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ABSTRACT

Absorption of acetaminophen has been shown to be dissolution independent in human. Both ex-
tent and rate of absorption are important variables in the treatment of pain. The absorption of ace-
taminophen was studied by using two different acetaminophen tablets Depyretin® manufactured by
Veterans Pharmaceutical Plant, Taiwan, and Scanol®, manufactured by Scanpharm, Denmark.
Both Scanol and Depyretin, each of 500 mg single dose, were administered orally to sixteen healthy
young Chinese males with an one-week washout period in a randomized crossover design. Plasma
samples used for acetaminophen measurement were taken prior to drug administration and at vari-
ous times up to 12 hr subsequent to administration. The plasma samples were measured for aceta-
minophen concentration by an HPLC method. Values for areas under plasma concentration-time
curve (extent of absorption), peak plasma concentration, time to peak concentration (rate of absor-
ption), elimination rate constant, elimination half-life and oral clearance were compared for each
preparation. Statistical analyses including ANOVA, power analysis and 90% confidence intervals
after logarithmic transformation, showed no significant difference in the rate and extent of acetami-
nophen absorption between Scanol and Depyretin. Furthermore, in vivo absorption did not signifi-
cantly correlate with in vitro dissolution performance in water. However, differences between these
two formulations both in in vitro dissolution and in vivo absorption were not seen.
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INTRODUCTION

Acetaminophen has been shown to be an

etffective analgesic and antipyretic agent used for

releaving mild to moderate pain'! 7%, Acetami-
nophen 1s marketed in the United States under

approximately 50 brand names and in almost
200 proprietary combinations with other drugs
'Y There are at least 36 brand names in the Re-
public of China.

Studies in healthy volunteers have shown
that oral administration of acetaminophen is
always associated with rapid absorption. Mattok
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) reported that the absorption of acetamino-
phen in vivo 1s not dissolution dependent. There-
fore, acetaminophen becomes a commonly used
drug in the evaluation of gastric emptying® ™%,
Approximately 2% of acetaminophen is excreted
unchanged 1n urine after administered. Glu-
curonide and sulfate conjugates are nontoxic
and account for approximately 95 % of the
drug, while a much smaller amount, estimated
to be 3%, 1s oxidized to a chemically reactive in-
termediate via the hepatic cytochrome p-450 sy-
stem which combines with liver glutathione to
form a nontoxic substance. However, after mass-
ive single doses of acetaminophen the supply of
liver glutathione 1s exhausted and the excess
reactive arylating intermediate binds covalently
to vital hepatocellular macromolecules, leading
to necrosis. The best indicator of potential liver
injury from acetaminophen is elimination half-
life of acetaminophen. A half-life greater than 4
hours is uniformly associated with liver injury.
Also, plasma levels greater than 300 pg/ml at 4
hours post-ingestion are consistant with hiver n-
jury, whereas levels less than 120 pg/ml at 4

hours post-ingestion are usually not!!2),

With the increased general prescription of
acetaminophen and because many pharmacists
are now able to engage in drug product selec-
tion, bioequivalence studies are warranted in or-
der to ensure the equity of therapeutic value re-
gardless of its source of manutacture.

The primary purpose of this research was
to study the comparative rate and extent of ace-
taminophen dissolution in vitro and absorption
in human subjects using Scanol® and Depyretin
® The results could be applied to ensured the
same therapeutic effect of the locally made ace-
taminophen with the proprietary product.
Secondly, to study the possible in vitro and in
vivo relationship.

MATERIALS AND METHODS

I .Drug
Scanol (Batch No. B&779), produced by
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Scanpharm Pharmaceutical Plant, Denmark and
Depyretin (Batch No. T-7202), produced by Ve-
terans Pharmaceutical Plant, Taiwan, were ob-
tained locally. According to the pharmacopoeia
method of USP XXII, Scanol and Depyretin
contained 99.1 = 0.2% and 100.4 = 0.3% of
the labeled amount of acetaminophen respective-
ly. These results were within the acceptable ra-
nge, 95%~105%, as recorded in USP XXII.
The content uniformity of these two products
also met the USP XXII requirement. The bio-
availability parameters were not normalized by
the slightly different content.

I1. Apparatus

The HPLC was equipped with a Waters
510 pump, Waters 712 WISP autosampler, Wa-
ters 441 variable wavelength Ultraviolet detector
and a 740 integrator. Separations were perfor-
med at 40°C controlled by a ¢p-1100 W Thermo
Watch on a C-18 Shodex pak column.

