BIOCHIMICA ET BIOPHYSICA ACTA 435

BBa — 12148

THE INHIBITION OQF PROTEOLYTIC ACTIVITY
BY ETHYL CARBAMATE

ALVIN M. KAYE avp GERALD TEMES®

Depariment of Experimental iclogy Weicmdanu {nstitule of Science,
Fehovoth ¢ [srael)

(Recewved Julv 6th, 19625

SUMMARY

A study was made of the effects of ethyl carbamate (urethan) in low concentrations
on the rlotting of bleod piasma and on the activity of chymotrypsin. An inhibitory
effect was found on the clotting of dilute sheep plasma with urethan concentrations
in the range 20-150 mM. The oction of crystalline a chymotrypsin on N-acetyl-1-
tvrosine ethyl oster was ivhibited by concenteations as low as 8 to GomM. The e
are urethan concentrations 1.ormally found in the organs of animals which have
received the usual anesthetic, antimitotic or corcinogenic doses of urethan (1 mg/fg
of body weight). Most reported inhibitions nof en2, me activity due to urethan have
referred 1o much higher concentrations.

The non-carcinogenic homolog of urethan, #-propyl carbamate, was found to
inhibit chymotrypsin activity to the same degree as urethan. This suggests that the
antiproteol' :ic activity of ethyl carbamate is not speaifically related to its carcinogenic
potency.

INTRODUCTION

In the course of studies on the mechanism of ethyl carbamate (urethan) carcinugenesis
it became of interest to investigate the enzyme system which catabolizes urcthan?.
A possible mechanism for the breakdown of urethan may involve an esterase. Urethan
is an inhibitor of both cholinesterase?3 and pseudocholinesterase® and has been
reported to inhibit crude preparations of snne proteolytic enzymes®. Recently,
SCHUELS found that crystalline preparations of chymoirypsin or trypsin could he
used to reverse, in part, the antimitotic action of u-ethan on the cleavage of cggs
obtained from the marine annelid worm Chaefopterus pergamentaceous. \We investigated
in vitro the effect of urethan on proteol tic enzyme systems not previously studicd
which arc capable of utilizing esters as substrates, in order to obtain information
from these model systems on possible intracellular sites of action of urethan. The
possible relevance to carcinogenesis of any sites discovered could be tested by com-
paring the effects of ethyl carbamate w:th those of enc of ite non-carcinogenic homo-
logs, e.g. n-propyl carbamate .
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MATERIALS AND METHODS

Determsnation of plasma clotbing time

Sheep plasma was prepared by collection of bloed from the jugular vein in
polypropvlene centrifuge tubes containing one tenth volume of 4%, sodium citrate.
The blood was centrifuged at 2-4> at the highest speed of the Servall §5-1 centrifuge
‘30 000 X g} for 5 min and the plasma poured off into plastic tubes which were
stored in the deep-freeze at approx. — 30°. Assays were performed by a slight modi-
fication of the method of Swoar anp KuiziNnca®. Diluted plasma (either 20 or 259,
plasma in 0.154 M NaCl) in 0.5-ml portions and 0.5 ml of urethan sclution or of
u.154 M NaCl were pipetted into 12 % 75 mm acid-washed Pyrex test tubes. The
svstem was activated by the addition of 50 gl of 0.1 M Cat’l,. The tubes were capped
with Parafilm, mixed by inversion, and incubated in a 37° water bath. The end
puint used was the formation of a complete gel (which was determined by inverting
the tube). Control and experimental determinations were performed simultancously.

