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APPERDIX A

Paiacetgnol

Names - Acetaminpphen, paracetamol,
p-acetaminophenol
Description odorless , slightly bitter

Empirical formy ;
Structural For a

Molecular Weight

powder

Melting Point
Solubility Jf water,l in 20 of boiling
in 7 of alcochol, 1 in 40 of
____Egp of propylene glycol,
J?gtions of  elkali
ﬁydroxides.‘ saturated solution has

[ 'Y
AUYINYNINDTTI
Stabilit - : ¢ Paracetamol is gwvery stable in
Qq ﬁ"] a\j ﬂ ‘im um&q nﬁla@ Hts pH-rate
profile reveals specific acid and
specific base catalysis with the
maximum stability in the pH range 5

to 2.
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Pharmacological Effects :

Paracetamol has analgesic and antipyretic actions
that do not differ significantly from those of aspirin.
However , it has only weak anti;inflammatory effect. .Single
or repeated therapeutic doses of paracetamol has no effect
on cardiovascular and réspiratory systems. It does not

produce the gastric irg{ : er051on , or bleeding that

Parace

administration #i ' pe T}HH | ha"ined within 40 to 60
minutes.Variatio ‘ paracetamol absorbedA
occur dependin . used and route  of

administration.

the drug to plasma

proteins is vari . Following th peutic doses , 80 to

100 % of rﬁ.ﬂ:ﬂ meﬁwym‘ ﬂ;,se within the first
Q o Gind | §@J UB N TREIRzs 1 o eno

drug 1s reported to be metabollzed on the first pass through
the liver.In therapeutic doses the drug is excreated largely
in the drine as various conjugates : 44-45 % as glucuronide
conjugates ,20-30 % as sulfate and 15-55 % as cysteine and

mercapturic acid conjugates. The small amount of
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hydroxylated and deacetylated metabolites have been
detected. The unchanged drug'comprises approximately 2 % of

the dose.

When high doses are ingested 3 paracetamol
undergoes N-hydroxylation to form N-acetyl-benzoquinoneimine,
a highly reactive intexmediate. This metabolite reacts
with sulhydryl grou W and glutathione . When
hepatic glutathloﬁﬂdeal

of large dos

%o after the ingéstion
reaction with hepatic

.proteins is incre crosis is the result.

from 2-4 hours in
me of distribution in

children are comp .“to those . adults.

X
suppositories »iddxs and suspensions.

The conventlonal oral and rectal dose is'500 'to- 1,000 ng.,

the tota]ﬂ%ﬁ ’}lﬁeﬂ mwﬁj ’]ef}%d 4,000 mg. For

children, %he single do°se is 40 to 480 mg dependlng upon
e YT} TR 19 V1889 Ei anie b
admlnlltered in 24 hours .Paracetamol should not be
administered more than 10 days or to young children except

upon advice of a physician (1,23,24).
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APPENDIX B

Sartorius Absorption Simulator

Principle (12,13)

he SH 1@”/&sorpt1on Simulator is a
model, in which : v1vo passive transport
of the drugs by. /4 ”4;* special artificial 1lipoid

barriers. It nded ha't ne apparatus provided a

suitable adaptation ;:( }‘ !t pophily , ionisation )
and is used mai t ‘-,.‘ y of the absorption of new

drug, and for the - .h”“’;‘m-ment of pharmaceutical

preparations .

The apgfr ly of two containers
for the arti _\;uid ( phase I ) and
artificial blagad (phase .(Figure 86 )

8 § “an Plhsm W Substance

} . ¢ E

FigureB‘ Schematic diagram of the SH 16750 Sartorius
Absorption Model.
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Since it was-only that the portion of a drug- which
was dissol&ed in phase I could be diffused , the model was
applied by using a small filter attached the end of the tube
connection . When the time began , the.aquepus phases were
circulated by a peristaltic pump . The temperature and flow

rate should be checked during the experiment, 38°C + 1°C

and 10-15 ml.min”l,rq%  é;bﬂ . Samples taken from each

container at equal&" é& ~were determined for the
—

L ‘Th of absorption of a drug

. Ix;fn t be expressed by the

i. Similarly , the

concentration of

from the gast

absorption ra
specific diffusi sorption Simulator can
be expressed as stant ,EKd . Because of

these two quanti directly proportional

to each other , th ';ﬁt; ro.- rption rate constant , Ki ,
can be calculated d}tﬁéﬁﬂ?i e diffusion rate constant
Kd. =

