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INTRODUCTION

Histoplasmosis was described over £0 years ago 
by S. T. Darling while he was a pathologist at Ancon 
(now Gorgas) Hospital in the Panama Canal Zone (20). 
During 1905-1906 three patients had entered the hospital 
terminally ill, constantly febrile, coughing, vomiting 
and suffering from diarrhea. Hepatosplenomegaly, anemia, 
and leukopenia were noted. Autopsy revealed lesions 
resembling tuberculosis in the lungs, spleen, liver and 
lymph nodes. However, on histologic study Darling found 
large numbers of small organisms packing the macrophages 
in these lesions, in the bone marrow, and in ulcers of 
the intestine as well. These organisms were round or 
oval with refractile rims and measuring 1-4 microns in 
diameter. He concluded that these were protozoa and 
named them Hlstoplasma capsulatum: calling the disease 
"histoplasmosis0. Not until 1926 was it heard of again 
when Riley and Watson reported a patient that had suc
cumbed to the disease in Minnesota. By 1945# 71 cases 
had been reported, almost all in the United States and 
involving all age groups. Since previous clinical ex
perience had been of no consequence, histoplasmosis was 
still considered a fatal illness. However, the organism 
had been isolated and cultured in 1934 by De Monbreun
(5), who had demonstrated that it was a fungus; thus 
cultural characteristics were known. In 194l Zarafonetis
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and Lindberg (22) and others, introduced the histoplas- 
min skin test using a broth filtrate of H. capsulatura.
It was shown that this test was positive within two to 
three weeks after onset of the disease. Since 19Ì+5 
diagnostic antigens and serologic procedures have also 
been available. These diagnostic procedures gave an 
entirely new picture of the disease. Skin tests indi
cated that the disease is encountered over most of the 
world, and is one of the most widely distributed of the 
systemic mycoses (9)• These tests revealed endemic 
areas in the United States where the incidence ranges 
from 70 t,o 90 percent in the Mississippi valley west of 
the Appalachian foothills to 0 to 10 percent elsewhere 
(see chart 1 ). Consolation is gained from the fact that 
most infections produced by H. capsulatura are asympto
matic or so slight in degree as not to necessitate 
medical attention.

Soil survey programs have isolated the organism 
from many sites in the United States. Emmons (10) iso
lated the organism from soil in I9Ì4.9, and since that 
time it has been recovered by many workers from soil 
(12), dust and debris. Thus it is easy to agree with 
Loosli1s (17) summary: "The available epidemiological 
and experimental evidence strongly supports the view 
that the respiratory tract is the portal of entry of the 
histopiasma fungus regardless of the type of illness it
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pro v o k e s .
A survey by Emmons et al. (11) extending over a 

period of eight years has shorn that the organism could 
be isolated from a variety of different animals, domes
tic and wild, including dogs, cats, rats, opossums, 
skunks and foxes. A total of lj.,661̂  animals from Loudoun 
County, Virginia, were killed and examined by culture 
for evidence of histoplasmosis. Of this number 309 
showed positive cultures for H. capsulatum in their 
tissues; the highest incidence, 37 percent, occurring 
in dogs, of which 397 were examined. With few excep
tions the animals did not have clinically apparent histo
plasmosis. Prior to these studies the occurrence of 
histoplasmosis had been conclusively proved in only man 
and the dog. However, the investigators pointed out 
that there is no apparent danger of the disease being 
transmitted directly from animal to man except in the 
case of severe infection.

To date there has been little progress made in 
combating disseminated cases of histoplasmosis (21).
No chemotherapeutic agent is available which consistent
ly and favorably alters the course of the disease. This 
paper deals with an attempt to cure experimentally in
duced histoplasmosis in mice with furfural as a chemo
therapeutic agent.



