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Cellular defense mechanisms are thought
to be important in combating infections in
both experimental animals and man (1). The
ability of the fixed macrophages of the retic-
uloendothelial system (RES) to clear bac-
teria from the blood stream has been corre-
lated with host protection in several experi-
mental models (2), and in addition, infec-
tions per se have been shown to affect RES
phagocytosis (3, 4). To date, however, there
has been no evaluation of RES phagocytic
function in experimental systemic mycotic in-
fections. Therefore, we have evaluated the
phagocytic function of the RES during sys-
temic candida infections in mice.

Materials and Methods. Male Cedar Farm
white (CFW) mice, 18-22 g, were used in all
studies. Candida albicans, strain B311, origi-
nally isolated from the blood of a patient
with fatal candidiasis, was the infecting agent
(kindly provided by Dr. Herbert Hasenclev-
er). Inocula were prepared from organisms
grown on Sabouraud’s agar slants for 24 hr at
24° and harvested with 0.9% sterile, pyro-
gen-free saline. The organisms were counted
directly in a hemocytometer and plated in
serial tenfold dilutions to determine viability.
Appropriate dilutions were made so that
each mouse received its total dose of orga-
nisms in 0.2 ml iv. Killed organisms were
prepared by suspending washings of the
24-hr colonies in 1% buffered formalin for 24
hr at room temperature with intermittent
agitation. These organisms were washed in
0.9% sterile pyrogen-free saline, centrifuged
and resuspended three times. Counts were
made in a hemocytometer and the optical
densities of appropriate dilutions were com-
pared with those of viable organisms in a

34

Beckman DU spectrophotometer at 650 nm,;
optical densitites were comparable and hence,
average particle size for the two inocula
were the same. The formalin-treated orga-
nisms did not grow when plated on Sa-
bouraud’s agar.

The mice were divided into groups which
received varying inocula of C. albicans:
groups received 10% dead organisms, 10¢, 103,
or 103 live organisms/mouse. Control animals
received no injections of any kind. The RES
clearance studies were done on four or more
animals in each study group at each point in
time. The two inoculated groups receiving
108 live or dead organisms were studied 5 hr
after injections to determine if there was any
acute effect of a large number of organisms
on the clearing capability of the RES as
compared with control animals. Thereafter,
animals which had received 10% dead orga-
nisms, those which had received 10° live orga-
nisms (representing a lethally infected
group), and those which received 10% live
organisms (representing a sublethally infect-
ed group) were studied on days 2 or 3, days
6 or 7, day 10, and day 14 (10°® dead and 10°
live groups only, see Table I).

The RES clearance studies with carbon
were performed as previously described (5,
6). Briefly, India ink (Pelikan, Guenther-
Wagner, Lot C11-1431 A) was diluted 2:1
with normal saline. Each animal was given
0.01 ml/g of body weight, a dose which was
empirically found to give half-times of car-
bon clearance in normal mice of about 10
min. Blood samples were collected from the
retroorbital plexus into 20-ul pipettes at 3, 6,
9, and 12 min, following injection of the
colloid and lysed in 3.0 ml of 0.1 N Na,COs.
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TABLE I. Half-Times of Clearance (T'y) of Microaggregated Human Serum Albumin (AA) and Car-
bon in Groups of Mice Inoculated with C. albicans.

Half-times of clearance (Ts;) at various times after inoculation

Dose of with C. albicans (min)
Test substance C. albicans
Group per mouse 5hr  (days): 2-3 6-7 10 14
AA
Controls None 5.6 + 0.3°
Inoculated 108 live 6.4+ 04
108 dead 64+ 04 6.0 0.1 5.7 + 0.2 5.7+ 0.3
10° live 5.8+ 0.3 5.8 4+ 0.3 6.3 + 0.5
108 live 5.8 + 0.2 6.0 + 0.6 55+ 0.2
Carbon
Controls None 9.1+0.5
Inoculated 106 live 9.1+ 0.6
108 dead 9.5+ 0.6 9.2 + 0.7 8.7 + 0.6 8.2 + 0.6 9.0 + 0.8
105 live 4.9 +0.5° 10.0 +=1.3 7.7+ 0.4
103 live 9.8 +0.9 57+1.0° 52+03> 10.9+1.6

¢ All values expressed as mean (+ SE) of at least four animals at each time.

