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In a search among freshly isolated actino- 
niycetes for antagonists to pathogenic fungi 
( 1-3), an antibiotic substance, designated 
fmgicidin, has been obtained from a strain 
( S o .  48240) isolated from a farm soil in 
Fauquier County, Va. (4 ) .  Fungicidin is both 
fungistatic and fungicidal ; and apparently 
lacls antibacterial activity. 

.-4ctinonzycete 48240, belongs to the 
genus Streptovzyces ( 5 )  ; the species has not 
been determined. Oval spores are produced 
in chains from curved and spiral-forming 
hyphae. (Fig. 1 ) .  Grown on Sabouraud's 
Slucose agar a t  2 2 8 ° C  for 7 days, the colony 
is heaped and folded and the aerial mycelium 
is white. but later at  sporulation it is gray; 
on the reverse: the color a t  first is light tan, 
but after 2 weeks it is dark brown and the 
medium is darkened throughout. There is no 
hemolysis on blood agar medium. Fig. 2 
shows zones of inhibition produced by this 
streptoniyces against the 2 assay species 
Ct._tptoroc-cus neoformans and Candida albi- 
C Q I ~ S .  When grown in a glucose-tryptone 
broth (3)  in shallow layers,* the stationary 
culture yields two antibiotics both active 
against fungi. From the liquors one sub- 
stance resembling actidione( 2,6) has been 
obtained. From the surface growth a second 
substance with much broader antifungal ac- 
tivity has been extracted; this is designated 
fungicidin. 

Isolation. The surface growth from 5- to 
7-day-old broth cultures is harvested, heated 
at  70"-72. C €or 10 minutes, pressed between 
filter papers to remove adhering medium, and 
extracted several times with methanol. The 
antibiotic in the pooled extracts is purified 
by a process that involves repeated fractional 
precipitations with ethyl acetate, washing of 
the precipitates with 0.85-% XaC1 solution, 
dissoiution in methanol, and fractional pre- 
cipitation with ether. All procedures are 
carried out in the cold so far as practicable. 

Chemical and  physical properties. Crude 
fungicidin is obtained in a yield of 30 to 
50 mg per liter of culture medium. I t  is a 
fine yellow powder that can be stored in the 
cold for several months without loss of 
activity. I t  is only sparingly soluble in 
methanol and ethanol, and relatively insolu- 
ble in most organic solvents and water. T'ery 
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unstable aqueous solutions. however. can be 
prepared at  pH 2 or pH 9. In the present 
crude state. preparations of fungicidin con- 
tain about 1 . 5 . 7  ot' Kjeldahl nitrogen. Sulfur 
and the halogens have not been detected. 
F 11 n g i c i d i n shows s t r ong reducing 11 roper t i e s . 
It  fails to react in tests for carbohydrate or 
protein. The molecule is relatively small 
since it ma_\- he ultrafiltered through fine 
gradocol membranes. 

In  zlifro urfis1ifT. Jiuft2riaZs und Iwtlznds. 
stock suspension of fungicidin containing 

5 m g  ml is prepared by dissolving the powder 
in S 50 H('1 and adjusting to pH 7.2 with 
0.17; Sa2('0.:.  This is kept in a refrigerator 
and  used for onlj- 7 2  hours. Dilutions are 
prepared in sterile distilled water. The sensi- 
tivitj- of C. iic'ojom1anZs and C. ulbicans to 
fungicidin was determined in broth cultures. 
Serial 2-fold dilutions were made in 4.5 ml 
~lucose-trjiptone broth and heated for 10 
minutes at 70 C for sterilization. To 2 series 
of tubes was added. respectively. 0.5 1-111 of a 
saline suspension of C. neoforiizaizs and C. 
lrlbirurzs in concentrations of 1,000.000 and 
300.000 cells per ml. Readings of visible 
growth were made after 5 ,  24. 72 .  and 96 
hours' incubation a t  2 2 8  C.  The sensitivity 
( 7 )  was recorded as the least amount of 
iungicidin inhibiting growth. as evidenced by 
absence of gross turbidity after 96 hours. 