REVIEW OF LITERATURE

During the past several years a large number of 
investigators have concentrated a great deal of time 
and effort in an attempt to find an effective chemo
therapeutic agent for use against histoplasmosis. In
numerable drugs, antibiotics and compounds have been 
tried and the number is constantly increasing. Some of 
these agents show great promise while others have failed 
completely. A summary of some of the more important 
substances used follows.

Lehan, Furcolow, Brasher and Larsh (16) at
tempted ^o use seven newer antifungal agents on thirty- 
seven human cases of histoplasmosis*. These seven drugs 
showed promising in vitro studies and are as follows;
(1 ) 2 hydroxy - stilbenedicarboxamide isothionate;
(2)  2 - amino - ii,!*.1 stilbenedicarboxamide; (3) 8 di-
ethylaminoe thyl fencolate; (Ij.) disulfiram; (5) nystatin;
(6) 1,2 bis (p(n - hexyl methyl aminomethyl) phenoxy) 
ethane dihydrochloride; and (7) amphotericin B.

No therapeutic effect on histoplasmosis could be 
demonstrated in those trials employing the stilbamidines, 
disulfiram, nystatin, and 8 diethylaminoethyl fencolate 
(18). However, therapeutic trials are still underway

* Five patients had acute progressive disseminated 
disease, the remaining 32 had chronic progressive 
cavitary histoplasmosis.



-6-

with both 1 ,2 bis (p(n - hexyl methylaminomethyl) phen- 
oxy) ethane dihydrochloride and amphotericin B. Two 
case histories and studies on infected mice revealed 
that these two drugs are relatively nontoxic and offer 
a possible hope in the treatment of progressive histo- 
plasmosis.

Baum, Rubel and Schwarz (1) used amphotericin B, 
nystatin, and sulfadiazine both alone and in combination 
for treating experimental histoplasmosis in hamsters.
These experiments revealed no absolutely effective treat
ment for the disease. However, they observed the combi
nation of ¡sulfadiazine with either nystatin or amphoter
icin B has better therapeutic effect than each drug 
given separately.

Nystatin has been the subject of study for use 
as a chemotherapeutic agent against histoplasmosis by a 
number of investigators (?)• Hazen and Brown demonstrated 
prolongation of survival rate in mice after intraperitoneal 
inoculation of H . capsulatum when nystatin was given simul
taneously. Of interest is the fact that prolongation of 
the survival rate was greatly dependent on the time of 
initiation of treatment. With this thought in mind 
Drouhet and Schwarz treated infected hamsters and mice 
with nystatin and found that the fulminating course of 
disease was considerably retarded with all their schedules 
of treatment with nystatin.
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Campbell (2) showed a considerably higher per
centage of survivors in animals infected with H. capsu- 
1aturn and treated with mycostatin (nystatin) as compared 
with untreated controls. She also showed prolonged sur
vival time in mice infected with lethal doses of the 
organism when she used a new antibiotic, 1968 (NEPERA)-s. 
NEPERA is also being further investigated as a potential 
therapeutic agent for the disease.

Christison, Conant and Bradsher (3) investigated 
the use of rhodanine and its related compounds as chemo
therapeutic agents against histoplasmosis. These compounds
were selected because they contain either a dithiocar-

S
bamate linkage, II or an <*,0-  unsaturated

—A— C — S —
carbonyl linkage, i l l  or both. These linkages

—  C =  C- C=rO
are known to be responsible for the antifungal activity 
of certain commercial fungicides and insecticides. In 
vitro the compounds proved rather effective in inhibit
ing H. eapsulatura. especially rhodanine. However, all 
compounds were found to be too toxic for further experi
mental use, so they sought another related compound which 
had a known pharmacologic behavior. The substance which 
fit their needs and contained a dithiocarbamate linkage 
was tetraethylthiuram disulfide (antabus). The effect 
of this drug on experimental histoplasmosis in mice was

«■ Derived from Streptomyces sp. 1968
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investigated. Ho protection was conferred on the mice 
against histoplasmosis with the levels of tetraethyl
thiuram disulfide used.

