Chapter 1V

Results and Discussion

Part I: Preparation and Determination of Modified Starches

A. Preparation of Modified Starg{‘\ ///

The modified starch stl@ em;d by three different methods

ari mrches The reaction is an

.,

4 ;.ac.i in p ce of sodium hydroxide.

Iber€ (] . z\gr;lgiqg (1996) prepared and
feh™a \ ing ﬂagent in three different
ethod (Filbert, 1952).The

of carboxymethylation e

etherification reaction

Method I as predicted d. greéujé bstitu was™ (.16, niljilﬁed rice starch (MRS)
produced by Method II ag EEdicted degree &_f’substitution was 0.26 and modified

tapioca starch (ﬂr%ﬁué} WW@ W%} ’]dﬁee f substitution was

0.38.

s B ﬁ"? TSI ey

(e.g. tlme interval for adjust to pH) or amount of materials used (e.g. sodium
hydroxide, monochloroacetic acid) during modification process affected the DS of
modified starches. The conditions and amount of materials used in the preparation of
modified starches and presented in Table 7, the following modified starches were
made to obtain required products. Modified glutinous rice starch and modified rice

starch with DS 0.16 and 0.26, respectively, were successfully prepared by using the
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Method T and Method II, respectively. Modified tapioca starch with DS 0.38 was
synthesized by Method III with the reaction time decreasing from two hours to 90

minutes.

Table7  Comparison of the conditions and amount of materials used in the

preparation of modified starches (different 3 DS)

Parameter Method II Method III

Amount of materials

Solvent 86 ml | EtOH 286 ml

Monochloroacetic'a - 292¢g

Starch TS* 102 g

Sodium hydroxide 97%,38.4 g
Reaction Conditions

Temperature (°C) 50

Time (minutes) 90

GS* = Glutinous rice sta W Rice starch,  TS* = Tapioca starch

,‘:f', i

In the presence of strong

mechanism is undoubedlyS\2-(substitution-nucieophikie- lecular). This means

methyl. substitution reaction

the formulation of an ii ter 12 :m)cleophile was followed

¢ etherification of starch
with sodium chl i i % ide mi lace accordi
to the reactrircl): ﬁjl% WEW )ﬁp]lﬁtﬁe e
v ¢ N u
Y WIRIAIUNNRIINYIAE

I ' ‘
by the reaction with a nu€leophilic agent (Roberts, 1965).

q_cx I-O-11 CH-O-R
H CI-CH2-COOH H H
e \ ST H o
OH I OR
o - i O v+ oir- O O
H OH it OR

R = -CH,-COONa

Figure 11 Mechanism of carboxymethyl substitution reaction in the preparation

of sodium carboxymethyl starch (Rutenberg, 1980)
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Monochloroacetic acid or sodium chloroacetate which was used as etheri fying
agent was a strong electrophile, since it had chlorine as a good leaving group. There
were three reacting positions on one starch unit, i.e. those three —OH group. The
number of —OH group substituted with —OCH,-COONa or —OCH,;COOH, was
determined as the DS of the modified starches. The possible reacting position of each
anhydroglucose unit was the primary hydroxyl group on carbon atom 6 and the
secondary ~OH groups on carbon atom 2 and 3, however, carboxymethylation

occurred preferentially at the second oups (Hofreiter, 1987; Radley, 1968;
Roberts, 1965). ;

B. Determination of De bstit itionCDST'--.-

The degree of substituti A fied :@M Ultrasperse®2000 (UT)
es or“l\; ition experiment (USP 24).
dlﬁcd glutinous rice starch (MGS),

was determined by aci
The calculated DS were 0
modified rice starch ( :
IT and III, respectively. & ', &8 q sperse®2000 was a commercial

modified starch that mo

The DS indicates the average numﬁ of 1;1

.i-’.u-'

which were substltutelj by carboxymethyf groups. Thus, if
substituted, the DS \g v .

dr r-.v-'*,- groups per anhydroglucose unit

L

_‘ had low DS values,
averaé} 1 substitute group per
every 10 anhydroglucose Lglit (Wurzberg, 198@}

Summation gjﬂtﬂ ) and degrees of
sodium carbox ﬂumo:q;) which was calculated from acid/basic titration and
residue ﬁ ﬁy ned from
this calﬁaﬁﬁg mﬁ‘) m:l ﬂ ﬂ)jltanzj‘However

S value contnbuted to most DS value because the reaction took place in basic
condition. One advantage of modified starches prepared by this method was that their
salt form improved solubility in water (Mishra, Jain, and Agrawal, 1990).
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Table 8 Calculation of degree of substitution of modified starches

Average
Modified DS DS DS from
starch | (predicted) M C A S (Calculated) | calculated
(SD)
MGS1 0.16641 | 5.39030 | 0.02899 | 0.13226 | 0.16125
MGS2 0.15021 | 5.81012 | 0.02627 | 0.14315 | 0.16942 0.16509
MGS3 | 0.16 | 0.11458 | 6.00517 | 0.02004 | 0.14797 | 0.16802 (0'00350)
MGS4 0.13620 | 5.71003 | 0.02377 | 0.14039 | 0.16416 )
MGS5 0.15060 | 5.5511 02626 | 0.13634 | 0.16260
MRS1 0.25826 | 8.198 0.20950 | 0.25634 _
MRS2 0.25212 26446 | ' 0.045 0.21127 | 0.25703 | 0.26124
MRS3 | 0.26 | 0.29477 #6612 | 0. :20908 | 0.26265 | (0.00428)
MRS4 0.305 #8137 1 0.0555 20965 | 0.26515
MRS5 0.28 36 || 0.052: 21277 | 0.26503
MTS1 0.37562 03529 1 0.072 0.32266 | 0.39474
MTS2 0.2752 5 10.05278 3506 | 0.38784 | o oo
MTS3 | 038 | 0.2 21°0.05440.| 0.32217 | 0.37657 (0'00716)
MTS4 0.3781 31007241 |, 031747 | 038987 | -
MTS5 0.30870 4 12.0062710'058 0.32328 | 0.38133
UTl 0.205 830 | 0.06747 | 0.10235
ur2 0.22357 26281 0.03786'| 0.06503 | 0.10288 | 0.10217
UT3 - 0.23782 [2.64514 |-'0.04027 |, 0.06309 | 0.10335 (0.00104)
UT4 0.20653 | £2.79153 | 0:034 06657 | 0.10153
UT5 0.22220 ZﬁﬂIO -0 .06317 | 0.10076
M = Numbe; ﬁ&of mlllle@Vﬂeﬂﬁof% ;xeutralize 1 gram of
modifiegd- J
C = Residue aj] ignition (%) 'I:'
A = Degree of acid carboxymethyl substitution
R ) ko 1133 (i AP TQRY
1 By
MGS Modified glutinous ricéstarch
s %) Pl erat) mm NN
-MTS =M Modified tapioca starch, = Ultrasperse®2000

C. Detection of Carboxymethyl Substitution in Modified Starches

Fourier transform Infrared spectrometer (FTIR) was easily used to detect the
carboxymethyl groups in the obtained modified starches (Van, 1976). As illustrated
in Figures 12-15, the infrared spectra of native and modified starch were compared.

The carboxymethyl substitution reaction was confirmed by a presence of carbonyl
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group (C=0) in infrared spectroscopy. The C=0 peak appeared as strong broad peak
at 1,600 — 1,650 cm™’. The C-O stretching of COH and COC groups was appeared at
1100-1300 cm™ (Van, 1976). For carbonyl group (C=0), the spectra of various
native and modified starches were at the same wave number. However, comparing
the IR spectrograms between native and modified starches, the carbonyl peak was
clearly more intend. Thus, it could be concluded that there was a substitution of
carboxymethyl groups in the starch molecules. As illustrated in Figure 15, the same
pattern of IR spectrograms of modif od stagches and Ultrasperse®2000 (UT) was

observed. Therefore, this is an indicate that e et xymethyl starch.

100.0

Modified

glutinous rice starch
(MGS)
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Figure 12 Comparison of the infrared spectra between native glutinous rice
starch (GS) and modified glutinous rice starch (MGS)
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Figure 13 CompariSor veen native rice starch (RS)
and modified
100.0
Q 11
lq’ Tapioca starch
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Figure 14

and modified tapioca starch (MTS)

Comparison of the infrared spectra between native tapioca starch (TS)
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Figure 15 Comparison of the infrared spectra between modified glutinous rice
starch (MGS), modified rice starch (MRS), and modified tapioca
starch (MTS) and Ultrasperse®2000 Uum
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D. Determination of Reconstitution Time

Reconstitution time was defined as the number of time interval required for
receiving complete homogenous dispersion of Ultrasperse®2000 and each of
modified starch after water was added (Table 9). For all suspending agents, an
increase in suspending agent concentration resulted in an increase in the
reconstitution time. The reconstitution times of all modified starches were longer than

of Ultrasperse®2000. This result was probably attributed to the fine and then the
higher surface area of modified sm'vden When water was added to pure

modified starch, it was very f@? # tact at surface area, fast to swell
o o
and covered some powders.%-_, o, 1::’ Waﬁ that deposit had tendency to

form lump when used ed | starg ers at high concentrations.
Ultrasperse®2000 could sConstitute. wi because its particle was
granule (Figure 16), thergfore i rea low modified starches. The

modified starches after contacting
that Ultrasperse®2000 was

swelling rate of Ultrasper,
with water. Thus in

easily reconstituted wit en col d wi r pure modified starches.

*171‘1.-:-1#‘
Table 9 Reconstitutiontime of pure v 3, MTS and UT
ot - e
"'".-:'-':-j?-;-." ;l’ |
N
S LA — -— mes)
u V ‘
i €D)
by 1 9.67 (1.53)
MGS DS 0.16 2 237 0.58)
il | Wﬁ%% 5
MRS DS 0.26 2 8.67 (0.58)
3 1733 (153) O/
Q W ' 1 T 633/(038) | ¢ El
3 9.33 (0.58)
1 1.67 (0.58)
UT DS 0.10 2 2.00 (0.00)
3 3.00 (0.00)

*Lump. = After shaking vigorously more than 20 times, the deposit

was dispersed non-homogeneous.
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ﬂuﬁﬁwﬂw§Wﬂwr

Figure Comparisons of modified starches (MGS, MRS and MTS) as fine
powder particle and small granule of commercial starch

(Ultrasperse®2000)
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E. Viscosity Measurement of Pure Dispersions

Since the dispersion of each modified starch (MGS, MRS and MTS) and
Ultrasperse®2000 (UT) gave the maximum viscosity without lump formation at the
concentration of 3.0 % and 4.0 % w/v, respectively. Therefore, the viscosities of each
modified starch (MGS, MRS and MTS), and Ultrasperse®2000 (UT) dispersions were
measured at the maximum concentration of 3.0 % and 4.0 % w/v, respectively.

