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Relative Bioavailability and Pharmacokinetics
of Tylenol and GPO Paracetamol Tablets

Pramote Teerapong*, Thanaporn Ruangtrakool* Krisana Kraisintu**,
*Faculty of Pharmacy, Mahidol University. **The Government
Pharmaceutical Organization Ministry of Public Health, Bangkok,
Thailand

Two different brands of 500 mg paracetamol tablet : Tylenol and GPO
Faracetamol, were evaluated for their refative bicavailabifily in 16 normal healthy Thai
vofunieers using a randomized crossover design with 2 weeks washout period. In
each lrealment, subjects received a single oral 1,000 mg dose of the test product
foliowing an overnight fast. Serial twelve venous blood samples of 10 mi were collected
before each dose and during 10 hours period aller drug administration. Plasma
paracetamol concenlrations were then analyzed by high performance liquid chro-
malography (HPLC). Pharmacokinelic parameters including peak plasma concentration
(COmay). time-to- peak (T p,,,) and tolal area under the plasma concentration-time
curve at 10 hours (AUC,'%) and at infinity (AUCZc ) were calculated. Data analysis by
ANOVA and Siudent’s | lest revealed that there were no slatistically significant
differences between Tylenol and GPO Paracetamol in all relevant pharmacokinetic
paramele ok 1. Therefore, it was concluded that Tylenol and GPO . a nol
were bicequivalent.

Paracetamol was first used in medicine
in 1893 by von Mering{,but it has gained
popularity only since 1949 after it was found
that phenacetin were nephroloxic whereas
aspirin caused some unwanted complications
including gastric irritation, abnormal blood
coagulation, and increased risk of Reye's
syndrome in children and adolescence(23)
However, paracelamol is not used for the
treatment of rheumatoid arthritis as it has litlle
or no anti-inflammatory action. At toxic doses,
paracetamol also cause hepatotoxicity(4)

Paracetamol is especially indicated for persons
who cannot tolerated or are allergic to aspirin{"

Al present, paracetamol is one of lhe
mosl popular and widely used anailgesic-
anlipyretics in Thailand and the less of the
world(58) This study was conducted to deter-
mine the relative bioavailability of iwo popular
brands of paracetamol 2x 500 mg oral tablet
preparations (Tylenol and GPO Paracetamol)
and also to investigate the pharmacokinetic
features of paracetamol in healthy Thai
volunieers

GPC =

The Government Pharmaceutical Organization
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Materials and Methods

Materials

All chemicals used were analytical
andfor HPLC grades. They were acelonitrile,
methanol, glactal acetic acid which obtained
from E. Merck, FR. Germany, siandard
paracetamol and theophylline which obtained
from Quality Control Devision of the Govern-
ment Pharmaceutical Organization (GPO).

Test products were two brands of 500 mg
paracetamol tablets. They were Tylenol (Olic
Thaitand Limited under the licence of McNeilab
Inc), and the GPO Paracetamol.

Mobile phase was prepared from methanol
and 1% acetic acid (1:3).

Internal slandard was theophylline
prepared as a stock solution (1000 ugiml) in
methanol  or calibration curves it was diluted
to 10 and 30 ug/ml.

Standard paracetamol was prepared as
a stock solution (1,000 ugfml) in methanol. For
calibration curves, it was diluted in plasma to
concentration range of 0.5-12.0 .,.mi and 5-35
ugimi.

Standard calibration curves for parace-
tamol in blank ptasma were plotied from the
ratio of the peak area of paracetamol to that
of the internal standard against paracetamo!
concentrations.

Methods

1. Subjects

Sixieen drug-free, non-smoking, healthy
volunteers {9 males, 7 females) aged ranging
from 24 10 43 years (mean age 29.56 * 5.2)
and the body weight ranging from 46 to 72.8
kg (mean weight 57.75 t 6.63 kq) participate
in this complete crossover study.

