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the venous blood sugar of man. This re- factor. This effect of anesthesia is attributed 
>ponse is ~ a r i a b l e  in yuantit_v and is not in- to an increase in peripheral blood flow rather 
creased by increased dosage. The production than to an augmented hyperglyceinic effect. 

Esperiinental Histoplasmosis in the White Rat.* ( 18132) 

The true effectii-eness of any substance of 
potential promise in the therapy of an in- 
fectious disease can be evaluated only in 
ternis of its capacitJ- to inhibit or kill the 
pathogenic microorganism in the tissues of 
an infected host. I t  is perhaps not unreason- 
able to suggest that lack of a standardized 
laboratory procedure for testing the in vivo 
activity of chemotherapeutic agents has been 
responsible for the delay in the development 
of an effective method of treatment of the 
systemic mycotic infections. IYith increasing 
recognition of the prevalence of these diseases 
has come an awareness of the necessity for 
some specific form of therapy, since the sys- 
teniic niycoses? though not of comnwn oc- 
currence. have a high mortality rate. Ex- 
tensive experience with histoplasmosis a t  the 
i'anderbilt Vniversity Hospital led us, a little 
more than a year ago, to undertake the 
development of a standardized technic for in- 
fecting animals with Histoplasma capsulatum. 
The widespread interest in histoplasmosis is 
reflected in the recent appearance of two 
articles on the experimental production of 
this fungous disease in animals. Campbell 
and Saslaw( l ) ,  and Howell, Kipkie and 
Bruyers ( 2  ) , have been able to demonstrate 
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consistently successful infection of mice with 
H .  c a p s d a t u m .  The  present paper is a report 
and discussion of the procedures we have 
developed for inducing generalized histoplas- 
mosis in the white rat. 

J fc thods  and experiments. Animals. Snce  
it x a s  anticipated that certain drugs to be 
tested might have to be administered b y  
gavage. mice were not used because of their 
small size. Guinea pigs had been shown (un- 
published data) to be unsuitable because of 
a too great lack of uniformity in reaction to 
infection with H .  capsubatmi. IThite rats, 
of the Sherman strain, were tried and found 
to be reasonably satisfactory; healthy, white 
females. weighing 125 t 8 g were used 
throughout the experiments. 

Inoculuiii. Preliminary experiments, 0~7er 
a period of a few months, with small groups 
of animals inoculated with equal numbers of 
organisms in each experiment, showed a great 
variation in mortality rate. The  hypothesis 
was advanced, then proven correct, that even 
though the absolute numbers of organisms 
injected into the rats were identical, the 
number of iliahlc: organisms in the inoculum 
differed greatly. ,kcordingly, a rigid technic 
and schedule of transfer was instituted : under 
these conditions. transfer of cultures a t  three- 
day  intervals produced a growth which, at 
the time of transfer, yielded a relatively con- 
stant percentage of vizble organisms. .%fter 
virulence tests on several strains of H .  cap- 
sulatirni obtained from different sources. Y. C. 
strain KO. 621,t which appeared more viru- 
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Mil l ions of viable yeast cells 

FIG. 1. 
R c I i t  t i o 11 3 1 I i 1) 1 ) r twe en iiumbe 1’ of viable yeast 

cells of ITt‘sfoplasrraa capsulatunt injected intra- 
~ r n o u s l y  into rats and the  percentage mortality 
obtaiiircl. Curves ( ( a ” ,  “b”,  and “ c ”  reprevent 
thret. different experiments carried ont  at sereral 
-months iiitcrrals. 

lent than the others, was chosen and used 
throughout the studies reported here. 

Yeast cells from 3-day-old cultures were 
suspended in physiological saline, and ad- 
justed photometrically to a standard density 
containing a known number of organisms. 
On the basis of the previously estabfished 
probable percentage of viable organisms, sus- 
pensions of yeast cells were made up to con- 
tain the desired numbers of viable organ- 
isms per ml. ( In  each experiment, determina- 
tion was made of the percentage of viable 
-organisms in the standard suspension, and 
any deviation from the expected percentage 
taken into account in the final evaluation of 
dosage-mortality rela tionships. j 

Procedures. Preliminary runs indicated that 
a 0% to 1OOF mortality prevailed when the 
number of viable organisms injected per ani- 

t I7.C. strain S o .  621 was isolated from a S-month- 
old infant n-ho died with disseminated histoplsznosis 
in  1919. 

ma1 was varied between 4 to 40 millions. 
Five rats were used for each of 4 different 
dosage levels of organisms; the animals were 
inoculated by tail vein with 1 ml of a sus- 
pension containing the calculated probable 
number of viable yeast cells. I n  view of the 
large number of organisms found necessary to 
effect a high mortality, it was felt desirable 
to inject a small group of animals with killed 
organisms. For this purpose 5 rats were in- 
jected intravenously with 1 ml containing the 
maximal number of vilable organisms, which 
had b’em heat-killed. Itn anather experiment, 
5 rats w’ere injected in’traperitoneally, with 
the miaximal number of organisms. A11 
animals were observed carefully until death 
ensued, or until after four weeks had elapsed, 
after which interval of time the animals 
rarely succumbed. 

