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tain conditions the inhibition by a-methyl- 
glutamic acid could be overoome. A possible 
explanation was suggested for this finding and 
the importance of taking readings at  several 
time intervals was emphasized. 
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Virulence Enhancing Activities of Aureomycin on Candidn albicans.* 
(19418) 

ERICH SELIGMANN. (Introduced by William Antopol.) 
From the Division of Laboratories, Beth Israel Hospital, New York City. 

Personal observations and a number of re- 
ports in the literature( 1) indicate that pro- 
liferation of fungus-like organisms, notably 
Candida albicans may occur in patients 
treated with penicillin, aureomycin, chloram- 
phenicol. and terramycin. Not only is there 
a numerical increase in the oral cavity, in- 
testinal or urogenital tract, etc., but localized 
or disseminated disease with serious, and at  
times fatal consequences may develop. 

The mechanism of stimulation of growth 
and increase in pathogenicity of fungi in pa- 
tients treated with antibiotics is not fully 
understood. The frequency of these complica- 
tions has become ‘of sufficient impact to 
warrant the American Council on Pharmacy 
and Chemistry of the A.M.A. to issue “a warn- 
ing statement to be included in aureomycin 
hydrochloride, chloramphenicol and terramy- 
cin hydrochloride labeling”( 2 ) .  The Council 

*This investigation was supported by the Joseph 
and Helen Yeamans Levy Foundation. 

suggests that susceptible bacteria are sup- 
pressed by the bacteriostatic action of the 
drugs, and monilia or other yeast-like organ- 
isms may then replace the normal or abnormal 
bacterial flora, thus paving the way for secon- 
dary mycotic infection. The following ex- 
periments may shed some light on these prob- 
lems. 

Material and methods. Candida albicans. 
A strain isolated from the oral cavity of a pa- 
tient was used for all the tests. The strain 
grew in fluid media with sediment and no 
pellicle formation, femented dextrose, maltose 
and sucrose, did not attack lactose. On 
Sabouraud’s agar it produced white, creamy 
colonies, on blood agar plates dull grey colony 
forms and on corn meal agar streaks, i t  de- 
veloped the characteristic mycelium and yeast 
cell clusters. I t  was therefore considered a 
typical Candida albicans. For animal tests, 
the growth from Sabouraud’s agar slants was 
washed off with normal saline solution and 
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centrifuged at  1500 r/min. The white sedi- 
ment of packed cells was suspended in saline 
(0.1 r d  cells + 2.4 nil saline). 0.1 ml of 
the cell sediment contained approximately 4 
billion cells. The usual dose of 0.2 ml of the 
suspension corresponded to 320 million living 
cells. The animal injections were given intra- 
peri toneally. A ureomy cin. '' Aureomycin 
crystalline intravenous Lederle", was used. 
The brown crystals come in sealed ampules 
containing 100 mg of the drug. 10 ml normal 
saline were introduced into the ampule and 
the contents dissolved. 1 ml of the yellow 
solution corresponds to 10 mg aureomycin, 
the dose of 0.2 ml normally used to 2 mg. 
Because of the known lack of stability of these 
solutions,t only freshly prepared ones were 
employed unless stated otherwise. 

The strain of Candida em- 
ployed proved to be nonpathogenic for m: ice on 
intraperitoneal injection of large amounts of 
cells (320 million) in saline. Of 18 mice so 
treated all survived after 2 weeks. The 
aureomycin dose of 2 mg intraperitoneally was 
non-toxic. Although the animals became res- 
tive for 1-2 minutes after the obviously pain- 
ful injection of the latter, all of the 1 7  mice 
so treated survived after 2 weeks. However 
when Candida cells were suspended in aureo- 
niycin solution (0.1 ml cells + 2.4 ml aureo- 
mycin) and the mixture injected intraperi- 
toneally, 16/17 mice died. The following 
Table I (_\-C) demonstrates the combined re- 
sults of 3 experiments. 

On 32 repeated administrations of the 
mixture, 28/32 mice died in 3-48 hours, 
No gross signs of peritonitis or involve- 
ment of organs (kidney, spleen, liver, 
adrenals) were seen. In  each case, Caizdida 
was recovered on culture from the peritoneal 
cavity, and in 10 out of 2 7  on heart blood 
culture. In  3 mice there was complication 
of S. enteritidis infection and these animals 
were excluded from the evaluation. Numer- 
ous Candida strains recovered from dead mice 
were tested again in normal mice. Kone had 
acquired pathogenicity. When the aureo- 
mycin-Candida mixtures were centrifuged, 

t On standing, precipitation begins on the second 
day and considerable sediment is present in 3-4 days, 

Experiments.  

