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WANNAPA THAMASUCHARIT : COMPARATIVE STUDIES OF BIOAVAILABILITY OF
IBUPROFEN TABLETS COMMERCIALLY AVAILABLE IN THAILAND. THESIS ADVISOR:
ASSO. PROF. DUANGCHIT PANOMVANA NA AYUDHYA,Ph.D. 196 PP.

This investigation was to assess the bioequivalence of the local
manufactured brands ofRZOO mg ibuprofen sugar coated tablets relative to the
original brand, Brufen”. These tablets were evaluated both in vitro and in
vivo,

The in vitro studies included both disintegration time and dissolu-
tion rate. The disintegration times of ibuprofen tablets were ranged from nine
minutes to more than five hours. Of the 15 brands studied,tablets of 13 brands
were able to d1s1ntegrate withi » hour, tablets of one brand had wide

AN F 41.28 to 2.42 hours and tablets of one
brand did not d1s1ntegra+ SO/ were placed in the medium for over

five hours. The dissoly <N - these fifteen brands of ibupro-
fen tablets were rang & per minute. The amount of drug
dissolved at 30 ming;i-.--”. th: ™. 2ands met the U.S.P. XXI specifi-
cation for drug dii::é;i'-,pf’ gl 00y failed to meet the specifica-
tion and three bran s AN S e before any conclusion could
be made. / | S

Five brands St W% difference in their dissolution

rate constant were :
healthy male voluntee # °
design. After an ove #fi

i ioequivalence in 12 Thai
l 1o 27 years using a crossover
L Sikeach containing ibuprofen 200
. en levels were determined by a
spec1f1ca11y high-per 2 nue . e % G raphic method., Individual plasma
me. W | and noncompartmental methods.
th®extent of absorption could be
Ufen studied (except for the brand
aration evenafter five hours, no
b osts at any time). However,
‘ orption rate (P < 0.05).

There were 1 ne pnrre1at10n between disintegra-
tion time and diss t1on rate cunsiait, betwell disintegration time and in
vivo absorption rat;ifp < 0.05) but no significant linear relationship was

observed betw 5% Q%W E‘]ﬁﬂﬁ(o absorption rate

(p > 0.05)
In t S study, the mein peak plasma 1buprofen concentration and the

time requij 2,20 pg/ml and 1.29
to 4.7 ﬁ% sﬂﬁ;‘im ibuprofen in Thai
male wa su quite similar to

those pr v1ous1y reported 1n the foreign 11teratures

5 t

observed among the five bram——
which its in vitro data <*gSPT’JtJ ,
ibuprofen was detowte ;
they differed s -;;
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CHAPTER 1

INTRODUCT ION

Background and Rationale

The group of A \ ‘,ﬁﬂilfi - inflamatory drugs
( NSAIDs )  providisms y |oi£g therapy in patients with

active rheumatoid arg 4 e 3 widely prescribed nonste-
N

fr\x; jc and antipyretic actions

.;s‘and related conditions ,

roidal agent with
used in the treatmy

and, mild to moaers, sources including dysmenor-

rhea.
Ibuprofen wal 1’r tr® United Kingdom (UK) in 1967 ,
~and in the United Statedci/i 24 &), It was the first propionic
acid derivativ;':l @425 and was- developed
V. A P
directly as a reffjjt #0Ci l2d with the use of corti-

¥

costeroids in the atment of rh atoid arthritis and also because of

oo marUEI SIS WBVRT o o

estabhshed“SAIDs , at thatg time. 1Ib rofen was rwh]y accepted

< ARAAHIT HANTREIR Yo s o0

seen to outweigh the severity of its side effects (2)

Since 1983, the new UK Medicines Act legislation has allowed
pharmacists to sell ibuprofen over the counter (OTC) and provided that
it was labelled with a maximum dose of 400 mg and a maximum daily dose

of 1200 mg (3). The US Food and Drug Administration (FDA) has also



approved ibuprofen for sale without a prescription in 1984 (4). In
addition , it is one of the drugs in the National Essential Drug List of

Thailand (5) , which must be used by generic in all governmental hospitals.

To my knowledge , at least 15 different brands of 200 mg ibuprofen

tablets were currently marketed in Thailand. Meanwhile , it is well -

documented that the manufsal "

markedly affect the h ™SS .' ’/) drug (6). Eventhough there
—~ .--!lii;

:2availability of ibuprofen

~gess and final formulation may

but none is about the

products manufac} ' U= oy iay”\& on about the bioequivalence

in“vivo performance in terms
ST

ot
the solid oral dosage for
2T x

of the rate and ext n —ntestinal absorption from
Ently , the present investigations

were conducted o the local products relative

D
]
= -

to their origirk i )

..I [
i ¥

The purpos%? of this research were to :

AU AN INEN it e
““Wﬁﬁﬁh"ﬁﬁfummmaﬂ

compare the d1sso]ut1on rate of these ibuprofen tablets.

3. 1investigate the bioequivalence of the local manufactured

brands of ibuprofen tablets as comparé to their original brand.

4. correlate the in vivo parameters with the in vitro parameters

obtained from disintegration and/or dissolution test.



5. investigate the pharmacokinetics of ibuprofen after single

oral adninistration of ibuprofen tablet in Thai healthy volunteers,

Significances of the study :

1. This study should provide an information about the correla-

tion between disintegration and/or dissolution of ibuprofen tablets and

their bioavailability.

between in vitro tess

;?;‘;pat if there is a relationship

¥'vivo é}bﬂity , the results obtained
\ e —

from in vitro test: tive tool in dosage form

development,

2. This s’ g8 ;;v‘ W \:nt1y an information about

the bioavailability, iMutactured in Thailand which

would enable the po§ d select the effective and

economical products t jghore = ; erapeutic efficacy.
@

3. The phama e, i of ibuprofen obtained from

Thai volunteersp=

\7

were conducted in*IOr = e efilict of races and tribes on

o
iF |

the pharmacok1net1qg f this drug gopld thus be notified. If any

ool T TE CTTERE

appropriate osage regimen of ibuprofengfor Thai peogle could be

reco V] N1 TEU IATINGINY

Review of Ibuprofen

.-‘:" reported studies which

In recent year , there has been an intensive search for new
nonsteroidal antirheumatic agents that would provide some advantages over
those currently available. Of the hundred of chemical compounds screened
for analgesic and anti-inflammatory activities , a group of aryl acetic

and propionic acid derivatives appears to be promising. One member of



of this group is ibuprofen , the first phenyl alkanoic propionic acid

A. Physicochemical Properties (14-17)

Chemical ndiie #F | , \ ovaty1pheny1] propionic acid
{e]s uty]hydratrop1c acid
- methy1 -4~ [2 - methylpropyl]

Eicgacid

‘bﬂi s : Y )
Molecular J;1r. -

”e“‘ﬁgﬁﬁmﬂw%’ ﬁﬁm

D1sso iation constante : pKa 4 4 ,

am@ﬂﬂwumawma wter

soluble at 20°C in 1.5 parts of

ethanol (96 percent’) , in 1 part of
chloroform, 2 parts of ether, 1.5 parts
of acetone ; also soluble in aqueous
solution of alkali hydroxides and

carbonates,



B. Mode of Action

Ibuprofen acts symptomatically by alleviating pain, reducing
inflammation in joints and soft tissues , and reducing pyrexia. It
can be classified as a nonsteroidal antiinflammatory agent also possessing
analgesic and antipyretic actipn. As with other NSAIDs , its mechanism

Over the paci™ _ )stéers have espoused the idea

of action is uncertain.

that NSAIDs act by ™ e “ Y thereby removing prosta-
glandins , which ar? 4 i/l \\i:?:rr‘!!e for pain and inflammation
(1,2,18). Recent st ::‘f v Rﬂgzﬁxémonstrated that prostaglan-
dins have importef .v g&rréy ?}&\;.J and that NSAIDs , actually

provide partial cch ortgulatory dysfunction in

patients with rheumu'c laition , some NSAIDs inhibit

migration along with othe "W polymorphonuclear leukocyte

oy

functions. Datll ug aranot related to inhibition

of cyclooxygenas & ‘.-"“

.,I
!

Therapeutic Efficacy

A UL 'VLPJLJMW BN
QRATENTOLEINE N HFEL: e

arthr1€hs , including juvenile rheumatoid arthritis , ankylosing

C.

spondylitis , osteoarthrosis and other nonrheumatoid (serogerative)
arthropathies (1,2,19,20). Its excellent tolerance has allowed the
recommended daily dosage to be gradually increased so that patients
with severe symptoms or those who do not respond to moderate doses of
800 - 1200 mg daily may be given up to 2400 mg (in UK) or 3200 mg ( in

USA) daily in divided.doses (2 )
ﬂﬂﬁUﬂWTN ﬁﬂWUH?ﬂUUTﬂ15[

gmmmmuwnnnmu |



2. Non-Articular Rheumatism and Soft-Tissue Injuries

In this group of rheumatic diseases pain and stiffness are the
predominant symptoms with variable inflammation. such conditions as
periarthritis of shoulder , supraspinatus tendinitis, fibrositis ,

Tumbago , distentia nuchae , tenosynovitis of the wrist and tennis elbow

all fall into this categoi gie trauma is a major contributing

&rom m'.‘/)in or overuse. Drugs with

Janif ata ~ zties are especially suitable

factor as most cases »- ™=

Hutson (21) s %0 daily dose of 1800 mg or

x\_ N
\\JOInt mobility, weight

= controlled study of

patient with acute 1 e knee, The value of ibuprofen

in treating uncomp1icated tissue injuries was shown that

footballers had ;;qo' &l 47 and returned to training

e

earlier when tresd £ ,' in comparison to aspirin

3000 mg daily (2 ;I U
- ] wmwmw AT oe rewrres espcions
during perio of acute exacerpation. a1n is ofte t its worst during

o QARG NUAA TR B v v,

800 mg m1dday and 400 - 600 mg late afternoon or early evening (2).
However , dosing should be titrated in each patient using the lowest dose

that produces optimal response.

3. General analgesia

Ibuprofen has been approved in a number of countries for over-the -

counter (OTC) self medication of a variety of minor painful conditions ,



mainly headaches , migraine , muscular rheumatism , period pains ,
toothache and cold / flu symptoms. It is particularly useful in the
treatment of primary dysmenorrhea. The recommended dosage regimen

for patients with dysmenorrhea is 400 to 800 mg as an initial dose ,

followed by 400 mg four times a day (22).

For treatment of 4> _moderate pain 200 mg of

“i". '{ive as 650 mg of aspirin (4)
A

m¥:fective than 650 mg of

ibuprofen appears to b
“and 400 mg of ibuprd"
aspirin or 600 mg r3 ostsyrgical dental pain
(23). More recent, 3= I\ : Wl combination with

centré11y - actince ‘ % and codiene for the
relief of more seve "W 2,24) such as that.

encounterd in bone ¢

Anti yre
=y _;ﬁ,M

4s)ted ibuprofen's

\
|

Numerou g

antipyretic pr0pe.i (ipotent with aspirin

™
I ¥

and paracetamo]l (4)

. ﬁlw thﬂﬂﬁw N7
RRIAN AR TR the oo

ibuprofen levels to Tess than half those observed

with ibuprofen alone (25) ; however the clinical
1mportan¢e of the interaction has not been adequately

evaluated.



Anticoagulants

Diuretics

Alcohol

Ibuprofen does not appear to affect significantly
prothrombin times in patients taking anticoagulants
such as warfarin (1,2,20). However , ibuprofen
should be avoided in patients who are taking

anticoagulants or who have pre-existing coagulation

disorders  j pjuse of the possibility of gastrointes-

etention , resulting in
gge of the diuretic.

N exercised in patients with
o are taking potassium -

:tause of the risk of

21ig beverages while taking

X J.currence of gastrointes-

'!i tina U CiirceLd (26)

o o L AR s o

plasma pnete1ns s 1nteract1ons w1th other protein

q WW RIRT U VIR TG i

should be observed when other drugs also having a
high affinity for protein binding sites are
administered concurrently. Some observations have
suggested a potential for ibuprofén to interact with
digoxin , phenytoin , and 1ithium salts , although
the mechanisms and significance of these occurrences

are not currently known (26).



E. Toxicity

Acute toxicity studies in the mice have shown the LD50 of
ibuprofen to be 320 mg/kg intraperitoneally and 800 mg/kg orally, It
is interesting to note that irrespective of route , death in mice was

a result of perforated gastric ulcers and in rats intestinal ulceration

2 e have——— rformed in dogs. No signs

(19,27),

of clinical toxicitv . 4 \ \&Hf“x\ of ibuprofen were given

2 and intestinal inflamma-
tion was found upbn £, L \ -K1ésions were not seen at
doses of 4 mg/kg givy f*;' » \ :ﬁhiod of time. Two dogs

developed transien. ! TS i"Rheinatological reaction

|

From studies domde /i

noted (19,27);

iabbits were shown that no

teratogenic eff [ ‘l'he number of Tive

¥

fetuses per Titer ;.om ' 20 nfiikg per day was , however,

less than that of . coptrol animals .i cat1ng the possibility of reduced

ferei ity <ﬂ1JEJ’JYIEW]5WEJ’Iﬂ‘§
‘Wﬂgﬁﬁ ;u‘ EJ IS
contrjaled studies o over ose 1in man subJec obviousTy are

impossible.

Retrospective studies by Barry et al. (28) described that
their highest reported overdose blood Tevel (723.3 ug/ml1) occurred in
a 16- month-old child who ingested up to 35 tablets and still recovered.

Other investigation showed that no death or permanent injury occurred in
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children and there was a low chance of death or injury from ibuprofen
overdose compared with that of aspirin or acetaminophen (29).
Furthermore , there did not appear to be any significant chance of
abnormality or loss of pregnancy after ibuprofen exposure in utero.
However , avoidance of exposure during pregnancy , especially in last

trimester , and breast - feacdjs

bgstill advised. The use of ibuprofen

during the last trimes+°h' ‘nset of labor , cause complica-

Clinical Scu g “ﬂj_r‘. }\QT shed since the introduction

rapeutic benefit - to - risk

ratio is equal to or"b jer 3-;; dtiler currently available NSAIDs
'
(39). Much data concernirn .S have been gathered on the
b
treatment of art/™hi A

Y i
Gastrointewliru_ “XfHtienced by 5 - 15% of

iF |

patients taking 1bup§ofen 5 epigastrlc pain , nausea , heartburn ,

s o B WH G o st

tract are thé‘hsuaT d1ff1cu1tgesﬁ HOWever the 1nc1 ce of these side

QAR T UNVING A T

32,33)

Other side effects of ibuprofen have been reported less frequent]y;
They include thrombocytopenia , skin rashes , headache , dizziness and
blurred vision , and in a few cases , taoxic amblyopia , fluid retention ,
and edema. Patient who develop ocular disturbances should discontinue

the use of ibuprofen (30,31,34), Concerning renal safety , Bonney et al.(35)
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found a very low incidence of potentially serious adverse renal effects
in a large , carefully monitored group of arthritic patients in clinical

trials with ibuprofen.

G. Pharmacokinetic Studies -

~ofen after oral administration

The pharmacokinetics cg . §
were reported by several ﬂn.,.u3

in healthy volunteers

Ibuprofen tg hed from the upper

gastrointestinal tr occurred within 2
hours., The serum h ‘\k“ oroximately 2 hours
which does not incre high doses and there is
1ittle intersubject v ; food nor antacid substan-
tially changes absorpti' ojzggggégé pb™ ity of jbuprofen is only
minima11y altered by the k£5é5;:;;55 £25) and antacid (39). It

does not seem to fi;f___________________‘ —>t in equilibrium with

)

the plasma. Theref%!e . BC sTledule of 3 or 4 times

i¥

daily is unlikely to gause excessive, a cumulation of ibuprofen , even

oo e U ANENTNEINT
QW aaﬂ ﬂlﬁmwb‘l wég’g‘les following

400 mg 1huprofen were S - shaped , wh11e those , 1200 mg
had partial Tinear segments indicating zero order absorption. However,
Lockwood et al. (42) suggested that the efficiency of absorption of

ibuprofen is dose independent.

The drug is more than 99 percent bound to plasma protein and

saturation of binding sites can occur at clinical doses (42). The extent
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of ibuprofen binding to plasma protein is unrelated to age or sex (40).
Aaron et al. (36) found that ibuprofen is more strongly bound to normal
plasma than to human serum albumin, Data in rats indicated that

saturation occurred in the binding of ibuprofen to tissue component (47).

Ibuprofen is biotranformed principally by oxidative mechanism,

Its metabolism occurs mainl , Where the drug is hydroxy-

) hcz;n'onic acid, carboxylated
: o —

lated to 2 - [4-(2- metig

to 2-[4-(2 - carboxyng oyl id , and glucuronidated(32).

After metabol} d through the biliary

N\ NXE \;n saliva after ingestion
of a single 400 mg tal £t .5557'  \ \%\;n of ibuprofen in breast
milk was below detecci Jf fF 1‘e1 A\ N1 times (25). Animal

studies indicated that 7 Jf- 22= < ‘ravenous ibuprofen is

excreted through the bi]iarv e no enterohepatic recirculation

“ J'
is evident (43). (A} ifuprofen in normal human

; d

subjects is about“"“ with 99 percent

T

relative b1oava11ab..|ty when compar1ng the taL”“t to solution (42).

In human subJﬁuﬂ?x EJ ‘jrug could possibly
be excreted t 11ary ‘tract. and Teces but neither
Y W’Tm‘ﬁmﬁﬂ%‘ﬂﬂﬂﬁ y g7

Since 99%ercent of ibuprofen excreted in the urine was investigated

to be metabolized , makes it likely that little unchanged drug could

get into the urine or feces (25). After administration of either dextro
or levo ibuprofen to man urinary metabolite (hydroxylated and carboxylated)

were dextrorotatory (43).



CHAPTER TI

MATERIALS AND METHODS

Materials

A. Test Products

Fifteen commem 77 | AN y 200 mg sugar - coated
tablets were obtaineu ;fces (mainly from different
drug stores) withoul a~ A £ 25 nﬁgelect lots. The letters
(A,B,C,D,E,F,G,H,I,& | | b represent the brand
names of products. “IT‘s were accessible in

Appendix A.
B. Reagents

1. Workinl'Zs

i Jency 99.7 % (Marsing

Co., Ltd., Denmark)-J!t No.

- HUHANIRTIERG. o o e

o 2{ RS DANN I IR

4. Methanol HPLC grade (BDH , England) Lot No. 4738090 G ,

LOT T T«

(J.T. Baker , U.S.A.) Lot No. A11097

5. Chloroform AR (E.Merck , West Germany) Lot No. 644K3270245,
647K3391545 , 611K2083245
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6. Phosphoric acid AR (E. Merck , West Germany) Lot No.
616K2327173

7. Sodium hydroxide AR (E.Merck , West Germany) Lot No.2717966

8, Monobasic potassium phosphate (E. Merck , West Germany)

Lot No. 440A877573

9, Phenolphthala:

.//#.rmany) Lot No. 522K4371433
10. PotassiumTve ngland) Lot No.9227600D

11, Pepsin ( W0, 0148545

12, Pancreat’in( N Lot No. 1195274

13. Heparin 50C 8+ J';;f - Woratories Proprietary

Limited , Australia) Lot #o.

C. Apparatug™

7 . .r |
1. Ana]yt1C<! ) 7470 , West Germany)

Corp., Northmﬂﬁﬁ ﬁﬁtﬂ Wﬁwﬁﬁlﬁ i“anson Research
q W'Wﬁﬁﬂrﬁrﬁ& UMIIN B B

Northr1dge , CA. , U.S.A.)

4. Spectrophotometer (Spectronic 2000, Bausch & Lomb , N.Y.,
U.S.A.) |

5. High Performance Liquid Chromatography Apparatus ;
Solvent Pump Model 510 , 501
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Variable Wavelength LC Spectrophotometer Model 481_
Automated Gradient Controller

| Automatic Sample Processor Model 712 WISP
Data Module Model 740

(Waters Assoc., Milford , MA., U.S.A.)

6. Automatic High Sg f-xated Centrifuge ( Model

20 PR - 52 D , Hitachi X /J , Japan)

7. Digital g™ 75 I3 Wla Instruments , Isarel)

.

