CHAPTER IlI

MATERIALS AND METHODS
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Acetonitrile HPLC grade (La

ﬁlreland) Batch No. 01120107

Diclofenac sodium (Dep of Phagma . DFSJ 036
E——
Dimethyl Isosorbide led from East ASiz bic Company., Ltd.,
Thailand) \ \
Gelatin powder (Sri i o,:w.;' ~\ [d., Thailand) Lot No. GA 1143

Glacial acetic acid A erck, Ge n?'\\' \u“ K 14090663

i
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é‘ fromy ‘... E s ct Co., Ltd., Thailand)

gy \ '

Lot !

Hard gelatin capsule

Hydroxy propylmethylc Méth .ﬂ,. 5), (Donated from Rama Production Co.,
Ltd., Thailand) . |

a' e {on ol ‘
Ketoprofen (Biolab Co. Ltd., Thaitand) Y 100.25%, Lot No. 1997 17605 A

et '-’ F J‘}‘ :'r :“

Methanol HPLC grade h No. 2 K070103
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NI, — &
Oruvail - (Olic Co\, " )
Polyethylene glycolEOO Pre
Polyoxyethylene (20) Serpitan Monooleate (Tween 80®), (Donated from East Asiatic

Pubic Comﬂ\yuuﬂr @Ia% E] qn ‘j w ﬂ ’] ﬂ ‘j

Polyoxyethylgile (20) Sorbitan Mongstearate (Twean 60®), (Donatedjrom East

~ARTHNAUHNN 1IN 18 E

Potassium dihydrogen phosphate (E. Merck, Germany) Lot No. A 315973 127

0 emic%o., Ltd., Thailand)

Propylene glycol (PG), (S. Tong Chemical Co., Ltd., Thailand)
Sodium acetate trihydrate GR (E. Merck, Germany) Lot No. A 404865
Sodium chloride (Fluka, Switzerland) Lot No. EEC 2315983

Sodium hydroxide (Mallinckrodt Baker, Mexico) Lot No. 7708 MVHV
Triethyl citrate (TEC), (Fluka, Switzerland) Lot No. 371165/1
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20. 95% Ethanol (Excise Department, Thailand)

Apparatus

1. Analytical balance (Sartorius, Germény)

Centrifuge (Labofuge 610, Heraeus-Christ GMBH, Germany)

Desiccator

N~ o o A~ W N
O
@
3
~
@
Q
)
=
o
e
Q
go}
e
QO
-
o
ol
&
w
<
9)
&
®

High performance lig
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- UV detector (SPD=10A

- Communications

- Pumps (LC-104

- Autosampler (SIL-10A)
8. Hygro-thermometer (Sa
9. Incubator (Memmert U 104N 18t GME
10. Micropipette (Eppendorf, Gern :, :
11. pH meter (Beckmanp 50
12. wy':”"‘ , Jas

N

to, e%rk)

14. Ultrasonic bath ( Transgmc Digital, Dlethel Co., Ltd., Germany)

1. Voren m.xﬁuﬁ@s%ﬁ% ﬁ LAts R
Qﬁ‘ﬁﬁ?ﬂjﬂﬂiﬁu UA1INYA Y

Twelve male white New Zeal.and rabbits, weighing between 2.6-3.8 kg were

13. Speed vacuum conﬁntra 0

obtained from the National Laboratory Animal Center, Mahidol University, Salaya,
Nakornprathom, Thailand. They were housed individually per cage at the Faculty of
Pharmaceutical Sciences, Chulalongkorn University, Bangkok and acclimatized for at

least 1 week before the experiment. All of them were allowed freely to assess standard
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food (C.P. Co., Ltd., Thailand) and drinking water. Light / dark period and temperature

were controlled at 12/12 hour cycle and 25°C, respectively.