-__ I 

TABLE I. Action of Candida, Aureoin!-cin. a.nd of 
Their Mixture in  Xicc. 

Mice 
group Material injected, .2 nil Mortality" 

A Candida cells in  saline sol. 1 7 / 1 7  
B Aureomyein sol. 17/17 
C Mixture of Caiidida cells in  aureo- 1, 1 7  

mycin 

D Candida cells in aureomycin susp. 0/9 
E Supernate of Candida-aureomScin 9/9 

mixture after centrifugation 
P Kashed Candida sediment 8/9 

* Sumerator : Survivors after 2 \\-k. Denomina- 
tor:  Total KO. of mice. 

TABLE 11. Separate Injection of Aureoni;vtin a i d  
Candida Clells in Xice. 

Mice 
group Treakmeiit Results" 

_ _  ~ -~~~ 

9 Inj .  24 hr  beforeinfection 5 . 9  
B 8 4/' 9 
C 2 1/10 
D Simultaneous inj. and inf ectioii 1/10 
E lnj .  4 hr uftet- infection 3/10 
I!' 8 9/ 10 
G 24 10, 1 u  

* Sunierator : Survivors after 2 ~ k .  Denomina- 
tor: Total S o .  of mice. 

I n j  == i.p. injection of 2 mg aureomyin ,sol., in- 
fection = i.p. iiioculation of 2 ml Candida suspen- 
sion in saline. 

and the supernatant and washed sediment in- 
jected separately in amounts corresponding 
to 0.2 cc of the original mixture, they proved 
non-toxic, Table I (D-F). There was thus 
no indication of an interaction between aureo- 
mycin and Candida organisms in viko. In 
another group of experiments, aureomycin and 
Candida organisms were administered sepa- 
rately at  different time intervals. 

From Table I1 it is apparent that when 
aureomycin is given from 24 hours be- 
fore until 4 hours after infection with 
Candida there was a considerable mor- 
tality; the toll was higher as the aureomycin 
injection and Candida infection were adminis- 
tered at closer intervals. If, however: Can- 
dida cells were subjected to action of the 
mouse for 8 or 24 hours before administration 
of aureomycin, the increased pathogenicity did 
not occur. One may conclude that under 
these conditions the antifungal activities of 
the mouse tissues could play their part, while 
with reversed order of the injections aureomy- 
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cin interfered for a considerable time with the 
normal defense mechanism of the animal. 

I t  is known that aureomycin solutions kept 
at icebox or room temperature for a few 
days lose considerable antibiotic potency. 
When such solutions were used in the Candida 
tests above reported, the virulence enhancing 
capacity was #also lost. Ten mice were in- 
jected intraperitoneally with 0.2 ml each of 
a suspension of 0.1 ml packed cells in 2.5 ml 
aureomycin solution which has been kept at 
room temperature for two days: all 10 sur- 
vived. 

The antibiotic capacity of aureomycin in 
solution is heat labile. When the solution of 
crystals in saline was brought to the boiling 
point and then used for the “Candida-aureo- 
mycin mixture test”, 13 of 14 mice injected in- 
traperitoneally with 0.2 ml of the mixture sur- 
vived. It is apparent therefore, that ci paral- 
lelism exists between antibiotic (against bac- 
teria) and virulence enhancing (for Candida) 
faculties of aureomycin solutions. 

The problem of fungus pro- 
liferation in vivo under antibiotic influence 
is not only one of survival in favorable con- 
ditions but also one \of activation. It can 
not be explained by the suppression of sensi- 
tive bacteria alone and consequent lack of 
competition for nutritive substances or by 
induced suppression of growth-restraining 
factors dependent upon the elimination of the 
customary bacterial flora. Direct growth-pro- 
moting action of the antibiotics as well as 
changes of inherent pathogenicity of the 
fungi might be involved. Most antibiotics 
are known to promote growth of animals( 3). 
That the effect is not necessarily due to con- 
trol of the intestinal flora was stressed by 
Weber et aL(4). Elam and co-workers(5) 
reported that parenteral application of peni- 
cillin and bacitracin while not influencing the 
fecal flora a t  all was able to promote growth 
in the chick. 

