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Rat polymorphonuclear leukocytes (PMNL) elicited by an intra-
peritoneal injection cf autoclaved rat caecal contents (ARCC)
showed reduced levels of chemiluminescence (CL) and microbial
killing when challenged with E.coli and B.fragilis and the

E.coli/B.fragilis combination. Rat PMNL, which had been

harvested from BCG,-C.parvum-and Levamisole-pretreated rats
and elicited by ARCC, showed improved CL and microbial killing as

compared to ARCC-elicited PMNL from untreated rats when challenged

)

vith E.coli. PMNL which had been harvested from BCG,-

C.parvum-and Levamisole-pretreated rats also showed improved

CL but were not able to show improved killing when challenged

Human peripheral blcod PMNL showed high levels of CL when

Q

hallenged with E.coli, B.fragilis and the E.coli/
B.fragilis combination and these PMNL were able to kill both
organisms egually well.

Human peripheral blocd PMNL were pre-incubated with

ARCC, ARCC supernatant, 1 x 109

dead E.coli or B.-
fragilis, autoclaved human faecal contents (AHFC) OR AHFC
supernatant and then challenged with live E.coli or B.-
fragilis to determine which of these factors may promote the
pathcgenesis of intra-abdominal sepsis. PMNL pre-incubated with
ARCC or AHFC showed the most inhibition of CL and microbicidal

activity when challenged with E.coli or B.fragilis.

(1)



Pre—incubation of PMNL with 1 =z 109 dead E.cecli o

3

B.fragilis, AHFC supernatant or ARCC supernatant showed

moderate inhibition of CL and killing when challenged with

Rat macrophages, elicited by an intraperitoneal injection of
1% glycogen, show reduced levels of CL as compared to rat or human

PMNL when challenged with E.coli, B.fragilis and the

E.coli/B.fragilis combination.

Rat macrophages, elicited by glycogen, showed consistent
kiliing of E.coli at one hour but not at two hours without

he 10 minute stationary wait in the bactericidal assay.

r

Consistent killing of E.coli at one hour or two hours was
shown by glycogen-elicited rat macrophages with the 10 minute
stationary wait. Macrophages which had been harvested from
Levamisole-pretreated rats and elicited by glycogen showed
better killing of E.coli than macrophages elicited by
glycogen from untreated animals regardless of the 10 minute
wait.

These studies have shown that there is a strong relationship
between PMNL chemiluminescence and bactericidal activity. These
studies have also shown that particulate components of sterile rat
and human colonic material greatly inhibit human PMNI, chemi-
luminescence and bactericidal function. Levamisole, C.parvum
and BCG were shown to improve rat PMNL oxidative metabolism in
terms of increased CL and these agents also increased rat PMNL

bactericidal function when they were challenged with E.coli.

(1i)



Levamisole also improves rat macrophage bactericidal function as
compared to glycogen-elicited macrophages when challenged with

.coli.

f

(iii)
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The events involving hest responses to a mixed bacterial
infection in intra-abdominal sepsis are not well characterized.
Classical clinical teaching has directed physicians toward a
mono-etiolegic view of infectious disease. This view, however,
cannoé be applied to the study of intra-abdominal sepsis. In
intra-abdominal sepsis, the infection site usually contains a
multiplicity of bacterial species representing a simplified
version of the initial complex inoculum. Clinical studies of
intra-abdominal infections show there are an average of five
microbial species at the site of infection with three anaerobic
and two aerobic bacterial species present (Gorbach and Bartlett,
1874; Altemeier, 1942).

As well as the identification of the bacterial isolates, the
study of a mixed bacterial intra-abdominal infection must involve
the interactions of the bacterial isclates with each other and the
immune defenses of the host. The lack of knowledge of these
interactions has made it difficult for physicians to select the
proper chemctherapeutic agents to treat this type of infection.
The status of the immune defenses of the host is therefore, a very
important factor in the outcome of an intra-abdominal infection.

Phagocytic cells represent the initial cellular response of
the host to a bacterial infection. The ability of phagocytic
cells to ingest and kill bacteria successfully may be of crucial
importance in determining the course of an intra-abdominal

infection. The role and microbicidal capabilities of th



polymorphonuclear neutrophil against bacteria have been well
documented (Klebanoff, 1975).

