
In vivo effect of mouse peritoneal cells on Candida albicans
by Anne Holly Poor

A thesis submitted in partial fulfillment of the requirements for the degree of MASTER OF SCIENCE
I n Microbiology
Montana State University
© Copyright by Anne Holly Poor (1979)

Abstract:
Millipore diffusion chambers containing the fungus Candida albicans were implanted in the peritoneal
cavity of normal and nude BALB/c mice to study the effects of host soluble and cellular factors on the
growth of C. albicans. Opsonins, 51Cr solution, and 51c r-labeled neutrophils were able to enter
chambers which were implanted in the peritoneal cavity 2k hr earlier but were unable to enter chambers
which were present in the peritoneal cavity for 7 days. Fungal growth in vivo was always greater in
chambers that admitted soluble factors but excluded host cells (small porosity chambers) than in
chambers that admitted soluble factors and also allowed emigration of host cells; however growth seen
in chambers in vitro was several orders of magnitude greater than growth seen in vivo. Peritoneal
exudate cells (PEC) were added directly to small porosity chambers with C. albicans to study the
effects of specific cell populations on the fungus. Neutrophi 1-rich PEC harvested from normal mice
were candidacidal at high neutrophil to yeast ratios, while macrophage-rich PEC were candidastatic at
all macrophage to yeast ratios tested. Neutrophi 1-rich and macrophage-rich PEC harvested from nude
mice both were candidacidal at high phagocyte to yeast ratios. 
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ABSTRACT

M i l l i pore diffusion chambers containing the fungus Candida 
albicans were implanted in the peritoneal cavity of normal and nude 
BALB/c mice to study the effects of host soluble and ce llu la r  factors 
on the growth of Cm. albicans. Opsonins, ^ C r  j n solution, and 51cr- 
labeled neutrophils were able to enter chambers which were implanted 
in the peritoneal cavity 2k hr e a r l ie r  but were unable to enter cham
bers which were present in the peritoneal cavity for 7 days. Fungal 
growth in vivo was always greater in chambers that admitted soluble 
factors but excluded host cells  (small porosity chambers) than in 
chambers that admitted soluble factors and also allowed emigration of 
host ce lls ; however growth seen in chambers in y it ro  was several 
orders of magnitude greater than growth seen in v ivo . Peritoneal 
exudate cells  (PEC) were added d irec tly  to small porosity chambers 
with Cy albicans to study the effects of specific cell populations 
on the fungus. Neutrophi 1-rich PEC harvested from normal mice were 
candidacidal at high neutrophil to yeast ra tio s , while macrophage- 
rich PEC were candidastatic at a l l  macrophage to yeast ratios tested. 
Neutrophi 1-rich and macrophage-rich PEC harvested from nude mice both 
were candidacidal at high phagocyte to yeast ratios.



INTRODUCTION

Candida albicans is a ubiquitous yeast-like  fungus which is the 

most common etio logic  agent of the disease candidiasis. This organism 

is considered to be an opportunistic pathogen because individuals who 

get candidiasis are compromised in defense against infection. Can

didiasis is a complex disease: i t  can occur in the human at many

sites depending on the severity of the underlying predisposing disorder. 

The prognosis and therapy of candidiasis varies depending on the s ite  

of infection.

Human candidiasis can present in many forms. One form of candi

diasis is a simple cutaneous infection. The predisposing factor is 

generally an abnormality that results in a local loss of innate de

fense, such as in burns or as in the neonate's lack of normal f lo ra .

This form of candidiasis usually improves when the predisposing factor 

is eliminated, otherwise topical an tib io t ic  therapy may be necessary. 

Chronic mucocutaneous candidiasis (CMCC) is an uncommon disease which 

is characterized by a widespread infection of skin, na ils , and mucous 

membranes. Patients with this disease usually have an underlying 

defect in T cell function. Intravenous therapy with the antimycotic 

amphotericin B provides only transient remission. Systemic candidiasis 

has become recognized as a common nosocomial infection; i t  occurs in 

patients who are severely debilita ted for example by therapeutic 

immunosuppression, neoplasia, or treatment with broad spectrum a n ti
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biotics. (21). In systemic candidiasis, i t  is thought that the 

fungus disseminates hematogenousIy from a portal of entry, which is 

most often the gastrointestinal tract (33,23) but may also be the lung 

(48). Foci of infection can be seen in d ifferent internal organs in 

a single patient. The lung, l iv e r ,  spleen, or brain may be affected, 

however the kidney is the organ most commonly affected . Amphotericin 

B therapy is essential for recovery from systemic candidiasis.

C lin ical observations and experimental animal models point to 

several aspects of immunity which are important in resistance to 

candidiasis. Human c lin ica l cases exist which have brought some in

vestigators to suggest that T cell dependent cell mediated immunity 

(CMl) is important in defense against candidiasis. Individuals with 

congenital thymic aplasia, such as Di George and Nezelof-Ailibone 

syndromes are more susceptible than normal people to CMCC. Other 

individuals who have CMCC also exhibit abnormalities in T cell related 

functions, for example cutaneous anergy to Candida antigen, deficient 

in v itro  lymphocytic transformation responses, or defic ient synthesis 

of macrophage inhibition factor (MIF) a fte r  exposure to Candida an ti-  

gen (21,33,64).

Experimental animal correlates of human disease which also sug

gest. that CMI is important in resistance to candidiasis include a 

murine model of cutaneous candidiasis and NZB mice, Domer, et a l.
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found that delayed-type hypersensitivity to cell wall and cell mem

brane antigens develops a fte r  cutaneous infection in mice (20). Other 

workers found that NZB mice, known to develop abnormalities in I  cell 

dependent function with age, are more susceptible to an intravenous 

dose of Cy a lbicans than are other strains of mice tested (13).

In addition to studies which suggest that I  ce lls  are important 

in host defense to candidiasis, evidence exists which suggests that 

phagocytic cells  are also Important. Biopsy material from human 

lesions may show an acute inflammatory response surrounding foci of 

Candida infection, a response consisting predominantly of neutrophils 

(43). I n patients with Candida meningitis an intense pleocytosis of 

the spinal f lu id  has been noted, which is like  a pyogenic response to 

bacterial infections (66). The a ttraction of neutrophils to an area 

of Candida infection may occur due to generation of chemotactic fac

tors e ither by activation of the a lternative  pathway of complement by 

Candida cell walls (52), or possibly, by metabolic products of the fun

gus (15)• Defective leukocyte chemotaxis is seen in patients with 

severe burns, this correlates with the ir  increased susceptib ility  to 

CandIda infections (65). The importance of neutrophils in prevention 

of dissemination of Candi da is suggested in c lin ica l studies which 

show that granulocytopenia is a major predisposing factor leading to 

Candida sepsis (45,51). Humans with Chediak-Higashi syndrome have
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neutrophiIs that display abnormal morphology, defective migration, 

and defective chemotaxis (67). Although these patients usually suffer  

from pyogenic infections but not candidiasis, a murine correlate of 

human Chediak-Higashi syndrome (26) exhibits an increased mortality  

rate over normal mice when infected with albicans (22)..

In v itro  studies form a number of laboratories have substantiated 

the a b i l i t y  of human neutrophils and macrophages to phagocytize and k i l l  

C. albicans (47 ,37,4). Women who suffered recurrent attacks of vaginal 

candidiasis had leukocytes that displayed normal ingestion but defic ient  

k il l in g  of £ . albicans in v itro  (58) .  A previously healthy young g i r l ,  

with disseminated candidiasis had a leukocyte defect that was specific  

for in trace llu la r  k i l l in g  of £ . albicans (61). In one study (64), 40% 

of CMCC patients studied had normal CMI; one may speculate that these 

patients had CMCC because of defects in innate immunity. Clinical 

studies Which support this speculation include in v itro  experiments 

where granulocytes from CMCC patients had phagocytic and candidacidal 

defects (.19), and other studies where mononuclear cells  from a CMCC 

patient had defective chemotactic responses (60). In v itro  studies 

by Lehrer and Cline (34-36) demonstrated that leukocytes from chronic 

granulomatous disease patients and from patients with hereditary myelo

peroxidase deficiency were unable to k i l l  £. albicans, indicating that 

myeloperoxidase and ^2^2 are necessary in the candidacidal mechanism.



