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ABSTRACT 

Previous studies have shown that mannosylated bovine semm albumin (mBSA) 

enhances the respiratory burst (RB), phagocytosis, and killing of Candida albicans and 

Escherichia coli by resident murine peritoneal macrophages (M0). Upregulation of the 

above M0 functions was associated with binding of mBSA to the macrophage mannose 

receptor. The present study was done to detennine if certain polymannans, and other 

glyconutrients could stimulate M0 functions in a similar manner. Resident peritoneal 

murine M0 collected from C57BL/6 mice were e3qx)sed to the glyconutrients for 10 and 

60 minutes. The RB was measured using chemiluminescence. Both phagocytosis and 

killing were measured after incubation with one of the following microorganisms: 

Candida albicans, Escherichia coli and S. aureus. The percent phagocytosis and killing 

were determined using fluorescence microscopy. Results indicated little or no effect of 

four of these con^unds on phagocytosis and killing Con^und 3, which was identified 

as Ambrotose, caused a dose and time dependent effect on M0 induced killing of all 3 

microorganisms. 
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CHAPTER I 

INTRODUCTION 

The innate arm of the immune system plays a pivotal role in a host's primary 

response to various pathogens such as Candida albicans and Escherichia coli (Szabo et 

al, 1995). Polymorphonuclear leukocytes (PMN) and mononuclear phagocytes or 

macrophages (M0) are effector cells of the innate immune response collectively referred 

to as '̂professional phagocytes" (Jones et al, 1999). Cells have evolved a number of 

methods for the internalization of particles and solutes including pinocytosis, receptor 

mediated endocytosis, and phagocytosis (Allen and Aderem, 1996). Phagocytosis by 

macrophages is critical for the uptake and degradation of infectious agents such as 

Candida. 

Recognition of aberrant cells and bacteria occurs due to receptors found on the 

surface of M0 that recognizes conserved motifs on pathogens. These pathogen associated 

molecular patterns include mannans in yeast cells walls, as well as, lipopolysaccharides 

on the surface of Gram negative bacteria. Pattern receptors include the M0 mannose 

receptor (MMR) and other scavenger receptors, which can recognize mannosylated 

substances (Jones et al, 1999). 

C albicans is a ubiquitous pathogenic fungus associated with infections of the 

immuno-con^romised host (Taylor et al, 1992). With the emergence of AIDS, 

chemotherapy, and patients receiving broad-spectrum antibiotics new methods for 

fighting this pathogen are needed. Although it is believed that PMNs are known to be 

more effective at phagocytosis and killing of Candida, it is widely accepted that M0 play 



a role in combating Candida mfection (Szabo et al, 1995). Moreover, Cutler et al found 

that C. albicans attach to areas of lymph nodes and spleen rich in tissue M0 and have 

suggested that these cells are critical for the clearance of this pathogen (Cutler et al, 

1990). With the emergence of antibiotic resistant bacteria such as S. aureus and more 

pathogenic strains of bacteria such as E. coli 0157H7, new treatments have become a 

priority (Kullberg et al, 1993; Hostetter, 1994). 

Previous studies done by the present investigators have shown that certain 

mannosylated substances activate M0 thereby enhancing their respiratory burst (RB) as 

well as phagocytic and microbicidal activity of M0 (Lincoln et al, 1995; Gelderman et 

al, 1998). Receptor ligand interaction between the MMR and its ligands; i.e., 

enzymatically active and enzymatically inactive myeloperoxidase (iMPO) or 

mannosylated bovine serum (mBSA) enhanced phagocytosis and killing of Candida 

(Gelderman et aL, 1998). The mechanism of killing by myeloperoxidase as well as 

mBSA activated M0 was shown to involve production of reactive oxygen intermediates 

(ROI) (Lincoln et al, 1995; Gelderman et al, 1998). 