1) .  ('. / I ~ / ~ ~ ~ V ~ ~ ~ A .  

The an tiniicrohial activity of f ungicidin was 
determined by the agar dilution method of 
Reilly. Schatz. and \Yakman( 8 )  except that 
infusion agar was employed for the bacterial 
cultures and the temperature of incubation 
was 35 -36 - C. The effect of fungicidin upon 
the growth of C'. 1icoforinans was determined 
in broth cultures. Two sets of serial 2-fold 
dilutions in glucose-tryptone broth were in- 
oculated, respectively, with 10,000,000 and 
1 ,OCO.OOO microorganisms per ml. After incu- 
bation for 3,  4. 5, 24, and 48 hours, aliquot 
portions were removed and plated on glucose- 
tryptone agar. Colony counts were made 
after 48 hours of incubation. The effect of 
deiibrinated horse blood and serum was de- 
termined as follows: 0.1 ml of fungicidin 
diluted in sterile saline was added to a series 
of tubes containing 0.25 ml of whole blood 
or serum and to each dilution was added 0.05 
nil of a 48-hour glucose-tryptone broth culture 
of C:. nroformans containing 26,000,000 micro- 
organisms, ml. The tests were incubated for 
48 hours with frequent shaking, after which 
the contents were streaked on plates of 
Sabouraud's glucose agar which were incu- 
bated for 48 hours. 

Results. The data presented in Tables 
I and I I  indicate that fungicidin is strongly 
fungistatic against a wide variety of sapro- 
phytic and pathogenic forms. Amounts such 
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as 1.56 to 6.25 pg/ml were effective against 
many fungi. Inhibition of growth of the 
following bacteria, however, was not obtained 
even with 100 pg/m1: Staphylococcus aureus 

44131), B ~ c i l l ~ s  subtilis (No. 45137) ,  Bacit- 
lus cereus var. mycoides (No. 48294), Salmon- 

(NO. 45 142), StreptOGOGGUS hemolyticus ( X O .  
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rlla i~~pbzoscr (So. 3 83 5 I 1 , Shigclla paradysen- 
t c r j a ~  ( S o .  45303) .  Bac ter ium i imcosui i t  cup- 
sztlnfiriii (No.  1767) .  and Bacillus circulans 
( S o .  48205). Growth of a strain of illjlco- 
hii[- t (~i i / i i i  tirburrzrlosis (KO. 30539) fresh]!. 
isolated from il hunian lung was not inhibited 
in Ilubos medium containing 100 p q  of 
fur?::icidin nil. 

The  growth curves in Fig. 3 indicate fungi- 
cidin to be strongly fungistatic and fungicidal. 
In the presence of 1,000.000 microorganisms. 
6.25 ~q brought about a progressive decline 
in the population, with sterilization in 24 
hours: and. with a ten-fold increase in niicro- 
organisms, 12 .5  pg produced sterilization 
within 4 hours. A-o evidence was obtained 
that incubation of fungicidin in the presence 
o f  defibrinated horse blood or serum modifies 
its activity. 

I I I 11 i zr o LI r t i iiit . il l a  t er iu Is a M d t ii  e t ho ds . 
Sterile physiologic salt solution was used 
for diluting the stock suspension of fungicidin. 
All tests were niade in white mice (Albany 
strain) of 20-25 grams. Mice were infected 
b\- intraperitoneal and intravenous injections 
of saline suspensions of C. neoforiizans or 
intraperitoneal injections of Histoplasma 
capsulatuin. 

Rrszrlfs .  Toxicity. The approximate LD 
50 of crude fuiigicidin administered intraperi- 
toneally to mice is between 20 and 26 mg/kg. 
lnjected subcutaneously, however, 2 g/kg did 
not kill. There was induration and necrosis 
a t  the site of injection. hTo evidence of 
necrosis was found in the 4 mice receiving 
473 mg kg. Mice receiving a total of 735 
mg kg over a period of 4 weeks showed no 
ill effects: the fungicidin was administered 
subcutaneously or intraperitoneally in doses 
of 200-400 , ~ g ;  5 days the first week, 5 days 
the second week: 4 days the third week, and 
3 days the fourth week. In  appearance and 
weight they compared favorably with the 
control untreated group. 

