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A series of N-substituted N’'-hydroxyureas and N'-hydroxythioureas were prepared, and 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 Streptococcus faecalis at about 2 ug/ml; how-
ever, the growth inhibition was reversed by adding supplements of cysteine and other sulthydryl compounds not

of natural origin.

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

zyme 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 contrast to the rather extensive studies which have
been carried out on 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
physiologists in a variety of biological systems to affect
germination and growth,® and certain thiourea deriva-
tives have been widely examined as chemotherapeutic
agents.

Hydroxyurea apparently inhibits the synthesis of
deoxyribonucleic acid in Escherichia coli,®7 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
pathogenic 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 sulfthydryl compounds. For comparative purposes,
the corresponding N-substituted N’-hydroxyureas were
also prepared and examined in concurrent assays.

Experimental Section

Microbiological Assay Procedures.—For the lactic acid bacteria
a previously described amino acid medium?!? was employed with
the addition of caleium pantothenate at 0.2 ug/ml, and with ad-
ditional modifications as noted: for Streptococcus faccalis 8043,
20 wpg/ml of L-glutamine was added aseptically without heating
to each assay tube; for Leuconostoc dexiranicum 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. coli 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 mg. The inter-
pretation of microbial data in these studies was based on es-
sentially complete inhibition of growth.* Test solutions of
the V-substituted N'-hydroxythioureas were made up just prior
1o 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 solution 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 0.19 gelatin. This solution
containg 10 pg/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.,®-¥ 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 umol 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 density 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.
—All of these compounds were synthesized through a procedure
similar to that of Kjellin.® The appropriate isocyanate or
isothiocyanate in CsHs or Et:O was treated with a slight molar
excess of HONH,*® to yield ultimately products which were re-
crystallized from EtOAc~CgH s (Table I).

Results and Discussion

As indicated in Table I, a variety of isocyanates and
isothioeyanates was condensed with HONH, to vield the
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“ Yields given are based on hizhly purified producis; essentlally quantitative vields on erude products were obtained. " All com-
pounds except MeNHCONHOH, were analyzed for C, H, N, This compound was analyzed for C) H only.  Analytical vesults were

within 20.4¢ of the theoreiieal vulues.
Band IV, p 70.
129° footnote ¢, through Beilstein, Band 1V, p 117,
and W. Ritter, reh. Pharm., 298 (12, 869 (1965 ).
125° dec.
B Reported mp 144°, C0 Kjelling, Boe, 26, 2884 (1593).
120°, footnote d.

TagLe 11
INHIBUPORY LEVELS OF SoMEs N=-SUBSTITUTRD
N-Hyproxyraiovne v 1o MicroBiaL Growrne

Concentration reguired, ge/ml for complete growih

inhibition”

Substituernt Leowrabinosus L. dexteand- S, fuerddis
group 17-5¢ cum 8086 8043
Me 0.6 2 2
Et 2 2 2
n-Bu 2 2 2
-Bu 2 2 0.6
Allyl 2 3 2
Collny 0.6 2 2
Cells >60 0.6 2 6

« Unless otherwise noted, the corvesponding N-xubstituted N'-
hydroxyureas and N-substituted N’'-ureas were essentially non-
inhibitory at their solubility limitx, 7.c., about 2000 pg, ml.  *» The
assay media for each organism are described in the Experimental
section, ¢ N-Ph- and N-naphthyl-N’-hydroxyurea toxic at 2
mg, ml. ¢ Limit of solubility. * Iydroxyurea, N-Ph- and N-n-
hexyi-NV'-hydroxyurea toxie at 200 pg ‘ml.

corresponding hyvdroxyurea or hvdroxythioures deriva-
tives, respeetively.  The N-substituted N'-hyvdroxy-
X

RN==C==X + NILOH —= RNIICNHOLI
X =xo0r0Q

urea analogs were stable to both moisture and light:
however, the corresponding hyvdroxythiourea deriva-
tives decomposed within o few weeks unless they were
maintained under anhydrous conditions at about —15°.

Each of these derivatives was examined for inhibition
of microbial growth using . coli 9723, L. arabinosus
17-5, L. dextranicum 8086, and N. faecalis 8043, Tor [,
coli no significant inhibition was observed; however, in
L. arabinosus, L. dextranicum, and S. faccalis the N-
substituted N’-hydroxythioureas were toxic to growth
at about 2 wg/ml (Table 1I); whereax, the corre-
sponding N-substituted N’-hvdroxyureas were either
noninhibitory or were toxic only at the limit of their
solubility in the ussay mediuny, ca. 2 mg/ml.

