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SIRIRAT PINSUWAN : IMPROVING DISSOLUTION AND ABSORPTION RATES OF
NAPROXEN AND THIAMPHENICOL USING CO-EVAPORATION METHOD.
THSIS ADVISOR : ASSO. PROF. UTHAI SUVANAKOOT, Ph.D. 205 PP.

In order to increase dissolution and absorption rates of naproxen and
thiamphenicol which have the difference of acid-base properties, coevaporates
or solid dispersions of the drugs with water- soluble polymers such as poly-
vinylpyrrolidone (PVP) and polyethylene glycol (PEG) with different molecular
weights were prepared using co-evaporation method. Dissolution of the drugs
from these preparations were studied compared to the corresponding physical
mixtuers and pure drug alone. The influence of types and amount of carriers
used on dissolution characteristic of both drugs were investigated.

Furthermore, in vitro absorption ysical characterization of the co-
evaporates with the best dissolises F 4 aaluated.
. S\
From dissolution < ™&ESS¥n pri __-i"%puffer pHs 1.5, 4.5 and 7.5

similar results were ObSG bodh e nd thiamphenicol that the
coevaporates exhibited f-c 01 ‘tirW‘ corresponding physical
mixtures and pure drugsy gl an rate and extent of both drugs
were obtained from PVP DA SOl PVP K-90, PEGs 4000, 6000,
and 20000 coevaporates, ° / acreasing the weight fraction
of PVP K-30 in the coes#5c: h W f drug:carrier to 1:0.25,
decreased the dissolutic 4% e N "sCNMthe preparations. However,

: ’ L e \ of dissolution rates
between 1:1 and 1:0.75 trgfr - L\ %vaporates (p > 0.10). Hence,
ysanaproxen and thiamphenicol

were 1:1 naproxen-PVP K- Mcoi-PVP K-30 coevaporates,

respectively.

The in vitro absolt¥laas s - = ngtSartorious absorption simulator
(SM 16750) exhibited statistica.},- — .ant higher absorption of the drugs
from the coevaporates as cg 'ﬁéﬁiﬁgffﬁxf drugs (p < 0.05). However,

significant correlatic Rfnption rates were observed
in thiamphenicol sys —

Y R |
X-ray diffraC'“gn See peutijfl thermal analysis of the

drugs and the coevapor&#:s showed evidences that J{proxen and thiamphenicol
dispersed in PVP K-30 magriggin crysta]]ipe and amorphous formes, respectively,
s
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CHAPTER I
INTRODUCTION

One of the techniques that can potentially enhance

the dissolution rate of h kbl hnhobic drugs is the formation

of coevaporate or som mk “?‘I_with pharmacologically

inert,polymeric

é‘r of investigations

demonstrated can significantly
increase the dis g ' . \Mggption rate of such
drugs (1-3). !

In this #f: ;ﬂuﬁ ' WMrugs, Naproxen and

Thiamphenicol wer =ir low solubitities

in water and ce of aecid - base

properties. Polyethvd;r-Ac ( PEG ) 4000, 86000 and

4 )K-30 and K-90,

L)
—ced to be used as

20000 and p;-

the popular iui

dispersion ca;rlers because of

phy51ologxﬁwﬂ q%w&wgmﬁ their high

solubilitidl in & wide range of organlc solvents

AWAANT IUUBAINUARY covics

were prepared by coevaporation technique and physical

¥
their nontoxicities,

mixing. The solidified masses were subjects to in vitro
dissolution and absorption evaluation at pHs 1.5, 4.5,

and 7.5



The objectives of the present study were to

1. Obtain coevaporates of naproxen and
thiamphenicol 1in various carriers using coevaporation

technique.

rpevaporation technique for

2. Probe the

preparing coevaporai oorly water soluble drugs

6f types of carriers

\?\\ e of naproxen and

\
thiamphenicol fgf 8 \ wed to each physical

on the disso,

mixture and pur

4. Sele choice and its

. ) o
appropriate amountxgééggié £ the dissolution and
. 9 .'
absorption rate of Sk

X
- -

B ——————————— - '
\7 X . .
5. - da.xon of 1in vitro

absorption any dlssolutlon rates of™ each pure drug and

coevaporaﬁ um ﬂ%ﬁ wgﬂtﬂﬁ Simulator (SH

16750) anducorrelatlon coefflclent test

FRAAAN SUURENYAE e o

naproxen and thiamphenicol coevaporates using X-ray

diffractrometry and Thermal Differential Analysis.

In addition to dissolution and absorption
enhancement, the coevaporation technique may be attempted

to present the dispersion in a more handable form that can



be formulated stable tablets or capsules. (1,3)
Furthermore, it is possible that such a technique can be
used to stabilize unstable drugs (1) and produce sustained
release products by using poorly soluble cﬁrriers (2). It
is. hoped that this study would be valuable in drug

products development an

r is useful technique could be

applied to other pg ‘uble drugs as well.

AULINENINYINT
ARIAATAUNN TN



CHAPTER 11

EXPERIMENTAL SECTION

A. Materials

1. Drugs

-Naproxen Biwm <. w84, Agrar, Societa

~Thiamphen? mno. 43946700,

Boehringergfe ff £ 2 peim 31)

-PEG 6000 (Batch BASF, West Germany)
ﬁ"-f ’ ., -"
-PEG 20Q% = fT-he Werke Huls

AG., ! A

"Lot no. 8J-45195, BAS** West Germany)

-PVP K-3

"’“’ﬁﬂﬁﬁ% W%‘wﬂf* ik}
Qm NIMINIINEIALL.....

Organization, Excise Department)

-Methyl alcohol (Lot no. K2710809, Merck, Germany)
-Concentrated Hydrocholic acid (Lot no. K00188817,

Merck, Germsany )

-Sodium hydroxide (Lot no. C805098, Merck,Germany)



-Potassium dihydrogen phosphate (Lot no. A731273,

Merck, Germany )

-Sodium chloride (Lot no.000630, Vidhyasom Co.Ltd.)

All materials were used without further

purification. Water was deionized prior to use.

B. Apparatus

-Analyticat™™ mter KD D7470, West

Germany == sitzerland )
~UV-visikt; ™% Spectronic 2000,

-Dissoluti LW A0\, Hanson Research

Corp.,

-Sartorius ator SM 16750

( Sartorius Gm many )

S BN
-X - reO)D r pl) Type pw 1730/10,

No ] Dy v A

—lefere.,lal Thermal Analyzer \'hlmadzu DT-30)

'“@mmmiﬂ:‘mz;zzg "
qmﬂanwumwmas

Watser bath ( Memmert, Wes armany

HBNIANA AU UINYUTINT

P4 o
VMM UNNINISY



C. Methods

1. Preparation of Naproxen or Thiamphenicol

Coevaporates

Naproxen or thiamphenicol coevaporates were

prepared by dissolving . kljhed quantities of naproxen or

thiamphenicol and c ““'howed in Table 1 and 2 in

sufficient volur - 7 E or methyl alcohol,

respectively. ixed thoroughly and
evaporated diTe . #441 ) Nph (37 - 40 °C) with
constant stirripgfv = ‘ 'jtransparant viscous
ligquid which 40 } \ '?, by pouring onto

glass plates ':,cator in order to

remove the last £r Fes i-{:ﬂ ant “he dry products were

! :r'
then scratched from M

ATMIN D

ates, powdered and passed

through a sdustcs were kept in a

desicator. .gq 7 .r‘

) J
2. Preparation of Naproxen or Thiamphenicol
A ﬁff‘?‘?‘lﬁﬂ%ﬂ gIN?
Y
¥xen or thilehphenicol and

~ARIRSA SRR

dilution method using a mortar and a pestle. The mixtures

ropiate am

were then passed through a 40 - mesh seive and stored in a

desicator.



Table 1 The Amount of Naproxen and Carriers Used in Preparing
Coevaporates and Physical Mixtures

The Amount of Drug and Carriers Used (g)
Preparations

PEGs PVPs

NPX

4000 6000 20000 K-80 K~-30

Coevaporates :
1:1 NPX-PEG 4000
1:1 NPX-PEG BOGam ‘ | = - _ _
1:1 NPX-PEG 2¢¥ : ;' 10 - -
1:1 NPX-PVP K .
1:1 NPX-PVP
1:0.75 NPX-PVP ,"'f; \ uwx“ | - - 7.5
1:0.50 NPX-PVP K ' b\

1:0.25 NPX-PVP K-/

Physical Hixt(Ps d
1:1 NPX-PEG %t A

t |

10 - 10% ~ - -

1:1 NPXMiwﬂw{wﬂjnﬁli) - -

1:1 NPX-PEG B(=

1:1 NPX 10 -

ARTRNIBUMINGIAY -~




Table 2 The Amount of Thiamphenicol and Carriers Used in Preparing
Coevaporates and Physical Mixtures

The Amount of Drug and Carriers Used (g)
Preparations

PEGs PVPs

THI

4000 6000 20000 K-80 K-30

Coevaporates :
1:1 THI-PEG 4000 *
1:1 THI-PEG 60Gs
1:1 THI-PEG 20¥
1:1 THI-PVP K

- 1:1 THI-PVP K,
1:0.75 THI-PVP
1:0.50 THI-PVP R0

1:0.25 THI-PVP K-28

Physical Mixtizds

1:1 THI-PEG B L

1:1 THI-PEG 60% h

l’lmm'mﬂmwmmm o

1:1 THI 10 -

I’QWQ’ﬂ‘ifﬂ’Nm’mmﬁﬂ ’




3. Determination of Amount of Naproxen or
Thiamphenicol in Coevaporates and Physical

Mixtures.

The amount of naproxen or thiamphenicol in the

preparations were determined according to B.P. 1880 (4)

by spectrophotometry,:“g' for naproxen and at 266 nm

e: Dissolution rates

of naproxen waswmrates and physical
mixtures prepa ;1.H‘ .5 %ing the U.S.P. XXI

dissolution . app +0.5 °C with rotating

paddle speed of 5. —— te buffer pHs 1.5, 4.5

and 7.5. Coevaporg;ﬁrﬁgﬁ

vsical mixtures samples
containing &0 S wlicol were used in

each study. e ; predetermined time

A ¥
intervals for T hours, and the volume®removed was replaced

o g INER NI e -

addition, §issolution rates of naproxen and thlamphenlcol

o RRIQIATO HAVINYVETY > =

compa%ison.

4.2. Analytical procedure: Samples at each
time interval were assayed spectrophotometrically f&r
naproxen at 331 nm and for thiamphenicol at 266 nm. The
presence of the carriers in this study did not affect the

assays. Each point reported is the average of six
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determinations and good agreement existed among the datsas.

4.3. Standard curves: Known amount of each
drug were dissolved in each pH of dissolution medium. and
the UV absorbance at each concentration was determined

using spectrophotometer. Absorbances obtained versus known

concentrations of eac W)

using linear regrewm

pevaporates with the
NNy for their in vitro

Y

[ ‘ N ‘

absorption ' cu M ;\ ne using Sartorius

; under test : The powder
form of drugs T arate selected were
evaluated. :;ﬁ 715‘en base on their

abilities to |HissUTNN _—1

fjlutions, that were

5,10 and 100 mgéfar naproxenggnd 100 mg for thiamphenicol.

AYEINENINEINT

. The llpld barrlers : Two dlfferent lipid
NI AN TR
1570® and the artificial intestinal barrier (SM 15702)
Both barriers were prepared shortly before the start of
the experiment. The effective area of the barrier was
80 cm?. The pores of the barriers were filled with the

liquid lipid-phase mixture of the following components



11

components (unit by weight)
Type
N s1 S2
Lipid mixture for SM 15701 4.20 0.10 -
sM 15702| 0.92 - 4.00

The barriers Jve a weight increase of 895

to 105 % for SM 15Wmmaiy ¢ 0 % for SM 15702.

Condition® A AL AN\ \ ™5 T | Phase II

Volume initial v‘ﬂ;, i ! ‘310 ml 100 ml

Artificial gas! ;U}‘ - \\~H 1.5 pH 7.5

Artificial intestirn ,}yvﬁcf pH 7.5 pH 8.0

Temperatur:_;________________ff L) C 39 + 1 C

Sanple collectlon': Samples were
collectedﬂru E}taew HW?WE]ATﬂI?etermlned time
interval hours, w1t no rep1a01ng o he volume

“““Q‘WW ANNTUURIINIAY

5.5. Analytical procedure: Samples at each
time interval were determined spectrophotometrically at
331 and 266 rnm for naproxen and thiamphenicol,
repectively. Each point reported was the average of

duplicate determinations.
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5.6. Standard Curve : Stand curves for each
drug in solutions of phase I and phase II were obtained in
the same way as 1in dissolution test, as mentioned

previously.

6. Statistical Evaluation.

Significant!

““is of percentage drugs
dissolved and d . ion __/dmtants (Rd ) of the

coevaporates of ined using one - Wway

ANOVA and t ceicient tests were

used to evalu ﬂ_en the dissolution

rate contstant e contstants (Ka)

| { = ""
D et vaporates.

i

tion studies

l‘;—‘

ftion studies were

firmly packed=into the cavity of a t*in recticular metal

plate usj ‘33 Ladess Bhiah. .astend to metal
plated wiﬂuﬂs mﬂmﬂﬂ:jﬂi slide was then
LT VR RN (1M
ray qn’ the x—"rayq;fgﬂion mr.ﬁhe X - ray
diffraction patterned were recorded at the rate of 1 e/min

from 4 to 40 angle for naproxen and 4 to 46 angle for

thiamphenicol in term of the 2 o.
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7.2. Differential Thermal Analysis.

A shimadzu DT-30 Differential Thermal Analyzer
was used. Samples were placed and crimped in aluminium
pans. Temperature range was from 40 to 300°C and the

empty pan was used as reference. Other conditions for the

instrument were

Zle size 10-11 mg, heat

nt flow rate of 50

N, sample size 9 - 10
mg, heat range 2 ‘_"f A d%cn effluent flow rate
of 30 ml/min. "
Schematic out—=om ; investigation was shown

- —P/:‘ g

in Figure 1

X

1

v ¥

AULINENINYINT
ARIAATANNING A Y
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Preparation of NPX or THI Solid Dispersions:

Coevaporation
Using PEG 4000, 6000, 20000 _ Technique
PVP K-30 and K-90 as carriers Physical
Mixing

in the ratio of 1:1

-~ Select the o

. the best dissoid=i

‘y:,
1! |

Absoqpt on Rate Stud

g
B
.
5
=
e
-
ol

qm

Characterization of Solid Dispersions
Using - X - ray Diffractometry

— Differential Thermal Analysis

Figure 1. Schematic Outline of The Investigation
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CHAPTER III

RESULTS

I. NAPROXEN

Dispersion and various types of

water-soluble 00, 6000, 20000, PVPs

K-30 and K-90 woaonevaporation technigue

and physical mi- j W were relatively easy

to be prepared. HAPEG 4000, 6000 &and

PVP K-30 were AU\, manipulate to powder
'\ L

forms. 1In PE \\ stems, the products

were somewhat ried they were white

stable masses whicl -uiverized to yield dry

nonsticky whi &

P’rc‘- ® MJIX and NPX 1in esach

¥

The

dispersion systqps prepared we e shown in Table 3. The NPX

e of HHI NURTHENT
qm SRRV eN (REL

Typical standard curves of NPX at pHs 1.5, 4.5
and 7.5 were presented in Figures 2 - 4 and Tables 4 - G,
respectively. Dissolution profiles and data of pure NPX
powders were shown in Figure 5 and Table 7. Dissolution
rates of the drug were greater at pH 7.5 than pH 4.5 and

1.5, respectively. Dissolution of powder drug alone was

014541
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Table 3 Percentage Contents of NPX and NPX in Coevaporates and
Physical Mixtures

Percent NPX Content

Preparations
1 2 3 Average + S.D.
Pure NPX J’ ' 939.53 93.64 + 0.13
Coevaporates :

1:1 NPX-PEG 4000 .95 89.50 + C.07

1:1 NPX-PEG 6000 .14  99.82 + 0.29

+
o

1:1 NPX-PEG 20000 29.96 89.36 + 0.43

+
o

1:1 NPX—PVP K-80 .15 100.12 + 0.13

1:1 NPX-PVP K-30 .98 98.85 + 0.11
1:0.75 NPX-PVP K- .82 100.92 + 0.08
1:0.50 NPX-PVP K-30 12 $9.98 + 0.11
1:0.25 NPX-PVP K-30 99.84 89.57 + 0.53
Physical Mixtures 23

1:1 NPX-PEG 4000 V

©
©
8
+
o

.43

&.02 98.07 +

1:1 NPX-PEG 6000 98.95  99.24 + 0.15
1:1 NPX-PEG i 100.48 + 0.52
m-mﬁﬁmﬂ Al ﬂ H’mﬁ oo s 0

: - 3 ; 2 G « 108 73 + 0.29




ABSORBANCE (331 nm)
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0.4
0.35 -J
0.3
0.25 —
0.2
0.15
0.1