The viscosities of each modified 'estaf ﬂGS MRS, and MTS) at dispersions
the concentration of 0.5, 1.0,1.5, 2.0, 2. 0 % w/v and Ultrasperse 2000
dispersion at the concentratlmef 0.5, 1.0 1 5 f’gi' 3.0 and 4.0 % w/v are shown

usp ndmg agent.increased in accordance with

in Figure 17. The v1scow
increasing of concentrationfised”

IR I AN e : :
é‘ 10 The viscosities of pure dispersions were
B

eter $V4§cos1tles of ‘modified starches and
tion$ of 10, 1.542.0, 245 and 3.0 % w/v could be

L J."-l'-i-"

llow§; MG;S' MRS > MTS > UT. Nevertheless, at
bk

the concentration of 0.5 %w/v cmlcentratlm}? ranked order is MGS > MTS >
MRS > UT. . S
e a‘-“'- Y i S
As 111ustrate¢ lm Figure 17, an'increase in v1sco‘E1ty of each dispersion

occurred when 1ncre_ajmgthrconcmtratmn Um 1¢ jagent. Moreover, the
results clearly indicate Jthat MGS dispersion, MRS dlspe.rswn and MTS dispersion

of Jeach pure dispersion at the different

ranked in decreasing orde

possessed higher viscosity than UT dispersion. The MGS and MRS concentrations
had dramatically|effected|on YlSOQSl_t}’s Afthe; concefitrationbetween 0.5 % w/v and
3.0 % wiv, the concentration of UT had little efféct on 'viscosity. However, an
increase m concentratlon form 3. 0 7o W[V fo 4 0 Yo 'Wiv, exhlblted a marked increase
in v1sc<)81ty . )

MGS had highest viscosity value among selected modified starches. This
result suggested that amylose/amylopectin ratio of starch might play an important
role in determining the viscosity of modified starch product. Native glutinous rice is
sticky because it contains low content of amylose (0 - 5%) while high amylose
content in native corn starch (22 - 28 %) made its modified starch inappropriate as

suspending agent. This is in agreement with the study of Schwartz and Zelinskie
(1978) which reported that the binding property of starch was due to amylopectin
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fraction while the disintegrant property was due to amylose fraction (Ornanong
Suwannapakul, 1996).

Amylose content in native glutinous rice starch, native rice starch and native
tapioca starch were 0 - 5%, 16 - 17% and 17 - 22%, respectively (Hullinger, 1960).
The viscosities of MGS, MRS and MTS dispersions were 435.07 - 2861.57, 63.34 -
1421.69 and 107.34 — 404.56 cps. Therefore, the viscosities of modified starches
could be ranked in decreasing order as follow; MGS > MRS > MTS.

Il
ioaat//\/@{trations

Table 10 Viscosity of |

p )
Concentration ' .
(% wiv) Bh i
f ] = UT
: [+ 0D . l'\;' ’ 3 4.47
03 % [*‘ 1147 | @11
- 52 6.00
= aay Ay " L1469 | (025)
15 i P 56 9.17
' 36 ©9.74) | (1.33)
. 1052 25—+ 178.02 | 12.47
: 2) - (4 L3121) | (3.47)
' 27557 )| 53.69
R 3.5 (11.17)
: | 87.82
301 @7 50. 25.69) | (19.36)
40 537.75

TRAUE I NN
RININIUNRIINYIAY
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Figure 17 Comparative viscosity among concentration of modified starches and
Ultrasperse®2000 ‘
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F. Rheological Studies of Pure Dispersions

In this study, the rheological behaviors of the suspensions were determined by
Brookfield viscometer, using small sample SC4 - 31 spindle at 0 - 10 rpm and gave
result in term of viscosity (cps). The result was reported in term of viscosity (cps).
Thus in this study, viscosity was transformed form shear rate by using suitable
equation. The rheogram was plotted between shear rate and shear stress (Appendix
B). As illustrated in Figures 19-25, all pure suspending agents exhibited
pseudoplastic flow curve. The pseudqg Vl w curves, the down-curve could be
displaced with regard to the up-curve, ; 1nn1ng system and down-curve
was frequently dispersed to-nknf the 3p-c phenomenon was known as

Thixotropy (Martin, 1993 )" :“‘ﬁu._
Thixotropic Valg/ ersi ns\was I;IM from area of hysteresis

—a

and the comparative valugs's

(Table 10 and Figure
(type of spindle, up and

followed; at 1.0 % an$2 0% concenfratld'ns W. v), % ARS > MTS, and for 3.0
% concentration (w/ )y MGS>MRS>MTS > UT. The implied that MGS, at

opic value among all suspending

agents employed in thlS study The other two modlﬁed starches MTS and MRS, also

showed high ﬁ same condition.
Whereas, the t@nm Tlﬁ Yo' conc ijrf) ‘:JT was similar to
MGS at 3.0 % concentration (W/v). ¢

QALY D BN AR B
systems,qmcludlng suspension. In this study, thixotropy values of pure suspending
dispersion were compared. This could be clearly indicated that MGS, MRS, MTS and

UT were pseudoplastic materials and could be applicable as suspending agent
(Schramm, 1981).



71

E1.00% [M2.00% 13.00% £34.00%

S
[}

Thixotropic Value
e NN W W
S o S & O
Il | 1 | 1 1 1

MGS

Figure 18 Comparati ion as using various

types
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Flow curves of pure modified glutinous rice starches MGS)
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Figure 20 Flow curves of pure modified rice starches (MRS) dispersion at
concentration of 1.0 %, 2.0 % and 3.0% w/v
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Figure 25 Comparative flow curves of pure starch dispersion at concentration of
3.0 % w/v as using various types and Ultrasperse®2000 dispersion at

concentration of 3.0 and 4.0 % w/v
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Part II: Evaluation of Modified Starch as Suspending Agent in

Calcium Carbonate Suspension

The used of modified starches as suspending agent in calcium carbonate
suspension was evaluated by determination of reconstitution time, sedimentation
volume, redispersibility and viscosity. These studies were used as the guide for

selected suitable concentrations of modified starches and Ultrasperse®2000 which

would to be employed as suspending\&g\x"fj}y syrup formulation.

— 8

— W e——

A. Determination of R

an increase in reconstitution fime. J@x\e r t1tut1

b LR
lower to higher value as foll ;,qg mder at concentration of 1.0 % and 2.0 % w/v,
UT < MRS < MTS < MGS, andiﬁconc_ ration. of 3.0 %, UT < MTS < MRS <

..-F'..-F_..d

= . ~ 9
the other hand the Vichersa was observe S. ﬁ any concentration used

MGS, possessed that hbghest reconstltutlon time among all suspending agents

employed int w Exji ﬂ}l%ﬂﬁ W gﬁﬂnﬁtwn of 3.0 % w/v.

n the reconstitution tlmes of pure dispersions and calcium carbonate

Iiiilﬁtiﬁﬁﬁmﬁﬁm Mg/ NY

suspens10n The result pointed out that the water did not direct contact to each of

modified starch in calcium carbonate suspension and then it was slowly swollen and
had low opportunity to cover some powders inside.
In conclusion, the result clearly indicated that UT was easier to disperse after

reconstituting with water than MGS, MRS and MTS.
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Table 11 Reconstitution time of reconstituted calcium carbonate suspension

Suspending agent | % Txmz‘:::ae;:al(ét];n)les)

1 8.50 (0.87)
MGS DS 0.16 . 10.50 (0.87)

3 Lump*

i 4.67 (0.76)
MRS DS 0.26 2

e deposit was

AULINENTNEINS
ARANTUNNINYAE
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B. Determination of Sedimentation Volume

The comparative sedimentation volumes (Hu/Ho) of calcium carbonate
suspension containing each of modified starches (MGS, MRS and MTS) and UT
were shown in Appendix C3 and Figures 26 - 29. As presented in Figure 26,
sedimentation volumes of calcium carbonate reconstituted suspensions containing
MGS at the concentration of 1.0 % and 2.0 % w/v decreased after keeping between
5 - 8 days, but at concentration of 3.0 % w/v sedimentation volume decreased slowly
as the time. However, sedimentation vel t ;
days were similar. The calcm; \Q{\;wy

similar decreasing pattern ientation

11 concentration after keeping for 14

ion containing MRS gave the

er keeping for 1-14 days

(Figure 27).

As presented in Figuré 28¢%he calcium art spension containing MTS
as suspending agent had high sedimeniati ur S torage but the supernatant
did not clear. This result ir thic. [t sedimentation when stored for
14 days was occurree i 25 A ‘igure I?‘display in Figure 29,

sedimentation volumes o UT as suspending agent

at all concentrations decreaged /slo !"y Although imentation volumes of MGS,

accordance with the increasing of ¢ cuncentr ion 1 ;;.': , but for after keeping for 7 days

Ao
were 2.0 % > 3.0 % '?

3 0 Yilor concent 3? This result might be

rbonate suspension with

In summary, se‘mj:jen
different each of modified starches and various concentrations after keeping for 14

203 s < Sp o oy Wﬁ”ﬁﬁfmﬁ it
2.0 % MGS < 310'% ﬂ A)ﬂ 11019 <20% UT<

30% U T<10%MTS<40%I}T<20%1\ES<3O%MTES“ Moreover,

sdimertaio{vobii T dsprfidh iy b M, fabd A ks i

accordance with the i increasing of concentration used and similar calcium carbonate

suspensions when keeping for 7 days (Figures 30 - 31).
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Figure 27 Sedimentation volumes of calcium carbonate suspension containing

modified rice starch (MRS) as suspending agent
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C. Determination of Redispersibility

The number of inversion required for dispersing each suspension was
determined. The redispersibility of calcium carbonate suspension containing each of
modified starches (MGS, MRS and MTS) and Ultrasperse®2000 as suspending agent
was evaluated (Appendix C; Table C2 and Figures 32 — 33). For the better of the
redispersibility, the less number of inversion was indicated. The results could be
interpreted as following; the lowest nu b inversion was required for MGS at
concentration of 2.0 % w/v. In addition, ing for 14 days, the number of
inversion for MGS at conce@ﬁsbf 1. % a@% w/v were similar and higher

than that MGS at the COM $2. 0 % wive "'n_

»“.f
were kept for 7 days. On' thg con ﬁ. at
: ALJ-

illustrated vice versa result. The (iemted re% t be explained that some masses

e top of test tube and obstructed
A

= £,

Inding agent, the less

of sample after keeping for 7 day'%posn‘.'
e ‘-. ___‘_ i f +

when the test tube was_llnversed

Calcium carbo
number of inversions v_\:::f required for storage. c aseB number of inversion for
storage 7 days was occu?'ed when i 1ncreas1ng the suspending agent concentration.