Ambrotose is composed of a mixture of eight sugars. Other investigators have 

shown that polymannans induce the secretion of tumor necrosis fector a (TNF) and 

interleukin-1 (IL-1) (Marshall and Druck, 1993; Marshall et al, 1993; Tizzard and Kemp, 

1994). Veterinarians have used this substance for the treatment of sarcomas in dogs 

(Rodriguez-Bigas et al, 1988). Based on previous studies done in this laboratory with 

mBSA as well as other polymannans, which showed that these substances activated 

certain M0 functions, the present study was undertaken to determine if Ambrotose would 



also enhance M0 ftmctions. The following M0 fimctions were examined: respiratory 

burst (RB); phagocytosis; and intracellular killing of C albicans, E. coli, and S. aureus. 



CHAPTER n 

MATERL\LS AND METHODS 

Animals 

C57BL/6 mice, of either sex, age matched and weighing between 18 and 22 g 

were obtained from Jackson Laboratories (Bar Harbor, ME). Animals were housed in the 

vivarium at the Department of Biological Sciences in accordance with the Animal 

Welfare Act. 

Materials 

Glyconutrients were generously provided by Mannatech. Dr. Randall Jeter, Texas 

Tech University, Lubbock, TX, U.S.A generously provided Escherichia coli (strain K12). 

Dr. L. ChafiEin, Texas Tech University Health Sciences Center, Lubbock, TX, U.S.A, 

generously supplied Candida albicans strain 3153A. Dulbecco's modified Eagle's 

mediimi (DMEM) and guinea pig conq)lement were purchased from GIBCO (Long 

Island, NY). Fetal bovine serum (FBS) (Intergen, Purchase, NY) and crystal violet (color 

index No. 42555, dye content 95%) were purchased from Fisher (Pittsburgh, PA). 

Tryptic soy broth was purchased from DIFCO (Detroit, MI). Gentamicin sulfate, 

HEPES, and Acridine Orange (color index No. 46005, dye content 90%) were purchased 

from Sigma (St. Louis, MO). Auto-POW MEM was obtained from Flow Labs (McLean, 

VA) Luminol was purchased from Kodak (Rochester, NY) Phosphate buffer solution 

(PBS) was prepared as needed. Reagents were tested for endotoxin contamination using 

the Limulus amoebocyte lysate test (LAL) (Associates of C^e Cod, Woods Hole, MA). 



Macrophage collection 

Resident peritoneal Mo were collected as previously described (Le&owitz et al, 

1986). Briefly, mice were sacrificed by cervical dislocation and M0 were collected by 

peritoneal lavage using cold PBS. The cell suspension was cenUifuged at 250xg for 10 

min. at 4° C. The supematants were decanted, the red blood cells lysed with 0.83% 

NH4CI, and the M0 were resuspended in DMEM containing 25 mM HEPES without 

gentamicin. The resident peritoneal M0 number was adjusted to 1 x 10̂  Mo/ml. One 

hundred microliters of the M0 suspension were added to each well of a 16-well tissue 

culture chamber sUde (Nunc Inc., Naperville, IL) and incubated for 2 hours at 37° C 

under 5% CO2. After incubation, the monolayers were washed extensively to dislodge 

non-adherent cells. 

Candida albicans 

C albicans were cultured with slight agitation in 10 ml yeast extract-peptone-

dextrose (YPD) broth (Difco Laboratories, Detroit, MI), at 30° C. A stationary growth 

phase was reached by 24 h and the density of the culture was 2.5-3.0x10* cells/ml. At this 

time, the culture yielded a pure yeast-phase population. A plate count was done to 

determine the precise number and viability of the fungal cells. Stock cultures of C 

albicans were maintained on YPD agar plates at 4° C and were transferred every 4-6 

weeks. Once stationary growth phase was reached, the Candida suspension was 

centrifuged at 20,000g for 15 min at 4° C and subsequently washed once with PBS. Cells 



were opsonized for 30 min at 30° C with 400 îl guinea pig conqjlement using slight 

agitation. After incubation, cells were centrifuged and the supernatant decanted. Four 

hundred microliters of fresh conq)lement were added for a second opsonization. 

Following opsonization, cells were washed twice and diluted in PBS to a concentration of 

5x10^ yeast/ml. 