Other experimental animal models exist which suggest that innate 

immunity is important in defense against candidiasis. Thymectomized 

mice (29) and congenitally athymic (nude) mice (14,54) are more 

resistant to certain forms of acute infections by £ . albicans. In 

murine models of cutaneous candidiasis abscesses develop which contain 

high numbers of neutrophils (28,49). In one study, recovery from 

candidiasis and resistance to reinfection by £ . albicans occurred 

without histopathological indicators of CMI (49). Corticosteroid 

treatment of mice was found to potentiate candidiasis and renal Candida 

lesions in these mice were defic ient in inflammatory cells (7). In 

another study, reduced accumulation of neutrophils at foci of Candida 

infection was correlated with increased susceptib ility  of mice to 

candidiasis when mice were previously injected with L1210 leukemia 

cells  (32). Other workers studied the resistance to candidiasis in 

experimental animals depleted of certain chemotactic. factors . Guinea 

pigs that were treated with cobra venom factor (CVF) to deplete C3 (53) 

exhibited increased m ortali i t y  when challenged with £ . albicans as 

compared to control animals which were not treated with CVF (27).

Evidence cited in the above paragraphs indicates that innate 

immunity plays a role in defense against candidiasis. Other workers 

have investigated the e ffec t of human (34,37,47) and animal (4) 

phagocytic cells  on £ . albicans in v i t r o . Since results of in v itro
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systems can not always be readily interpreted to apply to in vivo 

situations, the goal of this project was to study the effect of phago

cytic cells  on Cy albicans in vivo. This work involved implanting 

M illipore  diffusion chambers containing £ . albicans in the peritoneal 

cavity of mice to study the candidacidal effects of phagocytic cells  

in v ivo.

Diffusion chambers implanted in the peritoneal cavity of mice 

represent a controllable i n .vivo environment in which cells  and c e l l -  

host interactions may be studied. Diffusion chambers have been used 

in vivo in the past to study tumor cell growth ( I) and host immunity to 

tumors (2 ). More recently, diffusion chambers have been used in vivo 

to culture mouse (6 ,63 ,11 ,10 ,5 ,9 ) and human (24,31,8) hematopoeit ic  

c e lls , to study the regulation (56,52) and kinetics (46) of antibody 

synthesis by lymphoid c e lls ,  and to study the effects of anticancer . 

drugs on various human tumors (40).

In my experiments, C_. albicans was added to diffusion chambers 

which were then implanted in the peritoneal cavity of mice. The 

porosity of the membrane f i l t e r s  composing the sides of the chambers 

was such that the fungal cells  could not escape the chambers. The 

effect of soluble factors and emigrating peritoneal cells  on £. 

albicans in diffusion chambers was examined by constructing the 

chambers with membrane f i l t e r s  of various porosities. Also, the
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effect of specific phagocytic cell populations was examined by adding 

peritoneal cells  d irec tly  to chambers with C_. albicans. Chambers 

could then be la ter  removed from the peritoneal cavity and assayed 

for viable C. albicans.



M ATERIALS AND METHODS

Source of experimental animals. BALB/c mice, orig inal Iy obtained from 

Baylor Medical School (Houston, TX), were maintained on food (Wayne 

Lab Blox A llied  M ills  Inc ., Chicago, IL) and ac id ified  water (41) 

ad Iibidum. Cages and bedding were s te r i l ize d  prior to use. Fecal 

specimens periodically  plated onto blood agar, sabouraud-dextrose 

agar and Mycosel agar (BBL, Cockeysvi l i e ,  MD) were negative for 

Candida albicans. Sera obtained from randomly selected mice were 

negative for Candida agglutinins and precip itins (14).

Congenitally thymus-deficient (nude) mice were raised together 

with the ir  phenotypical Iy normal littermates (NLM; + /+ , or nu/+) in 

separate quarters. Nude mice were from a colony in which cross-inter

cross mating is in progress to derive a line congenic with BALB/c 

mice. Hereafter BALB/c mice and NLM are designated as normal mice.

Yeasts and growth conditions. Candida .aIb icans strain 9938 (Medical 

Mycology Unit, Tulane University) was used in a l l  experiments. The 

yeasts were grown aerobically in 2.0% glucose-0.3% yeast estract- 

1.0% peptone broth. The cultures were rotated at 160 rpm (Gyrotatory 

Incubator-Shaker, New Brunswick, Nd) for 48-72 hr at 37°C. Organisms 

were harvested by centrifugation, washed three times in s te r i le  saline  

and resuspended to the appropriate concentration in 0.01M phosphate 

buffered saline, pH 7.2 (PBS). Yeast v ia b i l i ty  was determined to be 

at least 95% by plating suspensions of known concentration onto
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sabouraud-dextrose agar.

Construction of diffusion chambers. H ii l ip o re  membrane f i l t e r s  ( 13 mm 

diameter), type HA of 0.45 pm porosity (0.45 p ) , Sr type SS of 3 pm 

porosity (3 p) (Mi I l ip o re  Corp., New Bedford, HA) were glued (Mi I l i -  

pore Cement #1) to each side of 3 mm thick M i l l i pore luc ite  rings and 

the glue was allowed to dry for at least 8 hr before use at 23-25°C., 

Some chambers were checked for the presence of leaks by blowing a ir  

into chambers under water as advocated by Amos (3)• The chambers 

were surface decontaminated by exposure of each side to uv irradiation  

for 20 min in a safety-hood (Bioquest, Cockeysvi l i e ,  MD); these condi

tions were previously determined to be microbicidal.

F i l l in g  and implantation of chambers. Chambers were placed between 

the tips of goose-neck forceps, and 0.15 ml of the cell suspension 

(either C_. albicans alone or C_. albicans together with mouse peritoneal 

cells ) was added to each chamber with a syringe and 25 gauge needle. 

through a rad ia lly  located hole in the lucite  ring. The hole was 

sealed with a small amount of parafin (Sherwood Medical Industries,

St. Louis, MO). Normal or nude mice were anesthetized with 0.06 mg/g 

body weight sodium pentobarbital (50) and the chambers were implanted 

into the peritoneal cavity through a ventral near-midline incision 

which was then closed with surgical clips (Autoclips, Clay Adams,
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Parsippany, NJ).

Harvest of chamber contents and assay for viable C. albicans. Mice 

were k il le d  by cervical dislocation and the chambers were removed 

and added to s te r i le  d is t i l le d  water for 5 min. The f i l t e r s  were cut 

from the lu c ite  rings with a scalpel and homogenized with the chamber- 

contents and 5 ml of s te r i le  saline in a glass tissue homogeni zer. 

Dilutions of the homogenates were plated on sabouraud-dextrose agar 

containing 50 units/ml p e n ic i l l in  and 50 yg/ml streptomycin (Micro

biological Associates, Bethesda, MD). Colony forming units (cfu) of 

£ , albicans were counted a fte r  36 hr incubation at 37°C.

Preparation of peritoneal exudate cells  (PEC). A neutrophil e-rich  

PEC population was obtained from 12-24 week old male or female normal 

or nude mice. Mice were injected in traperitonealIy (ip) with 3 ml 

of 0.5% glycogen (Nutritional Biochemicals, Cleveland, OH) in saline. 

