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THERAPEUTIC ACTION OF AbPHOTERICIN B IN
KXPDRIMENTAL BLASTOMYCOSIS

Annals of the Pasteur Institute E. Drouhet and R. Wilkinson*
Vol. 93, 1957, pages 631-646 Pasteur Institute. Department

of Mycology and Plant Phy-
siology

Thy mycosis caused by Blastomyces dermatitidis (North

American blastomycosis or Gilchrist's disease), characterized
by granulomatous and s',ppurating lesions harboring the para-
site, can evolve tn a fatal, widespread (visceral and cutane-
ous) form, as well as in a benign localized form.

This mycosis is cojsiderably improved by use of aroma-
tic amidines but prolonged use of these products is limited
by toxic neural incideuti.

Nystatin (3) was the first of the antifung2l polyenes
to be used clinically in infections of Candida; the discovery
of these fungicides opened a new era in The Therapy of these
mycoses and gave hop of a cure for these often fatal deep
wycoses. But, although ryitati: (tetraenw) aud cindicidine
(heptaene) are active in vitro against Blastomyces dermati-
tidis and in vivo parentlerally in the exp-erimntal'blastoiy-
cosis of the mouse, these antibiotics have not found thera-
peutic application in human blastomycosis. Actually, these
products are hardly toleratea parenterally and their weak
oral resorption in deep mycosis does not permit a cure.

Session of 4 July 1957, Societe Francaise de Microbiologie
(French Microbiology Sococty)
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Finally. amphotericin B, described by Gola et al, (2)
and by Vandeputte et al. (10), shviwed itseif remar1~aTj ac-
tive orally or subculaniousily in the following experimcntal
mycoses: candidippis, (7,8), cryptococcosi8 (5,7,8), histo-
Plasmosis (1,5), coccidioidowycosis (8), and ever in a case
of widespread human histoplntinoais (4).

In this article on the treatment of experimental blas-
tomycosis, we will compare the oction of amphotericin B (hop-
taste) with that of amphotericin A and of nystatin (both t*-
traenes): for this study we used both the mouse and the gold-
en hamweter, the experimental Interest of which has been empha-
sized previously (6).

t Equipment and Methods

Antibiotics: The batches of antibiotics used were as tollows:
ampl'ote'ricin A: batch HA 674-A (titrating 1,000 ug/mg); ampho-
tericin B: batch Dian 2 CR (titrating 818 pgw/mg) and batch
Dian 83-12-24 CR (titrating 850 p'g/mg); amphotericin A and B:

14 batch St 691-11-15J (product containing the two antibiotics
in equal proportions); nystatin: batch 5J 4649. These anti-

of the Squibb Institute for Medical Research, Now Brunswick,
N, J. Th4 antibiotics were placed into a water suspension at
the moment of use.

Strains: In the experiments on animals we used the
Blas.omy--es dermatitidis btrain number IP60 of our mycologic
collection, a st~rcain w~iach originated from the inycologic ser-
vice of the Osvaldo Cruz Institute. In the in vitro studies
three other strains were used: A 639, A 640 and A T-25, which
came from the collection of Dr, L.A~ollo (Center of Communica-
ble Diseases, Atlanta. Georgia). Thes. strains were maintained
in the mycelian phase on Sabouraud's glucose gel, acL normal
temperature. The fermented phase used for animal inoculation
was obtained at 370 by successive passage in the blood-cys-

toine-brain-heart medium.

In vitro study: The sensitivity of the mycelian phase
was stuZTe~ITther in a gel (rabouraud glucose medium poured
into 10 cc. Petri dishes) or in a liquid medium (Sabouraud
liquid medium). The sensitivity of the fermented phase was
studied at 37' in the blood-cysteine-brain-heart gel medium
poured into Petri dishes. For the gelled media we transfer-
red a suspension of fungic elements in rows using a tapered
pipette (4 strains per Petri dish). The fungic suspension



was made from ferments to study the ferment phase and from
spores to study the mycelian phase.