Bacterial preparation 

Escherichia coli were inoculated in tryptic soy broth (TSB) and grown, using an 

orbital shaker at 37° C. A growth curve was performed to determine when the lag phase 

of growth was reached. At 3.3h lag phase was reached and a plate count was done to 

determine the density of the E. coli. The density was found to be 2.6x 10* cells/mL The 

culture was centrifuged at 10,000 rpm for 15 min at 4° C. Subsequently, the culture was 

washed with 10 ml PBS. Cells were opsonized for 30 min at 30° C with 400 |il of guinea 

pig complement using slight agitation. After incubation, cells were centrifuged and the 

supernatant decanted. Four hundred microliters of fresh complement were added for a 

second opsonization. Following this incubation, cells were washed twice and diluted in 

PBS to a concentration of 5x10^ cells/ml. 

Chemilumine«scence assay 

Methods used were modified from a chemiluminescence assay described by 

Lefkowitz et al. (1986). Briefly, resident peritoneal M0 were obtained as described 

above and suspended at 1 X 10̂  cells/ml in media without phenol red (Auto-POW) but 
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supplemented with 0.6 g/dl sodiimi bicarbonate, and 1.0 g/dl BSA This mixture was 

termed CL media. Each well of a 96-well microtiter plate was seeded with 100 jil of the 

M0 cell suspension- Following a 30 min. incubation at 37°C, under 5% CO2, the 

monolayers were washed three times with CL media to remove non-adherent cells. By 

differential staining, cultures were estimated to be > 99% M0. Culture fluids were 

allowed to equilibrate at 37°C, under 5% CO2 for an additional 30 min. Subsequently, 

media were removed, and the following were added to each well: 50 1̂ of limiinol (40 

|iM working concentration), 50 jil of zymosan opsonized with guinea pig conq)lement 

(10 zymosan particles: M0), and 100 |LI1 of media alone or media containing Ambrotose. 

The plate was placed in a Dynatech ML 3000 plate luminometer, and luminescence was 

recorded for 2 sec. Over a 2-min. interval, the results were plotted as time versus relative 

light units. The mean of triplicate treatments ± S.E.M. was determined. 

Phagocytosis assav 

The phagocytosis assay was similar to the procedure described by Lian et al and 

others (Susada and Johnson, 1980; Lian et al, 1987; Suzuki et al, 1993); however, the 

present investigators (Leflcowitz et < biblio >) further modify the assay. Briefly, after a 

2h attachment period, the cultures were washed twice with warm media to remove non

adherent cells. Subsequently, the monolayers were exposed for 10 min to coded 

glyconutrients or control media. After incubation, the M0 were washed vigorously and 

opsonized C albicans suspended in DMEM supplemented with 10% FBS, were added at 

a ratio of five yeast/Mo for (A) 60 min or (B) for 15,30 and 60 min. This was also 
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performed when E. coli and iS. aureus were en:̂ )loyed. These protocols were followed by 

staining with acridine orange (AO)(0.1 mg/ml) for 90 s, washed in PBS and 

counterstained for 1 min with crystal violet (1 mg/ml) to quench the fluorescence of the 

extracellular organisms. Candida or bacterial cells having intact membranes do not 

absorb AO. Therefore, bacteria that fluoresced green were scored as live and those, 

which fluoresced orange, were scored as dead. Three 100 cell counts/well were done 

using a fluorescence microscope at 400X magnification. 

Statistical analysis 

All data represent the mean ± SEM of replicate counts. A one-way ANOVA and 

Student-Newmann-Keuls tests were used to determine significance levels among groups. 

Each experiment was repeated at least three times. 
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CHAPTER m 

RESULTS 

Initial experiments were done to determine the solubility of the five compounds. 

The percent solubility of compounds 1-5 was determined to be 100, 19, 60, 70, and 70 

respectively (Table 1). Subsequently, these con^unds were then tested for the presence 

of lipopolysaccharide (LPS). All of the compounds were shown to contain >0.6ng/ml 

LPS at 1 mg/ml of compoimd (Table 2). Since previous studies showed that 0.03ng and 

greater induced TNF, it was determined that enzyme linked immunosorbant assays 

(ELISA) could not be used in this study. 