Four to six. hours la te r  the mice were k il le d  by cervical dislocation, 

-the abdominal skin was reflected and a small incision was made in the 

peritoneal w all. The peritoneal cavity was washed out.with approxi

mately 5 ml of Hank's Balanced Salts Solution (HBSS) (GIBCO, Grand 

Island, NY) containing,0.002M d isodium ethylene-diamine-tetraacetate  

(EDTA). The washes were centrifuged at 200 x g for 10 min, the cells  

were washed once with HBSS, and resuspended in PBS to the appropriate
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concentration. The cell population was at least 85% neutrophils as 

determined by examination of acetic acid wet mounts, which cleared 

the cells  so that the nuclear morphology was evident, and by Giemsa 

stained smears. At least 90% of the cells  were viable as determined 

by trypan blue exclusion.

A macrophage-rich PEC population was obtained by injecting normal 

or nude mice ip with 3 ml of NIH thiogIycolate (Difco, D etro it, Ml). 

The PEC were harvested 3 days la ter  and cell suspensions were prepared 

as described above. The ce ll population was 60“80% macrophages as 

determined by examination of Giemsa-stained smears, and at least 85% 

of the cells  were viable.

PEC collected from thiogiycolate-stimulated BALB/c mice were 

further enriched for macrophages by f ic o l l  density gradient centrifu

gation using a method described by Zambala and Asherson (69) .  About 

10® peritoneal cells  were suspended in 4 ml of 25% f ic o l l  (Pharmacia, 

Uppsala, Sweden) in Balanced Salts Solution (BSS) (42) and placed in 

a 30 ml thick-walled glass centrifuge tube (Corning, Corning, NY).

The cells  were overlaid with 6 ml of 21%, 5 ml of 16% and 4 ml of 12% 

f ic o l l  solution and centrifuged in a swinging bucket rotor (SorvalI 

HB-4) at 20,000 x g for 70 min at 4°C. The cells in the top 2 in ter

faces were collected with a Pasteur p ipette, washed twice with BSS, 

and suspended to the proper concentration in PBS.
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Serum source. In some experiments, the peritoneal cells  were sus

pended in homologous serum rather than PBS. Normal BALB/c mice were 

l ig h t ly  anesthesized with ether and bled from the o rb ita l venous 

plexus, the blood was allowed to c lot at A°C. The serum was used 

within 2 hr or stored at -2 O0C un til use.

Preparation and use of 5^Cr labeled c e l ls . Sodium chromate (^C r)

(New England Nuclear, Boston, MA) of specific a c t iv ity  300-500 mCi/mg 

Cr was used to label neutrophil and spleen cell populations using a 

method described by others (25). Neutrophi 1-rich PEC were obtained 

as described above. Spleen cells  were obtained from normal BALB/c 

mice. The mice were k il le d  by cervical dislocation, an incision was 

made through the peritoneal w a ll, and the spleen was removed and 

added to 5 ml of HBSS+EDTA. A single cell suspension was made by 

gently rubbing the spleen against a small gauge aluminum screen. The 

suspension was centrifuged at 200 x g for 10 min, and the cells  were 

washed once with PBS. The cells were determined to be at least 80% 

viable by trypan blue exclusion. The neutrophil and spleen cell 

populations were suspended to about 2 x 10® cel I s/ml in PBS containing 

15% fe ta l ca lf  serum (PCS) (Microbiological Associates) and 50-75 mCi 

of ^ C r  were added per ml ce ll suspension. The cells  were incubated 

at 37°C in a humidified chamber under 5% CÔ  for I hr, mixed every 15 

min, then collected by centrifugation at 200 x g for 10 min and washed

- 1 2 -
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twice with PBS. Approximately I x I labeled PEC or spleen cells  

were injected intravenously ( iv) into normal mice implanted with 3 p 

chambers containing 5 x IO^ C_. albicans. Chambers were harvested 6 hr 

a fte r  the i v injection of ^ C r  labeled cells  and rinsed in PBSi F ilte rs  

and chamber contents were counted separately for I min each in a gamma 

counter (Beckman Biogamma, Beckman Instruments, Fullerton, CA), at 

window settings of 0 (lower) and 300 (upper). The counting efficiency  

of this machine was 72% under these conditions. In some experiments, 

the chamber contents were centrifuged at 200 x g for IOmin and the 

supernatent liquid and cell p e lle t  were counted separately.

Phagocytic cell function tes ts . An in v itro  phagocytic assay described 

by others (44) was used to test phagocytic functions of peritoneal 

c e lls . Chambers of 0.45 pm porosity containing I x 10® heat k i l le d  

yeasts were harvested 24 hr a fte r  implantation; the yeasts were reco

vered by vortexing the f i l t e r s  and chamber contents. PEC were collec

ted from unstimulated normal mice and suspended in medium 199 (Ml99)

(GIBCO); 0.5 ml of this suspension (2 x 10® cel I s/ml) ,  with 5% NMS 

or NMS absorbed 3 times with 1/10 volume of £ . albicans cells at 37 C 

(INMS) was added to 22 mm x 22 mm cover glasses (VWR S c ie n tif ic ,  

Seattle , WA) and incubated in a humidified chamber at 37°C for I hr.

The cover glasses were rinsed with 2 ml of HBSS. One-half ml of the 

Cz albicans suspension obtained from the chambers or 0.5 ml of a heat



k ille d  £ . a l bicans suspension containing 4 x IO  ̂ yeast cells  per ml 

with 5% NMS or INMS was added to the cover glasses containing the 

macrophages and incubated at 37°C for I hr. The cover glasses were 

washed with 2 ml of HBSS, a ir  dried , fixed with methanol for 3 min, 

stained with Giemsa, and examined using light microscopy at 1000X. Al I 

tests were done in duplicate and 200 macrophages per cover glass were 

counted. The percent phagocytosis represents the mean percentage of 

macrophages that had ingested one or more yeast ce lls .

Random migration of neutrophils was studied using the chemotaxis 

under agarose method (15).



RESULTS

Fate of C. albicans Jn diffusion chambers in vivo and in v i t r o . The 

fa te  of Candida albicans in vivo in the peritoneal cavity of mice was 

tested in 3P chambers, which allow emigration of host peritoneal c e lls ,  

and in 0.45p chambers, which exclude host peritoneal c e lls . Various 

concentrations of yeast cells  were added to chambers, the chambers 

were implanted ip into BALB/c or nude mice, and the number of viable 

Cy albicans remaining in the chambers was assayed on days .1, 3, 5, and 

7 post-implantation. When 5 x I yeasts were added to chambers which 

were implanted in BALB/c mice (Figure I -A ) , the number of fungal units 

recovered from 0.45p chambers Increased by about 0.75 l°9 jg  a fte r  7 

days of in vivo inclubation, while the number of fungal units recovered 

from 3p chambers decreased by 0.5 log a fte r  7 days. Similar results 

were seen when chambers containing 5 x IO^ yeasts were implanted in 

nude mice, except that the number of cfu recovered from 3p chambers 

at 7 days was approximately the same as the inoculum. Also, the number 

of Cy albicans cfu recovered from both 0.45p and 3p chambers a fte r  28 

days of in vivo incubation was about the same as the number of cfu 

recovered from chambers at 7 days. When 5 x I Ô  yeasts were added to 

chambers (Figure 1-B) the number of cfu recovered from 0.45p chambers 

implanted in BALB/c mice increased over the inoculum by over 2 logs 

a fte r  7 days, but increased by only about I log in 0 .45p chambers im

planted in nude mice. In contrast, Cy albicans cfu recovered from 3p





Figure I .  Fate of £ . albicans in O.Agp and 3p diffusion chambers 

? n v ivo . A 5 x . 1 C_. a I b jeans were added to 

chambers; B -  5 x I C, a Ib j eans were added to

chambers.
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chambers implanted in BALB/c mice decreased about 0.5 log a fte r  I day 

of in vivo incubation, and decreased about I log in nude mice. After  

7 days of incubation, the number of fungal units recovered from 3p ' 

chambers increased to s l ig h tly  exceed the inoculum.