0.05

-

v

- -
Figure 2 AUrypical Stanaara curve for ddproxen concentration
"vs. absorbance at pH 1.5 estimated using linear

ssion (7

AULINENTNYINT
ARIAATAUNN TN




Table 4 Typical Standard Curve Data for Naproxen
Concentrat}ons at pH 1.5 Estimated Using Linear
Regression

Standard Conc. Absorbance Inversely estimated2 ZTheory3
No. (mcg/ml) at 331 nm Conc. (mcg/ml)

1 8.24 8.14 898.76
2 14 .41 88.32
3 16. 99.67
4 18. 99.85
S 22. 89.?3
6 26.7 100.15
7 30. 100.22
8 35. 100.82
8 39. 100.78
10 45, g7.57
11 S51.1 101.12

o8
8

quginenineing o
- RORNDI NN ININAE..,

0.0071

3 XTheory = Inversely estimated concentration x 100
: known concentration

4. C.V. = S.D. x 100
Mean




ABSORBANCE (331 nm)

0.6
05 -
0.4 —
0.3 —
0.2 —

0.1 —

) e il
Figure 3 2 ~1ca1 Standard curve for Nap=fixen concentration
absorbance at pH 4.5 estimated using linear

ﬂuﬂl’JVIHVl’i‘W BN
ammmmummmaa
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Table & Typical Standard Curve Data for Naproxen
Concentrations at pH 4.5 Estimated Using Linear
Regression

Standard Conc. Absorbance Inversely estilnated2 X‘I’heory3
No. (mcg/ml) &t 331 nm Conc.{(mecg/ml)

1 7.99

2 .99 89.39
3 - 101.09
4 100.56
5 89.68
6 99.13
7 101.43
8 100.67
9 99.40
10 8.18
11 101.18

Mean 89.95

61

AutIngnngang e

1. r2 =, 0.8995 ¢ < o

- VRIS IUNBI NN oo
0.0066

3. ZXTheory = Inversely estimsted concentration x 100

known concentration



ABSORBANCE (331 nm)

0.9
0.8 .
07-
0.6 -
0.5
0.4 T
0.3
0.2

0.1 +

1 1 I

0 - AT, s i 1
- et g
i 100 120

] \ 7 2 :
A X

!
1

Figure 4 Sl ypical chmanoCdlve for 4lProxen concentration
"vs. absorbance at pH 7.5 eslimated using linear

ssion o/
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Table 6 Typical Standard Curve Data for Naproxen
Concentrat}ons at pH 7.5 Estimated Using Linear
Regression

Standard Conc. Absorbance Inversely estimatedz ZTheory3
No. (mcg/ml ) at 331 nm Conc. (mcg/ml)

1 20. 939.23
2 30. 89.39
3 40 100.53
4 50 100.08
5 60 100.02
B 70 100.37
7 80. 88.93
8 90. 89.74
9 100. 100.30
10 111. 100.12
11 121. 1 88.72
l ¢a "y gean Sg.gg
AULINYNINETNT o=
U
1. rZ = o ol ¢ " — o
. ARTASN I ARVINELA L
0.0068
3. XTheory = Inversely estimated concentration x 100
known concentration
4. C.Vv. = S.D. x 100

Hean



% NPX DISSOLVED

100
'y o o
90 — 4
80 —
70 —
60 — : opH 1.5
+ pH 4.5
50 —~
¢pH 7.5
40
30 —
20 —+
10 — D
0 =3 T
0 o &0
.‘-"J
Figure . 5§ ' isso ap len from It°s Powder

<t pHs 1.5, 4.5 and 7.5

AULINENINYINT
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Table 7 In Vitro Dissolution of Naproxen from 250 mg
Naproxen Powders at pHs 1.5, 4.5 and 7.5

Percent Naproxen Dissolved

Time
( min ) pH 1.5 pH 4.5 pH 7.5
5 44 .03
(0.69)
10 72.68
(0.59)
15 79.82
(1.14)
30 839.53
(0.89)
45 91.68
(0.92)
60 92.74
(0.84)
120
180

= Ausingniwenng %
ARIAIATHUN NN Y

b Standard error

C Dissolution rate contstant
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slow.

In the first . step, the dissolution of
coevaporates with various types of carrier fixed at the
ratio 1:1 of drug:carrier were studied compared to the

same ratio of physical mixtures and pure NPX. The codes

used for all preparat il in this step and NPX

were as follows

Code n / NPX

NC1 ‘oevaporate

NC2 oevaporate

NC3 Coevaporate

NC4 Coevaporate

NC5 30 Coevaporate

NP1 4000 Physical mixture

NP2 aiysical mixture

NP3 ; AilL Physical mixture
NP4 | 1:1 NPX- PVP K- 90”Phy51ca1 mixture

MGUERY () ea\ sl SR

Puﬁp NPX

Q mmm IUIRIINYIAY. cco o

phy51ca1 mixtures with the same type of carrier used in
all dissolution mediums were displayed in Figures 6 - 20
and Tables 8 - 17 which éure NPX was inclnded as a
control. The statistical comparisons for average percent
NPX dissolved at various times and dissolution rate

constants ( Kd ) using one - way ANOVA and t - test were



NPX DISSOLVED

A

X NPX DISSOLVED

12

¢

t+

Keys : ¢ Coevaporate
+ Physical mixture

0O Pure NPX

140 160 180

from 1:1 NPX-PEG

18

16

°

)

/

|

Autanemingns

Keys : o Coevaporate

AN TN INELTEY™

4
jir:
2—
u
O 4T T 71 71 — T T T T T T 7 T T 1 T 1
v} 20 40 &0 80 100 120 140 180 180

TIME(rmin)

Figure 7 Dissolution Profiles of Naproxen from 1:1 NPX-PEG

4000 System at pH 4.5

26
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Table 8 In Vitro Dissolution of Naproxen from 1:1 NPX-PEG 4000
Coevaporate, Physical Mixture and Pure Drug at pHs 1.5
and 4.5
Percent Naproxen Dissolved
Time
pH 1.5 pH 4.5
( min ) |
12 2 3
5 5.014 9.29 3.05
(0.10)¢ (0.13) (0.13)
10 7.52 13.79 9.32
(0.06) (0.15) (0.59)
15 8.57 17.18 14 .55
(0.05) (0.13) (0.49)
30 9.66 19.82 13.69
(0.69) (0.12) (0.13)
45 10.16 20.93 20.82
(0.05) (0.05) (0.13)
60 10.28 21.71 21.13
(0.08) (0.05) (0.81)
120 10.47 22.01 21.32
(0.06) (0.05) (0.49)
180 10.53 9.53 24.0 22.01 21.591

.82
0.07) gﬁﬂ (0.38) 0/ ﬁ.OS) (0.07) (0.41)

AUEINEIINETNT

i, YRANDINBINMINY oz

& Coevaporate d The mean of six determinations

b Physical mixture € Stantdard error

€ Pure drug

£ Dissolution rate contstant



DISSOLVED

100 —

40J s == '1"3 L W§oevaporate

Pii..sical mixture

&0

Figure 8 y; i J-on 1:1 NPX-PEG
f

AULINENINYINT
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Table 9 In Vitro Dissolution of Naproxen from 1:1
NPX-PEG 4000 Coevaporate, Physical Mixture and

Prue Drug at pH 7.5.

29

Percent Naproxen Dissolved

Time
( min )
30

9 44 .03
(0.89)
10 72.68
(0.59)
15 79.82
(1.14)
30 89.53
(0.89)
40 91.68
(0.92)
60 92.74
(0.64)
del 6.67
(hr™t) (0.87)

3

TRIN oI E

ations

€ Pure drug . £ Dissolution rate constant
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Table 10 In Vitro Dissolution of Naproxen from 1:1 NPX-PEG 6000
Coevaporate, Physical Mixture and Pure Drug at pHs 1.5
and 4.5
Percent Naproxen Dissolved
Time
pH 1.5 pH 4.5
( min )
12 3
5 428 7.14 3.05
(0.10)° (0.22) (0.13)
10 6.93 13.77 g9.32
(0.04) (0.11) (0.55)
15 8.17 16.91 14.55
(0.05) (Q.77) (0.49)
30 9.49 20.11 19.69
(0.02) (0.12) (0.13)
45 8.97 20.87 20.82
(0.02) (0.08) (0.13)
860 10.22 . 21.41 21.13
(0.06) (0.055 (0.05) (0.61)
120 10.57 % ‘, 22.30 21.32
(0.09) ‘bﬂ; ‘ (0.04) (0.49)
180 10.63 Lho.11 copre 224h 22.56 21.51
(0.09) sp 02) (0. 38) (0.U3) (0.08) (0.41)
=9
ﬂ%l% l"""_v EI%I %ﬂﬂl"‘ r 2 et
, ‘ [+
@b g3 2.44
%1 W%mﬁ%w #9818tk oo

& Coevaporate
b Physical mixture

€ Pure drug

d The mean of six determinations

€ Stantdard error

£ Dissolution rate contstant
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Table 11 In Vitro Dissolution of Naproxen from 1:1
NPX-PEG 6000 Coevaporate, Physical Mixture
Prue Drug at pH 7.5.

and

33

Percent Naproxen Dissolved

Time

72.
(0.

79.
(1.

89.
(0.

91.
(0.

92.
(0.

.03
(0.

69)

68
58)

82
14)

53
89)

68
92)

74
64)

.67
.87)

o Wb eI L

c Pure drug £ Dissolution rate constant



NPX DISSOLVED

b

X NPX DISSOLVED

o w o 1e0 1o
Figure 12 _Een From 1:1 NPX-PEG
28
26 —

24 o
20 —~ g

18

18 o

| FugAneninegns

‘0 Key H Coevapor
%wmnmummm@&

& ure

ol

1

vleys : ¢ Coevaporate
+ Physical mixture

O Pure NPX

I |

o 1 I T H T T T i T IR T T T 1 -7 T
0 20 40 & 80 100 120 140 160 180
TIME(rmin)

Figure 13 Dissolution Profiles of Naproxen from 1:1 NPX-PEG

20000 System at pH 4.5

34



35

Table 12 In Vitro Dissolution of Naproxen from 1:1 NPX-PEG 20000
Coevaporate, Physical Mixture and Pure Drug at pHs 1.5
and 4.5
Percent Naproxen Dissolved
Time
pH 1.5 pH 4.5
( min )
12 2° 2 3
5 3.3ed 6.03 3.05
(0.29)¢ 16) (0.16) (0.13)
10 6.30 14.60 9.32
(0.35) 10) (0.14) (0.55)
15 7.60 - 4 ¥ \ % 17.59 14.55
(0.30) & " W i0.09) (0.15) (0.49)
30 9.10 ' % - 01, 20.31 19.69
(0.19) i i W .04) (0.96) (0.13)
45 g.60 M f 120 \ 773 21.15 20.82
(0.13) S (0.04) (0.09) (0.13)
60 9.90 O—— 22.92 21.89 21.13
(0.14) ' (0,03) (0.13) (0.51)
120 10.20 [+ 1 22.18 21.32
(0.90)y% =5) (0.09) (0.49)
i -
180 10044 = 9.4 9.53 .30 22.12 21.51
(0.12) ¢¢.02)  (0@§) (0.05) (0.08) (0.41)

A TR T NI AN A B

2.44
(0.42)

& Coevaporate

b Physical mixture

C Pure drug

£ Dissolution rate contstant

190649 64

€ Stantdard error

d The mean of six determinations
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Table 13 In Vitro Dissolution of Naproxen from 1:1
NPX-PEG 20000 Coevaporate, Physical Mixture
and Prue Drug at pH 7.5.

Percent Naproxen Dissolved

Time
( min )
30
5] 44 .03
(0.869)
10 72.68
(0.59)
15 79.82
. (1.14)
30 89.53
(0.89)
40 81.68
(0.92)
60 g2.74
(0.64)
de 6.867
(hr™1y (0.87)
a Coevaporate ¢ 9 The megm of six det@ghinations

» AN U HAI NG 1R E

c Pure drug £ Dissolution rate constant
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Table 14 In Vitro Dissolution of Naproxen from 1:1 NPX-PVP K-S0
Coevaporate, Physical Mixture and Pure Drug at pHs 1.5
and 4.5
Percent Naproxen Dissolved
Time
pH 1.5 pH 4.5
( min )
18 2 3
5 2.34 10.47 3.05
(0.06)® (0.11) (0.13)
10 4.80 18.70 9.32
(0.09) (0.92) (0.55)
15 6.87 20.77 14.55
(0.15) (0.26) (0.49)
30 g8.45 21.86 19.69
(0.51) (0.28) (0.13)
45 10.90 ) 22.07 20.82
(0.51) (( 1 W (o. (0.24) (0.13)
60 11.74 g Pk _a*J ) 22.16 21.13
(0.08) ™ ' ‘ (0.18) (0.61)
120 12.55 &4 22.54 21.32
(0.42) «i(t. e (0.18) (0.49)
180 25.72 2.38 21.51

(0.

“Aud et ¢

(hr~ 1)’Q Wfiaqﬂﬁm HE;T’J ?aﬂ’]a gg) 0'42)

8 Coevaporate d The mean of six determinations

b Physical mixture € Stantdard error

€ Pure drug

f Dissolution rate contstant
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Table 15 In Vitro Dissolution of Naproxen from 1:1
NPX-PVP K-90 Coevaporate, Physical Mixture and
Prue Drug at pH 7.5.

Percent Naproxen Dissolved

AT Tl e

C Pure drug f pissolution rate constant
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Table 16 In Vitro Dissolution of Naproxen from 1:1 NPX-PVP K-30
Coevaporate, Physical Mixture and Pure Drug at pHs 1.5
and 4.5
Percent Naproxen Dissolved
Time
pH 4.5
( min )
18 2 3
5 5.0ed 10.44 3.05
(0.14)¢ (0.086) (0.13)
10 7.92 15.80 9.32
(0.05) (0.09) (0.55)
15 9.46 16.49 14.55
(0.10) (0.11) (0.49)
30 11.52 22.02 19.69
(0.09) (0.03) (0.13)
45 12.34 22.15 20.82
(0.07) (0.03) (0.13)
60 12.68 22.30 21.13
(0.06) (0.02) (0.61)
120 12.71 22.54 21.32
(G.07) (0.02) (0.49)
180 12.76 18.02 9.53 26.03 22.54 21.51
“HUTTNYIE N TH = o
4
— & o - -
<, AMOTHUMIRIGY,
(hr ) q(’.44 .43 (D.13) (0. .44) (0.42)

& Coevaporate

b Physical mixture

C Pure drug

€ Stantdard error

£ Dissolution rate contstant

d The mean of six determinations



7= NPX DISSOLVED

Ly

4 o

H ¢

90
80 —
70
60

50-1

40

Coevaporate

30 + Physical mixture

O Pure NPX
20 —

10

Figure 207 = Sen from 1:1 NPX-PVP
=

AULINENINYINT
ARIAATAUNN TN



L5

Table 17 In Vitro Dissolution of Naproxen from 1:1
NPX-PYP K-30 Coevasporate, Physical Mixture
and Prue Drug at pH 7.5.

Percent Naproxen Dissolved

Time
( min )
30
5 44.03
(0.69)
10 72.68
(0.58)
15 79.82
(1.14)
30 89.53
(0.89)
40 91.68
(0.92)
60 92.74
(0.84)
£ [} |
Rd”, 63.68 17.96 6.67
(hr™) {260) @/ (1.22) (0.87)

AU I NYRI N
AHIAAN 0l NIRRT

C Pure drug f Dissolution rate constant
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presented in Tables 18 - 23.

The results revealed that in all carrier systems
the coevaporates gave statistically significant higher
dissolution than the corresponding physical mixtures and

pure NPX (p < 0.05) except in PEG 6000 and PEG 20000

distically significant of

‘//iﬂrates and the physical

-—-:-Il

systems that there uas
dissolution rate

mixture ( p

NPX-PEG (NC1) showed

statistically si eiment NPX dissolved at

each time ince ¢ ks A\ N mixture (NP1) in

dissolution me and during the first

30 minutes at pH figures 6 - 8 )

‘Although tk _f!'ﬁ_}',",g atistically significant

k

difference oNMe —_——— ———<he coevaporate and

)
b

the correspoﬂll. —> at all pHs of

[l iF |

dissoclution medﬁ?m in PEG BDOO and 20000 systems (p >0.10),

but the ﬁ%ﬂ@%ﬁ%ﬂ'ﬁqﬁﬂﬁevaporates (NC2

or NC3) w re 51gn1flcaqfly hlgher than the correspondlng

Phﬁ’%%?ﬂ‘&ﬁ‘iﬂﬁd%ﬁ’ﬂ REAREE = o5

(p < 80.10 ). (Figures 9 -14 )

In NPX-PVP K-80 system (Figures 15 - 17 ), at pHs
1.5 and 4.5, the physical mixture (NP4) exhibited
higher dissolution than the coevaporate (NC4) during the
first 30 minutes, but after that, NC4 then wmarkedly

greater dissolved than NP4. However, at pH 7.5 NC4
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Table 18 The Statistical Comparisons of Percent NPX Dissolved at
Various Times and Dissoltion Rate Constants ( Kd ) from

Various NPX Dispersion Systems and Pure NPX ( NC1-NC5,

NP1-NPS5, NO) at pH 1.5 Using one - way ANOVA.

