HOCH,CHOH
R o

O OCH,CH,0H

Scheme I

purification of I and probably is entrapped in the crystalline product. This
solvent entrapment by the pyridazinones is observed frequently. As with
IIT and 1V, the synthetic and isolated samples of V were identical in the
two TLC systems and had identical NMR and IR spectra. Of particular
note was the downfield shift of the methylene protons between the two
pyridazinone rings (Table I).

‘This initial investigation did not result in the isolation of any product
of the O-alkylation of I by ethylene carbonate. A synthesis for the O-

alkylated compound, VII, was developed following the route shown in
Scheme II. However, this compound was not resolved from II by the
chromatographic systems outlined in Fig. 1. Using an authentic sample
of VII, a TL.C and HPLC system was developed that separated VII from
I and II. With a mobile phase of hexane-methylene chloride-2-propanol
(16:3:1), the capacity factors for II and VII were 3.7 and 4.4, respectively.
This system indicated that VII was present in II at a level of 0.1%. This
conclusion was supported by the spiking of the II sample with synthetic
VIIL

The biological activities of III-V and VII were compared with that of
II. As shown in Table III, both IV and V lacked antihypertensive activity
and were not acutely toxic. The formate ester, III, had antihypertensive
activity similar to that of II. This activity also was observed for other
aliphatic and aromatic esters of IT (4). Compound VII had slight, although
not statistically significant, antihypertensive activity. In addition, VII
appeared to be more toxic than II.
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Abstract O Four different acetaminophen products (three tablets and
one liquid) were evaluated for their in vitro properties and in vivo com-
parative bioavailability. The in vivo properties included assay, hardness,
thickness, friability, weight variation, content uniformity, disintegration,
and dissolution. A statistically significant variation was observed in fri-
ability, disintegration, and dissolution. The dissolution rates were de-
termined in 0.1 N HCI under sink conditions, and the T'sge value for
Brand A was 50 min while the values for Brands B and C were 1 min. The
in vivo evaluation was completed in four subjects with a urinary excretion
experiment using a crossover design. The calculated elimination half-lives
were 4.12, 2.77, 3.14, and 2 hr for Brands A, B, and C and the standard,
respectively. The relative bioavailabilities (with respect to solution) were
82, 87, and 92% for Brands A, B, and C, respectively. The mean amount
excreted with Brand A was less than the reference at all time points, al-
though it was not significant. Comparison of the in vitro and in vivo data
for the three tablets indicated that the rate and amount of acetaminophen
excreted may be related to the dissolution rate.

Keyphrases O Acetaminophen—bioavailability, in vitro and in vivo
properties of three commercial tablets compared 0O Bioavailability—
acetaminophen, in vitro and in vivo properties of three commercial
tablets compared O Tablets—acetaminophen, bioavailability, in vitro
and in vivo properties of three commercial tablets compared

The popularity of acetaminophen, a nonsalicylate and
analgesic/antipyretic, as an aspirin substitute has in-
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creased to the point that the drug is now available from
many sources in several dosage forms in the United States.
However, of the more than 30 manufacturers and dis-
tributors of acetaminophen tablets, only four companies
provided bioavailability data in a recent survey (1, 2).

Mattok et al. (3, 4) and McGilveray et al. (5) studied the
physiological availability of different commercial dosage
forms and found no significant differences among the
formulations in blood level or urinary excretion parame-
ters. However, other investigators (6, 7) reported differ-
ences in blood and plasma levels of acetaminophen after
administration of various formulations. Therefore, this
study evaluated three commercially available! acetami-
nophen products (A, B, and C) and a reference solution?
(D), utilizing urinary excretion data, and correlated these
data with several physicochemical and manufacturing
parameters.

1 Brand A was acetaminophen tablets USP, lot 027791, Interstate Drug Exchange,
Plainview, NY 11805; Brand B was Tylenol tablets, lot 2751, McNeil Laboratories,
Fort Washington, PA 19034; and Brand C was Datril tablets, lot DA853401, MNFL,
Bristol Myers Co., New York, NY 10022.

PA2 Brand D was acetaminophen powder, McNeil Laboratories, Fort Washington,
19034.
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Table I—Manufacturing Parameters of the Brands of
Acetaminophen Tablets

Table II—Disintegration Data 2 of the Three Brands of
Acetaminophen Tablets

Brand Brand Brand Gastric Intestinal
Parameter A B C Brand Water Fluid Fluid

Weight, g A 22 >30 5.1
Mean 397.60 434.2 479.1 B 0.28 0.33 3.0
SD 8.52 4.36 6.60 C 29 1.9 0.28
cv 2.00 1.00 1.37 - . A )

Hardness, kg @ Each value is expressed in minutes and is the average of six tablets.
Mean 31 6.7 9.3
SD 0.43 0.78 0.82 Table III—Percentage of Drug Liberated at Different