Methods

A. Formulation of ketoprofen liquid — filled hard gelatin capsule.

aferred into 10 mL test tube.
e ——

Propylene glycol (PG) and.gitler oi polyaxyethylene«(20).sorbitan monostearate (Tween

70)80ri1é \“\M O®) or dimethyl isosorbide

NS

(DMI) were added. Then, polye #g glycol 15 o*\ G 1500) was heated until it .
A |
became liquid. PEG 1500 liglig s adg ; st tube containing ketoprofen and

specified vehicles. The giitufe .. \ \

®
60 ") or polyoxyethyleng

ing vortexed mixer about 5

minutes. All liquid formulag® ht by weight (W/W) basis, the
amount of ingredients used i e presented in Table 1. The schemes of

preparing was described as follows.— J

= r
)

Add PG end either of Tween O® or Tween 80® or DMI

ﬂ‘lJEl’J‘VIWI‘ﬁWEI’]ﬂ‘i

Add IquId of PEG 1500

awmxﬂﬂimﬁm'mmaa

Physical evaluation for selection of the formula for capsule fillin

The characteristics of each liquid formula was observed after consecutively 24 hours

storing at room temperature, in refrigerator and at room temperature, respectively.
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Table 1. Liquid formulae of 100 mg Ketoprofen
Formula | The amount of cosolvent (100 mg) Formula | The amount of cosolvent (150 mg) Formula The amount of cosolvent (200 mg)
No. PEG1500 : PG : A* No. PEG1500: PG : . No. PEG1500: PG : A*
1 80:10:10 109 120:15:15 214 160:20:20
2 70:10:20 110 105:15:30 215 140:20:40
3 70:20:10 m 105:30:15 216 140:40:20
4 60:10:30 112 90:15:45 217 120:20:60
5 60:20:20 13 90:30:30 218 120:40:40
6 60:30:10 114 15 219 120:60:20
7 50:10:40 220 100:20:80
8 50:20:30 758 221 100:40:60
9 50:30:20 * 7528 A 100:60:40
10 50:40:10 75 223 100:80:20
1 40:10:50 TR 224 80:20:100
12 40:20:40 L s 80:40:80
13 40:30:30 L \ 226 80:60:60
14 40:40:20 0: 227 80:80:40
15 40:50:10 -75:1 228 80:100:20
16 30:10:60 229 60:20:120
17 30:20:50 75 230 60:40:100
18 30:30:40 231 60:60:80
19 30:40:30 232 60:80:60
20 30:50:20 1287 3 60:100:40
21 30~so'16r:} ' ” 60:120:20
22 20:10:70""-":-_";"& 130 5 40:20:140
23 2060:20 | 131 90 236 40:40:120
24 203050 P 304575 237 40:60:100
25 gﬂ%—& ~ ??‘3 40:80:80
2% - 30:75:45 1230 40:100:60
27 & 30:90:30 =, 240 0/ 40:120:40
28 6 A gz q‘_a glo 140:20
2 | g " Mo 137 15:15:12 “542 0:20:160
30 10:20:70 138 15:30:105 243 20:40:140
31 10:30:60 139 15:45:90 244 20:60:120
32 10:40:50 140 15:60:75 245 20:80:100
33 10:50:40 141 15:75:60 246 20:100:80
34 10:60:30 142 15:90:45 247 20:120:60
35 10:70:20 143 15:105:30 248 20:140:40
36 10:80:10 144 15:120:15 249 20:160:20
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The criteria for selection of the formula from those with each cosolvent for

capsule filling was based on:

1. The formulation with clear solution was formed.
2. The formulation without precipitate when temperature was changed.
3. The formulation with the least amount of propylene glycol was employed.

®
A* = either polyoxyethylene 20 sorbitan monostearate (Tween 60 )

s transferred into each
capsule body No.O usi : . - al cap hen secured manually by
hand. The release patt C ard, gelatin capsules was studied

St formulae
‘hard gelatin capsules

Since an ofﬁ dilable for the test of drug
0 releasﬂm‘ the drug from ketoprofen
capsule was thus, carriedsout using the USPgpaddle dissolution apparatus (USP 24 ).