Time Source of Variation d.r8 SSb MsC Fd
(min) |
9.76 151.61
5 0.06
4.68 61.86
15 0.08
Treatme 3.38 96.54
30 Error 0.04
Total
Treatment . 6.61 455.16
60 Error 0.79 0.01
Tota;l e . 8
\Z i
Treatm=-t O | 7.60 510.65
120 Error M ollh 0.01
Total 85 76.83
‘o _
f\l?llﬁiliﬂ[]ﬂ[lI?hl:ﬂlTJ P | :
Jilla
Tibatment 0.36 0.04 10.61
3

<K£*ﬂWﬁ%ﬁﬂ‘imuﬁ’l’Jﬁ§J’l

€F
0.05 (10, 55)

fg
0.10 (10, 55)

a Degree of freedom
b Sum of square error

€ Mean square error

2.01

1.72

d Variance ratio

e,f F obtained from the table
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Table 19 The Statistical Comparisons of Percent NPX Dissolved at
Various Times and Dissoltion Rate Constants ( Kd ) from
Various NPX Dispersion Systems and Pure NPX ( NC1-NCS5,
NP1-NP5, NO) at pH 4.5 Using one - way ANOVA.
Time  Source of Variation d.fre ssP MSC Fd
(min)
Treatmert 86 55.88 52.73
5 .29 1.06
.15
.82 44 .98 181.84
15 61 0.25
.43
%3.18 13.92 135.20
30 s ).B6 0.10
Total Y | . 1-4 ’-“-‘ 7 .84
F iz s
Treatment ‘ 59 11.76 53.71
60 Error L WA T .04 0.22
To‘_ N
Vi :
Trea == - . /4 10.37 22.72
120 Erroll - 11 '0.46
Total 65 123.85
o o/ _
—— RN NENS
Jilla
W reatment 0.25 0.02 7.21

or

EqmiansniNInthat”

1

€F
0.05 (10, 55)

fr -
0.10 (10, 55) ~

a Degree of freedom
b Sum of square error

C Mean square error

2.01

1.72

d Variance ratio

e,f £ obtained from the table
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‘Table 20 The Statistical Comparisons of Percent NPX Dissolved at
Various Times and Dissoltion Rate Constants ( Kd ) from

Various NPX Dispersion Systems and Pure NPX ( NC1-RC3,

NP1-NP5, NO) at pH 7.5 Using one - way ANOVA.

Time  Source of Variation d.fr ssP MSC rd
(min) J
1575.10 76.70
5 20.54
| 165.98 12.29
15 13.50
41.69 24.89
30 1.67
Treatment s 189. 18.98 29.08
60 Error "525_;ﬁ ﬁ_ .92 0.65
Totg ™ i 53
Y]
1]
0 58.43

= ﬁeﬁmhmw‘?wé?ﬁ%ﬁ

amaﬂmmﬁmiwma" ¢

0.10 (10, 35) ~

4 Degree of freedom d yariance ratio

b Sum of square error e,f F obtained from the table

C Mean square error



Table 21

50

The Statistical Comparisons of Percent NPX Dissolved at
Various Times and Disscltion Rate Constants( Kd ) from
Various NPX Dispersion Systems and Pure NPX ( NC1-NCS5,
NP1-NP5, NO) at pH 1.5 Using T-test.

NC4 NCS NC4 NC5 NC4 NC5 NC4 NC5 NC4 NC5 NC4 NCS

NC3 ++ ++ + ++ + ++ ++ ++ ++ ++ - 4+
NC4 ++ ++ ++ ++ - ++
+ = Significant difference (p < 0.10)
++ = Significant difference (p < 0.05)

Not Significant difference (p > 0.10)



Table 22 The Statistical Comparisons of Percent NPX Dissolved at
Various Times and Dissoltion Rate Constants ( Rd ) from
Various NPX Dispersion Systems and Pure NPX ( NC1-NC5,
NP1-NP5, NO) at pH 4.5 Using T-test.

Comparative Percent NPX Dissolved at time (min)

_________________________ - - _—— K
> (e
Prep. NP1 R\ | NC1 NP1 NC1 NP1 NC1
NO ++ - +~=+ = =
NP1 ++ +
NP2 NC2 NPZ NC2
NO  ++ ++ + +
NP2 + -
NP3 NC3 NP3 NC3
NO + + + +
NP3 ++ -
NP4 NP4 NC4 NP4 NC4
NO ++ ++ + -
NP4 ++ -
NP5 25 NC5 NP5 NC5
NO ++ +=+ +H=+ o+
NP5 ++

NCl ++ ++ ++ ++ ++ ++ - +
NC2 + ++ ++ ++ =+ + ++ ++ ++ - ++

NC4 NC5 NC4 NC5 NC4 NC5 NC4 NC5 NC4 NCS NC4 NC5

NC3 ++ ++ ++ ++ ++ +H o+ + ++ - ++
NC4 ++ ++ ++ ++ - +

+ = Significant difference (p < 0.10)
++ = Significant difference (p < 0.035)
- = Not Significant difference (p > 0.10)

51
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Table 23 The Statistical Comparisons of Percent NPX Dissolved at
Various Times and Dissolution Rate Contants ( Kd ) from
Various NPX Dispersion Systems and Pure NPX ( NC1-NC5,
NP1-NP5, NO) at pH 7.5 Using T-test.

ﬁﬂmwﬁmﬁfﬁﬂ’iﬁ o
NC1 ‘ ++ ++
NC2 -
’31 wa mmwnmawmam No4_ KCs
NCl ++ -
NC2 - 4+ ++ - + ++ +H -+
NC4 NCS5. NC4 NC5 NC4 NC5 NC4 NCS NC4 NC5

NC3 + 4+ + + + ++ ++  ++ ++ ++
NC4 ++ - ++ ++ ++

+ Significant difference (p < 0.10)

+ =

Significant difference (p < 0.05)
Not Significant difference (p > 0.10)
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showed statistically significant faster dissolution rate

than NP4 ( p < 0.058 ).

Initially, there was no statistically significant
difference of dissolution between NPX-PVP K-30 coevaporate

(NCS) and the physical mixture (NP5) at pHs 1.5 and 4.5

(p > 0.10 ) but 5NN ‘# gqutes NC5 gave markedly

‘//ilso yield significant

‘ Moreover, at pH 7.3,

higher dissolutic™
faster dissolutic
NCS exhibited ‘g4 rate which gave 100%
NPX dissolved 5 NPS and NO gave 84

and 73%, resp

By coevaporates, the

dissolution proZli raporates with various

!
s
types of carrier wefﬂ=;ggié ed in Figures 21 - 23 and
g?,‘,

the 'statistiwa digsolution parameters
for each coevyi ‘.-"“ also presented in
Tables 21 - 23L) NC5 procecedrine quillkest dissolution rate

dissolve he maxlmum

fiim IR TS, e vemn
ﬁ%"ﬁmnfnfmﬁumw e

systen, NC1 gave statistically significant higher
dissolution than NCZ and NC3 ( p < 0.05 ). Finally, NC4
showed slower dissolution rate than the others in the
initial parl of dissolution profile, followed by
subsequent faster dissolution rate in the latter part of

the dissolution profile.
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Due to the above dissolution results the PYP K-30
system was chosen for further studies by means of
decreasing amount of the carrier for the preparation of
coevaporates in order to find the coevaporate which

produces the greatest dissolution while using the less

three newly NPX-PVP K-30

’/}varying the ratio of
;‘=:0.25. The codes used

amount of carrier
coevaporates were.!
drug:carrier to o 188D,

for these prepar=:

Code
NCB \KK—BO Coevaporate
%
NC7 r-30 Coevaporate
NC8 P"K-30 Coevaporate
Figures 24 _ es 24 - 26 presented the
dissolution‘{;f————————————————“** 2>/ th various ratios

X

of drug:carr: !r - M ratio of physical

W
mixture and pure NPX

dlssolutﬂnwﬂf}ﬁrtll%§W%}"ﬁ%atlon at all pH

of dlssolallon mediums 351ng one - way ANOV and T -test

R 6 19 8 WW’JV]EJ’]& d

The results showed that the average percent

¥
The statlstlcal comparisons of the

dissolved of NPX decreased with decreasing amount of the
carrier. NCH gave Lhe highest dissolution rate and extent
followed by NC6, NC7 and NC8, respectively, at pH 7.5.
Unless there were no statistically significant difference

of dissolution rates between NC5 and NCB at pHs 1.5 and



X NPX DISSOLVED

7 NPX DISSOLVED

o
Y N 7 v
L ¥4 A&

A * — -—X
" A
& & A

-~ ._“!
hd v v v

——— } +
T L 3
o _B_______E__————-ﬂ
L=

él :0.50 Coevaporate

v1:1 Coevaporate
¥1:0.75 Coevaporate
w) . 25 Coevaporate
- 2 2 "Physical mixture

L SNPX

T
140

) T T T
160 180

en from NPX-PVP K-30
.10S of Drug:Carrier

28
26 -
24 -
22
20 -

r.

18

16 —

14-

12

q
3

/ F ‘a
AU INYY
INANNITUNR AT TR

5:51__;______;;______:47
;ﬂ Vi
v I

o

ANYN0A.....

ary -n
XY

0 -
L

5 Coeﬂlﬂorate

¢ 1:0.25 Coevaporate

+1:1 Physical mixture

7,
E. O Pure NPX
1 i T i RN 1} 1 3 T 1 T 11 ] 1] 1] ] 1] 1 []
o] 20 40 &0 0 100 120 140 160 180
TIME(min)
Figure 25 Dissolution Profiles of Naproxen from NPX-PVP K-30

Coevaporates with various ratios of Drug:Carrier

at pH 4.3

57



Table 24 In Vitro Dissolution of Naproxen from NPX-PVP K-30
Coevaporates with Various Ratios of Drug:Carrier

st pH 1.5

Percent Naproxen Dissoclved

Time

( min ) Ratios of Drug:Carrier
v ' 1:0.50 1:0.25
5 6.05
(0.10)
10 8.11
(0.08)
15 8.86
(0.12)
30 9.89
(0.10)
45 10.58
(0.14)
60 10.58
(0.08)
120 11.87
(0.05)
180 12.*J . 11.55
(0.05 (0.05 0.04 (0.07)

Yo ) (0.04)

— AR

8 The mean of six determinations

b Standard error

C Dissolution rate constant
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Table 25 In Vitro Dissolution of Naproxen from NPX-PVP K-30
Coevaporates with Various Ratios of Drug : Carrier
at pH 4.5

Percent Naproxen Dissolved

Time
( min ) Ratios of Drug:Carrier
1:1 ; 1:0.50 1:0.25
5 13.522 : d‘gi" 14.11 13.33
: —0. _/_-ﬂ,,(o.zcx) (0.20)
10 ' 19.08
(0.16)
15 20.84
(0.11)
30 22.83
(0.14)
45 23.36
(0.17)
60 24.18
(0.17)
120 24 .45
; (0.20)
180 26.]1 24.46
(0.2%) (0.086) (0.21)
e - _
. ARHIN NI
chl q 4. | .1 3. 2.91
(hr™) (0.77) @.25) a (0.08) g4 (0.12)
AR IRHANTINETRE

& The mean of six determinations
b Standard error

C Dissolution rate constant
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Table 26 In Vitro Dissolution of Naproxen from NPX-PVP K-30
Coevaporates with Various Ratios of Drug : Carrier

at pH 7.5

Percent Naproxen Dissolved

Time

( min ) Rat'os of Drug: Carrler
1:0.25
5 a7. 56.15
(0. (0.96)
10 100. 95.32
(0. (0.28)
15 99, 96.93
(0. (0.31)
30 a7. 95.74
(0. (0.36)
40 86. 95.40
(0. (0.49)
60 96. 94 .44
(0. (0.22)
Ed4° 1 63. 6t J D OY 30.40
(hr™ ) (7.50)‘ (0.92)

F-

7. 0.
(OB)U (0.86)

& The meaalof six determinations

&mmnmummmaﬂ

c Dl solution rate constant
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Table 27 The Statistical Comparisons of Percent NPX Dissolved at
Various Times and Dissoltion Rate Constants ( Ed ) from
NPX-PVP K-30 Coevaporates with Various Ratios of Drug:
Carrier, 1:1 Physical Mixture and Pure NPX ( NC5-NC8,

NP5, NO ) at pH 1.5 Using

one - way ANOVA.

Time Source of Variation .£2 SSb MsC Fd
(min) . “
16.90 173.98
5 0.09
7.67 85.40
15 0.05
6.71 142.15
30 0.04
Treatment 10.81 425.31
60 Error 0.02
Tot .l
V.
Treatn] It Tk 10.56 536.07
120 Error = -9 0.02
Total ¢a | 33, 53.41
mmmﬂ‘ rdi
f“eatment 0.22 23.16

S| RTRINTUNAINBA Y,

®Fy.05 (5,30 )

f g -
0.10 ( 5,30 ) ~

2 Degree of freedom
b Sum of square error

€ Mean square error

2.593
2.05

d Variance ratio

e;f F obtained from the table
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Table 28 The Statistical Comparisons of Percent NPX Dissolved at
Various Times and Dissoltion Rate Constants ( Kd ) from
NPX-PVP K-30 Coevaporates with Various Ratios of Drug:
Carrier, 1:1 Physical Mixture and Pure NPX ( NC5-NC8,
NP5, NO ) at pH 4.5 Using one - way ANOVA.
Time  Source of Variation d.f2 ssP MsC Fd
(min) !
125.26 212.81
5 0.58
53.36 157.04
15 0.34
18.65 119.97
30 0.16
Treatment 15.54 41.11
80 Error 0.37
To 1)
V.
TreatT In 16.44 33.26
120 Error-. 0.49
Total ¢ 35 g97.03
- s
‘Leatment 0.18 11.77
_1 03
chr QW ?Nnifuu 'TJ IR ¢
®Fy.05 ( 5,30 ) = 2-53
f _
Fo.10 ¢ 5,30 ) = 2.0
a Degree of freedom d Variance ratio
P Sum of square error e;f ¥ obtained from the table

€ Mean square error



Table 29 The Statistical Comparisons of Percent NPX Dissolved st
Various Times and Dissoltion Rate Contants ( Kd ) from
NPX-PVP K-30 Coevaporates with Various Ratios of Drug:
Carrier, 1:1 Physical Mixture and Pure NPX ( NC5-NC8,
NP5, NO ) at pH 7.5 Using one - way ANOVA.

6k

Time  Source of Variation d.f2 ssP MSC Fd
(min) |
Treatmert .00 2925.40 89.66
5 .80 32.63
.80
.74 264.23  15.39
15 .03 17.17
.19
.19 59.04 23.52
30 .29 2.51
.48
: !’:‘"I
Treatment .72 20.34 38.15
60 Error el .99 0.53
Tql iz 7 .72
V.
TreelJent 07 54.15  269.45
Kd 1 Error 30 6.08 0.21
(hr~ 1y Total ¢ & a5 279.14

—AUEInens e’
Jllld

® Fp.05 (45,30 ) ~

2 53

QWW RINFUHRNAINANY

a Degree of freedom
b Sum of square error

C Mean square error

d Variance ratio

e,f F obtained from the table
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Table 30 The Statistical Comparisons of Percent NPX Dissolved at

NC6
NC7

B. at pH 4.5

Various Times and Dissoltion Rate Constants ( Kd ) from
NPX-PVP K-30 Coevaporates with Various Ratios of Drug :
Carrier, and Pure NPX ( NC5-NC8, NO ) Using T-test

5
NO NCS
++
4+
++
NC7 NC8
+H o+

iﬁ ¥ "%aiﬁﬁﬂ'ﬁ“?i —
i) HARY e
++

++ ++ ++ + 4 - - - ++ 4+
NC7 NC8 NC7 NC8 NC7 NC8 NC7 NC8 NC7 NC8
++ ++ ++ - 4+ - ++ 4+ ++ o+
++ ++ ++ - ++

Significant difference (p < 0.10)
Significant difference (p < 0.05)
Not Significant difference (p > 0.10)

+
+
tH 1 n
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4.5 (p > 0.10 ) but NC5 showed higher percent NPX
dissolved than NCB after 30 minutes of dissolution

profiles.