After keep.mg (% ya:g .:P.IZJ QW‘TW (ETTT ﬂ\eﬁnng suspension at

concentration

Calcium carbonate suspensidn containing“WT as sus agent, the
w2 T V4 - i  Del} e s e
concentratlon 0f 3.0 % ,4.0 % < 1.0 % < 2.0 % w/v at 7 days storage and 4.0 % <
1.0 % < 3.0 % < 2.0 % at 14 days storage. The redispersibility of calcium carbonate
suspension containing UT as suspending agent at all concentrations after keeping for
7 days increased in accordance with the increasing storage time.

The obtained results revealed that, among different types of modified starch,
calcium carbonate suspension containing MTS required lowest number of inversion

to regain dispersion. This result implied that MTS provided good redispersibility of
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none of these suspension required vigorous tube shaking to regain dispersion in all
cases.

According to the results, in this study, there was an inconsistency in
relationship between concentration of suspending agent used in calcium carbonate
suspension and the redispersibility. It was unclear whether higher concentration of
suspending agent provided better redispersibility. In this study, in consideration of
redispersibility, MTS and UT were suitable for using as suspending agent in calcium

carbonate suspension.

AU INENTNYINS
RIANIUNAINYINY
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D. Viscosity Measurement of Calcium Carbonate Suspension

The average apparent viscosities of each modified starch (MGS, MRS and
MTS) at the concentrations of 1.0 %, 2.0 % and 3.0 % w/v and Ultrasperse®2000 at
concentrations of 1.0 %, 2.0 %, 3.0 % and 4.0 % w/v was shown in Appendix C;
Table C4 and Figure 34. For all suspending agents, an increase in viscosity of

calcium carbonate suspension occurred with increasing suspending agent

concentration.
as determined by Brookfield
2000 and modified starches

The viscosity of calci
viscometer. Comparative vi
at the concentrations o e 5 2:0°% 70 and 4:0:% w/v could be ranked in
following order; MGS >} . each suspending agent
increased when the concgnfration 4 35 Incréased and the results indicated that MGS,
MRS and MTS possessed highgf s is i fran UT' The "*-,,,\ for this finding might
be due to the same '

carbonate suspension wasfli

AU INENTNYINS
AN TN INYAE
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2600
2400 - B i MGS
—®- MRS
2200 TS
- UT

Viscosity (cps)

D
Suitable Viscosity

\4

PRI NRINY TR Y
1. 2.0 2.5 3.0 3.5 4.0
Concentration (%ow/v)

Figure 34 Comparative apparent viscosities of suspending agent at various

concentrations when using in calcium carbonate suspension

\4
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E. Selected Concentration of Suspending Agent for Application in Dry Syrup

Preliminary selection of modified starches was made by using the results
obtained from property study i.e.; viscosity, sedimentation volumes, reconstitution
time and ease of redispersibility of calcium carbonate suspension containing modified
starches as suspending agent. In each property evaluation, a score of 0, 1, 2 or 3 was

used. The concentration of each modified starches that showed the best result was

For reconstitutio interval shown the best

value. The reconstitutio suspension was lower
than five times and coul r reconstitution time of
all dispersions is shown i

For sedimentati furge, the highe: 115 1.0 and the score number for

sedimentation volume o iont r nd 14 days is shown in
Table 13. '

For redispersibility, t W TS rsion required for dispersing
each suspension was showed thc_jﬂes}'—:vé e redispersibility of good calcium

=i Ff_,l‘ i .l‘l -
o J
carbonate suspension 3as lower than ﬁv I

For viscosity, suifable viscosi : ﬁ:onate suspensions was

200 - 600 cps and the score number for v1scos1ty of all dispersions is shown in Table

: ﬂumwamwmﬂ‘a‘
amaﬂﬂmumwma £



Table 12

Table 13

Table 14

Table 15 Tﬂpcore number for vis‘c':osity of all dispersions

R1A

The score number for reconstitution time of all dispersions

Reconstitution time (times) Score number

<5 3
>5-10 2
>10-20 1

>20 0

V)

0 | 2 _
] :‘- "

i Al = \\\

i o er. B ! L 5

The score number for redispersibility ¢ \ ispersions
Haidinsd < 4

R i o .'.7 — l;‘ f)
edispersbiAimes

:I |

Fa <5 o !

e 18
<100 0
100 - <200 1
200 - 600 3
> 600 - 700 1
>1700 0

91
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The total score number are shown in Tables 16 - 19 for calcium carbonate
suspension that containing each of modified starches (MGS, MRS, and MTS) at
concentrations of 1.0 %, 2.0 % and 3.0 % w/v. and UT at concentrations of 1.0 %,
2.0 %, 3.0 % and 4.0 % wi/v.

Therefore, summary of scoring number of each type of suspending agent in
decreasing order was as following: MGS at the concentrations of 1.0 % > 3.0 % >
2.0 % w/v, MRS at the concentrations of 2.0 % > 1.0 % > 3.0 % w/v, MTS at the
concentrations of 3.0 % > 2.0 %, 1.0 %
3.0%,2.0 % > 1.0 % wiv.

’7;d UT at the concentrations of 4.0 % >

U&cted for further studies were

In summary, MGS, -
those with concentrations 20 % : 4.0 %w/v, respectively.
Selected concentration of S ' plied:to be used as suspending
agent in dry syrup formulagi -
71 4@
» X 4
i |
W SWide
Table 16 Score numbegof modi f | ch
AN
= ore number
Parameter _Zidliis,
. ‘ v 173.0 % w/v
Reconstituficirts = =3 0

Sedimentation Volumes ] 2
Ease of redispersibility 3 ‘3 3
U EINERINIINT
Total 3 5
Ty .

RIAINIUANINGAE




Table 17

Table 18

Table 19

Score number of modified rice starch
Score number
Parameter
1.0% w/v | 20% w/v | 3.0 % w/v
Reconstitution time 3 2 2
Sedimentation volumes 1 1 1
Ease of redispersibility 2 2 3
Viscosity 3 0
Total 6
Score nu ; 1
L 7
. er
Para [
41.0% w/ v | 3.0 % w/v
Reconstitutio " ,.&.’: 1
Sedimentation v r. '*‘J,ﬁ' 3
Ease of redispersibility /| - - i f 1
Viscosity P T 1 3
To Y 8

U

y

Score number ﬁUltrasperse'@ZO%

AULINUNINEINT

Score number

Parameter M_T
Sedimentation volumes 1 2 2 3
Ease of redispersibility 1 1 1 1
Viscosity 0 0 0 3
Total 5 6 6 9

93
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Part III: Application of Selected Modified Starches in Dry Syrup

Formulation

In this study, two drugs as amoxicillin trihydrate and cephalexin monohydrate
were used in model dry syrup. Assay of drug was used high preferment liquid
chromatography (HPLC) method. The result of assay model drug was followed.

Assay of Drugs '\\\ ' / ///

1. Assay of Amoxnmwr&e (Um

The content of ihy rate ssa d by HPLC method that
described under the monogra F atuoxic l" and arhqxw n for oral suspensions in
USP 24. A representaii | o . of am\i"ﬂlhn trihydrate indicated

eof 3&08 (Appendix D; Figure

m HPLC analysis of accurate

al
af R - |
e

the peak of amoxicillin gl

Appendix D; Table D8! » _
amoxicillin trihydrate and pe ale'ﬁ'éﬁs revm #ce" ent linearity with correlation

coefficient of 0.9999 and slope of - H*}ﬁ4 as mn Appendix D; Figure D3.

Q . £
2 Assay of T i ate J

The content of “_&phalexm was detctﬁxined by HPLC method
when using pyrazinamide .as an internal standard. The representative HPLC

evomatogran Sy e o] LAY S G at the retenton

times of 3.418 4td 4.681 min, respecgvely (Appendlx D; Figure D2) The peak area

N W9t R (1T 2
various que lexin ra shown in

Appendix D; Table D9. The calibration curve plotted between the concentration of
cephalexin monohydrate and the peak area ratio of cephalexin monohydrated to
pyrazinamide revealed excellent linearity with correlation coefficient of 0.9999 and
slope of 0.0521 (Appendix; Figure D4).

For method validation and system suitable of drugs are show in Appendix D.
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After the preliminary evaluation of Ultrasperse® 2000 and modified starches,
it was found that different type of modified starch exhibited the best properties as
suspending agent at different percentages in formula. The suspending agent
concentrations that gave property for each suspending agent were 1.0 %, 2.0 %,
3.0 % and 4.0 % w/v for MGS, MRS, MTS and UT, respectively. Since, pH of the
formulation affected the stability of the drugs. Then, suitable buffer used in formula
to keep pH was required. However, buffer is a salt which might be incompatible with

modified starches and then caused a v1scos1ty of the formulation. Thus, it
was necessary to study the effcz@&o\f‘

viscosity of model dry syrup-ah\é}onsn t10

A. Development of‘W/’ 5

After the prelimi : or o] rsq 2000 and modified starches,

tratlon on content of drugs and

it was found that differe { ‘. 1ted the best propertles as
suspending agent at
concentrations that gave

3.0 % and 4.0 % w/v for

formulation. Thus, it
=i —
was necessary to study the effect o tioqg.j)n content of drugs and

viscosity of model dry syrupaf after reconstltutl

ﬂﬂﬂ?ﬂﬂﬂiWﬂﬁﬂﬁ
' “f%m“ra"mmw MNy1ay

Suitable pH buffer concentration for amoxicillin trihydrate dry syrup and
cephalexin monohydrate dry syrup followed the pharmaceutical requirement and
pH-rate profile of active ingredients.