It is well established that RB is highly correlated with phagocytosis (Greenberg 

and Silverstein, 1993). Studies were undertaken to determine if Ambrotose enhanced the 

RB of M0. The studies utilizing chemiluminescence indicate that Ambrotose does not 

induce an RB of M0 (Fig. 1). 

The next set of experiments determined the effect of this glyconutrient on Mo-

mediated phagocytosis and killing of Candida. Initial experiments were done with 

compounds at 1 mg/ml concentration. Enhancement of phagocytosis by M0 exposed to 

polymannans for 60 min. was not apparent (Fig. 2). However, several of the compounds 

appeared to inhibit phagocytosis. M0 ejqwsed to conqwimds 1 and 3 for 60 min. 

demonstrated an increase in candidicidal activity of about 9 and 20 fold respectively (Fig. 

3). M0 exposed to con^unds 2,4, and 5 exhibited candidicidal activity similar to 

controls which were 0-5% dead yeast (Fig. 3). 



Following these initial findings, conqsound # 3 was used for all Candida 

experiments. Concentrations of 0.1, 0.33,1.0 mg/ml showed no significant increase in 

phagocytosis (Fig. 4). These concentrations did induce a significant (p<0.001) dose-

dependent candidicidal response with about 20, 30 and 50% killing from the low to the 

high dose respectively (Fig. 5). M0 exposed to Ambrotose (con^und #3) for 60 min., 

washed and subsequently e)qx)sed to Candida for 15, 30, and 60 min., exhibited a 

significant (p<0.001) increase in phagocytosis. However, this response was not time 

dependent (Fig. 6). With respect to the candidicidal response, wiien M0 were exposed to 

Ambrotose for 15, 30, and 60 min (Fig. 7). Approximately 35% killing was observed 

sifter 15 min. and 62% candidicidal activity was observed for the 30 and 60 min. 

treatments (Fig. 7). 

Another set of experiments was done to determine the effect of these 5 

compounds on Mo-mediated bactericidal activity. All the conqx)unds were incubated 

with M0 for 1 hr. and subsequently e3qx)sed to E. coli for 1 hr. There was no consistent 

increase in phagocytosis observed (Fig. 8). A significant increase in killing 

approximately 8 fold that of controls was observed in cultures exposed to conqx)und #3 

(Fig. 9). These experiments were followed by experiments with conqx>und #3 only. M0 

were exposed to 0.11 mg/ml, 0.33 mg/ml, and 1.0 mg/ml of Ambrotose (con^und #3). 

Exposure of M0 to Ambrotose for one hour exhibited no increase in phagocytic activity 

(Fig. 10). There was, however, a dose-dependent increase in candicidal activity (Fig. 11). 

Killing increased from 4% with the lowest dose to 17% with the highest dose. Kinetics 

of M0-mediated killing ofE. coli was sturied next. M0 exposed to Ambrotose for 60 

min., followed by 15, 30, and 60 min. ê qwsure to E. coli showed no change in 

10 
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phagocytic uptake of bacteria (Fig. 12). As with Candida, there was a time-dependent 

increase in bactericidal activity of about 2,6, and 17%, respectively (Fig. 13). 

Following experiments done with Candida and E. coli, studies were done to 

determine if Ambrotose would enhance Me mediated killing of a Gram positive bacteria-

Various doses of iS. aureus Ambrotose did not enhance phagocytosis of 5. aureus (Fig. 

15). This substance did induce a dose-dependent increase in killing of this bacteria (Fig. 

16). The lowest dose induced approximately 13% death whereas the highest dose 

induced approximately 35% killing (Fig. 15). Kinetics studies indicated that there was a 

time-dependent increase in phagocytosis of S. aureus with 60 min. exposure time being 

significantly (p<0.001) higher than controls. When bactericidal studies were done, once 

again a time-dependent increase in bactericidal activity was observed (Fig. 17). 

