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sumnutty 

Potassium acet~inophen sulfate (Ia) and ~tassium 3-sulfonyloxymethyl-5,5-di- 
phenylhydantoin (Ila) were evaluated as potential prodrugs of acetaminophen (Ib) 
and phenytoin (IIc), respectively. Both sulfate esters were stable in neutral solutions 
;tnd Ia had a hydrolysis hair-life of 24 h in 0.2 M hydrochloric acid at 37°C. 
1:ompound Ia exhibited no anti-writhing activity at‘ter oral or intraperitoneal admin- 
&tratian to mice when compared to Ib. Compound IIa was rapidly eliminated from 
plasma with a half-life of - 34 min after intravenous administration to rats with no 
detectable Ilc in the plasma up to 4 h post-administration. It was concluded that 
neither Ia nor IIa would be a potentially useful prodrug. 

The literature is inconclusive as to whether sulfate esters of alcohols and phenols 
can serve as prodrugs (Conolly et al., 1972: Conway et al., 1968: Dolly et al., 1971: 
Kuwamura et al.. 1971; Levy and Matsuzawa, 1966; Miyabo et al., 1981; Powell and 
Olnvcsen, 1981; Sinkula and Yalkowsky, 1975) by being cleaved in vivo by sulfatases 
(Roy, 1960). To help clarify this point, two sulfate esters, Ia and IIa, were 
synthesized and evaluated as potential prodrugs of acetaminophen, Ib, and phenytoin. 
llc, respectively. 

* To whom ~~~~~~ should be directed at the Victorian College of Pharmacy, Australia. 
l ** present addre,ss; Squibb Institute for Medical Research, New Brunswick, NJ 08903, U.S.A. 
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Compound Ia is a natural metabolite of acetaminophen, while Ha is not a 
metabolite of phenytoin. If IIa were to be cleaved by sulfatases, it would generate 
IIb which rapidly and quantitatively e!iminates formaldehyde with a half-life of 
- 2 s under physiological conditions to yield phenytoin (Bundgaard and Johansen, 
1980). The solid arrows in Scheme I represent known chemical and biochemical 
reactions, the broken arrows represent the possible breakdown steps due to sulfatase 
activity. 

Materials and methods 

Acetaminophen (F-H. Faulding, Adelaide, South Australia) and phenytoin (Sigma 
Chemicals, St. Louis, MO) were used without further purification. The potential 
prodrugs Ia and Ila, were synthesized as described below. All other chemicals were 
reagent grade and were used without further purification. Water was either distilled 
in an all-glass still or was double-deionized. 

Potassium acetaininopken sul/ate (Iu) 
Compound Ia was synthesized as the potassium salt (monohydrate) from lb 

according to a method described previously (Fendler and Fendler, 1968). C’hloro- 
form was used as the reaction solvent. Impure Ia was recrystallized twice from 
ethanol (95%) and activated charcoal to give a final yield of 42%. The melting point 
was higher than 265°C with slow decomposition. No Ib was observed when a 
solution of Ia was examined by HPLC and TLC. NMK (deuterium oxide) spectra 
w-ere consistent with the structure of Ia. Elemental analysis for CHNS agreed closely 
within kO.28 (for each element) with the formula C,H,NO,SK - H,O (la). 
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Potassium 3-suifonyloxymethyl-5,5-diphenylhydanroin (flu) 
The synthesis of lla involved previously reported procedures (Fendler and 

Fendler, 1968; Hearse et al., 1969) where the reactive alcohol was llb prepared by a 
method similar to that already reported (Bundgaard and Johansen, 1980). A white 
solid (mp 192-194°C) was obtained with a yield of 30%. 

No llc was observed when a solution of lla was examined by GC and HPLC. 
NMR (deuterium oxide) spectra were consistent with the structure of compound IIa. 
Elemental analysis for CHNS agreed within &0.5% (for each element) with the 
formula (C,,H,,O,N,SK), - 3H,O. 