In vivo study: The animals used were whitemice weigh-
ing about 20g any-ung golden hamsters of the same weight.
For incoulations, in every instance, we used 0.5cc of a fer-
mented suspension of Blastomyces dermatitidib IP 50 contain-
ing about 1,000,000 ceTs perFcT. 6pon autopsy of dead or
sacrificed animals, fragments of spleen, liver and lungs were
spread upon the Sabouraud medium ard held at a temperature
of 27'. In some animals, histologic examinations of organs
vas carried out.

Subcutaneously administered antibiotics were suspended
in a physiological solution. Per os administration was per-
formed with an antibiotic suspension in one series of experi-
ments; 1 or 2 drops of the suspension, containing 1 mg. of
the product per drop, were administered using a drop-counting
pipette twice daily throughout the experiment. In another
series the antibiotic was placed into the drinking water at
the level of 10 mg. per 20 cc., this volume being available
to a group of 5 mice and renewed daily. At the end of the
experiment the tieatment was stopped 3 days before sacrific-
ing the animals in order to permit elimination of antibiotics
possibly fixed in the tissues.

1. Action of Amphotericines in Vitro

The result of the action of amphotericins A and B upon
the growth of the mycelian phase (Sabouraud gel or liquid me-
dium at 25') and upon the ferment phase (blued medium at 37])
of 4 strains of Blastomyces dermatitidis is summarized in
Table 1.

It can be seen from the table that amphotericin B has
a powerful fungicidal action upon the two phases of Blastomy-
ces dermatitidis, especially in a liquid medium where a con-
centration ofW0.i ,g/cc inhibits the growth of the 4 strains
of Blastomyces dermatitidis for a ten day period. Amphoteri-
cin-A is very much less active especially in the blood medium
where one strain in four is inhibited. Both antibiotics dif-
fuse poorly in the gel.

-3-
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Table 1

In vitro action of amphotericins A and B upon 4
sfrains of Blastomyces dermatitidis

W-6o i* 639 U 6.6. .65

---

W 7, tto .r c11e de oI 0t 0,t A

*Read ten days after spreading

tLegend}: 1) Phase tested; 2) Medium; 3)
Antibiotic; 4) Minimum inhibiting concentra-
tion* (ug/cc) Strains of Blastomyces dermati-
tidis; 5) Ferment; 6) -B- o-o-d'-ysat-
brain gel 37*; 7) Amphotericin A; 8) Myce-
1ian; 9) Sabouraud gel; 10) Sabouraud li-
quid.

Action of Amphotericins in Vivo

1. Subcutaneous action of amphotericin B

EXPERIMENT I - Three groupat each of 10 mice were inoc-
ulated intraperitoneally. An untrcated group served as con-
trol (Group 1), another (Group II) was treated with ampho-
tericin B administered subcutaneously for six consecutive
days starting twenty-four hours before the inoculation; last-
ly, another group (Group III) was treated immediately after
inoculation for five consecutive days. The daily doses of
amphotericin B used were of 2 mg. administered in two injec-

tions of 1 mg. morning and evening. A group of mice which were
not inoculated but were treated in the same manner as Group
II served as controls for the toxicity of the antibiotic.
Twenty-one days after inoculation the animals which remained
alive were sacrificed and their main organs cultivated in
Sabouraud's medium.

RNSULTS - No.tality - The admi.-,stration of amphoteri-
cin B considerably reduced the mortality of infected 1mals.

_4___



Table II

Action of subcutaneous amphotericin B in the
experimental blastomycosis of the mouse

(Experiment I)

*, *)) -.. ... . . . . .. ..

L -- -- -- _ * -- . . . . - . . .

*0: no iesions: h: hypertrophy of the organ;
1: very few nodular lesions; 2: few nodular le-
sions; 4: very many nodular lesions; - **0: cul-
ture negative; + cul-ture positive

[Legend): a) Treatment of the various groups
of mice; b) I. untreated, inoculation: 1
million ferrmants of Blastomyces dermatitidis:
c) 11. Amphotericin V. S ubcutaneou~s in-'e-

tion of I mg. twice daily (24 hours bofore and
5days after the inoculation); d) III. Am-
photericin B. Subcutaneous injection of 1 mg.
twice daily for 5 days (beginning after inocu-
lation); e) Animals: f) Macroscopic lesionS;
g) Cultures**; h) Number: i) Dead after
X days; J) Sacrificed after X days; k) No-
dules; 1) Peritoneal; m) Mesenteric; n)
Liver; o) Spleen; p) Lungs.
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Whereas in the control group 6 of the 10 inoculated animals
died by the twenty-first day, in Group II only 4 animals out
of 12 ve-e dead and in Group III, 3 out of 10.