The growth of C_. albicans in diffusion chambers in v itro  was

determined by adding various concentrations of yeasts to 0.45p chambers,

adding the chambers to 50 ml flasks containing 10 ml of GYER, and

incubating for 48 hr at 37°C. A fter incubation the f i l t e r s  and chamber

contents were removed and either vortexed or homogenized in 5 ml of

saline. Regardless of the size of the yeast inoculum and method of

recovery (vortex ing or homogenizing) the number of cfu recovered from

the chambers was approximately the same (Table I ) .  . Similar numbers of
*

yeasts were recovered i f  the chambers were incubated in 10 ml of FCS 

rather than GYEP. To determine the accuracy of homogenizing and subse

quent plating of f i l t e r s  and chamber contents, 0 .45p chambers contain

ing 4 . x . 10  ̂ yeasts were implanted ip and harvested 48 hr la te r . A fter  

vortexing the f i l t e r s  and chamber contents in 5 ml saline, an aliquot 

of the supernatant liquid was assayed for the number of yeasts by d i

rect counting using a hemacytometer and by plating onto sabouraud- 

dextrose agar. The same f i l t e r s  and chamber contents were then homo

genized and plated onto sabouraud-dextrose agar. Homogenization did 

not decrease the v ia b i l i t y  of Cz a IbI cans, and plate counts of yeasts
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Table I .  Growth of Ĉ. a I b leans in diffusion  
chambers in v it ro  at 37°C

No. yeasts added Log^Q cfu recovered a fte r  48 hr

4x107

homogenized vortexed

8.34 ± 0.17 8.26 ± 0.14

SxlO4 8.29 ± 0.26 8.29 ± 0.138.29 ± 0.26 8.29 ± 0.13



c o r r e l a t e d  w i t h  d i r e c t  c o u n t s  ( T a b l e  2 ) .

Treatment of the f ib r in  c lot inside chambers. Chambers were removed 

from mice a f te r  48 hr of in vivo incubation and added to a flask  

containing 10 ml of HBSS + 5% Pronase (Sigma) which was then rotated 

at 150 rpm for 55 min at 22-25°C. Pronase treatment adequately dis

solved the f ib r in  c lot which forms on the inside of chambers; the . 

number of C_. albicans cfu recovered a f te r  Pronase treatment was simi

lar to the number recovered a fte r  homogenization.

Emigration of host peritoneal cells  into 3p chambers. 3p chambers con

taining yeasts were harvested 6 hr, 24 hr, or 7 days a fte r  implanta

tion. The chamber contents were obtained by washing with saline and

the number of white cells  that entered the chamber was determined by
/*

counting in a hemacytometer. About 3.2 x 10° peritoneal cells  entered 

the chambers by 6 hr and the ir  numbers remained constant for 7 days 

(Figure 2). Microscopic examination of Giemsa stained smears of 

contents of these chambers showed that in chambers harvested at 6 hr 

87% of the cells  were neutrophils, and in the chambers harvested at 

24 hr 92% of the ce lls  were neutrophils.

( n other experiments, ^C r-Iabe led  neutrophils, ^Cr-Iabeled, 

spleen c e lls ,  or free  -^Cr in PBS were injected iv into mice which 

were implanted with 3p chambers'6 hr, 24 hr, or 7 days previously.
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Table 2. Effect of homogenizing f i l t e r s  and chamber 
contents on the v ia b i l i ty  of C_. albicans 
in diffusion chambers

Method of recovery 
of yeasts

Logjrj no. cfu C. albicans 
recovered

vortexed -  d irect count 7.51 ± 0.05

plate count 7.55 ± 0.11

homogenized -  plate count 7.62 ± 0.23





Figure 2. Emigration of host peritoneal cells into

3p diffusion chambers
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Six hours a fte r  in jection, the chamber contents were assayed for 

cell associated and free ^ C r .  Labeled neutrophils and free label 

entered chambers which were implanted 6 hr or 24 hr before injection  

of 5^Cr, but did not enter chambers which were implanted 7 days 

e a r l ie r  (Figure 2). The ^ C r  cpm found in chambers when labeled 

spleen cells  were injected was approximately the same as the cpm 

found when free ^ C r  was injected.

Two in v it ro  tests were performed to determine the e ffec t of -^Cr 

labeling on neutrophil function, in the chemotaxis under agarose test,  

random migration of ^Cr-Iabeled neutrophils was 100% of that obtained 

using unlabeled neutrophils, and in the phagocytosis assay, percent 

phagocytosis by labeled neutrophils was 100% of that obtained using 

control neutrophils.

Entry of opsonic factors into diffusion chambers. The a b i l i ty  of 

opsonic factors to enter diffusion chambers was tested using the 

in v it ro  phagocytosis assay. Previous work in this and other labora

tories (44,34,37) determined that optimum phagocytosis of (X albicans 

by mqcrophages and neutrophils in v itro  requires heat lab ile  complex 

ment factors present in normal mouse serum. Furthermore, INMS is 

required for normal macrophage function in v i tro , but supports only 

very low levels (<5%) of phagocytosis of C_. albicans (44). Yeasts 

taken from chambers a fte r  24 hr of in vivo incubation supported a
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higher level of phagocytosis when added with INMS than C_. albicans 

that were taken from a culture and were therefore without opsonic, 

factors (Table 3)• This indicates that fungal partic les contained 

in the diffusion chambers had been opsonized while in the mouse 

peritoneal cavity.

Effect of neutrophil-rich PEC on C. albicans in diffusion chambers. 

Various concentrations of neutrophil-rich PEC were harvested from 

normal mice, suspended in PBS or NMS, and added with 5 x 10 C. 

albicans to 0.45p chambers. The chambers were implanted in normal 

mice and harvested a f te r  24 hr. Regardless of the original suspending 

medium, neutrophils produced a s ign ificant decrease in the number of 

viable C. albicans when compared to the inoculum at neutrophil to 

yeast ratios of 400:I and 40 :I (Table 4).

In other experiments, neutrophil-rich PEC were harvested from nude 

mice, suspended in PBS and added to 0 ,45p chambers with 4 x I

albicans. The chambers were implanted in nude mice and harvested 

a fte r  24 hr of in vivo incubation. A candidacidal e ffec t of nude 

neutrophils also was seen at 400:I and 40 :I neutrophil to yeast 

ratios (Table 5).

To determine i f  PEC were capable of phagocytizing fungal cells in
6diffusion chambers, chambers containing 5 x 10 neutrophil-rich PEC and 

5 x IO4 yeasts were harvested 4 hr a f te r  implantation in BALB/c mice.
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Table 3- In vivo opsonization o f £ . albicans 
in diffusion chambers

Source of yeasts Serum*3 Macrophages 
% phagocytosis

Neutrophi Is 
% phagocytosis

GYEP culture NMS 78.2 88.0
(without opsonic factors INMS 8.5 52.0

Diffusion chambers3 NMS . 64,1 ± 3.1 ND

"
INMS 21.8 ± 6.3 81.6 ± 11.8

a 0.45 chambers harvested a fte r  24 hr in vivo incubation,

k Serum added to phagocytosis assay; normal mouse serum (NMS) or 
NMS absorbed 3 times with C, albicans at 37°C ( I NMS),



T a b l e  4 .  E f f e c t  o f  n e u t r o p h i l s  h a r v e s t e d  f r o m  n or m a l  m i c e  on
C. a l b i c a n s  i n  d i f f u s i o n  ch am bers

No. Neutrophils N:Ya Log10 no. cfu recovered a fte r  24 hrs
ra t io  Neutrophil suspending medium

PBS NMS

2x107 400:1 3.82 ± 0.19 3.73 ± 0.41

2x106 4 0 :1 2.68 ± 0.65 3-51 ± 0.77

2x1 O5 4:1 4.43 ± 0.69

+1OO-4* 0.48

2x104 <1:1 4.8? ± 0.50 5.43 ± 0.26

none —  — — 5.47 ± 0.44 5.45 ± 0.25

N e u t r o p h i l  : Y e a s t  r a t i o ;  I o g 10 4 . 6 9  y e a s t s  w e r e  adde d  t o  c h a m b e r s .