The role of the macrophage in cellular immunity and in the
resistance to microbial infection is a very complex and diverse
one. Macrophages function in the processing of foreign antigens,
in intractions with B and T lymphocytes and in tumor immunity.
Macrophages also play a role in resisting such pathogens as
viruses, protozoans and facultative intracellular bacteria such
as Mycobacteria.

Normal, unstimulated macrophages are not able to kill
facultative intracellular bacteria which replicate inside the
macrophage. However, a pcpulation of macrophages exposed to this
type of pathogen eventually acquire an enhanced, nonspecific
mictobicidal capability and are then able to kill many different
types of bacteria besides the original intra-cellular pathogen to
which they were exposed. Macrophages which display this enhanced
microbicidal capability are referred tc as activated. Activated
macrophages also have the ability to kill neoplastic cells.

rganisms, such as Mycobacterium bovis strain Bacillus

Calmette-Guerin (BCG), Corvnebacterium parvum, and the

antihelminthic drug, Levamisole, have been shown to lead to
increased killing of ingested pathogens when administered to the
host (Pineiro et al, 1977; Ratzan et al, 1972; Michael
and Knight, 1975; Fischer et al, 1976).

Previous work has developed a male Wistar rat model for
intra-abdominal sepsis which resembles the human infection in

terms of acute peritonitis and subsequent abscess formation



(Weinstein et al, 1574; Onderdonk et al, 1974).

It was also found that a combination of Escherichia coli

(facultative aerobe) and Bacteroides fragilis (obligate

anaerobe) produced acute peritonitis and subseguent abscess
formation in male Wistar rats implanted with this dual inoculum
(Onderdonk et al, 1976). This dual inoculum, that produced
the clinical disease in the rat, was used as a model for a mixed
bacterial intra-abdominal infection in the present study.

Abscess formation, in the male Wistar rat model, can be seen
as a host response leading to the lccalization and containment of
an infectious process. Thus, abscess formation may be considered

a beneficial host response. It has been shown that phagocytes

form a layer in abscesses obtained from male mice {Joiner, 1980) .
From this evidence, it seems clear that phagocytes play some role
in lecalizing this type of bacterial infection as well as a
direct microbicidal role.

Since the biolcgy of host responses to a mixed bacterial
intra-abdominal infection is relatively unknown, the aims of the

present study are threefold:

1. To investigate the microbicidal activity of the
polymorphonuclear neutrophil (PMNL) against components of the
infectious inoculum (E. coli and B. fragilis) used in the

male Wistar rat with chemiluminescence and bactericidal assays.

2. To investigate the microbicidal activity of the
macrophage against components of the infective inoculum used in
the male Wistar rat with chemiluminescence and bactericidal

assays.



3. To characterize the effects of BCG, Corynebacterium

parvum and Levamisole upon the microbicidal activity of the PMN
and macrophage against the components of the infective inoculum

used in the male Wistar rat.
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A. Importance of Host Resistance as a Determinant of

Subseguent Infection in Surgical Patients

Despite improvements in surgical techniques, post-operative
infection remains an incompletely resolved problem. Approximately
30% of hospital surgical deaths have had an infectious process
(Meakins, 1981l). Meakins (1981) has reviewed the importance of
host resistance to infection in surgical patients in determining
the cutcome of an infectious episode. There are three deter-—
minants in the develcpment of an infection: (1) the micro-
organism{s) causing the infection, (2) the environment in which
the infection takes place and {3) the host defense mechanisms.
There is an interaction between these three factors which will

etermine whether or not an infection occurs.

In the normal state, the resident microbial flora prevents
pathogenic organisms from invading and those that do invade are
dispersed by environmental and systemic (immune) responses.

Thus, there is a dynamic equilibrium between these determinants.
When the equilibrium is upset, infection can be established. This
can happen in a general surgical intensive care unit where the
patient is exposed to antibiotic resistant bacteria in the setting
of many environmental alterations and altered host defenses. Our
understanding of the importance of host defenses in the prevention
or control of infection is being continually refined.