All volunteers had good heaith condition
which were screened by clinical and labora-
tory examinations. They all had a full physical
examination with medical history review and
blood chemical test prior to the siudy for
approval of normal renal, hepatic, respiratory

Thai J. Pharmacol. Vol. 12, 1990

and rardjovascular functions, All subjects had
ic and communicable diseases a
had shown normal biochemical and hemato-
logical parameters. They did not received any
other drug or alcohol for at least 1 week before
and during the study. Informed consent was
given by all the subjects entering 1he study
which was approved by the Corninitlee of
Government Pharmaceutical Organization.

2. Study Design

The study, which consisied of 2
lreatment phases, was conducted as single
oral 1,000 mg dose trials with randomized
complete crossover administration. Belween
the phases the subjects were allowed lo have
2 weeks washoul period.

In each phase, the subjects took the
drug at about 7.00-8.00 a.m. after previous
overnight fast. They were allowed 1o have
breakfast at 3 hours postdose. Serial tweive
venous blood samples (10 ml) were taken from
a forearm vein al the following time : 0
{predose), 0.25,0.5,0.75,1.0,1.5,2.0, 3.0, 4.0,
6.0, 8.0, 10.0 hours after drug administration.
The blood samples were mixed with 30 mg
i TA and immediately contrifuged for 10
minutes at 3,500 rpm. The plasma was
cottected and stored frozen at -10 to -20°C until
analysis.

3. Assay Procedure

Plasma concentrations of paracelamol
were delermined by HPLC consisting of a
Constametric 3,000 pump (Millon Roy)
equipped with a reverse phase (x Bondapak
Cig) 30 cm x 3.9 mm. id. analytical column
with the guard column (Waters Associate), a
Spectromonitor 3,100 UV detectlor operating
at 254 nm, a Cl 10 B data processor (integra-
tor), and a Rheodyne manual injector with
20 4 IOOD.

Paracelamol in the plasma sample was
extracted by mixing 500 x| plasma obtained
from each subject with 3 ml acetonitrile in a
15 ml screw-capped tubes. The tubes were
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Figure 1. Mean paracetamol concentration at various times following oral administration
of 2x500 my paracetamol tablets, Tylenol and GPO Paracetamol.

Percenl CV. of intraday and interday
assay varied from 1.86-3.81 % and 0.92-
3.87 % ,respectively, at peracetamol con-
centration ranging from 0.512.0 pg/ml and
varied from 0.55-3.50% and 0.56-4.71%
respectively, at paracetamol concentration
ranging from 5.0-35.0 pg ml.

Percent errors were found to be 0.4-
3.0% when siandard paracelamol concen-
trotinns in plasma, ranging from 1-30 mg-ml,
Wore assayed.

Percent recovery of paracetamol in

tripicate assays of standard paracetamol
concentrations were shown in Table 1. In these
assays percent recoveries were ranging from
95.85% to 106.32 % (mean 99.84 £ 3.40 %)
and from 97.26 % to 104.76 % (mean 100.07 +
2.49 %), when  ndard paracetamol con-
centrations were varied from 0.5-12.0 pg/ml
and 5.0-35.0 pg/mli, respectively.

Mean plasma concentration time curves
of Tylenol and GPO Paracetamol were shown
in Figure 1 and Table 2. Peak plasma con-
centrations were reached within 0.5-1.0 hours
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Table 2. The mean value of Pharmacokinetic parameters of paracetamol from
16 subjects following 2x 500 mg oral administrat

Brand
Parameier
Tytenol GPO Statistical
paracetamol Significance
Peak plasma concentration 2043 + 226 22721204 NS
(Crmax Hg/ml)
Time 1o peak | sma level 1.06 019 1.0820.22 NS
(T'max h)
Area under the plasma 69.351 5.85 72401+483 NS
concentration
(AUC,,'Oug.himl)
Area under the plasma 73.64 X 6.62 78181520 NS
concentration
(AUCH ug.himi)
Half life (ty;5.h) 216 £0.18 2331024 NS

NS = not significant difference at p<{0.05

value expressed as Nwan ¥ som.

in both preparations and then declined in a
tinear manner when the plasma parace-
tamol concentrations were plotted on a
logarithmic scale indicating the first-order
process of elimination {Figure 1) wiih elimi-
nation half lives of 216 * 018 hours for
Tylenol and 2.33 £ 0.24 hours for GPO
Paracetamol (Table 2). Figure 1 is here

Pharmacokinetic parameters summarized
in Table 3 were mean peak plasma concen-
trations (Cpy,a,). mean time-to-peak (T,
and mean total area under the plasma con-
centration-time curves at 10 hours and al
infinity (AUC,'® and AUC,*} of Tylenol and
GPQ Paracetamol. ANOVA and the Student's
i test were used 1o tesf for statistical signi-
ficant differences and found that there were
no significant differences in all parameters.