- 2 8 -

Table 5- Effect of neutrophils harvested from nude 
mice on C. albicans in diffusion chambers

No. neutrophils N: Ya 
ra tio

Logjg no. cfu recovered a fte r  24 hrs.

IxlO7 400: I 3.69 ± 0.24

IxlO6 40: I 4.37 ± 0.52

IxlO5 4:1 5.02 ± 0.28

lxlOA < 1 :1 5.75 ± 0.15

none — — — 5.25 ± 0.06

a Neutrophil : Yeast ra tio ; Iogjg 4.69 yeasts were added to chambers.
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Microscopic examination of Giemsa stained smears of contents of these 

chambers revealed that 95% of the yeasts in the chambers were phago- 

cytized. Similar levels of phagocytosis were seen when chamber 

contents containing macrophage-rich PEC were examined.

Effect of macrophage-rich PEC on C. albicans in diffusion chambers, 

When various concentrations of macrophage-rich PEC harvested from 

normal mice were suspended in PBS and added to 0.45p chambers with 

5 x IOif yeasts, the number of cfu recovered a fte r  Zk hr of in vivo 

incubation was s im ila r .to  the inoculum, regardless of the number of 

macrophages added (Table 6). When compared to the number of fungal 

units recovered from chambers which did not contain macrophages, these 

data indicate that macrophages harvested from normal mice prevent the 

growth of £ . albicans, but k i l l in g  of the fungus was not apparent.

The f ic o l l  gradient centrifugation technique was used to further 

enrich macrophage-rich PEC. The cells  obtained by this method were 

found to be 36% macrophages by examination of Giemsa stained smears.

In the in v it ro  phagocytosis assay, percent phagocytosis by these 

macrophages was 100% of that obtained using control marcophages, When 

various concentrations of f ic o l l  gradient enriched macrophages were 

added to 0 .45p chambers with 5 x 1 C. albicans, the result was a 

candidastatic e ffec t sim ilar to that seen with macrophage-rich PEC 

thqt were not further enriched for macrophages (Table 6).



T a b l e  6 .  E f f e c t  o f  m a c r o p h a g e s  f r o m  n or m a l  m i c e  on £ .  a I b l c a n s
in  d i f f u s i o n  ch am b ers

No. macrophages M:Ya Log,Q no. cfu recovered a fte r  24 hrs
ra tio  Macrophage-rich PEC Ficoll gradient

purified macrophages

2x107 400: I 4.66 ± 0.10 ND

2x106 4 0 :1 4.67 ± 0.18 4.81 ± 0.03

2x105 4 : 1 4r
-

O
O

VO ± 0.39 4.69 ± 0.68
4

2x10 <1:1 4.84 ± O V
J O
O 5.81 ± 0.47

none — — — 5.59 ± 0.16 5.92 ± 0.30

a
M a c r o p h a g e  : Y e a s t  r a t i o ;  l o g ^  4 . 6 9  y e a s t s  w e r e  added  t o  c h a m b e r s . ? *
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When chambers containing macrophage-rich PEC harvested from nude 

mice and 5 x I yeasts were implanted in. nude mice and harvested 

a fte r  24 hr, the number of albicans cfu recovered decreased by 

about I log at macrophage to yeast ratios of 400:1 and 40:1 (Table 7 ). 

At lower macrophage to yeast ratios a candjdastatic e ffec t was seen,

To determine i f  a soluble factor in the peritoneal cavity of the nude 

mouse was required for the candIdacidaI a c t iv ity  of nude macrophages, 

macrophage-rich PEC from nude mice were added to chambers with 5 x IO^ 

Cy a Ib jeans, and the chambers were implanted in normal mice. In this 

case, a candidacidal e ffec t occurred at macrophage to yeast ratios of 

400:I and 40:1. Levels of k i l l in g  were comparable to that seen when 

nude macrophages were tested in nude mice. Conversely, macrophage- 

rich PEC harvested from normal mice were added to chambers with 

5 x 10 C_. a lb icans, and the chambers were implanted in nude mice.

K ill ing  of £ , albicans was not seen by these macrophages, but inhi

b ition of growth occurred when compared to control chambers that did 

not contain macrophages (Table 7).



T a b l e  7 .  E f f e c t  o f  m a c r o p h a g e s  h a r v e s t e d  f r o m  nude m i c e  on
C . a l b i c a n s  in  d i f f u s i o n  ch am b ers

No. macrophages M:Ya Lo9 i 0 no- cfu recovered a fte r  24 hrs
ra tio  macs from macs from macs from

nude->nude norma Hnude nude->normal

2x107 400:1 3.94 ± 0.06 4.53 ± 0.08 3.96 ± 0.19

2x1 O6 4 0 :1 3.77 ± 0.23 4.51 ± 0.13 3-64 ± 0.13

2x105 4:1 4.59 ± 0.38 4.57 ± 0.23 4.19 ± 0.15

2x1 < 1 :1 4.78 ± 0.64 5.05 ± 0.55 4.37 ± 0.38

none — —  — 5.16 ± 0.71 5.46 ± 0.51 4.76 ± 0.20

a M a c r o p h a g e  : Y e a s t  r a t i o ;  lo g ^ g  4 . 6 9  y e a s t s  w e r e  adde d  t o  c h a m b e r s .



D IS C U S S IO N

Immunity to fungal diseases is a complicated issue: T -c e l I

mediated immunity, soluble serum facto rs , and innate immunity have a ll  

been, implicated in defense against fungal infection. As part of the 

innate immunity, phagocytic cells  represent a f i r s t  line of defense 

against disease. Fungal infection in a normal host usually e l ic i ts  

f i r s t  a pyogenic response involving primarily neutrophils, followed 

by a granulomatous response involving macrophages, giant cell formation 

and lymphocytes. In v itro  tests by various investigators have led to 

the assumption that neutrophils and macrophages are capable of k i l l in g  

fungi, such as Candida albicans and Cryptococcus neoformans, in vivo.

I t  was the purpose of this thesis to test this assumption.

Diffusion chambers containing Candida albicans implanted in the 

peritoneal cavity of mice were used to study the e ffect of host cells  

and soluble factors on the growth of £ . albicans. Because this in 

vivo model had not.been used in this manner previously, experiments were 

designed to determine the v a l id ity  and limitations of this model.

To determine i f  this model represents a valid method of studying 

interactions of host factors with £ . albicans,, and to determine lim i

tations of this model, various a lterations of experimental methods 

Were made, In some experiments chambers were constructed to allow for  

exchange of soluble factors only, while in other experiments chambers



were used that should allow for emigration of phagocytic cells  as 

well as diffusion of soluble factors. When host cells  were excluded 

from the chambers, growth of the fungus occurred but the amount of. 

growth was several orders of magnitude lower than the amount of growth 

seen in chambers in v i t r o . Nonspecific factors such as low oxygen 

tension or nutrient deprivation may be responsible for the decreased 

growth seen in vivo. Although oxygen tension present in the mouse 

peritoneal cavity was not determined, i f  the oxygen tension was low, 

slow growth of £* albicans would be expected (62). I t  was also found 

that a f ib r in  c lot formed on the inside of the chambers a fte r  about 

3 days of in vivo incubation, and adhesions between, the chamber and 

organs in the peritoneal cavity formed a fte r  about 5 days of in vivo 

incubation. I t  is reasonable that these contributed to decreased 

growth in vivo by lim iting exchange of oxygen and nutrients.

Soluble factors specific for inhibition of growth of £ . albicans 

may also be involved in lower in vivo growth. Such factors have not 

been defined by work presented in this thesis, but other workers (39) 

have noted a factor present in human sera which spec if ica lly  clumps 

£ . albicans. Although i t  has been suggested that this clumping factor 

is antibody specific for Candida, the presence of clumping factor does 

not necessarily correlate with the presence of Candida agglutinins 

and precip itins (30). Other workers (38) demonstrated that Trichophyton 

mentagrophytes is inhibited from pro life ra tio n  in diffusion chambers



- 3 5 -

implanted in the peritoneal cavity of mice. These authors postu

lated that a specific soluble factor is present which interferes with 

the growth of dermatophytes.