Anatomic pathologic lesions-- Upon aitopsy of the spon-
taneously dead or sacrificed animals of Group Number I (untreated)
lesions of generalized blastomycosis were noted, in particular
numerous peritoneal and mesenteric nodules, and hepatic,
spleenic, pulmonary and testicular lesions. In contrast, the
majority of animal in Groups II and III showed no macroscopic
lesions, but in several animals a few peritoneal or mesen-
tlric nodules and slight splenic hypertrophy could be found.

Cultures - The spleen, liver and lung cultures were
positive in all animals of the control group; in contrast,
the majority of those from animals of the two other groups were
negative. Tables II and III summarize the findings from the
autopsies and organ cultures.

Several animals from Groups II and III died somewhat
earlier than those of the control group. The small number of
inflamed lesions and the low percentage of positive cultures
from organs of these animals leads one to suppose that a bud-
den liberation of toxic products coming from the dead Blasto-
myces occurred at the beginning of tree,-ment.

EXPERIMENT II - This experiment was carried out simul-
taneously in mice and hamsters treated with amphotericin B
under the following conditions: a group of animals (Group
II: 10 mice, 10 hamsters) was injected subcutaneously with
amphotericin B twenty-four hours before the incoulation;
another group (Group III: 5 mice aad 10 hamsters) was treated
immqdiately after the inoculation, and lastly a group (Group
I: 5 mice and 5 hamsters), inoculated but nat treated, served
as control. The awphotericin " was givcn subcutaneously via
one injection of I mg. per day, in accordance with the fol-
lowing plan: during the first week five injections were given,
four the second week and then one injection every three days
thereafter. Total amphotericin B dose in the mouse was II
mg., in the hamsters of Group II it was 15 mg. and in those
of Group III, 14 mg. On the nineteenth day, one animal from
each group was sacrificed, and on the twenty-seventh day of
the experiment the remainder of the living animals were sac-
rificed. A fourth group which was not inoculated served as
control for study of product toxicity.

-6-



Table III

Action of subcutaneously administered amphotericin B in
experimentally induced blastomycosis of the mouse

and golden hamster (Experiment II)

*) .. . . .
,1 ., : ' 4

L L

1 1. 0 0

"7 : : " C c

4i .a Macroscopic.le

'ios* 0 Cut rs* d) Tramn of the

,C :, . . . .C.

., _ .8"- . -7. C- I * . o

7, + ' +

* and ** Same legend as in Table 1I

1Lege~d] : a) Animals; b) Macroscopic le-
sions*; c) Cultures**: d) Treatment of the

various groups of animals; e) Number; f)
Dead after X days; g) Sacrificed after X days;
h) Nodules; i) Peritoneal; j) Mesenteric;
k) Liver; 1) Spleen; m) Lungs; q) Mouse
I, without treatment; r) Mouse II, amphoteri-
cin B beginning 24 hours before inoculation
(total 11 ag.); s) Mouse III, amphotericin
B beginning after inoculation (total 11 mg.);
t) Hamsters I, untreated; u) Hamsters II,

-7..



amphotericin B beginning 24 hours before inocu-
lation (total lb mg.); v) Hamsters III, am-
photericin B beginning after inoculation (to-
tal 14 mg.).

RI&ULTS - Using amp iotericin B subcutaneously we ob-
tained a 5urvival rate of 100 percent in hamsters and bO to
60 percent in mice inoculated with Blastomyces dermatitidis.
The mortality rate in untreated animals reach--d-1'0 percent-.

Except for slight splenic hypertrophy, no macroscopic
lesions were observed in mice of Group II treated twenty-four
hours prior to inoculation: hyportrophy of the spleen was
also noted in the animals of Group III -- treatment of this
group had begun after the inoculation -- but no other lesion
was observed except for a few mesenteric nodules in certain
animals. The organ cultures of treated annimals were negative
for all animals of Group II and ior 4 of the 5 animals of
Group III.