Therapeutic activity.  While the data avail- 
able on the therapeutic activity of fungicidin 
are limited, Tables I11 and IV present definite 
evidence that mice injected with large amounts 
of C. neoformans or H .  capsulatum and given 
repeated p a r e n t e d  doses of fungicidin, have 
a milder form of infection and life is pro- 
longed beyond that of the controls. 

Sunzinar?. Two antibiotics of different 
chemical and biologic properties have been 
recovered from a soil actinomycete, Strepto- 
myces sp.). The one is extracellular and 
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TBBLE IV. Therapeutic Activity of Fungicidin in Nice Infected with H .  cnpsulatum. 

Therapy 
liif ec t i on  r-------- -------. yo s u r v i d  

7-- 7 Tota l  X:. of iweks 
So.” of S o . o f  amt.inj. mce, f-------------- 7 

Date iiiici~oorgaiiisms Dates iiij. mg/kg 20 g 1 8 3 4 5 

10/30/50 6,000,000,000 through 1s t  1300 1 0  80$ 80 80 80 80 

10/30/50 6,000,~00,000 0 Ci 10 100 50 0 0 0 

-- .___ __ __ - - ---------- 
10/30/50 

12/4/51) 

* Determined by hemocytometer. 
t Mice received 9 inj, the first, week, 2 the seeoiirX, 1 t h e  third, 2 the fourth, and 1 the fifth. 
$ 2 m i c e  died within 48 hr a f t e r  infection. T h ~ y  were thought t o  have been injured at t ime 

Inf ectioii by intraperitoneal route. Doses raiiged from 
of tr satment . 
1-8 rag per mouse. 

Tlierapy by suhctitaneous route. 

resembles actidione. The other, designated as teristics. The approximate LD 50 for crude 
fungicidin, is intracellular. I t  is both fungi- f ungicidin administered intraperitoneally to 
static and fungicidat and apparently lacks mice is between 20 and 26 mg/kg. Injected 
antibacterial action. I ts  activity is not di- subcutaneously, its toxicity is considerably 
minished by the presence of horse blood or lower. Therapeutically, fungicidin appears to 
serum. Fungicidin is distinguished from other be of value in histoplasmosis and cryptoeoc- 
antibiotics within our knowledge by its anti- cosis induced in mice. 
niicrobial spect r urn and its solubility charac- -- _____ 
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concentration and Distribution of “Encephalin” in the Brain of Humans 
and Animals. (18398) 
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The term “encephalin” designates a sub- 
stance (or compound of substances?) with 
sympathomimetic !biological action, which has 
been isolated from human and animal brains 
(1). It possesses certain epinephrine-like 
chromogenic and adsorbability properties, but 
differs from both epinephrine and nor-epine- 
phrine in several respects. The colorimetric 
readings, obtained in concentrated brain di- 
alyzates against an epinephrine standard were 
generally in satisfactory quantitative agree- 
ment with the pharmacodynamic action of the 
dialyzates (cat blood pressure, rabbit intes- 
tine). Small amounts of nor-epinephrine and 
epinephrine which have recently been demon- 
strated in brain extracts and which are be- 

lieved to derive from sympathetic nerve end- 
ings in the cerebral vessels(2) are undoubt- 
edly also present in the encephalin-containing 
brain dialyzates. Their calculated chromo- 
genic effect would account for only about 
1/60 of the total colorimetric readings. Var- 
ious observations speak against the assump- 
tion(2) that the bulk of encephalin might be 
identical with tyramine. They have been 
discussed elsewhere( 1). One of them is the 
fact that tyramine does not give the blue color 
reaction with arsenomolybdic acid which en- 
cephalin shares with the known sympathomi- 
me tic ca techolamines. 

Colorimetric assays of encephalin, the re- 
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