The a b i l i t y  of host soluble factors to enter the appropriate 

chambers was determined in two ways. An in v itro  phagocytosis assay 

was used to test for the presence of opsonic factors on yeast particles  

in diffusion chambers. I t  was found that opsonins., most l ike ly  comple

ment factors (44), were able to enter chambers that were in the peri

toneal cavity for 24 hr. In experiments In which free ^ C r  was 

injected iv into mice shortly a f te r  implantation of diffusion chambers, 

the radionuclide was detectable in chambers implanted 24 hr before 

injection but would not enter chambers that were in the peritoneal 

cavity for 7 days prior to in jection. This lack of exchange of flu ids  

may be due to the f ib r in  c lo t formation and adhesions.

The a b i l i t y  of cells  to enter chambers implanted ip was determined 

by injecting -^Cr-Iabeled neutrophils into mice containing chambers. 

These cells  were found able to enter chambers which had been implanted 

24 hr e a r l ie r ,  but could not enter chambers which had been in the 

peritoneal cavity for 7 days. The in a b il i ty  of cells  to emigrate into 

these 7 day-chambers correlates with the in a b il i ty  of soluble factors 

(free "^Cr) to enter similar chambers,

Various tests indicated that the -^Cr cpm detected in 24 hr-
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chambers correlated with the entry of phagocytic cells  into the 

chambers. The ^ C r  cpm that was found in chambers when labeled spleen 

cells  were injected into mice could be due to the emigration into 

chambers by phagocytic ce lls  which are normally resident in the spleen, 

or due to the lysis of spleen cells  which would result in release of 

S^Cr. Seventy percent of ^ C r  cpm found in chambers when labeled neu-' 

trophiIs were injected was cell associated and labeled spleen cells  

did not enter chambers to the extent of labeled neutrophils. Also, 

labeled neutrophils were found to be functional Iy active .by the jn 

v itro  phagocytosis and random migration assays. Collectively  these 

data suggest that active phagocytic cell emigration into chambers was 

occurring.

From these various experiments, i t  appears that the diffusion  

chamber in vivo is a system where conditions change over a period of 

time. Soluble factors and phagocytic cells  can enter chambers in the 

mouse peritoneal cavity for at least 24 hr. in chambers which have 

been in the peritoneal cavity for 7 days, the internal f ib r in  clot and 

external adhesions are evident and may prevent soluble factors and cells  

from entering chambers.

With this knowledge of the diffusion chamber system, a series of 

experiments was designed to study the effects of various host compo

nents on the growth of (X albicans in diffusion chambers. Experiments
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were f i r s t  performed to examine the effects of allowing natural 

emigration of host factors (cells  and soluble components) into chambers 

containing Cm. albicans. The fate  of £ , albicans under such condi

tions was dependent on the concentration of yeasts placed in the 

chamber. Host peritoneal cells  were found to be s ign if icantly  candi- 

dacidal, at day I only when the smaller inoculum of £ . albicans was 

used. An increase in viable £ . albicans occurred a fte r  day I . — by 

day 7 the number of yeasts was similar to the number in the original 

inoculum. The growth of £ , a I bicans a fte r  day I may be due to the 

in a b il i ty  of host cells  to enter chambers. Stasis or a s light  

decrease in v ia b i l i ty  was seen at the higher yeast inoculum. In 

other experiments, i t  was determined that just over I Ob white cells  

entered chambers. I t  is possible that this number of white cells , 

was insuffic ient for e ffective  candidacidal a c t iv ity  when the higher 

inoculum of yeasts was used.

The decrease in v ia b i l i ty  of £ . albicans observed at day I was 

not due to mechanical damage incurred by C. albicans during the harvest- 

homogenization procedure. This possib ility  was ruled out by placing 

chambers containing £ .  albicans in v it ro  and comparing the number of 

Viable fungal units recovered from chambers by homogenizing to the 

number recovered by simple vortexing. Similar numbers of C_. a lb icans 

were recovered by both methods. Thus i t  appears that a decrease in
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viable JC. albicans in chambers incubated in vivo for 2h hr is due 

to host candidacidal mechanisms.

Examination of Giemsa stained smears of contents of chambers 

which were ?n vivo for 2k hr showed the presence of neutrophils and 

some macrophages. Therefore, to determine the effect of each of these 

cell types on Ĉ. albicans, neutrophi I -r ic h  PEC from normal mice were 

added with C. albicans to diffusion chambers designed to allow for ex

change of soluble substances in the mouse peritoneal cavity. Under 

these conditions, neutrophils were found to be candidacidal, but only 

at high neutrophil to yeast ratios. By 4 hr incubation in chambers,.it 

was found that nearly a l l  of the fungal particles were ingested by neu

trophils and, surprisingly, even at low neutrophil to yeast ratios.

The high neutrophil to yeast ra tio  requirement for candidacidal a c t iv i 

ty of neutrophils correlates with previous experiments using C- albicans 

in chambers that allow emigration of host peritoneal ce lls : a candida

cidal e ffec t was seen only in chambers containing the smaller yeast 

inoculum. This evidence suggests that ingestion of a yeast by a neu

trophil merely "weakens" the yeast, but a second or third neutrophil is 

required for k i l l in g .

The idea that ingestion of £. albicans by a neutrophil does not 

necessarily lead to death of the fungus has also been proposed by 

others (68). These workers observed that C. albicans was able to
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persist in vivo by germinating out of phagocytic ce lls . Other workers 

have shown that neutrophils can a ffec t Candida cells  a fte r  germination

of the yeasts. Diamond and coworkers have demonstrated the existence
■

of an interaction between Candi da and neutrophils in v it ro  under condi

tions in which the Candida cells  are not ingested (17,18). They showed 

that neutrophils could attach and spread out over Candida pseudohyphae; 

this was followed by degrauI at ion of neutrophils with morphologic and 

metabolic changes in the pseudohyphae suggestive of severe cell damage 

or death. A similar interaction was shown between neutrophils and 

Asperg i 11 us and Mucor (.16).

Other experiments were performed to determine i f  addition of nor

mal mouse serum would enhance the candidacidal e ffect of neutrophils in 

chambers. Results of these experiments indicated that serum did not 

affect the number of viable C_. albicans recovered. This was not a sur

prising result since other workers have shown that serum is necessary 

for optimal phagocytosis of Candida by neutrophils in v itro  but serum 

does nqt contribute to the candidacidal a c t iv ity  (34,37). My experi

ments suggest that f lu id  factors in the peritoneal cavity provide suf

f ic ie n t  opsonins: phagocytosis of Candida by neutrophils in chambers

was shown to be nearly to ta l ,  and yeasts taken from chambers did not 

require normal mouse serum for optimal phagocytosis by neutrophils and 

macrophages Jri v i t r o ...
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Since macrophages are also seen at foci of Candjda infections, the 

effect of macrophages on C_. albicans in diffusion chambers was examined. 

Macrophage-rich PEC harvested from normal mice and added to chambers 

with yeasts were found to have only candIdastatic effects at both high 

and low macrophage to yeast ratios. The possib ility  that this candi-  

dastatic e ffec t was due to neutrophils in the macrophage population 

was addressed by further enriching the cell population for macrophages 

by f ic o l l  gradient centrifugation. The cell population obtained 

through this technique was over macrophages; when these cells were 

added to chambers with yeasts, a s imilar candidastatic e ffec t was 

seen. Thus inhibition of fungal growth does appear to be due to 

macrophage a c t iv ity .