Amoxicillin trihydrate is stable at pH 5.0 - 7.0 as shown in Figure 35 (Tsuji et
al, 1978). The degradation rate is determined quantitatively as a function of pH. In
the pH range studied of 0.30 - 10.50, the degradation of amoxicillin follows pseudo-
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first-order kinetics to give type of pH-rate profile as those of ampicillin and
cyclacillin (Tsuji et.al., 1978). For cephalexin monohydrate, it is stable at pH
2.0 - 5.0 which is presented in Figure 36 (Yamana and Tsuji, 1976). According to
USP 24, the required pH for Amoxicillin for Oral Suspension is between 5.0 and 7.5;
and that for Cephalexin for Oral Suspension is between 3.0 and 6.0. In this study, the
pH values of amoxicillin trihydrate and cephalexin monohydrate dry syrup were
controlled at 6.0 and 4.5, respectively. Also Appendix E; Tables 1E - 2E and Figures
37 show the remaining percentage of a‘m(f( illin trihydrate when keeping at room
temperature or in refrigerator (8.0 + 1 °C) fz( s, when using citrate buffer with
different concentrations fora-controlled pH 6 ulatlon. The lowest buffer

concentration which could 1hi7€ the : oxicillin.izithydrate dry syrup was as 0.05
molar. On the contras, Mst/ adation was occurred with amoxicillin trihydrate

SncES P'athn of citrate buffer that could
stabilize which was strolled at both‘;l;m)m temwre and in refrigerator (8.0 £ 1 °C)
was 0.05 molar. Dm§ content'.of" ﬂry syi'u‘f: with 0.05 Telar citric buffer were
98.96 — 100.20 % When-keeping-at-room-temper: _,,__j4 days (Appendix E;
Tables 3E-4E and Fi 38). i

On the oth(:u:;:‘Js

and, the fast degradation was occurred with cephalexin
monohydrate dry syrup, without sbuffers The rémaim'ng pereentages of cephalexin
monohydrate aﬁer kéeping atroom femperatuﬁ*e and in-refrigerator'(8.0 + 1 °C) for 14
days were 87. 63 % and 95.26 %, respectwely Thissresult implied that buffer at the
concentratmﬁ of 0 05 molar could s’éabllfze eephalexm momhydrate dry Syrup which
kept at room temperature and in refrigerator (8.0 + 1 °C).

However, when cephalexin monohydrate dry syrup was reconstituted with
deionized water and kept at room temperature, the cephalexin monohydrate dry syrup
was not stable. While the vice versa result was occurred when that was kept in
refrigerator (8.0 + 1 °C) for 14 days. Consequently, citrate buffer at the concentration
of 0.05 molar was chosen for using as stabilizer in both amoxicillin trihydrate and

cephalexin monohydrate dry syrup.
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—1.0}

Figure 35  pH rate profile fo \\'!\ nge studied of 0.30-10.50

(Tsuji et al, 1998

o 0.001
= |
w
4]
0.0001 2 4 1 | 1 il ! 1
2 4 [} 8 10 12
oH

Figure 36  pH rate profile for cephalexin at 35 °C (Yamana and Tsuji, 1976)
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110
= 100 —— Water
S o | —=-0.05 M-Room
*é —— (.10 M-Room
= 80 - —<0.20 M-Room
S -=- 0.05 M - Cool
80
= 70 1 -a- 0.10 M - Cool
a = -
60 - |- %= 0.20 M - Cool
50
Figure 37 hydrate in citrate buffer
n\\ r rigerator for 14 days at
110
= 100 = Water
X £<&— 0.05 M-Room
T 90 - 49
‘é —— (.10 M-Room
E 80 - ——0.20 M-Room
:o L =- 0.05 M - Cool
= 70 - ﬂ ' 5
ElAUNNYN TN pom-con
60 U -x- 0.20 M - Cool
1 - /s
] ‘
FRIAIAIUNNRBRIINETA Y
% 2 4 6 8 10 12 14

Figure 38

Time (days)

Comparison of drug content of cephalexin monohydrate in citrate

buffer pH 45 , kept in room temperature and in refrigerator for 14 days

at different buffer concentrations
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3. Effect of Suspending Agent (MGS, MRS, MTS and UT) and Buffer

Concentrations on Viscosity

Sodium citrate is salt in citrate buffer system which might affect the viscosity
for modified starches and Ultrasperse®2000 dispersions. Composition of citrate
buffer pH 4.5 and 6.0 at different concentrations is shown in Table 20.

The effect of pH buffer and c tration on the viscosity of MGS, MRS,

\Iﬂ a ent concentrations is shown in

MTS and UT dispersions at Varmﬁk
Fi —44. _,
igure 39 — 44

For both pH 4.5 @E; influénce @cenﬁaﬁom on viscosity of

S could" noted. At the same buffer

rted 1T'he pH value of 6.0 had
tragpeqsc®2000 dispersions than

According to ﬁtt:vious sil;d; (Partll), the suitatu concentration of each

suspending agent that gav€ ropriate visc of dispersion (200 -600 cps) without
using buffer ﬂ.\ 3 ﬂ { ab ate reconstituted
suspension, the gclspendlng agent congentrations wer‘&l 0%, 2.0 %, U% and 4.0 %
SRR IUINIINER Y

The concentrations of MGS, MRS, MTS and UT used to remain the viscosity
of (200-600 cps) amoxicillin trihydrate dry syrup containing 0.05 molar citrate buffer
pH 6.0 were 2.5 %, 3.0 % ,3.0 % and 4.0 % w/v, respectively (Figure 43). For MRS
dispersion, the concentrations of 2.5 % and 3.0 % w/v were within the required range
of viscosity. Since, the viscosity of dry syrup might decrease when the other
excipient were used in the formulation. Therefore, the higher concentration (3.0 %

w/v) was chosen.
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Similarly, the concentrations of MGS, MRS, MTS and UT that gave the
appropriate viscosity of cephalexin monohydrate reconstituted suspension containing
0.05 molar citrate buffer pH 4.5 were 2.5 %, 2.5 %, 3.0 % and 4.0 % w/v,
respectively (Figure 44).

Table 20 Composition of citrate buffer pH 4.5 and 6.0 at different concentration

H 4.5 Z._'MI | PH 6.0

Molar (&/100 ml)

Aci : : —— 01d* Salt**

0.05M 0.4274 ////‘}\R\Q\\\ 04 1.3014

0.10M 0.8 // // E %‘\\\\\ 2.6028

020 M 70 I/ / 43,264 \N\\\ 5.2056
\

* Acid is anhydrous

** Salt is sodium citrate

F’]‘NEI’J‘VIEWI‘?WEI’T?
ammnmumwmaa
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3000.00
—&— Water
—8—0.05 M-pH 4.5
—&—0.10 M-pH 4.5
2500.00 - —>%—0.20 M-pH 4.5
2000.00 -
B
&
£ 1500.00
g
B
1000.00 -

Concentration (%ow/v)

Figure 39 Comparison of viscosity of MGS dispersion in various citrate buffers

concentrations at pH value 4.5 and 6.0
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1600.00
—&— Water
—®—0.05 M-pH 4.5
1400.00 - —A—0.10 M-pH 4.5
—%—0.20 M-pH 4.5
1200.00 -
1000.00 -
B
£ 800.00 -
g
2
600.00 -
400.00 -
200.00 -

Concentration (%w/v)

Figure 40 Comparison of viscosity of MRS dispersion in various citrate buffers

concentrations at pH value 4.5 and 6.0
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450.00
—&— Water
—m—0.05 M-pH 4.5
400.00 -
—&—0.10 M-pH 4.5
—%—0.20 M-pH 4.5
350.00 N - ..' 0T 0-05 M'pH 6.0

Viscosity (cps)

1.0 1.5 2.0 2.5 3.0
Concentration (%ow/v)

Figure 41 Comparison of viscosity of MTS dispersion in various citrate buffers

concentrations at pH value 4.5 and 6.0
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600.00 i
—&— Water
—8—0.05 M-pH 4.5
—&—0.10 M-pH 4.5
500.00 A —%—0.20 M-pH 4.5 ,
--l--0.05 M-pH 6.0 ,
.';
400.00 -
2
1=
S
£ 300.00 -
S
R
S
200.00 | LN
\7
J
“*| U INININYA T
i //
v ¢ A o/
AN IYPATINGRY
q o =
0.0 T T T T T
1.0 1.5 2.0 25 3.0 35 4.0

Concentration (%ow/v)

Figure 42 Comparison of viscositiy of UT dispersion in various citrate buffers

concentrations at pH value 4.5 and 6.0
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2800 -
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Viscosity (cps)
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1400 -
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800 -

—&— Water-MGS —4-- 0.05 M-MGS
—&— Water-MRS —-A— 0.05 M-MRS
—&— Water-MTS --#--0.05 M-MTS
—X¥— Water-UT --%--0.05 M-UT
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(

400 A

200

NN

Suitable
Y Viscosity

\ 4

Figure 43

- e qa 2|
| -

—- &

1.5 2.0 2.5 3.0 3.5 4.0

Concentration (%ow/v)

Comparison of viscosity of MGS, MRS, MTS and UT in water and
0.05 molar citrate buffers pH 6.0
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—X¥— Water-UT --X--0.05 M-UT

Figure 44

Suitable

. o Y
Viscosity

4

Concentration (Yow/v)

Comparison of viscosity of MGS, MRS, MTS and UT in water and
0.05 molar citrate buffers pH 4.5
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3. Formulation of Model Dry Syrup

The main objected of this stuffy was to develop a stable dry syrup. However,
amoxicillin trihydrate was not having good taste and odors. Thus the formulation
design, the good taste and odors should develop contemporaneously. The non active
ingredients of model dry syrup (amoxicillin trihydrate and cephalexin monohydrate at
concentration of 125 mg/5 ml) were sweetener, preservative, buffer, anticaking agent
and bulking agent. Methyl paraben (MP) and propyl paraben (PP) were used as

preservative. Citrate buffer was used to control pH. Icing sugar was used as bulking

agent and a sweetening agent. Aeg\s_'\&\a, #/) centration of 0.5 - 1.0 % w/v, was
N2
B 4"__,

used as anticaking agent. \

3.1 Amoxicillin

Since amoxicil
flavoring agent and sweectemer & > selected. Swe ‘agents were compared
among of aspartame, sacgharif sodi 2 : ne potassium and sodium cyclamate
at concentration of 0.02 - 2. (
respectively. The taste and appedrance of selee alations were observed. It was
found that acelsulfame p i

concentration of 2.0 % w/v might be‘used. However, aspartame were not stable, thus

acelsulfame potassium was cgg_sij@ ur] ,_compatibility of flavoring and
et yellow were used in
on.of 2.0 % and 0.005 %

e of fo&ulation was occurred.

coloring agent should gonisider. Orange flavor-
amoxicillin trihydrate dr syrup formulation :

w/v, respectively. Tlg, the Tood-Ami
In conclusion, the formulgigs of amoxicillin&g’hydrate dry syrup was as following.