®p < 0.01, ¢ test vs. control.
°p < 0.05, t test vs. control.

Optical density was then read at 650 nm on a
Beckman DU spectrophotometer. The opti-
cal density was plotted against time on semi-
log paper to permit graphic determination of
the Ti. Clearance studies were also per-
formed with microaggregated human serum
albumin (AA) labeled with 1251 [kindly sup-
plied by Mr. W. H. Briner; prepared as
previously described (7)]. Each mouse re-
ceived a solution containing 2.5 mg/ml of AA
with an activity of approximately 1 uCi/ml
of 1251. The material was injected into a tail
vein in a dose of 0.01 ml/g weight of each
mouse (Ze., 0.2 ml for a 20-g mouse). Blood
samples were collected exactly as for the car-
bon clearance but were diluted in 2 ml of
distilled water prior to counting in a gamma
spectrometer (Nuclear Chicago, model no.
4336). The radioactivity was plotted against
time on semilog paper and the Ty, graphical-
ly determined.

Results. The survival rates of the mice
given various doses of C. albicans B311 are
as follows: 100% of the mice given 10° orga-
nisms/mouse were dead by 8 days; animals
receiving 105 organisms exhibited a 70%
mortality rate over a 10-day period at which
time the observation period was terminated;

and animals receiving a dose of 10* or less
organisms experienced no mortality.

When AA was used as the test colloid,
there were no statistically significant changes
from control animals in the Ty’s of any
group of infected animals throughout the en-
tire course of the infection, regardless of the
size or viability of the original inoculum (Ta-
ble I, upper part). '

In contrast, accelerated clearance during
the infection was readily demonstrable with
carbon in the groups infected with viable C.
albicans (Table I, lower part). The group
receiving the lethal inoculum (10° C. albi-
cans/mouse) showed marked acceleration on
days 2-3 (p<0.01, ¢ test), while studies
repeated at days 6-7 and day 10, when the
animals were dying at a rapid rate, showed
that clearance of carbon had returned to the
normal range. With the sublethal inoculum of
C. albicans (10® organisms/mouse), acceler-
ation of the clearance rate was not seen on
day 3 but was present on days 6-7, and
persisted at least through day 10. Return to
normal was demonstrated by day 14. The
animals inoculated with 10 organisms/mouse
appeared well at all times during the study.
No changes in the clearance of carbon were
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seen acutely (i.e., at 5 hr) in the groups
given the inocula of either 10¢ living or 10°
dead otganisms. Mice receiving 108 formalin-
killed C. albicans exhibited no changes in the
clearance of carbon at any time during the
study.

Discussion. These studies showed several
alterations of RES phagocytic function in
mice infected with C. albicans. Acceleration
of the clearance rate of colloidal carbon oc-
curred within the first 3-7 days after infec-
tion, and persisted either until the animals
began to die of overwhelming disease or be-
gan to recover from a sublethal infection.
The time of onset of acceleration seemed to
be dependent upon the size of the original
inoculum; that is, enhanced carbon clearance
was seen by day 3 in the 10° group but not
until day 6 in the 10% group. Other investiga-
tors have studied the clearance of colloidal
carbon in experimental bacterial (3, 8) and
parasitic (6, 9) infections. In general, all of
these studies showed acceleration of the car-
bon clearance rate during infection with re-
turn to normal as the infection terminates.
Thus, our findings, albeit to our knowledge
the first such studies in an experimental my-
cotic infection, fit the pattern of the previ-
ously described investigations. The return to
normal of the rate of carbon clearance as
seen in the moribund group of animals which
received 105 C. albicans could most proba-
bly be attributed to decrease perfusion of the
RES (i.e., liver blood flow) rather than ter-
mination of the hyperphagocytic state per se.
On the other hand, the slowing seen in the
sublethally inoculated (10 C. albicans)
group was probably due to control of the
infection by the animals’ host defense
mechanisms.