Thickness, mm Dissolution Times 2
Mean 5.00 49 5.00
SD 0.08 0.03 0.03 Brand Tzs% T50% T75%

Friability — 1.93 1.01 :

Content uniformity‘ % A 30.0 + 3.27 50 + 0.00 85+ 6.8
Mean 99.36 102.00 99.00 B 0.5 + 0.00 1+173 3+0.00
SD 3.00 1.99 3.05 C 0.5+ 1.35 14270 3+265

@ The values are expressed in minutes and include the standard deviation.
EXPERIMENTAL

In Vive Study—-Four healthy volunteers, one female and three males,
24-35 years old, were the subjects. The treatments consisted of three
brands of acetaminophen tablets acquired by normal channels of drug
distribution. A 650-mg dose of acetaminophen (two 325-mg tablets) was
administered to each subject. The control was 650 mg of pure acetami-
nophen in 100 ml of water acidified with 0.1 N HC]l in which the acet-
aminophen was completely dissolved.

The subjects received each of the four treatments (A-D) in a com-
pletely randomized Latin square design. A 1-week period was employed
between each dosage interval to allow for complete drug elimination.
Urine voids were collected predose and 0.5,1, 1.5, 2, 3, 4, 6, 8,10, and 12
hr postadministration. Urine samples were collected in 500-ml plastic
graduated cylinders. The volume was measured and recorded, and an
aliquot was frozen until it was assayed.

Spectrophotometric Determination of Acetaminophen in
Urine—The method used for the determination of acetaminophen in
urine was a modified form of the spectrophotometric assay developed
by Plakogiannis and Saad (8, 9) for plasma acetaminophen. To 2 ml of
urine in a screw-capped, 20-ml centrifuge tube was added 4 ml of 3 N HC],
and the sample was diluted with distilled water to 10 ml. The tube was
centrifuged at 5000 rpm for 1 hr, and the clear supernate was treated with
ether (4 ml) two to three times. The p-aminophenol then was extracted
from ether with 10 ml of 1 N HCI. Five milliliters of 5% vanillin in iso-
propanol was added to 2 ml of the acidic extract; the resulting yellow color
was measured at 395 nm. Concentrations were determined from a pre-
viously constructed standard curve.

In Vitro Assessment of Dosage Forms—Weight variation tests were
performed on 20 tablets of each brand according to the USP XIX method
(10) for determining permissible limits of weight variation. Although
hardness variation is not specified for acetaminophen tablets, the ability
of the tablets to withstand physical abuse was determined3, Their vari-
ation in thickness and their friability* also were determined.

Disintegration times were determined using an apparatus conforming
to the USP XIX (11) specifications and six tablets of each brand. The
disintegration times were determined in purified water, simulated gastric
fluid® without enzymes (pH 1.2), and simulated intestinal fluid® (pH 7.5)
maintained at 37 + 1° as the immersion fluid.

Dissolution rates were determined in 0.1 N HCl in a basket stirrer as-
sembly meeting the USP XIX (11) requirements and equipped with
Pyrex beakers. The stirrer speed was 85 rpm. The whole assembly was
immersed in a suitable water bath that kept the water constantly in
motion and held the temperature at 37 + 0.5°. At time zero, one tablet
was introduced into the dissolution medium; at the same time, 5.0 ml of
the dissolution medium was withdrawn and replaced with 5 ml of the
appropriate fluid.

3 Stokes—Monsanto tester, Erweka Chemical and Pharmaceutical Industry Co.,
New York, N.Y.

4 Ro&h@ friabilator, Erweka Chemical and Pharmaceutical Industry Co., New
York, N.Y.

5 The simulated gastric fluid was prepared by adding 2 g of sodium chloride to
7.0 ml of hydrochloric acid and bringing the solution to 1000 m] with distilled
water.

6 The simulated intestinal fluid was made by dissolving monobasic potassium
phosphate (6.8 g) in 250 ml of water. Then 190 ml of 0.2 N NaOH and 400 ml of
water were added. The resulting solution was adjusted with 0.2 N NaOH to pH 7.5
+ 1 and diluted with water to 1000 ml.

The samples were filtered and placed in a 30-ml bottle, which was
immersed in ice to slow hydrolysis. In the same manner, samples were
taken every 0.5 min for 7 min for Brands B and C. For Brand A, the
samples were analyzed every 5 min for up to 90 min. The reproducibility
of dissolution was confirmed with three sets of tablets from each lot, and
all analyses were performed in triplicate. The samples were analyzed
spectrophotometrically.