AUEINENINEINT
AAINTAUUMIINGIAY
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Amoxicillin trihydrate 25 g

Citrate buffer pH 6.0 0.05 %w/v
Suspending agent "a % wiv
Aerosil®200 0.50 % wiv
Acelsulfame potassium 0.50 % wlv
Orange flavor powder 20  %wiv
Sunset yellow 0.005 % w/v

0.18 % wlv

Methyl paraben (MP) ;
Propyl paraben @\’,//// 0.02 %wl/v

Icing sugar e 30 g

Purified W S — ml
‘a /e suspending agent > )

According to pr

formulation of cephalexi
rice starch (MGS), mo
Ultrasperse®2000 (UT)

and 4.0 % w/v, respectively

The developmg of cepl
bitter taste, characteristic &dor color, an ﬂavor which to satisfy taste and

appearances. ﬁéﬂ afe m%. Wﬁ“w ﬁoﬁrﬁdﬁ among saccharin

sodium, acelsulfame potass1um and sod1um cyclamate at concentration of 0.02 - 4.0%,

AT e

coloring agent was selected. Raspberry flavor powder and ponceua 4R was used in

cephalexin monohydrate dry syrup formulation at the concentration of 0.50 % and
0.004 % w/v, respectively. Then, the good appearance of formulation was observed.

In conclusion, the formulation of cephalexin monohydrate dry syrup was as following.
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Cephalexin monohydrate 25 B

Citrate buffer pH 6.0 0.05 %w/v
Suspending agent ‘a % wiv
Aerosil®200 1.0 %wiv
Acelsulfame potassium 0.08 % w/v
Raspberry flavor powder 0.50 % w/v
Ponceua 4R 0.004 % w/v
Methyl paraben(MP) 0.18 % w/v
Propyl paraben ' / 0.02 % w/v
Icing sugar _.-’ 30 g

00 ml
S, MRS, MTS and UT)

Purlﬁed

f\

‘a . _
According to preliming o 1 \\

as different. Modified glutinous

spending agents used in

formulation of cephalexia'maono} w at g -'-

rice starch (MGS), modifigd rice [‘ "j fied tapioca starch (MTS) and
j | Jl.l .i 4
Ultrasperse®2000 (UT) Whic d ass spe agent were 2.5 %, 2.5 %, 3.0 %

—* i
and 4.0 % w/v, respectively. _.M:’f :
1z ok

4. Evaluation of the Formulation. - 4 2/ NS

41Dry Powder  “d lﬂ
4.1.1 Appearance Model Dry Syrup g

Lt I E -

scent and cephaléXin monohydrate dry syrup was hght pink powder wi raspberry
‘s

T I N Y e
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g ranip )'la""‘ .

\/

v ¢ o Qv
ARIANNTUARIING IR E

Figure 45  Photographs of freshly prepared model dry syrup using different
suspending agents
Key (A) Amoxicillin trihydrate dry syrup
(B) Cephalexin monohydrate dry syrup
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4.1.2 Content of Drugs in Model Dry Syrup

Content uniformity of amoxicillin trihydrate dry syrup and cephalexin
monohydrate dry syrup formulations were shown promising. The dry powder was
sampling at three different locations of each formulation. The percent labeled amount
of dry syrup ranged from 100.36 to 101.10 (0.14-0.42) and that of cephalexin
monohydrate dry syrup was between 99.96 - 101.63 (0.03 - 0.51). The standard
deviations (SD) of percentage labeled amount for both formulations were less than
0.6 (Tables 21).

Since the acceptable li

led amount conforming to USP

24 is in the range of 80 -12 : ount of both formulations
o ———

lations is presented in
trihydrate dry syrup and
and 0.99 - 1.61 % w/w,
entage of water content of all

formulations were with in the USP

,J ,.._,r_,lv‘ i
The water con[tﬂlt of both preﬁ’m‘ ps when using MTS as

ectively. Therefore, the
water content might not P v er_lﬁle formulation was kept

longer and hence the stabili ‘l;y was decreased.

ﬂﬂﬂ’mﬂ‘ﬂ’ﬁwmﬂ‘i
amaﬂmmumwmaa
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Drug content of amoxicillin trihydrate and cephalexin monohydrate

dry syrup using different suspending agents

Drug content (%)
Average (SD)
Suspending agent
Amoxicillin Cephalexin
\ ate monohydrate
MGS 7 ) 101.63 (0.30)
MRS 100.3 4 99.96 (0.47)
MT 100.9 100.36 (0.36)
01.03. 10042 (0.51)
a2 ‘
h
Percentagé of g(‘)}%'si est d amoxicillin trihydrate
and cephaleXin fmonghyc ry using different types of

suspending ag
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4.2 Reconstitution of Model Dry Syrup

4.2.1 Physical Property Determinations of Model Reconstituted
Suspension

Freshly prepared of amoxicillin trihydrate reconstituted suspension was
reddish yellow homogeneous dispersion with orange scent and sweet taste. The pH of
sample was between 5.98 + 6.04 (Table 23) and the standard deviation was less than
0.07. After storing the samples in room temperature and in refrigerator (8.0 + 1 °C)
for 7 and 14 days, samples became floc: d could be redispersed after shaking.

The appearance of suspension aﬁq\ke g;s was no changed (Figure 46).

Freshly prepared of %‘m m:')no onstituted suspension was

scent-and sweet. The pH of samples
st WOH was less than 0.07.
ige : or (8.0\:‘!3&1(‘,“) for 7 and14 days, the

result showed no change dnce. d si ilar as amoxicillin trihydrate

pink homogeneous d1spers1

was between 4.53 + 0.04

After storage in room tem

suspension (Figure 45). \

Moreover, the res

Suspension was between 5.0 for Oral Suspensions was
between 3.0 and 6.0)
3 V4§
4.2.2 Determination-of Reconstit ution Time >

Reconstitution t1 p were less than five

l:‘ljs of all reconstitute
times (Table 24). Reconstltutlon time of amoxicillin trihydrate dry syrup and
cephalexin mon lower value as
following: UT >Hrdﬁasmﬂdﬁmgmﬁ respectively.

In addmon good formulatiod in previously study (calcidm’ carbonate
i) Y4 A0 4 TR GRSV G P Bl e o
results frof formulation design studies were within allowanced ranged.

However, unsuitable characteristic of reconstituted suspension using MTS as
suspending agent was observed. When the dry syrup reconstituted by water and

shaken, many bubbles were occurred and they remained even after 14 days (Figures
47 - 43).
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Table 23 The pH value of freshly prepared amoxicillin trihydrate and

cephalexin monohydrate reconstituted suspensions using various

suspending agents
pH
Average (SD)
Suspending agent -

Cephalexin

monohydrate
MGS b __4.55 (0.06)
MRS | *-‘mzl'c 4.53_(0.04)
MTS #O087 (0103) . 4.51 (0.01)
UT

A" #C0V (0! E\\%\:\ 2_(0.09)

Table 24 Reconstitution /fi ne J" ~amoxicillin trihydrate and cephalexin

e . " .
monohydrate recohstituted.- sions using various suspending

Tz
agents e

T

T

EL el |

Reconstitution time (times)
=3 o/

Suspenﬁ;; %"E‘ % ., i A

trihydrate s+ monohydrate s

0]5) 838, (0589 (0505 ©

NI T 2l6d i4029) 610

9 MTS 3.50 (0.00) 2.83 (0.29)
{0y 4.83 (0.29) 4.00 (0.50)
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Initial

917 AN TS AN TR

Figure 46 Comparison of amoxicillin trihydrate reconstituted suspension using
different suspending agents when kept in refrigerator (8.0 + 1 °C) for
7 and 14 days
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Initial

e

-
U EMEY

¢ I9RS TS 76T
RN TUAMINYAE

Figure 47 Comparison of cephalexin monohydrate reconstituted suspension
using different suspending agents when kept in refrigerator

(8.0 1 °C) for 7 and 14 days
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4.2.3 Viscosity Measurement of Model Reconstituted Suspension

The average apparent viscosity of amoxicillin trihydrate and cephalexin
monohydrate reconstituted suspensions reassure at initial and after 14 days storage
are presented in Table 25 and Figures 48 - 49. Initial viscosities of all formulations
were range in between 160.75 - 621.23 cps which is considered suitable for
formulation. And after storage for 14 days viscosity values were slightly increased
but in the range of 203.31 - 574.56 ”y @ decreasmg order of viscosity
was as follow: MGS > MRS >‘.® monohydrate reconstituted

suspensions and MGS > UT M"I‘“ﬁ fo tnhydrate reconstituted

suspensions. -.—"'""-—-' - v \
However, the vis{ 7 Syru early still in 200- 600

cps range and showed good'ap lation design studies

were approved.

Table 25 Apparent  visgosify * of“* amoxiéill ihydrate and cephalexin
monohydrate rec iturts ich freshly prepared and
kept for 14 days in H&E_ﬁat ) °C) , using various suspending

I-'- ._ t ci)s)

‘glspen y | age (SD
" agent Amoxicillin Cephalexin
o trihydgate monohydrate

ﬂu_&%{l 99) 15648 2.46)
Initia 162123 @7 0123 1(10.35)
Y MTS 160.75 (5.90) _[203.31 (10.1

442,68 (1288 35 1 (980, El

S 46) 4 574156 1 (93

q14 daysin S 01.23 (1035) 416.44 (9.15)
refrigeration | MTS 203.31 (10.19) [ 217.28 (2.30)
UT 422.55 (9.80) [430.21 (2.99)

b
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reconstituted suspension using various suspending agents



119

4.2.4 Redispersibility of Model Reconstituted Suspensions

Numbers of inversion required to disperse amoxicillin trihydrate reconstituted
suspension and cephalexin monohydrate suspension for 7 days and 14 days storage
are shown in Figures 50-51.