Discussion

This anaiytical method was specific and
sensitive with good precision, good accuracy
and very efficiency as chromatograms of
paracetamol and internal standard theophyliine
were clearly separated (RRT = 0.734) with %
CV. of Intraday and interday assays and %
errors of measurement were less than 5%
logether with % recovery of paracetamol
anatysis were close to 100% (»95%).

From the mean plasma concentration at
various time (Table 2) Tylenol and GPO
Paracetamol were rapidty absorbed when
given orally, reaching peak concentrations at
about 1 hour and the plasma concentrations
were maintained above therapeutic level
(10-20 pgai) for at least 3 hours after drug
administration. The peak concenirations
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Differential Secretion of Enkephalin-Like Peptides

from Boy'ne Adrenal Chromaffin Cells

Chainarong Cherdchu* and Terry D. Hexum
Department of Pharmacology, Pramongkutklao College
of Medicine, Bangkok 10400, Thailand and Department
of Pharmacology University of Nebraska Medical Center,

NE 68105, U.S.A.

Stimulation of chromaffin cells in culture with 1,1-dimethyl-d-phenylpipera-
zinium (DMPP} or depolarizing concenlrations of K* resuils in a significant secretion
of high and low molecular weight enkephalin-like peptides (ELFPs) into the culture
medium. Bio-Gel P-10 chromatography was used o characlerized the ELPs in the
extract of chromalliin cells and in culture media before and after stimulation. DMPP
{50uM)} stimutation produced asignificant secretion of primarify low molelcular weitht
{3-kDa)ELPs whereas 56 mM Kt caused a secretion of both the high and low molecular

weights ELPs. Subsequent o the secretion of these ELPs the expecled decrease
in the content of cellular low molecular weight peplides was not observed. This
suggests that stimulalion of chromaffin cells by either an action on nicotinic receptors
or by membrane depolarization enhances processing of ELPs. Qur resulis support
the hypothesis that specific stimuli bring about the secretion of ELPs of differing
molelcular weight.

Key words : 1,1-dimethyl4-phenyipiperazinium, high K*, chromaftin celis, enkephalin-
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like peptide secretion, proenkephalin pracessing

(MelPrenkephalin and ils various precursors
are present in adrenomedullary chromaffin
celis ™. The concentration of enkephalin-
like peptides (ELPs) in chromaffin cells is
species dependent being highest in dog and
catlle adrenal medullae, and lowest in rat
adrenal medullal™. The ELPs are co-stored
with the catechoiamines, norepinephrine and
epinephrine. in chromaffin granules(2-3®
Studies with relrogradely perfused canine
adrenal glands'®, retrogradely perfused beef
adrenal glands'¥. canine!® and feling(®?
adrenal gtands in situ, and bovine chromaffin
cells in culture® reveal that ELPs are released,
in a calcium-dependent manner, along with
catecholamines. The release is believed to

“lo whom cerrespondence should be addressed.

occur primarily through nicotinic receptor
activationt?> 910} Furthermore, the secretion
of various sizes of ELPs has been shown to
be influenced by the type of stimuli(-7).
Hexum et al{'" reported that splanchnic
nerve stimufation in the anesthetized dog
resulted in increased secretion of primarily low
molecular weight ELPs. Studies with perfused
beef adrenal glands showed that a portion of
each of ELPs present in the glands is released
by 50 uM nicotine or 5 mi Ba +2#). Chaminade
et al {67 ysing perfused cat adrenal glands in
silu, reported a release of (Met®)-enkephalin
immunoreactive material and precursors of
differem proportions, depending upon whether
stimulation was due o the splanchnic nerve,
50mM K* or 100 pM acetylchotine.
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Figure1. Enkephalin-like peptide profiles after gel permeation chromatography on a Bio-Gel P-10

column equilibrated v 1 01 M aceiic acid.

