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SUM MARY

Studies with ISO., and 112180 have simown timat oxidative O-denietimylation of p-nmeth-

oxyacetanilide by liver nmicrosomes involves the cleavage of the oxygen metiuyl bond
with no incorporation of oxygen into tIme phenolic product. Timey indicate that time intact
methoxy group is not dlisplaced by a Imydroxyl group. Furthermore, p-nuetimoxyphenyl-
alanine was not converted to tyrosine by liver phenylalanine hydroxylase. These find-
ings indicate that the nuicrosomal cleavage of aryl-alkyl ethers is not catalyzed by an

aromatic Imydroxylase.

INTRODUCTION

Liver microsonmes are capable of deal-

kylafing aryl-alkyl etimers (1) in the pres-

ence of TPNH, oxygen, and magnesium
ions. p-Methoxyacetanilide (methacetin),

for instance, can be cleaved by microsomes

witlu time formation of p-iuydroxyacetanihide
and formaldeimyde. Timis reaction can be
viewed as occurring by a displacenment of
the methoxy group by molecular oxygen or

by cleavage of the oxygen-nuethyl bondl

(Fig. 1). In time upper reaction (Fig. 1), time
methoxyl group is replaced by a imydroxyl

moiety, resulting in time incorporation of a

new oxygen atom. Timis displacement type
of reaction would be analogous to time
known hydroxylation reactions catalyzed

by microsonmes in time presence of molecular
oxygen and TPNH (2, 3). The present
experiments were initiated to deternmine the
mode of cleavage of time methoxyl moiety

during time O-dealkylation of metimoxy-
acetanilide, catalyzed by liver nuicrosomes.
p-Methoxyphenylalanine was also tested

for its ability to serve as substrate in a
similar reaction using rat liver phenylala-
nine hydroxylase.

MATERIALS AND METHODS

Livers from unfasted male New Zealand

rabbits were quickly removed and ciuihled
in isotonic KC1. Timey were imomogenized for

1 mm in 2 vol of 0.05 M potassium pimos-
phate buffer pH 7.4 in a Potter-Elveimjem

nmixer. 1\Iicrosomes were obtained by dif-

ferential centrifugafion, washed two times
with isotonic saline, and stored at �10#{176}.
In some experiments a 9000 g fraction

(microsome-ricim) was used. In the experi-
ments carried out with 180.,, large-scale

incubations were made using sealed, side-

arm flasks as described by Hayaisimi (4).

Oxygen-18 gas, obtained by electrolysis of
H2180, was nuixed witim nitrogen in a ratio

of 3 to 7 and introduced into time 500 nil
flasks after elimination of time oxygen con-
tained in time incubation mixtures. Samples

of air in the flasks were taken at time begin-
ning and the end of each incubation to

determine the actual concentration of ISO

during time course of time reaction. The incu-

bations contained microsomes from 32 g of
liver suspended in isotonic KC1, 0.1 M p0-

tassium phosphate buffer pH 8.2, 16 X

102 �i glucose, 2 X 102 r�i TPN, glucose
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Fio. 1. Possible mechanisms of oxidative cleavage of ary!-alky! ethers

dehydrogenase, 4 X 10� M MgC12 and 1.2

X 10�’ �i p-met imoxyacetanilide or 2 X
10� �i acetanilide in a final volume of

50 ml. The flasks were shaken at 37#{176}for

6 hr.
For time experiments with 112180, a 9000 g

supernatant fraction was used, correspond-

ing to 7 g of fresh liver. The incubations

also contained 0.1 M Tris buffer pH 8.4,
2 X 10� �i TPN, 1 X 10� rsi glucose 6-
phospimate, glucose 6-phosphate dehydro-

genase, 1 X 102 M nicotinamide, 5 X 10� M

MgCl2, and 1 X 10� M p-metluoxyacetani-
lide in a final volume of 50 ml. The incu-
bations were performed for 12 hr with

