
SHORT COMMUNICATIONS 89

Mo!. Pharmaco!. 2, 89-92 (1966)

an important role in the transport of anes-

thetic gases in the blood.
The literature concerned with the solu-

bility of different anesthetic gases in tissues
and blood of different species under uni-

form conditions using a single end point for
the definition of “anesthesia” is extremely
limited. Yet most theories of anesthesia,
past and present, are necessarily based

upon the composite values of different
species and different degrees of anesthesia.

The data presented here seem to indicate

that for a single agent, xenon, one cannot

extrapolate, from one species to another,
even such a basic value as blood-gas con-
centration. The studies on the cyclopro-

pane-serum albumin interaction indicate

that protein-gas associations are complex

systems and not as easily explained as

might be hoped.
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SUMMARY

When 1311-iododeoxyuridine (IUdR) (31 j.tmoles/kg) was given to cats, the in vivo

incorporation into DNA of bone marrow, intestine, and spleen was increased 3- to 7-fold

by deoxyglucosylthymine (TdG) given at a ratio IUdR : TdG = 1 : 2, and 5- to 14-fold
at a ratio 1:5.

Contrary to the extensive incorporation

of IUdR1 into the DNA of bacteria, phages,
and cells in tissue culture, extremely low

incorporation is seen in living animals (1-

5) . This is due to the very rapid degrada-
1 Abbreviations : DNA = deoxyribonucleic acid;

IUdR = 5-iododeoxyuridine; TdG = 1(3)-[2-

deoxy-D-arabino-hexopyranosyll-thymine (deoxy-

glucosyithymine).

tion of 5-halogenated deoxyuridines in the
animal body (1, 2, 6), limiting the thera-

peutic effectiveness of these compounds.

Despite repeated attempts to inhibit this

process (2, 4, 7-9) , no increase in incorpo-
ration produced in this way has been
reported as yet. The following results show

that it is really possible to improve IUdR
incorporation into the DNA of animal tis..
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sues in vivo by inhibiting the degradation.

IUdR degradation is initiated by two
different enzymes : thymidine phosphorylase

(EC 2.4.2.4.) (10) and uridine-deoxyuridine
phosphorylase (EC 2.4.2.3.) (11, 12) . As
reported earlier ( 13) , the latter enzyme can

be inhibited completely by TdG, whereas
the former enzyme is not influenced by this
compound. An investigation of the distribu-
tion of both phosphorylases by means of

the TdG inhibition showed that uridine-

deoxyuridine phosphorylase was present in
all transplantable tumors of rodents that

were examined, and in tissues of dogs, cats,

calves, and pigs, whereas thymidine phos-
phorylase was found in normal tissues of
rodents and in normal tissues as well as

tumors of man (P. Langen and G. Etzold,
unpublished data) . Similar results were

obtained by Zimmerman (14) , who used a
different approach. Though it followed from
these results that TdG is most probably of

no clinical importance, it was nevertheless

of interest to study whether this in vitro
inhibitor is also active in vivo, thus in-

creasing IUdR incorporation into DNA.
Since their tissues contain uridine-deoxy-
uridine phosphorylase, cats were chosen as

particularly suitable for these experiments.

1311-IUdR was prepared according to

Prusoff (15) with some modifications

(molar ratio iodine : deoxyuridine 1 :2;
preparative thin layer chromatography on

Kieselgel G for separation from by-
products) . Since the IUdR incorporation
into DNA is dependent on the growth rate

of the tissues, considerable variations be-

tween animals of different age may be
expected. Therefore we compared only

animals of the same litter. IUdR (11 mg/

kg, 31 �tmoles, 1.5 X 106 cpm) was injected

intravenously in 5-week-old cats (mean
weight 620 g) , anesthetized with hexobarbi-
tal. TdG [mixture of 67% a- and 33% f3-

anomer, prepared according to Etzold and
Langen (16) 1 was given together with the

IUdR. Injection volume was 2.0 ml in
saline. Two animals were injected only

with IUdR, 2 others also received TdG in

a molar ratio of TdG : IUdR 2 : 1 . The
fifth animal of the litter received TdG and
IUdR in a ratio of 5: 1. The animals were

killed after 20 hours by hexobarbital. The

tissues were extracted twice with 10 vol-
umes of cold trichioroacetic acid for the

removal of the acid-soluble ‘�‘I compounds

and then with 2 volumes of hot trichioro-
acetic acid for extraction of the nucleic

acids. The nucleic acid extracts were ana-
lyzed for radioactivity and for DNA con-
tent by the diphenylamine reaction (17).
Proteins labeled by the ‘�‘I released during

IUdR degradation (18) remain in the in-
soluble residue, as has been found in inves-

tigations with 131I-labeled fibrinogen (un-
published observations) . Moreover, the

following control experiments were done

to check that the counts in the hot tn-
chloroacetic acid extract were really from

IUdR incorporated into DNA. Mice were
given i.v. ‘31I-IUdR or 131I-iodouracil (40

�moles/kg, 9 X 10� cpm) . The latter is not
incorporated into DNA (19) , and accord-

ingly no significant activity was found in

the extracts of intestines and spleens of the

animals treated with this compound (less

than 3% of the corresponding activity in
the IUdR-treated animals) . Likewise, in

cats given 1311-iodouracil no activity could
be found in the extract, whether or not

TdG was given simultaneously. We con-
elude, therefore, that extraction with hot

trichloroacetic acid under the above condi-

tions is a suitable method for the estimation
of IUdR incorporation into DNA.