Y LTI XU IIVE Y TEr L S

0.05M phosphaﬂ buffer solution (pH #4) equmbrat‘g at 37 £ 0.5° (“J he paddle was

rotate@ m MLﬁ %%W%W%ﬂwtewals and

equal vollime of warmed dissolution medium at 37°C was replaced at once to maintain a

release from rectal dos% form.

constant volume. The concentrations of ketoprofen were quantified using a calibration
curve. The release versus time profiles of ketoprofen from ketoprofen capsules was

constructed.
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Calibration curve: 50 mg of ketoprofen was accurately weighed and transferred
into a 50 mL volumetric flask. The drug was dissolved and adjusted to volume with
methanol to produce the stock solution. Standard ketoprofen solutions with known
concentrations of 3, 4.6, 6.2, 7.8, 9.4, 11, 12.6, 14.2 and 15.8 pg/mL were then prepared
by dilution of the stock solution with phosphate buffer pH- 7.4 The drug was assayed by

UV spectrophotometry at the maximum wavelength of 260 nm.

ye with each cosolvent

2. Selection of the best formulatit

For the two selected |j i i j 3, 300 mg of each liquid formula was

transferred into each capsule body } using dropper, and individual cap was then
secured by hand. Theny th les were se pated, respectively according

to following method. |7
C. Sealing and coating ofﬁﬂ gelatin capsul

AYULINYNTNYING

1. Sealing of Rard gelatin capsule

% wlloawa used‘E) uinltzo! rmly s u ’a]t:egcz]act area (@ body and cap by

manual painting to prevent leaking of the filled liquid. The gelatin solution was prepared

by dissolving 5 g of gelatin powder in 15 mL of hot water and stirred until gelatin powder

was dissolved.
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2. Coating of hard gelatin capsule
2.1. Preparation of film coating solution

Cellulose coating solution was prepared by dissolving 5% of hydroxypropyl
methylcellulose polymer (HPMC) in the mixture of ethanol: purified water (1:1). One

percent of triethyl citrate (TEC) was incorporated as plasticizer. The solution was stirred

\\ )der to complete swelling (Peeracha

at least one hour and kept over

Thanawnttanawanich, 1999).

Liquid — fi Sules o ere coated in each batch using
sre warmed for 5 minutes in
stainless steel container - ytur tup at 45°C when outlet temperature

solution was continuously fed

into a spraying nozzle by taftic pum ow rate of 6 - 8 mL/min. Atomized

pressure was approximately 1. 1 o W

conditions were fo n

pressure setting at No.9 - 10. These
€ .no blockage of the spray
nozzle, no aggregat: 'Y‘ s“ nd cap and completely
dried. Total coating time! was abou utes for one bgh. After finishing, capsules
were dried in the chambeffans minutes (Peeracha Thanawnttanawanich, 1999).

ﬂﬁﬂ?ﬂﬂﬂ‘ﬁﬂﬂ’]ﬂ‘i

T e two formulationgs of coated Aetoprofen rectﬁ, capsule were

s RGAT R AT HR Bb: soe

profile, c%mtegratlon time, uniformity of content, stability and in vivo study.

3. Evaluation of physical and chemical properties of coated ketoprofen rectal

capsule

3.1. Dissolution profile of coated capsule
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They were detgrmined as described in B (1).
3.2. Disintegration time.
Determination of disintegration time was based on BP disintegration test for

rectal capsule (BP 1999) using disintegration testing apparatus. Six capsules were test

by placing a capsule in each tube of the basket, then immersed in water maintained at

37 £ 2°C. A disk was added to & ' vent floating of capsule. Disintegration

was considerably achieved ptured allowing release of the

content. Average disintegration-ti e Qatnon of 6 capsules were

les taken at random was
determined using the methg Was analyze » by sampling one capsule and
dissolving in 50 mL of 75% ) A O5. he Supernatant liquid was diluted to
10 mL with 75% methanol and t , ) e resulting solution was measured at
the maximum wav i ances of all samples were
converted to ketopro M*— » “ e.

y

Calibration cufvezs. 50 mg of ketoprofen was accurately weighed and

S TR I T TaFa T AR

volume with 75"'] of methanol to proguce the stockesolution. Standard solutions with

known Qn%rgqoao@ﬂ ﬁm1%%ﬂgaLwr&]»a @%ﬂ by dilution

the stock%olution with 75 % of methanol.

D. Stability of coated ketoprofen rectal capsule

The two selected formulations of coated hard gelatin capsules were kept in tight,

light-resistant glass vials. This preparation was stored over saturated sodium chioride
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solution in the desiccator, which would give the 75% RH (Nyqvist, 1983). The desiccator

was then stored in the incubator at 40°C for 3 months.