The result showed the sample used modified starch as suspending agent
required 2.00 — 4.33 times of inversion at 7 days storage samples and 3.33 - 6.33
times of inversion for 14 days storage samples. The result was indicated when
increased storage time, the redlsperSlk\ \1 el reconstituted suspensions was
increased. However, the redlspers X & ted dry syrup was less than

5 time and the results from foﬂﬂ!!'h!nen des1g1 wwlowanced ranged.

4.2.5 Stability of Drugs m/ onsti

ension presented in term of

1l temperature and refrigerator

JJJ.*- d- =

They were stable at roo teq:pqq;pre and in refrigerator (8.0 + 1 °C) until 14

’ J.‘d. J‘

days. For amoxicillin trihydrate reconstﬁuted Sus ,, nsion, percentage of the labeled
amount were 95.77 - }32 31 % an(;9" 36" 10155
refrigerator (8.0 =+ IT '——"“"—‘__— drate reconstituted
' 9@5 ~ 101.47 % and

99.54 — 101.99 % when ke%; at room and in refn erator (8.0 + 1 °C), respectively.

The standard dev. lﬁnr r?

In concluﬂn MH?& ﬁp ing ag nﬂ‘ E‘ihmmary model dry syrup
which were selected for stab111ty stud i:ch as MGS, 1d low
corsg Al BV 14 b e L Sh i

property ( - 7.0 times). Moreover, water content and percentage of the labeled

suspension, has percenta,g of the labeled

amount were in the accepted criteria of USP 24. In addition s, all selected
formulations had appropriate viscosity. But MTS was not selected because when the
dry syrup reconstituted by water and shaken, many bubbles were occurred contained

high water content.
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14 days

7 days
Comparison of average number of inversions required for cephalexin

monohydrate suspension using various suspending agents
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Table 26 Percentage of remaining drug of amoxicillin trihydrate reconstituted
suspensions using different suspending agent, kept at room
temperature for 14 days

Drug content (%)
Time Average (SD)

MGS MRS MTS uT

0day | 102.31 (0.24) 01,01 (1.41) | 99.89 (4.54)
1 day | 101.25 (0.34) | 99 (2.47) | 100.01 (2.21)
3 days | 101.36 (0.60)199:12 (1.47) | 100:27.(0.65) | 98.74 (2.27)
5days | 99.78 ( fﬁ.:lzﬂ 1) | 98.01 (2.94)
7 days | 98.40 )1 98.73+ (0. 97.89 (1.31)
10 days | 97.14 '@®) |97 " (09)] 97.06 (1.67)
14 days | 96.35 (0 g ) N\ 96.55 (0.94)

g L)

#.Zﬁit

G- ekl 4

LA

Table 27 Percentage of mﬁﬁE_ oxicillin trihydrate reconstituted
suspens1ons usmg..dtﬁg'gpt'“ ispending agent, kept in refrigerator (8.0
£1 °C (

.'j (70) ﬂ

Time ‘a Averagq_(SD)

PGS TSI N 1T S —
0day |100.02 (1.25)|100.11 é1.14) 101.4’5=£3.41) 101.12 (1 21)

ST

3 days' |'100.237(197) | 99. 1998) 1 101.55%(1"15) 11004 )
5days | 99.78 (2.69) | 98.36 (2.99) | 99.47 (2.21) | 100.25 (2.11)
7 days | 100.36 (1.19) | 99.74 (3.44) | 100.89 (0.67) | 99.01 (3.31)
10 days | 99.63 (3.37) | 100.09 (0.74) | 100.01 (2.09) | 99.73 (2.67)
14 days | 100.06 (1.98) | 99.77 (1.71) | 99.14 (3.11) | 99.41 (1.14)

121
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Table 28 Percentage of remaining drug of cephalexin monohydrate
reconstituted suspensions using different suspending agent, kept at
room temperature for 14 days

Drug content (%)
Time Average (SD)

MGS RS| MTS uT
0day | 100.15 (0.24), (445 (1.41) | 101.17 (4.54)
1 day | 100.23 (0. (2.35) 2 7) | 101.36 (2.21)
3 days | 99.84 ( " ,7}%.»%%) 100.94 (2.27)
5 days | 99.94 1) 100.53. (0.1 10048 (3.14)
7 days | 100.06 (21 0 101.01 (1.31)
10 days | 10023 (04 74 009 | 1 106°(1.09) [ 100.23 (1.67)
14 days | 96.35 (0.9 17 7 ( L ) | 100.06 (0.94)

Table 29 Percentage o
Times ¢ Averageg(JSD)

@) ‘1;(52 NVH VNI NWE !
0 day 1”%0 25) [799.81 (1.14) | 101.237(3.41) [ 99.96 (1.21)
1 day, 110147 (0,87). g%ﬁfzﬂ) ﬁo&%

3 days|/[100.36 (177 | 100.05.4(198) | 101.63 c(1.15) [.100.06 (0
Sdaifs 99.54 (2.69) | 100.23 (2.99) | 101.58 (2.21) | 100.47 (2.11)
7 days | 100.09 (1.19) | 100.48 (3.44) | 100.96 (0.67) | 100.58 (3.31)
10 days | 101.07 (3.37) | 100.96 (0.74) | 100.87 (2.09) | 101.05 (2.67)
14 days | 100.45 (1.98) | 101.33 (1.71) [ 101.99 (3.11) | 100.22 (1.14)
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B. Stability Studied of Selected Dry Syrup Formulation

Stability of selected amoxicillin trihydrate and cephalexin monohydrate dry
syrup formulations when stored at room temperature (CR) and 45 °C, 75% RH (CS)
for 4 months were determined. Stability was expressed as physical stability
(appearance of powder and suspension), reconstitution time, and redispersibility,
water content and chemical stability of model drugs (percentage of drug remaining

after each storage condition).

1. Dry Powder

The powder of all mede 10t form ¢ ke was obtained. Based on
the appearances of each ‘I ’ syrup, the color of
sample was slightly orang p g C SCE chukep at room temperature
and 45 °C, 75% RH for 4 15 52

In addition, the appears ' 3\! léxin monohydrate dry
syrup was slightly pink with and-ap \ ance did not change after
keeping at room temperature and F °C at 58 1. In both cases particle of dry
syrup formulation could be easily-manipi ainer pd able to sustain

forming hard cake. (Table-31-and Figuic.53.

AU INENTNYINS
ARIANTUNNINGINY
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Table 30 Appearance of amoxicillin trihydrate dry syrup in stability study
Time Room temperature 45°C,75 % RH
(months) (all formulation) (all formulation)
Powder Color Odor Powder Color Odor
- did not Slightly did not form Slightly
Initial | o e arange Orange e orange Orange
did not Slightly didnot form | Slightly
: formcake | orange ?r : e orange Crange
did not Slightly Slightly
2 ek | o e Orange
did not Sli Slightly
3 formcake |  oran _orange Orange
did not Slight Slightly
4| | S Y | Orange
Table 31 Appearance of o Ty syrup in stability study
Time Roomitemperature , A 5% RH
(months) (a ulation)
Powder Lolor Odor
”» did not Slightly d not f tl
Initial i c:ke Wik Raspberry | t;zkeorm Sk y Raspberry
did not Slight lightl
1 forin% ﬁﬁ ' | Al ﬂ [ﬁ{ Raspberry
idog, | Shightly” [ T | Slightl
5 did : | Rasob did not form 1gny
am poerry pink Raspberry
did not form
cake
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Initial

1 months

2 months

3 months

4 months [l

Ro%m temperature 45 °C, 75% RH

AULINYNTNYINT
RINNTUUNIININY

Figure 52 Comparison of amoxicillin trihydrate dry syrup using different
suspending agent, when kept at room temperature and 45 °C ,75% RH

for 4 months
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!H hm temperature 45 ﬂ , 75% RH

AUEINENINEYINS

AMIANTAUMIINE

188

Figure 53 Comparison of cephalexin monohydrate dry syrup using different

suspending agent, when kept at room temperature and 45 °C ,75% RH

for 4 months
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1.2 Content Uniformity of Model Drugs in Selected Dry Syrup

After stability study, uniformity of amoxicillin trihydrate dry syrup and
cephalexin monohydrate dry syrup formulations showed promising quality.
Measurement at three different locations of each powder formulation showed the
percentage of the labeled amount within allowanced ranged of pharmacopeias

(USP 24). Amoxicillin trihydrate dry syrup had the percentage of the labeled amount

labeled amount of 109.86 — 99.46 x”h;l deviation (SD) based on the
percentage of labeled amount fo;i’);bih formula } less than 4.0. (Tables 32- 33)
From the statistical ;mmppenﬁx es-H25-H45), the content of

onoh?@ syrup decreased in

refore, content of amoxicillin trihydrate

0f 96.41 — 107.14 and cephalexin monohidrate dry syrup had the percentage of the

amoxicillin trihydrate

accordance with increase

and cephalexin monohyds lat n slightly decrease after keeping at
room temperature (CR) and °d /‘KH (CS) ‘for. 4 mounts In addition, the
reduced faster than kept at
uld be concluded that all

content of drugs when Kept at
room temperature. From

formulas were stable.

1.3 Determination of Water-(‘,‘ﬁtent cted Dry Syrup

e

The water conteit was measured b§ Karl Fisher Et?d and presented in

Tables 34 - 35. The vst «"s""’n‘"“"—o'—:T'T'FT__il;\_ syrup formulations
with different suspendm - agents as MGS, . and Ul when kept at room
temperature for 4 months were 2.01 - 2.53 %, 2.10 — 2.67 % and 2.29 -2.67 wiw,
respectively an ﬁ f .01 - 2.68 %,
2.10-2.76 % a ﬁﬂ ﬂﬂiﬁl wﬁjﬂeizof cephalexin
monohydrate dry syrups using different'suspending agents as MGS, MRS and UT
when kel f o o e obie) 1] ) 0553 b
1.18 - 1.47 % wiw, respectively and after keeping at 45 °C, 75% RH for 4 months
were 0.94 - 1.40 % w/w, 1.05 -1.56 % w/w and 1.18-1.71 w/w, respectively.