11 



Table 1: Sohibility of Coded Glyconutrient Compounds 
Compound # % Sohibility 

1 
2 
3 
4 
5 

100 
19 
60 
70 
70 

TX 

Table 2: LPS Concentration of Coded Glyconutrient Compounds 
Conyound# ng/ml of LPS in 1 mg/ml of compound 

1 
2 
3 
4 
5 

0.1 
16 
5.3 
4.6 
0.6 

Note: Murine macrophages will respond with cytokine secretion to 0.03 ng/ml of LPS. 
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Fig. 1 Resident Macrophage Chemiluminesence 
Macrophages exposed to himinol, opsinized zymosan and various dilutions of 

Ambrotose were incubated at 37**C and the amount of light released was measured using 
a luminometer. The amount of CL was measured at 2 min. intervals for 80 min. 
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Fig. 2 Phagocytosis of C. albicans by Mo. 
Murine peritoneal M0 cultured on 16-well chamber slides were exposed to 1 

mg/ml of confounds #1-5 for 60 min. Subsequently, the monolayers were washed, and 
C. albicans were added at a ratio of 5 Candida/Ma. After 60 min. incubation, the cells 
were stained with acridine orange. The percentage of M0 having ingested Candida was 
determined. Values represent the mean ± S.E.M. for three 100 cell counts. Values 
without indicators represent no significant differences relative to controls. *p<0.05 
**p<0.01 
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Fig. 3 Killing of C albicans by M0. 
Murine peritoneal M0 cultured on 16-well chamber slides were exposed to 1 

mg/ml of compounds #1-5 for 60 miiL Subsequently, the monolayers were washed, and 
C albicans were added at a ratio of 5 Candida/M0. After 60 min. incubation, the cells 
were stained with acridine orange. Intracellular C albicans that fluoresced orange were 
scored as dead, whereas bacteria fluorescing green were scored as live. Values represent 
the mean ± S.E.M. for three 100 cell counts. Values with no indicators represent no 
significant differences relative to controls. ***p<0.001 
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Fig. 4 Phagocytosis of C albicans by M0. 
Murine peritoneal M0 cultured on 16-well chamber slides were exposed to 

Ambrotose for 60 min. Subsequently, the monolayers were washed, and C. albicans were 
added at a ratio of five Candida/M0. After 60 min. incubation, the cells were stained 
vdth acridine orange. The percentage of M0 having ingested Candida was determined. 
Values represent the mean ± S.E.M. for three 100 cell counts. Values without indicators 
represent no significant differences relative to controls. 
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Fig. 5 Dose Dependent Killing of C albicans by Mo. 
Murine peritoneal Mo cultured on 16-well chamber slides were exposed to 

Ambrotose for 60 min. Subsequently, the monolayers were washed, and C albicans were 
added at a ratio of five Candida/Mo. After 60 min. incubation, the cells were stained 
v^th AO. Intracellular C. albicans that fluoresced orange were scored as dead, whereas 
bacteria fluorescing green were scored as Uve. Values represent the mean ± S.E.M. for 
three 100 cell counts. **p<0.01, ***p<0.001 
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Fig. 6 Kinetics of Phagocytosis of C. albicans by Mo. 
Murine peitoneal Mo cultured on 16-well chamber slides were exposed to 

Ambrotose for 60 min. Subsequently, the monolayers were washed, and C albicans 
were added at a ratio of five Candida/Mo. After 15, 30, or 60 min. incubation, the cells 
were stained with acridine orange. The percentage of Mo having ingested Candida was 
determined. Values represent the mean ± S.E.M. for three 100 cell counts. Values with 
no indicators represent no significant differences relative to controls. 
**p<0.01***p<0.001 
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Fig. 7 Kinetics of Killing of C albicans by Mo. 
Murine peritoneal Mo cultured on 16-well chamber slides were exposed to 