Attempts have also been made to immunize mice 
against experimental histoplasmosis. Grays ton and Salvin 
(13, lit, 15>) made studies of mice immunized by formalin- 
inactivated yeast phase organisms and sublethal intra- 
peritoneal infection. Mice thus immunized and followed 
by intracerebral challenge ameliorated the course of 
the disease. Immunization failed to effect the develop
ment of disease following intranasal infection.

Since an effective chemotherapeutic agent for 
use against disseminated cases of histoplasmosis is not 
as yet available it was felt by this author that the 
use of furfural (8) on the experimental disease might 
prove beneficial. For many years this substance has 
been known to possess bactericidal and fungicidal activ
ity.

Furfural has usually been considered as discovered 
in 1832 by Dobereiner, when he reported the isolation 
of a few drops of a yellow oil from the milky distillate 
obtained incident to the preparation of formic acid from 
sugar by the action of manganese dioxide and sulfuric 
acid. In 1850, Stenhouse speculated, and showed by in
vestigation, that under the proper conditions all plant 
materials would produce furfural or some related product.
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It was shown many years later that any vegetative materi
al rich In pentose sugars Is a potential source of fur
fural. Presently such materials as corn cobs, sugar cane 
stalks, and oat hulls are primarily used for commercial 
furfural production. Stenhouse was also responsible 
for the empirical formula of furfural which led
to Its molecular configuration:

H C —  
II

—  C H 
II

H
II
c

11
C-CHO

X  zo

The name furfural was first used by Fownes. 
actually he proposed the name "furfurol” (furfur - bran; 
oleum - oil) for the product which he derived from bran 
and aqueous sulfuric acid, but in America the suffix 
"ol” has been changed to "al" in recognition of the 
aldehyde nature of the compound.

Studies relating to the use of derivatives of 
furfural for the synthesis of pharmaceutical products 
have led to some important developments. This is 
particularly true in connection with nitrofuran types, 
the antibacterial activity of which was investigated by 
Dodd and Stillman (6). They observed that the intro
duction of a nitro group into the 5-position of 2- 
substituted furan compounds conferred bacteriostatic 
properties against five of six test organisms which in-
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eluded Staphylococcus aureus. Dlplococcus pneumoniae, 
Streptococcus hemolytlcus, Eberthella typhosa, Escheri
chia coli, and Pseudomonas aeruginosa. They also noted 
bactericidal activity at certain levels of concentration.

On the basis of these results, Cramer and Dodd 
(if.) studied the mode of antibacterial action of six 
promising nitrofurans on Staphylococcus aureus. 5-
Nitrofurfural was found to possess a unique type of 
bacteriostatic activity. It is markedly active during 
the lag phase of growth, greatly prolonging the period 
during which no bacterial reproduction takes place.
Once initiated, however, the rate of reproduction is 
thereafter unaffected by the compound. 5-Nitrofurfural 
is available commercially under the trade name Furacin.

A number of furan mercurials have antiseptic 
value, as shown by Phatak and Laake. In their investi
gations it was found that 5-nitro-2-furylmercuric 
chloride possessed the highest degree of bacteriostatic 
activity as compared with the several other compounds 
tested. Patents have been issued to Burtner dealing 
with the use of furylmercuric chlorides, di-2-furyl- 
mercury, and 2-furylmercuric hydroxide (Fumerane) as 
antiseptics•

Many other furfural derivatives have been and 
are being studied for use in the field of antibacterial 
agents. The future should witness interesting and



import ant developments•
For many years furfural itself has been used in 

aqueous solution for control of wheat smut; hydrofuramide 
has been suggested for the same purpose. Also, a one 
percent solution of furfural has been said to clear up 
fungus infections causing athlete’s foot. When sprayed 
on sand beaches, it destroys fungi, such as the organism 
which causes “swimmer’s itch".