In the treated hamsters greatly reduced macroscopic l-
sions contrasted with the multiple nodular lesions observedin the controls (Table III); however, they were ritherlessevident than in mice which had undergone the same treatment.
The high percentage of positive cultures coming from the ham-

ster organs contrasts with the absence of positive mouse cul-
tures. This difference is probably due to the insulficlent
quantity of amphotericin administered to the hamsters, whose
initial weights of 24-30 gm. doubled during the experiment.

Toxicity - Amphotericin B administered to unioculated
animals showc-itself to be devoid of toxicity, but a local
reaction was noted at the site of the in.jection where a yel-
low deposit of amphotericin B was found; this deposit was
larger in the mouse than in the hanibter, the quantity of am-
photericin administered per gram of body weight being slightly
less in the latter.

In conclusion, parenieral amphotericin B prevents the
death of mice and hamsters inoculated with Blastomyces derma-
titidis and causes the sterilization of the majority ofainiZ
als Itreated. Some local reaction occurs at the site of the

subcutaneous injection of this product, thus limiting thera-
peutic use of the method.
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EXPEIMENT Ill - Thirty-live mice vere inoculated in-
traperitoncally with Blastorivces dermatitidis. TN, nty-live
viere treated with amph-Stc-i -- addi t--their drinking
water. The quantity absorbed daily per mous.e was about 2 mg.
The treated mice %ere scuarated iinto two groups. For Grotto
I (15 mice) treatment began three days before inoculation,
for Gro,p 11 (10 mice) treatment commenced at the same time
as the inoculation. A third group (Group 11: 5 mice) rv-
mained untreated as a control for study and a fourth group,
uninoculated (Group IV; b mice), served as control for study
of the toxicity of the antibiotic. One animal for each group
was sacrificed nineteen days alter inoculation and animals
which survived were sacriliced on the thirty-first day.

RESULTS - Mortality -- Al) untrcatcd animals suffered
from generalized blastomycosic lesions and died between the
tventy-fourth and twenty-ninth days. only three mice from
among the fourteen of Group I treated prophylactically died
between the twenty-fifth and twenty-sixth days, 5 of 9 mice
from Group II treated at the same time as the inoculation died
between the liiteonth and twenty-sixth days after inoculation.

Pathologic findings. Certain of the treated animals,

which died spontaneously, showed a few peritoneal lesions and
slight splenic hypertrophy; the others had no signs of infec-
tion; in contrast. all untreated animals died with multiple

peritoneal, hepatic, splenic and pulmonary lesions (Figs. I
and 2). The sacrificed Animals from the prophylactically
treated group showed no blastomycosic visceral lesions; only
slight hypertrophy of the spleen -as observed.

Cultures - uith the exception of one case, all the or-
gan cultures of the animals of the group treated prophylac-
tically remained negative. In the group of mice treated
after inoculation all cultures were negative, even in two ani-
mals with periLuueal and hcpato-splcnic lesions.

EXPERIMhNT IV - Seventv mice and 30 hamsters, divided
into groups of 10, were inoculated with Blastomyces dermati-
tidis. Ten mice and 6 inoculated but unT[-ateJh--stors made

Goup I, control; the other groups of animals were treated

orally. For three groups ol mice (lots II, V and VII) the
lungicidal antibiotics (amphotericin A, amphotericin AD and
nystr.tin) were placed into the drinking water; the dose ad-
ministered daily was 10 mg. in 20 cc. of water for 5 mice
using the same bottle. For three other groups of mice (Groups
III, IV and VI) and ior the two groups of hamsters (Groups II

9t
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Fig. 1. Appearance of lesions of generalized
blastomycosis in a golden hamster.
According to the legend used for
Tables I, II, IV and V, oua notes:
peritoneal nodules, 4; mesenteric
nodules, 4; liver, 3; spleen, 2;

lungs, 2.

and IiI) the antibiotics studied (nystatin, amphotericin B
and amphotericin AB) were administered orally with a drop-
counting pipette. The dose per mouse was one drop contain-IIing 2 mg. of antibiotic twice daily, morning and evening,

during the first three days, then two drops of 2 mg. twice
daily. For hamsters the same routine was followed but each
drop contained 4 mg. of antibiotic. The antibiotics were ad-
ministered for four weeks, 6 days a week with one day of rest.