Mltific Industries . Inc.,

9. Waterbatf® ( 4Gk d N% NG, West - Germany)
10. Digital Comyy ,r_fﬁ "8 16 Bit , Micro Source)
11. Microe

17

12. Glasswa %

oy

AULINENINYINT
ARIAATANNING A Y

014543
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Method

A. In Vitro Studies

Fifteen brands of ibuprofen, 200 mg sugar-coated tablets were

evaluated using the official and non - official tests of U.S.P. and/or

B.P. for sugar-coated tablets. W} tasts included :

1. ";;;} : ve Ingredient in Tablets (50)

Twenty tableTSTw . P T itied water to pale the

colour and then, the - ' i3 \ “\gilets was determined

Twenty colou; b leg 2 -;ﬂ and powdered. A quantity
v 1 n was then shaked with
20 m1 of chloroform for--!;gégjgg;; iltration , the powder Was

washed with three quantitiziis _.AJ-

1 of chloroform and filtered

again. After thes *— ;:‘ to dryness US_ing
waterbath at 70 c, Ih‘ _ 4 mus obtained in 100 ml

¥

of ethanol USP, prev19us]y neutra11zed to phenolphthalein so]ut1on

i s PRV ATHRI AR o v

using pheno]pH!ha1e1n so]ut1on‘as 1nd1cat

LRIANT ARH MM’J N, oo

of ibuprofen C13H1802

2. Disintegration Test

The disintegration tests for fifteen brands of ibuprofen tablets
were determined according to the USP XXI method for plain coated tablets

(51).
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Individual tablet was introduced into each of the six tubes-of
the basket. If the tablet has a soluble external coating, the basket
was then immersed in water at room temperature for five minutes, A disk
was thereafter added to each tube , and the apparatus was operated using

simulated gastric fluid TS maintained at 3712°C as the immersion fluid.

After thirty minutes of opap ~ysimulated gastric fluid TS, the
",i'l“ tablets were observed. If the

np T inulated intestinal fluid TS

basket was 1ifted froma s
tablets had not dis

maintained at 37+2 © the immersion fluid. The

test was continuer 4 including previous exposure

to simulated gastrig ~ % W% mean disintegration time of

. %, ] .
each brand was calcy \\xu1ated gastric fluid TS and

simulated intestina?

p e '
* Complete disi: e neC as that state in which any
Zo KA e

unit
N ;

on the screen y-_ = ,:"“ having no palpably

residue of the insoluble coating , remaining

fim core,

¥

ﬁwﬂﬁ’ﬁﬁ‘ﬂiwmm

Accord1ng to USP XXI16€(52) , disgalution of ikwprofen tablets
am&mmmmm RENIREY 5. 1)
and phosphate buffer pH 7.2 as dissolution media (Preparation of

dissolution media see Appendix B )

Comparison of dissolution rates of ibuprofen tablets from

fifteen commercial brands was carried out by the method as described :
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Nine hundred millilitres of dissolution medium was placed in
the vessel and equi]ibratéd at 37 i_O.SOC. A tablet was placed in each
basket and introduced into each of the six vessels , the apparatus was
then immediately operated andfmaintained.stirring.speéd.at the rate of

150 + 5 rpm. Five millilitres of samples were taken just prior to

introducing the tablets anddWRIF Jiate time intervals for each brand,

filtered through staisa s ._‘/)ﬂyzed for drug content. The
'. ¥ ecqmmtq phosphate buffer pH 7.2

was added immediate L a7/ | N a_maintain a constant volume

of dissolution me- g =3 ¢ e test. The amount of drug

dissolved was dete ¢ ”{ x\.»ﬂgatometer at 222 pm , and

About 75 mg , acgg ‘ mad , of ibuprofen was dissolved
e 1

in the d1sso1un:; , 4 Jolume of 250 ml,

-

. ! A I'! .
Appropriate d11d’2 s "mpoolution to obtain

standard solutions of known concentrat1ons b&tween 0 - 20 pg/ml.  The

o i 3 EF B FGIYY ‘s v

the dissolutfon medium as b]ank Absorbances obta1ned versus known

;;;cw 9 Mﬂ’?m NW’@‘VTW& fjr regression.

The standard curves were constructed each time the new dissolution
medium was prepared. The concentration of {buprofen in unknown samples
were determined using the standard curve obtained from the same medium.

(The result of this standard curve was shown in Appendix D )
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4. In Vitro Evaluation -

The physical characteristics of all fifteen commercial brands
of ibuprofen tablets were examined and evaluated , using general
standard of U.S.P. and/or B.P. to determine which brand passed the

requirement. Analysis of variance and student's t - test were performed

using a computerized st I~

““jp ABSTAT (54) to assess any
épo]ution parameters between

Five commere g JFandid =)o "R\ﬂ‘ab1ets with differences

in their in vitro cne flctedid=s<e dj egration and/or dissolution
F s '
were selected as describe= =
eIl
1. T ~ - = reference standard

'5&\ .'r‘
!

nd with maximum dissoluti=® rate

-AUBINBRTNEINT
ARTA ST I YAy

disintggration time

2. The |=

5. The brand with minimum dissolution rate and moderate

disintegration time
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2. Subjects

Twelve healthy male volunteers with mean age 22.7 years
(range 21 - 27) , mean body weight 60.4 kilograms (range 48 - 73) ,
and mean height 171.5 centimetres (range 164 - 178) enrolled in this

study. A medical history , completely physical examination , routine

blood and urinalysis , angM\

tests were performed S 41nu //’i subjects prior to the study.
st —

'yes for kidney and liver function

Tly explained to all
hefore entering the study.
at least one week preceding

the study and refgff M : 3x "% ion during the entire course

Each subject re~,;a.;;yg;_ gle dose of two tablets of

-

X J

200 mg ibuprofagee——— R 22Jh 100 - 200 m1 of water.
7

The volunteers w-l. — . mast ten hours before and

¥

s

two hours after drqg adm1n1strat1on Apart from the dictates of early

e B8 GRERGNERG oo

imposed and Whe subjects werg allowed to carry out n r al routine duties.

A7) @iﬂ‘iﬂ;}mﬂﬂﬂ’lﬁ d

The study was performed as an open label in a randomized latin -

square crossover design in which each formulation preceded each other
formulation an equal number of times (55) , over the first four
formulations (Formulation A,C,K and 0 ). Each subject received the

drug in a randomized order.
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Formulation N was added in the last week because it seemed that
the results of the first four treatment phases could not indicate whether
fhe disintegration time or the disso]utioh rate was a better correlated
parameter of the in vivo parameters. Treatment phases were seperated
by a washout peroid of two weeks. Treatment schedule was presented in

Table 1.

Table 1 Treatment .S

ﬂuaqwﬂwswﬂnﬂﬁ <
waﬂmmummmé’ g

* A,C,K,N and 0 represents the brand name of ibuprofen tablet

** See text. for explanation
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5. Sample Collection

Blood samples (5 ml1) were drawn from a forearm vein by
individual venipuncture just prior to dosing and at 0.5, 1, 1.5, 2 ,
3,4,5,7,10 hours following drug administration. These blood samples

were placed into the 'heparim'zed tubes (one drop of 5000 units/mi of

6.

The plasm; analyzed for the
concentration of u: | b ‘\\ high performance liquid
chromatographic (HPL. ‘, | i from those described by

A e

LaLande et al. (56). | \e

L b

Weloped as foliow :

An aTiqu fvas acidified with two

- — -
-

drops of phosphcade W Jing, 2.5 ml of

acetonitrile (coniJJning phenyibutazone as arl nternal standard at a
concentrati ‘ 8 ‘g? : eﬁf recipitate.the protein. The
tubes were ﬂ;ﬂoﬁex dﬁﬂﬁe nﬂﬂ:lﬁiiifugation at
4000 ﬁn i pgas QE % ﬁ ,Tﬁ( fered to
the v1aﬂﬁ’t§aﬁﬂ‘;§: H whiic‘! ?Tgle i }eﬂ;d into the

HPLC using the automatic sample processor.
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HPLC Conditions for Ibuprofen Analysis in Plasma

Apparatus - : HPLC consisted of a Model 510,501 solvent pump, a
Model 481 variable wavelength LC spectrophotometer,
automated gradient controller, a Model 712 WISP

automatic sample processor , and a Model 740 data

c., U.S.A.)

Column : o i rregular , stainiess steel

Mobile phase wmthanol = 28 : 72
Deteétor
Flow rate
Attenuation
Pressure

\Z
 }bie

Temperature

riectes “ﬂ"ﬁ”ﬁ‘mﬂﬂ?w BN

Chart S eed : 5 mm/min

ARIANNT St;nyrn’l’mﬂ;] QQQ

Retentfine time : Inter phenylbutazo

Ibuprofen 7.025 minutes
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The ibuprofen concentration in plasma samples were quantified

employing the standard curve

7. Standard Curve

About 50 mg , accurately weighed , of ibuprofen was dissolved

4 volume of 10 m1. Aliquots of this

_ ﬂ_5,30,35,40,50,55,60 Jig were
d

pipetted respectivemmm— e tubes. After the methanol

in methanol and then adjus

stock solution equiva:

was evapQrated to d- — 70°C, 1 m1 of pooled drug -

free plasma and 2 ™a85%) were added to each

tube. The capped giex - mixer to allow

dissolution of the These samples were

\

analysed following t \\xcribed previously. The ratios

of ibuprofen peak are. y rd peak areas versus the known

ibhprofen concentrat1onﬁp a straight line using linear

=7 ,
regression (52 )i o

The standfijd cuirtes vactecfffor each treatment phase

which plasma sample€ ggre analyzedgy The concentration of ibuprofen in

e ol hd B Kld BRI Bdre cive

obtained from the same hasef (The ressht of this s@andard curve was

srony bk SNSRI NRIIN AR
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8. Pharmacokinetic Analysis

Individual ibuprofen profile from each treatment was analyzed

using both noncompartmental and compartmental method.

The noncompartment (model independent) estimating program was

Arameters

.éii'on - time curve R AUC?_

used to calculate the follow?

(a) The area

(by Tlinear trazepoi~s =ion to infinite time , see

Appendix G )

(c) The me Flen 57 00e O%1 administration MRT a1

(Calculation see App

For compartmenta] CSTRIP program (57) was used to

—r‘/n.*' / . v_‘-'-A'_
estimate the initja o ar g™, Then PCNONLIN

nonlinear estima !f? ) s applied utilizing

the initial parame - .r obtainea (o the CSTRtw program. Whether the

::z:::::::mimaﬁimm&i T
ﬁﬁﬂ‘“‘iﬁx‘fﬁ“ﬁﬁlﬁ%’ﬁ%ﬁl’lﬁ‘ﬂ““m ”

In compartmental analysis it is reasonable to use the fewest
number of compartments which are necessary to adequately describe the

experimental data.
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9. Bioavailability and Statistical Analysis

The comparative bioavailability of the five brands of ibuprofen

tablets was evaluated using the following parameters :

[00]
a) The area under the plasma concentration time curve , AUC,

ntration , T

c) The time Max

A one-way as performed to test

the hypothesis of W reatment group. If the
ANOVA result showes W Student's test were

performed to invest; ptween treatments,

C. In Vitro- §F Study
The relationshipadc a*J and in vivo parameters was

analyzed and thé'i;; — ;‘ined. Student's

t - statistics wercj:h- T whdllher this correlation

¥

was significant. Tth vitro para ers of interested included both

N £ o1 YT Y ——

included wereq!hose pharmacokighetic parapgters which ngjated to the
absorpaomMmgmummma&m (x,) |
the t1me to peak plasma concentration (Tmax) , and the mean residence

time after oral administration (MRTora] ).



CHAPTER  III

RESULTS

In Vitro Studies

The fifteen conmm ™

.’/))0 mg ibuprofen tablets were
_d

first assayed for th | offactammme iont, The ibuprofen

content of each proﬂ' Results indicated that

each brand was wit" N met existing standard

in the United State g Waese data supported the

assumption that all \ equivalent.

Neither USPXM# BrarRIRk

g
-
- -

- =
specification for ibuprof

. . WA .
requirement is cugre plain coated tablet. As

disintegration time

wever, disintegration time

- -
-

reported in T.ab]r A ked brands of ibuprofen
tablets can disint _I ~ate —, e H:pt for tablets from

brand K which the diﬁgegration timgswas ranged from 77 to 145 minutes,
and brand 0 anueajngemﬁmgm&laaeﬂtgy were placed in

the medium fo:II over five hourd. Rank ordar of fifteelbrands in terms

ot resh LAV A S AL SUIEL ARV R <o <«

< N< M <I <J<H<C<KKDO,. Statistica]_ comparison of disintegration
time among fifteen brands of ibuprofen tablets were reported in Table 4-6.
Table 4 showed analysis of variance , Tab]e 5 showed the t - Va]ue of

the comparison between treatments , and Table 6 showed statistically

significant difference between treatments.



Table 2 Percent Labelled Amount of Fifteen Commercial Brands of

200

mg Ibuprofen Tablets

28

Experiment Percentage Content
No -

Brand Mean SEM
A 99.29 0.18

B 99.33 0.34

C 100.76 0.30

D 96.90 0.48

E 100.51 0.43

F 100.55 0.22

G 98.52 0.23

H 97.61 0.23

I ii. 99.49 0.08

J 98.%qg_ 98.33 Y, 97.21 | 98.12 0.48

, FJI ULLINEHNIWENNR.e 016

¢
ARVNRIN AR TINY Y
|

ﬂ “ 99.84 99,82 100.32 99,99 0.16

N 99.13 99,51 99,37 99.34 0.11

0 99.53 99.81 - 100.31 99.88 0.23




Table 3

Diéintegration Time of Fifteen Commercial Brands of Ibuprofen Tablets

ablet No.

Brand 1 2 MEAN SEM % CV
A 13.00 13.50 14.42 0.39 6.65
B 9.00 10.00 10.26 0.29 6.86
c 11,50 12.00 12,97 0,82 15.53
D 10.00 10.00 11.11 0.46 10.11
E 14.00 15.00 16.82 0.89 13.00
F 8.00 12.00 13.83 2.19 38.71
G 10.00 14.67 14.97 1.04 17.03
H 42 .00 43.00 48.17 2.96 15.05
I 33.00 34.00 35.75 1.09 7.49
J 36.00 37.00 40.00 ¢ J2.00 47,00 48.00 41.67 2,04 12.02
K 77.00 80,00 ﬁ u El ’?W Hmm Elﬂfm 97.00 10,25 25.88
L 9.00 9.50 9.82 10. 00 10,00 0.16 3,93
M 27.00 30. OQ W".ﬁﬂﬂsﬁsogu u%d']’s qﬂﬂd’] a EZ’I 83 1.19 9.19
N 23.00 25.009 27,00  35.00 37.00 40.00 31.17 2.88 22.63
0 >5 hr >5 hr >5 hr >5 hr >5 hr >5 hr >5 hr

6¢



Table 4 Analysis of Variance for Disintegration Time among Fifteen

Brands of Ibuprofen Tablets.

30

Source of variance d.f. S.S.

M.S. F

Among treatments
Within replication

Total

dofo

|
]
il

SDSO

47254.8 864.452

54.7

ﬁumWﬂ‘Wﬁw BN

= var1at1on ratio

ammmmumawmaa



Table 5 Pafrwise Statistical Comparison of Disintegration Time amonc of Ibuprofen Tablets by Student's t - test
Brand A B C D K L M N
A
B 7.8063
C 1.4473 2.8375
D 5.0038 -1.4286 1.8040
£ -2.2508 -6.3829 -2.8935 -5.1932
F 0.2398 1.4780 -0.3365 -1.1127 1.1546
G -0.4516 -3.9765 -1.3725 -3.0949 .1.2330
H -10.3190 -11.6349 -10.4580 -11.2935 -9.2562
I -16.7668 -20.5767 -15.1952 -18.9668 -12.2432
J -11.9531 -13.8885 -11.8887 -13.3155 -10.170
K -7.3518  -7.7240 -7.6439  -7.6439 -7.1161
L 10.2977 1.6691 3.6049 2.7226 7.2084 | . T . . 7.7794
M -12.6446 16,0216 -11.8687 -14,7795 -9.1899 -645 -9.7172 4. 67&} 2.2074 3.7814 5.7664 -16.7938
N -5.2608 -6.5928 -5.5453  -6.2779 ﬁ u ﬂq w Hwﬁ w ﬁ{] ﬂ ﬁ 5.6461 -6.8050 0.1952
0 -805.8980 -1110.86 -385.109 -694.241 034 -144.571  -302. 670 -96.1728  -270.679 -142.174 -23,4299 -2061.34 -250.711 -104.230

t(0.05.10)

t(0.01,10)

ammﬂimumfmmaﬂ

£



Table

6 Statistically Significant Pairwise Difference

of Ibuprofen Tablets.

Disintegration Time

among Fifteen Brands

Brand | A B C D E K L M N
A
B * %
C *
D *%
E * * % * *%k
F
G * % *
H * % * % *Kk * % * %
I * % | £ * %k *% * %
J *% * K **k * % Kk
K * %k *% *% *%k * %
L *%k * * *% | r * K
M *Kk * K * % *Kk * % * % *% * % . * % * %k * Kk
‘. o/
N * % *% *% * % * *%
O **k *% * % * % Hﬂuﬂqmﬂmﬁwﬂlni* *%k * % *k

*%

e AT AN IUTATINGTA

Significant level at p < 0.01

¢t
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According to the United State Pharmacopoeia XXI, the amount of
ibuprofen dissolved from the tablets at 30 minutes should not less than
55 % of the labelled amount. The resu]ts'of this study (Table 7)
demonstrated that only 5 brands (brand A,B,C,D,and E). met the United
State Pharmacopoeia specifications for drug dissolution while 7 brands

(brand G,I,J,K,M,N, and 0 ) fuN cet the specifications and

3 brands (brand F,H,and LSS ’/}eriments before any

conclusion could be me

Figure 2 i+ wfiles of all fifteen

brands of ibuprofer#®ah, 1 7.2. Numerous

di fferences were ob "y of dissolution of

different drug produ . uprofen tablets from

brand A to brand O wen, 22 respectively.

The dissolution ratag were calculated from the

slope of the firsi} i ibuprofen to be

- :1-'. .chmic scale

dissolved ( B

(Appendix E)and the Jrresponding values were r=ported in Table 23.

e °fi‘1‘ﬂeﬂ’? VI}’JFWEI“WT o e ot

were brand C >6>L>14J H >M>N>0,.

C°'""”“Q"W’Iﬂ\'fﬂ‘§°§lm‘ﬂ”l‘3‘ﬂ YR EY

and Studéht's t - test were presented in Table 24,25 respectively.Table 26
demonstrated statistically significant pairwise difference between

treatments.

From dissolution profile in Figure 2 and statistical comparison
of dissolution rate constant , these fifteen commercial brands of

ibuprofen tablets can be classified into three groups as follow :-
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1) The brand with high dissolution rate included brand A,B,C,and D.

2) The brand with moderate dissolution rate included brand E,F,

G’HQI,J,K, and Lo

3) The brand with low dissolution rate included brand M,N,and 0.

Due to the numerouss “?‘iFured brands of ibuprofen tablets,
a representative from s éo assess bioavaﬂab'ﬂity of
these Tocal products ' groduct. The brands

chosen were

2. Brand C
3. Brand K (‘m g

4. Brand 0 ( and no disintegration )

5. Brand%di Wdaving ability to

“J disintegrate within 30 m®™utes)
- v/ o
ol WB I NHATNE AT o v mirim
dissolution rgge and the dissofution rateagconstant of ggand C was ten
cines PR IG1N A S0 UBINHIA &;nd ( was ten
times h1gher than brand 0. Brand N was chosen to ver1fy whether the
disintegration time or the dissolution rate could correlate better with

the in vivo parameter since its dissolution rate was lower than brand K

while its disintegration time was shorter.
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Table 7 The Amount of Ibuprofen Dissolved at 30 Minutes of Fifteen Commercial Brands of

Ibuprofen Tablets

Tablet Pércent Ibqprofen Dissolved
No.