Results and discussion. The results of 3 
typical runs, carried out several months apart, 
are shown in Fig. 1. Curve “a”, which has 
only 2 points since the 2 higher dosage 
levels also yielded loo*% mortality, is given 
here because it represents the results ob- 
tained in one of the earliest runs, and shows 
good correspondence with curves “b” and “c”, 
which represent experiments carried out a t  
considerably later dates. The LDa0 for these 
3 runs ranges between 1 7  and 21  rnilIion 
viable yeast cells per rat. 

Y o  effects, other than a transitory weight 
loss, were shown hy the rats inoculated intra- 
venously with maximum doses of heat-killed 
organisms, or intraperitoneally with the same 
doses of viable organisms. 

A11 animals which succumbed to the infec- 
tion showed a steady weight loss, amounting 
to about 3076 of their original weight, by 
the time of death. Such animals alS0 man- 
ifested an increasing lethargy, with markedly 
decreased intake of food and water. The in- 
terval ,between the time of inoculation and 
the time of death showed no constancy, 
either within or between groups, and averaged 
about 15 -+ 6 clays. 

These results, which demonstrate that fataI 
experimental histoplasmosis may be regu- 
larly produced in rats by intravenous injection 
of the yeast cells of H .  capsulatum, have one 
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or two points of interest which deserve com- 
ment. 

Perhaps the most striking aspect of the 
experiments is the enormous number of viable 
organisms found necessary to establish a 
fatal infection. That the reaction was a true 
infection seems established by tissue sections 
from dead animals, which showed character- 
istic, developing, granulomatous areas con- 
taining numerous giant cells congested with 
the yeast cells of H .  capsulatunz. Further- 
more, the injection of heat-killed organisms 
in maximal number was without significant 
pathological effect. Our results are in accord 
with Campbell and Saslaw( l ) ,  who used an 
inoculum which was ahout equivalent to ours. 
in terms of the number of organisms per gram 
of body weight necessary to produce death 
in the infected animal. ( I t  may be noted. 
however, that Campbell and Saslaw used 
dosage levels based on the absolute numbers 
of yeast cells, stating that '*it (is) imprac- 
ticable to attempt to determine the actual 
number of viable cells.") Howell ct a l . ( 2 )  
used intracerebral inoculation, and took into 
consideration the number of viable organisms 
in the inoculum. Interestingly enough, it 
may be calculated from their data that the 
intracerebral route of administration requires 
only 1'200 the number of viable yeast cells 
of H .  capsulatum as does the intravenous 
route. It seems unlikely that a difference of 
this magnitude could be attributable to a 

difference in virulence of the strains ernpIoyed; 
probably it is a reflection of the difference 
in the capacity of the host's defense mechan- 
isms to cope with invasion by these different 
routes. This point is further illustrated by  
the ineffectiveness of intraperitoneal injection 
in our tests, and in those of Campbell and 
Saslaw, who found it necessary to add gastric 
mucin in 5% concentration to the yeast cell 
suspension in order to obtain infection by  
the intraperitoneal route. 

From the standpoint of using the infected 
rat for in v h o  studies of fungicidal agents, 
it is perhaps unfortunate that a change from 
0% to 100% mortality should occur with 
only a ten-fold increase in the numb'er of 
viable organisms injected. This fact, to- 
gether with the inevitable uncertainty re- 
garding the percentage of viable organisms in 
an inoculum, makes it essential to employ 
more than one dosage level of viable organ- 
isms, in order to achieve good approximation 
to any particular desired percentage mortality 
in the control animals. 

The yeast cell phase of Histo- 
plasma capsulatum, when injected intraven- 
ously in suitable numbers, has been shown to 
yield a consistently reproducible fatal infec- 
tion in the rat. The necessity for standardiz- 
ing the inoculum on the basis of the number 
of viable organisms, rather than the absolute 
number of organisms, is emphasized. 

Summar?. 
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