Ambrotose for 60 min. Subsequently, the monolayers were washed, and C albicans 
were added at a ratio of five Candida/Mo. After 15, 30, or 60 min. incubation, the cells 
were stained with acridine orange. Intracellular C albicans that fluoresced orange, were 
scored as dead, whereas bacteria fluorescing green were scored as live. Values represent 
the mean ± S.E.M. for three 100 cell counts. Values with no indicators represent no 
significant differences relative to controls. ***p<0.001 
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Fig. 8 Phagocytosis ofE. coli by Mo. 
Murine peritoneal Mo cultured on 16-well chamber slides were exposed to 1 

mg/ml of compounds #1-5 for 60 min. Subsequently, the monolayers were washed, and 
E. coli were added at a ratio often bacteria/Mo. After 60 min. incubation, the cells were 
stained with acridine orange. The percentage of Mo having ingested E. coli was 
determined. Values represent the mean ± S.E.M. for three 100 cell counts. Values with 
no indicators represent no significant differences relative to controls. •p<0.05, 
•••p<0.001 S4 
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Fig. 9 Killing ofE. coli by Mo. 
Murine peritoneal Mo cultured on 16-well chamber slides were exposed to 1 

mg/ml of con^imds #1-5 for 60 min. Subsequently, the monolayers were washed, and 
E. coli were added at a ratio often bacteria/Mo. After 60 min. incubation, the cells were 
stained with acridine orange. Intracellular E. coli that fluoresced orange were scored as 
dead, whereas bacteria fluorescing green were scored as live. Values represent the mean 
± S.E.M. for three 100 cell counts. Values with no indicators represent no significant 
differences relative to controls. ***p<0.001 3 
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Fig. 10 Phagocytosis of ^. coli by Ma. 
Murine peritoneal Mo cultured on 16-well chamber slides were e?qx)sed to 

Ambrotose for 60 min. Subsequently, the monolayers were washed, and E. coli were 
added at a ratio often bacteria/ Me. After 60 min. incubation, the cells were stained with 
acridine orange. The percentage of Mo having ingested E. coli was determined. Values 
represent the mean ± S.E.M. for three 100 cell counts. Values with no indicators 
represent no significant differences relative to controls. 
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Fig. 11 Dose Dependent Killing of £. coli by Mo. 
Murine peritoneal Mo cultured on 16-well chamber slides were exposed to 

Ambrotose for 60 min. Subsequently, the monolayers were washed, and E. coli were 
added at a ratio often bacteria/ Mo. After 60 min. incubation, the cells were stained with 
acridine orange. Intracellular E. coli that fluoresced orange were scored as dead, whereas 
bacteria fluorescing green were scored as live. Values represent the mean ± S.E.M. for 
three 100 cell counts. ***p<0.001 
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Fig. 12 Phagocytosis of £. co//byMo. 
Murine peritoneal Mo cultured on 16-well chamber slides were exposed to 

Ambrotose for 60 min. Subsequently, the monolayers were washed, and E. coli were 
added at a ratio of 10 bacteria /Mo. After incubation, the cells were stained with acridine 
orange. The percentage of Mo having ingested E. coli was determined. Values represent 
the mean ± S.E.M. for three 100 cell counts. Values with no indicators represent no 
significant differences relative to controls. 
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Fig. 13 Kinetics of Killing of £. coZ/byMo. 
Murine peritoneal Mo cultured on 16-well chamber slides were exposed to 

Ambrotose for 60 min. Subsequently, the monolayers were washed, and E. coli were 
added at a ratio of 10 bacteria /Mo. After incubation, the cells were stained with acridine 
orange. Intracellular E. coli which fluoresced orange were scored as dead, whereas 
bacteria fluorescing green were scored as live. Values represent the mean ± S.E.M. for 
three 100 cell counts. *p<0.05, ***p<0.001 
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Fig. 14 Phagocytosis of iS. owreuybyMo. 
Murine peritoneal M0 cultured on 16-well chamber slides were exposed to 

Ambrotose for 60 min. Subsequently, the monolayers were washed, and S. aureus were 
added at a ratio often bacteria^^. After 60 min. incubation, the cells were stained with 
acridine orange. The percentage of Mo having ingested S. aureus was determined. 
Vahies represent the mean ± S.E.M. for three 100 cell counts. Values with no indicators 
represent no significant differences relative to controls. 
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Fig. 15 Dose Dependent Killing of 5". aureus by Mo. 
Murine peritoneal Mo cultured on 16-weU chamber slides were exposed to 