Brand 1 6 MEAN SEM
A 96.05 94.57 95.58 1.09
B 96.42 93.75 95.07 0.81
¢ 95.34 97.86 98.89 1.02
D 99.35 99.81 97.74 0.89
E 82.44 87.95 84.41 1.61
F 92.52 87.84 47.75 14.80
G 0.31 0.52 0.38 0.03
H 85.40 85.42 71.46 14.33
I 0.21 0.63 0.82 0.23
J 0.11 3 19 0.22 0 34 0.33 0.17 0.23 0.04
| AUBANENTNYING 0 e o
L 90. 58 ) 84.39 f09 '213 .15 Q42,82 74.40 14.71
ARINIARTINENRE, L, L,
N 0.53 0.51 0.49 0.46 0.49 0.52 0.50 0.01
0 0.55 0.46 0.48 0.37 0.49 0.41 0.46 0.03

1471414 68/
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Figure 2 Dissolution prof11e of fifteen commercial brands of ibuprofen tablets in phosphate buffer pH 7.2
Key : Brand A (e ) ,Brand B ( 8 ) ,Brand C (® ) ,Brand D ( X ) , Brand E ( a ) , Brand F ( v ),
Brand G (o ) ,Brand H (o) ,Brand I (o) ,Brand J (¢ ) , Brand K (e ) ,Brand L ( Q ),
Brand M ( ¢ ) , Brand N ( 4 ) , Brand 0 ( % )

w
(e)]
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Table 8 Dissolution Data of Brand A Ibuprofen Tablets in Phosphate Buffer pH 7.2
Tablet Percent Ibuprofen Dissolved
No.
Time
1 2 3 4 5 6 MEAN SEM
(min)
0.0 0.00 .0.00. -0.00 0.00
2.5 0.00 0.01 0.01 0.00
5.0 1.67 0.45 3.04 2.09
7.5 26.81 12,12 32.46 7.84
10.0 72,84 63.50 73.32 2.66
12.5 87.77 85.43 87.53 0.80
15.0 91.25 89.98 91.07 0.41
20.0 94.74 93.91 94.89 1.10
25.0 96.05 94 .57 95.98 1.19
30.0 96.05 94 .57 95.58 1.09
40.0 96.71 96.75 95.84 1.17
60.0 95.84 96.31 94 .85 1.00
90.0 95.40 96.10 94.23 1.12
120.0 94ﬁ Fn 965 Qdo 53 91,30 94.78  93.76 1.11
| IS
T ¥ = 1110

IR TN TN
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Teble 9 Dissolution Data of Brand B Ibuprofen Tablets in Phosphate Buffer pH 7.2
Jablet Percent Ibuprofen Dissolved
No.
Time 1 4 5 6 MEAN SEM
(min)
0.0 0.00 0.00 0.00 0.00
5.0 0.14 4,17 1.76 0.94
7.5 25.51 75.31 51.08 12,58
10.0 74,07 86.75 74.97 8.45
12.5 82.42 88.90 85.42 4,98
15.0 89,69 91,59 89.55 3.49
20.0 91.30 91.59 91,12 2,94
25.0 97.76 92.13 94.93 1.68
30.0 96.42 93.75 95.07 0.81
35.0 96.42 92.67 95.20 0.78
40.0 95.81 92.13 95.29 0.67
60.0 94,26 92.67 94.84 0.57
90.0 94.26 92.40 94.62 0.53
120.0 89. 92.67 94.03 1.03
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Table 10 Dissolution Data of Brand C lbuprofen Tablets in Phosphate Buffer pH 7.2
TabTet Percent Ibuprofen Dissolved
No.
Time
(min) 1 2 3 4 5 6 MEAN SEM
0.0 0.00 0.00 0.00 0.00
5.0 0.25 0.69 2.33 1.80
7.5 13.22 33.94 36.55 7.07
10.0 47.66 72,28 74.10 6.59
12.5 74,17 90.53 89,39 3.57
15.0 88.15 94,68 95,34 1.91
20.0 93.93 97,17 98,14 1.40
ZS.b 97.66 99.94 100.10 . 0.66
30.0 95.34 97.86 98.88 1.02
40.0 _94.37 97.73 98.13 1.07
60.0 94,65 97.58 97.69 0.78
90.0 94,51 ‘:V; 97.45 97.44 0.75
120.0 94,24 V} 09 | 98. 3/ 94,04 10::%9 97.73 97.53 0.86
180.0 93.13 9 ,"3‘h 8.3 i gllﬂ%.?]q 96.76 97.23 0.99
ﬂ%gﬂmu. | | ‘ o

ARIAATAUNN TN
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Table 11 Dissolution Data of Brand D Ibuprofen Tablets in phosphafe Buffer pH 7.2

Tablet
No. Percent Ibuprofen Dissolved
Time

(min) 1 2 3 4 5 6 MEAN SEM

0.0 0.00 0.00 0.00 0.00

5.0 0.37 0.30 0.42 0.11

7.5 0.93 1.59 12.66 7.68
10.0 22.32 63.44 52.31 11.20
12.5 77.05 84.41 81.98 1.87
15.0 91.15 92.90 90.92 0.72
20.0 97.05 97.94 96.13 0.55
25.0 101.08 98.22 97.57 0.96
30.0 99.35 99.81 97.74 0.89
40.0 99.21 98.51 97.50 0.88
60.0 98.78 98.37 97.21 0.73
90.0 98.63 97.07 96.59 0.86
120.0 98.63 96.64 96.20 0.88
180.0 97.91 94.186 g, 92.52 I s4 97.01 97.07 95.72 0.83

ARIAATAUNN TN



4

1

Table 12 Dissolution Data of Brand E Ibuprofen Tablets in Phosphate Buffer pH 7.2
Tablet Percent Ibuprofen Dissolved
Time to-
(min) 2 3 4 5 6 MEAN SEM
0.0 0.00 0. - 1 . 0.00 0.00 0.00
5.0 0.07 . éig.m 0.00 0.05 0.02
10.0 0.26 ] ' 0.38 0.43 0.17
15.0 2.13 33.10 20.24 7.98
17.5 2.79 57.40 39.56 11.08
20.0 24.77 71.71 55.40 7.67
25.0 67.54 84.22 77.04 3.34
30.0 82.44 87.94 84.41 1.61
35.0 87.49 89.54 86.89 1.61
40.0 89.62 90;60 87.95 1.54
60.0 90.15 89.54 88.40 0.84
90.0 89.09 87.68 87.64 0.44
120.0 92.28 86. 63 89 58 88 34 86. 65’ 88.21 88.62 0.86
180.0 90.42ﬂ u&j ’J mBﬂ VI@W ﬂ’] ‘n ‘5554 89.42 0.88
240.0 89.36 86.90 83. 73 85.96 0.83

86.21 84.26 85.28
=1
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Table 13 Dissolution Data of Brand F Ibuprofen Tablets in Phosphate Buffer pH 7.2
Tablet Percent Ibuprofen Dissolved
Tine N0
(min) 2 3 4 5 6 MEAN SEM
0.0 0.00 0.00 0.00 0.00 0.00
5.0 0.20 0.12 0.09 0.13 0.01
10.0 5.59 0.23 0.16 1.11 0.89
15.0 16.08 0. 0.24 2.91 2.63
20.0 48.46 a. 0.37 8.37 8.01
25.0 93.04 2. 12.24 18.66 14.98
30.0 92.51 46. 87.84 47.75 14.80
35.0 91.98 80.49 91.98 71,96 7.64
40.0 91.71 86.34 91.71 ' 85.84 2.68
50.0 92.25 89 93.58 90.45 1.75
60.0 91.98 .‘-:'d 2.78 91.56 1.37
90.0 91.18 91.98 91.56 1.24
120.0 89.32 93.79 & &3.77 89.01u 88.53 92.78 91.20 1.02
180.0 88.52 90.05 1.29

ALE I BTG

RN TAUIMINGIANY
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Table 14 Dissolution Data of Brand G Ibuprofen Tablets in Phosphate Buffer pH 7.2
Jablet Percent Ibuprefen Dissolved
Time No. -
(min) 1 2 3 4 5 6 MEAN SEM
0.0 0.00 0.00 0.00 0.00 0.00
30.0 0.30 0.40 0.51 0.38 0,03
45,0 1.64 11.44 10.34 6.75 1.93
50.0- 4,80 46,62 25,71 22,57 6.28
60.0 36.50 68.60 57.51 5.72
70.0 59.71 81.75 vy : _ % 75.94 66.27 4,43
80.0 65.41 85.1 I | 80.25 70.15 4.41
90.0 69.09 88.01 84,14 72.99 4.52
100.0 72.43 90.01 85.48 75.95 4,22
120.0 77.29 90.52 90.99 78.77 4,31
150.0 85.00 94 .84 84.00 3.57
180.0 89.77 ,5"‘! 570 89.36 2.49
240.0 94.74 95.57 ! — 0.31 4} 98.37 92.69 2.27
300.0 97.77 96.68 ‘&40 96.64 @ 94'31 98.37 95.03 1..81

IR TUAMINYAE
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Table 15 Dissolution Data of Brand H Ibuprofen Tablets in Phosphate Buffer pH 7.2

Tablet _ Percent Ibuprofen Dissolved . 1
No.
Time 1 2 3 4 5 6 MEAN SEM
{min)
0.0 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00

10.0 . 0.30 0.24 0.34 0.35 0.02
15.0 0.44 0.36 0.35 0.39 0.01
20.0 0.53 79.91 36.68 29.33 13.96
25.0 76.80 90.51 81.45 57.36 16.82
30.0 85.40 90.56 85.42 71.46 14,33
35.0 86.50 92.33 87.84 81.11 7.69
40.0 87.60 93.87 91.58 88.81 3.51
50.0 87.79 94.05 90.70 90.00 2.89
60.0 88.04 94,31 92,24 91.12 2.78
90.0 91.78 97.61%) .fg.oo 94.02 1.95

120.0 91.56 97.3% 4 o .99 95,38 1.711

180.0 91.78 95.63 4l 90}8& Y/.¢ 96.55 ::‘96.65 94.87 1.15

240.0 92.44 95.99 94,72 0.83

ARIAATAUNN TN
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‘Table 16 Dissolution Data of Brand I Ibuprofen Tablets in Phosphate Buffer pH 7.2

Tab]::- Percent Ilbuprofen Dissolved .
Time

(min) 1 2 3 4 5 6 MEAN SEM

0.0 0.00 0.00 0.00 0.00
30.0 0.20 0.63 g.81 " 0.23
40.0 0.22 4.20 5.15 1.81
50.0 0.38 6.08 10.42 3.68
60.0 1.19 | 13.31 18.17 5.45
.70.0 6.23 17.96 26.07 6.99
80.0 13.31 21.12 35.69 8.26
90.0 22.46 26.33 46,50 9.35
100.0 30.24 37.02 56.37 8.75
120.0 54 .80 58.40 71.56 6.70
150.0 197.31 81.83 85.90 4.18
180.0 . 97;73. 83.85 87.78 2.93 |
210.0 97.73 84.39 89.89 2.03
240.0 96.39 92. lk. 90,22 '9 93.03 86.00 91.41 1.40
mo | wif] U q a/]gﬂ WTW AN Fa  ne

Qma\m‘mummmau
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Table 17 Dissolution Data of Brand J lbuprofen Tablets in Phosphate Buffer pH 7.2

Tablet Percent Ibuprofen Dissolved
No. -
”"(‘;in) 1 2 3 4 5 6 MEAN SEM
0.0 0.00 0.00 0.00 0.00

30.0 0.10 0.16 0.22 0.03
40,0 0.33 0.34 0.45 0.04
50.0 0,47 2,01 2.02 0.74
60.0 0.63 20.35 20,22 4.59
70.0 8.10 48.12 44,25 7.57
80.0 21.85 77.62 65.94 9,98
90.0 35,55 86.04 72.92 8.69
100.0 68.13 89.97 81,81 4,57
120.0 90.89 79.76 92,22 89.11 2.46
150.0 100.17 85,06 93.99 93.38 2.19
180.0 102,16 93.99 94,41 2.12
240.0 102.16 94,21 95,70 1.68
300.0 102,38 92, 80‘597 .45 92.46 95,56 93.99 95,78 1.52

AU INENINEINT
AT INg A
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Table 18 Dissolutian Data of Brand K Ibuprofen Tablets in phosphate buffer pH 7.2

Jablet Percent Ibuprofen Dissolved
Lime No.
(min) 1 2 3 4 5 6 MEAN SEM
0.0 0.00 0.00 0.00 0.00
15.0 ©0.42 0.10 0.41 0.10
30.0 1.80 0.61 1.84 0.28
140.0 4.69 1.14 5.14 0.94
50.0 13.16 3.77 12.97 2.50
60.0 27.68 10.13 27.27 4.99
©70.0 41.07 19.55 43.57 7.97
80.0 55.91 28.67 54.68 8.27
90.0 69.08 39.05 66.29 8.02
100.0 74.14 47.32 73.58 6.27
120.0 96.49 76.76 88.34 2.65
150.0 98.48 93.72 93.81 1.45
180.0 99.89 93.89 95.40 1.36
210.0 101.02 95.62 92.51 96.72 96.01 1.28
240.0 wﬂ“ﬂ?ﬂﬂﬂjﬂﬂQﬂﬁ%m 95.73 1.60
270.0 100 96.44 9144 9120z, 90.81 94.50 1.56
w ARARATUURAINGINEY  ao 1
9
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Table 19 Dissolution Data of Brand L Ibuprofen Tablets in Phosphate in Phosphafe Buffer pH 7.2

Tabl:z Percent Ibuprofen Dissolved
Time 1 2 3 4 5 6 MEAN SEM

(min)

0.0 0.00 0.00 0.00 0.00

5.0 0.08 0,29 0.11 0.04

7.5 6.48 9.11 9.39 5.67
10.0 53.16 59.21 40.68 13.32
15.0 74.93 82.81 61.74 13.03
20.0 88.01 83.32 68.92 13.90
25.0 87.75 87.94 71.83 14.23
30.0 90.58 92.82 74.39 14.70
35.0 91.35 93.07 75.08 14.83
40.0 98.53 95.64 77.75 15.32
50.0 97.76 97.69 79.05 15.49
60.0 95.96 98.46 79.73 14.99
70.0 94.94 -~ 11.04 91.65 924 95.64 79.51 13.71
80.0 91.6ﬁ U(E‘,fﬁ VIH VI U H v 594.61 79.83 12.26
90.0 92.37q) 790.29 26.68v gﬂ :iﬂ 94.87 81.40 10.96
120.0 JEQ Q¢ ' = H | @ ~ Nt . .

0 ]
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Table 20 Dissolution Data of Brand M Ibuprofen Tablets in Phosphate Buffer pH 7.2

Jablet Percent Ibuprofen Dissolved
No.
Time
. 1 2 3 4 5 6 - MEAN SEM
{min)

0.0 0.00 0.00 0.00 0.00
30.0 0.59 0.66 2.09 1.46
60,0 ' 2.32 2.71 15.40 9.84
90.0 3.70 5.12 22,11 12.05

120.0 4.93 6.79 25.55 13.20
150.0 6.30 8.26 27.25 13.29
180.0 7.42 9.58 28.96 13.48
210.0 9.11 10.88 30.33 13.36
240.0 9.93 12.44 32.16 13.70
270.0 11.29 14.66 33.76 13.72
300.0 12,93 o ——— = 15.16 34,58 13.40
V. I" d
330.0 14,00 I o T13.93 16,76 35.62 13.17
360.0 15.48 lihls 71.07 5 00 16,03 18,08 37.14 13.06
wo | AUBINENTREINT =0 =r oo
480.0 23.28 7%45 85. 6& 24.05 &2 .31 41.42 12.17
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Table 21 Dissolution Data of Brand N Ibuprofen Tablets in Phosphate Buffer pH 7.2
Tablet
-No Percent Ibuprofen Dissolved
Time
(min) 2 3 4 5 6 MEAN SEM
0.0 0.00 0.00 0.00 0.00
30.0 0.53 0.52 0.49 0.01
60.0 1.76 2.09 1.90 0.06
90.0 3.08 3.57 3.34 - 0.10
120.0 4.20 4.87 4.57 0.14
"3 - Lll
150.0 5.21 5. ’ 6.00 5.66 0.17
L { \
- y & I||I
180.0 6.15 £ 4 7.09 6.64 0.20
e
240.0 7.96 -3 9,22 '8.54 0.27
.ay". _
300.0 9.33 10. 4 J% 11.07 10.22 0.29
360.0 11.12 12.64-“15%57»'ﬁ 4 12.90 11.89 0.36
420.0 12.58 15.02 13.84 0.47
500.0 15.20 17.10 15.94 0.41

AULINENINYINT
ARIAATANNING A Y
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Table 22  Dissolution Data of Brand O Ibuprofen Tablets in phosphate Buffer pH 7.2
Tablet Percent Ibuprofen Dissolved
Time -
(min) 1 6 MEAN SEM
0.0 0.00 0.00 0.00 0.00
30.0 0.54 0.41 0.46 0.02
60.0 0.64 0.64 0.60 0.03
90.0 0.76 0.67 0.71 0.01
120.0 0.85 0.68 0.79 0.03
150.0 0.96 0.93 0.95 0.01
180.0 1.09 0.93 1.03 0.02
210.0 1.14 1,09 1.09 0.02
240.0 1.26 1,07 1.15 0.04
270.0 1.31 1.24 1.25 0.02
300.0 1.33 | 1.31 1.29 0.02
330.0 1.40 1,34 1.36 0.01
360.0 1.57 A2 1.40 Qrs1.41 1.55 1.42 1.46 0.03
ﬂUEJ’J‘VI HNTWENDT e o oo
420.0 1. 89 1.57 g2 1.72 1.70 0.04
4sooawwa\1n‘sfuum'swa'1w
q
480.0 2.05 1.81 1.89 1.99 1.87 1.94 1.92 0.03




Table 23 Dissolution Rate Constant of Fifteen Comme

f Ibuprofen Tablets.

i;i

Tablet No.

Brand 1 2 MEAN SEM % CV

A (5-15 m1n)* 0.3108 0.2990 0.3065 0.0095 7.56
B (5-15 min) 0.2614 0.4010(a) 0.3022 0.0361 29.29
C (5-15 min) 0.2373 0.3124 0.3310 0.0332 24,56
D (5-20 min) 0.2421 0.2774 0.2878 0.0194 16.53
E (10-30 min) | 0.1192 0.1244 0.1485 0.0126 20.73
F (20-40 min) 0.0465(b) 0.1294 0.1231 0.0255 50.68
G (15-50 min) | 0.0972 0.0820 0.1033 0.0205 48.64
H (45-180 min)| 0,0177 0.0224 0.0206 0.0031 36.44
I (40-120 min)| 0.0097 0.0321 0.0240 0.0066 66.99
J (50-150 min)| 0.0398 0.0239 0.0432 0.0066 37.27
K (40-150 min}| 0.0334 0.0403 0.(*!7 i 0.0348 0.0024 16.81
L (7.5-35 min)| 0.0881 0.1082 0. 0010 0.1066 0. 0937 0.0939 0.0819 0.0165 49.35
M (30-240 min)| 0.0032 0.002 fJ w 0063 0.0022 85.72
N (0-420 min) | 0.0040 0.004?1 ﬂoa y] ﬂ in E!ﬂ]ﬂ i 0045 0.0001 5.83
0 (0-360 min) | 0.0034 " 0.0037 0.0034 0.003F 0.0042 5w 0.0033 .ouﬂl 0.0002 10.60

(The number in parenthe® s indicated the time interval for the rate constant calculation).

(a) The rate constant was calculated from the time range 5 - 10 minutes.

(b) The rate constant was calculated from the time range 5 - 20 minutes.

s
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Table 24 Analysis of Variance for Dissolution Rate Constant among

Fifteen Brands of Ibuprofen Tablets

Source of variance d.f. .S.S. M.S. F

Among treatment 0.0923 51.4697
Within replica 0.0018
Total

1.8708

n

mean square

ﬂumwﬂmw BT
ammmmum'mmaa



Table 25 Pairwise Statistical Comparison of Dissolution Rate Constant
Brand A B c D 13 K L M
A
B 0.1057
C. -0.6443 -0.5339
D -0.7921 0.3209 1.0231
E 5.1741 3.6675 4.6878 5.4973
F 6.1675 3.7005 4.5339 4.6971  0.8200
[ 8.2137 4.3704 5.3219 5.9627 1.7173
H 26..2404 7.0697 8.4910 12,4070  9.0396
1 22.3867 6.9150 8.2724 11.7452 8.0230
J 20.8604 6.4380 7.7551 10.8900 | 6.7887
X 25.4102 6.7410 8.1151 11,8025 8.1243 3.0281 -3.3454 -1.4014
L 10.7809 5.0631 6.1.282 7.3756 g % ﬂ -2,5787
M 28.2046 7.4623 8,9000 13,1447 a u ’J my ﬂ w:g fi i 8.0177  4.1466
N 29.1311 7.5223 8.9698 13.3176 10. 4 3 4,2519 4.3993 ¢ 4. 8046 2. 7 4 §.3798 lldos 4, 2845 0.7591
0 29.2197 7.5460 8.9955 13q Wq a ﬁmqq v Ej!r] a EI 4.3364 1.1466 4.6191
t(0.05.10) = 2.2281
t(o.o_l.lo) = 3.1693

1A%



Brand A B C D E

A

B.

C

D

E *k *% *k *%

F *k *% *% *%

G *k *% **k %k

H *k *%k *% * %k %k

I *k * %k *k *% *%k

J *% *% *k *% *k

K *k sk *k *% sk

L *% *%k k% *%k

B ﬂu&nwﬂmwmm** -

N *k *k ** . *ok
* Significant at <« = 0.05
*k Significant at &£ = 0.01

GS
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In Vivo Studies

A. Analysis of Ibuprofen in Plasmg Samp]es

Plasma ibuprofen concentrations were analyzed by high performance

liquid chromatography. Typical chromatograms of ibuprofen and internal

standard were illustratady ire 3. Retention times for ibuprofen

and internal stande= S8 .933 minutes , respectively.
The analytical pim : Nass )ped reproducible. Analytical
recoveries of DU e anaard were about 99%. The

sensitivity of -, x\x\-1asma was 0.5 ug/ml.

B.

No side e Jf ‘=1‘ 15 2\\.‘1on of intoxications were
observed after tne J& "{'7'11 uprofen tablets.