shaking at 370�

At time end of the incubation 5 ml of 20%

zinc sulfate was added, followed by 1 N

NaOH until neutrality was reached. Time

precipitated proteins were removed by

centrifugation and washed twice with 30 ml

of water. The supernatant fractions were

pooled, and an aliquot was assayed colon-
metrically for p-hydroxyacetanihide. An
amount of authentic p-imydroxyacetanilide

equivalent to timree or four times the
aimmount found after incubation was then
introduced as carrier. The combined super-
natant fractions were saturated with NaC1

and extracted three times with 5 vol of a
mixture of peroxide-free ethuer and isoamyl

alcohol (1.5 ml per 100 ml of etimer) (5).
The ether extracts were combined, the
volume was reduced to one-timird of the

original and extracted with 30 ml of 0.1 N

NaOH followed by 2 additional extractions
with 10 ml of 0.1 N NaOH. Time combined

alkaline extracts were neutralized, satu-
rated with NaCi, and reextracted three

times with 5 vol of time sanme mixture of

ether-isoamyl alcohol. Time combined final

solvent etimer extract was brougimt to dry-

ness, and the residue was dissolved in
methanol and chromatographed on What-

man no. 1 paper (ascending using benzene,

acetic acid, water 4:4:2) (6). p-Hydroxy-
acetanihide was detected and delineated on

paper by its IJV absorption; time corre-
sponding area was cut out and eluted with
ethanol. Time ethanohic extract was dried,
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and the residue � submitted to sublima-
tion at 150#{176}.Time wimite powder timat was

obtained on sublimation was recrystallized

from ciulorofornm before being suhumitted
to chemical and plmysical analysis. Time
material was identified as p-lmydroxyacet-
anilide by its UV cimaracteristics, infrared

spectrunu, and behavior on gas-liquid euro-
matography. It melted at 168-170#{176}, corre-

sponding to time synthetic compound. Time
recovery of the product tiurough time puri-
fication procedure was over 90%. Samples

of about 4 mg of time product were analyzed

in duplicate for �O content by Analytica

Corporation, New York. The coioninmetric
determination of p-hmydroxyacetanihide was
made by time a-nitroso-f3-naphthol proce-

dure as originally described for serotonin
by Udenfniend et al. (7). For phenylalanine

hydroxyiase rat liver was homogenized in
2 vol of isotonic KC1. The supernatant frac-

tion after centnifugation at 100,000 g was

used as the enzyme source. D,L,p-Methoxy-

phenylalanine (3.3 X 10�’ M) or L-phenyi-

alanine (2.0 X 10� M) were incubated in
presence of 0.1 �t phospluate buffer pH 6.8,
DPN (2 X 10� �i) and nicotinamidle (3 X

10.2 �I) with 2.1 nul of enzynme at 37#{176}for
1 hr. Time final voluimme was 3 ml. Tyrosine

formation was assayed fluoroimmetnically by
the metimod of Waalkes and Udenfniend (8).

RESULTS

The results are summarized in Table 1.

Wimen p-methmoxyacetanilide was converted

to p-lmydroxyacetanilide by immicrosonmes in

a medium containing 7.3 atonu % excess of
no significant amount of ‘�‘O could

be detected! in the p-imydroxyacetanihide

formed. As a control, time microsoimmal iuy-
droxylation of acetanihide to p-hmydroxy-

acetaniiide was also investigated. In this
case 0.7 atom % excess 180 was found in
time product. Timis corresponds to nuore than

90% of the expected value for the ISO con-
tent if all time oxygen atoms introduced
were derived fronm air, taking into account
the dilution of any oxygen incorporated by

the addition of carrier and the presence of

a second atom of oxygen in the conmpound.
Timese results on time hydroxylation of

acetanilide confimnm time previous studies by
Posner et al. (3). Whien p-metimoxyacetani-

lide was demethylated in the preseimee of
H2�O, less carrier was needed and time final
dilution was only 8-fold. However, it can

be seen timat in timis case also no IS� was
incorporated in the resulting p-lmydroxy-

acetanilide. The results with � and ISO

indicate that tIme upper reaction (Fig. 1)

does not occur during enzymic O-denietiu-

ylation.