Treatment commenced one day before inoculation. On the

-10-
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Fig. 2. Histologic section of a peritoneal

nodule from an inoculated but un-
treated hamster. Note the large num-
ber of different sized ferments. Hotch-
kiss -- MacManus stain.

twenty-seventh day after inoculation the animals were sacri-
ficed and the main organs dispersed into Sabouraud's medium
as in the previous experiments.

RESULTS - The results of the experiment summarized in
Tables IV -nd V show animal mortaility rates, the anatomic-
pathologic lesions observed at autopsy and the results of
the cultures of the organs. Accordiag to these tables it ap-
pears that oral administration of amphotericin B and ampho-
tericin AB (either via pipette or in drinking water) allows
survival of all the infected mice and hamsters: the mortality
of untreated animals reached 100 percent; no visceral spread
of Blastomyces dermatitidis was observed in animals treated
witYTfse antibiotics;-the only visible lesions were hyper-
trophy of the spleen and, at times, hypertrophy of the liver.
All organ cultures (liver, oleen, lungs) were found to be ne-
gative.

In contrast, oral amphotericin A and nystatin showed
no therapeutic activity in the blastomycosis of mice and

- 11. -



Table IV

Comparison of the action of orally administered
amphotericins A, B, AB and of nystatin in the

blastomycosi of the mouse (Experiment IV)

" ii J .. ) . . , . . -. . ' ) t, , * i

, -f - ---

4 IC

2 2, C a

* and *S Same legend as in Table II

ILegend): a) Treatment of the various groups
of mice; b) Animals; c) Macroscopic le-
sxons*; d) Cui.ures**; e) Dead after X
days; f) Sacrificed afte, X uays; g) Pori-
toneal; h) Mesenteric; i) Liber; j)
Spleen; k) Lungs; 1) Nodules; m) Without
treatment; n) Amphotericin A in drinking
water; o) Amphotericin B orally; p) Ampho-
tericin AB orally;. q) Amphotericin AB in
drinking water; r) Nystatin orally; s) Nysta-
tin in drinking water; t) N.B. a'- to, et -

and - -

- 12 -
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Table V

Comparison of the action of orally administered
amphotericins A, B, AB and of Nystatin in
experimental blastonycosis of the hamster

(Experiment IV)

a 4,4 .. . .. . I 44

-,.) - I , 4 4 -

"- 4? 4 4 - 3, -

I 13 . .

3 ' 4 4 4
1 7 4 &

4 - 81 4 4 4 ;

,j 4l t .&,.. I46 Co ; C L ;

43 2 ? ,0 C - U ' 0

4o ; - 2 -

and Same legend as in Table II

iLegendi: a) Treatment of the various groups
of hamsters*; b) Animals; ) Macroscopic le-

sions*; d) CLtuxes**; e) Dead after X days;

f) Sacrificed after X days; g) Peritoneal:
h) Mesenteric; i) Liver; j) Spleen; k)
Lungs; 1) Nodules; m) Without treatment;
n) Amphotericin A; o) Amphotericin B; p)
Amphotericin AB; q) Nystatin; t) N.B. a' -

to.

hamsters. Mortality rates with amphotericin A were 100 per-
cent, the same as for the untreated group; the mortality of
the nystatin group varied between 87 and 90 percent. The
visceral lesions of these animals were identicalto those ob-
served in untreated animals.