Tablet Assay—The analysis was done according to the method of
Plakogiannis and Saad (8, 9). Twenty acetaminophen tablets were
weighed and pulverized, and an accurate weight of the powder sample
corresponding to 200 mg of acetaminophen, based on the label claim, was
transferred to a suitable container. Then 50 ml of 4 N HCI was added.
The solution was shaken mechanically for 20 min, filtered into a 100-ml
volumetric flask, and diluted to volume with 4 N HCL. The flask contents
were mixed well, and 1 ml was transferred to a test tube. Then 5 ml of 4
N HCl was added, and the tube was heated for 1 hr in a water bath. The
tubes were allowed to cool, and the contents were transferred quantita-
tively to a 50-m! volumetric flask. The amount of p-aminophenol was
calculated from a calibration curve and multiplied by a factor of 1.385.
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Figure 1—In vitro dissolution of three formulations of acetaminophen
tablets. Key: O, Brand A; @, Brand B; and O, Brand C.
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Table IV—Cumulative Percent Urinary Excretion of Four Brands of Acetaminophen as a Function of Time #

Hours Brand A Brand B Brand C Brand D
0.5 3.69(1.2) 11.24 (2.60) 13.38 (1.33) 17.71 (3.03)
1.0 16.67 (3.92) 27.76 (2.88) 23.19 (2.67) 28.65 (3.32)
1.5 25.48 (6.31) 32.25 (4.66) 32.77 (2.96) 39.26 (3.33)
20 36.41 (7.47) 41.42 (5.10) 40.61 (3.32) 48.36 (3.85)
30 40.59 (6.95) 55.26 (6.93) 54.34 (4.65) 62.65 (3.78)
4.0 52.77 (4.07) 65.80 (7.18) 63.30 (5.30) 72.53 (3.84)
6.0 81.46 (5.45) 78.13 (7.20) 77.38 (5.15) 85.34 (2.89)
8.0 91.50 (4.99) 87.30 (4.47) 85.65 (4.27) 92.30 (2.88)

12.0 96.65 (1.81) 92.85 (2.19) 94.23 (3.31) 97.07 (1.07)

¢ Each value is the average percent excreted for four subjects. The values in parentheses are the relative standard deviations.

Table V—Repeated-Measures Analysis of Variance for In Vivo
Data (0-12 hr)

Mean

Source df Square F Probability
Drug 3 0.04130 3.08 0.0831
Error 9 0.01342
Time 8 0.52573 384.40¢ 0.0000
Error 24 0.00137
Drug-time 24 0.00062 0.75 0.7771

interaction
Error 72 0.00083

@ Significance level = p < 0.001.

Table VI—Repeated-Measures Analysis of Variance for In Vivo
Data (0-4 hr)

Mean

Source daf Square F Probability
Drug 3 0.02052 5.34¢ 0.0218
Error 9 0.00384
Time 5 0.14788 11297 0.0000
Error 15 0.00131
Drug-time 15 0.0057 140 0.1911

interaction
Error 45 0.00040

4 Significance level = p < 0.05. ® Significance level = p <0.001.

RESULTS AND DISCUSSION

The manufacturing parameters for all three brands are given in Table
L. All brands passed the weight variation test as specified in USP XIX.
Furthermore, the coefficient of variation of weight was within the stan-
dards reported by Pietra and Setnikav (12). The resistance of the tablet
to chipping, abrasion or breakage, transportation, and handling before
use depends on its hardness. According to King (13), a hardness of 4 kg
is the minimum for a satisfactory tablet, but Brand A had a hardness of
<4 kg (Table I).

Although standards for uniformity in thickness have not been estab-
lished by the USP, King (13) postulated that a difference in thickness
of 5% may be allowed, depending on the tablet. The average thicknesses
(£SD) of the acetaminophen tablets were 5.026 =+ 0.08, 4.90 % 0.03, and
5.067 £ 0.03 mm for Brands A, B, and C, respectively (Table I), which
fall within the limits set forth by King (13). Official limits for friability
also have not been established; however, according to Gunsel and Kanig
(14), a weight loss of <0.8% is considered satisfactory. Only Brand C was
close to this unofficial limit (Table I). Since most of the Brand A tablets
lost their edges and showed capping, their friability values were not cal-
culated.

The disintegration tests, as specified in USP XIX (11), were performed
on all of the brands. The average disintegration times were determined
in water, simulated gastric fluid (without enzymes), and intestinal fluids
(without enzymes) (Table IT). The disintegration time of Brand A in the
gastric fluid was longer than the times of the other two lots; furthermore,
small tablet cores were observed in the basket after 30 min.