TABLE 1
180 incorporation during hydroxy!ation and 0-de ‘net/ybmtion by lirer niicrosoines

Acetanilide, 100 zmoles, and p-methoxyacetanilide, 60 j.moles, were used in time 180 experimeimt. p-Meth-
oxyacetanilide, 50 ��moles were used in the H2180 experiment. Time yields of p-lmydroxyacetanilide after
enzymic reaction were 32.4, 32.5, and 40 ,.moles, respectively. At the end of tile incubation, 130, 130, and
120 ,�moles of authentic p-hydroxyacetaimilide were added, respectively, as carrier before startiimg the isolation
procedures. The details of the experiments are described in the text.

Medium

Atom � excess

in medium Substrate

Atom % excess

found in

p-hydroxy-

acetanilide

Maxinuum theo-

retical value if

� was

incorporated

#{182}��,f

theoretical

value

180
2 73

‘

.
Acetanihde

0.70
0.69 0.i3

96.0
94.0

p-Methoxvacetanilide

0.032

0. 033

0.025

0.73
4.4

4.5
3.4

HI’80
344 p-Methoxyacetanihide

0.43 4.7
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Wimen p-immetimoxvpimenylalanine was incu-

batedl witim time fortified rat iiver prepara-

tion, no substrate-dependent formation of
tyrosine was dletecf cdl. Time amount of en-
zyimme wimicim was used formed 5 �ummoles of
tyrosine from conmparabie amounts of L-

pheimylalanimme. As little as 0.01 1�nuole of

tyrosimme forimmation could have been (let ected.

DISCUSSION

Time observatioim fimat pimenylalanine imy-

droxylase could catalyze the dhisplaeenment

of lmalogen groups by time entering imydroxyl
group (9) suggested timat otimer imydrox-
ylases could cariy out similar (lisplacement

reactions. It hmas recently i)een found that

the aroimmatie imvdroxvlase of liver micro-

somes caim convert p-fluoroaimiline to p-

aminopimenol (10) and flmat proline hy-

droxylase froimm guinea �Jig granulonma can
convert trans-4-fluoroproline to trans-4-

hydlroxyproline (A. Gottlieh, Y. Fujita, S.

Udlenfriendi an(l B. Witkop, in preparation).
All these observations suggested timat

groups ofimer timaim halogens couldl be dis-

placed by the eimteri�mg imydroxyl groups
(luring catalysis by a lmy(lroxylase. Time
observed eonversioim of p-nmeflmoxvaeetani-
lidie to p-hmydroxyacetanilidle by a liver

microsoimial systeimm fortified with all time

requirements for imydroxylation of acetani-

lide (1, 2) suggested timat aroiumatic nmetiuoxy
groups beimaved like imalogens. i� so, then

p-nmethoxyphenylalanine, like p-fluoropluen-
ylalanine, simouid have been converted to

tyrosine by pluenylalanine imydroxylase.
Thmis (hi(l iuot occur. In time case of p-nmetlm-

oxyacetanilide wimich was converted to time
corresponding phenol by immicrosomal Prepa-
ratiomus, the conversion (lid not occur

tiurougim displacenment of time nmetimoxyl

group. It must be concluded timat the

oxidative attack was on time methyl group

as simown in time lower equation of Fig. 1.
It is clear timat intact iumetimoxy groups are

not displaced by hydroxyl groups during

enzymatic lmydroxyiafion of aromatic rings.
One immust assuimme then timat time enzyme
wimicim cOnyerts p-rnethoxyacetanilide to
p-hmy(lroxyacet�arnhidle is distinct from the

aroimmafic imydroxylase of liver nmicrosomes,
even though it imas the same cofactor re-

quireimients. Timis would indicate tlmat timere
is an oxidative attack on time metimyl group

ultimately producing formaldleimyde. The
sanme type of nueclmaimisiuu is prol)ably in-
volve(l in time metabolisnu of otimer drugs
whicim are aryl-alkyl etimers, sucim as co-

(leine, papavenine, quinine, and immescaline.
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