C. Plasma

Pla V:vi "' sampling time ranging

from 0 to 10 h= rs after administration o*'brand A,C,K and N ibuprofen

’:::T;fmm 3’1Hﬁﬁﬁm‘i‘ifl’;l;i’lij;;?;‘p;f’“"
RS A nerTaE

gragp1ca11y 1 ure

D. Pharmacokinetics of Ibuprofen Tablets

The in vivo result was analyzed by both noncompartmental and

compartmental method.
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AREA
59916
159771

RT
4,933
7.025

NAME
IS
1BU

NO.
1
2

minutes

AULINENINYINT
QRSN TP TINE ErE

/s

ibuprofen (I and internal standard (IS)
a Obtained from HPLC analysis of human plasma containing
60.60 ug/ml of ibuprofen and 8 ug/ml of internal

standard.



Table 27

Plasma Ibuprofen Concentration at Various Times

to 12 Subjects.

dministration of Two 200 mg Ibuprofen Tablets , Brand A s

ubject
No. - .
Time 1 2 3 4 10 11 12 MEAN SEM
(hr)
0.0 0.00 0.00 0.00 0.00 0.00 0.00 o.oo' 0.00  0.00
0.5 41.60 19,32 30.42 29.01 20.42 3.66 44,76  24.87  4.52
1.0 60.60  31.36 36.50 30.90 31.16 7.81 46,02  34.27  4.50
1.5 51.87  33.60 24,25 32.09 31.63 8.31  42.84  34.58  3.67
2.0 41.52  32.38 19.92 27.78 26.31 42.41  35.80  33.81  2.45
3.0 26.42  20.80 15.26 22.23 ~ 16.60 24,34 34.30 16.92 25.58  20.96 22,97  1.59
4.0 16.85  12.55 9.79 18. ﬂ uﬂqmsﬂ wﬁ Wﬂ’] ﬂzﬂﬁ' 11.50 17.00  15.58  15.81  1.24
5.0 13.44 8.85 7.10 13, 63 12.59 8.25 ¢ 13.18 12,59 11.44 .7 11,26  10.76  11.23  0.90
7.0 9.52 3.80 3.2sq mr] aﬁﬂ imumqgsm Ealr] az&l 5,35 5.32 6.23  0.77
10.0 1.96 1.37 2.20 5.54 2.47 2.07 4.41 4.08 1.13 1.27 2.00 3.08 2.63  0.39

89



Table 28 Plasma Ibuprofen Concentration at Various Times Follow:

inistration of Two 200 mg Ibuprofen Tablets , Brand C ,

to 12 Subjects.

Subject |
No, -

Time 1 2 3 4 10 11 12 MEAN SEM
(hr)
0.0 0.00 . 0.00  0.00 0.00 0.00 0.00  0.00 0.00 0.00
0.5 29.25 14.79  20.63 11.86 '5.00 1.24  19.48 12.89  2.69
1.0 32.24  20.86  40.20 24.70 8.22 2.69 36.65 23.57  4.05
1.5 38.91 26.47  36.55 29.33 13.32 30.49  42.86  30.93  2.41
2.0 41.41 35.53  27.50 31.00 19.06 39.16  41.02  32.52 1.86
3.0 25.06 2.73 22.15 22.38 ; 20.76  32.35 40.69 =, 40.36 31.29  27.96  29.61  2.27
4.0 17.14 22.78  15.33 15. 51ﬂ ﬂ ﬂ ’J ﬁ Elzﬁjw El’]lﬂﬁ 21.15 18.42 18.98  18.74  1.17
5.0 12.83 17.23 9.11 10. 83 12.06 10.60 g18.68 17,87 8.91 13.31  14.45  13.42  0.96
’Q HIraNnNatu um'm gNa EJ
10.0 2.27 2.82 1.93 2.35 3.02 2.89 5.71 4,95 1.37 2.03 4.43 4.05 3.15  0.38

6§



Table 29 Plasma Ibuprofen Concentration at Various Times Following Oral Administration of Two 200 mg Ibuprofen Tablets , Brand K ,

to 12 Subjects.’

Subject
) o, v
Time 1 2 3 4 10 11 12 MEAN SEM
(hr)
0.0 0.000 . 0.00 0.00 0.00 0.00 1 0.00 0.00 0.00 0.00
0.5 0.00 0.00 0.58 0.00 0.57 0.00 0,31 0.12 0.06
1.0 0.00 0.00 1.09 0.03 0.81 0.00 0.35 0.19 0.10
1.5 0.00 2.62 1.46 2.46 2.19 0.00 0.57 1.11 0.30
2.0 0.00 8.97 4.01 5.36 6.83 1.73 1.27 3.55 0.86
3.0 9.46 13.52 11.82 17.16 9.88 2.00 6.32 9.75 1.13
4.0 14.68 22.19 14.60 18.70 10.25 2.59 11.67 14.43 1.66
5.0 13.48 14.95 14.08 17. 60ﬂ w fj 7] HW? thr]ﬁﬁ 12,93 4,16 14,24 14,44 1.56
7.0 10.99 13.25 12.88 9.55 7.36 8.39 ‘}7 .59 23. 49 8.46 7 19 12.80 13.35 12,11 ~1.36
w | s o ne QRIMANTUMARNGINY o no e oo

09



Table 30 Plasma Ibuprofen Concentration at Various Times Folloy nistration of Two 200 mg Ibuprofen Tablets , Brand N ,

to 12 Subjects.

Subject
No.

Time 1 2 3 4 10 11 12 MEAN SEM
(hr)
0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.41 0.33
1.0 20,10 5.94 7.58 13.08 5.29 0.00 3.63 7.66 1.58
1.5 23.36 13.69 17.32 18.17 14.90 21.40 6.23 16.96 2.63
2.0 28.95 14,70 16.39 22.28 16.23 33,10 10.27 21.30 2.48
3.0 22,49 14.28 15,26 29.60 23 80 25.49 42 28 22.84 27.44 29,78 24,67 2.15

o o s e Qeﬂumwmwmmw s nn e na

5.0 13.15 13.03 13.02 18.53 12 08 10.47 €7.03 23.88, 19.15 14,76 18,41 15,47 1.13
7.0 5.81 8.80 7.45 %mf] aqn 1m9u“r]? v] EJI-] a H 11.94 8.90 0.97
10.0 2,33 5.28 3.12 6.0 3.00 3.06 4,30 7.85 5.42 1.84 3.18 8.59 4,50 0.62

19
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40—

30+

20

10+

MEAN PLASMA IBUPROFEN CONCENTRATION (ug/ml)

*4 * * — *
COamashanlugiangiay 0 0
3 BLANIR
q (Rout)
Figure 4  Comparison of the mean plasma ibuprofen concentration profile of five different brands

following oral administration of two 200 mg ibuprofen tablets to 12 subjects.

Key : Brand A (e ) ,Brand C ( m ) , Brand K ( @ ) , Brand N ( & ), Brand 0 ( % )
(Vertical 1lines indicated standard error of the mean values)

29



63

1. Noncompartmental Method

The derived pharmacokinetic parameters based on noncompartmental
analysis of the plasma concentration - -time data were presented in Table
o

31 - 44. The area under plasma concentration -time curve , AUCo

calculated from individual Rlasma data was reported in Table 31. As

shown in Table 32 , t ‘;?"ir1st1ca11y significant difference

é However , the AUC during the

o .
among AUCo from f rc1a1

entire ten hours red s1gn1f1cant1y as seen in

Table 33,34 . were brand A,C >brand N >

brand K (at p

‘\\

The mean 4 2¥f z . r\g administration (MRT ) was

oral

shown in Table 35 f difference among'these values

in Table 36 indicat gnificant differences observed

among four treatments 5? e abrand C < brand N < brand K
-*',_

k

The fy:'. ‘,_r"‘ ( Cpay) @s shown in
Table 37 was rell}l dircot e lasmiflfoncentration -time curve of
each individual. € ae mean peak gjasmd concentration was 42.20 = 2.63 ,

38,55 ﬂuﬂa’l’ﬂﬂ VBN AG)@m for brand a,c.x, ane

ﬁectwe]y The res@lts of themstatistical @dalysis. was presented
,n’i

AN QUL IIEL R BL 1onerst o

brand A,C > brand N > brand K (at p < 0.05).

The time to peak plasma level (T___ ) as presented in Table 39

max
was also point out directly from the plasma concentration -time curve
of each individual. The mean TmaX for brand A , brand C , brand K , and
brand N was 1.29 + 0.13 , 2.00 + 0.20 , 4.75 + 0.33 , and 2.96 + 0.23

hours respectively. Statistical result seen in Table 40 demonstrated



Table 31 Area under the Plasma Concentration-Time Curve (AUé?)
of Ibuprofen Calculated by Noncompartmental Method
Following the Administfation of Two 200 mg Ibuprofen
Tablets of Five Different Brands to 12 Subjects
Brand
Subject No> 0 N
1 - 128.29
2 - 133.84
3 - 112.80
4 - 174 .65
5 - 120.28
6 - 136.79
7 - 132.89
8 - 234 .38
9 - 145.15
10 - 103.69
11 15b.20 244 - - 143.25
: uif‘iwﬁ"ﬁ'swﬁﬁh‘s o
MEAN 156.40 1§9.58 30 80 145.82

sﬂW Mﬂ‘ifﬂﬂﬁﬂﬂ%&ﬂﬂﬂ 10.43

23.99 15.57 63.15 24.77

64
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Table 32 Analysis of Variance and Pairwise Statistical Comparison
co
of AUC0 of Ibuprofen Calculated by Noncompartmental

Method?

One way analysis of variance

Source of variance M.S. F

Among treatment 18136.9 2.9523 *

6143.1

Within subjects

A "9.2(_)00 y K :
E ‘Uﬂ:?ﬂl ﬂﬂ?jﬁﬂqggo
ﬂw ﬁﬁﬂ@mﬁmﬁﬂg}@ﬁ'g 0.0000

t 0.05’11 = 2.2010

a The result of four brands only was used, brand 0 was excluded

since its bioavailability was undetectable

Significant level at P <0.05
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Table 33 Area under the Plasma Concentration-Time Curve (AUCS)

of Ibuprofen Calculated by Noncompartmental Method
Following the Administration of Two 200 mg Ibuprofen

Tablets of Five Different Brands to 12 Subjects
Brand ng.hr.ml'1)
Subject No» 0 N
1 - 121.47
2 - 104.48
3 - 102.34
4. - 149.03
5 - 110.32
6 - 126.72
7 - 117 .46
8 - 200.73
9 - 123.01
10 - 98.92
1 1797.60  140.00 60.31" - 133.59
‘o .Y

© AUTINENINEIANG -
MEAN . o, 147.ij 148 04 7 L 126.89
AMaNnIlinIfienay .
C.V. 23.58 13.97 25.10 - 21.70
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Table 34  Analysis of Variance and Pairwise Statistical Comparison

of AUC&- of Ibuprofen Calculatéd by Noncompartmental

Method &

One way analysis of. variance

Source of variance ’ 11 ‘ M.S. F

*
Among treatment .5 8518.51 11.6297

Within subjects - 732.48

Total

tacistics

Brand

Aﬂu&lﬁ%wiwﬂwns
+ qﬁmmnmumﬁmmé‘a

t 0.05,11 = 2.2010

a The result of four brands only was used, brand 0 was excluded

since its bioavailability was undetectable.

Significant level at P < 0.05
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Table 35 Mean Residence Time after Oral Administration (MRTora1)
of Ibuprofen Calculated by Noncompartmental Method
Following the Administration of Two 200 mg Ibuprofen
Tablets of Five Different Brands to 12 Subjects

Brand | hour)
Subject Nos 0 N
1 _ 4.155
_ 7.064
3 ; 5.138
4 ; 5.801
5 _ 4.752
6 - 4.292
7 ; 5.716
8 ; 5.968
9 ; 6.156
10 L - - 4.414
1 ¥.028 4.857 22754 ; 4.649
© gusInemingmy - >
MEAN | 3708 €411 ani7gss @ - 5.499
ArnadBsaiinn By o
C.V. 19.24 15.43 86.26 - 2107




Table 36 Analysis of Variance and Pairwise Statistical Comparison
of MRTora1 of Ibuprofen Calculated by Noncompartmental

Method 2.

One way analysis of variance

Source of variance

Among treatment j —

Within subjects , AN 59,40
1\ \\"
Total
¥ r'-f'_' ' ¢
Studen
LA D
Bra N
rand (7
A ",E 000
- C
‘ ﬂ ‘LLEL’J*‘VI HM& n ﬂﬂ)ﬂ)ﬁ

a The result of four brands only was used, brand 0 was excluded

since its bioavailability was undetectable.

Significant level at P<0.05

69
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Tabie 37 Peak Plasma Concentration (Cpmax) of Ibuprofen Reading
Directly from the Plasma Concentration Time Curve of
Each Individual Following the Administration of Two

200 mg Ibuprofen Tablets of Five Different Brands

Brand Cpmax (ug/ml)

Subject No%

1 - 28.95
- 19.87
- 19.46
- 29.61

- 24 .17

A bW N

- 38.73
-  25.50
- 42.29
- 22.61
- 22.84

S W O

1

11 .42 39.16 1251 - 33.11

© AUHINITINYTNS

AN)NRIUIINENNY T,

C.v. 21.56 12.23 28.26 - 25.58

29.79




Table 38 Analysis of Variance and Pairwise Statistical Comparison

of Cpmax of Ibuprofen Obtained from Directly Reading the

Plasma - Concentration Time Curve of each individual a

One way analysis of variance

Source of variance M.S. F
Among treatment 1567 .88 35.0051
Within subjects 44 .79

3 mﬁfﬁmwwmm

- 8. 9166 ¢ 9.6718 &, 0.0000

NQ RIAIDI NBATNLAR 8o

t 0.05.11 - 2.2010

a The result of four brands only was used, brand 0 was excluded

since its bioavailability was undetectable,

Significant level at P < 0.05

71



72

Table 39 Time to Peak Plasma Level (Tmax) of Ibuprofen Reading
Directly from the Plasma Concentration Time Curve of Each
Individual Following the Administration of Two 200 mg
Ibuprofen Tablet of Five Different Brands.

Brand
‘ Tmax(hgur)

Subject No>

1

D O W N

- 1.5

o W O N

1

11

g wmwﬂmwmm
el a\m'sfuiﬁnmimaﬂ o

C.V. 34.85 35.36 23.96 - 27.40

- 2.0

3.0




Table 40 Analysis of Variance and Pairwise Statistical Comparison

of T of Ibuprofen Obtained from Directly Reading the

max

Plasma Concentration Time Curve of Each Individua1a

One way analysis of variance

Source of variance

Among treatment
Within subjects
Total

M.S. F
*
26 .9306 40.5740
0.6638

A (=0000

: UEJ’Js%fJVIJOWH’Iﬂﬁ

9. 4365 € 6. 6241 0.0000

ama\mw YA NLIAR oo

t = 2.2010

0.05,11

a The result of four brands only was used, brand 0 was excluded

since its bioavailability was undetectable.

Significant level at P < 0.05
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that there were significant difference in Tmax among four treatment

groups.

The apparent elimination rate constant (Ke1) was determined
from a least - square linear regression fit of the terminal region of

the semilogarithmic plasma congantration -time curves. The values of

\

aw/’_dmmh was reported in Table 42

the apparent eliminatizs of each individual were presented

in Table 41 and the
indicated that th ance among four treatments
and most pairs e . AN \\\:Lund C. The order ranking

from the highes®<o

The plasmegfa ?*1,f ' f%x\ noncompartmental method

was shown in Table parameter were 2.17 , 2.19

10.21 , and 2.65 hou:
@@&

respectively. Statistigs ),.. o7

C , brand X , and brand N

s seen in Table 44 indicated

that the plas }L;___________________:A, yb)ificantly from each other

'- A
except between 32‘“ , \dt p < 0.05)

Com artpaptal Method @

INEINT

Theﬂb]asma - concentrat1on t1me data was flrst analyzed using
e PRANG IO HRATNY TR e v
fitte8 to a one compartment model with or without a lag time. Therefore
one compartment model was used to describe all individual plasma data
in compartmental analysis and the following pharmacokinetic parameters
were estimated using CSTRIP prdgram :- {a) the absorption rate constant,
K (b) the elimination rate constant , Kgp  (c) the plasma half-life,

a
ty, and (d) the lag time,to.
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Table 41 Elimination rate constant (K,;) of Ibuprofen Calculated
by Noncompartmental Method Following the Administration of
Two 200 mg Ibuprofen Tablets of Five Different Brands to
12 Subjects.
Brand K, (hour™h)
Subject No» 0 N
1 - 0.343
2 - 0.180
3 - 0.299
4 - 0.236
5 - 0.302
6 - 0.304
7 - 0.279
. 8 - 0.233
9 = - 0.245
ly:
10 - - 0.387
11 0.377 0. 273 0.058 - 0.329
5 FLUEP‘% NUWINBAT - o
MEAN 0.276
Arnadisaiimingnae oo
C.v 17.668 16.176 69.758 - 23.312
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Table 42  Analysis of Variance and Pairwise Statistical Comparison of

Ke] of Ibuprofen Calculated by Noncompartment Method?

One way analysis of variance

Source of variance

*
Among treatment 0.0887 | 17.3922

Within subjects

A g, 0000
C TUﬂ'J‘WIﬂW@WH'Iﬂﬁ
QAN QBT LRI NEAR Yoo

a The result of four brands only was used, brand 0 was excluded

- Since its bioavailability was undetectable.

Significant level at P <0.05
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Table 43 Plasma Half-1ife(t,) of Ibuprofen Calculated by

Noncompartmental Method Following the Administration of
Two 200 mg Ibuprofen Tablets of Five Different Brands to
12 Subjects

Brand

Subject No

MEAN

S

1

(62 TR - R ¥ B AV

O W 0O N O

1"
12

C.V.

- 2.02
- 3.85
- 2.32
- 2.93
- 2.30
- 2.28
- 2.48
- 2.97
- 2.83

, i, 1.79
2.54 11.89" - 2.11

AUEINENT NS
imnadhsaliimibendy o

3.97

t

2.65

20.78 15.88 103.80 - 25.96
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Table 44 Analysis of Variance and Pairwise Statistical Comparison of

t % of Ibuprofen Calculated by Noncompartmental Method?

One way analysis of variance

Source of variance

Among treatment :
Within subjects . o P 28.28

i ﬂ“?’iﬁ?ﬁ””f‘i?;?“ U
QRIAEIORAITNEN A

a The result of four brands only was used, brand 0 was excluded

since its bioavailability was undetectable.

Significant level at P <0.05



79

The first order absorption rate constant o_btained from
individual p]asma_data of 12 subjects was presented in Table 45.
Statistical analysis of this parameter as shown in Table 46 indicated
that all treatments differed significantly from each other. The order
of absorption rate constant ranking from the fastest to the slowest was

rond K (at p < 0.05).

brand A > brand C > brand N >

The eliminatioi //imated from CSTRIP program

and their statisticaT™ wl'e "'1‘n Table 47,48 respectively.
There were no sigr/ A

rand A and C , A and N.

% C, and N was significantly

in'Table 49 and 50. M ff ha 12’ , of \Rul-ofen after administration
= .
of brand K was signi f1car. fn tnose obtained after administra~

tion of brand A

3 fe »f ibuprofen obtained

after oral :V;'ﬂ _..\"d are not statistically

significant differlhit. ]

Theﬂﬂpm %ﬂwﬁwﬂﬁtﬂﬁ from CSTRIP program

was the lag fme. As shown 1‘p Table 51 » the mean 'Iag time was 0.057, _
0139 9 64 P B ARG NEI A R e
statistical results , seen in Table 52 , indicated that the lag time of
all products differed significantly from each other, except between

brand A and C.

Not only the CSTRIP program was us_ed to analyze the pharmaco-
kinetic parameters , but the PCNONLIN program was also applied to

estimate and calculate these parameters by iteration method.
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Table 45 Absorption Rate Constant (Ka) of Ibuprofen Calculated by
Compartmental Method, CSTRIP’ Program, Following the
Administration of Two 200 mg Ibuprofen Tablets of Five
Different Brands to 12 Subjects.

Brand Ka (hour'l)

Subject No 0 N
1 - 1.196

2 - 0.815

3 - 1.040

2 ; 0.709

5 - 0.912

6 - 0.647

7 - 0.890

8 - 0.630

9 . 0.565

10 . 0.693
1" 0. 5}9 1.108 5,  0.125 - 1.136
12 ﬂu&m‘nﬂm‘w BB - o
RN IUININYRY o
SEMQ qr‘ n{ﬁ ﬁ 0.067
C.V. 57.61 34.99 30.46 . 28.86




Table 46 Analysis of Variance and Pairwise Statistical Comparison

of K¢ of Ibuprofen Calculated by Compartmental Method,

CSTRIP Programa

One way analysis of variance

81

Source of variance

Among treatment
Within subjects
Total

M.S. F
*
8.3950 15.5694
0.5392

Brand

A 0 9000

¢ ﬂHﬁ@ﬂﬂW@ﬂﬂ’lﬂﬁ

K - 4.9600 é 6.4785 0.0000

Ll RAPHT U AN VIR 8.

a The result of four brands only was used, brand 0 was excluded

since its bioavailability was undetectable.