Aqueous hydrolysis of la and IIa 

TLC analysis 
Compound la (25 mg) was dissolved in sufficient water and 0.01, 0.1 or 1 .O M 

hydrochloric acid to produce 5 ml of solution. Aliquots (20 ~1) were chromato- 
graphed (acetone-strong ammonia solution 9: 1) at time zero and at regular time 
intervals and the plates examined to detect hydrolysis products. The R, values in this 
system were 0.31 and 0.73 for la and lb, respectively. 

Spectrophoronterric ana&sis 
Solutions of Ia (0.418 mM) in 0.2 or 0.5 M hydrochloric acid, I = 0.5 M adjusted 

with sodium chloride. were maintained at 37.0 + O.lOC in a water bath. At regular 
time intervals. aliquots were removed from the solution and diluted with aqueous 
sodium hydroxide solutions to produce solutions with pH - 12.8. 

First-order rate constants were calculated from plots of log(A - A,) against 
time, where A and A, were the absorbance of a pH 12.8 solution of the reaction 
mixture at time t and of an equimolar solution of Ib at pH 12.8, respectively. 

Gas chromarographic (CC) arta&sis 
Solutions of lla in phosphate buffer, pH 7.42 and 1 = 0.5 M adjusted with 

potassium chloride, were maintained at 70.0 &- 0. IOC, 60.0 + 0.1 OC and 50 + O.l”C 
in a water bath. At regular intervals, 50 pl aliquots were removed from the solution 
and assayed for phenytoin by a GC method (Stella. 1977). 

Anti-writhing studies of la and lb J 

The p-quinone-induced anti-writhing activity of la and lb in mice was compared. 
A fresh solution of p-quinone was prepared immediately before use by dissolving 
1 mg in 1 ml of 50% ethanol and diluting 10 ml with aqueous 0.9% sodium chloride. 
An intraperitoneal dose of 1 mg/kg was used. This dose was just sufficient to cause 
writhing in 100% of a normal group of 10 mice. 

Compound la was dissolved in 0.9% sodium chloride solution for administration 
to mice at a dose volume of 0.1 ml/10 g body weight. The solution was administered 
either by the oral, intraperitoneal or intravenous routes. 

’ Bias (Consulting und Contract Research) LIP.. United Kingdom. 
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Compound Ib ‘uas suspended in aqueous 0.1 S tragacanth and administered orally 
to mice. Each dose volume was 0.1 ml/ 10 g body weight. On a molar basis, $90 mg 
of Ia is equivalent to 50G .ng of Ib. 

Animals 
Male albino mice of the LACA strain’, weighing 18-20 g, from which food had 

been withheld overnight, were ised. Groups of 10 animals were taken for dosing. 

Experiment I 

To demonstrate a dose-response relationship for the anti-writhing activity of lb. 
groups of 10 mice received oral doses of either tragacanth (0.1%. 0.1 ml/l0 g body 
weight) or various doses of Ib suspended in 0.1% tragacanth (0.1 ml/10 g body 
weight). The animals were observed for 50 min for the appearance of writhing. 

Experiment 2 

Three groups of mice received the following oral doses: (a) tragacanth (0.1 
ml per 10 g body weight); (b) compound la (890 mg/kg); and (c) compound lb (500 
mg/kg). After 30 min, each mouse received an intraperitoneal injection of p-quinonc 
(1 mg/kg). Three observers, unaware of the dosing schedule, then continuously 
watched the mice (one observer per group) for 50 min. A record was made of: (i) the 
number of animals presenting with writhes; and (ii) the total number of writhes 
made in a group. 

Experiment 3 

Three groups of mice received the following doses: (a) and (b) as in experiment 1: 
and (c) compcund Ia, intraperitoneal injection, 890 mg/kg. After 30 min. each 
mouse received p-quinone and the animals were observed as described for Experi- 
ment 1. 

Experiment 4 

Mice received an intravenous injection of aqueous 0.9% sodium chloride or la 
dissolved in 0.9% sodium chloride solution. In each case, the dosage volume was 0.1 
ml/IO g body weight. After 5 min, the surviving animals ’ received p-quinonc (1 

mg/kg) by intraperitoneal injection, The mice were then observed for the ap 
pearance of writhing. 