From the above results NPX-PVP K-30 coevaporate in

the ratio of 1:1 (NC5) was seleced to use for further

studies.
1 ro \btd Studies
NPX in artificial
pPlasma fluid #Fd 4 o ' 2sented 1in Figures
27 -28 and Tat v f  “._ AN N tative increasing of

NPX in phase T :Hﬁluid) absorbed from

the test prepar rtificial gastric or

intestinal fluids, w

Table 33. The abfﬂﬁyfggﬁ RX from NCS5 through the

t®@ in Figures 28 - 31 and

artificial migee A S significant faster

-

y:' "
oy Y ’ i
ml i

4.5, espe01a11y after 60 mlnutes, hence, NCS exhibited

oe: o HENBNTIHANG o 10 o

0.05 . wever, there were no statlstlcally significant

o AR T HATI R v

1ntes inal fluid pH 7.5 ( p >0.10 ).

than from N rluids pHs 1.5 and

The correlation between the apparent absorption
and dissolution rate constants of NPX from the test
preparations were shown in Figure 32. From the statitical
test found that there were no significant correlation

between the two parameters (p > 0.10 ).
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Table 31 Typical Standard Curve Data for Naproxen
Concentrations in Atrificial P1 Fluid pH 7.5
Estimated Using Linear Regression

Standard Conec. Absorbance Inversely estimated? ZTheory3

No. (mcg/ml) 5N Conc. (;mcg/ml)
1 20.14 .22 100.40
2 30.. .71 98.35
3 .78 101.25
4 28 89.85
5 .34 89.87
6 99.88
7 100.860
8 89.74
9 100.05
10 100.04
11 g9.81
Hean 99.89

o

ﬂUEJ’J‘VIﬂVIiWH’Iﬁ‘% o

Qm‘ﬂi‘fﬂ‘imuﬁﬂﬂﬂmﬂ

2. §QInversely estimated concentration = Absorbance - O.
0.0069
3. XTheory = Inversely estimated concentration x 100

known concentration

4, C.V. = S.D. x 100
Mean



N

ABSORBANCE (331 nm)

100 120

£
¢

-
!

Fig i' —.or Naproxen concentration
. Artfllicial Plasma Fluid pH 8.0
estimated using linea™"regression
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Table 32 Typical Standard Curve Data for Naproxen
Concentrations in Artificial PlasTa Fluid pH 8.0
Estimated Using Linear Regression

Standard Conc. Absorbance Inversely estimated2 ZTheory3

No. (meg/ml) at, 331 nm Conc. (mcg/ml)

1 20.24 98.41
2 30.73 100.64
3 40.93 100.54
4 51.13 100.47
5 61.48 100.66
8 £69.84 88.02
7 81.46 100.03
8 101.86 100.08
g 112.35 100.34

22,12  99.98

0 Ma‘im*smwﬁﬂ gt Es™

ATheory = Inversely estimated concentration x 100
knovn concentration

4. C.V. = s.D. x 100
Mean



CONC. OF NPX ‘©®SORBED (mg/100 ml)

CONC. OF NPX ABSORBED (mg/100 mi )

-
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Figure 29 1In Vi

ing of Mean NPX
wrbed from 1:1
'PX in Artificial

. ‘.
A TNYINS.....
ARGIATUUMINYR

TIME(mIn )

Figure 30 'In Vitro Representative Increasing of Mean NPX

Concentration ( in Phase II ) Absorbed from }:}
NPX-PVP K-30 Coevaporate and Pure NPX in Artificial
Gastric Fluid pH 4.5
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Table 33 In Vitro Absorption Data of Naproxen from 1:1 NPX-PVP K-30
Coevaporate and Pure NPX in Artificial Gastro-intestinal
Fluids pHs 1.5, 4.5 and 7.5
Concentration of Naproxen Absorbed in Phase II (mg/100ml)
Time '
pH 1.5 pH 4.5 pH 7.5
(min ) .
12 2° 1 2 1 2
5 - 3. 52°d 2.88
(0.37) (0.37)
10 - o 6.52 5.29
(0.869) (0.07)
15 - 10.37 9.54
(0.18) (0.03)
30 1.04 ' & ‘. M1.88 . 14.43  13.71
(0. ok \ 0.09) (0.23) (0.10)
45 1.58 AT W Y327 - -
(0.08 VRS A (0.07)
60 217 W wae 4.63 - -
(0.03) . — S01) (0.21)
80 =, 56 - -
9 1
100 s M 6.88 - -
(0.1 J (0.uz) \u.UB) 110.04)

ﬂ%'mam'mmﬂ@

@W’lé*@ﬂﬁﬁmﬂﬁﬁﬂﬂ%ﬁﬂ?g 5, =5

1 2. 10%* 2.00 2.17 ' 2.78 2.69

(hr ) (0.02) (0.01) (0.01) (0.02) (0.04) (0.03)
& Coev b i
aporate Pure drug

C The mean of two determinations d Standard error

€ Starting concentration £ In vitro sbsorption rate constant

ok Slgnlflcant higher than pure NPX's (p < 0.10 )
Significant hlgher than pure NPX's ( p < 0.05)
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5
" 47
S
& 3 -
& —
Q
B
é.
z 2
;
.
0 4 T
o 60
Samples ‘ == ' '1
P TR )
Pure drug T — L 2.00

11

Coevaporate aéﬂpH 1.5 . 2.10
: €5 QL. 21 | 2.26

F NIWPI1NT >"

Correlati coefficient 0.73
- Q/

"R TNINIUNURIINE 18 E
t-vdlllue 2.08
p-value | NS* (p > 0.10)

* Not significant

Figure 32 Correlation between In Vitro Absorption Rate Constant (Ki)
and Dissolution Rate Constant (Kd) of Naproxen
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1.3. Physical Characteristic Studies
1.3.1. X-ray Diffraction Studies

X-ray diffraction patterns of pure NPX,
PYP K-30, their 1:1 physical mixture (NPS5) and their

coevaporates with various ratia of drug:carrier (NC5-NC7)

were demonstrated Pure NPX showed

diffraction peaks presence of
crystallinity. On, 30 exhibited no
diffraction peak :phous form. The
similar patterns coevaporates and
physical mixtur e due to the
combination of th _1'.‘"; v: However, minor
changes in the in | ‘;§ M ction peaks were

seen as compared amg

The appearance of difide it f the

; Of each preparation.

drug 1in the
coevaporates inc';. — ;V drug dispersed
V. AY |

in amorphous form] If

fl uﬁWﬁVﬁWﬁ’fﬁ? B

Only NGH whlch gave fastest
dlssomqma\aﬂewumwmwm
showed the thermograms of pure NPX, PVP K-30 ,NP5 and NCS.
The thermograms of pure drug and PVP K-30 had the
characteristic melting endotherm at about>155° C and 73°C,
respectively. The thermogram of NC5 showed a couple
endotherm due to the drug and carrier that similar to the

NP5. However, there were small shift of endotherm peaks



ST

L

YU ¢ a v
FRININ TR YN IVTEIRE
q CA -3
( B ) Pure NPX
( C) 1:1 Physical Mixture
(D) 1:0.25 Coevaporate
( E) 1:0.30 Coevaporate

(F ) 1:0.75 Coevaporate

(G ) 1:1 Coevaporate
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ﬂummrmw N7
q W'W mmmwwm Eﬂ 8 B v

( B ) PYP K-30
( C ) Physical Hixture

{ D ) Coevaporate
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because of the eutectic properties of the drug and the
carrier. From this DTA result indicated that NPX 1is

probably present in the crystalline form in PVP matrix.

II. THIAMPHENICOL ( THI )

The and physical mixtures of

thia.mphenico1 ,"ar'ou—éf carriers were prepared
in the san n  77 . 9™ naproxen studies. The
coevaporates “Hxand PEGs carriers were
nonsticky e easy to manipulate to
powder foifl. ) ;,»i' O\ \ i coevaporates obtained
from PVP , ransparent and glassy

masses that “rized.

The pergyr'ﬁﬂ£ ent of THI and THI in each

preparat .= ":_j.78 % ( Table 34 )
Y 2

j!Z.l. EEREE U 1ss0 ;:ion Studies
AUEANENINENT o
pH , 4.5 and 7. 5 Wwere presented in Flgures 35 -37 and

Wﬂaﬁﬂ TREURVINE TRE woemrerice

pAwders were shown in Figure 38 and Table 38. Dissolution
of the drug was slightly higher at pH 1.5 than pHs 4.5

and 7.5, respectively.
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Table 34 Percentage Contents of THI and THI in Coevaporates and
Physical Mixtures

Percent THI Content
Preparations

1 2 3 Average + S.D.

Pure THI \ ' 100,09 100.19 100.14 + 0.05

Coeveporates :

1:1 THI-PEG 4 100.75  100.73  0.12
1:1 THI-PEG F g 100.01  99.89 £ 0.03
1:1 THI-PEG . \ 99.98  100.05 + 0.19
1:1 THI-PVP . 100.58  100.52 + 0.05
1:1 THI-PVP ¥ '\ Nos8  100.18  100.06 + 0.10
1:0.75 THI-VE S P d@cns 100.56  100.76 # 0.17
1:0.50 THI-pvP | flag AMEEE 100.36  100.62 + 0.23
1:0.25 THI-PVP K—B T 99.85 100.11  99.95 % 0.14

Physical Miy il
1:1 -.V_‘ 99.96  100.25 + 0.29
1:1 THI-PEGI000 100.35 100.&  100.38  100.41 + 0.08
gﬁ ,i 9.31  99.58 + 0.11
Hﬁ V]Hﬂ wﬁjgﬂfo 40  100.35 + 0.18
THL-BYP nSBa%% M 08 /2% 51 100.12 + 0.15
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Tsble 35 Typical Standard Curve Data for Thiamphenicol
Concentrations at pH 1.5 Estimated Using Linear
Regression

Standard Conc. = Absorbance Inversely es_timated2 %'I'htéerya
No.  (mecg/ml) ; 56 nm Conc.(mcg/ml)

/ 40.87 100.56
2 81.40 100.15
3 121.83 93.56
4 41.62 ' 89.56
5 W 182.15 89.60
6 203.77 100.28
7 244.68 100.35
8 284.086 89.85
Mean 100.05
S.D. 0.35

c.vA 0.35 ¥

1. r2=

H‘TTEY'??‘IWW T

Z‘I'heory = Inverfely estimaiad concentraMién x 100

QW'W AN AATIFTTRY
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Table 36 - Typical Standard Curve Data for Thiamphenieol
Concentrations at pH 4.5 Estimated Using Linear
Regression

Standard Conc. Absorbance Inversely estimatedz %’I‘-hedry3

No._ (meg/ml) B31 nm Conc. (mcg/ml)

é | 40.06 98.68

- 81.79 101.03

s 120.79 89.47
141.47 89.85
162.14 100.13
182.03 98.83
203.09 100.34
242.87 100.00
283.04 99.88
Mean 98.95
: S.D. 0.56
il . c.v.4 0.56-
¢ -~ '
- AUINANINGNN
: \
2. Qverse y estimated concentration = ?bsorbance + 00,0007
7 "1 . o/ 0.0028
{1 . x 100
q knovmn concentration
4. C.V. = S.Db. x 100
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Table 37 Typical Standard Curve Data for Thiamphenicol
Concentrat}ons at pH 7.5 Estimated Using Linear
Redression

Standaxd Conc. Absorbance Inversely O£t::'unated2 Z‘I‘heorys
No. (mcg/ml) ¢t , 266 nm Conc. (ncg/ml)

1 , / 40.73 88.85
é 4 "4 83.15 100.91
3 123.21 89.68
4 144.03 88.88
5 M, 165.24 100.26
6 185.27 83.93

7 206.08 100.04
8 247.33 100.05
9 288.18 89.92
| Mean 99.95
- S.D. 0.53
[ Il cv? 0.53
R

- FugTInanInaIn

2. ' v estimaﬂed concentration = E?sorbance - 0.0083

qu?r'a’aﬂ (919822 N6 &, 0.0025

4. CV. = S.D. x 100
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Table 38 In Vitro Dissolution of Thiamphenicol from 250 mg
Thiamphenicol Powders at pHs 1.5, 4.5 and 7.5

Percent Thiamphenicol Dissolved

Time
( min ) pH 1.5 pH 4.5 pH 7.5
5 23 2.25 23.46
§_ (0.45) (0.61)
10 é 2. 10 31.45
w— . 70) (0.65)
15 37.39
(0.81)
30 53.14
(1.34)
45 64.36
(1.91)
60 70.75
(2.04)
120 88.03
(1.59)
180 94.81
(0.71)

< IUEJ’m@VITW Ek)]?ﬁﬁ o1
awmmﬁgueumwma d

b Standard error

~~

C Dissolution rate constant



88

The codes used for the preparation prepared were

as follows

Code Preparation / THI
TC1 1:1 THI-PEG 4000 Coevaporate
TC2 4. THI-PEG 6000 Coevaporate

TC3
TC4 K-90 Coevaporate
TCS K-30 Coevaporate
TP1 4000 Physical mixture
TP2 ; 6000 Physical mixture
. 20000 Physical mixture
TP4 K-980 Physical mixture
K-30 Physical mixture

TO

;‘ g - 48 demonstrated

the disso.ﬂt chTl coevaporates and the

¥

physical mlftures in eac type of carrier used including

pure ﬂgusg%qrgwﬁgw%ﬂﬂgcompmsons ot the

dlSSOl on parameﬁ;rs hese prep ations in all

ammmwwmwmw R

W re presented in Tables 49 - 54.

The results of each carrier system showed that
TP3, TP4 and TPS5 gave statistically significant slower
dissolution rate than TO ( p < 0.05 ) whereas TP1 and TP2
showed no statistically significant higher dissolution

rate than TO ( p > 0.10 ). However, all the coevaporates
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Figure 40 Dissolution Profiles of Thiamphenicol from 1:1

THI-PEG 4000 System at pH 4.5
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Table 38 In Vitro Dissolution of Thiamphenicol from 1:1 THI-PEG 4000
Coevaporate, Physical Mixture and Pure Drug at pHs 1.5 and
4.5
Percent Thiamphenicol Dissolved
Time
pH 1.5 pH 4.5
( min )
1 2 3
5 55. .60 - 22.41 23.25
(3. .97) (0.51) (0.45)
10 62. .62 30.58 32.10
4. .63) (1.44) (0.70)
15 70. .89 40.85 38.05
(4. .63) (2.55) (0.83)
30 82. .37 58.42 55.68
(4. .07) (1.67) (1.16)
45 88. .91 68.67 67.88
(3. .41) (1.83) (1.88)
60 93.49 .90 75.21 75.10
(2 2.43) (2.75) (1.06)
120 g97. .49 87.28 80.04
(0. 0.39) (1.65) (0.63)
180 a7. 19 ¢ 100 25 7.5 97 52 g92.11 94.92
ﬁ"ﬁ’ﬂ’a‘ﬁﬂw ﬁmﬂ”’f’
AR R sz, oz
3) - (0 05) (0.17)

a Coevaporate
b Physical mixture

€ Pure drug

€ Stantdard error

£ Dissolution rate contstant

d The mean of six determinations
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Table 40 In Vitro Dissolution of Thiamphenicol from 1:1
THI-PEG 4000 Coevaporate, Physical Mixture and

Prue Drug at pH 7.5.

92

Percent Thiamphenicol Dissolved

30

23.46

(0.51)

31.45

(0.65)

15 37.39

(0.81)

30 53.14

(1.34)

45 64.36

(1.91)

60 70.75

(2.04)

120 88.03

(1.59)

180 ¢ - 92.36 94.30 94.81

_Ju ‘ | v
- ¢ o LY L 23
AIANNIABINRNINRENNY &5
q '

‘8 Coevaporate d The mean of six determihations

P Physical mixture € Standard error

€ Pure drug _ f Dissolution rate constant
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Figure 43 Dissolution Profiles of Thiamphenicol from 1:1

THI-PEG 6000 System at pH 4.3.
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Table 41 In Vitro Dissolution of Thiamphenicol from 1:1 THI-PEG 86000
Coevaporate, Physical Mixture and Pure Drug at pHs 1.5 and
4.5
Percent Thiamphenicol Dissolved
Time
pH 1.5 pH 4.5

( min ) i

18 1 2 3
5 46664 .30 22.46 23.25
(2.83)¢ .34) (0.43) (0.45)
10 54.85 .58 30.54 32.10
(2.869) .75) (0.71) (0.70)
15 61.18 .23 37.49 39.05
(2.57; .862) (0.88) (0.83)
30 75.34 .28 54.92 55.68
(1.71) (2.36) (1.18) (1.16)
45 84.78 85.47 67.67 67.88
(1.47) (2.26) (1.33) (1.88)
60 90. 92.43 76.03 75.10
(0.92% il 4 56) (1.26) (1.086)
120 94, 5840 53 89.86 90.04
(0. ” 0 15) (0.91) (0.83)
180 . g5. 08 94.27 94.92
ﬁ ﬁﬂ 3“ﬂ8EﬂVI WEH R
o m@ﬁﬂmummgjaa PR
- (0.55) (0 17)

& Coevaporste
b Physical mixture

€ Pure drug

€ Stantdard error

£ Dissolution rate contstant

d The mean of six determinations
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Table 42 In Vitro Dissolution of Thiamphenicol from 1:1
THI-PEG 6000 Coevaporate, Physical Mixture and
Prue Drug at pH 7.5.