Significant level at P <0.05
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Table 47 Elimination Rate Constant (Ke1) of Ibuprofen Calculated
by Compartmental Method, CSTRIP Program, Following the
Administration of Two 200 mg Ibuprofen Tablets of Five
Different Brands to 12 Subjects.

Brand
Subject No: 0 N
1 - 0.343
2 - 0.172
3 - 0.290
4 - 0.236
5 - 0.302
6 - 0.284
7 - 0.279
8 - 0.233
9 - 0.245
10 = ~ - 0.372
11 79 0.285 0.055 - 0.319
- ﬂﬁﬂ?ﬂﬁlﬂ’iﬂﬂ“’l’ﬂi -
MEAN 0.322 §.322 £0.124 0.265
~ARNAINTUIAIBYNY o
C.V. ! 18.17 14.05 67.60 - 27.39




Table 48 Analysis of Variance and Pairwise Statistical Comparison of
Ke1 of Ibupraefen Calculated by Compartmental Method, CSTRIP
Programa

One way analysis of variance

Source of variance M.S. F

Among treatment 0.1048 | 23.8182"

Within subjects - | 0,008
Total
Ff
Brand N
A 000 J
C -0 h 0 ,
K Al UL INETL.INNDI
| Y om0
N o 23828 . o 1 &/ (.0000
ks ird 4 kL i

a The result of four brands only was used, brand 0 was excluded

since its bioavailability was undetectable.

Significant level at P <0.05
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Table 49 Plasma half-life (ty ) of Ibuprofen Calculated by
Compartmental Method, CSTRIP Program, Following the
Administration of Two 200 mg Ibuprofen Tablets of Five
Different Brands to 12 Subjects

Brand . ty (hour)
Subject No» 0 N
1 - 2.02
2 - 4.03
3 2.21 y N, - 2.39
4 3.5 £ AP . 2.94
5 2. _ | HH - 2.29
6 2.2 fF K . " - 2.44
7 2.63 ¥ J adacs : - . 2.8
8 R — = . 2.97
9 " : : - 2.83
10 1 X - 1.86
T 2.44) - 11.95 4 : 2.17
12 J7.9a @ 23 90 - 6.30
AUINGNINEINT
MEAN Y

2.23 2.@0 1&86 v 2.89

20.59 14.82 95.76 - 42.02
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Table 50 Analysis of Variance and Pairwise Statistical Comparison
of t % of Ibuprofen Calculated by Compartmental Method,

CSTRIP Program?.

One way analysis of variance

Source of variance F
Among treatment: 7.7862"
Within subjects
Total
F
Studenti #,;

Brand I’EE N

A 0. odod

: ﬂumwﬂmwmn‘s

K 6" _ &0.0000

v A W’W ﬁyﬁﬂ SN A \ Ehuo

tg.05,11 = 2.2010

a The result of four brands only was used, brand 0 was excluded

since its bioavailability was undetectable.

Significant level at P <0.05
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Table 51 Lag time (Eﬁ of Ibuprofen Calculated by Compartmental
Method, CSTRIP Program, Following the Administration of
Two 200 mg Ibuprofen Tablets of Five Different Brands to
12 Subjects

Brand Lag time { hour)
Subject Moy 0 N
1 - 0.280
2 - 0.278
3 - 0.626
4 - 0.243
5 - 0.290
6 - 0.164
7 - 0.642
8 - 0.330
9 - 0.360
10 2 B 0.300
11 31U 0. 68u' - 0.424
§ ﬁﬂﬂ?ﬂﬁﬂﬁﬂﬂﬁﬂﬁ -
MEAN : 0.057 H.134 0.353
seve] 11 ﬁ@ﬂ‘ifﬁ)ﬁ%q'ﬁ %El'] 8 oo
C.v 9 184.20 99.41 13.23 - 41.13




Table 52 Analysis of Variance and Pairwise Statistical Comparison
of Lag Time Calculated by Compartmental Method, CSTRIP

Programa.

One way analysis of variance

Source of variance F

*
Among treatment 69.0548

Within subjects

Total
F
Brand - N
i
A
‘a Q
‘ AP INYFINYING
) * ! *x*
K U15.1777 15,4910 0.0000

AR TREN IR A L

a The result of four brands only was used, brand 0 was excluded

since its bioavailability was undetectable.

Significant level at P <0.05
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As aforementioned , most individual data were fitted to one
compartment model with or without a lag time. Consequently, all:data
were assumed to follow the classical one-compartment model with or
without a lag . time in the PCNONLIN program. The pharmacokinetic
parameters obtained from this program were : (a) the area under the

concentration -time curve , AUd30 (b) the absorption rate constant,Ka

(c) the time to peak plasigah' the peak plasma concen-
(e) :

elimination rate conc®

tration , Cp distribution (f) the

max
2a half life , ty, and

(h) the lag time.

The AUC, of #fU L Syand their statistical

The first order, b

55 , while their statisti. Eﬁ_}'."_l_gf

comparison were shown,

differences among t!

;tant was reported in Table

hown in Table 56. The result

demonstrated thag'i%———————————————————:‘* 22 brand A,C > brand N >
Vi Y]
brand K. - r

|
v Y AT WG IS o
- a1 R 1£ 0 ek (101

Similar results were observed for the peak plasma ibuprofen

concentration ( Cp___) , as seen in Table 59,60. The mean values of

max
this parameter were 40.02 , 34.27 , 16.05 , and 25.75 pg/ml for brand

A, C, K, and N respectively and there were statistically significant
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Table 53 Area under the Plasma Concentration-Time Curve (Aucz’ )
of Ibuprofen Calculated by Compartmental Method,
PCNONLIN Program, Following the Administration of Two
200 mg Ibuprofen Tablets of Five Different Brands to
12 Subjects

Brand
Subject No. 0 N

1 - 127.75
2 - 125.78
3 - 113.65
4 - 163.12
5 - 113.58
6 " - 124.60
7 139.31 #F fEedd s » - 125.26
8 217 .0p auidei A s 06 - 214.96
9 ;— Z - 159.61
10 106]}9 - 105.12
1 111 3.6 136.49 142 .80
12 ﬂ%&b’)ﬂﬂﬂﬁﬂﬁﬂﬂ? 159.51

“ ARANIHANINY1aY =

SEM q aqi fq “’! 8.85

C.V. 24.08 15.31 39.51 21.96

This value was excluded when calculated the mean , SEM and CV

of brand K

This parameter was unobtainable for this individual due to

an erroneous mathematics,
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Table 54 Analysis of Variance and Pairwise Statistical Comparison of
o
AUQ}' of Ibuprofen Calculated by Compartmental Method,
PCNONLIN Program?.

One way analysis of variance

Source of variance d.f. ’ S.S. M.S. F
Among treatment 0.3639
Within subjects
Total
Fe
Brand N
A 0.00Q00
o8
C 0.1
K 026
” ﬂw%mmﬁﬁw Eﬁ’i“m

qmaaﬂﬁmnwﬁwmaﬂ

t 0.05,11 = 2.2010

a The result of four brands only was used, brand 0 was excluded
since its bioavailability was undetectable.

b Degree of freedom appears under coefficient.

Significant level at P <0.05
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Table 55 Absorption Rate Constant (K.,) of Ibuprofen Calculated by
Compartmental Method, PCNONLIN Program, Following the
Administration of Two 200 mg Ibuprofen Tablets of Five
Different Brands to 12 Subjects

Brand K (hour'l)

Subject Nox 0 N

1 - 1.218

2 - 10.637

3 - 0.646

4 - 2.023

5 - 0.926
-6 - 3.009

7 - 0.805

8 - 0.448

9 - 0.909
10 :ﬁ - - 0.542

11 0.72 3.100 0.203 - 2.346

= Y-

2 AMYINBNINBING - oo
MEAN N 1 o oo il & 1.200
o AN IR TINeaY 2
C.v. 52.050 78.268 52.802 - 7.847

* These values were excluded when calculated the mean,

SEM and C .v'. of brand K.
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Table 56 Analysis of Variance and Pairwise Statistical Comparison of
Kaiof Ibuprofen Calculated by Compartmental Method, PCNONLIN

Programa

One way analysis of variance

Source of variance d.f. S.S. M.S. F

Among treatment 5.2506 | 5.2627

Within subjects - 56 0.9977
Total
Brand K N
A
\Z P
K -W.7/3 1.0000
« 9 9 -~ 8
‘ = X *
N i - 0.0000
UEINEITINE 10
Y

, ¢ o [ Y]
ARIANNFUNRIINTIaE
q | A ri -
t 0.05’11 = 2.2010
a The result of four brands only was used, brand 0 was excluded

since its bioavailability was undetectable.

b Degree of freedom appears under coefficient.

Significant level at P <0.05
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Table 57 Time to peak Plasma level (Tﬁax) of Ibuprofen Calculated
by Compartmental Method, PCNONLIN Program, Following the
Administration of Two 200 mg Ibuprofen Tablets of Five
Different Brands to 12 Subjects

Brand 4. T _ (hours)

Subject No3

-—

- 1.93
- 3.03
- 2.68
- 2.82
- - 2.36
- 1.55
- 3.16
- 3.06
- 3.63.

O W O N Y N AW N

—n

- 2.67

[j
“2.30

-—
-—

1.96 = - 2.19

Augdneninens
AVITNUEITENNY

C.v. 47.09 27.68 29.70 - 22.46

-—
N

3.36

MEAN - 2.70

-5
=3
-

x*
This Parameter was unobtainable for this individual due

to an erroneous mathematics.
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Table 58 Analysis of Variance and Pairwise Statistical Comparison of
Tmax.of Ibuprofen Calculated by Compartmental Method,PCNONLIN

Programa.

One way analysis of variance

Source of variance . 1 S.S. M.S. F

Among treatment 26.7516 | 37.6253"

Within subjects 0.7110

Total
Brénd K N
A
c
K T'.197o* 6.2237 .0000
¢1a v
N Flu Haﬁ] a Y‘]?ﬂ £ ﬂ;gﬁ)* 0.0000
— ¢ o o

t 0.05’11 = 2.2010

a The result of four brands only was used, brand 0 was excluded
since its bioavailability was undetectable.

b Degree of freedom appears under coefficient,

* significant level at P <0.05
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Table 59 Peak Plasma Concentration (Cpmax) of Ibuprofen Calculated
by Compartmental Method, PCNONLIN Program, Following the
Administration of Two 200 mg Ibuprofen Tablets of Five
Different Brands to 12 Subjects

Brand .Cpmaxgug/ml)

Subject No©

-_—

- 27.18
- 17.13
- 18.56
- 26.54
- 23.78
- 39.01
- 24.49
- 35.68

W O N OO O & W N

- 18.27

[y
o

- 20.97

) 82 379D - 33.32

© aufinginghy -

MEAN 40.02 ¢34.27 16 05 25.75

ARARIUNNIINGA EJ 2.04

C.Vﬁ 22.32 11.81 27.29 27.39

-_—
—_

* This parameter was unobtainable for this individual

due to an erroneous mathematics.
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Analysis of Variance and Pairwise Statistical Comparison of

Cpmax

PCNONLIN Program?.

One way analysis of variance

of Ibuprofen Calculated by Compartmental Method,

‘ S.S. M.S.

Source of variance F
Among treatment 1253.0 31.3250*
Within subjects 40.0
Total
tics
Brand K N
A
C
K '*! 8.2355 - 8.6023 =*0.0000
¢ of? 9
v A UHAREAEWE RS 0.0
‘ 1 1 1 10

QAN SUIIITEAN

t 0.05,11 = 2.2010

since its bioavailability was undetectable.

Degree of freedom appears under coefficient.

Significant level at P <0.05

The result of four brands only was used, brand 0 was excluded



97

differences among four products.

The apparent volume of distribution (Vd) as shown in Tab]e 61
for brand A , C, K and N was 0.1111 , 0.0942 , 0.3099 , and 0.1404 L/kg
respectively. Table 62 showed that the Vd for brand K was significant

di fferent from those obtained for brand A , C , and N ; the value

obtained for brand C dizs\
brand N but the valsma" édiffer significantly from

those obtained fcu

The plasmaj 2 W .69 , 1.47 , 4.26 and 1.97

hours for brand A . , -’%

'“J -r/ I"J

cively. Table 66 indicated that

only the t;,' 0 administration of brand C was
significantly | y = .‘:J brand K and N while the

rest were not siflJifice

B TR S R e v e

time. The%lean values for th1s parameter was 0.23 0 35 ,1.92 and

S LN VNI AL R

di ffe®ed significantly from each other except for those between brand A

and brand C , as shown in Table 67 , 68.
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Table 61 Apparent Volume of Distribution (vd) of Ibuprofen
Calculated by Compartmental Method, PCNONLIN Program,
Following the Administration of Two 200 mg Ibuprofen
Tablets of Five Different Brands to 12 Subjects
Brand d (L/kg)
Subject No; 0 N
1 - 0.1850
2 - 0.2205
3 - 0.1466
4 - 0.0927
5 - 0.1276
6 - 0.1338
- 0.1363
8 - 0.0836
9 - 0.1522
10 - 0.1132
11 - 0.1218
12 - 0.1720
MEAN 99 - 0.1404
AR JINIINERY
i 24.004 18.262 64.546 - 27.488
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Table 62 Analysis of Variance and Pairwise Statistical Comparison of
Vd of Ibuprofen Calculated by Compartmental Method,PCNONLIN

Programa.

One way analysis of variance

Source of variance d.f. S.S. M.S. F

Among treatment 0.1180 11.1321*

Within subjects 0.0106

Total
Brand K N
A 0.00% ”.
C 15
K 4 33859 Soo/3  4.0000
‘o @ *
“ ﬁi UgFMmewinegansy

AR TR TN

a The result of four brands only was used, brand 0 was excluded

since its bioavailability was undetectable.

Significant level at P <0.05
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Table 63 Elimination Rate Constant(Kel)_ of Ibuprofen Calculated
by Compartmental Method, PCNONLIN Program, Following
the Administration of Two 200 mg Ibuprofen Tablets of
Five Different Brands to 12 Subjects

Brand
Subject NOx_ 0 N
1 - 0.353
2 - 0.249
3 - 0.329
4 - 0.441
5 - 0.394
6 - 0.400
7 - 0.384
8 - 0.454
9 - 0.311
10 - 0.542
11 - 0.329
12 0. 4‘3;.. 0.523 @# 0.138 - 0.247
ﬂummmwmm
MEAN - 0.369 |
amanIm Iy o
c.vi 30.650 23.084 63.258 23.164

*
This Parameter was unobtainable for this individual due

to an erroneous mathematics.
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Table 64 Analysis of Variance and Pairwise Statistical Comparison of
Ke1 of Ibuprofen Calculated by Compartmental Method,
PCNONLIN Program®.

One way analysis of variance

Source of variance S.S. M.S. F

Among treatment

0.1518 | 11.4135"
0.0133

Within subjects

N 1uﬂi“mmi‘mm$m

t 0.05’11 = 2.2010

a The result of four brands only was used, brand 0 was excluded
since its bioavailability was undetectable.

b  Degree of freedom appears under coefficient

Significant level at P <0.05
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Table 65 Plasma Half-1ife (t;,I ) of Ibuprofen Calculated by
Compartmental Method, PCNONLIN Program, Following the
Adninistration of Two 200 mg Ibuprofen Tablets of Five

Different Brands to Subjects

Brand o t i (hours)

Subject No.>

-—

- 1.97
- 2.79
- 2.1
- 1.57
- 1.76
- 1.73

- 1.53
- 2.23

—
O W O N oY s W N

- 1.28
1) .95 - 2.11
12 1.33 5.03 - 2.81

‘UEI’J‘VIEWITWH"IT’]?

MEAN - 1.97

Cqmiagmaiaminngy

32.11 22.98 81.86 - 23.85

-—
—_

* This value was excluded when calculated MEAN, SEM and

C.V. of brand K.

*
This parameter was unobtainable for this individual

due to an erroneous mathematics.
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Table 66 Analysis of Variance and Pairwise Statistical Comparison of
t % of Ibuprofen Calculated by Compartmental Method,PCNONLIN

Programa.

One way analysis of variance

Source of variance d.f. S.S. M.S. F

Among treatment 0 16.33 5.0872*

Within subjects 3.21
Total
Brand K N
A
C -
‘ L .'r‘
K W.1/40 ’ 1) .0000
< 9 9 = 10
¢ - *
N 1). 24, i w1 43 0.0000
AUBINYYETNE :
U

ARIAINTRUNARRYIAY

a The result of four brands only was used, brand 0 was excluded
since its bioavailability was undetectable.

b Degree of freedom appears under coefficient .

* significant level at P <0.05
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Table 67 Lag time (to) of Ibuprofen Calculated by Compartmental
Method PCNONLIN Program, Following the Administration of
Two 200 mg Ibuprofen Tablets of Five Different Brands
to 12 Subjects

Brand Lag Time (hour)

Subject No>

—_

- 0.50
- 0.61
- 0.55
- 0.55
- 0.75
- 0.94
- 1.40
- 0.84
- 0.42

O W O NN O B~ w N

-—

- 0.82

o/ - 1.21

* AUEINENINGTINT

MEAN 0.23  ¢0.36  o1.92 o - 0.83

sQWA ANAIUNRIRETINE o0

167.18 119.52 31.38 - 40.91

W
=5 .93 1.1
¢

-—
-—

1.37




105

Table 68 Analysis of Variance and Pairwise Statistical Comparison
of Lag Time of Ibuprofen Calculated by Compartmental
Method, PCNONLIN Program®.

One way analysis of variance

Source of variance d.f i| S.S. M.S. F

Among treatment 7.0783 34.9718*

Within subjects 0.2024

A AN o

qmmmmumﬁ"ﬁmaa

a The result of four brands only was used, brand 0 was excluded

since its bioavailability was undetectable.

Significant level at P <0.05
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3. Comparison among Different Method Used for Pharmacokinetic Analysis

The mean values of all pharmacokinetic parameters of ibuprofen
obtained for each brand of ibuprofen tablets used in this study was
summarized in Table 69 - 71. Table 69 showed the parameters obtained from

noncompartmental method , Table 70 reported the results obtained

from the compartmental met s "STRIP program , and Table 71
presented the outcome A 1 method using PCNONLIN program.

ytained for different brands

Statistical compari - = 3 ——
of ibuprofen tabLﬁll""—”’ AN S SSanclusions when different
' ' 3\\;¥\‘oarameters.

The b1oava1 ' o abilet dosage forms depends

on both the rate and ;(t

tion. Since the stat1°.£$§ﬁ;;‘%;' revealed no significant difference

method or prograr

ytion into the general circula-

in Awa using$ ‘tmental method ( Table

(7 ’ Y
69 , 71 respect1\1 ye e ﬂent of drug absorption from

iF |

the local manufactqfed brands did not di ffer significantly from each other

and their ﬁ%aﬂ)% VI Hmmﬁw-ﬂ’]tﬂ fite of drug absorption

as measuredq!y the. time to qpak p1asma evel, the f1 t order absorption
o LA ST NN oe s
rate f r the local manufactured brands were significantly slower than
that of their original brand , as shown in Table 69 , 70 and 71.

Therefore the mean residence time (MRT ]) , the time to peak plasma

ora
level , and the absorption rate constant were the three in vivo
pharmacokinetic parameters chosen to test for their correlation with

the in vitro measurements , i.e. the disintegration time and the



Table 69 The Mean Values of Some Pharmacokinetic Par
Oral Administration of Two 200 mg Tablet to 12 Subjects.

indicated the SEM)

fen Obtaind from Non Compartmental Method.

