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Prodigiosin. I. Antibiotic Action on Coccidioides immitis in Vitro.” (17533) 

ARTHUR LACK (Introduced by Charles M. Carpenter) 
From the Departments of Investigative Medicine and Pathology, Birmingham Veterbns Administra- 

tion Hospital, V a n  Nuys, Calif., and the Department of Infectious Diseases, School o f  
Medicine, Gniversit y of California, Los Angeles. 

Prodigiosin is a thermostable, water in- 
soluble, red pigment produced by Serratia 
marcescens under certain conditions. The 
dye has stimulated interest because of its 
ability as a contaminant to discolor water and 
food. This characteristic is better known 
than its inhibitory action against microbial 
agents. 

The antibiotic properties of prodigiosin re- 
corded in the literature indicate a possible 
wide spectral range of activity against bac- 
teria and protozoa. N o  evidence concern- 
ing its fungistatic action could be found. 
Hettche( 1) first reported the bacteriostatic 
activity of prodigiosin for staphylococci and 
Bacillus anthracis in vitro. The growth of 
B. anthracis was inhibited in a dilution of 
1 : 200,000 after 3 hours’ exposure and a dilu- 
tion of 1 : 25,000 appeared effective against 
staphylococci after one hour’s exposure. He 
was unable to demonstrate any activity 
against the gram-negative organisms, Escheri- 
chia coli and Salmonella paratyphi. Fischl(2) 
demonstrated that prodigiosin would protect 
mice against nagana. A single subcutaneous 
injection of 10 mg of prodigiosin in sweet 
almond oil caused the disappearance of 
Trypanosoma brucei from the peripheral 
blood. 

Eisler and Jacobsohn(3) demonstrated that 
sterile ibullion extracts of S. marcescens in- 
hibited the growth of Corynebacterium diph- 
theriae and of Neisseria gonorrhoeae. Their 
results, however, were not directly related to 

* Sponsored by the Veterans Administration and 
published with the approval of the Chief Medical 
Director. The statements and conclusions pub- 
lished by the authors are a result of their own 
study and do not necessarily reflect the opinion or  
policy of the Veterans Administration. 
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dye content. Singh(4) reported toxic effects 
of the pigment of S. marcescens on soil 
amoeba. The concentration of the pigment 
which prevented amoebae from consuming an 
edible substrate of baoteria was not reported. 

The naturally occurring dye was first iso- 
lated by &-aft,( 5 )  who called it “prodigio- 
sine.” Wrede, Hettche, and Rothhaas( 6 )  
presented a series of articles on the chemical 
properties of prodiogiosin and identified the 
structure as a tripyrrole methane. 

Materials and methods. Abundant pigment 
production was obtained from growth of S. 
marcescens on thick mannite agar plates 
(15.0 cm) adjusted to pH 5.0.t Surface in- 
oculation with a single strain of S. marcescens 
(Stanford 2-4 strain) was followed by incu- 
bation at  22°C for from 5 to 7 days. The 
surface growth was harvested by scraping and 
contained large amounts of both intracellular 
and extracellular red pigment which was ex- 
tracted by a modification of Wrede’s method 
(Lack and Botts).(7) Yields of from 1.0 to 

4. Singh, B. N., Nature, 1942, v149, 168. 
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2678). 
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B, 2678; Wrede, F., 2. f .  Hyg. d. Infect-Kracn31, 
1930, v l l l ,  531; ibid., 2. f. physlol. chem., 1932, 
v210, 125; Wrede, F., and Rothhaas, A., 2. f. 
physiol. chem, 1933, v215, 67; ibid., 2. f. physiol. 
chem., 1933, v219, 267; ibid., 2. f .  phy&l. chem., 
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t Mannite agar formula : 
Ma nni te 20 g 
Neopeptone 10 
Meat extract 3 g  

Brewer’s yeast 1 g  
Agar 20 g 
Q.S. ad H20 1000 cc 

MgS04 1.25 g 

Adjusted t o  PH 5. 
7. Lack, A., and Botts, E., in press. 
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TABLE I. 
Fungistatic and Fungicidal Activity of Prodigiosin Base and Certain Salts on Coccidioides 

Immitis in. vitro. 