Ambrotose for 60 min. Subsequently, the monolayers were washed, and S. aureus were 
added at a ratio often bacteria/Mo. After 60 min. incubation, the cells were stained with 
acridine orange. Intracellular S. aureus which fluoresced orange were scored as dead, 
whereas bacteria fluorescing green were scored as live. Values represent the mean ± 
S.E.M. for three 100 cell counts. **p<0.01, ***p<0.001. 
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Fig. 16 Kinetics of Phagocytosis of 5. aureus by Mo. 
Murine peritoneal Mo cultured on 16-well chamber slides were exposed to 

Ambrotose for 60 min. Subsequently, the monolayers were washed, and S. aureus were 
added at a ratio of 10 bacteria /Mo, After incubation, the cells were stained with acridine 
orange. The percentage of Mo having ingested S. aureus was determined. Values 
represent the mean ± S.E.M. for three 100 cell counts. Values with no indicators 
represent no significant differences relative to controls. **p<0.01 
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Fig. 17 Kinetics of Killing of 5. aureus by Mo. 
Murine peritoneal Mo cultured on 16-well chamber slides were exposed to 

Ambrotose for 60 min. Subsequently, the monolayers were washed, and S. aureus were 
added at a ratio of 10 bacteria /Mo. After incubation, the cells were stained with acridine 
orange. Intracellular S. aureus which fluoresced orange, were scored as dead whereas 
bacteria fluorescing green were scored as live. Values represent the mean ± S.E.M. for 
three 100 cell counts. Values with no indicators represent no significant differences 
relative to conUx)ls. •p<0.05, •**p<0.001 
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CHAPTER IV 

DISCUSSION 

Previous studies by these investigators have shown that certain polymannans 

present in aloe (Acemannan) activate murine Mo (Stuart et al, 1997). The present study 

was undertaken to determine if certain other glyconutrients could also stimulate Mo-

mediated phagocytosis and killing of certain microorganisms. From previous work done 

in this laboratory and others, it was evident that there were components of Ambrotose 

which could activate Mo. This product is composed of 8 monosaccharides of which 3 are 

known ligands of the Mo-mannosen-eceptor (MMR): mannose, fiicose, and N-

acetylglucosamine (Stahl, 1990). However, there is a hierarchy of ligand binding. Of the 

three ligands listed above, mannose and fucose bind with approximately the same avidity 

whereas N-acetylglucosame binds with less avidly than the other two. Ligands of the 

MMR can enhance an RB (Lincoln, 1995; Gelderman, 1998), phagocytosis (Stahl, 1990; 

Lincoln, 1995; Gelderman, 1998), intracellular killing of microorganisms (Thompson, 

1992; Lincoln, 1995; Gelderman, 1998), and cytokine secretion (unpublished data). 

The present study employed resident murine peritoneal Mo, Ambrotose, and 

guinea pig complement (serum). All three of the microorganisms utilized can be bound 

and ingested by one of the scavenger receptors present on Mo (Pearson, 1996; Ofek, 

1992; Schesinger, 1993). Since in vivo conditions would favor opsonization of the 

mciroorganisms, all experiments were done with the microorganism having been 

opsonized with guinea pig conplement. This would imply that the con^lement and/or 

the Fc receptors were the ones utilized by the Mo for phagocytosis of the yeast or 
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bacteria. It should be noted that when a homologous system, i.e., murine serum was 

utilized for opsonization, results were essentially the same as those obtained with guinea 

pig serum. Because guinea pig serum is readily available, the remainder of the study 

employed this substance. With respect to the cell population, after the attachment time, it 

was determined by microscopy that > 99 % of the cells were Mo. Any contaminating 

cells (primarily lymphocytes) were present uniformly among the cultures and, 

considering the time frame, their contribution to the results would be minimal 

In the present study, the initial experiments involved the use of Candida and 5 

unknown substances. After completion of the Candida studies, the five con^unds 

enq)loyed were identified. Compounds two and five were polymannan preparations, 

compoimd one was a conqx)nent of Ambrotose, and conq)oimd four was a precursor of 

one of the components. Compound three was Ambrotose. Since Ambrotose was the only 

substance which enhanced candidicidal activity of Mo, this was the only substance used 

in the rest of the study. To insure the continued probity of the assay once the compounds 

were identified, the following were done: (1) For each experiment the number of viable 