In vivo evaluation of Ila us a prodrug of phqtok in the rut 

To determine the availability of phenytoin after an intravenous dose of Ila. ;I 
study was carried out in two male Sprague-Dawley rats (Sasco. Omaha. NE). The 
rats were anesthetized with sodium pentobarbital (dose: 60 mg/kg). A dose of 2.5 mg 
phenytoin equivalents of Ha per kg of body weight was administered as an aqueous 
solution (volume - 300 ~1) intravenously via the femoral vein. Blood samples 
( - 350 ~1 at each time point) were withdrawn from the jugular vein at 15. 30.45, 75. 

‘See Results and discussion. 
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105 and 270 min after dosing. The blood samples were transferred to containers 
(Vacutainers 2 ml, Becton-Dickinson. Rutherford, NJ) containing 3 mg of ethylen- 
ediamine tetraacetic acid. Two-hundred ~1 of the blood sample were analyzed for 
phenytoin by gas chromatography (Stella, 1977). Aliquots of 100 ~1 of the whole 
blood were also incubated overnight. at 37”C, with 200 ~1 of a commercial sulfatase 
enzyme preparation (Glusulase, Endo Laboratories. Garden City, NY) in order to 
convert whole blood Ila to phenytoin. The treated samples were then analyzed for 
total phenytoin. i.e. phenytcin plus intact ester, Ila. by gas chromatography (Stella, 
1977) and the Ila concentration determined by difference. 

Redtsand 

In neutral solutions (pH 7.4) at 37OC. there was no detectable hydrolysis of la to 
acetaminophen as determined by TLC and spectrophotomettic analysis over 9 days. 
The hydrolysis of lla to phenytoin (pH 7.42) was observed at 70.60 and 50°C when 
followed by an assay specific for phenytoin. An Arrhenius plot was linear giving an 
ene of activation of 23.8 kcaljmol which is consistent with that found (Kawamura 
et al., 1971) for the hydrolysis of hydrocortisone-21-sulfate. The half-life of IIa at 25 
and 37OC was - 2-M days and 49 days. respectively. 

Compound la hydrolyzed with half-lives of 25 h and 8.8 h under acidic pH 
condiliona 0.2 M HCI and 0.5 M HCI, respectively. It appears, therefore, that Ia 
and IIa are chemically stable under the neutral pH con&ions studied and at least in 
the case of la. significant cleavage would not occur in an acid environment similar to 
that found in the stomach. 

To determine if la exhibits any in vivo analgesic activity relative to acetaminophen 
after oral and intraperitoneal adminislration. the anti-writhing activity of both 
compounds was studied in p-quinone-induced writhing experiments (Experiments 
l--3) in mice. In all rhe anti-writhing experiments summarized in Tables l-3, Ia 
exhibited no activity after oral and intraperitoneal administration while oral 
acetaminophen produced the expected suppression of writhing. If anything. Ia 
appeared to exacerbate the writhing relative to controls (Table 2). 

The toxicity of Ia was obvious in the intravenous dosing experiment (Experiment 
4). Injection of normal saline had no apparent adverse effect on the animals. 
However, compound la proved to possess a lethal action after intravenous adminis- 
tration. At a dose of 890 mg/kg, all 10 mice died within 30 s of injection. Death was 
preceded by a convulsive episode terminating in dyspnea and respiratory depression. 
At u dose of 445 mg/kg, 8 out of IO mice died within 30 s of injection. Both 
surviving mice showed a positive writhing response within 50 min of receiving 
I>-quinone. After a dose of 222.5 mg/kg, all animals appeared normal without the 
appearance of convulsive episodes and none of them died. However, following 
p-quinonc administration, all animals gave a positive writhing response. All mice 
receiving intravenous normal saline also writhed after the administration of 
p-quinonc. 

An attempt was made to determine the rate of hydrolysis of IIa to Ilc, phenytoin, 



TABLE 1 

COMPARISON OF DOSE OF COMPOUND lb AND PERCENTAGE OF MICE WRITHING 

Dose Number of mice writhing 

(mg/kg) (4%) 

Oa 100 
62.5 100 

125 80 
250 60 
500 40 

1000 0 
-- 

a Tragacanth, 0.1% suspension. dose volume 0.1 ml/IO g body weight. All doses of lb were made in 
tragacanth suspension, and administered at 0. I ml/10 g body weight. 