Aliquots fram column [ractions were digesled with trypsin and carboxypeptidase B and tolal {Met®)-enkephalin was
determined by radicimmunoassay {see METHODS). A and B represenl the ELPs released into the cullure medium under
basal or 50 UM DMPP. respectively. C and D represent celiular peptides before and after 50 UM DMPP, cespectively. Markers

are: Vo, blue dextran; a. cytochreme C oxidase; d, peptide E.

tyophitized, reconstituted in 0.1 M acetic acid
and applied onto a Bio-Gel P-10 column (0.9
x 58 cm) that had been equilibrated with 0.1
M acetic acid. Aliquots of column fraclions
were freeze-dried, reconstituted in 0.05 M
Tris-HCI, pH 8.0, containing 2 mM CaCl, and
subjected o sequential digestion with trypsin
and carboxypeptidase B (Cooper Biomedical,
Calbiochem){'3 before determination of ELPs
by radioimmunoassay.

Peptide radioimmunoassay

ELP content was determined using a
highly specific C-terminal directed antiserum to
{Met%)-enkephalin as described elswhere®), All
radioimmuneassays were carried out in a total
volume of 550 pl using 3H(Met%)-enkephalin 52
Ci/mmol { Amersham) as a tracer. The buffer
used was 0.5 MTris-HC!, pH 7.4, containing
0.2% bovine serum albumin (RIA grade,
Sigma) and 0.15% dextran (Sigma). After
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Figure 2. Effect of high K on lhe secretion and conient of enkephalin-like peptides

A and B represent the peptides released into the culture medium before and after high K*. C and D represent tue cellular
peptides before and after high Kt Olher descriptions are as provided in Figure 1,

incubation overnight at 4°C, the antibody
bound tracer was separated from unbound
tracer by adsorptionto charcoal followed by
centrifugation{')  Radioactivity in the
supernatant was determined using a Beckman
liquid scintillation spectrometer.

Resulls

Figure 1 (A and B) shows the proliles of
ELPs released into the culture medium in
response to nicotinic receplor stimulation.
DMPP (50 pM) significantly increased the
secretion of ELPs found in Peak 4 which have
a molecular weight of approximately 3-kDa

since they co-elute with peptide E (3.2-kDa).
Peak 4 contains upto 85% of the total immunore-
active material recovered in the cullure
medium after stimulation of the cullured celis.
When cells were siimulated with 56 mi
Kt the molecular forms of the released ELPs
changed. As shown in Figure 2B, elevated K+
caused a significant increase in the secretton
of immunoreactive material found in Peaks 1
and 3 as well as Peak 4. Peaks 1 and 3 contain
ELPs with correspending molecular weight of
approximaiely 20- and 10-kDa since they co-
elute with blue dexiran (20-kDa) and cylochrome
C oxidase(12-kDa), respectively.

Comparision ~f the Bio- Gel P-10
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Toxicity Study of Orthosiphon grandifolus

Yuvadee Wongkrajang*, Thanomsri Vongratanastit*”, Kanit Atisook"*", Pranee
Jaiarj* Penchom Peungvicha*

* Department of Physiology, ** Department of Pharmacognosy, Facully of Pharmacy
and *** Department of Pathology, Facully of Medicine, Siriraj Hospital, Mahidol
Universily, Bangkok, Thailand.