Candida needed for addition to the Mo W2is verified by plate count. (2) Periodically, 

both phagocytosis and intracellular killing of Candida were verified by plate count. (3) 

In order to insure that the staining was accurate, boiled yeast were used as a positive 

control (4) A second party checked the counts of the primary investigator. 

Studies involving phagocytosis of Candida, but not bacteria, indicated an 

enhancement of Mo function. The ftict that Ambrotose enhanced phagocytosis of yeast 

and not bacteria could be explained by the fact that the yeast are larger and present a 
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greater number of binding ligands for con^lement receptors. For this reason, the effect 

of the glyconutrient on intracellular killing became the focus of the study. 

In order to ensure that only intracellular killing of the microorganisms was being 

measured and not the engulfinent of already dead yeast or bacteria, the cultures were 

counter-stained with crystal violet, which quenched the fluorescence of extracellular 

organisms. Also, when the "non-vital" stain, trypan blue, was employed rather than 

crystal violet < 10 % of either yeast or bacteria were adhering to the surfece of the Mo. 

Therefore, one can not rule out the possibility that a small percentage of the 

microorganisms were killed externally and then ingested. 

Although differences in phagocytosis between control and treated cultures were 

not consistent, there was a consistent enhancement of intracellular killing of Candida, E. 

coli, or S. aureus. The highest percentage of killing was observed with the Candida 

followed by S. aureus. The least amount of killing was observed in experiments 

involving E. coli. One possible explanation for the reduced killing observed with E. coli 

is that Gram negative bacteria, because of their outer membrane, are usually more 

resistant to numerous substances such as cationic protein and lysozyme. Both of these 

are used by Mo to kill certain microorganisms. Although, lysozyme could e^lain the 

method of killing of either E. coli or S. aureus, S. aureus with its large peptidoglycan cell 

wall would be more susceptible to this method of killing. 

One must also consider the oxygen-dependent mechanisms of killing utilized by 

Mo. It is well dociunented in the literature that Candida is killed by ROI produced by Mo 

(Lefkowitz et al, 1997). The results of CL experiments indicated that there was not an 

increase in ROI for Mo treated with Ambrotose. However, one cannot rule out this 
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means of microbicidal activity. Other investigators have reported that ROI production is 

concentrated at the area of the cell membrane which is invaginating during phagocytosis 

(Hirai et al, 1991). Therefore, the possibility exists that either the yeast or the bacteria 

were killed at the intercellular junction and were subsequently ingested. In addition, 

since the mean number of microorganisms per Mo was not increased above control 

values, the results imply that more Mo in the population were ingesting either Candida or 

bacteria rather than more microorganisms being ingested by any particular Mo. 

The above data indicate that Ambrotose can activate Mo function resulting in the 

killing of C. albicans, E. coli, and S. aureus. Further work is needed to ascertain whether 

Ambrotose can be utilized as a non-specific Mo activator. Since the dosage utilized by 

the general public varies over a wide range, it is not possible to directly compare the 

concentrations enq)loyed in these studies to that ingested by humans. Due to the 

limitations of an in vitro system, the use of an animal model is necessary to shed light on 

the effects of Ambrotose on Mo fimctions in vivo. 
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CHAPTER V 

CONCLUSIONS 

ac 

The following conclusions have been made based on the data compiled in this study: 

1. Incubation of murine Mo with certain glyconutrients can affect Mo functions. 

2. None of the glyconutrients tested consistently affected phagocytosis. 

3. Incubation of Mo with Ambrotose caused a dose and time dependent increase in 

candidicidal activity. 

4. Incubation of Mo with Ambrotose caused a dose and time dependent increase in 

bacteriacidal activity with both E. coli and S. aureus. 

iS^ 
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