The rectal capsule was evaluated for physical appearance and the average content
of ketoprofen was determined by HPLC method at 0, 0.5, 1, 1.5, 2, 2.5 and 3 months.

The procedure was described as follows.

1. Preparation of sample

The amount of keioy ﬁapsules was determined by
dissolving each capsule 0 \\\\“""--.. er centrifugation 0.5 mL of

supernatant was transferreg .0 mL of 1000 pg/mL of

‘ N
diclofenac sodium was added as nternal standard. Finally the solution was adjusted

to volume with mobile phase
3. Chromatographic cgndi
Column

8 with particle size of 10 um,

Mobile phases 4. sBidte buffer pH 4.2 = 1:1

Flow rate . .Ll\l
Injection volume & e 20 pL
DetectﬂUEl’JﬂH%@m e
Attenuat

’%tW'}ﬁ\'iﬂim%JW%%HWﬂ d

About 10.0 min for diclofenac sodium

Temperature ; Ambient
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3. Calibration curve

100 mg of ketoprofen was accurately weighed and transferred into a 100 mL
volumetric flask. The drug was dissolved and the solution was adjusted to volume with 50
% of ethanol to produce the stock solution. Standard ketoprofen solutions with known
concentrations of 10, 20, 30, 40, 50, 60 and 70 pg/mL were then prepared by dilution of

stock solution with mobile phase.

4. Assay validation

The high perf( | nic (HPLC) technique of Panvipa

Tuntisak (1993) was mo ‘ fiketoprofe nlng in preparations.

dium and high) of ketoprofen
2rm of percent recovery. Percent
recovery of each concentratign was e om the ratio of inversely estimated
concentration to known concentra -‘ nemultiplied by 100. The accuracy was

determined using three'de

-

7
4.2 Within ruBrecisao
Within run pregision was detergined by analyzing three sets of quality

conr same RSB ] B S TS T Froont oot o

variation (% C.V)% the estimated concentration of ket&)rofen of each cegcentration was
~rRRAIRIRTUAN TN Eorre
q

4.3 Between run precision
Between run precision was determined by comparing the estimated
concentration of ketoprofen of three sets of quality control samples (low, medium and

high) for three different days. The percent coefficient of variation (% C.V.) of each

concentration was determined.
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Acceptance criteria:
For accuracy, the percent recovery should be within + 15 percent of each
nominal concentration whereas the percent coefficient of variations for both the within run

and between run should be less than 2 percent (Wainer, 1985).

E. In Vivo studies

1. Experimental rectal capsule

in rabbits. Both formulaii formed to the requirements

for percent labeled a etoprofen formulation (100

mg/ 2 mL) for intramusc ed as a reference product for

bioavailability study.
2. Subjects and drug

Twelve malg,whi etween 2.6 - 3.8 kg were

used as subjects in H\Fr'““ y. They were wg research facility for one

week prior to the studyﬁac 0 single d% of ketoprofen after being
fasted for 24 hours with freflauater ingestion. Eg; the intramuscular injection formulation,

only 50 mg of ﬁ%ﬁdﬂ} ﬁaﬂ«ﬁﬁeﬁd%ﬂe’}ﬂa%& could not tolerate

with the dose ex@éssively than this.

Q“mﬂ\‘iﬂim UANAINYA Y

Experlmental design

The study was conducted in a randomized crossover manner. One of each

formulation was given to each subject with a washout period at least one week between

each treatment.



4. Sample collection

3 mL of blood sample was collected from a marginal ear vein using a
disposable syringe and i‘mmediately transferred to heparinized tubes containing 20 pL of
5,000 L.U./mL heparin solution. Blood samples were collected immediately before drug
administration and at 0.5, 1, 1.5, 2, 2.5, 3, 4, 6 8,10 and 12 hours post dose. They were

immediately centrifuged at 5,000 rom for 10 minutes. The plasma was separated and

Concentratioo/ ‘Plasma ' ermined by high performance

liquid chromatograp bed by Panvipa Tuntisak

(1993). The procedure

vater containing
&

Sbiénac sodium

1]
as an internal standard

¢ = Vortexed for 10 seconds

AU b Bpwommm
9 “m Q9N SRAHAFEAHHE

l

20 pL of supernatant was injected into HPLC
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5.2 Chromatographic condition

Column : uBondapak C18 with particle size of 10
pum, 300 x 3.9 mm.i.d.