Dried leaves of Orthosiphon grandifolus have been used as a remedy of kidney
stones. Dried leaves and stems of the plant were percolated with hot water. The extract
was lyophilized and yielded 24.0% of dried powder. The median lethal doses (LDgp)
in g/kg of the extract in animals after single intraperitoneal injection were : male rais
= 0.93, female rats  0.871, male mice = 0.70, female mice = 0.84; bul no lethal
effect was found after single feeding of up to 5 g/kg body weight in both rails and
mice. When female and male rats were fed daily with O. grandifolus at the doses
of 0.5, 1 and 2 g/kg body weight for 30 days, there was no change in weight, blood
chemistry (SGOT, SGPT, BUN) or the histopathology of major visceral organs, ie.,
kidney. liver, heart, lung and spleen in comparison with the control group. The resulls
from this siudy demonstrated that O. grandifoius has low toxicity when given orally
in the animal.
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Basic Programming for Learning Evaluation in Pharmacology Course

Nisamanee Satyapan

Department of Pharmacology, Pramongkuiklac College of Medicine,
Bangkok, Thailand.

Learning evaluation in pharmacology courses for medical cadets and nurse
cadels contains accumulative score of many tests , and the ¢r ria for grading
include hoth statistical analysis {measurement) and subjectiive analysis (judgement)
with minimum passing leve! (MPL}set by the department. Thus computer programe
like Lotus 1-2-3 could not serve this purpose. As Latus 1-2-3  is not at  fo
demonstrate sorling score-which is the basis for giving judgement. However,
programe in BASIC language, called EXAM.BAS, was developed in order to solve
such problem. By this programe mean, standard deviation {S.D.} and score sorting
with letter grade can be calculated ,using 0.9 S.D. interval for each graded range.
EXAM.BAS can be used by anyone with or without knowledge  3ASIC language.
Consequentty,it is also usefu 1 learning ev. 1ation for other subjects as well. such
subject must have the following characterislics = ll score of each test = 100 %,
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number of students { =70 , and number of tests{ =10.
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SCORE
NO 1 2 3 4
1 64.17 B85.83 68.33 66.67
2. 75.42 78.33 62,50 65.83
3 75.00 B84.58 74,17 75.00
4 71,25 72.50 75.00 65.00
5. 69.17 80.42 70.83 63,33
6 77.50 91,25 74.17 73.33
7 77.50 78.33 69.17 56,67
8. 76.25 94,58 8B.33 67.50
9 81.67 B6.67 90.42 77.50

66.51
71.93
72.19
66.87
66.67
78.70
62.03
84,17
82,45
62.92
80.42
79.64
57.97
59.01
76.98
71.61
61.93
13.54
82.71
68.44
17.14
68.96
62.34
59.22
53.28
67.92
67.29
62.81
66,35
B7.60
69.27
77.66
57.09

AV. 73.24 81.78 72.69 62,52

Total score mean =
Total score SD. = 8.78
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PHARHACOLOGY EXAM

HO. SCORE GRADE

1 10 87.60 A
2 3 84.17 A
3 19 82.71 A
4 9 82.45 A
5 11 80.42 A
6 12 79.64 A
7 6 78.70 A
2 32 77,66 B+
9 21 77.14 B+
10 15 76.98 B+
11 18 73.54 B+
12 3 72.19 B
113 2 71.93 B
14 16 71.61 B
15 31 69.27 B
16 22 68.96 B
17 20 68.44 C+
18 26 67.9%92 CH
19 27 67.29 C+
2 4 66,87 C+
21 5 66.67 C+
a2 1 66.51 C+
25 2 66.35 C+
24 10 62.92 C
25 28 62.81 C
26 23 62.34 C
27 7 62.03 c
28 17 61.33 C
29 24 59,22 D+
39 14 59,01 D+
31 13 57.97 D+
12 13 57.09 D+
33 2= 53.28 D

Ao=> 77,710

B+ => 73,32 B => 68.9%3

Ct+ => 64.54 ¢ => 60.15

D+ = 55,77 D => 51.38
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CNS Stimulants : 'he Crii c¢ Problem of
Thai Society
Viroj Sumyai
Narcotic Control Division, FDA .
Ministry of Public Health, Bangkok 10200, Thailand

The benefit Ffrom modern manufacturing, .distribution and utiliztion
of psychotropic substances for medical purpose is without doubt immeasurable.,
However, the blessing was commonly dogged by certain extent of misuse,
abuse'and dependence of some substances., Thailand, perhaps similar to many
cother developing countries, harbours long term endemic misuse and abuse of
medicinal drugs. Furthermore, opiates abuse and dependence have been an
indigenous phenomencn for centuries with occasional wide spread epidemic
outbreak. At least for the last 10 years, some oplate dependents occasionally
abuse central nervous stimulants especially the amphetamines, in an
episodic manner.