1. Dissolution Test

The dissolution test of the acetaminophen

tablet was determined according to the general
method of USP XXII. Apparatus 2, paddle stir-

ring method ( 50 rpm; replication = 3), was
used. Amount of dissolved durg at two-minute
intervals was determined spectropho-

tometrically (Amax=280 nm).

IV.Subject

The subjects involved in this study were 16
healthy Chinese males (Table 1) whose body
weights ranged from 60 to 85 kg ( mean = S.
D.:67.1 + 6.7kg), were within 10% of their ide-
al body weight, and whose ages ranged from 20
to 29 years ( mean £ S.D.: 23.3 = 2.2 vears).
All subjects were in good physical condition as
determined by complete physical and chinical ex-
aminations such as complete blood count (he-
moglobin, hematocrit, red blood cell count, red
cell indices and white blood cell count with dif-
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Table 1. Sex, age, weight and height for each sub-

ject
Subject Sex Age Weight Height
(vears) (kg) (cm)
l M 29 60.0 170.0
2 M 22 63.0 171.0
3 M 25 61.0 178.0
4 M 23 77.0 182.0
5 M 22 63.0 175.0
6 M 23 65.0 180.0
7 M 22 63.5 170.0
8 M 23 68.0 170.0
9 M 23 64.0 174.0
10 M 22 66.0 181.0
! M 21 60.0 169.5
12 M 20 68.0 174.0
3 M 24 63.5 166.5
14 M 26 73.0 182.5
5 M 22 71.5 174.0
[6 M 25 85.0 174.5
Mean 23.3 67.1 174.5
S.D. 2.2 6.7 5.0

ferential); platelet count, blood urea nitrogen,
serum creatinine, serum glutaminic-oxaloacetic
transaminase, blood sugar, etc. before the study.
The subjects were instructed to abstain from any
drugs for at least 2 weeks prior to or during the
study. No vitamin supplements were permitted
48 hours prior to each day’s dosing. Subjects
with a history of drug or alcohol abuse or drug
sensitivity were excluded. To each subject the
study was explained, and informed consent was
obtained from each volunteer.

V. Studv Design

A randomized double-blind cross-over de-
sign with a seven day washout period was used.
The subjects were randomly divided into two
groups( &/group ). Each subject fasted from 10
PM of the night before each experiment. A si-
ngle 500 mg acetaminophen tablet administered
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with 200 ml water was given between 7:30 and
9:30 a.m. on the following day. No sohd or l-
quid, except water, were permitted until four
hours subsequent to dosing. A 3 ml blood sa-
mple was obtained from the left forearm vein
without anticoagulant just before and at 5, 10,
20, 30, 45, 60 minute intervals and 1.5, 2, 3, 4,
5, 6, 8 and 12 hours after dosing. The blood sa-
mples were centrifuged immediately to express
plasma. All plasma samples were stored at -50°C
until subsequent assays. Subjects remained under
observation for 12 hours and maintained a low
level of physical activity. Blood pressure, heart
rate and any possible side effects were monito-
red closely throughout the study. The collected
samples were assayed for acetaminophen by a
self-developed, specific and accurate HPLC me-
thod.

V9 Assay Method

S5O0 ul (100ug/ml) of internal standard aceta-
nilid, 5 ml 1 M phosphate butfer and 10 cc ethyl
acetate were added to 1 ml of subject plasma.
The mixture was rotated for 15 minutes and
centrifuged at 2100 rpm for 12 minutes to pellet
the precipitated proteins. The upper organic
layer was collected by disposable pipette and
evaporated to dryness. Residue was recon-
stituted with 300 ul methanol, then centrifuged
at 3000 rpm for 12 minutes before HPLC injec-
tion. The injected volume was 100 ul.

The assay for acetaminophen and acetanilid
was performed at 40°C and controlled by The-
rmo Watch ¢p-1100 W on a C-18 Shodex pak
column. The mobile phase consisted of 15 %
acetonitrile and 85 % water. All water was Milli
-Q grade. A 1.8 ml/min flow rate was employed
and the eluent was monitored by a Waters 441
UV detector at 254 nm under an attenuation of
128. Under these conditions, the retention times
of acetaminophen and acetanilid were 5 and 15
minutes respectively.

In order to validate the precision of sample
preparation and HPLC analysis, within-day and
between-day standard curves were run. In addi-
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tion, along with each subject’s sample analysis, a
standard curve was constructed from each sub-
ject’s blank plasma.