Following

(The number in parenthesis

e TR g el i e

Statistical
Parameter Significance 2
0 N
Area under the plasma concgntration - time “ 145.824 NS
curve , AUCC: (pg.hr.m]'l) (10.426)
The mean residence time,MRT ., {hr) - .5.499 A, C<N<K
{0.335)
Peak plasma concentration, Cpmax(pg/m'l) - 28.077 A, C>N>K
: I (2.074)
Time to peak concentration ,T .. (hr) = I - 2,96 A <C<N<K
\j 0.13) \Vecy (0.33L) . (0.23)
. g
Overall elimination rate constant,Ke rg - 0.276 A, CON>K
|8V B) ¥ W RLAT T (0,09
4
2.65 A, C, N<K
{0.20)

a = significant level at p <0.05
NS = no significant difference at p < 0.05

L0T



Table 70

The Mean Values of Some Pharmacokineti: _
Program , Following Oral Administrat:

(The number in parenthesis indicated

ained from Compartmental Method ,
2 Different Brands to 12 Subjects

CSTRIP

Parameter

Absorption rate constant , ké {(hr
Elimination rate Constant , Kgq (hr™1)

Plasma half-life , ty (hr)

;1)

‘0 13) (0. 09) (3.00)

o e 8, () ﬂuEJ‘J‘VIEWﬁW 719 -

(0.030) ép ,038) (o 027)

Statistical

0 N Significance a

- 0.807 A>C >N >K
{0.067)

- 0.265 A,C,N>K
(0.021)

- 2.89 A ,C,N<K
(0.35)
0.353 A, C<N<K
(0.043)

a

AR T RTINS IR

= significant 1eve111t p <0.05

80T



Table 71 The Mean Values of Some Pharmacokinetic Parameters

Program , Following Oral Administration of T

( The number in parenthesis indicated th

buprofen_Obta1ned from Compartmental Method

» PCNONLIN
g af Five Different Brands to 12 Subjects

Statistical
Parameter ‘a
0 N significance
Area under the plasma concentration -time - 138,76 NS
©, -1 (8.80)
curve, AUC " (ug.hr.m1 ")
Absorption rate constant, K (hr-l) - 1.200 A>C>N>K
. a (0.235)
Time to peak concentration , Tmax(hf) - 2.70: A<C<N<K
' (0.18)
Peak plasma concentration , C max(pg/m]) - 25.753 A>C>N>K
(2.036)
Apparent volume of distribution, Vd (L/Kqg) V: ) - 0.1404 A,C,N<K
\b.03zT] (0.0405)
Elimination rate constant , Ke1 (‘nr"1 (fﬂ 0.497%/ 0.226 0.369 A, C>N>K
| BV B NBINT ©-025)
Plasma half-life , t, . (hr 1.69 ¢ 1.47 oll.46 1.97 NS
'Q R0 HR1 I 3 Vg o
Lag tiﬁe ,%) (hr) 0.2312 0.3566 1.9195 0.8310 A, C<N<K
- (0.1116) (0.1230) (.1739) {0.0981)

a = significant 1level at p < 0.05

NS = no significant difference at p<0.05

601
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dissolution rate.

Table 72 exhibited the linear relationship between disintegra-
tion time and dissolution rate of all fifteen brands of ibuprofen tablet.
Statistical results indicated that there were significant correlation

between disintegration time and dissolution rate constant. This

relationship could also i 3_} # #aphically in Figure 5.

time after oral aami: 7 hf - 1me to peak plasma level

o,
(Tmax) , absorptic: a reciprocal of absorption
rate constant (1/. vl £ 1% \ N 73 ‘and Figure 6, Table 74

and Figure 7 , pdNable 76 and Figure 9

respectively. kear correlation between

diéintegration time ¢ g Were found but there was

a

no statistically s1gn1f1 2lationship between disintegration

time and K . (p2N s
On the ofjar n jlite constants of ibuprofen

¥

tablets did not shqu gignificant jpear correlation with their in vive

e o mmw’mam VBNV Te 7 78 930

111ustrated in Figure 10 , 12 and A3

Qmmnmum'mmaﬂ
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Table 72 Linear Correlation Between Disintegration. Time and
Dissolution Rate Constant of Fifteen Brands of Ibuprofen
Tablets.

Brand Disintegration time Dissolution rate constant
(minutes) (minute'l)

A 0.3066

B 0.3022

C 0.3310

D 0.2878

E 0.1485

F 0.1231

G 0.1033

H 0.0201

I 0.0240

G 0.0432

K 0.0348

L 0.0819

M ﬂ ‘o : v 0.0063

AUEINGNINEINT .

; ne i‘ a0 = ‘J:fm35
1 r? = 0.3221
t - value = 2.3877

t(0.05,12) = 2-1788

a Brand 0 was excluded from correlation since its exact

disintegration time was not observed.
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DISINTEGRATION TIME (minutes)

oo+ e YA an?ﬁimﬁﬂ?jﬂﬁﬁ’am s e o

of,1buprofen tablets

21t
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Table 73 Correlation between Disintegration Time and the Mean

Residence Time after Oral Administration (MRTora1) of
Ibuprofen Tablets?
Brand Disintegration time (min) MRTbra] (hour)
A 14.42 3.71
C 4,11
K 17.78
N 5.5G

a The result Nsed , brand 0.was excluded

tectable.

0 20 40 60 80 100
DISINTEGRATION TIME (min)

Figure 6 Correlation between disintegration Time and the mean

residence time , MRTora].
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7able 74 Correlation between Disintegration Time and the Time to Peak

Plasma Level (Tmax) of Ibuprofen Tablets?

Brand Disintegration time (min) Tmax (hour)
A 14.42 1.29
c 2.00
K 4.75
N 2.96
0.9535
4.4725
4,3027
a The result. ;D) \hxed_, brand 0 was excluded

& Uultectable.

0 T i) T T L T T T T

Q 20 40 €0 80 100
DISINTEGRATION TIME (min)

Figure 7 Correlation between disintegration time and time to peak

plasma level , Tmax'
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Table 75 Correlation between Disintegration Time and Absorption Rate

Constant (Ka) of Ibuprofen Tablets®

Brand Disintegration time (min) Ky (hour'l)
A 14 .42 2.380
C 12.97 1.290
K 0.459
N 0.807
-0.7167
1.4533
4.3027
a The resulighf, .o Hg ' , brand 0 was excluded

W:table.

ABSORPTION RATE CONSTANT (hr_l)'

0 20 40 60 80 100
DISINTEGRATION TIME (min)

Figure 8 Correlation between disintegratime time and absorption rate

constant , Ka'
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Table 76 Correlation between Disintegration Time and Reciprocal of

Absorption Rate Constant ( 1/K, ) of Ibuprofen Tablets?

Brand Disintegration time (min) 1/Ka (hour)
A 14.42 0.420
C 0.775
K 2.179
N 1.239
0.9578
4.7131
4,3027
a The resu]t; y Ko ‘i A 5'x aed , brand 0 was excluded
since its bilghvaiieme s -ectable.
F iz :
3.0 T
2.5
- 2.0 ‘Hg; 'Y
= AUYINENINY
S .15 ol o
] Y 0-9518 '
: ) Q‘ ‘-’ ‘ u
ARTANT 1INYINE
q“ .
0.5 1 R
0 .1 T T T T T T T T
0 20 40 60 80 100

DISINTEGRATION TIME (min)
Figure 9 Correlation between disintegration time and reciprocal of

absorption rate constant , 1/K .
a .



Table 77 Correlation between Dissolution Rate Constant and Mean

Residence Time (MRT ) of Ibuprofen Tablets?

oral
Brand Dissolution rate constant (min'l) MRTora] (hour)

A 0.3066 3.71
C 0.3310 4.11
K | 17.78
N 5.50

-0.6072

1.0808

4.,3027

\l‘ Y
a The resu’ i\ Wysed , brand 0 was excluded

since its istectable.

0 , 0.1 0.2 0.3 0.4 0.5
DISSOLUTION RATE CONSTANT (min)
Figure 10 Correlation between dissolution rate constant and mean

residence time , MRTora]‘

117
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Correlation between Dissolution Rate Constant and Time to
) of Ibuprofen Tablets?

Table 78
Peak Plasma Level (Tmax
Brand Dissolution rate constant (min'l) Tmax(hour)
A 0.3066 1.29
C 0.3310 2.00
K | 4,75
N 2.96
-0.8016
1.8962
4.3027

sed , brand 0 was excluded

u atéctable.

B 9q
0 . — — '
0 0.1 0.2 0.3 0.4 0.5
DISSOLUTION RATE CONSTANT (min™1)

11 Correlation between dissolution rate constant and time to

Figure
peak plasma level , Tmax'
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Table 79 Correlation between Dissolution Rate Constant and Absorption

Rate Constant (Ka) of Ibuprofen Tablets?

Brand Dissolution rate constant (min'l) Ky (hour"l)
A 0.3066 | 2.3796
C 0.3310 1.2901
K | 0.4590
N 0.8069 -
0.7835
1.7832
4,3027
a The result o Jf &% ‘i . :x:d , brand 0 was excluded
since its bic, = — ectable.
3.0
2.5 A
2.0 -

AuL NN
BEET o

YRIAINY1AY

=

ABSORPTION RATE CONSTANT (hr~!)

0 0.1 0.2 0.3 0.4 0.5
DISSOLUTION RATE CONSTANT (min'l)
Figure 12 Correlation between dissolution rate constant and absorption

rate constant Ka‘



Table 80 Correlation between Dissolution Rate Constant and Reciprocal

of Absorption Rate Constant (1/Ka) of Ibuprofen Tablets?

Brand Dissolution rate constant (m1n'1) l/Ka (hour)
A 0.3066 0.4202
C 0.7751
K 2.1786
N 1.2393
-0.7923
1.8364
4.,3027
a The result q f 3 used , brand 0 was excluded
since its biozfabsii s yndetectable.
3.0 %l \ o
.l! 1;'
2.5 '
l’g, o/ | _
=L AU INENINYING
5 Y |
2 ¢ o [V
ARTHAIYUMINAY
\ -~
~0 79
R
1.04 3
0.5 .
0 I T T T
0 0.1 0.2 0.3 . 0.4 0.5

DISSOLUTION RATE CONSTANT (min1)

Figrue 13 Correlation between dissolution rate constant and

reciprocal of absorption rate constant , 1/K
a
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CHAPTER IV

DISCUSSION

In Vitro Studies

The active ing Il ,/) o fifteen commercial brands
of ibuprofen tab]et° . indicated that each brand
met existing stang ‘ n\ r™senacopoeia monograph.
These data suppor, £ AAN \ rious brands studied

were chemically e:

Most of thcse in.egrated completely within

. y 7 . ‘J I ‘

one hour except for ia' :t; brand 0 , as seen in Table 3.
F ez

The long and widely varied =

£
77 to 145 minute™ bt vfCf the tablet to

i eee—— -

on time of brand K ranging from

disintegrate bu Vj 'r‘ fregated granules to

pass thrcugh the - eve of the apparatus. Thi may caused by the type

and amount cﬁf m inder , and lubricant
used and/orﬂmﬂn ﬁﬂi‘l Ef’]qf]j tablets of brand O
did na W*f]a wgn]nﬁ edium for over
five hqn‘s becausm comEWe t let could not rupture in the

medium. This phenomenon might &ffect by the type and quantity of coating

material , and the coating process.

The rank order in terms of mean disintegration time was
brand L<B<D<C<F<A<KG<KE<KN<M<I <J<H<K<O0. Delay

of the sugar coated tablet to disintegrate may significantly impede the
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process of drug dissolution. This is due to limited surface area to

expose to dissolution medium.

Table 7 demonstrated that only 5 brands ( brand A,B,C,D and E )
met the United State Pharmacopoeia specification for drug dissolution

while 7 brands ( brand G,1J,K,M,N, and 0 ) failed to meet the specifi-

cation and 3 brands ( br ' H ) required extra experiment before

any conclusion couldg Ny In

é _ﬂ:‘-, the brand with wide variation
e —
vailability study.

Owing to A g . ﬁs\\\ v issolution among brands of
ibuprofen tablets ‘ ;.;i \‘ikx % dissolution rate constant
was not calculated Vi '  . put it was ca]cu]ated

according to the apr g JFadds : ; (AN for each particular brand and
the result was' repor Jfd == l“'% > reason that brand N and

brand 0 showed poor d15529£; : ; might be owing to the inability

of the tablet iy S L) the coating material

in disso1ut10n.‘€ :r‘L However , while

“e to disintegrate in the

ﬁ*ﬂm AUV TS

The w1de variation i dissolutjgn rate amongy jablets of the

st 4 DV Bl #id AN e o

the h1gh coefficient of variation ( C.V. ) value shown in Table 23

performing disin® grat1on test brand N was &

was- due in part to the composition and methods of manufacture as

well as aging of the tablets while the slower release rate in phosphate
buffer pH 7.2 for brand G,I,J,K,M,N as illustrated in Figure 2 was
believed to cause by the poor solubility of sugar coating material in

this medium.
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For the same reason as mentioned in the disintegration test,
since the coating of brand O could not rupture in the dissolution
medium, its calculated dissolution rate was minimum. In fact , no
ibuprofen could release from the tablet , as observed from the

characteristics of the tablet at the end of eight hours of dissolution

test. The tablet was 1ookeuﬁh‘ ' the same as that before testing.

ﬁfied as the brand with poor

al% ez=www_he surface of the tablets

Tablets of brand M,N wis
dissolution rate show

at the end of dissol:2

In Vivo Studies

In accordan g ff 0= ' ate constant , fifteen
commercial brands of Pl as - ‘% in this study were divided
into three groups. Jo)—— “”'f cro Mach group was chosen to

assess bioavailability of sfen tablets.

k

. The meaf;i‘ . TF‘rfor each brand were
illustrated in Fitﬂ*e — - a‘Vinistered to any subjects,

and plasma samples wepg collected atyvarious time intervals for ten hours

nei ther oneﬁl.uﬂ ool B Lleat b fehodof b ibuproten ; therefore,

the pharmacok1net1c parametew of ibuproggp for this bgand could not be

corccPl BERLEND Ukl J L B B cravrstic

comparison.

In this study , both compartmental and noncompartmental methods

were used to analyze each individual plasma data.

In compartmental method , the CSTRIP and the PCNONLIN programs

were applied to estimate the pharmacokinetic parameters. From the
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CSTRIP program , the plasma ibuprofen concentration versus time data
of most subjects were well described by a biexponential equation which
indicated that the pharmacokinetics of ibuprofen in Thai volunteers
could be explained in terms of a one compartment open model except for

the tenth subject which the percentage improvement in R squared cited

that a two compartment model (it the data better than a one

compartment model. Hoya™S | / tment model was also chosen

to describe the datem su. ,ec-—.. to get the pharmacokinetic

parameters which cov's 2ce obtained from other

acokinetic parameters could
')ph'ed,aH plasma data were

>nt model with or without

subjects and the ax
be obtained. When’,
assumed to follow t!

a lag time.

The pharmacok? obTained from this. $study were

described as follows =

o

The meal - ‘ "ned from both

'F

d compartmental methods a‘shown in Table 31 and 53

did not dif ﬁ ‘ ﬂ? ﬁtlng the equivalent
amount of 1ﬂﬁen absorp 1on from ﬁﬁanfl nce the area under the
concedt§n o'rl 1@71\/5 eﬂﬂrradgf absorbed
systﬁmy.’ Qe ’reasonmtmea ? of brand K was higher

than the other brands while its bioavai]abﬂit_y observed from the

noncompartmental @

graph ( Figure 4 ) was less thah the other brands might be due to an
error in the terminal slope determination resulted from the inadequate
number of data points in the elimination phase which could be observed
in several data sets ; the first,the second , the third , the sixth

the eleventh , and the twelfth subjects receiving brand K as illustrated
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in Figure 17,18,19,22,27 and 28 (Appendix F). An erroneous terminal
slope would in turn affect the calculation of the area under the curve
extrapolated to infinited time (AUC ) in noncompartmental analysis.
The area under the curve from thast lgsfnfinite time is equal the
plasma ibuprofen concentration at last sampling time divided by the

terminal slope. In compartmonij j2palysis the terminal slope was also

used as the initial pare m "‘i‘ Tculation of several other
describe the pharmd®x _in .Thai volunteers , i.e.,
the elimination rate g 1fe were averaged using

the data obtained frgf & £ 454 aand N only.

Previous re i LR Uit the mean peak plasma
concentrations achieflc ot 5, A, Wlistration of 400 mg

reported a peak plasma

ibuprofen level ranging f;ggﬂ;;t#;; /ml in volunteers. Gontarz,
et al. (39) re ‘ 4vel ranging from 27.9
to 37.9 jg/ml. 1 ]tnb _ ¥ m=in peak levels for each

.I.H

of the four brands %f ibuprofen tab]ets obtained by reading directly

from the 1nﬂz%aﬂp€3kﬁﬂﬂ§ﬂ>%}q ﬂs‘s‘anged from 16.8 to

42.2 ug/ml a¥ presented in T%p1e 37. The rank order f r peak plasma

o @WA GAR TR LAY VI YR i
d1ffer§%ce was observed in the extent of absorption among four products
studied (brand A , C , K and N) , the relatively lower peak concentrations
resulting from formulation were an indicative of the slower rate of
absorption and evidence of significant difference in the rate of
ibuprofen absorption was found. The PCNONLIN program was also used to

estimate Cpmax value of each individual data. However for the data
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obtained from the first , the eighth , and the eleventh subjects

receiving brand A , the Cp

nax values estimated by the PCNONLIN program

were much varied from the observed values. The observed value of the
peak plasma concentration is thus. concluded to be more reliable than

the estimated-value from PCNONLIN program.

The mean time to pey ﬁi iprofen level obtained from

both noncompartmental rm.\éthods showed that the rank
— -—-"'i;,
order for peak time w A7 C: Both methods showed close

C ——
Wame. 1.29 VS 1.21 , 2.00 VS
2 Z EE?\£ W brand A , C ; K and N
? ) \."- erent from those
v @ “xestigation. Stead , et al
pla ‘{’ 2l | % 1h ranging from 2.07 to 2,48
v £t time to peak plasma level

was ranged from 1.81 to f;sﬁff,tig

i
b
;-

hours. In report of F,

k

The absci 7

-
-

P bm compartmental

analysis , both CSH}IP ana rononean programs‘ﬁﬁ seen in Table 45 , 55
sthed the same condl "pn as those®dbtained fr ‘ the time to peak
plasma 1eveﬁ149&l iﬂﬂ ﬁgnwﬂlﬁjtest to the slowest
was b nﬁﬁi;1%§i¢§>-K ¢ e o
NItUARIINEIaE

‘qIn contrast to the absorption rate, the value of the elimination
rate constant showed close similarity among formulations which was as
expected , except for brand K , as presented in Table 41,47 and 63.

The mean values for brand A , brand C and brand N were 0.331 , 0,324,
and 0.276 hour"1 with noncompartmental method , were 0.322, 0.322 and

0.265 hour lwith CSTRIP program , and , were 0,446 , 0.497 and
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1

0.369 hour™ ™ with PCNONLIN program respectively , these values were in

good agreement with the mean values in volunteers found by other
investigators. Stead et al (8) showed the value of jbuprofen
elimination rate constant being 0.33 hour'l_and Lockwood , et al. (42)

reported the elimination rate constant of ibuprofen ranging from 0.273

1

to 0.370 hour ~. Howener, Waargpaet al (41) found that the elimination -

# was 0,579 hour™ .

The plasma ham = | — Thai volunteers from this
study as shown in Lii”""” )\ N A , brand C and brand N

was 2.17 , 2.19 any, antal method, was 2.23,

rate constant of ibuprofgu; N

h was 1.69, 1.47 and

1.97 hours with PCNF 'F ;'{ 2 : Similar results were
found by other invest : ‘1“ 1'12 ‘ehvenuti , et al (12)
reported plasma half-1, e,zggggiié ~aMing from 1.81 to 2.99 hours,
Greenblatt , et al.(40) rsE0k7/i2/ ameter being 2.2 hours and

Collier, et al. =243 from 1.43 to 2.52

A

hours. A1l of ll Whmnalf-1ife in healthy

volunteers, while Ga]]o , et al (37) reported the plasma half-life

< o YRR TN e

to 2.02 hours

AW AINIAUIAIINEINY o o

adm1n1stered dose to be eliminated irrespective of the distribution
of drug (64). In this study , only the mean residence time after oral

tablet administration (MRT ) could be calculated. This value was

oral
3.71 , 4.11 , 5.50 and 17.79 hours for brand A, C , N and K

respectively. The MRT reported by Albert , et al (46) was 3.58

oral
hours for elderly , and 3.84 hours for young volunteers. The mean
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residence time after oral tablet administration is a mixed function
of the mean residence time after intravenous administration (MRTiv) R
mean absorption time (MAT), mean dissolution time (MDT), and mean

disintegration time., The difference in MRT among four treatments

oral
might be due to any steps of the aforementioned parameters. However ,

4 be constant.

the MRT1.v for any given drugyl

The pharma col _} é lined from this study were
7l e oer investigators. The

factors possibly s g {8 ‘g; wccs were the formulation

“.tfx{es , the differences in
\ N
\b\\\, 'he mathematics model

e data.

their races, age#

applied and assum

In the presen _;'r that some data was not

suitable to describe by zZ757) <) iothod , for example, with the

1

data obtained | = J)and K and from the
\7 Y |
eleventh subjectsgle —.ne percent deviation

of the estimiated concentrat1on from the observed concentration of

o s 8 PRV FIBTYG o o e

The outcome %hom the PCNONLIQ program showed some erroneous calculation,

' QAN TRANAIRY A e v

parame r of ibuprofen from the eleventh subject receiving brand K ,
this program was unable to estimate several pharmacokinetic parameters

Cp and K

such as AUC , Tm max el

ax’ as seen in Table 53,57,59 and 63

respectively. With the date obtained from the sixth subject receiving

brand K , the calculated AUCzjwas 1022 pg.hr.m1'1 which was unagreeable
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when compared to the other values. In addition some parameters
obtained from this program contained a minus value indicating that it

was not an authentic value.