Delerm nation of chymotrypsin activity

Crystaliine n-chymotrypsin obtained from the Worthington Bicchemical Coc-
poraticn, Friehold, N. J. (U1.5.A)) was assaved spectrophotometrically? according
to « modification of the method of ScHWERT AND TAKENAKA® Readings were
taken or a Beckman DU spectrophotometer at 1-min intervals in cells maintained
at cunstant temperature by meane of water circulation coils surrounding the cell
compartment. Incubations were carried out in & total volume of 3.2 ml of o.o05 M
<ndium phosphate buffer at pH 7.0 containing 2.3- 10~ M N-acetyl-L-tyrosine etliyl
ester. The enzyme was used either immediately after bLeing dissolved in 10 3 M
HCl or after storage in a deep-treeze at approx. —30°. (The fresh enzyme had slightly
higher uaciivity than the frozen and thawed samples.) Ethyl carbanate, s-propyl
carbamate and control detenninations were run simultancously. The n-propyl
carbamate was maintained in solution al 1 M concentration by bein - kept at 37°
prior to dilution in the incubation mixtuere.

RESULTS
Inhibition of plasma clolting

Since sharp and cuiveniz=nt end poinis of firm <¢lots were owe: ined at final
plasma concentrations of 7o and 12.5%,, with average clotting tirnes ot 3.2 and
4.4 puinutes respectively, these dilvions were used in the assay system,

The inhibition of diiute sheep plasma clotting by urcthan is shown ln Fig. 1.
From z4 to 48¢ inhibition was obtained with final urethan con-entrations ranging
from 20 to 150 M.

In order to determine whether the clotting time ¢f mousc blood could be oro-
longed by previous wiethan administration, adult female C357BL.'6 mice were given
intraperitoneal injections of 1.5 mg urethan/g body weight (as a 0%, solution in
deionized water). Control mice were injected with equivalent oluimes of o154 M
NaCl solution. Blood was taken 1 h after the injections by bleeding from the orbital
sinus. Timing was begun when 0.5 ml was collected in a 12-n ! iieavy walled conicai
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Fig. 1. Inhibition of sheep plasma ciotting by urethan. !acubation miclures coreained o or
12.5%, citrated sineep plasma and either urcthan or o 34 M ~all. A towal volume of 1 ml was
activated with 50 4l of o.t M CaCly, andd incuvarel v 32 unnl the formation of & complete gel

S

{tested by inversion of the twlx). The dashed Linz indicates the oxtreme of the range ol conerol
values. The expericiental points represent aserages of determinations at the two dilution: of
plasma used.

Pyrex centrifuge tube. Tubes were kept at room temperature (approx. 23°) aml
were tipped every 15 sec. Each test was perfarmed scnarately. The average clotting
time of blood from control mice was 3 min oo sec and of blood from urethan-treaterd
mice 2 min 30 sec, showing no inhibition by urethan of whole bloud coagulation.

Inhibilion of chvmotryprstn actyvily

In tests carded out at a final nrethan concentration of 6.25 1072 M and a tem-
perature of 30°, inhibition of chvmotrypsin activity was demonstrated. Fig. 2
shows this inhibition ut two corcentrations of chyvinotrypsin.
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Fig. 2. Inkibition of chymotrypsin artivity by uvrethan. >— . contioly {overlapping circles

indicate duplicate readings): @—@. incubzrions witn 6.25- 1072 M urethan. A, 2.65 «g cuzyme

added; B, r.33 ug enzyme added. Incubation at 30°in a totat volurne of 3.2 m! contaiwing 2.3-107*
N-acetyl-L-tyrosine ethyl cster and n.os M srddivm phosphate Luffer at pH 7.0,
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To approximate more closely to physiological conditions, the incubation tem-
perature was raised to 37° and lower concentrations of urcthan were tested, From
the initial slopes of the activity curves (drawn as in Fig. 2) the inhibition of chymo-
trypsin activity was calculated and plotted as a function of the finol urethan con-
centrativa. From 14 to 389 inhibition was found at concentrations of urethan
ranging trom 1o to bomM (Fig. 3.
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Fig. 3. Inlubition of chymotrypsin activity at 37° as a function of urethan cenceatratiou. Incuba-
tion mixture as in Fig. 2A. The dached line indicates the extreme of the: range of control values.