VIL. Data Analysis

Area under plasma concentration-time cur-
ve from time zero to mmfinity (AUCoo) was cal-
culated by:

AUCoc = AUC,.+Cp/B

where AUC,. is the area under the plasma con-
centration-time curve estimated from time O to t
by using trapezoidal rule and t 1s the last sam-
pling tme. Cp 1s the last measured concentra-
tion-time point. The apparent elimination rate
constant, 3, was estimated from the slope of the
termuinal log-linear phase of the semilog plot of
concentration versus time. The maximum plas-
ma concentration achieved (Cmax) and the time
to maximum plasma concentration (Tmax) were
observed from the measured plasma concentra-
tions following drug administration.

Pharmacokinetic parameters (presented as
mean = s.d.) such as elimination halt-life, appa-
rent volume of distribution, and total plasma
oral clearance were calculated from each indiv-
idual subject according to the standard formulae
(Gibaldi & Perrier, 1982)19),

Analysis of variance (ANOVA), power ana-
Iysis and 90% confidence itervals of AUCwx
. Cmax, LnAUC=c and LnCmax were used to
statistically evaluate of the data and for the as-
sessment of bioequivalence.

The 90% confidence nterval (C.1.) for
AUCo and Cmax can be obtained as follows:

90% C.I.= | Mean (test) - Mean (reference) | =&

t (o/2, nitne - 2)-\/0.5 - MSE(1/ni T 1/n2)

where n; and n: are the subject number 1n group
I and group 2 respectively. While ni—ns, the
above equation can be reduced as follows:

90% C.1.= | Mean (test) - Mean (reference) |+

t (2/2.N-2)/2 + MSE/N

where N 1s the total number of subject, N —n,

1583

+ﬂ2.

After log transtormation, aside from a 90%
C.I. range change to 0.8-1.25, an anti-log was
taken to obtain the ratio of the test and re-
ference products instead of the difference.

The in vivo percent of absorption for Sca-
nol and Depyretin at any given time was also
determined by using Exact Loo-Riegelman me-
thod'*. The following equation was used to
calculate the extent of acetaminophen at any gi-
ven time:

% absorbed — 100% -
Ao I n Inf

Ar et
o = Cotk|, Cdr

gy
= X Otk Cdip = k| Cdi

where Ar and Amax are amount of drug absor-
bed or which reaches the central compartment
in time T and infinity respectively; V: volume of
central compartment; Cr : concentration of drug
in the central compartment at time T; k: first
order elimination rate constant; n i1s the number

of C.
RESULT

Both Scanol and Depyretin tablets had 85
percent of amount dissolved in water at 37°C
within 13 munutes. The sixteen volunteers were
in good physical conditions as determined by
complete physical and clinical examinations.
None experienced any adverse effects during or
after the experiment. Each subject’s sex, age,
welght and height are shown in Table 1 and all
are within normal ranges.

Under the described assay conditions, linea-
rity was observed in plasma standard curve over
a range of 0.2 - 30 ug/ml (Fig. 1). Plasma within
-day and between-day standard curves had a
correlation coefficient, r, greater than 0.998.
Although correlation between in vitro dissolution

and i vivo absorption of acetaminophen was
not seen, both Scanol and Depyretin had a simi-
lar profile of percent dissolved in water and per-
cent absorbed in vivo (Fig. 3). Both exhibited
85% of tablets dissolved in water within 13 mi-
nutes and over 90% dissolved within 30 minu-
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Figure 1. Acetaminophen within-day and between-
day standard curves in plasma (Mean &= S.D., n =
3).

tes. Over 80% of acetaminophen was absorbed
within 45 minutes after the oral dosing.

The mean plasma concentration-time data
1s listed in Table 2 and shown i Figure 2. The
time to maximum plasma concentration{Tmax),
areas under the plasma concentration-time curve
from time 0 to mfinity(AUCo0), peak plasma

concentration(Cmax) and the wvalues of their

natural logarithmic transformation and elimina-
tion half-life, elimination rate constant, oral

clearance and apparent volume of distribution
were all compared between the two brands and
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Figure 2. Acetaminophen plasma concentration-time
protile after oral administration of 500 mg acetami-
nophen tablets in 16 normal healthy volunteers.
(Mean = S.E.)

shown in Table 2 and 3 respectively. Statistical
analysis was determined by analysis of varance
(ANOVA) and two one-sided tests. Mean peak
plasma concentration(Cmax) had a wider 90%
confidence intervals range than the range of 0.§-
1.2 and a less power value than 0.8 indicating
that 1t has no significant effect in this study.
However, by applying the natural logarithmic
transformation method after considering the ad-
ditivity (linearity) property of the ANOVA with
general linear model and the normality of the
parameters, such as AUCoc and Cmax, 1t sho-
wed no significant difference in the two prepara-
tions. In other words, the rate and extent of ace-
taminophen absorbed did not differ significantly
between these two brands. Both LnAUCwo and
LnCmax had 90% confidence intervals between
0.8 and 1.2 with very high statistical power. By
comparing the overall oral clearance of these
two preparations with those of each subject, in-
trasubject variation can be tolerable.