Derivative Fungistatic cone., X 1000 Fungicidal cone., X 1000 

Base, purified 
Hydrochloride 
Perchlor ate 
Glutamic acid (water soluble) 
Tartrate 
Sulf onate 
Sulfonamido 

1 : 500 
1 : 500 
1 :600 
1 : 250 
1:lOO 
1:lO 
1:l 

1 : 100 
1 : 100 
1 : 100 
1:83 
1:50 

0 
0 

2 .o mg of prodigiosin were obtained from 
approximately 10 sq cm of wet surface 
growth. Repeated purifications yielded a 
prodigiosin from which several new com- 
pounds were made.$ Each compound was 
tested in vitro for its fungistatic and fungi- 
cidal action against Coccidioides immitis 
(Strain S.F.S. 46).  Inasmuch as prodigiosin 
base is insoluble in water, tests were made to 
determine the most satisfactory solvent. 
Propylene glycol and ethanol were found to be 
suitable vehicles for in vitro and in vivo tests. 
Propylene glycol is sufficiently miscible in 
water to permit uniform dilutions of the de- 
rivatives to be tested in liquid synthetic cul- 
ture medium, 

Serial dilutions of prodigiosin in propylene 
glycol or ethanol from 1 : 10,000 to 1 : 10,000,- 
000 were made in a synthetic medium.§ Con- 
trols with equivalent amounts of propylene 
glycol or ethanol in this medium were run in 
parallel. Each tube was inoculated with a 
0.1 ml of a known concentration of c h m y -  
dospores which was diluted to give a range of 
from 2.0 to 3.0 X lo4 spores. After incuba- 
tion of 24 and 48 hours a t  34°C 0.1 ml was 
transferred from each tube to 9.9 ml of the 

2 The preliminary investigation of the chemical 
constitution and general properties of prodigiosin 
were performed wi,th the assistance of Dr. Fred- 
erick Proescher and Mr. V. Sycheff, formerly of 
the Santa Clara County Hospital laboratory. Sub- 
sequent extension of similar chemical research 
has been with the aid of Dr. Elbert Botts in the 
laboratory of the Birmingham Veterans Adminis- 
tration Hospital, Van Nuys, Calif. 

0 Synthetic media: g 
XH4CI 10 
Na Acetate 10 
KHPPOA 2 
K2HPO; 6 

H20 q.s. ad 1000 cc pH 6.12. 

liquid synthetic medium as a test for viability. 
The subcultures were incubated at  34°C and 
inspected for growth after from 10 to 14 days 
on a basis of no growth (0) to abundant 
growth (++), indicating first signs of spore 
germination to rich mycelial development. 

Results. The prodigiosin first prepared was 
fungistatic in a dilution of 1:250,000. Sub- 
sequent purifications increased the activity to 
1 : 500,000 (Table I ) .  Fungicidal activity as 
determined by the subcultures showed no 
growth at  1 : 100,000 dilutions. Propylene 
glycol controls revealed no inhibition of C .  
immitis except in the first tube of the series 
containing 10% propylene glycol. The hydro- 
chloride and perchlorate salts of prodigiosin 
base inhibited growth in a dilution of 1 : 500,- 
000. The tartrate maintained moderate ef- 
fectiveness; the sulfonate and sulfonamide 
derivatives showed an almost complete loss 
of activity. A water soluble preparation was 
made by fusion of glutamic acid with pro- 
digiosin base. This glutamic acid compound 
demonstrated effective fungistatic activity at 
a 1 : 250,OQO dilution. 

A comparison was made of the fungistatic 
and fungicidal effectiveness of prodigiosin 
purified bases when dissolved in propylene 
glycol or ethanol. Inhibition of growth of 
C. immitis was obtained in a dilution of 
1 : 5Q0,OOO in both series. Although definite 
inhibition occurred at  a dilution of 1 : 1,000,- 
000, after several weeks’ incubation germina- 
tion appeared first in the propylene glycol and 
then the alcohol series. The propylene glycol 
and alcohol controls showed abundant growth 
in all except the initial tubes containing equiv- 
alent amounts of diluent. The tubes were 
subcultured at  48 hours to test the fungicidal 
activity. Slightly better results were obtained 
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in the propylene glycol series. Complete loss exposure in dilutions through 1 : 100,000. 
of viability of all chlarnydospores ad ter 48 Prodigiosin hydrochloride, perchlorate and a 
hours' exposure was established at  a pro- water soluble glutamic acid derivative demon- 
digiosin dilution of 1: 100,000. strated similar in vitro effectiveness. 