4 JJ I _ ﬂj
Evaluation of sults

o LY
AUHINIRFHYART e e
a 'first. ‘order regption irst period, the

move@%’} heldubst &ldel g ’}Q%&JQ@ frbn phase I to
phase II . Then back dlffu51on happened from phase II to

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

had a linear relationship with the time



72

Determination of the Starting Concentration , Cio.

The sum of drug concentrations in éhase I .and II
were piotted against times , wbich should give a sﬁraight
line paralleled to the abscissa. The starting concentration
in phase I was obtained by extrapolation of the

graph (Figure 7 ).

100

90 -

80 —

70

e P

60~

60 —

40 -

SUM OF CONC. IN PHASE | AND Il (mgX)
o
5
1

30 —

.| Auginaninenng

AMANINUNANGINY

Figure-7: Determination of the starting concentration , data
set from the simulated intestinal absorption

experimént 1 of paracetamol elixir, Brand E.
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Calculation of the Diffusion Rate Constant,Kd.

A simple plot of the drug concentration in phase II

or Cii against time at first period showed a straight line

kFigure 8!).

CONCENTRATION IN PHASE Il (mg%)

N
o

Dt T T T S S §
O =2 NWPOON® OO = NWLOON®O
S D e TR N N Row SO BN T e 5 N 1T B RS 0B

¥

o

1 ! 1

] 2 2.4

AUt Inesfiens

i RRIAT HHBIIWHARE cnios 1

curve, data set from the simulated intestinal
absorption experiment 1 of paracetamol elixir,

Brand E.

The diffusion rate constant was calculated from the

slope of this line according to Equation 3.
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Cids-Clig. T .. Vi4
RKd = £ x (em.hr~l) Eq...3
Ty de B8 COE o F -

o

Cix = Dfug concentration in phaée Ii at time T, (mg.ml—l)
Viib= Volume of thé agueous phése II at time To = 100 ml-
F = Effective barrier area (cmz) = BOAémz
T % Tiwe ' (hE} '”

Ci, = Starting &.nl‘l)

o —

Calculation ofdiﬂg’—"f Exi ;Fw; ot ] Rate Constant, Ki.

The

Absorption in Kd s
) , ( cm. hr )
Stomach & 0.0042
Small inteslﬂne 0.0108
=G . ( Kd ¢ Kd, (hr‘l q...4
= In vitro abscrption rate constant (hr'l)
Fad = Diffusion rate constant : (cm.hr'l)'
A.Kd = Diffusion rate constant‘through therppres-of.

the barriers with unfilled lipid phasé(cm:hr"l)
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For example, the data set from Table 3 for the study
of absorption from stomach and intestine of Brand E in

experiment 1 was chosen.

Absorption from stomach :

According to the ations 3 and 4 , where the slope

was 100 ml, Ci was

WL :
' aﬁm’l and Kd, was 0.0042

was 2.950 mg%.hr—lv
61.88 mg%,F was

i

0.0596 cm.hr-1

Ed = =

Ki = 0.2382 hr~1
Absorptioh

According to ;”?" ; ns 3 and 4, where the slope

as 100 m1; Ci

was 7.252 ué was

-,:,,3' "
N T L)
80.72 mg¥%,F Vi &

| |
cm.hr—l,theref' e U

Auananinens, .. ..

60¢72 80 g

QRAARN T DGR IHE 18 Yoo e

and Kdo was 0.0108
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APPENDIX C

Test Products

Code Brand name Mft.date Batch no.

- Tempra 4-3-1987 00708

3-10-1885 CLS 04105

szb Lotemp
Suspension

14-3-1987 -~ 703107

SSb Medamol

ﬂumwmwmm

Green andl clear solut}on with burnlng taste

) PSRRI 5 8

" Yeliow, lemon taste with high viscous suspension.