Table 3 summarizes pharmacokinetic para-
meters obtained from the sixteen subjects follo-

wing an oral 500 mg dose of acetaminophen.
With analysis of variance, Scanol possesses a
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Table 2. Bioavailability parameters tor acetaminophen

Parameters Scanol Depyretin Statistics (ANOVA)
MEAN STD MEAN STD (90% CI; Power)
mean peak time 42.50 32.86 36.8% 20.73 not significant
(min)
mean peak plasma conc. 8.23 3.45 8.24 3.07 not significant
(pg/ml) (0.67-1.33; 0.45)
mean AUCoc 1413.09 587.37  1401.00 308.54 not significant
(ug*min/ml) (0.80-1.18; 0.88)
Ln mean peak plasma conc. 2.02 0.43 2.05 0.35 not significant
(ug/ml) (0.86-1.17; 0.97)
Ln AUCwx 7.16 0.45 7.22 0.22 not significant
(ug*min/ml) (0.97-1.03; 1.00)

Table 3. The pharmacokinetic parameters in 16 healthy volunteers following 500mg of oral dose of acetamino-

phen

Parameters Scanol STD Depyretin STD Overall STD Statistics
(ANOVA)

t1/2(B) (hr) 3.34 0.94 3.43 1.29 3.38 .12 n.s.

k (min™) 0.004 0.001 0.004 0.001 0.004 0.001 n.s.

Cl/F (ml/min) 428 .4 214.1 373.2 400.8 161.71 n.s.

Vd/F (L) 118.66 66.39  112.36 36.69 115.51 60.81 1n.s.

t1/2(B) : ehimination half-life

k : ellmmation rate constant

CIl/F : apparent oral clearance

Vd/F : apparent volume of distribution

n.s. . not signiticant

shorter mean elimination halt-life, the same ducts, intrasubject variation can be acceptable.

mean elimination rate constant, but not a sig-

nificantly larger means ot oral clearance or vo-

lume of distribution compared to Depyretin.

DISCUSSION

No signiticant difference was exhibited in

age, body weight and height between the two

groups mvolved in this study. Since a double-

blind randomized cross-over design was used, 1n-

tersubject variation was therefore minimized.

From the pharmacokinetic data including oral

clearance, half-life, apparent volume of distr-

bution between proprietary and generic pro-
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Factors including individual physiological vari-
ation, emotional responses, G-I evacuation'®!>),
extent of physical activities, and others may con-
tribute to this intrasubject variation.

Both Scanol and Depyretin exhibited very
similar profiles in all in vitro percent dissolved
and in vivo absorption. Both exhibited 85% of
tablets dissolved in water within 13 minutes and
over 90% Over

80% of acetaminophen was absorbed within 45

dissolved within 30 minutes.

minutes after the oral dosing. Depyretin ap-
peared to have an insignificantly greater percen-
tage and faster of drug absorption. Analysis of
variance (ANOVA) confirmed the insignificant
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Figure 3. The in vitro percent dissolved-time plot
and in vivo percent absorbed-time plot of Scanol
and Depyretin.

difference of each acetaminophen plasma con-
centration at each given time and acetamino-
phen’s parameters including mean peak time,
AUCo0 and the values of its natural logarithmic
transtformation. Mean peak plasma concentra-
tion showed a 90% confidence intervals range
(0.67-1.33) which 1s wider than 0.8-1.2. However,
by applying logarithmic transformation method
with consideration of the additivity (linearity)
property of the ANOVA with general hinear mo-
del, the rate and extent of absorption of aceta-
minophen with the two brands was found the
same. This also veritied by 90% confidence in-
tervals and by power analysis. These phenomena
suggest that the rate and extent of absorption
between the two acetaminophen tablets pro-
duced by different brands had no significant dif-
ferences. Therefore, we can conclude that these
two formulations are bioequivalent.

This study not only reveals the inde-
pendence between dissolution and absorption
but also ensures the same therapeutic effect of
the locally made acetaminophen with the pro-
prietary product. Such information can promote
the trust and the effectiveness of Taiwan
pharmaceutical technology which will naturally

widen locally made products’ trading channels
allowing them to compete in competitive inter-
national markets.
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