Dunlop (8) states that fungus diseases of corn 
may be controlled by dusting the seed with a fungicide 
prepared from mercuric chloride and hydrofuramide• This 
product wag at one time marketed under the name Sterocide, 
but has since gone off the market, for reasons not stated 
by Dunlop.

Furaspor, a fungicidal ointment commercially 
available, contains 5-nitrofurfuryl methyl ether as the 
active ingredient. It is especially effective against 
ringworm of the scalp.

Furfural itself has not had the intense investi
gation that its derivatives have received; yet some of 
its properties indicate that it deserves further study. 
With this in mind it was decided to investigate the 
effect of furfural on the fungus H. capsulatum.

-11-



IN VITRO STUDIES

Sabourand dextrose agar plates were used to which 
was added furfural of varying concentrations, as shown 
in Table 1. The plates were inoculated with a stock 
culture strain of the mycelial phase of H. capsulatum 
and incubated at 25°C• At the end of three weeks the 
plates were examined and it was found that all concen
trations of furfural had inhibited growth of the organ
isms while profuse growth occurred on the control plates.

The procedure was repeated, this time using 
brain-heart infusion agar with 0 .1 percent cystine and 
5 percent human blood (19)» The plates were then in
oculated with a known pathogenic strain of the yeast 
phase of H. capsulatum#. Again it was found that all 
concentrations of furfural inhibited growth while the 
control plates grew abundantly. See Table 2.

Now that cultural studies were completed it re
mained for studies on the toxicity of furfural to be 
initiated. The animals employed were white Swiss mice.
It was found that 0.5cc of a 1.0 percent concentration 
of furfural would kill a 25 - 35 gram mouse within two 
minutes when given intraperitoneally. The mice appeared 
to die from an acute anaphylactic reaction; the symptoms 
being forced and spasmotic breathing, urination, defe-

# Strain 662I4. obtained from C. W. Emmons, National 
Institutes of Health



TABLE 1
Sensitivity of Mycelial Phase of H. capsulatum to Furfural

Concentration_________  _____ _____________ Days

1 .9 #  -
T  2 3 K  5 5  7 8 9 ÏÜ  I I  12 13 H I  33  15  Ï 7  TB Î 9  20  2 Ï

Ö 7 7 &
0 .5 0 %
0 .2 5 %
0 .1 2 5 %
0 .0

TABLE 2
Sensitivity of Yeast Phase H. capsulatum to Furfural

Concentration______________ ___________________  Days
o .S o %

1 2 3 ~ T ~ $ " " 5 ” 7 s 9 10 l i 12 . 13 m  .
- - - - -

o . - - - - - - - - - - - -

0 .1 2 5 % - - - - - - - - - - - -

0 .0 % / _ _ z L _ ______ - j L „ ......A  .. - L ______



cation, and limb paralysis. In order to counteract the 
release of histamine, which is believed to be the sub
stance responsible for the anaphylactic reaction,
0.3cc of epinephrine was immediately injected intra- 
peri toneally following the injection of 0.3cc of two 
percent furfural. No mice succumbed when this pro
cedure was followed. Other mice that received furfural 
injections of 0.75 percent or less tolerated the injec
tions very favorably.

Further toxicological studies were made now 
that the lethal dosage of furfural was known. Four 
groups of mice were used and each group subjected to 
dàily injections of furfural for a period of eight weeks. 
The first group received 0.5cc of 0.75 percent furfural; 
a second group received 0.5ce of 0.50 percent; a third 
group was given 0.5cc of 0.25 percent; and the fourth 
group received 0.3cc of 3*0 percent followed immediate
ly with 0.3cc of epinephrine. No deaths were encountered 
during the eight week period, but at the end of that 
time the mice were sacrificed to obtain the liver, lungs, 
spleen, and kidneys of each animal. These organs were 
sectioned, stained, and permanently mounted. Microscopic 
studies were then made by Dr. Arthur L. Sciortino, 
Department of Pathology, Creighton University Medical 
School. From these studies it was found that these 
organs suffered no apparent irreparable damage.