Although so’me workers have found a direct 
growth-promoting action of antibiotics on 
fungus cells in vitro, the results in other in- 
stances have been inconclusive or negative 
(6-9). In  our own experiments, aureomycin 
in ordinary and synthetic liquid media or on 

Discussion. 

nutrient agar slants has failed to promote the 
growth of Candida albicans. The possibility 
remains that the host’s tissues undergo bio- 
logical changes under the influence of anti- 
biotics and then respond to Candida infections 
(6,lO- 13 ) . Indications of lowered resistance 
due to the action of aureomycin were seen in 
our experiments. If the animal’s normal de- 
fense mechanism against Candida was allowed 
to act for 8-24 hours, the subsequent injection 
of aureornycin was almost entirely without 
harm. If the order of injections was reversed, 
the preceding aureomycin treatment interfered 
with the defensive reaction of the mouse. In- 
fection 8 or 24 hours later shows still enhanced 
virulence of Candida. 

Lowering of resistance against infections 
has been revealed as the result of mucin action 
in animals( 14,15) and as an effect of cortisone 
(16,17). Aureomycin may well join this 
group of biological activators as illustrated in 
its mode of action against Candida. 

Summary.  1. Candida suspensions are non- 
pathogenic, and aureomycin solutions non- 
toxic, when either of these alone is injected 
intraperitoneally into mice. The mixture of 
both is fatal. 2. A similar “drug-fungus” 
effect though less pronounced was observed 
when aureomycin was given from 24 hours 
before to 4 hours after Candida inoculation. 
Given 8 and 24 hours after infection aureomy- 
cin was ineffective. 3. The virulence enhanc- 
ing activity of aureomycin was destroyed on 
standing at  room temperature or by boiling, 
a parallel to its antibiotic activity. 4. No 
indication of toxin production or biological 
alteration of Candida was found in vitro. 5. 
No direct growth stimulating effect by aureo- 
mycin on Candida was observed in cultures. 
The action in vivo was one of lowering the 
animal’s resistance. 
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Reduced Antibody Titers in Mice Treated with Carcinogenic and Cancer 
Chemotherapeutic Agents. (19419) 

R. -4, NALMGREN, B. E. BENNISON,* AND T. W. MCKINLEY, JR. 
(Introduced by H. B. -4ndervont.) 

From the .Vationat Cancer Znstit tite, Bethesda, M d . ,  

It has long been known that x-radiation, in 
addition to inhibiting( 1) and initiating( 2 )  
neoplastic Srowth, depresses antibody levels 
in esperimental animals (3 ) .  More recently 
this triad of effects has been demonstrated for 
nitrogen mustard(4-6). Further it has been 
reported that the Rous sarcoma virus in addi- 
tion to initiating tumors will also depress anti- 
body levels (7). Chemotherapeutic substances 
which have recently been shown to inhibit 
both tunior growth and antibody production 
are -4-methopterin( 8) , benzene( 9), cortisone 
( 10) and 8-azaguanine ( 1 1 ) . 

In view of the foregoing observations the 
iollowing work was undertaken to determine 
whether or not antibody inhibition is a prop- 
ertj- common to other substances involved in 
tunior production and inhibition. 

illaterials and methods. The data are based 
chiefly on results obtained in homozygous 
strain C ( B  alb C) mice 2 to 6 months old. 
However. the tests were frequently repeated in 
honiozygous strain C3H mice also 2 to 6 
months old, and the same results were ob- 
tained. The antibody forming mechanism was 

* Present address Division of Chronic Diseases 
and Tuberculosis. Public Health Service, FederaI 
Security Agency. Washington 25, D.C. 

T Sational Institutes of Health, Federal Security 
Agency. 

evaluated by determining sheep cell hemo- 
lysin titers of mouse serum harvested 5 days 
after the intraperitoneal injection of 0.5 cc of 
a 4% suspension of washed sheep cells in 
saline. The hemolysin titers were determined 
by noting the degree of hemolysis resulting 
from 30 minute incubation at  37OC af 0.5 cc 
of serial 2-fold dilutions of test sera with 1.0 
cc of 1:20 guinea pig serum and 0.5 cc of 1% 
sheep cells. Carcinogenic compounds and 
their non-carcinogenic analogues from three 
major groups of carcinogens were studied. 
These included 1) methylcholanthrene, 
1,2,5,6-dibenzan t h racene, 1,2 - benzan thracene 
and phenanthrene,0 2 )  butter yellow (p-di- 
methylaminoazobenzene) and p-diethylamino- 
azobenzene,Q 3) urethan (ethyl carbamate) , 
isopropyl carbarnate,: /3-chloroethylcarba- 
mate,$ and methyl carbamate.0 I! Test sub- 

$ An analogue with weak carcinogenic activity. 
0 Son-carcinogenic analogue. 
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