Percent Thiamphenicol Dissolved

Time
30
23.48
1.62) (0.61)
. 31.45
2.88) . (0.85)
) 37.39
90) (0.81)
AW 53.14
% (1.20) (1.34)
61.70 84.36
(1.85) (1.91)
69.52 70.75
L)) (2.04)
'[f. 88.03
7 08) (1.59)
180 Ca 92.36 o 94,30 - 94.81

AutdvEmswery o
ARIANTAUMINEINY oD

8 Coevaporate d The mean of six determinations
b Physieal mixtire € Standard error

€ Pure drug £ Dissolution rate constant
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Table 43 In Vitro Dissolution of Thiamphenicol from 1:1 THI-PEG 20000
Coevaporate, Physical Mixture and Pure Drug at pHs 1.5 and
4.5
Percent Thiamphenicol Dissolved
Time
pH 1.5 pH 4.5
( min ) :
18 1 3
5 36. .05 17.00 23.25
(3. .03) (0.90) (0.45)
10 43. .90 24.28 32.10
(2. .32) (1.17) (0.70)
15 51. .26 33.21 38.05
(2. .80) (1.32) (0.83)
30 68. .24 51.68 55.68
(3. .48) (2.28) (1.18)
45 79. .88 65.60 67.88
(2. .83) (2.41) (1.88)
60 86. .64 76.13 75.10
(2.7% : . 15) (2.57) (1.06)
120 93. e i .78 92.58 80.04
(0.83-1 ‘ w .29) (2.29) (0.83)
180 22 ¢ 100.25 g7.59 97.12 100.03 94.92
ﬁfﬂﬂ‘”ﬁi«ﬂ%’ﬁmﬂ‘i
1Ef*
qmww NRNDNYAN e s
13) **(0.08) (Q.17)

a_Coevaporate

b Physical mixture

€ Pure drug

£ Dissolution rate contstant

€ Stantdard error

d The mean of six determinations
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Table 44 In Vitro Dissolution of Thiamphenicol from 1:1
THI-PEG 20000 Coevaporate, Physical Mixture and
Prue Drug at pH 7.5.

Percent Thiamphenicol Dissolved

Time
( min )
30
S 23.46
(0.61)
10 31.45
(0.65)
15 37.39
(0.81)
30 53.14
(1.34)
45 64.36
(1.81)
60 70.75
(2.04)
120 88.03
(1.59)

180 ‘o 97.67 94.81 94.81

Ausimmanatms o
AMININTBAMINEAY o

8 Coevaporate d The mean of six determinations
b Physical mixture } € Standard error

C Pure drug £ Dissolution rate constant



7 THI DISSOLVED

e -
7ETHI DISSOLVED

2

&£
AN

101

S0 —

80

70

60

50

40 — Keys : © Coevaporate
+ Physical mixture

30 — .
O Pure THI

20 —

10 —

O — 5 & ’ WL S S S S B S
120 140 160 180

of Thiamphenicol from 1:1
t pH 1.5.

B¢
|

75)

{1y lIWTJ [[1-815)] @'Z‘I‘Zﬁim

30
OPure THI
20
10
I B m e e I I T e S ey e IR B S
o 20 40 €0 80 100 120 140 160 180
TIME (min)

Figure 4g Dlssolutlon Profiles of Thlamphenlcol from 1: 1
THI-PVP K-90 System at pH 4.5



102

" Table 45 In Vitro Dissolution of Thiamphenicol from 1:1 THI-PVP K-80
Coevaporate, Physical Mixture and Pure Drug at pHs 1.5 and
4.5
Percent Thiamphenicol Dissolved
Time
pH 1.5 pH 4.5
( min ) \ '
18 1 2 3

5 64. 369 .93 24.13 23.25
(3.12)% (1.62) (1.03) (0.45)

10 78. .92 33.02 32.10
(2. 73 (1.41) (0.70)

15 81. .08 39.40 38.05
(2. .59) (1.75) (0.83)

30 85.21 .48 53.97 55.68
(2.09) .19) (2.11) (1.18)

45 88.43 90.92 64 .59 67.88
(1.862) (0.73) (1.98) (1.88)

60 90. .55 72.26 75.10
(1.} 189) (1.77) (1.06)

120 94. .94 89.36 90.04
(0. 0.24) (1.41) (0.83)

180 49 ¢ 99.12 95.11  95.51 94.92
ﬁﬂ)ﬁwﬁﬁm Wtﬂﬂ‘? e

-

mgﬁﬂggyummaa TP

(0.16) (0.32)  (0.04) (0.17)

8 Coevaporate
b Physical mixture

C Pure drug

€ Stantdard error

£ Dissolution rate contstant

d The mean of six determinations
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Table 46 In Vitro Dissolution of Thiamphenicol from 1:1
THI-PVP K-90 Coevaporate, Physical Mixture and
Prue Drug at pH 7.5.

Percent Thiamphenicol Dissolved

30

23.46
(0.61)

31.45
(0.65)

37.39
(0.81)

33.14
(1.34)

64.36
(1.81)

70.75
(2.04)

88.03
(1.59)

180 ¢ - 94.15 84.43 84.81

RFANTAUMINGINY ¢

a Coevaporate d The mean of six determinations
P physical mixture € Standard error

€ Pure drug f pissolution rate constant
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Table 47 In Vitro Dissolution of Thiamphenicol from 1:1 THI-PVP K-30
Coevaporate, Physical Mixture and Pure Drug at pHs 1.5 and
4.5 .
Percent Thiamphenicol Dissolved
Time
pH 4.5
( min )
12 2° 3¢
5 93. .15 26.58 23.25
(2. .98) (0.50) (0.45)
10 97. .65 34.95 32.10
(0. .31) (0.40) (0.70)
15 98. J5.43 41.45 39.05
(0. .05) (1.01) (0.83)
30 a7. | 6ol AR . .68 56.76 55.68
(0.26 rrede “(0.36) (1.22) (1.186)
45 86. 7 96.36 66.89 67.88
(0.28) ' ( e (0.13) (1.27) (1.88)
60 g6. 51,,_ . 85.86 73.59 75.10
(0.7% i 2. 15) (1.48) (1.06)
120 95. 47 ') 21 89.59 90.04
(0.4b 1 (O 18) (1.30) (0.63)
180 ¢ 99. 57 97.59 93 63 97.01 94.92
ﬁf "ﬁa Bndfenfty
W'E@ﬂﬂ@’éﬂ NV}%’J ﬂ&!'%ﬁ 18 L
1'8) 0.08) (0.17)

a Coevaporate
b Physical mixture

€ Pure drug

€ Stantdard error

£ Dissolution rate contstant

d The mean of six determinations
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Table 48 1In Vitro Dissolution of Thiamphenicol from 1:1
THI-PVP K-30 Coevsporate, Physical Mixture and
Prue Drug at pH 7.5.

Percent Thiamphenicol Dissclved

Time
30

23.46
.37) (0.61)
_ 31.45
.34) (0.65)
NO . 37.39
W 44) (0.81)
k. 53.14
.24) (1.34)
45 .14 64.36
.28) (1.91)
60 .28 70.75
51) (2.04)
120 & ' 88.03
T Tl 91) (1.59)

180 93.87

'Y 84.83 7 84.81

‘a

IR TRAMINEINY 4B

8 Coevaporate d The mean of six determinations
b Physical mixture € Standard error

C Pure drug f Dissolution rate constant
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Table 49 The Statistical Comparisons of Percent THI Dissolved at
Various Times and Dissoltion Rate Constants ( Rd ) from
Various THI Dispersion Systems and Pure THI ( TC1-TC5,
TP1-TPS5, TO ) at pH 1.5 Using one - way ANOVA.

Time  Source of Variation d.f2 ssP MSC Fd
(min)

Treatment i '/}335.90 3133.59 113.07

5 Error - — 2423 27.71
Total ——) 10

Treatm®®T 4 f \ . - 2302.87 81.99

15 Error 28.08
Total *
Treatmen 10568.31 32.29
30 Error 32.76
Total
Treatment 291.92 12.30
60 Error 23.73
Total
Trea>3ﬂ7 . 33.22 3.70
120 Error '1 an’ 8.96

Total

‘ ~ QN W ~
| J IE”|;WE“!|§
ygatmen 1 32.38 3.23 10.63

e _
¥g.05 ( 10,55 ) = 2.01
f —
Fg.10 ¢ 10,55 ) = 1.72
a Degree of freedom d Variation ratio
b Sum of square error e,f F obtained from the table

C Mesn square -error



The Statistical Comparisons of Percent THI Dissolved at
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Table S0
Various Times and Dissoltion Rate Constants ( Kd ) from
Various THI Dispersion Systems and Pure THI ( TC1-TCS,
TP1-TP5, TO ) at pH 4.5 Using one - way ANOVA.

Time Source of Variation £a SSb MsC Fd

(min)
5
15
30
Treatment
B0 Erro
Tote 4
Yy
Treatn| it
120 Error ™

Total ¢ &,

Tretment

(hr-l)qmmnmummmé’ &

! T WEINT

3359.24 175.99

19.08
2713.73 90.55
29.76
1572.54 41.01
38.34
6658.01 665.80 34.88
049, 9 19.08
"_.!
Y
12¢i91 129.99 16.62
435921 7.82
1730.12
49.03 4.87 18.10

eF —
0.05 ( 10,55 )

£ p _
0.10 ( 10,55 )

& Degree of freedom
b Sum of square error

€ Mean square error

2.01

1.72

d Variation ratio

e,f F obtained from the table



Table 51 The Statistical Comparisons of Percent THI Dissolved at
Various Times and Dissoltion Rate Constants ( Kd ) from

Various THI Dispersion Systems and Pure THI ( TC1-TCS,

TP1-TP5, TO ) at pH 7.5 Using one — way ANOVA.

Time Source of Variation d.r8 5P MsC Fd
(min) ]
3428.73 234 .40
5 14.62
3092.71 142.45
15 21.71
1864.27 86.81
30 21.48
Treatment e = 7274 .91 727.49 239.82
60 Error e e 4] .66 24.39
Toted N [
S 7 Y}
Treat1i1t 19901132 118.893 5.48
120 Erro 85 120517 21.87
Total ¢ o & 2402 .49
r=w.Y. ~
L LI
reatment 34.66 3.46 456.34

ot RN TUUEITHENN

e -
Fo.05 ( 10,55 ) = 2:01

f -
Fo.10 ( 10,55 ) = 1.72
& Degree of freedom d yariation ratio
b sum of square error e,f ¥ obtained from the table

C Mean square error



Table 52 The Statistical Comparisons. of Percent THI Dissolved at
Various times and Dissoltion Rate Constants ( Kd ) from
Various THI Dispersion Systems and Pure THI ( TC1-TC5,
TP1-TP5, TO ) at pH 1.5 Using T-test.

Comparative Percent THI Dissolved at time (min)

TO -
TP1
TP2 TC2
TO -
TP2.
TP3 TC3
TO -
TP3
TP4
TO ++
TP4
TP5
TO ++
TP5
TC2 TC3 TC2 €T3 TC2 TC3 gJC2 TC3 TC2 TC3 TC2 TC3
_____________ r_\ -
i ﬂﬁm‘ﬂﬁmﬁ‘ 4} 4l Pra—
TC2 -
&mmrﬁmﬁmw grae ™
TC1 S+ -+
TC2 ' ++ ++ + - - - - +
TC4 TCS TC4 TCS TC4 TC5 TC4 TCS TC4 TCS TC4 TC5
TC3 =+ o+ -+ - - - +
TC4 ++ ++ ++ + - +

Significant difference (p < 0.10)
Significant difference (p < 0.05)
Not Significant difference (p > 0.10)

+
+
" nn
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Table 53 The Statistical Comparisons of Percent THI Dissolved at
Various Times and Dissoltion Rate Constants ( Rd ) from
Various THI Dispersion Systems and Pure THI ( TC1-TCS,
TP1-TPS, TO ) at pH 4.5 Using T-test.

—————————————————————————————————————————————————— Kd1
120 (hr™ )

TC1 TPT TC1 TP1 TCt

- ++ -+

++ ++

P2 TC2 TPZ2 TC2

- ++ -+

++ ++

TP3 TC3 TP3 TC3

- ++ -+t

+ s

TP4 TC4 TP4 TC4

- ++ - +

++ -+

‘rPS TCS TP5 TCS

TO + ++ T( 477 + ++ -+

TPS i ++

in mwmmmwﬂa &%J To4 705
- ++
TCZ +H  ++ ++ ++ ++ - - - ++ +  ++
TC4 TC5 TC4 TC5 TC4 TC5 TC4 TC5 TC4 TC5 TC4 TCS
TC3 +HH o+ + - -+ -+
TC4 ++ ++ ++ ++ ++ ++

+ = Significant difference (p < 0.10)

+ = Significant difference (p < 0.05)

- = Not Significant difference (p > 0.10)
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Table 54 The Statistical Comparisons of Percent THI Dissolved at
Various Times and Dissoltion Rate Constants ( Kd ) from
Various THI Dispersion Systems and Pure THI ( TC1-TCS5,
TP1-TP5, TO ) at pH 7 5 Using T-test.
Comparative Percent THI Dissolved at time (min)
__________________________________________________ Kd
5 (hr 1 )
Prep. TP1 TC1 TP1 TC1 TC1 TP1 TC1 TP1 TC1
TO - ++ ++ - ++
TP1 ++ ++ ++
TP2 TC2 TP2 TC2 TP2 TC2
TO + ++ ++ - 4+
TP2 ++ + ++
TTP3 TC3 TP " TC3 TP3 TC3
T0 - ++ =T
TP3 o+ + | ++
TP4 TC4 TP4 TPulss il Nk TC4 P4 TC4
TO +H o+ ++ -+
TP4 ++ ++ b
TP5 TC5 1 TC5 TPS TC5
TO  ++ ++ - —
TPS - T+
TC2 TC3 ﬁ fﬁﬁ: % 3 TCZ TC3 TCc2 TC3
o d) Eﬁﬂ ’m‘i —
TC2 -
@ m&m mwmmm ros_Tcs
™1 ++
TC2 +H o+ ++ + - - - - -
TC4 TC5 TC4 TCS5 TC4 TC5 TC4 TC5 TC4 TC5 TC4 TCS
TC3 +H =+ - + - - ++
TC4 ++ ++ ++ + - ++

Significant difference (p < 0.10)
Significant difference (p < 0.05)
Not Significant difference (p > 0.10)

+
+
oo
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(TC1, TC2, TC3, TC4 and TC5 ) gave statistically
significant higher dissolution rates and extents than the
corresponding physical mixtures and pure drug alone.
Within 10 minutes all the coevaporates exhibited more than
50 ¥ THI dissolved except TC3 that gave 43.76 and 43.80 X

THI dissolved at pHs 1. and 4.5, respectively. The

percentage THI d:ils\ # 4 .T0 were 36.15, 32.10 and
31.45 % Within s v__..éis 1.5, 4.5 and 7.5,
. o —

respectively.

Compa > 4 | S ! Sahorates with various

types of cer M “ation profiles were

illustrated The statistical

comparisons parameters of each

preparation usi; n1lso presented in Tables

¢ AN
Eﬂ"_ A
dissolution/ W ; Ay, TC2 and finally

- -

52 - 54. The resu -hat TC5 gave the fastest

TC3. The Vﬁ: -“ Lhieved during the

first 10 mlrﬂues and atter 60 m1nuc's from TC5 and from

o By g
Qmaﬂrﬂ‘avﬁu@.km:mma Brectea for

further studies like . the previous NPX studies.
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The THI-PVP K-30 coevaporates were newly prepared
with various ratios of drug:carrier i.e. 1:0.75, 1:0.50

and 1:0.25. The codes used for these preparations were as

follows

Code Preparation

TCB g HI-PVP K-30 Coevaporate

TC7 y :oél—PVP K-30 Coevaporate

TC8 - P, VP K-30 Coevaporate

\\}:“x
TCF W\ :?\\ characteristic as that

obtained “Morepared. The products
obtained x&»nsticky white powders.