TABLE 2 

NUMBER OF WRITHES PER IO MICE AT DIFFERENT TIMES AFTER ORAL (EXPERIMENT ! 1 
AND INTRAPERITONEAL (EXPERIMENT 3) ADMINISTRATION OF COMPGUND la, AND 
ORAL ADMINISTRATION OF TRAGACANTH SUSPENSION AND COMP0lJND Ih 

Time Number of writhes per group 
(min) 

Experiment 1 Experiment 3 

Tragacanth ’ Ia h Ib’ Tragacanth ’ 10 h Ib‘ 

O-10 30 32 0 IO:. 140 6 

O-20 106 124 0 216 294 44 

O-30 170 196 24 306 36X 84 
O-40 228 244 26 ?I6 412 Qtl 

o-so 256 262 26 328 424 9x 

z 0. I% suspension, dose volume 0. I ml/IO g body weight. 
b 890 mg/kg, equivalent to 500 mg/kg of Ib. 
‘ 500 rr.g/kg, as a suspension. 

TABLE 3 

PERCENTAGE OF MICE WRITHING FOLLOWING DOSING WITH TRAGACANTH. COM- 
POUND la AND COMPOUND Ib 

Treatment for each group Route of administration 
__._ _...__. __..__ __~_. .-. 

Tragacanth “ Ol3l IN1 

Ia h oral 100 
intraperitoneal 100 

Ih’ oral 40 
intraperitoncal 60 

-_-. -ll_--_--_ ______.__---_---~-_ --I ___ 

a 0. I % suspension, dose volume 0. I ml/ IO g body \r*eigh[, 
” 890 mg/kg. equivalent to SO0 rng,/kg nf Ih. 
’ 500 mg/kg as a suspension. 
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in the plasma of rats, dogs and humans, and rat liver and intestinal hom~enat~ 
(Vario, 1981). No detectable cleavage was observed in these tissues. Compound IIa 
did undergo rapid and quantitative hydrolysis to phenytoin on incubation with the 
commercial sulfatase enzyme preparation. 

In order to determine if IIa was hydrolyzed on in vivo administration, a 25 
mg/k& phenyloin equivalent dose of IIa was administered intravenously to rats as 
an aqueous solution. The blood samples did not show any phenytoin over a 4.5 h 
period. The sulfate ester, Ila, was rapidly cleared from the blood by apparent 
first-order kinetics. Least-squares analysis of the whole blood concentration versus 
time profile (r - O.p68) showed Iia to have a tff2 of 34 min. a volume of distribution 
of 2.6 I/kg and a total body clewxuxx (KV,) of 53 ~~~~kg. This rapid rate of 
e~i~nation af the ester with no apparent appearance of phenytoin suggests that the 
ester is cl much faster than its in vivo cleavage rate by sulfatase enzymes. 

in couehtsion. ia and Ifa do not appear to behave as prodrugs of acetaminophen 
and phenytoin. respectively. This is probably due to the inability of these sulfate 
esters to be rapidly cleaved relative to their in vivo elimination rate, a conclusion 
consistent with the results seen in a recent pharmacokinetic study with dexametha- 
sane-21.sulfate in man (Miyabo et al., 1981). Thus, it appears that the choice of 
sulfate esters as prodrugs of compounds containing an alcohol or phenol& func- 
tional group, with the possible exception of estrogens (Dolly et al., 1971; Powell and 
Olavesen, 1981) are g~~lly not appropriate as they do not appear to revert to the 
parent compound in Gvo. 

This work was supported in part by the 1NTER.x Research Corporation, a 
subsidiary of Merck, Sharp and Dohme, NIH Grant GM22357 and a grant from the 
Nich&s Drug Research Consortium. D.B.W. gratefully acknowledges the support 
of tt.e Nicholas Drug Research Consortium. a Cyril Tonkin Scholarship and 
In ter.search. 
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