 96 were
shown in F1-F8. The F8 showed less crystallization of NM and the good
characteristic. Thus, TEA was added into F8 to be used as a pH adjuster in order to
increase the dissolution of NM and the concentration of the gelling agent was
increased. F9-F12 were developed by varied TEA and CL-MBs concentration. The
F12 exhibited good gel characteristics of the NM gel formulation. Therefore, the NM
gel formulation was prepared by using the additives in the same as F12 which the
choosing CL-MBs in above: CL-MB-7, CL-MB-8 and CL-MB-9 and commercial
polymers. The recrystallization of NM was manifested in the formulation with CP as
a gelling agent but these problem was unaffected to SCMC. All formulation were

studied the physicochemical properties and releasing study.

o
Figure 3.18 Recrystallization of nimesulide in the gel formulation
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3.7.2 Nimesulide gel formulation

From the experiment, nimesulide (C,3H;2N,0sS) were kept constant at
1%w/w, as an active ingredient. F12 was the best NM gel formulation that was

continually studied the physicochemical properties and stability test.

Nimesulide gel formulation

Nimesulide 1.00 g.
Polymer (as a gelling agent) 6.00 g.
Denatured ethanol (DEB 96) 12.00 g.
Dimethyl sulfoxide (DMSO) 20.00 g
Propylene glycol 10.00 g
Triethanlamine (TEA) 3.50 g.
Paraben conc. 2.00 g.
Purified water gs to 100.00 g.

Remark : CL-MB-7, CL-MB-8 and CL-MB-9 were used as a gelling agent, compared
with the commercial polymer (SCMC)

NM gel formulation was referred to F12 in the preliminary test. These
used CL-MB-7, CL-MB-8 and CL-MB-9 as gelling agents at 6%w/v concentration,
compared with a commercial polymer, SCMC. The gels were stored at 8°C, 45°C and
room temperature (RT), and underwent a HC stability (8 cycles—each cycle consisted
of 2 days at 8°C and another 2 days at 45°C). The appearance of gel bases and NM

gel formulations were shown in Figure 3.20 and 3.21, respectively.
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3.8 Physicochemical properties of nimesulide gel

The physicochemical properties of nimesulide (NM) gel consisted of color, pH,
gel separation, gel splitting and viscosity of all NM gel formulations with three-
chosen CL-MBs and commercial polymer. The experiments was measured against
the gel base with the same gelling agent. All properties of NM gel from three-chosen
CL-MBs were compared with the NM gel from commercial polymer. The gel bases
and formulations were stored at 8°C, 45°C and RT, and underwent a HC stability (8
cycles—each cycle consisted of 2 days at 8°C and another 2 days at 45°C), shown in
Table 3.12-3.15 and Figure 3.22-3.25.

Table 3.12 Color of nimesulide gel formulation by CL-MB-7, CL-MB-8 and

w Color

=

2

= M 3M

St

]

3 Freshl

= b Y1 8°C | RT | 45°C | HC | 8°C | RT [45°C| HC

Gel base
GB-1 3 5 S 5 S 5 5 5 5
GB-2 5 5 5 5 5 5 5 5 5
GB-3 5 b) 5 5 5 5 S 5 5
GB-4 5 5 5 2 3 5 5 2 4
Nimesulide gel formulation

NM-1 1 1 1 1 1 1 1 1 1
NM -2 1 1 1 1 1 1 1 1 1
NM -3 1 1 1 1 1 1 1 1 1
NM 4 1 1 1 1 1 1 1 1 1

Table 3.12, all of gel bases were transparent. The color of GB-1, GB-2 and GB-
3 were stable at the stability test, excepted the gel base that was prepared from
SCMC. On the other hand, it’s color was changed after 3 months of the stability test
at 45°C and underwent a HC stability from S to 2 and 5 to 4, respectively. So, the
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color of the gel bases that were prepared from CL-MB-7, CL-MB-8 and CL-MB-9,

unchanged and stable than SCMC. NM occurs as a light yellow powder. For this

reason, the NM gel formulations were an amber-colored gel. After the stability test,

the color of every one of NM gel formulations were unchanged. Nevertheless, the

NM gel formulations were stable at all conditions.

Table 3.13 Gel separation of nimesulide gel formulation by CL-MB-7, CL-MB-8 and

CL-MB-9 compared with SCMC

e ——

- Gel separation

g

s 1M M

=

3 Freshl

& ::Zp Y] 8°Cc | RT | 45°C | HC | 8°C | RT [45°C| HC

Gel base
GB-1 x X % % % % X x X
GB-2 X X X X X X X X X
GB-3 X X X % x X X X X
GB-4 x X % % % x x X x
Nimesulide gel formulation
NM-1 X % % % % X % X %
NM -2 X X X X % X X X x
NM -3 X X x X % X % X X
NM -4 X X X X X X X X X
Remark : X = the gel base or nimesulide gel without separation