The results showed that the tendency of water content increased in accordance
with increasing of storage times. Form the stability testing results, the water content
of model drugs formulation was within allowanced ranged of pharmacopeias (USP
24; Water content of Amoxicillin for Oral Suspension and Cephalexin for Oral

Suspensions was not more than 3.0 % and 2.0%, respectively).
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Table 32 Drug content of selected amoxicillin trihydrate dry syrup using
different suspending agents when kept at room condition and 45 °C,
75 % RH for 4 months
. Drug content (%)
(rr'f;rr?tfls) Average (SD)
MGS MTS UT
o | Initial | 105.19 (1.09 29 (0.96) | 106.56 (2.46)
g £ 1 104.24 18) [ 104.06 (1.52)
g5 2 103, 7) | 101.24 (1.06)
- 100.26 (1.59)
- 98.82 (1.97)
06.90 (3.00)
T 224 (2.93)
o = 101.24 (1.06)
¥ o ' 7.31 (1.16)
0. 96.41 (1.13)
Table 33 Drug content o se}p@j cep

different suspending

75 % RE:ior 4 months

b

e,

v

i

Drug content (%)

Time
Average (SD)
(months) £1a8 o oT
q, it 09:86 105 05.28¢ (1.05)
g8 | Ul 107.83 (Qg) 105.06 (1.18) [ 103.44 (1.46)
s g )
S5 2 105.12 (1.37) | 103.94_(0:66) | 102.98 (1%9) |
Qaﬁ ﬁ-j 1 ) 5 12.30 .
= 104102” (0:46)'{ 100.00 (0130 59 " (0.44
1 Titial | 109.86 (241) | 105.61 (1.52) | 105.28 (1.05)
o 5 1 106.50 (2.79) [ 105.69 (1.18) | 102.13 (2.86)
S 2 103.57 (1.22) [ 103.58 (2.64) | 101.15 (1.18)
<+ 0 3 102.15 (1.70) [ 102.98 (2.11) | 99.62 (2.41)
4 10229 (2.75)| 99.98 (2.25)| 99.46 (1.73)

alexing, monohydrate dry syrup using

———
=i gg‘;?’ _'-

at room condition and 45 °C,
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Table 34 The water content (%w/w) for amoxicillin trihydrate dry syrup using

different suspending agents, kept at room temperature and 45 °C,

75 % RH for 4 months
. Water content
Suspending (Yow/w)
agent Initial | 1 menth | 2 months | 3 months | 4 months
R MGS 201 ANAWY 11 2.34 2.53
cemouature | MRS 2. 100NN ﬂjo 2.40 2.67
i P 37 e 2.49 2.67
45 °C MGS 0 o 21§ ' )  2.39 2.68
75%R’H MRS 0™ 3( i 2.70 2.76
UT 29 A7 241 a0, 2.81 2.89
Table 35 The water comtent (%w/w) for _ ohydrate dry syrup with
different suspending .ﬁéﬁi t at w‘.\ temperature and 45 °C,
75 % RH forll m@inths 72/~ 4
._ o ‘-al-‘."‘ 'i',l 'i_
e _.t} Z
Suspend 1 - ‘j
agent: { In 3thonths | 4 months
5 MGS || 0.9/ 10 1.15 1.21
temp(;(;;nmC MRS 1.05 1.12 1.19 1.27 133
9 1a18 1.29 1.32 1.37 1.47
1 1.40
45°C, Y Wkt
i 14 1 LY 1.56
el 1.18 431 1 1.52 171
ARIANN I mﬂ’]’l FPREE




130

2 Reconstitution Selected Model Dry Syrup

2.1 Physical Property Determinations of Selected Reconstituted
Suspension

Freshly prepared of amoxicillin trihydrate reconstituted suspension when kept
at room temperature and 45 °C, 75% RH for 4 months were orange homogeneous

dispersion with orange scent and sweet flavor as same as initial preparation (Table 36

°C) for 7 and 14 days,
after shaking, altogether
sample was observed (Fig

Freshly prepareci offcepha n suspension kept at
ith raspberry scent and sweet
flavor (Table 37 and Figin led suspension was between
4.49 + 4.55 (Table 39). Aft and refrigerator (8.0 £ 1 °C)

for and 14 days, no changed'i d appearance of all sample was

both conditions was pink

observed (Figure 57). 4 —J 71 08

No s1gmﬁcantﬂfferem pﬁ was ol p- when kept at room

temperature and 45 °C 5% R ’—‘:"'—::':‘:"b.‘;fr """"""""" Tab kS 1H—H24) Unless
pH of amoxicillin tnhyﬁ t : mg MRS as suspending
agent when kept at 45 75% RH was significant difference observed at 2 and 4

months ( P-val ﬁ ‘g y water because
sample bottom ﬂzﬂ ﬂgm ﬂlgj‘:]tﬁﬁmark, and then
added mistake vo ume was possible and might be observed slightly changed in pH.
e, B T it 1 i v
within alfowanced range of standard (USP 24; pH of amoxicillin for oral suspension

was between 5.0 and 7.5 and cephalexin for oral suspensions was between 3.0 and
6.0).
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Table 36 Appearance of amoxicillin trihydrate reconstituted suspension in
stability study
Time Room temperature 45°C, 75 % RH
(months) (all formulation) (all formulation)
Suspensions | Color | Odor | Suspensions | Color Odor
o Homogenous Homogenous
Initial Orange | Orang Orange | Orange
dispersion i 1 dispersion
™, \\ A
Homogenous M 4 Homogenous
1 ' g. Orang \\E’}‘ ge | : Orange | Orange
dispersion - E persion
Homogenous 1
2 Ofange! ~Orange Orange Orange
dispersion ﬂf /i dispersion £ =

Orange Orange

s

| Homogenoid"| {!

4 UTrall
dispersio ‘i
V

/i

Homogenous ' - ‘% J
4 ) Ofang ANOE _ t&\ | Orange Orange
dispersio 4 dispersion .
;ﬂ:r;, 4 N\
oy ¥
S
_.I ] e, f|
Table 37 Atex irate reconstituted suspension in
stability study
Time 1@ 45 ;t] 75 % RH
(months) (all'formulation) (all formulation)
ensi ] i Odor
o e ‘! : -'! (] -
Initial s =" Ph R4Spbe disoersi Raspberry
ispersion spersion
¥ p-ﬁ
genous 0 Eal.
'y N TR P | e | 57 b
is dispersion
9
Homogenous Homogenous )
2 & Pink | Raspberry . Pink | Raspberry
dispersion dispersion
Homogenous Homogenous .
3 5 Pink | Raspberry Pink | Raspberry
dispersion dispersion
Homogenous Homogenous )
4 5 . Pink | Raspberry ) ; Pink | Raspberry
dispersion dispersion
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Initial

1 months

2 months
3 months

4 months

-

-

§

o/

QRETTST U I

Figure 54 Photography of initial amoxicillin trihydrate reconstituted suspension
using different suspending agent, when dry syrup formulation kept at
room temperature and 45 °C, 75% RH for 4 months
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Initial

1 month

2 months

3 months

Room temperature 45 °C, 75% RH

Figure 55 Photography of amoxicillin trihydrate reconstituted suspension using
different suspending agent as kept at refrigerator (8.0 = 1 °C) for 14

days, when dry syrup formulation kept at room temperature and 45 °C,
75% RH for 4 months
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Initial

1 months

2 months

3 months

4 months

AU INENTNEYINT
QRN IUNRIINYIAY

Figure 56  Photography of initial cephalexin monohydrate reconstituted
suspension using different suspending agent ,when dry syrup
formulation kept at room temperature and 45 °C, 75% RH for 4

months
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Initial

1 month

2 months

3 months

4 months
(A

o

Room temperature 45 °C, 75% RH

ﬂ‘IJEJ’WlEJ'i’]‘ﬁWEﬂT'ﬁ
ARIAINTUURIINYIAY

Figure 5 Comparison of cephalexin monohydrate reconstituted suspension

using different suspending agent after keeping at refrigerator
(8 £ 1 °C) for 14 days, when dry syrup formulation was kept at room
temperature and 45 °C, 75% RH for 4 months
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* CR = Room temperature,

Table 38 pH of selected amoxicillin trihydrate reconstituted suspension using
different suspending agents, when dry syrup formulation was kept at
room temperature and 45 °C, 75% RH for 4 months

Suspending pH (SD)
agent Initial 1 month 2 months 3 months 4 months
MGS 6.05 (0.05)]6.02 (0.02) [ 6:00 (0.04) | 6.02 (0.02) | 6.02 (0.04)
*
| MRS [6.02 (0.05) 6 ~x§“f[;{ 0.01) | 6.04 (0.06) | 6.05 (0.06)
UT 6.06 (0.07) | 6:0 7{«'0 602.0102) | 6.03 (0.07) | 6.01 (0.08)
x MGS 5.98 (0.0 0.0 .04 (0.01)]6.05 (0.03)
e MRS 5.98 ' (0.03) | 6.07 (0.03)
UT 6.03 (0.01) | 6.01 (0.08)

Table 39 pH of selected €e in -' cconstituted suspension using
difference suspen@& p formulation was kept at
room % RH for 4 month

Suspending ‘e gpH (SD)
agent F itid) | 7] | 1 ¥metiths 4 months
| MaGs },5 05) ['4.55! (olom) | 453" (003) | 4511 @.01)] 453 (0.06)
% MRS 54 (0.05) | 449 (0:01)|4.49 (0:02)|4.54 (0.04)44.51 (0.02)
G RGN SQUAIRNOTISI0R Bl oo
x M 4.55 (0.05)4.55 (0.07) 449 (0.02) 451 (0.01 IT.Il53 (0.06)
> MRS 4.54 (0.05)4.49 (0.01)[449 (0.01) 454 (0.04)]4.51 (0.02)
UT 4.52 (0.03) | 4.53 (0.03) | 4.54 (0.03) | 4.51 (0.02) | 4.50 (0.06)

* CR = Room temperature,

CS**=45°C, 75% RH
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2.2 Determination of Reconstitution time

Reconstitution time of amoxicillin trihydrate and cephalexin monohydrate
reconstituted suspensions was less than 5 times (Tables 40 - 41 and F igures 58 - 59).
After keeping at room condition, the reconstitution time of all reconstitution
suspensions was lower than stored at 45 °C, 75% RH for 4 months.