The lack of change in the carbon clearance
rate in the animals given formalin-killed C.
albicans in a dose of 10% organisms/mouse
indicates that living organisms are necessary
for stimulation of the RES. The reason for
this finding is not apparent from the present
studies and warrants further investigation.

There was a clear-cut difference in the
effect of C. albicans on the clearance of col-
loidal carbon and the clearance of colloidal
125T labeled microaggregated human serum

albumin (AA). At each point in time where
carbon clearance was significantly accelerated,
no change in the clearance of AA was demon-
strable. The two colloidal particles must be
handled in a very different fashion such that
C. albicans infection has an influence on
those factors specific for the clearance of car-
bon but not on the clearance of AA. Such a
difference could reside in separate cell sys-
tems responsible for the phagocytosis of diff-
erent particles; i.e., cellular hyperphagocyto-
sis could be occurring among the carbon-
clearing cell system and not among the AA-
clearing cell system. In support of this hy-
pothesis, it has previously been shown that
the RES clearing phenomenon may be parti-
cle (or carrier) specific with regard to RES
blockade (10). On the other hand, the differ-
ences in clearance might be due to alterations
in serum factors rather than the phagocytic
cells per se. That is, the C. albicans infection
might be associated with increases in serum
factors (opsonins) promoting carbon phago-
cytosis and not AA phagocytosis. Indeed,
using an in vitro mouse liver slice system for
evaluation of opsonins necessary for the pro-
motion of phagocytosis by the fixed macro-
phage system of the RES, Saba and DiLuzio
(11) classified carbon as a substance depend-
ent on nonspecific serum factors for its
phagocytosis, while microaggregated albumin
does not require such factors. The differential
effect of the infection on the clearance of
carbon and AA as described in our experi-
ments could be explained through such a
mechanism. ,

We recently found that several human sys-
temic mycotic infections are associated with
enhanced RES phagocytosis (12). Two cases
of cryptococcosis, two of histoplasmosis, and
one of presumed coccidiodomycosis were
studied and had an accelerated clearance rate
of 125]-labeled AA; the clearance rate slowed
to normal after amphotericin B therapy
(12). The clearance of colloidal carbon was
not studied. The obvious question arises as to
why the clearance of AA is enhanced in
these human mycotic infections and not in
mice infected with C. albicans. Several expla-
nations may be considered. First, none of the
patients had systemic candidiasis, and
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though unlikely, there may be something
unique about an infection with C. albicans
which does not result in an enhanced clear-
ance of AA. Second, there may be species
differences in regard to which test colloid
reflects enhanced RES phagocytosis: RES
hyperphagocytosis may be associated with
more rapid AA clearance in man and more
rapid carbon. clearance in the mouse. Lastly,
it may well be that homologous microaggre-
gated albumin is needed to reflect accelerated
particle clearance in any given species. That
is, since the clearance of microaggregated
human albumin was more rapid during infec-
tion in man, microaggregated murine albumin
might show a similar change in mice. Obvi-
ously, further investigation will be required
to clarify these intriguing but disparate ob-
servations.

Summary. Mice infected with Candida al-
bicans exhibited enhanced RES phagocytosis
as measured by the clearance of colloidal
carbon from the blood stream. Production of
accelerated carbon clearance required living
organisms. The time of onset of acceleration
seemed to be dependent upon the size of the
infecting inoculum and return to normal of
the clearance occurred as the infection termi-
nated. While accelerated clearance of colloid-
al carbon was produced by the infection, no

change was seen at any time in the rate of
clearance of microaggregated human serum
albumin.
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