v’ = the gel base or nimesulide gel with separation

Table 3.13, all of gel bases and NM gel formulations were stable at the stability

test. They were still as a gel appearance and none of the gel separation phenomenon.
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Table 3.14 pH of nimesulide gel formulation by CL- MB-7, CL-MB-8 and CL-MB-9

compared with SCMC
W

@ pH

g

= 1M M

g

2

2 Freshly | cor | gr | 45°c | HC | 8°C | RT |45°C| HC

prep.
Gel base
GB-1 8.5 8.4 8.6 8.6 8.5 8.5 8.5 8.4 8.5
GB-2 8.4 8.5 8.4 8.4 8.5 84 8.5 8.4 8.5
GB-3 8.5 8.4 8.4 8.5 8.5 8.5 8.4 84 8.5
GB-4 8.4 8.4 8.4 8.3 8.3 8.4 8.3 8.5 84
Nimesulide gel formulation

NM-1 8.0 7.9 7.8 7.8 7.8 7.8 7.9 7.8 7.8
NM -2 8.0 7.9 8.0 7.8 7.8 7.9 7.9 7.8 7.8
NM -3 7.8 8.0 7.9 7.8 7.8 7.9 7.8 7.8 7.8
NM -4 7.9 8.0 8.0 7.9 7.8 7.9 7.9 7.9 7.8

Table 3.14, all of gel bases and NM gel formulations were stable at the stability
test. The pHs were still in the range of specification. The pH of NM gel formulations
was lower than the gel bases because the active ingredient was added on. NM is a
weak acidic compound. Consequently, the pH of NM gel formulations were
decreased after NM was incorporated into the gel base. After the stability test, the pH
of every NM gel formulations were slightly changed but they were still in the
accepted range. So, the NM gel formulations were stable at all conditions.

The gel splitting test at a 40X magnification, the image of NM gel formulations
were not difference from gel bases. All of gel bases (Figure 3.22) and NM gel
formulations (Figure 3.23) were stable at the stability test.
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The rheograms of gel bases and NM gel formulations, presented in Figure 3.24-
3.25, showed a pseudoplastic flow with thixotropy. The viscosity of NM gel
formulations were decreased after NM was incorporated into the gel base. The
viscosity of gel bases and NM gel formulations were stable at the stability test. After
the stability test, the viscosities of NM gel formulations were slightly changed (not
significant). The rheological profile of NM-1, NM-2 and NM-3 were significantly
less than NM-4 that was preparated from SCMC, but had a gel like appearance.
However, the NM gel formulations were stable at all conditions and the best viscosity

was shown by NM-2 that used CL-MB-8 as a gelling agent.

3.9 Releasing study of nimesulide gel formulation

The releasing study of NM gel was modified from in-vitro drug diffusion study
of Kumar et. al. (2010). The method was determined by using Frantz’s diffusion
apparatus. The withdrawn sample was detected by UV/VIS spectrophotometer at 392
nm. The amounts of NM released were calculated from NM standard curve,

presented in Figure 3.26.

Nimesulide Standard Curve

3.000

E 2.500 e
S "o
[22] R
T 2600 o
g ______..x/
< 1500 X
m ,/«/
o o
c e
g 1000 - o
3 !//x/
2 o500 =T
L= 4 w
0.000 T T T T T T
0.0000 0.0100 0.0200 0.0300 0.0400 0.0500 0.0600 0.0700

Nimesulide Standard Concentration (mg./ml.)

y = 42.66x + 0.0329

2
Correlation Coefficient ; r = 0.9987

Figure 3.26 Nimesulide standard curve

The released profiles of NM-1, NM-2, NM-3 and NM-4 were shown in Figure
3.27-3.30, respectively.
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Figure 3.27 Nimesulide released profiles when using CL-MB-7 as a gelling agent
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Figure 3.28 Nimesulide released profiles when using CL-MB-8 as a gelling agent
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Figure 3.29 Nimesulide released profiles when using CL-MB-9 as a gelling agent
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Figure 3.30 Nimesulide released profiles when using SCMC as a gelling agent
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The released profiles of NM-1, NM-2, NM-3 and NM-4 were identical with FSC
results shown in Figure 3.11. The NM-2 showed complete release after 180 min
(Figure 3.28) and the release profile was unchanged after the stability test at 8°C, RT
and 45°C, after the HC cycle stability test. Under accelerated conditions, the released
profile of NM-3 (Figure 3.29) was only slightly changed but the amount of NM
released was less than NM-1 and NM-2. On the other hand, the released profile of
NM-1 (Figure 3.27) was significantly changed but the amount of NM released was the
same as NM-2. The amount of NM released of NM-4 (Figure 3.30) that was
preparated from the commercial polymer SCMC, was lower than NM-1, NM-2 and
NM-3 at 180 min. Therefore, the NM-2 exhibited the best NM gel formulation with
greater released profile under accelerated conditions, preparated by using CL-MB- 8

as a gelling agent.