The reconstitution time of all amoxicillin trihydrate reconstituted suspensions
using MGS as suspending agent were no significant difference when kept at room

temperature and 45 °C, 75% RH fo s, except amoxicillin trihydrate

and MGS kep . 13% RH (P-value < 0.000 and
0.005, respectively and see Appendix H; Tables

reconstituted suspensions was
d4)

significant difference whei \K}i\ » 75% RH (Appendix

H; Tables H109 - H120). #he 3 §'W learly indicated that storage time was

Reconstitution time

effected on reconstitution S./ However; good, re tuted suspension in

previously study was fou less than S times and

results from stability studie

AU INENTNEYINT
AMIANIUNNINGAY
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—=CS- UT
=% -CR-UT
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=
&

* CR = Room temperature,

Figure 58

Table 40

Suspending q

Average (S

A

stituted suspension

: 'ﬁom temperature and

D)

=
times)! @

agent

2 months«

3 months months
2.83 | (0120 0.00

: 33 . y, .

% MRS  |3.83 (0.29)|2.67 (0.58)]2.67 (0.58)]3.50 (0.87)|3.17 (0.29)
UT  |3.67 (0.76) | 2.83 (0.29) |2.83 (0.29)|3.33 (1.04) | 3.00 (0.50)

. MGS  |233 (0.29) | 433 (0.29) [ 4.50 (0.00) | 4.00 (0.00) | 4.00 (0.00)
% MRS  |3.83 (0.29) | 4.50 (0.00) [4.67 (0.29) | 4.50 (0.00) | 4.67 (0.29)
UT  [3.67 (0.76) | 4.67 (0.29) | 4.17 (0.29) | 4.67 (0.58) | 4.67 (0.29)

* CR = Room temperature,

CS** =45 °C, 75% RH
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* CR = Room temperature,

Figure 59

Table 41

Suspe

Ol

% RH for 4 months
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of cephalexin monohydrate
\‘ pending agent when kept

H—ORO "’_;‘ {d te reconstituted

tempera 1[ and 45 °C, 75 % RH for 4 months

£

1t

when kept at room

agent Initial 1 month 2months | 3 monthsg 4 4 months
% | MRS |2:50 (0.50) | 283 (0.29) | 4.00 (0:86) | 4.70 (0.36) |4.34 (0.29)

UT 2.50 (0.50) | 2.83 (0.29) | 4.54 (0.03) | 4.35 (0.30) | 4.50 (0.50)
x MGS 2.67 (0.29) 3.67 (0.58) |4.33 (0.29) | 433 (0.58) | 4.00 (0.00)
2| MRS |2.50 (050)|433 (0.29) 433 (0.58)|4.50 (0.00)|4.50 (0.00)

uT 2.50 (0.50)]4.33 (0.29) | 4.00 (0.50) | 4.83 (0.29)|4.67 (0.29)
* CR = Room temperature, CS**=45°C, 75% RH
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2.3 Viscosity Measurement of Selected Reconstituted Suspension

The average apparent viscosity after keeping at room temperature and 45 °C,
75% RH for 4 months was observed. The results were presented in Figures 60-61 and
Appendix G; Tables 1G-2G .The viscosities of all formulations were 365.91 - 623.83
cps which considered suitable for reconstituted suspensions and after storage at both

condition for 4 months, the viscosity were statistically significance deceased in

Wated decreasing values was 40

d on viscosity. However,

accordance with increasing storage ti

cps).
It was clearly indicat

the viscosity of reconsti 00 cps range and showed

good appearance and r X\n g

(Appendix H ; Tables H7 / \ \

allowanced ranged.

Numbers of inversi od: sperse suspension formulation after
storage 14 days was shown ig'Fi .e"‘ 62-63= A dix G; Tables 3G-4G. The

results showed that the amoxicrn triliy and cephalexin monohydrate
SN Y

Rat ™,

reconstituted suspens' after keeping for 4 m om temperature and 45 °C,

75% RH was require _»v.m:.-.-.-x;‘.-.._m.:t.'ﬂ“"""""”“"'"; ‘ , respectively.
The effect of s msxgmﬁcant difference
when kept all dry s at room temperature and 45 °C, 75% RH for 4 months

(Appendix H; reconstituted
suspension confaihi ﬂﬁ 11 ﬁe Appendix H;
Tables H54- H721] Therefore it couldy be concludekthat storage tn&gs was not

QRN UUNITN BB

syrup was less than 5 time and the results from stability studies were within

allowanced ranged.
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7
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—=— CS- MGS
5 - x:CR- MGS

b ——CS- MRS

Redispersibility (times)

* CR = Room temperature,

Figure 62  Comparison of a VeI \ of amoxicillin trihydrate
suspension as dif

and 45 °C, 75% R

agents, Kept at room temperature
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=
al)
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Redispersibility (times)
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0 1 Z 3 4
* CR =Room temperature, CS** =45 °C, 75% RH

Figure 63 Comparison of average number of inversion of cephalexin
monohydrate suspension as different. suspending agents, kept at room
temperature and 45 °C, 75 % RH for 4 months
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—-CS- MGS - * CR-MGS
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—*=CS-UT -x CR-UT
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* CR = Room temperature,

Figure 60 Comparis

Viscosity (cps)

90 ' T2 3
Time (months)

* CR = Room temperature, CS** =45 °C, 75% RH
Figure 61 Comparison of apparent viscosity of cephalexin monohydrate
reconstituted suspension using different suspending agents when kept

at room temperature and 45 °C, 75% RH for 4 months
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2.5 Content of Model Drugs in Selected Suspension.

The temperature used for testing drug stabilizing of reconstituted suspension
were room temperature and in refrigerator (8.0 + 1 C°) for 14 days.

For cephalexin monohydrate reconstituted suspension kept at room
temperature and in refrigerator (8.0 + 1 C°) for 14 days ,when dry syrup were stored
at room temperature (CR) and 45 °C, 75% RH (CS) for 4 months. The percentages of
drug contents were within the USP 24 spe01ﬁcat10n for all different types of

suspending agent (Appendix G; TableS\GQ nz‘yFlguresm 75).

For amoxicillin mhydra}:;:econstl sion kept in refrigerator

(8.0 £ 1 C°) for 14 days wbgz@;ﬂfup were stﬁﬁzﬂn temperature (CR) and
45 °C, 75% RH (CS) for > pe centagmug;ntents was within the

USP 24 specification for o sﬁ}pendiﬁg_ag (Appendix G; Tables
G5 and G8 and Figures i :

45 °C, 75% RH for 4 mﬁlths (Appendlx G ‘i‘ables ng‘l-‘ igures 64-66). The
percentage of drug com it were hittic lower than 90 % and did) not pass the USP

specification. However, t . percentages of drug of rii)nstltuted suspension

were near the margin 11m1t of USP 24 spemﬁcatlon The error might be caused by the
sampling error nﬁdﬁ conclude that
amoxicillin trizﬁél ﬂﬂ:ﬁlﬁﬁfjﬂﬁ‘i syrup after
reconstitution and then kept at room temiperature and imrefrigerator (8.08"1 C°) for

1 days s YRl 0 e e gl e na

45 °C, 75%RH for 4 month.
For stability study, it could be concluding that storage times were not effected

on drug stability in both dry powder and reconstituted suspensions. The result
indicated from dry powder when kept at room temperature (CR) and 45 °C, 75% RH
(CS) for 4 months were evaluated every month. And evaluation for each of storage
month, the reconstituted suspensions wheﬁ room temperature and in refrigerator
(8.0 £ 1 C°) for 14 days for 4 months.
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—— CR:0M
—=— CR:1IM
—— CR:2M
——CR:3M
—— CR:4M
-8 CS:1IM
-4 CS:2M
-x- CS:3M
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- CS:4M
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Figure 64 Compariso ihydrate reconstituted
suspension t after storage at room
tempera ogil 44days f' Ty powder was t at room temperature
and 45 °C, 75% RE for 4 months.)
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* CR = Room temperature, CS = 45 °C, 75% RH, OM =Initial, 1M =1 month, 2M =2 months, 3M = 3months, 4M =4 months

Figure 65

Comparison of drug content of amoxicillin trihydrate reconstituted
suspension using MRS as suspending agent after storage at room

temperature for 14 days (Dry powder was kept at room temperature
and 45 °C, 75% RH for 4 months.)
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Figure 66
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tempera
and 45 °C, 7
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Drug content (%)

* CR = Room temperature, CS =45 °C,75% RH, OM = Initial, 1M =1 month, 2M =2 months, 3M =3months, 4M = 4 months

Figure 67
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at room temperature

——CR:0M

-4 CS:2M

o P
il

Comparison of drug content of amoxicillin trihydrate reconstituted

suspension using MGS as suspending agent after storage at

refrigerator (8.0 + 1 °C) for 14 days (Dry powder was kept at room

temperature and 45 °C, 75% RH for 4 months.)
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* CR = Room temperature, CS =45°C,75% RH, OM = Initial, IM =1 month, 2M =2 months, 3M =3months, 4M =4 months

Figure 69 Comparison of drug content of amoxicillin trihydrate reconstituted
suspension using UT as suspending agent after storage at refrigerator

(8.0 + 1 °C) for 14 days (Dry powder was kept at room temperature
and 45 °C, 75% RH for 4 months.)
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* CR = Room temperature, CS =45 °C,75% RH, OM =Initial, 1M =1 month, 2M =2 months, 3M =3months, 4M =4 months

Figure 71 Comparison of drug content of cephalexin monohydrate reconstituted
suspension using MRS as suspending agent after storage at room

temperature for-14 days (Dry powder was kept at room temperature
and 45 °C, 75% RH for 4 months.)
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Figure 72
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* CR = Room temperature, CS =45°C,75% RH, OM = Initial, 1M =1 month, 2M =2 months, 3M = 3months, 4M =4 months

Figure 73

Comparison of drug content of cephalexin monohydrate reconstituted
suspension using MGS as suspending agent after storage at
refrigerator (8.0 + 1 °C) for 14 days (Dry powder was kept at room
temperature and 45 °C, 75% RH for 4 months.)
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Figure 75 Comparison of drug content of cephalexin monohydrate reconstituted

suspension using UT as suspending agent after storage at refrigerator

(8.0 £ 1 °C) for 14 days (Dry powder was kept at room temperature
and 45 °C, 75% RH for 4 months.)
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