- 13 -



Discussion

According to our experiments, orally administered am-
photericin B has remarkable therapeutic actic in the experi-
mental. blastomycosis of the mouse and golden hamster. Results
recently obtained upon various experimental mycoses such as
histoplasmosis (1, 5), coccidioidomycosis (8), cryptococcosis
(5,7,8), candidosis (7,8) may per-it therapeutic application
of this antibiotic in severe mycoses of man and animals; at
the present time no specific treatment exists. Nystatin, the
first fungicidal antibiotic to be found particularly effec-
tive orally or locally in Dandida-type infections, has proven
ineffective orally against visceral mycoses such as histoplas-
mosis, coccidioidomycosis, cryptococcosis, etc. because of its
low concentration in the blood. Parenterally, nystatin has
proven active against numerous experimental mycoses including
blastomycosis; but the difficulty of obtaining pure, active
and parenterally well-tolerated preparations still precludes
therapeutic application via this meaDs. Subcutaneously ad-
ministered amphotericin B also provokes certain local reac-
tions, but its oral tolerance is perfect and its activity, as
we shall show, is remarkable. In contrast, amphotericin A,
another antibiotic extracted from the same Streptomyces as
amphotericin B, less active in vitro upon Blastomyces dermati-
tidis, has proven ineffective against blastomycosis. From
our experiments, the favorable action of the product contain-
ing amphotericins A and B is due solely tolhe B fraction. The
physical-chemical properties of these products as studied by
paper chromatography and by bio-auto-radiography in the ultra-
violet indicate that amphotericin A is a nystatin-like tetra-
ene while amphotericin B is a heptaene similar but not iden-
tical to heptaene oi the trichomycin and candicidin type.

According to Louria et al. (5), daily administration
to mice of 75 to i50 /g of arm- -otericin E per kilogram leads
to an antibiotic level of 0.70 to 1.5 /sgicc. in the blood;
in man, administration of 2.4 to 5 g. per day gives a blood
amphotericin level of 0.12 to 0.21 pg/cc. As the sensitivity
in vitro of Blastomyces dermatitidis to amphotericin B is con-
W-frafrble (0.1 /g/cmj) and as in animals average doses of
100 /Ag/kg. per day have proven effective in experimental
blastomycosis, therapeutic application of this antibiotic has
every possibility of being effective in cases of widespread
blantoaycoais,

-14-
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Fig. 3. Mortality rate of mice inoculated
with Blastomyces dermatitidis and
treated with iungicidal antibiotica
placed in the drinking water. (Ex-
perment IV)

LLegend]: a) Mortality rate; b) Days; c)
Experimental blastomycosis in the mouse Ex-
periment IV-, d) Antibiotic placed in drink-
ing water (2 mg/4 cc. of water per day per
mouse); e) Untreated; f) Nystatin; g)
Aniphotoricin A; h) Amphotericin B; i)
Amphotericin AB.
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Experimental blastomycosis in the golden ham-
ster Experiment IV - orally adtainistered an-
tibiotics; e) Untreated; f) Nystatin; g)
Amphotericin A; h) Amphotericin B; i) Am-
photericin AB.
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SUMIARY

Therapeutic Activity of Amphotericin B in
xperimental Blastomycosis

Amphotericin B Is a heptaene isolated from a Strepto-
myces. It has a marked Inhibitory activity on Blastomyces
dermaTitidis in vitro and a curative activity on eixperimental
blastomycosis in mice and hamsters.

In vitro, the growth of the mycelium phase (experiment
on four-9-rainsof B. dermatitidis) is inhibited during 10
days by 0.1 #g/cm 3 (Sabouraud liquid medium). The growth of
the yeast phase in inhibited, by 0.7 ,g/cm 3 (blood-cystsin-
brin-heart medium).

In vivo, 100% of the mice and hamsters inoculated
intraperiton-ealy with 1,000,000 B. dermatitidis yeasts sur-
vive when they receive amphotericin B, orally in dosages
from 2 to 8 Pg per animal. The death-rate of the controls in
100% within 4 weeks. But for a few exceptions, the treated
animals do not present any anatomo-pathological lesions and
the cultures of spleens, livers and lungs are negative.

Amphotericin A and nystatin (both tetraenes), adminis-
tered orally, are inactive on experimental blastomycosis in

4mice and hamsters.

The effect of subcutaneous injection of ampnotericin
Bis similar to that of ingestion, but provokes a local reac-
tion at the site of injection.

i Amphotericin B in not-toxic at the dosages used in
the experiments.

.
~-Is8-
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