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respectively. These results appear to indicate that their free base and not protonated forms is preferred
for the binding to the enzyme preparation. Diazepam (pK, = 3-5) did not show appreciable pH
dependency in its effect upon Na*K ATPase activity and inhibited the preparation about 22 per cent.
Since pK, value is low, this compound would have existed predominently in its base form throughout
the pH range where this study was performed.
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Studies on enzymatic hydrolysis of aziridines—I.
The conversion of 28,3p-imino-Sa-cholestane into 2p-amino-3a-hydroxy-5a-cholestane by liver
microsomes

(Received 14 October 1970; accepted 22 November 1970)

REeCENT studies on the role of liver microsomes have shown the presence of a new type of enzyme,
named epoxide hydrolase' or epoxide hydrase,? which catalyzes the hydrolysis of a variety of epoxides
of olefins®~7 and arenes®!! to glycols. Activity of this microsomal enzyme is so potent that except
in a few cases2'3:12 epoxides formed during the oxidation of olefins by the NADPH-dependent mixed
function oxygenase (epoxidase), also located in microsomes, are immediately hydrolyzed to make
recognition of their existence difficult. In view of detoxication, existence of highly active epoxide
hydrolase, relative to epoxidase, appears to be important to the animal body, for most epoxides are
well known to be more or less toxic. It is of interest that 2,3-epoxycholestanes are stereoselectively
hydrolyzed by the hydrolase to yield a single glycol with the same absolute configuration as that of
the product obtained by their acid-catalyzed hydrolysis and also that the enzyme reaction is strongly
inhibited with 28, 38-imino-5a-cholestane 1, suggesting that the active center of the hydrolase has a
dissociating hydrogen (Enz- H*) by which the enzyme interacts with the oxiran oxygen of the
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substrates.’® The above mentioned facts encouraged us to investigate a new problem; whether aziri-
dines are also hydrolyzed by liver microsomes or not.

Aziridine is an essential moiety for some carcinostatic agents such as mitomycins, and, together with
its derivatives, has carcinogenic activity.'* This communication presents first evidence for the hydro-
lysis of an aziridine to the corresponding a-aminoalcohol by liver microsomes. For obtaining informa-
tion on the mode of the enzymatic hydrolysis, it is best to use a rigid-conformationed substrate whose
absolute structure and reactivities with various chemical reagents are well established. The steroidal
aziridine 1, used as a model substrate in the present investigation, is similar and provides reasonable
information on the manner and stereoselectivity in the hydrolytic opening of the aziridine ring by the
configurational assignment of the resulting aminoalcohol.

To a homogeneous suspension of 10 umoles of 1 in 0-1 M phosphate buffer, pH 7-4, was added
twice washed microsomes, isolated from 2 g of male rabbit liver by the previously reported method!®
and suspended in 0-1 M phosphate buffer, pH 7-4. This mixture was incubated at 37° under nitrogen.
The suspension of the substrate was prepared before use by shaking a solution of 1 in minimum ether
with 1-5 ml of the buffer and methanol (4:1), containing 0-29% of Triton X-100, evaporating the
organic solvent under reduced pressure, and adjusting the volume with the buffer to 2 ml. The total
volume of the incubation mixture was 6 ml. After 3 hr the reaction was stopped by addition of 1 ml
of 5N NaOH, and the mixture extracted with ether following saturation with sodium chloride.

T.L.C. of the extract on silica gel in benzene saturated with 28 %, ammonia and acetone (1:1)
suggested the formation of only one metabolite which was visualized as a single spot by a ninhydrin
reagent at R, 0-24. The aziridine 1, which also showed a ninhydrin-positive spot at R, 0-71, was found
to be completely stable in 0-1 M phosphate buffer, pH 7-4, in the presence of boiled microsomes under
the above mentioned conditions. The polar metabolite was identified as a trans diaxially opened
product, 28-amino-3a-hydroxy-5a-cholestane 2,5 by co-T.L.C. with the authentic specimen. Tri-
fluoroacetylation of the metabolite, isolated by preparative T.L.C., and subsequent analyses by
T.L.C. in benzene and acetone (4:1) and by V.P.C. on a 0-75% SE-30 and a QF-1 columns at the
column temperatures of 270° and 250°, respectively, also indicated it to be identical with a trifiuoro-
acetate of 2 and, furthermore, homogeneous; the derivative of the metabolite showed a single spot at
Ry 0-46 and was eluted as a single peak at 9:6 and 7-8 min from the former and the latter columns,
respectively.

For further identification of the metabolite, a large scale of the mixture, including 80 pnmoles of 1,
was incubated until it was completely hydrolyzed (20 hr), and the metabolite formed was separated
on a silica gel column, packed using benzene saturated with 28 9 ammonia, to yield 18 mg of crystals.
After recrystallization from ethanol and ether, identification was carried out by mass spectrometry
(mfe 403 (M *)), mixed melting point test on an admixture with authentic 2, and superimposability of
their i.r. spectra.

Stereoselective formation of the same zrans diaxial aminoalcohol 2 has also been reported earlier
in the acid-catalyzed hydrolysis of 1,15 suggesting that the enzymatic hydrolysis is possibly initiated
by association of a dissociating hydrogen from the active center of the enzyme protein with nitrogen
of the aziridine ring, followed by attack of a hydroxyl anion from water, in a concerted manner, on
the aziridine carbon at 3-position from the a-side opposite to the enzyme. The suggested mode of the
enzymatic hydrolysis could permit the least sterically hindered transition state of the reaction. This
would be the most reasonable interpretation for the formation of the single aminoalcohol, for if ring
opening occurs cis between nitrogen and C; or either trans or cis at the other bond, the steroidal
amino group associated with the active center of the enzyme is oriented equatorial and, consequently,
the hydroxyl anion will have to approach to the resulting carbonium ion from the side almost same as
the enzyme surface since these steps, if possible, are reasonably thought to proceed concertedly.

Although similarity in the mode of the enzymatic hydrolysis of the aziridine ring of 1 to that of the
oxiran ring of 28, 3B-epoxycholestane® and the fact that hydrolysis of the latter by liver microsomes
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is inhibited with the former!3 might suggest that a single enzyme catalyzes both types of hydrolysis,
we propose “‘aziridine hydrolase™ tentatively for the name of the present enzyme.
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Effects of various hydrazines upon the metabolisin of gamma aminobutyric acid
(GABA)-1-14C by rats

(Received 25 May 1970; accepted 21 October 1970)

STUDIES on the effects of simple hydrazines on GABA metabolism have been concerned mainly with
the central nervous system. Administration of hydrazine to mice has been shown to cause a several
fold increase of brain GABA levels, presumably because GABA transamination was more inhibited
than was formation of GABA through decarboxylation of glutamic acid.!~3> Monomethylhydrazine