In Vitro - In Vivo Correlation

The relationship betwe

1isintegration time and dissolution

rate constant as presen”f ind Figure 5 indicated that the

disintegration time — thy raé '.fing step of ibuprofen tablets

dissolution. Sigr® -em’bserved between disintegra-

tion time and in Viv® 4 4 AR , 1/K with correlation
pectively. The disintegra-

coefficient of 0 S

. . “
tion time correld®ir 18 Koo 1(5) \\s ~orption rate constant
better than the al#o by i ’ SU1f brought to a conclusion

that the disintegra® rate of drug absorption but

not in a. 11near relationss

o

In cont:i—-——-—————————————————f——— >/ the dissolution rate
Yy A

constant was not ;Il = 1n vivo pharmacokinetic

1.!

parameter a]though }here were.some re1at1onsh1p between disintegration

o AR Y ST TG e

vivo parame . This might ge due to the nonlinear corre1at1on between

QRN IRTR AN HAG B

Figure 5. In addition, the medium used in disintegration and dissolution

tests was not the same , simulated gastric fluid and simulated intestinal
fluid being used in the disintegration test while phosphate buffer pH 7.2

being used in the dissolution test.
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These results indicated that the bioavailability of ibuprofen
tablets was disintegration - controlled , i.e. once the tablet had
disintegrated, the drug was then dissolved and absorbed into the

general circulation,

This study seems contrary to the popular thinking that the

y soluble in water would be a

dissolution of the drug v “‘iﬂa
rate Timiting step fa 0 biok/ S ity. However, bioavailability

of ibuprofen tablet __g ibuprofen tablets studied

were sugar coated #% the coating to rupture
before the tablet | dissolved in the medium.

If the disintegr . ‘ S M= and tablet disintegration,
was the slowest pr y m the rate limit step for in

vivo bioavailabilit,

‘y:
[}

AUEINENINYINS
ARANTUNNIINGAY



CHAPTER V

CONCLUSION

1. Al1 fifteen com ' prands of 200 mg ibuprofen tablets

used in this study met = ‘/)amacopoeia XXI monograph
for percent labelle o .‘ i, th—-*"_",- of the active ingredient
was within 90 - 110% 7 77 \\Qg'
2, The da* e “;h \Ciroduct wer rformed
g v \E\\ uct were performe

. . NN
in water for 5 mi v | for 30 mi nutes, or

until tablets disiy mulated intestinal fluid

until the tablet dis

these fifteen brands ¢ 1‘

to more than five ho —'9 2 in terms of mean disintegration

The disintegration time for

ts®vere ranging from 9.7 minutes

time was brand ; E- <M<I<J<H<K<O,
The first thirteel ranee Sing jrate within one hour.
iF |

Tablets of brand K wa ied widely i he1r disintegration time ranging

fron 77 16 ﬂw@mgm W) AN Srerate evenatier

they were p]aced in:the mediwh for over Live hours.

QW?Q\"Iﬂ‘ifMﬁJWT@VIH’IﬁB

3. Dissolution profiles were determined for each product in
phosphate buffer pH 7.2, Studies were performed using the U.S.P.
Dissolution Apparatus Type I maintained at 150 rpm and a temperature
of 37 £ 0. 5 C. Major differences were observed for the rate and
extent of dissolution among brands. Brand A,B,C,D and E met the United
State Pharmacopeia XXI for drug dissolution while brand 6,I,J,K,M,N,and

0 failed to meet the specifications and brand F,H,and L required extra
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experiment before any conclusion could be made. The rank order in
terms of the dissolution rate constant was brand C >A>B > D> E>

F>G>L>J3>K>I>H>M>N>0,

4, There was significant correlation between disintegration

times and dissolution rate constants indicating that the disintegration

time of tablets might be e\ step of the dissolution rate of

0T five brands (A,C,K,N and
N
’;\\\gf&_ their in vitro characteris-

. . . ' & O\ :
tics, was studied ir 0O @ -\f&“\\dose of two 200 mg

ibuprofen tablets.

5. The compar:

0) of ibuprofen tab?

ibuprofen tablets “war ¥es 1_ \ pjects. The plasma
ibuprofen concentrdci ‘.,:: : ‘ a nigh performance liquid
chromatographic method ;,,,? asi W profile was analyzed

according to compartmental rtmental methods. Statistically

57
significant diffo ) ¢ regarding to specific

parameters among*’ﬁ‘ f"’
J 1]
6. The pharpacok1net1cs of i uprofen tablets after oral

s Y 8 DIV IVE A e o

that the meag“1nd1v1dua1 peakgplasma coqggntration r 1ng directly
on QYD RSN NNARDIILIRA §Bhscn resrs
revea]e% that the rank order was brand A,C > N > K (at p < 0.05) while
those obtained from the PCNONLIN program was ranged from 16.05 to 40.02
Hg/ml and the rank order was brand A > C > N > K (at p < 0.05)

The mean time required to reach the peak level reading directly

from each data was ranged from 1.29 to 4.75 hours while those obtained
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from the PCNONLIN program was ranged from 1.21 to 4.79 hours and the

rank order from both methods was brand A< C < N <K (at p < 0.05).

The absorption rate constants for brand A,C,N,and K obtained from
the CSTRIP program were 2.380 , 1.290 , 0.807 , 0.459 hour'l, while

those obtained from PCNONLIN pro
-1

jram were 2.246 , 1.449 , 1.200 ,0.516

hour ~ respectively. Thes-% “aﬁh # 44 the same conclusion as the

time to peak plasma levVim ™ ms mz of absorption, i.e. the
- . o —

rank order of the abszg rand A>C >N>K

(at p < 0.05),

The biologica; . (= ,\\ hxcluded brand K was
2.34 (2.17 - 2.65) o 4 f2: L84 method , while those
obtained from compardnr ¥ :lel 1 B\ Noram, was 2.44 (2,33 -
2.89) hours and from PCh JFLIX _L'“ﬁ 2< 1(1.69 - 1.97.) hours.
These results are in good ac . those previously published

data. VA&
. )
7. Corre]afq»n O% We 1njilivo data for the four

iF |

- different brands of ihuprofen tablet gigre made. Results showed that

the msmtegrﬂ%ﬂe’ﬂ NENIHYHNToe re o

ibuprofen absorpt1on while thedissolutiopyrate constagtswas not.

merere] e bENREBRAGU 4] o KEI LGV e

absorpt1on rate of ibuprofen tablets.

8. The bioavailability of brand 0 was undetectable. The Auéjt
of other brands studied (brand A,C,K and N) was ranged from 145.82 to
230.80‘;Jg.hr‘.m1'1 with noncompartmental method and those obtained from
compartmental method was ranged from 139.65 to 160.00‘;Jg.hr‘.m1'1
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Statistical result indicated that these four brands were equivalent
with respect to the amount of drug absorped from the dosage form.
However, they differed markedly in terms of absorption rate , as

indicated by T and absorption rate constant, i.e. the absorption

max
rate of brand A>C > N > K. Since bioequivalence has been defined as
jte of drug absorption , it was thus

concluded that brand /)1' nequivalent to the innovater's

product due to thag

equivalence in both extent

Eventhous® '.,‘ : ™y could not be used as an
" among brands of ibuprofen
= 1ts in slower anset of the
\ \ fference in clinical efficacy
might be observed, 'i‘ lf 7 M) ibuprofen tablet is administered

as single dose for Mefiad- -4 1 ™ moderate pain,

LA T

-‘f;;
AUEINENINYINS
ARAN TN
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APPENDIX A

TEST PROBUCTS
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Brand name Mfg.date Batch no.
Amxen 13- 8-1986 8608113
Borafen 10- 3-1986 T86061
Brufen -3-1987  74L
Buprofen -2-1987 874013
Busofen 20-10-1986 67AU
Busofen A A 11- 9-1986 6546
Cox-Fen Cox Labré % 9- 3-1987 259/0019

L bIA

Hafen 18- 3-1987 346057

Ibufen 11- 9-1986 21P120
Iburen 200 Wua & Co., Ltd.qy 16-10-1986 25-002

—— ummj NIWENT s s
~qERNRTE TN T =

Rheumaﬂox Charoen Bhaesaj Lab Co.,Ltd. 31-10-1985 851001

Rumatifen Chew Brothers & Co.,Ltd. Partnership 6-10-1986 T610301
Setora Putchuban Dispensary Co.,Ltd. 26- 9-1986 005

* Repacked by Boots Co., (Thailand) Ltd.
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APPENDIX B

PREPARATION OF MEDIUM

Phosphate Buffer pH 7.2 (59,60)

6.805 gm. of m # am phosphate was dissolved in
250 ml1 of water and ™= | ; é m hydroxide was added.
Then sufficient wemem® B *Ezg.-, ml. This resulting

solution was adjust J R C acid or 0.2 M sodium

2.0 gm of ‘Jm of pepsin were dissolved

. “J r .:l'.
in 7.0 ml of hydr‘ochlor

TR

icient water was added to make

1000 m1. This-tes about. 1.2.
' Y

Simulated Inte .

-y i¥ |

gm of€megobasic potagyium phosphate was dissolved in

250 m] ofﬂtu Elhgwnﬂ Vﬁ wogjoflﬂﬁﬁum hydroxide and

400 m1 of water were added.€ 10.0 gn ofspancreatin @dfs later added and
mi xa w»r]ra ﬂnimum ggtm Ht’]()a ﬂom um hydroxide

to a pH of 7.5 £ 0.1 , and diluted with water to 10Q0 m1.
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APPENDIX C

SUBJECTS

Table 81 Physiological Characteristics of the Subjects

Sub ject Heh&, Weight Surface area®

No. o S— (ko) (m?)
' M
1 1.49
2 1.71
3 1.88
4 1.67
5 1.82
6 1.75
7 1.67
8 1.59
9 -' 24 104.5 — 53 1.56
10 gza sQw 1.74
AL ‘VIHV) ﬂ’lﬁﬁ
ﬁWW@\‘Iﬁ‘imﬂW’mBg’lﬂ g
RAN E 21 - 27 164 - 178 48 - 73 1.49 - 1.88

MEAN 22.67 171.54 60.42 1.70
SD 1.97 4.96 8.17 0.12

a Nomogram for calculating the body surface area of adults (62)



Table 82 Biochemical Laboratory Results
/‘éSub\ject

Test Normal value - 6 7 8 9 10 11 12
Glucose 65 - 100 mg/dl 89 77 100 82 84 148
Creatinine 0.5 - 2.0 mg/dl 0.9 0.7 1.0 0.9 0.7 0.9
Uric acid 3.5 - 8.0 mg/d] 5.9 4.5 7.4 .5.9 8.5 6.5
Total bilirubin 0.3 - 1.2 mg/dl 0.8 0.8 1.0 0.6 0.8 0.3
Direct bilirubin 0-0.4 mg/dl 0.2 0.05 0.05 0.05 0.15 0.b5
Alk. phosphatase 9 -3 U/L 14.5 16.5 15.5 18.5 29.5 34
SGOT up to 38 U/L 15 48 30 28 35 19
SGPT up to 38 U/L hﬁ ﬂ 48 11 16 44 15

HNTHEN ﬂ’i
Total cholesterol 150 - 250 mg/dl Yos 163 188 185 160 146 217 177 165 214 175
Triglycerides 40 - 155 mgﬂﬂw Plﬁ q m im u m rlg ﬂ %J r] ﬁ H 81 52 91 164 69
q

Total protein 5-8 gm¥ 7.3 7.65 7.3 6.85 7.1 6.7 6.85 6.85 6.85 7.1 7.1 6.2

6p1



Table 83 Hematological Laboratory Results

Test Normal value 7 8 9 10 11 12
Hemoglobin 14 - 18 gn% 14.8 14.8 15.9 16.0 16.6 16
Hematocrit 40 - 54 gm% 45 44 44 43 46 41
W.B.C. 4500-11000 ce]'l/nm3 10700 6000 4700 8900 6900 5000
Neutrophils 40 - 60 % 64 48 50 60 65 67
Eosinophils 1-3% 13 7 2 2 - 1

¢ a LY
O AUYINENINYANY - - o
4 |
Lymphocytes 20 - 40 % 38 62 30 & 39 48 g, 35 23 qr39 48 38 35 32
Monocytes 4-8 ¥ qql |']aﬂ_ ‘i-g”uﬂr]qv]al]aﬂ - -

0st



Table 84 Urinalysis Results

10 11

Test 1 2 9 12
Microscopic R.B.C. N 0 2 0 0 0
W.B.C. 0 0 1-2 0 0 0
Epithelium 1-2 1-2 1-2 1-2 0 1-2
Casts - - - - - -
Crystals - - - ﬂmo;ghqys
Organisms b?ft - - bift -
Others - _ mui:gus mucl:gus - -
Chemistry Albumin -ve -ve ﬂ ﬁ U‘j vnl 7] ﬁrw le n ? +ve -ve -ve -ve
Sugar | -ve -ve E] -ve -ve -ve -ve
Note : -ve = negative. +ve = pol'iﬁve

IST
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APPENDIX D

STANDARD CURVE DETERMINATION

The typical standard cuyg d data for fbuprofen concentration

in phosphate buffer pH 7. 1a are presented in Table 85 ,

Figure 86 and Tabl . .Qf-tive1y. The correlation

coefficients of the=

( ¥ = .999 and .998™

. o™tre highly significant

AULINENINYINT
ARIAATAUNN TN
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Table 85 Typical Standard Curve Data for Ibuprofen Concentration in Phosphate Buffer

pH 7.2 Estimated using Linear Regression 1
Standard Concentration Absorbance 2 Inversely es‘tima‘ted2 % Theory'3
No. (ug/m1) at 22?2 nm concentration(ug/m1)
1 3.0 3.051 101,70
2 4.5 4.497 99.94
3 6.0 _ ‘ 6.058 100.97
4 7.5 1R ; 98.83
5 9.0 N, 99.45
6 10.5 rJ i/ 5s _ | 99.67
7 12.c4F , N\ S 99.84
8 13.5 ey | _ h 99,80
9 15.0 % _ _,'r \ \ 100.84
10 16.5 A 100.16
11 18.0 : ' _ 99.85
12 19.5 F b , 99.94
100.08
.:! T 0.76
J A 0.76%

AU ANEMINEINS
WIRINIUNIINIGY,.,

= 0.00510 , )
2. Inversely estimated concentration = (Absorbance - 0.0051) / 0.04356

3. % Theory . Inversely estimated concentration X 100

Known concentration

4. Coefficient of variation = S x 100
MEAN

a. Each value represents the average of triplicate sampl'es.
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0.9

0.8+

0.7

0.6

222 mm.

0.5

0.4

ABSORBANCE AT

0.34.

0.2

0.1- ﬂﬁwﬂﬂ%ﬂﬂqﬂ‘i
AWIANTUNNINYAY

ol

0 2 4 6 8 10 12 14 16 18 20
IBUPROFEN .CONCENTRAT ION(ug/m1)

Figure 14 Typical standard curve for ibuprofen concentration in phosphate

buffer pH 7.2
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Table 86 Typical Standard Curve Data for Ibuprofen Concentrations in Human Plasma Estimated

using Linear R_egress*lbn1

Standard Concentration Area Ratio Inversély estimated2 % Theory
No. (ug/m1) IBU*/'°*f concentration(ug/m1)
1 5 4.99 99.89
2 10 0.90 109.01
3 15 ‘ ‘*i?'49 103.27
4 20 102.66
5 25 99,55
6 30 97.48
7 35 99.12
8 40 98.02
9 45 96.12
10 50 101.71
11 55 ol - 102.07
12 60 .1. ’::23 100.39
‘o .Y

AUBINUNINYTD

qﬂ ' ’ . 3.38

q
1. r2 = 0,998 , A=0,B=0.0506 (y=AG+Bx)
2. Inversely estimated concentration = Area Ratio / 0.05076

* Ibuprofen

** Internal Standard
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ool FUYANYNTNYINS
ARANTUURIINGIAY

[
0 10 20 30 40 50 60
* PLASMA".IBUPROFEN CONCENTRATION (ug/m1)

Figure 15 Typical standard curve for ibuprofen concentration in human
- plasma.



APPENDIX E

DETERMINATION OF DISSOLUTION RATE CONSTANT

In calculation of disspl'“' vate constant , it is assumed

that the dissolution proces F# der process (63 ), then
(1)
where 7/ *xx{o1ved at time t.

A plot of the i he variable Y where Y is

( Ba:- B ) versus time , as “re 16 , should be linear
..-’ : A

with the slope K. Te Beu mted using Tinear

regression. Y. o

..I ™
¥

The d1sso1ut1on rate constants as presented in Table 23 were

arcvns o 184 B GG IBA TG ron o

tablet as B g"nce ibuprofen spgar coated tablets have ifferent

us s AR TR ﬁt’lﬁlﬂﬁfﬁf’lﬂ Bleach brand

was deterﬁaned to calculate the rate constant.

As seen in Figure 16.the lag time for dissolution was
approximately 5 minutes , the dissolution rate constant was therefore
calculated from the time range 5 - 15 minutes and the slope obtained

from 1inear regression was 0.342 with r2 (0.9778).

157
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Table 87 Example for Dissolution Rate Constant Calculation using

the data of the fourth tablet of brand A.

Time B, B - By In (B - B,)

(min) (Percent dissolved) '
0.0 4.533
2.5 4.533
5.0 4.340
7.5 3.318
10.0 2.330
12.5 1.212
15.0 1.118
20.0

25.0

30.0

AU IMENINeINg
ARIAATAUNN TN



Figure

159

1 111

N

|
]
il

U INENTNIATN

16

I
0

ﬁ\‘lﬂ‘iﬂjum’?ﬂﬂﬂﬁ: 3

15 20

TIME (min)
First order plot for dissolution of ibuprofen using the

data of the fourth tablet of brand A.
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APPENDIX F

ADDITIONAL EXPERIMENTAL DATA

Comparisons of plasma ji!

|} concentration - time profiles
among five different brand v Following oral administra-
tion of two 200 mg ibup — ’-_ —rated in Figure 17-28

respectively.

}rd

Ll - i

AULINENINYINT
ARIAATAUNN TN
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Figure 17 Plasma ibuprcﬂfen concentration -time profiles of the first subject following oral
administration of two 200 mg ibuprofen tablets of five different brands.

Key
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Figure 18 Plasma 1buproa1w:c.]raaq1ﬂ jmum&atm &I:;.r]dauﬂct following oral

administration %f two 200 mg ibuprofen tablets of five different brands.
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Figure 19 Plasma ibuprofen concentration -time profiles of the third s
administration of two 200 mg ibuprofen tablets of five different brands
Brand K ( ¢ ) , Brand N (4 ) , and Brand 0 ( %)
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Figure 20 Plasma ibuprofen concentration -time profiles of the fourth subject following oral

adninistration of two 200 mg ibuprofen tablets of five different brands.
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Figure 21 Plasma ibuprofn concentration -time profiles of the fifth subject following oral
administration of two 200 mg ibuprofen tablets of five different brands.
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Figure 22 Plasma ibuprofen concentration -t ime profiles of the sixth subject following oral
administration of two 200 mg ibuprofen tablets of five different brands.
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Plasma ibuprofen concentration -time profiles of the seventh subject following oral
administration of two 200 mg ibuprofen tablets of five different brands
Key : Brand A ( e ) ,Brand C (®m) ,Brand K (® ) ,Brand N ( A ) , and Brand 0 ( % )
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Figure 24 Plasma ibuprofen concentration -time profiies of the eighth subject following oral
administration of two 200 mg ibuprofen tablets of five different brands.
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Figure 25 Plasma ibuprofen concentration -time profiles of the minth subject following oral
~administration of two 200 mg ibuprofen tablets of five different brands.

Key :

BrandA(O),BrandC(l),BrandK(O),BrandN(A),andBrandO(*)
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Figure 26 Plasma ibuprofen concentration -time profiles of the tenth subject following and

administration of two 200 mg ibuprofen tablets of five different brands.
Key : Brand A(e ) ,BrandC (® ) ,Brand K ( @ ) , Brand N ( o ) , and Brand 0 ( % )
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Figure 27 Plasma ibuprofen concentration -time profiles of the eleventh subject following oral
administration of two 200 mg ibuprofen tablets of five different brands.
Key : Brand A( e ) ,Brand C (w ) ,Brand K( ® ) , Brand N ( 4 ) , and Brand 0 ( % )
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Figure 28 Plasma ibuprofen concentration -time profiles of the twelfth subject following oral
adninistration of two 200 mg ibuprofen tablets of five different brands.
Key : Brand A (e ) ,Brand C (®w ) ,Brand K (® ) ,Brand N ( &) , and Brand 0 ( % )

A



173

APPENDIX G

NONCOMPARTMENTAL ANALYSIS

Noncompartmental methads (64) for the estimation of certain

pharmacokinetic parame F# 5 based on the estimation of the
area under a plot ¢ /_dersus time. Noncompartmental
—

methods have bee:  ~ nasss W bility , clearance ,
apparent volume=ey _g® n E; o5, vuction of a dose of a drug
that is converiSU L 6 § 4 <8 G\ 2 'based on data following
single doses of. W N ethods do not require the
assumption of a : for either drug or
metabolite. In fi f“_gé c %2 applied to virtually any

f - :
compartmental model) ’r = ! can assume linear pharmacokinetics.