Figu Ples 55 - 57 showed the

dissolution proi  -FVP K-30 coevaporates with

various xati C5+TC8) compared to the
1:1 physl¥ ,:‘J THI (TO) in all
dissolutiofﬂnedi S — LlStl |1 comparisons for the

dissolution Famameters of@ithese preparations using one-way

oo U TBHTRELIAT, o
wn AUTTE HNVIREAGE oo

fgnificant higher dissolution rates and extens than TC7
and TC8 (p < 0.05 ) 1in all pH of dissolution
mediums. There were no statistically significal difference
of dissolution between TC5 and TC6 ( p > 0.10 ) at pHs 1.5
and 4.5. However, TC6 gave statistically significant

higher dissolution rates than TC5 at pH 7.5. ( p < 0.10 )
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Table 55 In Vitro Dissolution of Thiamphenicol from THI-PVP
K-30 Coevaporates with Various Ratios of
Drug : Carrier at pH 1.5

Percent Thiamphenicol Dissolved

Time
( min ) os of Drug:Carrier
1:0.50 1:0.25
-5 57.74 47.58
(3.33) (4.05)
10 75.74 65.85
(3.09) (5.37)
15 84.87 76.62
(2.87) (5.77)
30 g7.33 88.34
(0.21) (4.27)
45 g7.21 g2.91
(0.17) (2.84)
60 96.71 95.27
.15) (1.27)
120 .03 95.61
£ 0.103) (0.31)
180 'J 3.83 g6.17 .72 97.12
(93‘5) (0.}8) (0.22) (0.15)
10
9.2 B6.56

7 [ (1.51)

& The mean of six determinations

b Standard error

C Dissolution rate constant
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Table 56 In Vitro Dissolution of Thiamphenicol from THI-PVP
K-30 Coevaporates with Various Ratios of
Drug : Carrier at pH 4.5

Percent Thiamphenicol Dissolved

Time

{ min ) Ratios of Drug:Carrier
1:1 1:0.75 1:0.50 1:0.25
5 52.82 42.99
(1.98) (5.82)
10 68.24 59.60
(2.82) (6.24)
15 77.07 69.68
(3.41) (5.92)
30 80.71 82.88
(2.861) (4.36)
45 97.37 88.85
(0.83) (2.93)
60 g5 MG -':-r-f" 7 g7.65 92.39
(0. 15) .07 (1.62)

-P'} -":'-‘-'I s.‘ .
120 i .09 g5.61
10 (0.3
180 .98 94 .26
(U.1l9) .09) (0.32)
A o
: \

Kd ‘ ' 5.¥4 308 5.50
(hr™ ‘! (5.22) ¢ (4. 52) (0. 9%&, (1.90)

QWW

8 The mean of six determinations
b Standard error

C Dissolution rate constant
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Table 57 In Vitro Dissolution of Thiamphenicol from THI—PVP‘
K~30 Coevaporates with Variocus Ratios of
Drug : Carrier at pH 7.5

Percent Thiamphenicol Dissolved

Time
( min ) Ratios of Drug:Carrier
" 1:0.50 1:0.25
5 A G 55 57 48.88
, o (2.29) (2.88)
10 77/ | AN 73.98 63.46
' & (3.94) (2.90)
15 ‘ _ b N 83.92 74.18
77/ _ (4.31) (3.40)
30 A . (= L 97,10 88.52
' NN 0.74) (2.92)
45 ‘ e 97.71 94.23
g e % (0.10) (1.92)
F e ;
60 95.92 ZEEE 97.33 96.23
(0. 137007 s (0.14) (0.88)
120 —————— Js.15  96.52
\7 XJo.12) (0.22)
180 s 87 gy 96.65 95.61
9-12) (0.85) (0.15) (0.17)
= (W)

RIS W

5.32
(0.09)

& The mean of six determinations

b Standard error

C Dissolution rate constant
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Table 58 The Statistical Comparisons of Percent THI Dissolved at
Various Times and Dissoltion Rate Constants ( K& ) from
THI-PVP K-30 Coevaporates with Various Ratios of Drug:
Carrier, 1:1 Physical Mixture and Pure THI ( TCS-TCS,
TPS, TO ) at pH 1.5 Using one - way ANOVA.

Time Source of Variation d.r2 SSb MSC Ed
(min)

.70 6148.73 131.27

S .79 46.49
.50
.30 3775.66 67.34
15 22,02 56.06
J.31
.70 1716.14 73.06
30 .64 23.48
.33
|
Treatment % .61 441 .52 689.44
60 Error LTI T 190.74 6.35
Torgl N 392 35
7 Y]
Trea— =12 11.42 5.90
120 Errc I ” ills.02 1.93
Total 35 115.14
: ‘o o/
\ pfﬁ'Fﬁ'ﬁr
ii ti Ej ;3 'I Ej pl 55 " EJ iild
Qrreatment 98.93 19.79 20.57

28.81 @/ 6.96

<hr*amﬁwﬂmmiwmw

®Fo.05 (5,30 )~ 253

f _
Fo.10 ¢ 5,30 ) = 2.05
a Degree of freedom d Yariation ratio
b Sum of square error e,f F obtained from the table

¢ Mean square error
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Table 59 The Statistical Comparisons of Percent THI Dissolved at
' Various Times and Dissoltion Rate Constants ( Kd ) from
THI-PVP K-30 Coevaporates with Various Ratios of Drug:
Carrier, 1:1 Physical Mixture and Pure THI ( TCS5-TC8,

TPS, TG ) at pH 4.5 Using one - way ANOVA. -

Time Source of Variation d.f2 5P MsC Fd
(min) |

Treatmen .10 6265.02 192.32

5 .26 32.57
.40
.10 4541.02  102.65
15 .15 44 .24
.30
.00 2821.81  133.88
30 .22 21.10
.30
4 J‘
Treatment E;E;QEEEQ v .72 1031.3¢  219.23
60 Error LA .12 4.70
Tosgl ./ 2 84
y_.
Tremdion =13 .14 179.863 92.17
120 Errdl 8. 46 1.94
Total 35 .61
‘o o/ '
WwiJ d J d
Treatment 102.9 0.80 23.98

~R]9 AN slNEAINEsay o

®Fy.o5 (5,30 )= 2.53

£ _
Fg.10 ( 5,30 ) = 2.0

a Degree of freedom d Variation ratio
b Sum of sguare error e,f F obtained from the table

€ Mean square error
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Table 60 The Statistical Comparisons of Percent THI Dissolved at
Various Times and Dissoltion Rate Constants ( Kd ) from
THI-PVP K-30 Coevaporates with Various Ratios of Drug:
Carrier, 1:1 Physical Mixture and Pure THI ( TCS5-TCS,
TPS, TO ) at pH 7.5 Using one - way ANOVA,

Time  Source of Variation - ssP MSC Fd

(min)
5793.93  337.74
5 15.34
4561.14  146.45
15 31.14
.00 2880.21  230.34
30 Error 513 12.50
Total . 6.20
Treatment 7 5355.58 1071.12  162.90
60 Errox N 07 25 6.57
Totek :,———:
7 Y]
Treatriit " salll72 106.14 3.58
120 Error 30 889.73 29.65

AutiInaningdits
s AR INNEIBENaEE T

e —
Fy.o5 ( 5,30 ) = 2-93

£ _
Fo.10 ( 5,30 ) = 2.05

@ Degree of freedom d yariation ratio
b sum of square error €I F obtained from the table

C Mean square error
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Table B1 The Statistical Comparisons of Percent THI Dissolved at
Various Times and Dissoltion Rate Constants ( Kd ) from
THI-PVP R-30 Coevaporates with Various Ratios of Drug:
Carrier, and Pure THI ( TCS5-TC8, TO ) Using T -test.

Prep. TO TCS TO TC5 TO TC5 TO TC5 TO TCS
2 W'I:ﬁﬂtﬂ muma mn aﬂ Lo
TC7 o+

Tcs 9 4+
TC7 TC8 TC7 TC8 TC7 TC8 TC7 TC8 TC7 TC8 TC7 TC8
TC6B ++ ++ +  ++ - + o+ -+ ++ +H ++
TC7 + - + - - -
+ = Significant difference (p <0.10)
++ = Significant difference (p < 0.05)

Not Significant difference (p > 0.10)
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2.2. In Vitro Absorption Studies

Typical Standard curves of THI in artificial
plasma fluids pHs 7.5 and 9.0 were shown in Figures 60 -
61 and Tables 62 - 63, respectively. TC6 was studied

compared to TO. The presentative increasing of THI in

phase II (artifi ‘#.uids) absorbed from the test

preparations (L-d_'*"al gastric or intestinal

fluids) wer® L-u2Ts 62 - 64 and Table ©64.

S

The absorpci- S, through the artificial

membranes 10, hence the apparent
absorption C6 was statistically
significantd A%, TS pH of artificial

gastro-intes

The .f';; e e between the apparent

absorptice~ S :_.ants of THI from the
‘V. I" d
test prep i "=.cd in Figure 65. The

result sho%ed that there were

~ BUHIRENINYINT >
ARANTUNNIINGAY

séatistically significant
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0.3
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0.2 —

0.1
o —T T T ]
240 280
$3o- = to¢ Thimmphsanicol

, ’ =. abjll-bance in Artificial Plasma
i Fluid pH 7.5 estima®™". using linear regression

AULINENINYINT
ARIAATAUNN TN
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Table .62 Typical Standard Curve Data for Thiamphenicol
Concentrations in Artificial Plas?a Fluid pH 7.5
Estimated Using Linear Regression

x 100

Standard  Conc. Absorbance Inversely estimated? XTheory®
No. (meg/ml) at -288 nm Conc. (mcg/ml)
1 39.53 100.23
2 77.67 88.47
3 118.17 99.88
4 W, 138.62 100.42
5 \ 157.50 99.83
6 W79.12 100.93
7 197.61 100.21
8 236.54 99.96
3 275.07 99.64
99.95
.D. 0.87
c.v.4 0.67 %
1. 2= Ej : o |
- BN e o
, . . 0.0025
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0.8

0.7 .

0.6 -

0.5
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Table 63 Typical Standard Curve Data for Thiamphenicol
Concentrations in Artificial PlasTa Fluid pH 8.0
Estimated Using Linear Regression

132

Standard Conc. Absorbance Inversely estimated2 Z'I'heory:3
266 nm Conc.(mcg/ml) -

No. (mcg/ml)

1 “gi" . 39.15 97.09
2 79.62 98.74
3 e 124.43 102.87
4 142.11 100.70
5 \ 160.58 99.57
6 180.62 99.55
7 201.45 99.93
8 241.14 99.68
9 282.41 © 100.06
1 — Hean 99.80
S.D. 1.53

c.v.2 1.53 %

ARIMA

;S

0.0025

D Esorbance - 0.0074
L7
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Concentration ( in Phase II ) Absorbed from 1:0.75
THI-PVP K-30 Coevaporate and Pure THI in Artificial
Gastric Fluid pH 4.5
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Keys : + Coevaporate

O Pure THI

CONC.OF THI ABSORBED (mg/100 ml)

140 180 180 200

_— senta ' re Increasing of Mean THI
Concentratlon ( in ase 'II ) Absorbed from 1:0.75
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ﬂummﬁﬁ“_wmﬂ‘s
ammnimum'mmaa
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In Vitro Absorption Data of Thiamphenicol from 1:0.75 THI-
PVP K-30 Coevaporate and Pure THI in Artificial Gastro-

intestinal Fluids pHs 1.5, 4.5 and 7.5

Concentration of Thiamphenicol Absorbed in Phase II (mg/100ml)

Time
pH 1.5 pH 4.5 pH 7.5
(min )
18 20 1 2 2
30 1.75¢ 1.59 1.15
(0.20)4 (0.04)  (0.17)
45 2.44 2.38 1.70
(0.08) (0.10)  (0.13)
60 3.17 - 3.39 2.53
(0.04) (0.03)  (0.42)
80 4.33% 4.28% 3.38
(0.09) (0.05)  (0.05)
100 5.56" 5.40% 4.22
(0.12) (0.01)  (0.02)
120 6.86% 6.84™  5.27
(0.23) (0.05)  (0.05)
180 10.48™* g.92%%  8.55
(0.16) ke (0.05)  (0.05)
ci,®  241.09 Al 55 —a0 .l 250.04 248.43
(mg%) (0.69) (1 84) (0.69)  (1.53) 1.63)  (1.58)
mawmfwmm
(hr™) (0. 0 00) (0.01)

e U4 ﬁﬁﬂ‘imﬁ’mﬂgﬂmﬂﬂ

C The me

of two determlnatlons

€ Starting concentration

£ In vitro

Standard

* Significant higher than pure THI's (p < 0.10 )

** Significant higher than pure THI's ( p < 0.05)

error

absorption rate constant
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p-value (p <0.05)
-

Figure 65 Correlation between In Vitro Absorption Rate Constant (Ki)
and Dissolution Rate Constant (Kd) of Thiamphenicol
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2.3. Physical Characteristic Studies
2.3.1. X-ray Diffraction Studies

X-ray diffraction patterns of pure THI,

PYP  K-30, their mixture (TP5) ‘and their

~al
coevaporates Wit{;m ;f?‘b of drug:carrier (TC5-TC8)
were present. — gu.-g Pure THI showed the
diffraction joge / ‘ \:TEEVC crystalline forms. On
the contrary.. N s \ 20 diffraction peaks that
proved to hav< : ,‘jf \ \%he‘marked differance in
the x-ray Qaif fﬁl ’ \ 'M-. he physical mixture

and coevapof 24 s"sere observed. TPS had

the pattern cén : g i action peaks of the drug.

|/
S . .
The diffraction 1:5332& TC5 and TCS showed
LA T

disappearamge oV~ 3, yaks that demonstrated .

the compliZf ¥} in  these systems.

il the of il

However, and TC8, some of

Pavveoeino

diffrac ere re®dined whij1 demonstrated some

761 114 (T
qmmnmum@wqe@u s

The thermograms of pure THI, PVP K-
30, their physical mixture (TP5) and coevaporate (TC6)
were shown in Figure 67. The thermogram of pure drug gave
the characteristic melting endotherm at about 188°C. The
thermogram of PVP K-30 showed a melting endotherm at about

73 °C. The thermograms of TPS5 illustrated endotherms of
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’QW'Wﬁ\iﬂ‘imﬁ‘iﬂWﬂEﬂﬂﬂ

( C) 1:1 Physical Mixture
(D) 1:0.25 Coevaporate
( E) 1:0.50 Coevaporate
(D) 1:0.75 Coevaporate

(D) 1:1 Coevaporate
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both THI and PVP K-30. In the thermogram of TCS,
endothermic peak of the drug disappeared. From this DTA
result,it was reconfirmed that thiamphenicol is present in

the amorphous form in PVP matrix.

}rd

AULINENINYINT
ARIAATAUNN TN
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CHAPTER IV

DISCUSSION AND CONCLUSION

The dissoluticn rates of naproxen and

thiamphenicol powdexy

their hydrophob S8 AL ’/)ence of - aggregation and

agglomeration. tiva 'ﬁnaproxen was greater in

:Jow. This may be a result of

dissolution pHs 4.5 and 1.5,

respectively. \K\\ 1t was obtained for

“1

thiamphenicol N N ed because of the

difference ofy n.\-rtles of the drugs.

Naproxen is a ¥ ) (8) but thiamphenicol

is a weak basq lts with acids such as

hydrochloric or glﬁ;" 7). Most of the acidic drug

is ionized )i i fmy at the higher pH

value. On‘ﬁ‘ 'S‘the basic drug is

dissolution medium a= the lower pH value.

ﬁhﬂﬂ’mﬂ%@ﬁ?ﬂ%ﬂﬂ@mm ot both

drugs we e prepared wigh varlo types of lymerlc water-

W HANE mamammoa& PYP £-30 and

K- 90 The observation obtained 1n the present studies

ionized in t=

demonstrated that all coevaporates with phese polymers -
increased the disseldtion of both naproxen and
thiamphenliceol., Bul in Lhc‘cases of the physical mixtures,
the increasing of dissolution was seen oﬁly far naproxeé.

The 1:1 physical mixtures of naproxen and each
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types of polymer systems showed increasing of dissolution
rate as cempared with the pure drug. This is likely due
to the abilities of the water-soluble polymers to enhance
the wettability (1,3,8) of hydrophobic naproxen particles.
Since it 1is frequently difficult to disperse finely

divided drug powders.- liquid because of entrapped or

adsorbed air " _contaminants (1,3). The
polymers are = - s& — 8Queous medium. Upon

exposure of agueous medium, the

polymers omplete wetting of the
drug occured ,r:'f W 8% 1in this manner the
effective sdrf g« e \ aﬁxer; thereby increase the
dissolution #

On the, o We physical mixtures of

thiamphenicol and-g%ﬂﬂgsi s showed no enhancement in

the diSSOfi J>/ompared to the pure

drug. The P o from these systems,

especially 1n PEG 20000

retardﬂ WH ’Jnﬂ Wﬁtwyﬂq ‘ndjthe assumption of

bulk eflect due the presence e polymers 1in

Q) NFAURRDNY TR e = -

UJLUH conltroled, Lherefore the increasing of viscosity

and PVP K-90 systems, were

due to the polymers incorpolated would reduce the
diffusion rate of the drug in diffusion layer and also

reduce the dissolution rate (1,9).

By comparing between the coevaporate and the

corresponding physical mixture in each type of carrier
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system. The similar results were obtained for both
naproxen and thiamphenicol that the coevaporats exhibited
faster dissolution than the corresponding physical
mixtures as well as the pure control drugs. This could be
explained on the basis that the two component systems are
probably more intimately assppiated with one other than
l “—‘3e51des, both drug and
éand as the solvent

rurated system is

they are in physical mis
carrier, initially,h_-

is stripped from
formed (8). Final®y _g : § i‘f' : ®:.ion loses enough
solvent so tha#® ile_tion of solute
occurs. Such rar Ve Il (8 , j\'unonly known to

's and herein seem

system (3,8).