27-8-1887 27080

54¢ col W 14-5-1986 8610304

a



. Tables 27-31 and"
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APPENDIX D

STANDARD CURVE DETERMINATIOR

The tyéical standard.curves and data for paracetamol

concentrations in artifici gastric fluid pH 3 , artificial

plasma - pH 7.5 , ¢ . intestinal fluid pH 6 ,

artificial plasmavpk urine are presented in

ively.

AU INENINEINS
RINNINUNINGINY
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. Tsble 27 Typical Standard Curve Data‘ for .Parar;‘etaml
Concentrations in Artificial Gastric Fluid pH 3.0
Estina.ted Using Linear Regression1

Standard Conc. Absorbance Inversely _est::llmted2 Z'I‘heo!:y:a

No. (mcg/ml) at 245 Conc. (mcg/ml)

1 89.49
2 98.84
3 100.30
4 101.01
5 100.20
6 89.79
7 100.15
8 99.¢88
9 89.88
10 99.85
11 g9.98

ﬂuﬂqwﬂﬂ§WHﬁni B
A M INENA Y

2. Inversely estimated concentration = Absorbance - 0.0048
; 0.0850

3. %Theory = Inversely estimated concentration x 100
known concentration ’

4., CV. = 8B, x 100
Hean
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0.9 —
0.8 —

E0-7

o
o
!

ABSORBANCE (245 n
°o o
PO
! !

0.3 -
0.2
0.1 T
2 12
Figure g [ ics eurve| paracetamol
¥ ¥

conge trations in t1f101a1 gastric fluid pH 3 .

ﬂuEI’JVIHVﬁWEI’lﬂ‘i
ammnmumwmaﬂ

14
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Table 28 Typical Standard Curve Data for Paracetamol
Concentrations in Artificial Plasma pH7.5 Estimated
Using Linear Regressiml '

Standard Conc. Absorbance Inversely estimated? XTheory
No. (mg/ml) at 24 Conec.(ncg/ml)

1 88.80
2 89.61
= 100.66

i3 99.79
5 100.28
6 100.08
7 100.43
8 100.41
h 3 99.25
10 i i
- 3.60 100.00

Audingninedds 38,
AROAINTUNRINGNY

2. Inverselr estimated concentration = Absorbance - 00,0244
. 0.0638

3 XTheory =

x 100
known concentration '

4. CN. = 81 % 30O
Mean
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ABSORBANCE (245 nm
o [ [+ 3
[ > tn o
] 1 ] 1

o
)
]

o
-2

N

e~y

Figure 10 “1y,
. "l

L
&

ncentrations in artificial plasma pH 7.5 .

AULINENINYINS
ARIAN TN INYINY

i‘ ’ for paracetamol-

14



Table 28 Typical Standard Curve, Data for  Paracetamol
Concentrations in Artificial Intestinal Fluid pH 6.0
Estimated Using Linear Regression®

Standard Conc.

- Inversely estimtedz Z'l'heor:y3
No. (mcg/ml) at |

Conc.(meg/ml)

© O N O o b W

10
11

3 ggj"ﬁmmwmm
1 ey e R 1 gt

3. Z'I‘beonr Inmselx.nsﬂmtﬂ.cmmtmﬂm x 100

known concmtrat:l.on

R, Q¥ = S.D. x 100
Mean
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Figure 1 “Typical standard cighe for paracetamol

ﬂ u mwmfwg’]’ﬂ ‘jteﬁm&l £luid pH 6.

ammmmumwmaﬂ

14



Tsble 30 Typical Standard Curve Data for Paracetamol
Concentrations in Artificial Plasma pH7.8 Estimated

Using Linear Regressionl

2. Inversely estimated concentration

x 100

3. XTheory =
known concentration

4. CV. = 5D, x 100
Mean
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o
]

12 14

Figure ' “’_ = o for paracetamol
X i | it

D scrcmitrations T Ertet WL lkcen ol 020
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Teble 31 Typical Standard Curve Data for Paracetax‘n_l.‘

Concentrations in pooled ufine Estinated Uéi.ng
" Linear R»egress:i.on1

Standard Conc. Absorbance Inversely estimated? XTheory®
No. (mcg/ml) at 630 nm Conc. (mcg/ml)

107.90

1

- 3 89.75
3 8.81
4 83.08
5 89.11
6 88.57
7 100.71
8 100.23
8 89.48
10 100.76

8&

4

——————— 1-1 ‘-‘
509
D. 2.
c.vé 2.

