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A series of N-substituted .V'-hydroxyureas and N'-hydroxythioureas were prepared, aud their inhibitory prop-

erties have been examined in several microbial systems.

The hydroxythiourea analogs proved to be toxic to

growth of Lactobacillus arabinosus, Leuconestoc dextranicum, and Streplococcus faecalis at about 2 pg/ml; how-
ever, the growth inhibition was reversed by adding supplements of cysteine and other sulfhydryl compounds not

of natural origin.

The toxicity of these derivatives may be due to protein denaturation since in an isolated en-

syme system (yeast alcohol dehydrogenase) the enzyme is progressively deactivated by increasing concentrations
of N-substituted N'-hydroxythioureas, and the toxicity is negated by the presence of a variety of SH com-

pounds.

In coutrast to the rather extensive studies which have
been carried out ou the biological properties of hydroxy-
urea as well as other urea derivatives, it was surprising
to observe that little data had been reported concerning
the physiological properties of hydroxythiourea deriva-
tives. Thiourea per se has been utilized by plant
physiologistg in a variety of biological systems to affect
germination and growth,® and certain thiourea deriva-
tives have been widely examined as chemotherapeutic
agents.4?

Hydroxyurea apparently inhibits the synthesis of
deoxyribonucleic acid in Escherichia coli,®? ascites
tumor cells,® and rat liver.® It has also proven to be
effective against a variety of leukemias and thus has
been chosen for clinical evaluation.’® In addition, N-
methyl-N’-hydroxyurea has been shown to be an im-
pressive antimicrobial agent which is active against
pathogeuic organisms.*!

The present study is concerned with the inhibitory
properties of some N-substituted N'-hydroxythioureas
in various microbial systems, as well as a selected
enzyme system, and with the reversal of these toxicities
by sulfhydryl compounds. For comparative purposes,
the corresponding N-substituted N’-hydroxyureas were
also prepared and examined in coucurrent assays.

Experimental Section

Microbiological Assay Procedures.—For the lactic acid bacteria
a previously described amino acid medium?? was employed with
the addition of calcium pantothenate at 0.2 pg/ml, aud with ad-
ditional modifications as noted: for Streptococcus faecalis 8043,
20 pg/ml of L-glutamine was added aseptically without heating
to each assay tube; for Leuconostoc dextranicum 8086, 0.02 ug/ml
of pantethine was added, and the phosphate concentration was
increased fourfold. All of the lactic bacteria assays were incu-
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bated at 30°. Lactobacillus arabinosus 17-5 and S. faecalis were
read at 15-18 hr; whereas, L. dextranicum usually required 24
hr for optimum growth. Assays with E. celi 9723 were car-
ried out in a previously described inorganic salts—glucose medium??
and incubated at 37° for 15-18 hr.

The amount of growth was determined using a Bausch and
Lomb Model 20 spectrophotometer set at 600 mu. The inter-
pretation of microbial data in these studies was based on es-
sentially complete inhibition of growth.'* Test solutions of
the .V-zubstituted N'-hydroxythioureas were made up just prior
to use because of the instability of the derivatives.

Studies with Yeast Alcohol Dehydrogenase.—Yeast alcohol
dehydrogenase was purchased from Worthington Biochemical
Corp. as twice-crystallized, lyophilized material, and used di-
rectly in the following enzymic assay procedures. A stock solu-
tion was prepared at 1 mg/ml in 0.1 M phosphate buffer at pH
7.5 and stored in the refrigerator at about 5°. Dilutions of this
stock =olution were made for the indicated experimental assays
by adding 0.1 ml of the stock solution to 9.9 ml of 0.01 3/ phos-
phate buffer, pH 7.5, containing 0.1, gelatin. This solution
contains 10 ug/ml of enzyme and retains constant activity for
at least an 8-hr period. The general assay procedure was pat-
terned after that of Vallee, et al.,*1% and the spectrophotometric
readings were determined on a Beckman Model DB spectro-
photometer at 340 mu with a recorder attached. Nicotinamide—
adenine dinucleotide {(NAD) was also purchased from Worthing-
ton Biochemicals.

The basic assay solution contained 1000 umol of EtOH,
0.125 pmol of NAD, and 2 ug of enzyme adjusted to 3-ml volume
with 0.032 M pyrophosphate buffer, pH 8.8. The N-substi-
tuted N'-hydroxythiourea was made up fresh daily in 0.1 M
phosphate buffer, pH 7.5 Various concentration levels of the
inhibitors were then preincubated with the diluted enzyme solu-
tion for 0-, 15-, 30-, 43-, and 60-min periods. The substrate and
coenzyme were then added and the relative reaction rates de-
termined by measuring the change in optical deusity between
30 and 45 sec after mixing and placing in the spectrophotometer.
Normally, a 2-min time spectrum was utilized to establish the
relative linearity of the reaction under these treatment condi-
tions. The control cuvet was treated in the same manner except
that the enzyme was omitted.