In an effort to determine if naturally oceurring prod-
uets might reverse these toxicities, supplements of
vitimins, purines, and pyrimidines were added to cul-

¢ L. Transesconl and A. Parrozzani, Gazz. [tal., 31, 334 (1900), mp 12
4, Kjellin and K. v, Kuyvlenstjerna, Justus Lichigs Ann. Chem., 298, 117 (1897), reported mp LO1°.
7 Reported mp 109°, footnote .
B (rerman Patent 14,131,655; Chom, Absir., 57, 13628¢ (1962), reported mp 123
¢ Reported mp 106°. G Zinner and R. O, Weber, Pharmazie, 21, 23 (19661,

! Reported in footnote i, but no meliing point recorded.

7°, through Beilstein
¢ Reported mp

¢ Reported mp 1262, (. Zinner, 1. O, Weber,

S Reported mp 112-113° dee, footuote f.
= Reported mp 85

Tasre 111
Reversal oF Toxterry oF NV-Meruyi-N-HyDRoXy rhiioU ke
o Girowtin oy Laclobucidlus arabinosus 17-5 BY
Visntoes Murearro CoMPOUNDS

N-Methyl- e Supplement (o general assay medinm e e
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T -Cysteine. ?pe-Cysteine. ©pr-Homoceysteine. ¢ Deternined
on a Bawsch and Lomb Spectronie 20 at 600 mpu.

ture tubes concurrently with the hyvdroxythiourcens and
these metabolites were found to be ineffective.  How-
ever, an amino acld mixture did induce o slight reversal
of toxicity, and peptone proved to be an effective =ource
of reversing agent(=).  Subsequently, a complete rever-
<al of toxielty was observed when ¢ysteine alone wus
added aseptienlly o the assay medium.  The relative
amounts of evsteine required to reverse various inhibi-
tory coneentriations of N-methyl-N'-hvdroxythiourea
in L. arabinosus were examined in detail, and these duata
are presented in Table TIL

It should be noted from Table 111 that the ratio of
reversing agent coneentration to N-methyl-N/-hydroxy-
thiouren concentration whieh is required for reversal of
toxicity results in an inhibition index (the ratio of the
concentration of inhibitor to the concentration of sub-
strate neeessary for a defined degree of inhibition of o
biological process) of 0.2 which is inconsistent with o
direct competition for enzyme sites. A reasonable in-
terpretation might be that the biochemical respouse
involves o chemicul destruetion of the inhibitor to pro-
duce o response similar to o “precursor effeet.”!? This

Clv. RLJ Willlsms, R B akin, 13, Beerstecher, Jro, amd W. Shive,
“The Biochemistry of the B Viamins,” Reinhold, New York, No Y., 1450,
v 113180,
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Figure 1.—Effect 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’-hyvdroxythiourea 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 methy! 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-
ureg derivatives.

Subsequently, a study of the chemical reactions be-
tween the N-substituted N’-hydroxythioureas and SH
compounds was undertaken. For example, ecysteine
and N-cyclohexyl-N'-hydroxythiourea were allowed to
react in phosphate buffer, pH 8.3, at room temperature
for 24 hr. The principle products 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-N’-hydroxy-
thiourea on yeast alcohol dehydrogenase enzyme by increasing
supplements of L-cysteine. The enzyme was preincubated in
the presence of 1 umol of the inhibitor and the indicated con-
centrations of 1-cysteine for varying periods of time. Aectivity
of the enzyme was then determined between 30 and 45 sec after
start of the reaction; basal incubation mixture: 1000 pmol of
ethanol, 2 ug of treated enzyme, 1 pmol of N-methyl-N’-hy-
droxythiourea, and 0.125 pmol 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 presence of
cysteine prior to the addition of inhibitor affords no
more protection to the enzyme than when the inhibitor
and cysteine are added concurrently. 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 explained 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 unfold-
ing, a reaction then occurs with internal SH groups.

It is interesting to note that the presence of even 0.01
and 0.1 umol of cysteine provided a considerable
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.