0.0057

ARANIAANAINARAY

3. XTheory =

x 100
known concentration ;

.08 2 SD. x 100
: Mean

86
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AHBSORBANCE (630nm)
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]

© o
>
1

T
200

-

-y for paracetamol

concentration pooled srine .

AULINENTNYINS
RINNTUANIININY



APPERDIX E
Subjects

Table 33 Physical Characteristics of the Subjects.

\/ 1ght(kg) Height(cm)

Subject No.

T—
- HHHHHH
\\ 157
161
152
164
164
162
175

® N O o R W N e

166

ﬂumwﬂ‘ﬁwmﬁ% alke

’QW'INT]‘?EUNWI’JVIEIWEI
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APPENDIX F

Calculation of K and Ka from the Urinary‘Bchetion Data

(14,25,26,27)

It was aracetamol excretion data

could be well des partment open model with
first order ~ first order drug

elimination.(Fi

b 4 B

ol il

b h

Ll |"'.f“
-

Dg

Y

0l

Nt

e LU LY

p,
o
M

Figure .0 "““""‘ ~..~.A.—“"*“-'—-*-'-'-'-;.v with first order

ne
absqﬁkt'u.

-eiﬂelimination.

Thqyge!:eany] gjn.\ H’Ej tf]licrlbed the rate of
iy RN Y

" dDb = F.Ra.Dg - K.Db Ba...D
dt :
Where Db is the amount of drug in the body, F is the
fraction of dose(Do) to be absorbed, Dg is the amount of

drug in the gut.
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Since the drug in £he'gastrointestina1 tract also
followed a first order decline process, Dg was equal to

Do.e'Kat.Therefore

dDb = F.Ka.Do.e™ - K.Db Eq...6

dt L’
&-Laplace Transformation,

23 >d as

Using

the Equation 6 cou

Db =% AR NEEat ) Eq...7

 ; "drug in the body was a

dDu Bg...8
dt
Where e amou of dﬂgg in urine and Ke is

the renal ﬂﬂaﬁ e con&fant.From the Equations 6 and 7
the new e@ Vlng’]ﬂi
3 mmmmmmw
Ka-K
After drug absorption was virtually complete, e"Kat

approched zero,and the Equation 8 reduced to the expression:

dDu Ke EKa.F.Do . e Kt Eq...10
dt Ka-kK

]



91
Taking the natural logarithm of both sides of this

expression, the Equation 10 became :

IntiRay & 1o EafaiB.Ba - Xt Eq...11
dt Ka-K -

When 1n(dDu/d L&7 lotted against time at the
midpoint of collec it j’r raight line was obtained

with a slope of

The valu DY using the method of

residuals or a - \\:\R ue which was easily

' 4.10).

(dDu)res K K. Eg...12

explained by the

Where <{(dbu/dijies was the T o ual rate of urinar
1Y, hY ) d
drug excretlonEﬂTa ﬂygarlthm of both sides

of this expressyp the Equa ion 12 became :

ﬂummmwmm
Q‘mﬂ’ﬁﬂim Nﬁﬁéjﬂmﬁ d

When 1n(dDu/dt)res was plotted against time at
midpoint of the collection period, a straight 1line was

obtained with a slope of Ka.

For example, the data set from Table 22 for Brand E

in subject No.8 was chosen. The rate of drug excretion
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versus the midpoint of the collection period was plotted on

the semilog paper. (Table 29 and Figure 13)

The slope of the terminal phase (K) and the residual
line (Ka) were 0.155 and 1.910 hr~l, respectively. The 1lag

time, Tlag, the time at the point of intersection of these

two straight 1lines o calculated by the

Equation 14.

Tlag Eqg...14

Where ive intercepts on the

' 1
HF,J

y-axis after trs 08

ﬁ .
line. According £to

d ul {‘r ,-‘_.‘1.1-"

Tlag -—1%!‘ "

terminal and residual

17 <
Tlag I} » . ﬂn, 0.17 hr
1.910-0. 155

fius Vlﬂmwﬁlﬂﬂﬁ

lso, parameters from

RRVFINTH IV IR e



Table 33 Striping Biexponentials from SetW

in Subject No.B Following a S
Elixir, Brand E.