In 1985, Sumyal V. reported that 15% of the long distant truck
drivers used stimulant tablets in order to accomplish their task and 79%
of those who used had a major traffic accident at least once during the
last 12 months before interviewed.

In 1990, the Treatment Division, Office of the Narcotic Control
Hoard rep...ced that 0.13 and 0.10% of the drug dependent treatment population,
in the annual treatment population between 1988 and 1989, used amphetamines
as principal drug during the last 30 days before entering treatment. The age
on admission covered from 16 — 40 years old. Their residences spreaded over
37 provinces and most of them were employed either on permanent or temporary

basis.
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i . above established a real cont n on the extent and nat
of use, misuse, abuse and dependence on amphetamines. They might very well
be an uncasied for factor undermining the population health irrespective of
other contentiocus issues related to social and economic conseguences. There
is perhaps no need to elaborate on the remarkable risk of amphetamines use.
Society most likely will have to live with these problems for many years
to come. To prevent and control deleterious consequences of amphetamines
use, an effective demand reduction system should be developed; the sooner

the better.

Svmposium

Pharmacology and Toxicology of CHNS Stimulants

Chaichan Sangdee, Ph.D.

Punya Khunawat, M.D., Ph.D.

Muckda Chitcharoenthum, Ph.D.
Borpit Klangkalya, Ph.D. (Moderator)

Topics

History and Chemistry of amphetamine analegs

Mechanisms of action

Effects of amphetamine in animals

Effects of amphetamine in human

Pharmacokinetics of amphetamine and congeners
and the impact on abuse problems

Neurotoxicity of amphetamine and congeners

Direct damage to organ systems

Treatment of amphetamine intoxication

Regulation problems
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Ca?*:Ca?*exchange
{nmol Ca?*/mg prolein/min)
0.03

Facilitaled diffusion
Maximum rates (nmolCa?'/mg

0.025 0.05 protegin/min}

Free Ca* <0.1uM

Blood values

Free Ca?* =1 mM

ADP + Pi Tolal Ca?t = 2.6:-mM

Fig. I. €Co** fluxes in norntol human erythrocytes. Properties of the Ca®* pump: number of pumps
per erythracyte = 2000 (0.5% of the membrone protein); Ke, = 107 & M or fess, under opumaI
ossoy conditions; K, << 10 WM ATP, for the phosphorylation reaction; moximal velocity of Ca’*
vonslocetion in humon red cells (nmol/mg _Drotem/mm") with calmodulin = 0.065, without
calmodulin = 0.014. {Dato from Ref. 1.}

° Estimoted ossuning @ membrane protein content of 10 g/l red cells.
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Discussants Denis Kyle
Kvla Webster

Final comment : Khunying Tranakchit Harinasuta : Where from here?
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Interaction of Serotonin and Propranolol on the Isolated Left Rat Atria
Waraporn Jirajariyawej and Prasan Dhumma-Upakorn.

Department of Pharmacology, Faculty of Pharmaceutical Sciences,Chulalongkorn
University.

Serolonin 4-pgfm| produced positive inotropic € ¢l on isolated left rat atria.
Methysergide 0.47 ugim|. completely abolished this positvie inotropic effeci. However
this positive inotropic was not reduced but significantly increased by addition of 0.15
pg/ml propranolel. Cocaine 0.5 pgfml, potentiated the positive inotropic effect of
serotonin. In the present of cocaine, propranolol did not reduce  butl magnified the
positive inotropic of serotonin. However methysergide absolutely abolised il. The
direct effect is the action of serctonin that mainly mediated the positive inotropic.

side NE uptake, cocaine could inhibit serotonin uptake. Serctonin uptake inhibition
might also be the action of propranolol other than B-adrenoceptor blocking
effect. These resulis would be discussed.
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