Statistical }*

The app/ifcat 107 ST met ll4s to pharmacokinetics was
‘reported in 1979 Wye=Yamaoka et als (65) and Cutler (66). In 1980 ,

visetnafpd48)id TPELH] 3 PLBLAEY Boers. theory o

eva1uat1on of drug abso

TSI EN NG 18

The time course of drug in plasma can usually be regarded as a
“statistical distribution curve. Irrespective of the route of

administration , the zero and the first moment are defined as follows :

(0]

AIC = o[ Cdt (2)
(o]

MRT = '————°{:Cdt - A (3)
{tat

0
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Where MRT is the mean residence time of a drug in the body. AUC and
MRT are termed the zero and first moment , respectively , of the drug
concentration -time curve. The area under the curve of a plot of the
product of concentration and time versus time from zero time to infinity
is oftened refered to as the area under the (first) moment curve , AUMC.

The moments defined above cag @y calculated by numerical integration

using the trapezoidal il # goration -time data following drug

administration.

In the usy ‘inetic study , blood

sampling is stor rug concentration ,
¢* is measurable W\ 8, area under the blood
% ]

level - time curv g -1 ty , AUC , must be carried

*
out in two steps. from zero time to t is

calculated by means | ile. To this partial area we

must add the area unde_r_

S t* to'infinity » which is usually

&

estimated as L_
7

| J —

where }\nﬁ uaa fJnﬂtE«j m w E}ﬂfﬂnﬁ] exponential phase of

a plot of Mg drug concentr‘gtwn versus time. The sum of the two partial

R WAHANN I UNIAINAY

The same approach must be used to estimated total AUMC. The area

(4)

under the first moment curve from t to infinity is estimated as follows :

* % *
/tht=tC + C (5)

2
£ _ %n 7\n
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Estimation of Areas

The estimation of areas under blood level - time curves is
often required for pharmacokinetic analysis. These areas are usually
estimated by employing an approximate integration formula. The trapezoidal

rule is one such formula. This particular method invoives the description

of a given plasma concerd g2 curve by a function that depicts

the curve as a seriec

élithereby enabling the area under
the curve to be di: : 2apezoids. The area of each

trapezpid is easi ar trapezoidal method the

area is given as
(6)

: ; L
{ f" |
The sum of a]] t =30 511 the trapezoids yield an estimate

of the true an:"

Y
Half - life e

- mmm T et e
“RTﬁm*aﬁﬂmmmwmﬁﬁ* e

0.693 MRT, (7)
and - MRT, = -1 (8)
iv K
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APPENDIX H

COMPARTMENTAL ANALYSIS

The most commonly g

I-3d_approach to the pharmacokinetic

‘/)nt the body as a system of
t‘:mts usually have no

' < N 5Sume that the rate of

characterization of a_s
compartments , eve”—
physiologic or anat
transfer between r e 4 4 ‘ ' Wecmof drug elimination from

compartments folle

Kinetic 1 4fe §F § _'i Hex \ pd as direct proportionally
of transfer rates T a0,> o entration differences.
An important consequs c

the total area under _'9 A cerum) concentration , time curve,

sy®.em in pharmacokinetics is that

k

following int\‘ = “~iear function of the dose

)

administered.

) Efimmf ﬂmﬂ”ﬁfﬁ:ﬂiiﬁ a.
Zfﬁm%iiﬁ?ﬂlﬁmmmaﬁfl -

rather than an exact state , and is really a reflected characteristic
of a system rather than an absolute one. It is essential to remember
that pharmacokinetic models are not the system itself , but rather an
abstraction of it that emphaS1zes those aspects which the investigators
feels to be important. The major contribution of a suitable model is

that it allows the investigator to apply mathematical techniques.
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The model 1s actually the equation , or sets of equations ,
which describe the proposed system. The solution of the differential
equations of linear compartmental systems all turn ocut to be
polyexponential in form. That is , the integrated equations can be

generalized as follows :-

(9)

In this equation . : ex: npl-ﬂepres‘ent the blood
concentration at: fficient , which may be
positive or neg:- t of the ith exponential

term.

In order :n set of data may be

described by such at%on the usual procedure is to

perform an operation ca

- .pping " or " method of residuals "
LT T

This method , 4a) datgmay be adequately described
by a polyexpoil i Jes estimates of the

coefficients ( ‘J values, ane eaponents ( iﬂ values).

PG NN ARG o o

was used t¥ estimate the 12,1t1a1 po1yexponent1a1 par'ameter's by stripping
~ QA RPN IR o s
rece1 ing brand C was illustrated in figure 29 and table 88 . We plotted
Cy versus t on a semilogarithmic graph paper and use the method of
residual to determine Kaand Ke1' The lag time (to) is the time at the
point of intersection of the two residyal lines on the x axis. For the

CSTRIP program , the lag time is determined by trial and error solution

of



100

PLASMA IBUPROFEN CONCENTRATION ng/m])

178

TIME (hours)

29 Graphical technique of calculating estimated pharmacokinetic
parameters in the plasma ijbuprofen concentration -time curve

by the method of residuals.
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Table 88 Stripping Biexponential from Set of the Plasma Ibuprofen
Concentration in the Fourth Subject Fo]]owing a Single Oral

Dose of Two Tablets of Brand C

Time . 6 = R.= c Cest X 100
(hours) ng;:?S) 57_57:;0.326t Cobl4et est .
’ -9.58 ]
0.5 17.46 147.22
+0 26.82 108.58
1.5 28.40 96.83
2.0 26.76 86.32
>0 20.94 93.57
+0 15.47 99.74
5.0 11.24  103.79
7.0 5.87 108.70
100 2.21 93.64
MEAN  104.27
| ‘o Y SD 17.71
AUSAINININYING o - o
%

1. Q:W"} as&ﬂ_‘i ﬁﬁtu %q%‘gw &]Q §U7 o~0-326t
2. Tn [R)|= 4.207 - 1.517¢ ( r = -.9848 ) ;R = 67.1571-017

Hence , Co, = 57.57e70-326% _ g7 1571-017¢
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-At
i cie}\ 0= ¢ (10)

In this example the lag time was 0.128 hour. This program also
calculated the R square of the estimate equation fitted to the data.

The percent improvement in R jrp'ared was calculated to decide whether

the plasma concentratic yas fitted to one or two

compartment.

therefore the perceni i Plri o2 70.9548 - 0.9487 x 100
0.9487

..!

with the value 1n the fo=fowing table :

Compare this val=

Table 89 ﬂmg 'mﬂm@w mﬂ@m Choase O Hore

xponent1a1 Term.

] rb of po1yexponen 1al % TmproGemént in r2

of "m " terms with (m+l) terms
) |
r2 < 0.75 | 10
0.75 < r2< 0.90 5
0.90 < ré< 0.95 2.5

2

0.95<r 1.5




The value 0.64 was less than 2.5 , therefore it was enough to
use two exponentials to describe the data. This indicated that the
pharmacokinetic of ibuprofen tablet in the fourth subject could be
explained in terms of a one compartment open model. Consequently ,
this data was assumed to follow the one compartment model with first -

order absorption , first orichhjimination and the lag time ( as shown

in Figure 30 and Equafi~ﬁ__ \ FNONLIN program , model 4 (58).

Model with First - Order

ation and the Lag Time

—Ka(t-to) ]

Gk = e (11)
Where Ct«IS». omjat time t, F is the

¥

fraction of dose 9 to be absorbed Vd is the drug distribution

e o FLE LA TN ARG e s

absorption %kd elimination gespect1ve1 , and t 1s e lag time (69,

mmmnmum'mmaﬂ

The initial estimates of the parameters (Vd , Ka’ Ke]’ to)
used with the PCNONLIN nonlinear estimation program were obtained from

the CSTRIP program

As seen from the output of CSTRIP program in Figure 31

181
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k, = 1.516 hour™}
K., = 0.326 hour™!
el °

to = 0.128 hour

(12).

The finai e Mﬂuxh_ers were obtained by

repeatedly entering | 3 “r values as initial estimation

until the values were t ; _ : the data. Results obtained from

the computer 2oy pdogkinetic parameters were

Y )
showed in Figu& =
- .

' lt ‘ ¥

AULINENINYINT
ARIAATAUNN TN



esvaceave s CURVE STRIPPING.vesocanens

FYYITIITRISRNY ALY PRI I LY 71

CATA SET NUPBER

THE NUMBER CF EXPINENTIALS = 2
SUMMARY .OF EXPONENTIAL STRIPPING

JHE NUPBER CF PGINTS IN THE EXPULERTIAL PHASES (LAST TO FIRST)
¢

Ll=
L2= &

ThE BEST ESVIMATES OF THE COZFFILIZENTS AND EXPONENTS ARE

Als 0.552412E402 8ls 0.326182c+00
A2e~0.5528175E402 828 u.l31594L+D)
F= 0.,571022E¢Q2

A LAG TIME WAS NEE.S
THE LAG TIME =

R SQUAREL2) =

F 4
o
.

aove~NeWnruN-

-

L2=
L3=

ThE BEST ESTIHATES O
Al= G.5C2651E+02
A2= C.715582E+0
#3=-0.-2746860

F= 05

A LAG TiK| E \S NEEw
by
THE LAG 1inE = 0.121

R SQUAREL3) ‘ﬁsxn

{UB I BRINgAN

0.5000 11.8648 12.1514

3 1. 0uov #24,7015 ©.53%6
4 e 500 29,3302 4198
6 .
. | k.poo .9
s i5.bov 657/
q .9 7.0000 5.3998 ©.1524
10 10.0000 2.3560 243600

Figure

THE ANUMEER CF EXPOWENTIALS = 4
SUMMARY OF EXPONENTIAL STRIPPLIHG

% DEV
0.00
-47.,13
-8.58
3.16
13,68
6045
0.27
-3.76
-8.,73
6.31.

AST TO FIRST)

ifs0 EAPONENTS ARE

&iv.
» 00

~h4,61
=T .44

TEIS SET OF DAJA CAk NOT BE. JASLRISED uY Tof SUY LE 4 EAPOLENT1ALS

31 The output of the CSTRIP program from the data of
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the fourth subject receiving brand C ibuprofen tablets



PCNONLIN NONLINEAR ESTIMATION PROGRAM VOi-E
XX KXk COPYRIGHT 1984,1985 XKXkX

FOR INFORMATION CONTACT - BTATISTICAL CONSULTANTS INC.
1-606-252~3890

LISTING OF INFUT COMMANDS

model 4,°'nlin.lib’
MODEL 4

REMARK ONE COMPARTMENT MODEL - FIRST ORDER INPUT AND OUTPUT
REMARK INCLUDES A TIME LAG ' :
REMA

REMA NO.  PARAMETER #" 4 SECONDARY PARM.
REMA  ——= = ———————— S L e
REMA 1 VOLUME AUC

REMA 2 : ‘01 HALF LIFE
REMA 3 10 HALF LIFE
REMA 4 TMAX

REMA 5 CMAX
REMAXKKXKXKXKXKX KXY KEKKXKKKRXKKXKKKX
REMA

REMA

REMA  KOL =--> I

REMA

REMA ; - \ -
REMAKKKXKRRKKXXEX x XX g8 o Uy KKXKERKRXKKKKKRRRKKX
COMM T \

NFARM 4

NCON 1

NSEC S

PNAMES ‘'VOLUME', ‘KOL°

SNAMES ‘AUC’,
END

TEMP

D=CON(1)

V=P (1) ‘
KO1=P(2) e
K10=P(3) v
TLAG=P(4) “'
COEF= DtKOl/(VX(kO‘-
T=X-TLAG
END
FUNC1

= F ﬂ?vrfim“swmm

S(1)= D/V/klO
8(4)=—DLDG( 9) /K01

"KO1-HL ",

|

§(5)=
END
EOM
cons 400

init 9.2, 1.52, .33, .128
nobsl0

data

begin

D/V) XDEXF (-K10% (TMAX-TLAG) )

Figure 32 The output of the PCNONLIN program from the data of the

fourth subject receiving Brand C ibuprofen tablets.

LAmAdnsalun Ingna
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PCNONLIN NONLINEAR ESTIMATION PROGRAM

ITERATION WEIGHTED SS VOLUME KOl K10 TLAG
(0] 99.3064 9.200 1.520 « 3300 .1280
1 10,6952 8.807 1.499 .3474 .3054
2 7.31983 7 .860 1.236 : .3918 .2812
3 6.68637 7 « 507 1.157 .4214 . 27468
4 6.67682 7.4 .4230 2776

CONVERGENCE ACHIEVED

RELATIVE CHANGE IN WEIL THAN .000100
4 6.67649 .4239 .2772

PCNONLIN NONLINEAR EST_

PARAMETER ESTIMATF M BONFIDENCE LIMITS

VOLUME 7.408224F & F| , 9.728732
1769 11.459721

KOl 1.1555 4F AT \ 57636 1.753517
; 26903 2.214250

K10 266768 .581026
145695 .702099

TLAG .277205 ! .185161 . 369250
.114238 .440173

PCNONL IN NONL INELS=

s A
XXX CORRELATION MA,lt
1.00000 ‘

.95881 1.00000
-.97998

ﬁ?ﬂﬂ%ﬂmwmm

kX EIGENVALU S OF (A TRANSFOSE A) MATRIX

FQ R &?a”ﬂ‘ifuumwmas

1 233

Figure 32 (cont) : The output of the PCNONLIN program
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PCNONLIN NONLINEAR ESTIMATION FROGRAM

Xxx SUMMARY OF NONLINEAR ESTIMATION Xxx%

186

FUNCTION 1
X OBSERVED  CALCULATED RESIDUAL WEIGHT  SD-YHAT  STANDARIZED
v v RESIDUAL
.0000 .0000 .0000 .0000 1.000 . 0000 . 0000
. 5000 11.86 11.56 .3090 1.000 1.038 .2930
1.000 24.70 25.53 -.8248 1.000 .7975 -.7819
1.500 29.33 29.73 -.3986 1.000 . 6646 -.3779
2.000 31.00 29.14 1.860 1.000 .6367 1.763
3.000 22.38 22.99 - 1.000 . 6992 -.5757
4.000 15.51 16.28 1.000 .5947 -.7299
5.000 10.83 1.000 .6180 -.1985
7.000 5.400 .6903 .5219
10.00 2.356 .4343 .9362
CORRECTED SUM OF SQUARED
WEIGHTED CORRECTED SUM__ 1113.47
SUM OF SEUARED RESIDUALS =
SUM OF WEIGHTED SGUARE
S = 1.05487 WITH
CORRELATION (Y,YHAT)
PCNONLIN NONLINEAR ES
SUMMARY OF ESTIMATED ST
PARAMETER ESTIMAY
AUC 126.115264 :
KO1—HL 599828 __ e b/ 2]
K10-HL 1./951 ?
THAX 1 s
CMAX 2907
PCNONLIN NONLINEAR ESIMATION rricerm
FUNCTION 1
PLOT OF X VS. v ‘ﬁo. LATERSY o
e e coc ol del) ) IR MW 1 T
YU
55.00 I
50.00 4 — v
2Eamhasnsaluminenae
s0.00 N M | | i ¥ ric
35.00 § I 0
30.00 I XOXX%
25.00 I o ox
20.00 1 X XO%
15.00 1 0 0%
10.00 I X X2X0
5. 000 I X KXXXAXD
. 0000 I ox
-5.000 1
-10.00 I
~15.00 I
-20.00 I
————— ot ——————t N —
-7.00 ~2.00 3.00 8.00 13.0 18.0
X
Figure 32 (cont) : The output of the PCNONLIN program
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FCNONLIN NONLINEAR ESTIMATION FROGRAM

FUNCTION 1
FLDT OF ORSERVED Y VS. CALCULATED Y

CALCULATED Y
Z0.00
28.00
26.00
24 .00
22.00
20.00
18.00
16.00
14.00
12.00
10.00
8.000
6.000
4,000
2.000
. 0000

Pt bt bt b bt bl b bt b bt e e b

PCNONLIN NONLINEAR ES”

FUNCTION 1
FLOT OF CALCULATED Y V¢

RESIDUAL
2.000
1.800
1.600
1.400
1.200
1.000
.BOOO
. 6000

qumﬂﬂmﬂmm

000

'fi:,o mmnimumfmmaa

—9.00 1.00 11.0 ;l.U 31.0 41.0
CALCULATED VY

S

-
i)

b =t b=t bt

Figure 32 (cont) : The output of the PCNONLIN program



FCNONLIN NONLINEAR ESTIMATION PROGRAM

FUNCTION 1
FLOT OF X VS. RESIDUAL Y

RESIDUAL
4.500
4.000
3.500
3.000
2.500
2.000
1.500
1.000
. 9000
0000

=.5000
=1.000
-1.300
—-2.000
-2.500
=3.000

Pt Pt bt bmd Pl Pt D=t =t Pl P =t =l D et Pt P

-7. / i 13.0

kXXX -COPYRIGHT 1984, 1°

LISTING OF: INPUT C{NyA) i

finish W

NORMAL ENDING il

e gy i
AN TN Inend

18.0

188
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APPENDIX I

STATISTICS

Mean (X)

Standard Devia’s

Coefficient of Var1a — -
E/a .

Y Y

Testing Conc&ning the Difference of Tw&*Means , by Student's t-test

F‘mﬂ"mzrw%’wmn“s

Let xil Bgpulation megns
2 _ . .
b 5 = Population variances
1 2
S1 , 52 = Sample standard deviation
N1 s N2 = Sample size
The null hypothesis Ho DMy S Mg

The alternative hypothesis H voMy 74,u2
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(;(.1- i2) - ()J']_",Uz)
Sp

The statistic t was givenas t =

First homogeneity of variance is tested for using the

F test , which is defined as follow:

2
(s

the two sample variances
We two sample variances

ah:ng the null hypothesis of

no difference betwe iances. If the F is not

significant , the'n{

5.1

@he"e S was eVI:::d v;!’;lcﬂs
QWWG\‘Iﬂ%JﬂN-IﬁTEgB’] H

With degree of freedom

N
n—-zl l—'ml\)
+
=
Ss~—— N

o~

|-z| v

- -
N

“Z

NZ|NN N

~—

=2
—
1
—
+
N|
1
et
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2 2
5.2 If él - &2

The test statistic for this case was

t(Tab) for %that is obtained

from the t?fp'" 7

Testing Co‘;;

;‘ Related Pairs , by
Student's t 3{te .

4

(This #est was perforged in the in vivo evaluation).

AUEINEN 1R R ——
ammnmummmma

Hp

average difference of the two treatments

over the population

o
1]

D standard deviation of the population of

di fferences
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SD = standard deviation of the sample of
differences
n = the number of pairs

In the analysis , the deviations D1- - jp are assumed to be

normally and independentl: ded with population mean zero.

émean difference D is normally
—__ 2N or standard error éD/"/—
.

w=omple furnished an estimate :

When these assumption
distributed about u=
The value of éD i

2 2
D" - (ZDi) /n
n-1
Hence , Sﬁ, T POl Ate of éD , based on (n -1)df.
. | PR . .
The importan. co— “hese results is that the quantity

I‘:’d

follows s ée !’ﬂ.stributwn With (n—}] The t distribution was
e

WE NN
q AN TN B - s

from he table.

used to t
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Table 90 Analysis of Variance for Completely Randomized Design.

Source of
Variation

Sum of Squares

Among-
groups

(Treatment)

Within-
group
{Error)

Total

Where

df. | Mean Variation
Square Ratio
SSamong V.R. =
k-1 MSamong
Mswithin
SSyithin

ﬂummmwmm
QW'lax‘lﬂ‘imﬁJWl’mEl’lﬁﬂ

J'.=1'._
X.. = T..

Ter

k
N Z
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Comparing the V.R. value with the critical value F obtained

from table at degree of freedom ( k-1 ) and { N-k ).

If F > Fi1ap)» We reject the null hypothesis that uy = u, = jy =

ces =}Jk and accept the alternative hypothesis.

If F is not signifi '} 4null hypothesis stands.

8. Correlation and Teg

Correlats /7 ™ se2only used to characterize
quantitatively the Mbles. It is always used

the correlation cor o degree of correlation

[n-Zy2 - (iy)ZJ‘

When x is thef wirst group

1P

¥

s the pairs of data sets

«f] 34&1’3 PENTIYABTrsior coticiensr

versus a hypothet1ca1 value &f 0. Thisglest is basedon an assumption

troe TR HGRNNAY SEU 1A ANBARE 2 s

of freedom , as follows :

where p is the true correlation coefficient , estimated by r.

. _ e szl

N-2 l-r
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The value of t is referred to a t distribution with (N-2) df.

If t-va1ue:>t(Tab) » we reject the null hypothesis and accept
the alternative hypothesis , ie., there is a significant correlation

between these two variables.

}rd
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