A good example of the importance of host resistance to



infection is thermal injury. Despite the development of topical
agents and new aspects of burn wound care to control the
environment in which pathogenic bacteria multiply, patients still
die of sepsis. Alexander and Meakins (1972) demonstrated that
almest every component of host resistance to infection is
affected by the burn injury. Immunoglobulins of all classes have
been fﬁund in reduced levels following thermal injury in both
adults and children (Ritzmann et al, 1969). Cell-mediated
immunity is markedly affected after a burn injury. Both man and

the experimental animal accepted allografts from unrelated donors

[N

and occasionally multiple donors with the grafts lasting as long
as eight months (Kay, 1957). Neutrophil function is also altered
after a major burn injury. Alexander and Meakins (1972) found
that neutrophil bactericidal function is markedly abnormal
following thermal injury and may be directly related to the
development of septic episodes. Neutrophil chemoctaxis was also
found to be defective after a burn injury (Warden et al,
1975).

Maclean et al (1975) have documented the status of the
immune system of a 13 year cld boy who was admitted to hospital
two months after surgery for perforated appendicitis and
generalized peritonitis. At that time, he suffered from
intra-abdominal abscesses requiring drainage, septicemia,
respiratory failure and malnutrition. Despite repeated drainage
of the abscesses, proper nutritional maintenance, proper
antibiotics and the administration of transfer factor, the

patient died. Blood cultures revealed the presence of



Staphylococcous epidermidis and Candida albicans. The

patient displayed a consistent inability to localize and control
infections.
The patient was found to be anergic to recall delayed

hypersensitivity (DTH) antigens {(mumps, PPD, Trichophyton,

Varidase and Candida). Furthermore, the patient also accepted a
skin gfaft without signs of rejection for 44 days and had a serum
inhibitor of the mixed lymphccyte culture response of his own
lymphocytes to allogenic lymphocytes.

Although the association of the absence of DTH and sepsis
could be coincidental in any individual patient, population
studies suggest this type of an association.

~The data from Pietsch et al (1877) indicates that
patients who became anergic (&) or relatively anergic (RA), as
shown by a skin reactivity test, at any time during their
hospital stay had a markedly increased probability of sepsis and

mortality (Table I).



Table I

i

Sepsis and Mortality Following Initial Skin Test*

Patients Studied Response  Number Sepsis Death
Preoperative (322) A 21 4 (19.0%) 7 (33.3%)
RA** 21 5 (23.8%) 7 (33.3%)
Normal 280 13 (4.6%) 12 (4.3%)
Precoperative, post- A 71 44 (62.0%) 24 (33.8%)
trauma (115) RA 25 15 (60.0%) 6 (24.0%)
Normal 1s 5 (26.3%) 1 {5.3%)
No Surgery (83) A 23 5 (21.7%) 11 (47.8%)
RA 4 1 (25.0%) 1 (25.0%)
Normal 57 0 {0.0%) 1 (1.8%)

(1877)

;
positive skin reaction to

only one antigen



This observation has been confirmed by other investigators

~J
)

{(MciLoughlin et al, 19
5 po) 12

; Johnson et al, 1979). However,
the results of Brown et al (1982) suggest that the routine
use of DTH skin testing in the pre-operative assessment of
surgical patients is not justified. The group of patients in
this study who had depressed skin reactions did not have
significantly higher sepsis or mortality rates when compared with
patients who had normal skin reactions.

Delayed hypersensitivity responses to recall antigens are
considered to be a reflection of cell-mediated immunity. The
infections for which this type of immunity is effective are

intracellular parasites such as Salmonella, mycobacteria and

Listeria monocytogenes. The organisms that have produced

sepsis in anergic patients are common gram-negative and gram-
positive bacteria suggesting that other parts of the immune
system are affected in the anergic state (Pietsch et al,
1977} . Lymphocyte function in terms of mixed lymphocyte culture
responses, lymphocyte response to phytchemaglutinin, cell-
mediated lympholysis and lymphocyte generation of blastogenic
factor was unaffected in anergic patients (Christou and Meakins,
197%a). Neutrophil chemotaxis was reduced in patients wiﬁh
altered skin responses and returns toward normal with the recovery
of normal skin responses (Christou and Meakins, 1979b). These
authors found that neutrcphil chemotaxis was reduced to anergic
levels within hours following a major injury. The prompt
appearance of defective neutrophil chemotaxis indicated that it

may be mediated by a serum factor. Anergic serum was found to



consistently inhibit the chemotaxis of normal neutrophils
(Christou and Meaking, 197%c). These authors found that 69% of
the 254 surgical patients studied had a poor clinical ocutcome
which correlated with skin test anergy and decreased neutrophil
chemotaxis. Lymphocyte chemotaxis is also decreased by anergic
serum -(Christou and Meakins, 197%a). Superina et al (1980)

have produced in vivo evidence which seems to support the

[
oo

vitro evidence that decreased neutrophil and lymphocyte
chemotaxis in anergic patients contributes to the establishment
of i4fection; These authors demonstrated that anergic patients
and those with low neutrophil chemotaxis have a reduced delivery
of inflammatory cells intc a skin window.