The dissolution behavior of the three brands is shown in Fig. 1 and
Table III. Figure 1 was constructed by plotting the log concentration of
undissolved drug versus time. This profile indicates that dissolution is
associated with apparent first-order kinetics and occurs under sink
conditions (15, 16). The release constants in 0.1 N HCl were determined

424 / Journal of Pharmaceutical Sciences
Vol. 70, No. 4, April 1981

N
N

N
o

NN

[

LOG AMOUNT UNEXCRETED
-h - - - ”
b o oy e 5%

-
-

1 2 3 4 56 6 7 8 9 10 11 12
HOURS

Figure 2—Amount of unexcreted acetaminophen from four products.
Key: O, Brand A; ®, Brand B; 0, Brand C; and B, Brand D.

from the slope of the lines and were 0.1, 0.74, and 0.62/min for Brands
A, B, and C, respectively. Brand A tablets had the slowest dissolution rate.
In fact, 90 min was required for 80% of the drug from Brand A to be re-
leased, while only 1 min was required for 99.8 and 100% of the drug to be
released from Brands B and C, respectively. The slow dissolution rate
of Brand A is also evident from the T'509, value, which was 50 min; it was
only 1 min for Brands B and C. Brand A also exhibited the longest dis-
integration time.

Since acetaminophen is eliminated by first-order kinetics (17), some
pharmacokinetic parameters were calculated by plotting the log con-
centration of the excreted drug versus time. The elimination constant
(K.) and the elimination half-life were calculated from the resultam
slopes (Fig. 2). The mean half-lives were: Brand A, 4.12 hr with a range
of 3.36-4.80 hr; Brand B, 2.77 hr with a range of 2.42-8.17 hr; Brand C,
3.12 hr with a range of 1.90-3.70 hr; and Brand D, 2.00 hr with a range
of 1.51-2.86 hr. Nelson and Morioka (18) reported a mean half-life of 1.95
+ 0.23 hr, while Cummings et al. (17) and McGilveray et al. (5) reported
values of 2.2 and 3.14 hr, respectively. Hence, Brand A had the longest
half-life, which is consistent with its performance with respect to disin-
tegration and dissolution; that is, the relatively short elimination half-life
of acetaminophen is distorted by the long absorption half-life of Brand
A

Table 1V illustrates the cumulative amount of drug excreted in the
urine for each dosage form as a function of time. These data were analyzed
using analysis of variance and covariance, including repeated measures.
Table V shows that the calculated F values (0-12 hr) of 3.08 for the drug
and 0.75 for the drug-time interaction were not significant (p = 0.001)
across the elapsed time. However, the sample times showed a significant
difference (F = 384.40). Therefore, the data at sample times from 0 to
4 hr were analyzed (Table VI). These data show that the calculated F
values of 5.34 for the drug (p = 0.05) and of 112.97 for time (p = 0.001)
were significant.

Furthermore, an analysis of variance, one for each week, was performed
(one-way analysis of variance) (Table VII); there was no effect at any one
of the nine times. These results indicate that absorption is dissolution

rate controlled and agree with the suggestion of Levy and Yacobi (19) that .

urine collections be made at <3 hr to detect a meaningful difference.
Significant difference (p = 0.05) in drug elimination at selected times

between brand interactions was observed by utilizing the Tukey proce-

dure (Table VIII). Brand A was significantly different from Brand D at



Table VII—One-Way Analysis of Variance for Each Week

Hours F Probability®
0.5 0.6561 0.5944
1.0 0.2979 0.8263
1.5 0.3271 0.8058
2.0 0.7519 0.5421
3.0 0.5732 0.6434
4.0 0.2914 0.8308
6.0 1.074 0.3967
8.0 1.147 0.3697 .

12.0 1.145 0.3707

¢ No significance.

Table VIII—Significant Differences in Drug Elimination at
Selected Times Using the Tukey Procedure

Brands Brands Brands Brands Brands Brands

Hours AandB DandA DandC BandA BandC AandC

0.5 x4 x@ %9 %0

1.0 *a

1.5 *4

2.0 x4

3.0

4.0 %0

a x = significant at the 0.05 level.

0.5, 1, 1.5, 2, and 4 hr and from Brands B and C at 0.5 hr. This result could
be expected since only 0.5 min was required for 25% of Brands B and C
to be dissolved whereas 30 min was required for 25% of Brand A to be
dissolved.
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Abstract 00 Linear free energy relationships were derived for several
monosubstituted purines. The derived equations relate the pKa to the
Hammett constants o, and . A general linear free energy relationship
was derived that permits calculation of the pKa of polysubstituted pur-
ines. The results suggest that correlation of biological data with standard
parameters is feasible.
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Purine analogs (I-XLV) comprise an important class
of potential anticancer agents. Synthetic, unnatural pur-
ines can be administered exogenously and utilized by the
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intact animal to meet its requirements for nucleotides.
These analogs then may produce disturbances that disrupt
purine biosynthesis and interconversion or be incorporated
directly into RNA and DNA, eventually producing cell
death (1). These considerations led to the synthesis (2) and
testing of thousands of purine derivatives for their anti-
cancer properties, but only two purine analogs, mercap-
topurine (6-MP) and its guanine analog (6-TG), have
found general clinical use in the treatment of human

cancer (3). .
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