Synthesis of N -Substituted N '-Hydroxyureas and -Thioureas.
—AIll of these compounds were synthesized through a procedure
similar to that of Kjellin.” The appropriate isocyanate or
isothiocyanate in CeHs or Et:0 was treated with a slight molar
excess of HONH,® to yield wltimately products which were re-
crystallized from EtOAc—CegHy (Table 1).

Results and Discussion

As indicated in Table I, a variety of isocyanates and
isothiocyanates was condensed with HONH, to yield the
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Figure 1.—Fiffect of preincubation of yeast alcohol dehydro-
genase in the presence of increasing concentrations of N-methyl-
N'-hydroxythiourea on its enzymic activity for varying periods
of time. Activity determined as AOD response between 30
and 45 sec after start of the reaction; basal incubation mixture:
1000 pmol of ethanol, 2 ug of treated enzyme, 0.125 pmol of
NAD.

concept is consistent with the fact that the same degree
of microbial growth is observed when a given inhibitory
level of N-methyl-N’-hydroxythiourea is reversed by
racemic mixtures of SH reagents, For example, molec-
ular equivalents of L-cysteine, pL-homocysteine, and
pL-cysteine are equally effective in reversing the toxicity
of the methyl derivative over a tenfold range of concen-
trations as indicated in Table III. The same type of
response was observed in all of the other hydroxythio-
urea derivatives.

Subsequently, a study of the chemical reactions be-
tween the N-substituted N’-hydroxythioureas and SH
compounds was undertaken. For example, cysteine
and N-cyvelohexyl-N’-hydroxythiourea were allowed to
react in phosphate buffer, pH 8.3, at room temperature
for 24 hr. The principle produets of the reaction were
cystine and N-cyclohexylthiourea indicating an oxida-
tion reduction had occurred. Since N-cyclohexylthio-
urea is not inhibitory, these data in conjunction with
the reversal data on microbial inhibition (Table III)
further suggest that the toxic structure is degraded in
vivo by sulfhydryl containing compounds.

In an effort to determine if such a SH interaction
would result in protein denaturation, an enzymic sys-
tem (alcohol dehydrogenase) was chosen for in vitro
studies. The biological activity of this protein was
found to be progressively inactivated by preincubation
with increasing concentrations of the hydroxythiourea
derivatives (Figure 1), A series of studies was then
conducted in which supplements of mercapto com-
pounds including cysteine were preincubated concur-
rently with various levels of inhibitor and enzyme, and
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Figure 2.—Reversal of toxicity of N-methyl-V'-hydroxy-
thiourea on yeast alcohol dehydrogenase enzyme by increasing
supplements of rL-cysteine. The enzyme was preincubated in
the presence of 1 umol of the inhibitor and the indicated con-
centrations of L-cysteine for varying periods of time. Activity
of the enzyme was then determined between 30 and 45 sec after
start of the reaction; basal incubation mixture: 1000 umol of
ethanol, 2 ug of treated enzyme, 1 pmol of N-methyl-N'-hy-
droxythiourea, and 0.125 umol of NAD.

the rate of dehydrogenase activity was determined. As
indicated in Figure 2, increasing levels of L-cysteine do
negate the inhibitory effect of N-methyl-N’-hydroxy-
thiourea. However, once the enzyme is inactivated by
preincubation with an N-substituted N'-hydroxythio-
urea compound alone, it cannot be reactivated by the
addition of cysteine even in high concentrations. Fur-
ther, preincubation of the enzyme in the preseuce of
cysteine prior to the addition of inhibitor affords no
more protection to the enzyme than when the inhibitor
and cysteine are added conecurrently. Supplements of
mercaptoacetic acid produced comparable physiological
effects which suggest that the presence of exogenous SH
groupings alone may be negating the inhibitory proper-
ties of the N-substituted N’-hydroxythiourea deriva-
tives. The sigmoidal shape of the curves in Figures 1
and 2 may be explaiued by assuming a series of reactions
in which the N-substituted N’-hydroxythiourea deriva-
tive initially oxidizes exposed SH groupings on the pro-
tein molecule; after which, following a partial uufold-
ing, a reaction then occurs with internal SH groups.

It is interesting to note that the presence of even 0.01
and 0.1 pmol of cysteine provided a counsiderable
amount of protection to the enzyme at an inhibitor
concentration of 1.0 umol. These effects are probably
due to a greater rate of reaction between the highly
soluble low molecular weight SH compounds and N-
substituted N’-hydroxythioureas than is possible for
the more sterically hindered SH groups attached to
large protein molecules.
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