IN VIVO STUDIES

For in vivo studies, white Swiss mice were em
ployed which were approximately three weeks old. Thes 
were divided into four groups, each group containing 
five mice. The first group served as a normal control 
which received neither the histoplasma organisms nor 
furfural treatments. The second group contained mice 
which received daily injections of furfural only; 
these were the furfural controls. The third group 
served as the histoplasmosis controls, receiving a 
single injection of H. capsulatum organisms only. The 
fourth group was inoculated %vith the organisms, and 
beginning twenty-four hours later received daily in
jections of furfural.

The organism used for in vivo studies was the 
yeast phase of H. capsulatum. strain No. 662lp. It was 
maintained by growth at 37°C. on slants of brain-heart 
infusion agar to which had been added 0 .1 percent 
cystine and 5»0 percent human blood. The yeast-phase 
cells employed for animal inoculation were grown for 
72 hours, after which time they were washed off the 
slant with lOcc. of sterile broth. Mice belonging to 
groups three and four were injected lntraperitoneally 
with 0.l5cc. of this suspension.

The mice belonging to group four were injected 
daily with 0.l5cc. of 0.75 percent furfural by the



-1 6

intraperitoneal route. At the end of two weeks, all 
mice were sacrificed and the spleens aseptically re
moved. Sections of the spleen from each mouse were 
minced and inoculated on Sabourauds dextrose agar, and 
allowed to incubate at room temperature. At the end 
of two weeks the plates were examined. Growth was 
observed on plates inoculated with spleen from group 
three mice (H. capsulatum controls), but growth was 
markedly inhibited or there was no growth at all on 
group four, as shown on Table 3* Identification of 
the fungal growth was made by Dr. R. J. Laffin.





SUMMARY

From the time that histoplasmosis was first 
described by Darling and up to the year 19^1, the 
disease had been considered rare and uniformly fatal. 
With the introduction of their skin test in I9I4.I, 
Zarafonetis and Lindberg attracted world-wide atten
tion to the disease. This skin test, along with 
cultural techniques, revealed that the fungus has a 
world-wide distribution and that endemic areas for 
it exist. There are areas in the United States 
alone where the incidence is as high as 70-90 per
cent. Encouragement is gained from the fact that 
only a small percentage of the population acquire 
the clinical or disseminated form of the disease.

In spite of the attention attracted to histo
plasmosis by investigators, a satisfactory means of 
therapy is not as yet available for this disease.
The search for an effective chemotherapeutic agent 
continues. With this is mind an attempt was made to 
determine the effectiveness of furfural, in vitro and 
in vivo, against H* capsulatum. Furfural is known to 
have certain antifungal properties both in itself and 
particularly in its derivatives.

In vitro studies revealed that furfural com
pletely inhibits growth of the organism at concentra
tions as low as 0.25 percent. Toxicological studies
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showed that mice weighing 25-35 grams could tolerate 
up to 0.5cc. of 0.75 percent furfural when injected 
intraperitoneally daily for a period of eight weeks. 
Pathological studies revealed that the vital organs 
suffered no apparent irreparable damage at the end of 
that time.

Two groups of mice were injected with heavy 
dosages of H. capsulatum yeast cells; one group re
ceived daily injections of furfural for a period of 
two weeks, the other group received no treatment. When 
the mice were sacrificed two weeks later and culture 
plates inoculated with spleen tissue from each mouse, 
it was found that only one out of five treated animals 
showed mycelial growth at room temperature, while all 
five untreated H. capsulatum controls showed growth 
at the same temperature. Thus, it seems that the use 
of furfural as a chemotherapeutic agent against histo
plasmosis is feasible and that it certainly warrants 
further investigation.
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