Other workers have examined the candidacidal effects of macro

phages and neutrophils in v i t r o . The comparative candidacidal a c t i 

v it ie s  of these two cell types is a controversial subject  ̂ Leijh 

et a I (37) found that neutrophils k i l le d  58% of ingested yeasts while 

monocytes k il led  only 50%> whereas Lehrer and Cline (34) found that 

neutrophils k il led  23% of ingested C.. albicans whiIe monocytes k illed  

only 4%. Conversely, Schuit (59) found monocytes to be more cand j - 

dacidal: monocytes were able to k i l l  60% of ingested C_, albicans

blastospores and 50% of ingested psuedohyphae while neutrophils k il led  

only 35% of ingested blastospores and about 5% of ingested pseudohyphae,



In yet other studies, 60% k i l l in g  of £ . albicans ingested by guinea 

pig neutrophils was reported (4 ),

I t  has been postulated that nude mice possess macrophages that 

are "activated11 (12) because these animals are more resistant to the 

in trace llu la r  pathogens Brucel la and L is te r ia . Nude mice have also 

been found to be more resistant to acute Candida infections (14,54); 

a result that may be explained by increased macrophage a c t iv i ty .  This 

possib ility  was addressed by testing the candidacidal a c t iv ity  of 

macrophages harvested from nude mice in diffusion chambers, In 

contrast to macrophages from normal mice which were candidastatic, 

macrophages from nude mice were found to be candidacidal at high macro

phage to yeast ratios when added with yeasts to chambers and implanted 

in e ither nude or normal mice. I f  this candidacidal e ffect was due 

to an interaction of macrophages with a soluble factor present In the 

nude peritoneal cavity then macrophages from normal mice would be 

expected to be candidacidal i f  incubated in.nude mice. A change from 

candidastatic to candidacidal a c t iv ity  of macrophages from normal mice 

was not observed, therefore demonstrating that nude macrophages alone 

are candidacidal.

Although nude macrophages are candidacidal in diffusion chambers, 

one can only speculate about the role of these candidacidal macrophages, 

in the increased resistance to acute candidiasis in nude mice. In one



study attempts were made to determine i f  "activated" macrophage^ were 

involved in defense against candidiasis (55)• These workers nonspecj- 

f ic a l ly  activated macrophages in BALB/c mice using BCG. Although BCG 

treatment lessened the severity of L is teria  infections, these mice 

were not more resistant to jX albicans infections,

In conclusion, our results studying the effect of mouse peritoneal 

exudate cells  on Candida albicans in diffusion chambers in vivo agree 

with in v it ro  results of other investigators (34,37).: neutrophils were

found to be candidacidal and macrophages were less candidacidal but 

did inh ib it  growth of £. albjcans. Also, this work indicates that 

macrophages from nude mice were candidacidal. Diffusion chambers 

implanted in the peritoneal cavity of mice can be used to study the 

effect of specific cell populations on fungi in v ivo . Further studies 

might include use of sensitized animals, sensitized lymphocytes added 

to chambers, and use of mixtures of d if fe ren t cell populations to 

examine host modulation of c e llu la r  and soluble factor effects on 

fungi.
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APPENDIX I

Effect of neutrophils on Streptococcus pneumoniae in diffusion chambers

Streptococcus pneumoniae is a pyogenic coccus which is pathogenic 

for man because of its  invasive properties. This organism possesses an 

antiphagocytic capsule; anti-capsular antibody acts as an opsonin 

thus allowing phagocytic cells  to ingest the bacteria. These bacteria 

are readily k il le d  once ingested.

The goal of these experiments was to demonstrate the a b i l i ty  of 

antibody to diffuse into the chambers and specifica lly  combine with 

S_. pneumoniae, and to demonstrate the a b i l i t y  of neutrophils to phago- 

cytize and k i l l  opsonized bacteria. Neutrophils and pneumoniae were 

added to chambers which were implanted in ja. pneumoniae-immunized and 

non immunized mice. We would expect neutrophil bacterialcidal a c t iv ity  

only in chambers implanted in immunized mice.

_S. pneumoniae, type I I I ,  obtained from the culture collection at 

Montana State University, was grown on brain heart infusion (BHl) agar 

containing 5% sheep erythrocytes for 18 hr at 37°C in a candle ja r .

An isolated colony from this plate was inoculated into BH I broth con

taining 15% FCS and incubated in a candle ja r  for 12 hr at 37°C. The 

bacteria were harvested by centrifugation at 10,000 x g for 30 min, 

suspended in PBS, and the suspension was lyophiIized. This material 

was suspended in PBS to the proper concentration and used as the a n ti

gen for immunization. Others have determined that the optimal immuniz-
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Ing dose for purified Sr  pneumoniae SSS I I I  capsular polysaccharide 

is 0.5 U9 (3 ). Assuming that the capsule represents 15% of the dry 

weight of Sr pneumoniae c e lls ,  mice were immunized with 1.67 Ug of the 

antigen preparation. Eight to twelve week old male or female BALB/c 

mice were immunized ip on days 0, 7, and 28. On day 35, Sr pneumoniae, 

cultured as described above, was suspended to the appropriate concen

tration  in PBS using McFarland's standards as a reference. The 

bacteria were added to 0 .45p chambers with or without neutrophil-rich  

PEC harvested from normal mice. The chambers were implanted ip into 

immunized or nonimmunized normal mice and harvested a f te r  24 hr of 

in vivo incubation. Cfu of Sr pneumoniae remaining in the chambers 

was determined by homogenizing the f i l t e r s  and chamber contents in 

5 ml of saline, plating the homogenates on BH I blood agar, and incu

bating the plates in a candle ja r  at 37°C for 12 hr.

In experiment #1, a s ign ificant difference in the number of 

Sr pneumoniae recovered from group A chambers was found when compared 

to the number recovered from groups B, C and D (Table 8 ). These data 

support the contention that antibody can enter diffusion chambers and 

neutrophils in diffusion chambers can ingest and k i l l  opsonized 

bacteria. However, s imilar results were not obtained in subsequent 

experiments. I t  is possible that the Sr pneumoniae inoculum in the 

second experiment was too high for e ffec tive  opsonization of bacteria l-



Table 8. Effect of neutrophils on Streptococcus pneumoniae 
in diffusion chambers

Group Mice
immunized3

Neutrophils added Log, q cfu
to chamber^ Exp fflc

recovered a fte r  24 hrs 
Exp #2^ Exp #3C

A + + 6.35 ± 0.40 8.3 ± 0.29 7.55 ± 0.06

B + - 7.40 ± 0.31 8.8 ± 0.37 7-55 ± 0.16

C - + 7.34 ± 0.46 9.76 ± 0.11 7.67 ± 0.13

D - - 7.46 ± 0.26 10.1 ± 0.24 7.58 ± 0.16 I
Vl-D-

a Mice were immunized ip with 1.67 Ug of pneumoniae on days 7, 24, and 28 prior to 
testing.

10? neutrophil-rich PEC were added to chambers.

Sy pneumoniae inoculum was about I x l .
o

S. pneumoniae inoculum was about 6x10 .d
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c !daI a c t iv i ty  of neutrophils. Before the third experiment was per

formed, the stock culture of pneumoniae used in previous experi

ments was lost and a new stock culture was made from previously frozen 

(-20°C) cultures of Ŝ. pneumoniae. Although this second stock culture 

was thought to be of the same capsular type as the original strain,  

one explanation for the fa i lu re  of experiment #3 is that the mice were 

not immunized against the proper capsular type of Ŝ. pneumoniae. Also, 

mice were immunized with the equivalent of 0.25 fig of pneumoniae

capsular material;  doubling the immunizing dose would result in in

creased antibody t i t e r s  (3).



APPENDIX I I

Effect of s i l ica  on the phagocytic a b i l i t y  of mice.

Phagocytic c e l ls ,  macrophages and neutrophils, are thought to play 

a role in defense against candidiasis. Treatment of mice with the 

macrophage toxin s i l ica  (7) is a method of in vivo depletion. Sil ica

had been used in the past to identify host defense mechanisms to a
>

variety of organisms: s i l ica  treated mice are more susceptible to

certain v ira l  (11),  parasit ic  (8) ,  and bacterial infections (1,6) .