Mobile phase ; Acetonitrile: Sodium acetate buffer pH
42 =11

Flow rate : 1.0 mL/min

Injection volume

Detector "

Attenuated

Retentvo or ketoprofen
or diclofenac sodium
Temper.
The area under t \ at of the internal standard were
calculated by the integrator areairatios I ketoprofen to the internal standard were

then determined. Concentrati ketoprofe plasma samples were quantified using

a calibration curve.

e

J 0

Five hund‘ed milligrams of k&t’oprofen was accurately weighed and

transferred intoﬁ) w ﬂ‘ﬁﬁwﬂ W @waﬁqo d the solution was

adjusted to volurg with the mixture of 1 1 acetonitrile and water. The solutlon was used

as stoc T@W ?m Pu ﬂ (EIZOOO 3000,
4000, 50 00 hen prepared by dilution of the stock solution

with a mixture of 1:1 acetonitrile and water. An exactly 20 pL of each standard solution

was individually added to 0.48 mL of pooled rabbit plasma to produce the plasma
concentrations of 2, 40, 80, 120, 160, 200, 240 and 280 png/mL, respectively. These

plasma standards were finally clarified and analyzed following the same procedure as
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mentioned previously. The peak area ratio of ketoprofen to that of diclofenac sodium

were calculated.

Calibration curve was constructed by fitting the peak area ratios of

ketoprofen to that of diclofenac sodium against ketoprofen concentrations using linear

regression method.

6. Assay validation

6.1 Accura reent: analytical reeovery, was determined by

analyzing three sets of ' r san _ ( ~ and high) of ketoprofen

ketoprofen multiplied by 100. alehiacy _ ' rmined using three determinations

per concentration.

6.2 Within [ precision was d
control samples (low, rﬁdium and e da@T he percent coefficient of

variation (% C.V) of estm@tﬂ concentration of ketoprofen of each concentration was

determined. Trﬂvuw an %Hv%d‘}“eﬂ;g}ﬂre determinations per

concentration.

QW']Mﬂ‘iﬂJ UN1ANY1A Y

3 Between run precision was determined by comparing the estimated
concentration of ketoprofen of three sets of quality control samples (low, medium and
high) for three different days. The percent coefficient of variation (% C.V.) of estimated
concentration of ketoprofen of each concentration was determined. The between run

precision was determined using three determinations per concentration.
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Acceptance criteria:
For accuracy, the percent recovery should be within + 15 percent
meanwhile the percent coefficient of variation for both the within run and between run

should be less than 15 percent (Shah, 1992).

7. Pharmacokinetic analysis

The relevant pharma ketoprofen from each treatment

and intramuscular admil(’ , - derived from the plasma

ketoprofen concentrati Ak plasma n concentration (C,,,,) and
time to peak plasma k - on(t..) were ly observed from the data.
Area under the plasm ‘ ' cer e cunve (AUC) was calculated by
point and extended to infinite time
by adding with C* / K, ter whete G as-the j \ surable concentration and Ky

was the terminal eliminatio 3 _ > _elimination rate constant (Ke,) was

obtained from slope of the plas - 'I ; concent ation — time curve in semilogarithmic

scale. The eliminatiolf [ L

7l Statistic%valu 0 etic par%eters
‘o v |
PRIV BT PER ARG poremeter or e

two formulation§lof 100 mg coatec} ketoprofen rectal capsules were established
=1 v/

emploi%ﬁqﬁﬁmimmw Ejﬂﬁ‘aﬁrﬁomize block

design his analysis, subjects were assigned as block.
7.2 Bioavailability evaluation

Due to unequal doses of the test and reference formulations were given,

bioequivalence evaluation was, therefore unable to assess. The relative bioavailability of
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individual formulated formulation relatively to the intramuscular injection was determined

instead.

AUt Ineninens
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