Furthermore, among the coevaporates

with various tyfk the same ratio 1:1

, . 87 Y] :
of drug:carrier == re=" ution behavior

i R | »
among these prepJLatlons were observed ™n

and thlampheﬁﬂ gﬁﬂm?wlﬁmﬂ:ﬂﬁmlcal nature

of polu'ers may p predom the

"“““@W‘iﬂﬂﬂ“ﬁﬂﬂ BTN TN

Polyethylene €lycols are crystalline, inert and

both naproxen

water-soluble polymer with two parallel helixes in a unit
cell (1,11). Their high solubilities in a wide range of
organic solvents favor solvent methods since highly
concentrated PEG solutions are viscous and retard

crystallization of drugs. During dissolution of the
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dispersions, PEG may also wet the dispersed drug and
promote dissolution rates (3). These compounds havé the
adantage for being spectroscopically transparant in the
visible and UV regions. Therefore, assays and dissolution
rate studies of drug - PEGs solid dispersions can be

directly and easily achieved without complications due to

an extraction proceduxns i}

Polyvinylwh; is also a high

molecular weight™go . vf“mn,Lts at tempe:atures
only in excess of L0700 -Ha_ =1tion, the drug-PVP
solid dispersion . by the solvent
method. PVP 5 1,. glf" \ .“riety of organic
solvents (1), arl *‘i 7 . 1 ting various drugs
which posses limfTt wrties. The theories
of dissolution ispersions have been
comprehensivel | #olution from ﬁhe

polymer proc ¥ Jting of polymer

iy
|

surface which I“st to SwemmmmmeTlL). W

Thﬁ uﬁ%%ﬁw?wmﬂﬁﬁ? systems are

more suitd¥le carriers %pr enhanclng the dlssolutlon of
- WRARARTRAMANYIRY = =
becaus the fastest and highest dissolution rate and
extent of the both drugs were obtained from PVP K-30
followed by PVP K-90, PEGs 4000, 6000, and 20000
coevaporates, respectively. These results also indicated
the influence of the polymers molecular weight on

dissolution of the drugs from their coevaporates. As can
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be seen, the dissolution rate of the drugs decreased as

the molecular weight of either PVP or PEG increased

Since there are many grades of PEG avilable,
several researchers have attempted to quantify the effect

of molecular weight on dissolution. The dissolution rates

of pure polymers, with “3' Fere inversely related to
the molecular wei;‘gh¥; x # the dissolution rate
decreased as increased. Similar
finding, the di_ g L AR ‘ dispersed in PEG
decreased as of the polymers
increased were g ° / "_ W "Slumethiazide (1),
indomethacin (1 4 | and tolbutamide

(15). Such effects ined on the basis of

the dissolution "tﬁﬁfzgﬂéi . G weight fraction

themselves and also tﬁg@f.»gﬁ voration of a drug 1into

the PEG may fei
e:?!- ;, 37 C, thereby

allowing meltlng

wht dispersion,
produce a

¥
of the dlsper51on Lo occur prior to

dlssolutloﬂ udﬂﬂrww$ﬁ E}g‘eﬂ.\? rate (1).

However, other drugs the reverse trend that
‘“S“Q‘W’Tﬂﬁﬂﬁfﬁ MEALL SL .
Bserved such as PEG dispersion includes those with

papaverine (16), sulphamethoxydiazine (17).

The effect of molecular weight of PVP on the
release of drug is more closely defined than for PEG.
Generally, as the molecular weight of PVP increase the

dissolution rate of drugs released from dispersion
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decrease. This may be explained on the basis that as the
molecular weight increasés, the viscosities of the polymer
solutions increase ( thereby retarding dissolution ) and
the solubilities of polymer decrease (1). Similarly the
process of swelling, before dissolution is foreshortened

as the molecular weight decrease (1). The dissolution

rates of many other P& 'Jdispersed drugs decrease

with increasing weig
(12), sulphadimid 7 .8)° _.Jhenlcol (18), and

furosemide (20)

An . coevaporatg with
4 - \_ ’
the best dissd#uf Lae (=) L™ less amount of

carrier. The 2ight fraction on

dissolution of n ,e®icol has also been

studled Results de-o féeéggii . tpnere was significantly
ﬂﬁ‘-; /

progessive 1incz percentage naproxen
dissolved cor‘ I_r"‘ weight —fraction

of PVP K-30 in 1|= CcoC om t"-ratio 1:0.25 to

iF |

1:1 of naproxend? K-30. @jis may be due to the fact

@umwmwmm

size during pre01p1tat10n€where1n pore drug cgp dissolved
in end) FNASNTUNAIINYAE Y icor, e
51m11ar results were obtained from 1:0.25 to 1:0.75 ratio
of thiamphenicol:PVP K-30. Furthermore, increasing the
ratio to 1:1 showed insignificant decreasing of
dissolution compared to the 1:0.75 ratio. This may be

attributed to the fact that for 1:0.75 ratio of
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thiamphenicol-PVP K-30 coevaporate,.thé amount of the
carrier used had nearly reached their maximum solubilizing
effect on the drug. Therefore, further increase in the
amount of carrier to 1:1 :atio, the carrier might impart
some viscosity around the drug particles. This effect

would reduce the i R ate of the drug in the

diffusion layer and hPﬂ% \ P dissolution rate (1).

In conclir= : - istems in this
ion of naprdxen
and thiampheniccdi 4  |~’ O RYNE-30 and  1:0.75
- \‘K- ective1y. Sin?e

they were the hc the hightest

The in Pudies using Sartorious
apsorption simy%d RhiaEe. itg? statistically

significant hig rﬁ‘iugs from the

coevaporates as pared LU Liuc pure. erW> However, only

g uﬁﬁnﬁmmm o
Qmﬁ*&ﬁxﬁﬂd u%’l@cﬁaﬂ’i &fﬂtors ot

dlssolut on and/or absorptlon he drugs from the
coevaporates, determination of physical characteristic of
these systems using x-ray diffractometry and differential
thermal analysis (DTA) were analyzedi

Figure 33 showed the powder .x-ray diffraction

patterns of naproxen-PYP K-30 dispersion systems.
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Serveral sharp diffraction peaks were similarly presented
in all pattern of the coevapolates with various ratio of
drug:carrier and the 1:1 physical mixture . These patterns
attributed to the presence of naproxen crystal dispersed
in the amorphous form of PVP matrix. This appearance,

especially in 1:1 ratio _of

~oevaporate, was supported

’/} endothermic peak of

== in Figure 34. The

by DTA that there &
naproxen in the tl.o
shift of endotherwmic .\ﬁs"c‘eutectic property
of this systenm. 'fication did not
contribute to i i ‘A\Hilution and also
absorption ratcs , coevaporate.
However, this ¢ sceveral assumptions

as follows

1. Since rapidzcbi/iZ/ ion of drug and carrier

k

during evaponss

yl..

v -l! y
W

surface area of drug partlcles might

e s U SRURTHE IR
came’ﬂ?m‘i SNTARTI RN e T

i
layer) 1mmed1ate1y surrounding the drug particles in the

J2-esult in  the

formalion of =1ce: the specific

i¥
increase and so  did

early stage of dissolution since the carrier completely

dissolves in a short time (1).

3. The absence of aggregation and agglomeration

between fine crystallinities of the pure hydrophobic drug
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may play a far more important role in increasing rates of

dissolution and absorption (3).

4. Excellent wettability and dispersibility of
the drug from the coevaporates with a water-soluble matrix,

result 1in an increased dissolution rate of the drug in

agueous media (3).

W

5. An 1in até dissolution and
absorption may alcs ‘ | crystallizes in a
metastable  forr, A metastable,
crystalline fofmv :,Iﬁ N\ \iyy which, in turn,

leads to a faster

On the oth iffraction patterns

of thiamphenicol-Ii -

presented in Figure -ﬂ%ﬂiﬁ?ﬁ erns demonstrated the

pefsion systens were

“*henicol in the
AY |

coevaporates wi;r = ‘U5 and 1:1 which

absence of df;

i¥

A

indicated that }hlamphenlco was presented in the

amorphous HHEJ"? y}{ﬁq@wgqtﬂfgm of 1:0.75

thlamphenchH—PVP K-30 s%stem The thermogra s showed 1in
Flgurewamadmumfadwm% R

the dr g 1in the coevaporate. The lack of he features
characteristic of the endotherm of two components,
indicates that an 1interaction occurs under these
conditions (21). In addition, the appearence of physical
characteristic of the coevaporates prepared were

transparant, brittle and glassy. Hence, the formation of
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glass solution or glass suspension may be obtained in the
coevaporate. A glass solution is metastable. It can only
produce weak and diffuse diffraction effects (1,3). 1In

this sense a glass is also amorphous to x-ray diffraction

(1).

lution and absorption rate

The enhancement‘ i
of thiamphenicol frg=S \ , ¥ +e may be explained by

e =——wz drug in amorphous

or metastable for: : ~ ‘oner energy than

the fact that
crystalline formr, dissolusion and
‘to the factors

absorption of

previously discuss

Results tudy indicated that a

proposed technWg “an be used as an
- - -

alternative ap‘yﬁ l“Jn and absorption

of the drugs I1at have tne dlffeﬂﬂnce a01d -~ base

:;::”::::ﬁmz TN (13X ie] 1130
Y 111 P Y i 111

allowing a short resident time in the gut (3).

However, further studies on the stabilities and
the feasibility of using in manufacturing process,
including in vivo evaluation of the coevaporates were

suggested. Reduction of the dosages may be advised to
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avoid the overdose toxicity.

Although, only two drugs were studied, it 1is
believed that this useful technique could be applied to

many other poorly water soluble drugs as well.

AULINENINYINT
ARIAATAUNN TN
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APPENDIX A
SOLID DISPERSIONS

The rate » “uining step 1in - the absorption

process fof drugﬁth lew solubility is generally
their dissolutwmmmes, i y-intestinal fluids (1,3).

Since drugs_ ‘ . it can be absorbed.
Enhancement generally increases
the rate *nd bioavailability of

such drugs

hbe used to improve the

dissolution 3¢ ly soluble drugs, these

s
include formatlon

g?r'jjﬁ rorphs, salts, hydrates or

solvates, ': jrption and particle
; V. ) d ) .
size reduc® .niques, particle size

reduction leains the most accephed method that can be

easilyﬂ!u ' ? fine particles
may notgplways pro uce t e expected aster dlssolutlon and

AR TIN IR

aggQregation and agglomeration of the fine particles due to
their increased surface energy and the subsequent
stronger van der Waal’'s attraction between weak polar
' molecules or their poor wetfability in water (3). These
problems require better technologies in prdCessing new

drug delivery systen.
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In 1961, Sekiguchi and Obi (25) were the first to
demonstrate the unique approach of solid dispersion to
reduce particle size and increase dissolution rates. They
prepared the eutectic mixture of sulfathiazole with the
physiclogically innert and easily soluble carrier, urea.

The solid dispersior.wyiitained by solidification of the

molten eutectic Jh \ :d increased dissolution of
sulfathiazole. ™ — D€ j é‘ZS) reported a detail

ssion of the advantage

aucectic mixture. This

In W kamura (27) reported a

new method dispersions ( solvent

method ) of B#F = JP. Chiou and Riegelman

(28) later advocanﬁaf_;gj ication of glass solution to

increased (o4 =J.-hen, pharmaceutical
applicatiofl i, = were extensively

studied and ;ev1ewed by a number OL investigators (1 3).

Therefﬁ”ﬂ?ﬁﬂxﬂﬁﬂrﬂqﬁ his technlque and

principd§k will be essent1a1 in the effectlve application

Wﬁ*&ﬂﬁfmﬂ%ﬂﬂﬂ’lﬂ d

Definition

The term "solid dispersion” was defined by Chiou
and Riegeman (3) and refers to "the dispersion of one or
more active ingredients in an inert carrier or matrix at

solid state , prepared by the melting, solvent or melting-
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solvent method”. The selection of the carrier has an
ultimate influence on the dissolution characteristic of

the dispersed drug. Therefore:

- a poorly water soluble drug combined with =a

water-soluble carrier results in a fast

drug combined with a
carrier leads to a

wease from the matrix.

also called under

various % OB d solutions (3,26),
i 1\
eutectics (26 (% or coevporates (289).
' B
Selection Lﬁ Carriers

. :,[ons to increase the

| L
)

dissolution % ‘u—1 meet the following

criterisa (3)

AULININTNENDS v o
qmaﬁﬁ%ﬂmﬁﬁ")’iﬁmaﬂ

- pharmacologically inert.
- non-toxic.

- for melting method, it should meet these
properties:

a melting point of not more than 200 C
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chemically, physically, and thermally

stable.
a relatively low vapor pressure, and

miscibility with drug in liquid state.

- for solvent method, it should be soluble in a

‘> solvents.

Some no@t ly used ones are listed

in Table 65

Table raf 4 4 4= ¢ Solid Dispersion.

Renex 650
Polyethy 2 Dextrose
Citric a '"'E. Sucrose
. Gaiactrose
Sorbitol
Pentaﬁfythrltyl tetraacetate Moltose
ﬂ%%%ﬂ%ﬁ (AL T
Hydroxyalkylxaq}hlns Xylltol
RIREATRNNIINY 1A B
Galactomannan ‘ Polyoxamer

Methyl cellulose : Cyclodextrin




162

Method of Preparation

Solid dispersions can be obtained by three main

procedures

a. Melting method ( fusion technique )

It consisfffg_ ' J-ing the physical mixture of

drug and water-¢ “;;; Y 1::::'% agitation, and then , by
cooling, crus - 7 'ﬂf’cation of the 1liquid
obtained. Thi “, . ’ 1Ished and calibrated
‘ ; Iin the molten carrier
if the meltirgfrd s AN ssrul (3).

%

\\rm,is its simplicity and
economy (3).i Frivre
decomposition und

73T T

drawback of possible
! oL the constituents during
melting at npigk
.. ]

b. = Fmvipitation or

oevporatlon technlque )

ﬂﬂJEJQll&ﬂ@%ﬂMﬁxm of drug and

rier was follow by

%l&'lﬁﬁﬂ‘ihmim'l’mﬂ’lﬁﬂd the solid

product which 1is usually called coprecipitate " or

coevaporate “ (1,3) .

This method dose not involve the risk of
decomposition of component products by heat because most

organic solvent require low temperature for their removal.
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However, a certain number of drawbacks subsists : the
choice of the éolvent, the difficulty in complete removing
solvent, the effect of solvent on the chemical stability
of a drug and finally , the high cost of the process

(1,3).

suitable 1i

is first dissolved in a
owwution 1is incorporated
r, and then the 1liquid

'_Ld dispersion (3).

\age of both melting and
solvent methe N\ ly to few drug-carrier
systems such as s iG 8000 and griseofuvin-
PEG 6000 (3).
é Dissolution Properties

¥

Chiouf and Riegelm@n (3) classified the following

six F'Jt‘u £hed ‘ﬂﬂﬂﬁ;ﬂ%ﬂﬂbﬁs interaction

FHS T Ingn s

3. Glass solutions and glass suspensions

4. Amorphous precipitates
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5. Compound or complex formation between the drug

and the carrier
6. Combination

1. Simple eutectic mixtures

Eutectics qa% | by'rapid solidification of
two melted comn “;;; v " complete miscibility 1in
the liquid sta* o so0lid-solid solubility
(1,3). Eute: 'efized by crystalline
components crystallize out
simultaneous, e size. The 1increase
of the specif ction of particle size

generally incr

poorly soluble [ u

. —"J.-' . ,_ '

?\ lution and absorption of

2. Solid 111

(7 i
‘A Sed IV = represented a solid

-si i
L ¥

solute d1ssolﬁ?d in a solid solvent Often it is called a

mixed ﬂﬂﬂ'}%ﬁeﬂnfﬁewg’lﬂﬁnents crytallize

togethe in a homoge%pous one phase system (3). A solid

AR NIRTUNRIINY YoBery o
cartier achieves faster dissolution rates than an eutectic
because the particle size ef the drug in solid solution is
reduced to a minimum state, i.e. its molecular size (3).
In addition the absence of aggregation and agglomeration
between hydrophebic drug particles contributes to faster

release of the drug. Also a possible solubilization effect
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by the carrier may operate 1in the microenvironment
immediately surrounding the drug particle in form: of a

diffusion layer (3).

3. Glass solutions and glass suspensions

A glass solutydpy is a homogeneous glassy system
Hﬂ F# .in a glassy solvent (10).

ch/é'ized by transparancy and

in which a solys
Glass solution
brittleness =« nsforming temperature.