The results are shown in Table 1. There

was a marked increase of IUdR incorpora-
tion into the DNA of bone marrow, spleen
and intestine in the animals given TdG:
IUdR = 2 : 1. A still further increase was
seen in the animal given TdG at the higher

ratio. The different increases in incorpora-

tion in the several tissues may reflect their
relative phosphorylase activities. Incorpo-

ration into liver DNA was not influenced
by TdG and showed a considerable vania-

tion from animal to animal, which we can-
not explain.

In another experiment, not shown here,

with 4 cats of one litter, TdG given in a

ratio of TdG to IUdR 2 : 1 produced a

3-5-fold increase of incorporation of IUdR
into the DNA of spleen and intestine (bone
marrow not investigated) . The observed



S1IOItT COMMUNICATIONS 91

Mo!. Pharmacol. 2, 89-92 ( 1966)

TABLE 1

Iflf1ll(OC( 01 TdG on ti�� ‘31!-!UdR incorporation into I).V.1 of ,(,rious ((it tissiie.’�’

Bone n�arro�v II1tetiII(� Sf)iee!1 Liver

Without TdG

Animal I

.\iiimal 2

79()

S0()

:�p)5

321
31 1
295

63�

253

Menu 795 358 303

Td(:IUdl1 = 2:1

.�iiimai 3

Aiiinittl 4
633()

5430

1155

1010

1555
1010

1006
416

Mean 5S8() 10’J7 127�

Ratio of Spec. act. Witil TdG : Spec. act. without
TdG

7 . 4 3 . 1 4 . 2 -

TdG:IUdli = 5:1

Animal 5
llati() Of spe(. act. Witil TdG:spec. act. witilout

TdG

11100

14
1600

4.5

1635

5.4

321

(‘ Values are specific radioactivities (cpn�/an�)le deoxyrii)ose). A value of 75S() would correspond to 1 �

replacement of t hyrniiie i)y iodouracii.

effect of TdG at this ratio in cats slightly

exceeds tllat of a 9-fold increase of IJ(IR

close in niice (51 �.tmoles/kg and 470
jimoles/kg given iv. to groups of 5 mice
each ) , whicil eause(l a 2.3-fold increase of

IU(iR iflcori)olatiofl into intestine DNA

and ti 4-fold increase into spleen DNA

(unpuhlislled ol)scrvations ) . Tile effect of

TdG in cats on higher (loses of IUdR� is
still unknown. Because of tile l)OO� sOlUi)il-

ity of IUdR, tile administration of high
(loses Ie(iuires continuous infusion, and it
i�eIT1aiflS to i)c investigate(l Wiletiler TdC� is

effective under such con(litions.

In ulice TdG � fo�mn(1 to ilave no sig-
nificant effect. This could be expected, he-

CtIUSe in til(.� lllOUS(’ tile liver, mainly me-

si)onsil)lc for (lcgradation, contains thymni-

(line l)ilOsl)ilOIYiase.

Tile ilui)rOvellleflt of I ‘[(IR incoli)oration

into l)NA brought about i)v inhii)ition of

nucleoside �)hospllorolysis si�own in tile

above experiment emi)hasiZes the i)otential

Useflllfl(ss of inhil)itols of tilymni(Iine 1)1105-

i)i101Yl�tS(’. They woui(l he expected to
ilfli)rOVe the theraj)eutic effectiveness of

fluorodeoxyu i�i ( ii mie . Sue ii COI11i)OU n(ls �l1(

I)resentiy Ufl(l(’I� investigation in out
lal)OPatOIV.
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SUMMARY

D-Cycloserine is a conlpetitive inhibitor of alanine racemase for which its K1 is 100

times smaller than the K,,� for either of the substrates, D- and L-alanine. L-Cycloserine,

however, does not inhibit this enzyme. A ilypotilesis is prol)osed, based on mnoleculai

models, that D-cycloserine has the conformation requirel of tile substrates on the enzyme

surface. L-Cycloserine cannot have this conformation.

Alanine racemnase ( 1 ) is the enzyme

whicii interconverts L-alanine and D-alanine

in bacteria. This enzyme in Staphylococcus

aureus is con)�)etitively inhibited by D-

cycloserine and is one of tile targets for

the antibacterial action of this antibiotic

(2) . Further study of this inhibition has

led to a hypothesis regarding the conforma-

tion of tile two substrates on the enzyme

surface.
For these studies alanine racemase was

purified 100-fold from the supernatant solu-

tion prepared after sonic disintegration of

S. aureus. The pH ol)timum of the enzyme
was 8-9. Tile K,, for either L-alafline or
D-alanine was 4-6 m�i when measured in

phosphate buffer. The activity of the prep-

aration was not enhanced by the addition

of pyridoxal phosphate. By contrast, the

enzyme obtained from S. fecalis ( 1 ) was

I Present address : Department of Biology,

9 tieens College, Flushing, New York.

1(’IldilV resolve(l from its cofactor by purifi-

cation. Tile S. (iureu.s raceniase was, how-
� inhii)ited Ii’�’ a nun)I)er of reagents

�vliicli react with carbonyl groups (Table

1 � , suggesting the proi)able presence of

i)Y1’l(tOXili i)ilOsl)ilate in tile enzynie.

‘FABLE 1

K�
Inhibitor (mM) Type of inhibition

NH2OH 0. 012 Competitive

NH2NH, 0. 10 Competitive
KCN > 10 No inhibition

Semicarbazide > 10 No inhibition
fl-Amlfloxy-I)-alanine 0 .04 Competitive
n-Cycloserine 0 . 05 Competitive
i�-Cycloserine >>10 No inhibition

A surprising result. of this study was the
finding that, although the K1 for 4.cyclo-

serine was about 0.05 mM whether the reac-




