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now in progress to quantitate this serological 
test. 

By immunizing rabbits with a 
lipoprotein fraction obtained from the serum 
of a dog on a cholesterol-thiouracil atherogenic 
diet, it has been possible to produce immune 
sera which will detect the abnormally in- 
creased concentration of serum lipoproteins in 
dogs on cholesterol- thiouracil a t  herogenic diets 
and which will react with the serum from an 
atherosclerotic man. Sera of normal dogs 
tested with this immune serum by the precipi- 
tin technic, consistently show a lipoprotein 
concentration significantly less than that ob- 

Suin?~zary.  

served in the case of dogs on the ,atherogenic 
dietary regimen. Sera from three men in 
whom no vascular disease had been detected, 
did not react with the immune rabbit sera. 
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In  vitro Studies with 1-hydroxy-2 (1H)pyridinethione. (20041) 
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Sham- ef aZ.( 1 ) in their work on analogs of 
aspergillic acid reported the preparation and 
properties of 1-hydrosy-2 ( 1H)pyridinethione. 
the sodium salt of which is designated MC 
3277.’:: Because of its striking activity against 
a very wide group of microorganisms further 
studies were undertzken. The presFnt report 
will discuss certain antibacterial and anti- 
fungal characteristics of this compound. 

A turbidimetric tube 
assay has been developed using as an assay 
organism, Saccharo nzyccs cere oisia e Squi bb 
strain. and Difco penassay broth modified to 
contain 1% dextrose concentration as a test 
medium. Otherwise the assay procedure of 
Donovick et  al. ( 3  ) is used unchanged. Statis- 
tical analysis+ of data obtained with the assay 
shows that for a single assay on any one day, 
the assay will be within 8.57; of the true value 
957; of the time. 

I t?  vitro spectrum. A. -4 rztibacterial. The 
sensitivities of a group of microorganisms to 

.Issay of 171C 3277. 

~~ ~ 

*We are indebted to  the Division of Medicinal 
Chemistry, Squibb Institute for Medical ReFearch 
for the supply of compounds used in these studies. 

t The authors are indebted t o  Mrs. Mavis Carroll 
of the Squibb Institute for Medical Research for the 
statistical study. 

Ale' 3277 were determined as follows: A 2-fold 
dilution procedure was used with incubation 
for 17 hours a t  37°C for most organisms. 
Unless otherwise stated, Difco penassay broth 
was used as a test medium. Cultures in the 
logarithmic phase of growth with approxi- 
mately 1,000 organisms per ml were used 
where possible. The amount of M C  3277 re- 
quired to inhibit completely the growth of the 
organism as measured by an absence of tur- 
bidity is reported as the Minimal Inhibiting 
Concentration ( M . I C ) .  In  Table I are listed 
the 1\I.I.C.’s for a representative group of 
microorganisms. The M.1.c . ’~ range from 
0.006 pg/ml for M .  tuberculosis var. bovis 
Strain BCG to 4.0 JAg/ml for Pseudomonas 
aemginosa. The gram-positive organisms are 
most sensitive but the range of activity for the 
gram-negative group, from 1.5  pg/ml for 
Klcbsiella pneumoniae and Salmonella t y -  
phosa to 4.0 pg/ml for Ps. aeruginosa is of a 
high order. 

B. .4ntifungaZ. The action of MC 3277 
against a group of molds, yeasts and yeast- 
like fungi was determined by the streak- 
plate method using a malt-yeast extracts dex- 
trose agar. In  Table I1 are reported the 
M.I.C.’s found for these fungi. The activity 
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TABLE I. Antibacterial Spectrum of MC 3277. 

M.I.C. 
Organism i i i  ,ug/iiil Medium 

Mir.r.ococcus pyogexes var. a u r e w  209P 
Klchsiella pneumoniae 
Psei~domonas aeruginosa 
Streptococcus faecal is  
Shigella dysenteriae 
Streptococcus pyogenes C-203 
Salmonella schottmulle.ri 
Aerobacter aerogmes  
J<sckerichia coli 
Proteus mclgaris 
H w o b a c t e r i u m  tuberculosis var. bovis strain ECG 
AGlrnoneiia typhosa 
Lactobacillus acidophilzu 
C lostridium sept icum 
Rrucella abortus 
Seisseria catarrhalis 
C'orynebacterium pyogenes 
S t  reptococcus agalactiae 
Bucillus subtilis 

__ __I___----___ 

* Donovick, R., Pansy, F., Xtryker, G., aiid 

TLU%E 11. Sntifungnl Spectrum of MC 3377. 

M.J.C. in 
pg/ml of agar 

_______ - ~ _ _ _ _ - _ _ _ _ _  

,4sp( r.ydlus n1ger .6 
A .  f uniigatus .3 
Periicillizinz nota turn .3 
P e ra 1 ost o m  el la u lm i .08 
Trlchophyton mewtagrophytcs #1920 1 
1. naentuyrophytes Squibb .15 
T .  tonsurans 1 
T .  rubrum 1 
T. schoenleini .ci 
I". violaceum 2 
T.  faui forme var. discoides .03 
T .  f a v i f o r w e  var. oc7iruceunz -0 3 
Xicrosporum audouini .3 
M .  audouini (Klignian strain) <.OG 
M. canis 1 
E'pidermophyton f locossuni 2 5  
Sacch. c erevisia e .08 
S .  pa.storianus .04 
Cand ida  albicans .O 8 
Cryptococczis neofornzans (in Difco Pen- S O  

assay broth 

cose) 
+ .5% glu- 

of the pyridinethiones against the fungi is par- 
ticularly striking. The most resistant organ- 
ism found was Trichophyton violaceum which 
was inhibited by 2 pg/ml. Most of the other 
fungi are much more sensitive. Of particular 
interest are the very high activities against 
Candida albicans and Cryptococcus neo f ot- 
mans. 