The purpose of these experiments was to determine i f  s i l ic a  treated mice 

are more susceptible to infection by Candida albicans. Preliminary 

experiments were performed to determine the effect of s i l ic a  treatment 

on the clearance of C. albicans and. carbon from the blood of normal 

mice. Diffusion chamber experiments were begun at. that point so no 

further s i l ic a  experiments were done.

S i l ic a ,  Min-U-Sil #216 (Whittaker, Clark, and Daniels, lee. South 

P la Insf ie ld, NJ) of less than 5 Vim diameter was prepared using the 

method of others (4) .  S il ica prepared in this manner was suspended to 

the desired concentration in PBS, sonicated for 3 min, and administered 

Iv in 0.25 ml to 8-12 week old male or female BALB/c mice. Eighteen 

to twenty hours a f te r  s i l ic a  injection, the phagocytic index of normal 

and s i l ic a  treated mice was assessed by measuring the a b i l i t y  of the 

mice to clear C. albicans and carbon from the blood.
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Cy albicans was suspended in PBS to I x 10° ce l ls /0 .1  ml and 0.1 

ml was injected i v. Five min (or, in some experiments, 2 min) and 15 

min a f te r  injection of the yeasts, mice were bled from the orbital  

venous plexus using a heparinized capi l lary  pipette. At each bleeding 

0.05 ml of blood was added to 0.9 ml of PBS and appropriate dilutions  

were plated onto sabouraud-dextrose agar. Cfu of Cy albicans were 

counted a f te r  36 hr incubation at 37°C.

Carbon clearance was determined using a modification (9) of a 

method of others (5)• Mice were weighed, bled from the orbi t  and 

injected iv with 0.01 ml per gram body weight of a 10 mg/ml colloidal  

carbon (Pelikan ink, Gunther Wagner, Hanover, Germany) in 1% gelatin  

solution. Two min and 15 min a fter  injection of the carbon, mice 

were bled from the o rb i t .  At each bleeding 0.05 ml of blood was lysed 

in 2.0 ml of 0.1% NagCO '̂ Optical densities (0 .0 . )  were determined 

a t .640 nm (Varian Techtron Model 635 spectrophotometer). The phago

cytic  index, K, was determined for each mouse by the formula:

I a g i 0O - D .  2 m l n  -  I o g 10O - D .
K - ................. ........ T i -----------------------------------

The phagocytic index was corrected for differences, in body and organ 

weight, a,  by the formula:

a = K x 3 Liver + spleen weight/body weight

8
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Sil ica  treatment is expected to decrease the a b i l i t y  of mice to 

clear part iculate matter from the blood. Clearance of Cv albicans from 

the blood appeared to be more e f f ic ie n t  in s i l ica  treated mice than in 

normal mice (Table 9)• Since s i l ic a  has not been noted to enhance 

macrophage function, carbon clearance assays were performed to deter

mine i f  the s i l ic a  treatment was impairing RES function. Macrophage 

tox ic i ty  was found to be s i l ica  dose dependent (Table 10). Carbon 

clearance was s l ight ly  decreased i f  mice were treated with 10 mg of 

s i l i c a ,  and greatly decreased i f  mice were treated with 12.5 mg of 

s i l ic a .  Doses of s i l ica  similar to those given in the Candida clear

ance assay had no effect  on the a b i l i t y  of mice to clear carbon.

Low doses of s i l ica  (2.5-5 mg) did not seem to adversely affect the 

health of the mice, but about on-half of the mice treated with the 

high dose of s i l ica  (12.5 mg) died within 12 hr of injection. Thus 

only very toxic doses of s i l ica  were able to depress macrophage

function.



T a b l e  9 -  C l e a r a n c e  o f  C a n d i d a  a l b i c a n s  f r o m  b l o o d  o f  n or m a l  and
s i l i c a  t r e a t e d  BALB/c  m i c e

Sil ica  inj ected3 log^Q no. C. albicans^ cfu recovered from blood

5 min. 15 min.

none 5.01 ± 0.24 4.56 ± 0.38

5 mg 4.98 ± 0.44 3.85 ± 0.07

2 min. I 5 min.

none 6.12 ± 0.15 4.94 ± 0.16

2.5 mg 6.01 ± 0.08 4.59 ± 0.20

5 mg 6.23 ± 0.06 4.75 ± 0.12

a s i l ic a  injected iv 18 Mrs. previous to Cand i da clearance test 

k I x l 0® Cy a Ib i cans injected at time 0
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Table 10. Effect of s i l ic a  on the phagocytic a b i l i t y  
of BALB/ mice3

Sil ica  dose*3 Phagocytic i ndexc

none 0.117 ± 0.002

4 mg 0.116 ± 0.01

10 mg 0.111 ± 0.013

12.5 mg 0.040 ± 0.003

Phagocytic a b i l i t y  was determined using the carbon clearance 
assay.

k S i l ica  was given i .v .  18-20 hrs. before carbon clearance 
assay.

C Average value ± S.D. of 3-A mice.
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Effect of phagocytic cells  from normal mice on C_. a I b i cans in diffusion 
chambers in the presence of immune serum.

Other workers (2) have shown that neutrophils and macrophages 

display increased phagocytosis and increased k i l l in g  of £ . albicans 

in the presence of ant i -£ .  albicans immune serum. I attempted to 

determine the effect  of immune serum on the candiacidal a b i l i t ie s  of 

mouse neutrophils and macrophages in diffusion chambers.

Anti -£ . albicans serum ( immune serum) was obtained as previously
Q

described (10). Br ie f ly ,  4 x 10 heat k i l led £. albicans were emul

s i f ied in complete Freund adjuvant (GIBCO) and injected subcutaneously 

into rabbits. Booster injections of heat k i l led  cells  emulsified in 

incomplete Freund adjuvant were given on days 7 and 14 and on day 24 

the animals were bled. The £ .  albicans agglutinin t i t e r  of sera ob

tained from these animals was at least 256. This serum was absorbed 

3 times with BALB/c spleen cel ls at 4°C and was kept at -20°C until  

use. Neutrophil-rich and macrophage-rich PEC were harvested as pre

viously described and suspended to various concentrations in immune

serum. The neutrophils or macrophages were added to 0 . 45p chambers 

4with 5 x 10 £ .  albicans and the chambers were implanted ip into 

normal mice and harvested a f ter  24 hr of in vivo incubation.

• Neutrophil-rich PEC appear to be less candidacidal when suspended 

in immune serum than when suspended in PBS (Table 11; Table 4 in
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Results section of this thesis).  Also, the number of c fu , recovered 

from chambers containing macrophages in immune serum is somewhat 

higher than the number' recovered from chambers containing macrophages 

in PBS (Table 11: Table 6 in Results sect ion). The e ffect  of immune 

serum on phagocytic cell  candidacidal a b i l i t y  that accounts for 

these differences can not be determined by these experiments.



T a b l e  1 1 .  E f f e c t  o f  p h a g o c y t i c  c e l l s  f r o m  n or m a l  m i c e  on £ .  a l b i c a n s
i n  d i f f u s i o n  ch am b ers  in  t h e  p r e s e n c e  o f  immune serum

phagocytic cells P : Y a
rat io

Log No. cfu
^Phagocytic 

Neutrophi I

recovered a f ter  24 h
cell  in chamber

Macrophage

2 x I O 7 400: I 4.29 ± 0.10 4.42 ± 0.10

2 x I O 6 40: I 3.90 ± 0.39 4.88 ± 0.32

2 x I O 5 4:1 4.75 ± 0.15 5.13 ± 0.31

2 x I O4 <1:1 4.88 ± 0.29 5.44 ± 0.15

none — — — 5.42 ± 0.31 5-56 ± 0.10

I
ON

I

a Phagocyte to yeast ratio;  Log j q 4.69 yeasts were added to chambers
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