Summary. Prodigiosin was fungistat ic for - 
Cocci&&&$ imrniti$ in dilutions through Rcc.civcc1 OCtObPP 14, 1949. P.S.E.E.M., 1949, 5-72. 

1:500,000. I t  was fungicidal after 48 hours' 

Pregnancy in Alloxan Diabetic Rats. (17534) 

J. ELLIOT LEVI AND TOBIAS KEINBERG (Introduced by David I. Macht) 
From the Depart ment of Laboratories and the Crockin Laboratory, Sinai Hospital, Baltimore, M d .  

Because of the well recognized frequency 
of complications in the course of pregnancy 
in clinical diabetes, this study was undertaken 
to determine the course of pregnancy in rats 
suffering from uncontrolled chronic diabetes. 
Since -4ugust 1946, when these studies were 
begun, 4 reports( 1-4) have appeared dealing 
with this subject each with a slightly different 
approach to the problem and each with some- 
what varying results. 

Methods.  Twenty-seven 70-90 day old 
\Vistar strain female rats were fasted over- 
night and given a single subcutaneous dose 
of alloxan varying from 140-175 mg per kg. 
\\-here a single dose failed to produce a per- 
sistent diabetic state, repeated injections of 
increasing doses were employed up to 205 mg 
per kg. In some rats it was necessary to 
administer as many as nine doses of alloxan 
in order to achieve permanent diabetes. In  
2 rats permanent diabetes did not appear de- 
spite repeated injections of alloxan. During 
the entire period' covered by thlese studies thae 
animals were kept in individual metabolism 
cages and the following data were obtained 
daily, 7 days a week, for periods up to 448 
days: (a)  total fluid intake, (b) total food 
intake, (c) total urine volume, (d) total quan- 
-_ _- 

1. Ikivis, X. E., Fugo, S. IY., and L a i ~ r ~ i ~ c ~ ,  
l<. G. .  I'KOC. SOC. ESP. DIOL. ASD MED., 194i, 7-O(i, 
(i38. 

2. M i l l e r ,  H. C., E)idoc.,.i,,olo(/!~, 1947, 7-40, 251. 
:<. Hultquist, G., A c t n  Ptr(h. et Jficrobio?. SCCO,C~.. 

4. Sinden, J. A., and Longwell, B. B., PRoC. SOC.  

1948, ~ 2 5 ,  131. 

ESP. BICEL. AND MED., 1949, riO, 607. 

titative glycosuria, (e) qualitative acetonuria, 
( f )  vaginal smears for determination of oes- 
trus. The anim,als were given free access to 
a constant mixture of crushed Purina Lab 
Chow (Protein ZS%, Carbohydrate SO%, 
Fat 6.3%) reinforced) with the following: re- 
duced iron 0.2 g ;  sodium ch1orid.e (iodine- 
free) 10 g; sodium' chloride (iodized) 2.7 g; 
riboflavin 5 mg, vitamin B6 5 mg, vitamin 
D 3000 U.S.P. units, vitamin E 100 mg, 
choline 15 mg, per kilo of chow in order to 
bring the ration up to an adequate level for 
breeding as recommended by the Ralston Pur- 
ina Company. 

Because of the frequent occurrence of a 
transient diabetic state after alloxan injection, 
matings were performed when possible only 
after the establishment of permanent diabetes 
by placing one young a<dult male of the same 
strain into the metahlism cage with each fe- 
male on the d'ay of sestrus. Animlals were 
considered definitely diabetic only when they 
fulfilled, !both of the following criteria: (1) 
persistent glycosuria greater than 0.5 g per 
24 hours as measured by Benedict's Picrate 
method, and ( 2 )  repeated non-fasting venous 
blood sugars in excess of 200  mg% obtained 
from tail blood lor cardiac puncture and meas? 
ured by the technique of Lauber and Mat- 
tice.(5) Fasting blood sugars were not em- 
ployed in this study, because it was thought 
that repeated overnight fasts might introduce 
an irregular influence on the nutritional or 

5. Lauber, F. V., and Mattice, M. R., J .  Lab. 
cind Glin. Men., 1944, v29, 113. 