Action of various body fluids on the 
action of MC 3277. Since, in preliminary 
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Bernstein, J., J .  Bnct., 1950, v59, 667. 

tests vs. Streptococcus pyogenes C-203, MC 
3277 showed no activity in mice? it was of 
interest to determine whether this compound 
was easily inactivated by body fluids. The 
action of saliva, cerebrospinal fluid and serum 
on MC 3277 was accordingly determined. 
More extensive inactivation studies are re- 
ported by Thomas et al. ( 2 ) .  

A. Saliva. Four organisms, M .  pyogenes, 
var. aureus, Streptococcus pyogenes, Kleb- 
siella pneumoniae, and Pseudomonas aeru- 
ginosa, were tested in a basal medium (Difco 
penassay broth) and in the same medium with 
30% of the water substituted by saliva. The 
media were sterilized by Seitz filtration and 
M .I .C.'s of 1 -hydroxy-2 ( 1 H) pyridinethione 
were determined by a 2-fold procedure in the 
two media. The results, reported in Table 
111, show some degree of inactivation for 
Strep. pyogenes, K .  pneumoniae, and Ps. 
aeruginosa, and a high degree of inactivation 
for M .  pyogenes var. aureus. In  a similar 
manner MC 3277 was tested against Scrccha- 
ronzyces cerevisiae in the presence and absence 
of 0.1% mucin. An inactivation of M C  3277 
of about 25% was observed. 

B. Cerebrospinal fluid. Media were pre- 
pared as in A above using 30% human cere- 
brospinal fluid (CSF) as the water substitute. 
The M.I.C.'s of MC 3277 were obtained 
against M .  pyogenes var. aureus and Crypto- 
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T.4DTAE I I T .  Actioii of Saliva on Activity of 
l-liydrosy-2 ( 1 H j  pyridinethione. 

s-M.I.C. i n  pug/nil--, 

Inbasa l  medium + 
0rg:iiiisiii inediuiii 30 % saliva 

Basal 

TAI€LE IV. 
Effect of  Krruin 011 Activity of Several Concentra- 
tions of X C  3277 ngaiiist Saccharontyces cereuisiae. 

Concentration, (7M.I.C. i n  pg/iiil at--, 
0 lir 1 hr 3 h r  24 hr  

~- ~ _ _ _ _ _ _ _ . _ _ _ _ .  tLg/1111 

A)  30% Bwtu  1~et.f berum a t  3 7 ° C  
innn .0261 .0230 .0245 .0285 

300 .0'7i7 .0238 .0238 .0245 
lOC1 .0230 .0223 .(I277 .(I277 

s .0328 .0381 .039G .0592 
E )  Distilled wi te r  a t  3 i " C  

1 onn .W77  .(I238 .0253 .0245 
.> 0 U .0233 .0260 .0268 .0317 
l(!O .0243 .0238 .024.5 .0223 

) .(I306 .U317 .0357 .0317 

coccus n e o f o m a n s  in both media. ' The 
R1.I.C. of 0.15 pg,ml for M .  pyogenes var. 
auretcs and 0.10 p g ,  nil for C. ~ z e o f o n n a n ~  was 
unchanged by the presence of CSF after 2 
days incubation at  3 7 ' C .  

C. Serum. IYeighings of MC 3277 were 
made up in 50% sterile Bacto beef serum and 

sterile distilled water. The levels made up 
were 1,000 pg/ml, 500 pgjml, 100 pg/ml, and 
5 pug/ml. Aliquot portions were drawn off 
and assayed immediately and the samples 
then placed a t  37°C. At one hour, 3 hours, 
and 24 hours, portions were drawn off and 
assayed by the method described above. The 
data (Table IV)  indicate that a t  concentra- 
tions of 1,000 pg/ml, 5001 &ml, and 100 
pg/'ml, there is no apparent inactivation. At 
5 pg/'ml in 50% Bacto beef serum, however, 
there appears to be some inactivation after 
24 hours. 

Summary and conclusions. An antibac- 
terial and antifungal spectrum for the sodium 
salt of l-hydroxy-2 (1H)pyridinethione as well 
as an assay method for the same is presented. 
In vitro the substance is partially inactivated 
by saliva and mucin, by serum at  low concen- 
tration, but not by human cerebrospinal fluid. 
The inactivation by saliva, mucin, and serum 
however may be of relatively minor import- 
ance in view of the extraordinarily high activ- 
ity displayed by this compound. 
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The emergence of penicillin-resistant strains used very extensively this phenomenon is 
of staphylococci during prolonged exposure to probably responsible for the complete re- 
that antibiotic in vitro or in the course of versal from predominantly sensitive to pre- 
therapy is now a well established phenomenon. dominantly resistant strains of staphylococci 
In  many large hospitals where penicillin is among those isolated from infected materials 

and carriers in the hospital populations ( 1-6). 
I t  has recently been demonstrated 'that the 

With technical assistance of Clare wilcox and new antibiotic erythromycin is highly and 
equally active against both penicillin-sensitive 
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