Nﬂ- “e diffraction effect,

NG

Glass prod®<
while cry and sharp diffraction
effects (& e drug form a glass
k.. s-forming carrier such
as sucrose, dd 0), sorbitol (3), citric
acid (31), and ‘fggﬁﬁﬂié trien the in situ dissolved

. ;“'9-.' . __-*'.

drug 1is rele:- s medium rapidly because

the carrle;. — li:'iposure to the medium.
The latticel Inerg S Scxltion is much less than
a solid #gdution becagse of its similarity with the

hqmdﬂ Uﬂ’J W&ﬂﬁﬂﬂ’mfﬁmn rate of drugs

in the glass solutidh is themretically €aster than the

AR SUARTINYIREY

4. Amorphous precipitations in a crytalline carrier

Preparation of dispersion may lead to the
formation of amorphous deposits of the drug. These are
metastable and convert on storage to more crytalline form

(3). Since the amorphous form 1is the highest energy
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Method for Determination of Solid Dispersion

Systenms

Mamy methods can glve information regarding the
physical nature of a solid dispersion system. In most case

combination of several method are required. The commonly

used methods are asmih
1. Thermal ans

palysis ( DTA ) and
Differential DSC ) : effective
thermal me equilibria of pure
compounds effects, associated

with physical es are automatically

recorded as a| f

substance is hez b\ 2] form rate. In addition to

ieMerature or time as the

thawing <~ Jxphic transitions,
V. N

evaporation,=d;ie dmon and other types of

nll ¥

decomposition ‘ean be quantltatlve detected (3)

AULANENINEINT . o
£V o NURTUE ) 701 B

2. X-ray Diffraction

The intensity of the X-ray reflection from a
sample 1is measured as a function of diffraction angles.
The diffraction method is an important and efficient tool

in study the physical nature of solid dispersion. It
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detects in simple way crystalline and amorphous
components. In simple eutectic system, diffraction peaks
of each crystalline component can bé found. In an
interstitial solid solution,; the diffraction of the solute

component disappear. (3)

3. Dissolution R\ Jiaation

This ',veéresting parameters in

preparing sdTh S Tow. In most cases solid
dispersions of dissolution in
gastric flaid g £ Jgh = AN Miditions the degree of

crystallini®

4. Thermodyns >

-
-

F as
The phase '!%

LT

eutectic and solid solution

systems ca‘}r hepmodynamic parameters

-l
-

(1,3)>. Th{Zk A J:ion, entropies and

partial pre,hures ac T 0us cdllposition enables the

::::ﬁiﬁﬂﬁﬁiiﬁgﬁgﬁ ﬁ%w the solid-liquid
RSN INYA Y

Solid dispersions have been studied over twenty
years. Although they show advantages in many cases, Vvery
few preparations are so far marketed. Reasons for this are
stability and technology problems. After shelf storage in
many systems recrytallization occurs and significant

change 1in dissolution rate of the rug appear (1,3).
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The possibility or suitability of this technique

for each drug should be directly and individually studied.

AULINENINYINT
ARIAATAUNN TN
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APPENDIX B

Drugs and Carriers Used in This Investigation

Naproxen (7,34, 36)

ceropionic acid

Description ite, odourless or almost

%ine powder.

Melting Point

Apparent pKa

Solubilit(") L water.

|

o
)

jMfcohol, 1 in 15 of

chloroform, 1 in 40%0f ether, and 1 in 20

.. Aus3neriwegng

sic, antlpyretlc, and anti- 1nflammatory

waaﬁﬂ?mmwﬂwmﬂzrm

rheumatic or musculoskeletal disorders,

dysmenorrhgea and acute gout.
Dose 500 - 1000 mg daily in divided dose.

Adverse Effectes the most common adverse effects are

gastrointestinal disturbahces. Other are‘allergic'

reaction, dizziness, nervousness.
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Pharmacokinetics Naproxen are readily absorbed from the

Thiampheni

gastrointestinal tract and peak plasma concentions
are attained 2 to 4 hours after ingestion. At
therapeutic concentration naproxen 1is more than

88% bound to plasma proteins and has &a plasma

half-1ife J +tween 12 and 15 hours.

Approxizs lose is excreted in urine

thylnaproxen and their

V . ‘:d y- ¢ —hydroxy-
ﬂit‘, Sy]Jicetamide.

4

Descripti ‘iﬁ ﬁ%’ﬁ ﬁﬁ'ﬁh—white odourless
Y ‘ ch ;ﬂi o) eﬂm. h*a¥*bitter taste.

ERIIANENAY. .. ..

acetate.
-soluble in methyl alcohol.
-very soluble in dimethylacetomide.
antibiotic, anti-infection.

1.5 g dialy in divided dose.
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Adverse Effect Thiamphenicol is probably more liable to

cause reversible depression of bone marrow than
chloramphenicol but there have been. fewer reports
of aplasia so far.

Pharmacokinetics Thiamphenicol is absorped from the

gastrointesi) ~2ct and serum concentrations of

3 to BN AL ’/) achieved 2 hours after a
,---_'-. ‘l .

500 2 == of its oral dose is
excre : S -he urine in 24 hours,

only j with glucuronic acid

in tr 4 F I \ - w.ted in the bile.
Polyethylene

Polyeth F == mixtures of condensation

polymers of ethyle

ST .1 water. The molecular weight
= s

varies frod¥ wf.qd by a number in the

: 4
name. V. AX J

| U
PEG 492,

e LU NN TN T e, e

lowing powder wi ‘characteristic

qwfl aﬁ ﬂ?ﬁ}.ﬂ mamﬂj:é‘:ﬂ white free-

odour.

Average Molecular Weight 3100 to 3700. -

Melting Point 53-56 °C.

Solubility -soluble 1 in 3 ml of water
-soluble 1 in 2 ml alcohol and chlorofrom

-practically insoluble in ether.



172

PEG 6000

Description An almost odourless, creamy-white, hard,

wax-like solid or flakes or white free-
following powder.

Averge Molecular Weight 5000 to 7000.

Melting Point

é ‘ of water and chloroform.

Solubility
[ o alcohol.

hle in ether.

Descriptic / N “\.ﬁ wax-1like solid.

Average Holff flat Jy O to 22000.

Melting Poin

Solubility —f’zﬁ"

;‘ hol and chloroform.

PLuTle in ether.

ﬁae ﬂﬁﬁﬁzﬂun{ﬂﬂ egsmiscible bases for
CURPRHP O iﬁ&ﬁ@ E!

poorly water-soluble drugs.
LDsg Orally in rats (55) PEG 4000 : 59 g/kg

PEG 6000 : >50 g/kg
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Polyvinylpyrrolidone ( PVP ) (1,39)

Description A fine white or very slightly cream-
.coloured, odourless or alﬁost odourless,
tastless. The viscosity in agueous

‘solution relative to water, is expressed

b“"‘ii-(g:u.ng from 10 to 85.
Melting Poins éb decomposition.

.83 ml of water.

12 ml of alcohol and 1
alcohol.

e in chloroform and

c
n
(]
I
n
(o}
0
o

R_ agent.

anulating agent.

—carriepgiadi ol borsions.

———

Absorpt i} }dzs not appear to be

absqrb-e Yl-intestinal tract and

malnyy excreted i urlne, the rate being dependent

ﬂ%ﬂ@e%ﬂﬂ@ WEANT
ammmmum'mmaa
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APPERDIX C

Typical Dissolution Rate Determination

Dissolution Rate constanté (Kd) of drugs could be

calculated base ¢

first order pr g é = Equation 1.
kt Eq...1

dissolved at time t

4nt of drug dissolved at

A mne

in ploted against time , which

should gi-{ o St rgs 68,69 ) Dissolution

rate consL 7§ i) the straight line (k)

that could.ja calcuiacea om thelllinear regression

ﬂ %H?WH wﬁe‘w 8@ ﬂfjd issolution  rate

constafil of naprgxen and th1amphen1001 were shown in

I mmmrmawma d



Table 66 Example for Detérmination of Dissolution Rate
Constant of Naproxen. from It°s powder at
pH 1.5
TIME Bt In(Be- Bt) Regression Output:
(min) (ng) ' _
Constant 2.611351
2 2.52 3.05 Std Err of Y Est 0.460490
5 4.17 2. R Squared 0.920084
10 9.85 ~ No. of Observations 12
15 15 Degrees of Freedom 10
50 / _
25 é:oefficient(s) -0.03805
30 =" Err of Coef. 0.003546
45
60
80
100
igg X Coefficient(s)
180 .
0.03805 min
-1
2.28 hr
Figure 68 of Dissolution of Naproxen

|
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¢ s1lope = &0.03805

A1INEIaE
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&0 80

T 1 T T
100 120

TIME (min)

140
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Table 67 Example for Determination of Dissoclution Rate
Constant of Thiamphenicol from It’s powder at
pH 1.5
TIME Bt 1ln(B.~ Bt) Regression Output:
(min) (mg)
2 7.85 5.41 Constant 5.340187
5 23.96 Std Err of Y Est 0.135921
10 3€.15 R Squared 0.989767
15 44 .74 No. of Observations 13
20 51. Degrees of Freedom 11
25 57 '
30 : groefficient(s) -0.02673
45 L Err of Coef. 0.000819
60
80
100
120 X Coefficient(s)
150
180 0.02673 min’
1.60 hr~1
Figure 69 First U : : ’ Dissolution of Thiamphenicol

D I

-]

2_

AUE MY NN T
RARINITUNRITUYAY

at pH. .=

X

' I

4
yis) 40 6Q 80 100 120 140 160 180

TIME (min)
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APPENDIX D

Sartorius Absorption Simulator

Principle (40,41)

The

storption Simulator is a

model, in whisss vivo passive transport

of the drs special artificial
lipoid Dbar+ that the apparatus
provided a : h drug ( lipophily ,
ionisation or the study of the
for the formulatory

-eparations

T h(>% - : L fSyincipally  of two

containers' W“ intestinal fluid ¢

phase I ) ajd artificial plasma (i*tase 11) .(Figure 70)

AU ‘VIEWJQ‘W B3

-— Mcmbhoand -—._.

qma 3 mn LT

'
1
T

|
l'l
]

' |
1
f

{

Figure 70 Schematic diagram of the SM 16750 Sartorius

Model
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Since it was only that the portion of a drug which
was dissolved in phase I could be diffused , the model was
applied by using a small filter attached the end of the
tubeAconnection . When the time began , the aqueous phases
were c;rculated by a peristaltic pump. The temperatﬁre

and flow rate should be checked during the experiment,

38 + 1 °C and 10-15 ml ~tively. Samples taken

from each contairn — /é intervals, were

determined for the drug. The fate of

absorption of a ¢ -tinal tract can-

be expressed by ant , Ka or Ki.

Similarly , the a drug in the

Absorption Simul the diffusion

rate constant ,Kdfjn wo quantities are

found to be directl p

vitro 'abSorption ra »ﬂﬁﬂfaéi can be calculated

-o®zach other , the in

directly from t‘ 4 Rdrf .

Evaluation of Reuﬂxts
ﬂ%&l@ NUNFHRR Gore sersier
was a flrst order reactign . At t first e iod, the

sovened] W TN %ﬁﬂ%}ﬁ'}? RYAR e

to phase II . Then back diffusion happened from phase II
to phase I and finally the diffusion rates should be egual
in both directions. The diffusion rate constant ,RKdf, was
most easily determined during the first period because the
increase in concentration of the drug in phase II usually

had a linear relationship with the time
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Determination of the Starting Concentration , Cio.

The sum of drug concentrations in phase I and II
were plotted against times , which should give a straight

line paralleled to the abscissa. The starting

as cobtained by extrapdlation of

concentration in phase I

the graph.(Figure

300 -
280
260
240
220 —
200
180
160 —
140 —
120

8

100 —

80

60

CONC.OF NPX ABSORBED (mg/100 ml)

40 -
20

ﬂUﬂ'J‘VIEWIﬁWﬂ'Iﬂ?
F@W'}@Qﬂ?m o) e r)  —

Ar%lflclal intestinal fluid pH 7.5

1

60

Calculation of the Diffusion Rate Constant, Kdf.

A . simple plot of the drug concentration in phase
IT or Cii against time at first period showed a straight

line (Figure 72).
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0
28 -
28 -
—
E 24 -
3 22 -
S 20 -
E
o 18
8
@ 16 -
a 14
g slope = 0.3748
< 12
n
4 10
6
4 8 —
2
5 6 -
0
4 -
2.—
0 T 1

Figure 72 De ¥ fusion Rate Constant,
R4, Jh SlEh - -\'orption of Naproxen in
Artij a®Fluid pH 7.5

Thow ¢ p engf™was calculated from

"‘uation 2.

i WWG@R%’HMW}? BN em

V11 = Volume of the aqueous phase II at time Ty = 100 ml
F = Effective barrier aresa (cmz) = 80 cm?
Ty = Time (min)

Ci, =

o Starting concentration (mg¥)
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Calculation of the In Vitro Absorption Rate Constant, Ki.

The in vitro absorption rate constants were

calculated according to the Equation 3.

KEi = G . ( Kdf - Rdf, ) (nin™1)  Eq...3
Ki = In vitro abs (min~1)
Kdf = Diffusion e , et (cm.min™1)
Rdf_ = Diffusiag: the pores of

the barr: nid phase (cm.min_l)

Absorption i Kd% 1
)

( cm.min

Stomach 0.00007

0.00018

Small intestine

For from stomach and

intestine naproxen were calculated

ﬂu,ﬂ mﬂm NN m
q Wﬁ Mﬂﬁﬁ&w% ﬂﬁt’rﬁﬁﬂ“ere the

slope was 0.0238 mg¥%.min~ (r =0.838), V11 was ml,
Ci, was 3.31 mgZ%,F was 80 cmz, G was 4.3 cm—1 and Rd, was

0.00007 cm.min—l,therefore

Kdf =  0.0258 x 100 =  0.0078 cm.min 1
3.31 x 80 '
Ki = 4.3 x (0.0078-0.00007) = 0.0334 min~?

= 2.00 hrt
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Absorption from stomach (pH 4.5)

According to Equation 2 and Equation 3, where the
slope was 0.0662 mg%.min_1 (r2=0.99), Vii0 was 100 ml,
Cio was 9.64 mg%,F was 80 cmz, G was 4.3 cm_1 and Kdo was

0.00007 cm.min'l,therefore

0.0086 em.min~ !

RKdf =
Ki = 4 0.0365 min~!
2.19 he~1
Absorption from
Accord? 1, A Squation 3, where the
slope was 0.374 B b A 29), Vii, was 100 ml,

Ci, was 98.71 mgZ ¥ ras 10 em™ 1 and Kd, was

0.00018 cm.min" ! » the ,;; WA TN

— Y] 0.0047 ecm.min7!

Ki = 10 x (U 0047 - O. 00018) 0.0452 min~1

ﬂumwﬂmwmm oo
Y GE N URTO, ah Yia Y
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APPENDIX E

STATISTICS

1. Mean (f)

2. Standard Do__=

Standard T4

Testlng the le o Means.

( by T )

V. Y
Let pl-m Nems

i¥

= Sample means

Xy ,‘

AN R NEURINEANT

ﬁample standard deviation

QW?MM%%W?’%V]EH&IH

The null hypothesis Ho T p= po

The alternative hypothesis Hy * 19¥F po
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The statistic t was given as t =

First homogeneity of variance is tested for using

the F test, which is defined as follows:

F
where (s s two sample variances
1 \
(s Ntwo sample variances
2
With this t€s NereR: \‘.: the null hypothesis.
of no difference betwedis : Population variances.
If the F is notwgi ik rgthesis stands.
4.1 if ,'

Thﬂummw‘snwsmn‘:
ama\mmﬂmwmaa

”

Where S was the pooled variance
P
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With degree of freedom

. i 2
( 2 2
s S
1 2
+
N N
[ 1 2]

Where the pocy d

iihongion -
" A piam I NN

Comparing this t value with t for £ that is cbtained
(tab) -2

from the table

If£t >t - , we reject the pull hypothesis that
. (tab) _
P4 = P, and accept the alternative hypothesis.

If t is not significant, the null hypothesis stands.
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5. Correlation Coefficient Test

The correlation coefficient is a quantitative measure
of the relation ship of correlation between two variable

( X and Y )

r = N>OXY -22X 30y
X)2INY2- (ZY)2]

22

estimated by r

Let /(9 = the trv 2 IR ' vn,

- ¥

The value of t is .refered to a t distribution with (n-2 )

degree of fﬁ%%%ﬂﬁ‘@wgfrﬂﬁt he null

hypothesis s nds

Qmmnwummmaa



6-

Analysis of Variance (ANOVA)
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Analysis of Variance for Completely Randomized Design

' Source of

Variation

Sum of Squares

Among-
group

(Treatment)

Within-
group

(Error)

Total

where

<

ﬂﬁﬂ"&“ﬂﬂﬂiw BN

QWWMFI?EUNWI’JVIEHGB

Variation

Ratio

MS
among
MS
within
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T..
‘N
k

N = Z: n
Jj=1 J

Comparing the V.R. value with the critical value F

obtained from table at dé:

j freedom (k—I)'and (N-k).

‘11.hypothesis that

e — ternative hypothesis.

If F is no £ S hypothesis stands.

}rd

AULINENINYINT
ARIAATAUNN TN
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