Time Du T{interval)
(hed - (ngd Chr)
0.5 5.68 0.5
1.0 21.84 0.5
1:5 27.53 8.5
igel) 29.85 L9
3.0 53.31 1.0 -
4.0 55.61 11
6.0 87.17 2.0
8.0 57.66 2.0
12.0 55.73 4.0
16.0 25.59 4.0
24.0 . 18.95 8.0
32.0 12.65 8.0

ount of Paracetamol Excreted into the Urine
600 mg Paracetamol

from Paracetamol

(dOu/dt )»100
(dOu/dt> "

89.35
102.19
99.68
%.&
98.07
B1.64
82.78
91.82
119.34
139.80
148.94
64.60

101.00
25.99
29.65 %

(dDu/dt)’
(dDu/dtires
(dDu/dt)>"

76.34. ama\mm 1AIINYNAY

dDusdt - (dDu/dt)’

78.34.e

-0.155t
. ~ 10S.11.e

-1.910t

€8



3.6 !

2.6 -

.Ln dDu/dt (mg/hr)

1.6 4

T T T
24 28

V_ S—

~ Figure 15 Eaer m

No.8 _after oral le dose of 600 mg paracetamol

ﬂ%&%%%%%ﬂ%ﬁ
q W’Wﬁﬂﬂ‘im NWI’J‘V]EI’]&I d

lalated curve in subject



APPENDIX G

STATISTICS

-

Mean (X)

3. Standard Errc

4. Testing the

ﬂ?%’:’}fﬂgﬂ;ﬂmﬂg
TR IRAIHINY

The alternative hypothesis Hy ’.Pl#.PZ



(X - X3) - (1 - p2)

Sp

The statistic t is given as t =

First homogeneity of variance is tested using the

F test, which is defined as follows :

2 ,
Where (s ). he two sample variances
b § 2

(59) > two sample variances

With thi : ‘!_‘.; 111 hypethesis of no difference
between the two pdpu iﬂiél‘f a § is evaluated. If the F
is not significan the nul hesis stands.

4.1 istic t is given as

t¢a

ﬂummlmwmm

m NASHTHTIneas

2
(s ) (S)
s | 2

P N N



with degree of freedom, d.f.

; X

2 2

s s
1 4

+
N N
a o oa]
d:;f. =

»»»»»»

G .2 vipy istic t for this case -is

\

Where the pooled

b

Ly

| i
AU T e
mhaemwﬁﬁmmmmlm

This t value 1is compared with t(tab) which 1is

U

obtained from the table for &¢ .
: 2 :
If £ t(tab)’ the null hypothesis that py = pg is

rejected and the alternative hypothesis is accepted. If t is

not significant, the null hypotbesi§u§tandsf
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S Correlation Coefficient Test

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

( Xand Y )

N22XY -22X2Y
- (ZX)2IINSY2- (3Y)2]

Let R = rel " ceffient, estimated by r
The null hypothgs gy‘i \ 5 = H

The alternative IS Lhesis P+ 0

;Zi:i‘iﬂmj 9] ﬁﬂ?ﬁ’ﬂﬂ’iﬁﬁfﬁlﬁi
““’Wﬁmdﬂ‘im URIAINY1A Y



8. Analysis of Variance (ANOVA)

Anglysis of Variance for Completely Randomized Designf

Source of Mean Variation
Sum of Squares a.¥: :
Variation Square Ratio
SS . .
Among-— among V.R. =
; - k-1
group MS
among
(Treatment) MS
within
SS
Within- within
N-k
group
(Error)
Total

where X
i’

TﬂTatment J

...,n

ﬂumwmwmm
amaﬂmm NWI’JV]EHR d




f £33

-
k

IR T 5t

kL2 SR

The V.R. value is compared with the critical vaiﬁe

F, which is obtained from thé/table at degree of freedom

esis that/u13p23u3=...
Py is rejected _#nd/ 't ltex ative hypothesis - is

accepted. If null hypothesis

stands (28),

AULINENINeINg
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