In order to determine if this infuuition was as specifically limted to the ethyl
ester uf carbamic acid as is the carcinogenicity of the carbamate homologous series®'9,
parallel determinations of the inhibitory capacity of ethyl and s-propyl carbamates
were carried ~ut. In all tests :-propyl carbamate and ethyl carbamate showed
sumilar inhibitory activities, as may be seen {rom Fig. 4.
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11g. 4. Inhibitivn of chymotrypsin activity at 37° by ethyl-and a-propvicarbamates. O-— (),
control; @§—@@, ¢thyl carbamate; [C—- 1. n-propyl carbamate. Incubativa mixture as in Fig. 2A.
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The possibility that urethan could act as a selstrate for chymotrypsin or tryp-
sin, though unlikely from considerations of the soeciiicities of these enavmes!!, was
mled cut by direct oot a-Chymotrypein and crvstalline lyophilized irvpsin wers
assayed! at a final concentration of 73pe:/ml and 0 oH 7.4 and g.3 for their ability
tu catabolize [carbornvi-Cnreihan. Both enzvmics proved completely inartive on
0.02 M urcthan ar substiate.

DIESCVISSEON

Although the search for inhibition of specific cnsine syutems to explain urethan’»
mechanism of action'? ' has been parsiied for many vears, Boviaxs axp WipLiaas-
AsHMANY concluded after a survey of the literature to 1631 that “acy significant
cnzyme inhibition with concentrations of arcthan cemparable with those attamed
in the tissues of animals treated with tumor inh:bitory doses of this substance has
yet to be demonstrated’ . In almost all the experiments surveyed by BOYLAND aND
WILELIAMS-AsHMaN, and those published to dite, enzyme inhibition takes place at
concentrations of urethan twenty to fiftyv timen those found i blvod or other oogans
after administrations of 1 mg arethianyg of hods weight (eguivalent to 11 mM, which
is an anesthetic, antimitotic and carcinogenic dosej. The present experitnents demon-
strate that bach the cletting of dilute bloed plasia and chymotrypsin acting i vitro
are inhihited by concentrations of urethan within the range of carcinogenic doses.

The antivlcwdng activity of urethan in o dilute plasma svstern as opposed to
lack of any effect 75 ¥ivo may be explained by the preat excess of clotting rfactors in
whole bload or plasmal® (e.g. a 2ovr 302-fold excess of prothromhin) which makes
quantitative evaluation of antiproteolvtic activity extremely difficult. Ir. view of tia:
and the complication that othes processes besides proteoly:is are involved in plasma
clutting, inhibition of chymotrypsin, an cnzyme which shows high activit: on native
pratein substrates provided a more amenable model for a possible i #7v2 action of
urcthan on intracellulir nroteinases such as the cathepsins.

‘The simdlar inhibitory cfiects of ethyl carbamate and the almost noncarcino-
genic®® m-piopyl carbamate on chymotrvpsin activity, would indicats that
this inhibiticn is probably not related to urethan carcinogenesis. However, it is
conceivable that inhibition of proteolytic activity plays a role ia the blockage
of cell divisi-ee produced by the urethan series, if a proteoiytic mobilizauen stage
is necessary {or the formaticn or maintenance of the mitotic spindle or ciravage
furrowis,

In this conneciior, the finding by ScHUEL that urethan inhibition of the clea-
vage of Chaetopterus pergaraentareous eges may be partially reversed by applica:
tion of 0.1-0.001%, chymotrypsin or tryps'n®1®, among other agents, is of great
interest.

Since urethan can act at the stage of cleavage furrow formation and cause
regression of the furrow once formed as weli as destrisction of the mitotic spindle®*,
it may interact with a labile intracellular sol-gel equilibrium, as discussed by ANDER-
SON!®  Agsuming urethan to act by virtue of its antinroteolytic activity in such a
system, one may speculate that a continval supply of newly jormed structural
components, provided by a continual low level proteolytic activity, is necessary for
the maiaterance as well as the formation of the spindle and/or cleavage furrow.
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