Malnutrition has long been associated with decreased host
resistance. Studley (1936) observed that patients who had a
preoperative loss of more than 20% of their body weight prior to
surgery had a postoperative mortality rate ten times that of
better—-nourished patients. PFurthermore, Rhoads and Alexander
(1955) showed that hypoproteinemia was associated with an
increased incidence of postoperative infections.

Anergy which is associated with malnutrition often is
reversible with nutritional therapy (Pietsch et al, 1977).
This fact supports the concept that malnutrition is associated
with an increased risk of sepsis. Daly et al (1978) found that
protein-calorie malnutrition leads to a depression of host
cell-mediated immunity in rats. These authors also found that
nutritional repletion of the rats initially results in rapid

weight gain followed by a more gradual return of immunocompetence.
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The study of Law et al (1974) also found depressed cell-
mediated and humoral immunity in young adult rats after being fed

a protein-free diet for six weeks,

B. Intra-Abdcminal Sepsis

1. Natural History of Untreated Disease

Intra-abdominal infection frequently causes prolconged

morbidity and high mortality in humans (Gorbach and Bartlett, 1874).
The development of an animal model simulating large bowel per-
foration with subsequent abscess formation is necessary tc be
able to study intra-abdominal sepsis in terms of bacterioclogy,
imnunology, and response to antimicrobial therapy. Early attempts
at producing this type of animal model relied on surgical
techniques such as devascularization of a segment of intestine or
appendiceal ligation (Coridis et al, 1969; Hovhanian and
Saddowi, 1972: King et al, 1975; Rosato et al, 1972;
Wright et al, 1971).

The problems of these animal models included highly variable
results and the uniform mortality produced when the experiment
was successful. These experiments were difficult toc control and
not very reproducible,

Other attempts at producing a successful model have utilized
a direct intraperitoneél needle injection of pure bacterial
cultures (Browne, 1967; Browne and Leslie, 1976) or faecal material
(Deysine et al, 1967; Sleeman et al, 1969; Smith and

Hazard, 1970). The problems associated with these techniques

centered around the difficulty in determining whether the
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ion was placed correctly in the free peritoneal cavity or

ot

injec

whether it ended up in the abdominal wall or the intestinal lumen

l..l

or wall. The injection culture was alsc not quantified which led
to difficulties in reprcducing the results.

A male Wistar rat model was developed by Weinstein et al
(1974)- in which the bactericlogical and pathophysiological
findiﬁés were similar to those observed in patients with
intestinal perforation. Gelatin capsules with pooled rat colonic
contents and barium sulfate were surgically implanted into the

pelvic region of Wistar rats. The inoculum was later refined to

a dual inoculum of E. coli and Bacteroides fragilis plus

autoclaved caecal contents and barium sulfate (Onderdonk et
al,.1976). The consistent results and endpoints produced by this
model enable an accurate description of the untreated disease to
be made.

The results, using this model, indicate that there are two
distinct stages with well defined patholegical and bacterio-

logical patterns (Figure I).
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Figure | : Moriality and Abscess Formation in 106 Male
' Wistar Rats Receiving Inoculum Obtained from
Meat-Fed Rats! |

1. Weinstein et al, 1974



There 1is an early, acute stage characterized by generalized
peritonitis and a3 high mortality rate during the first three to

five days after implantation of the dual inoculum of E. coli

and B. fragilis (Onderdonk et al, 1976). The early
peritonitis stage was followed in all survivors by an abscess
forming stage by the seventh day after implantation. The abscess
forminé stage followed an indolent, nonlethal course.

Nichols et al (1978) modified the model of Weinstein et
al (1974} by using human faecal material instead of rat colcnic
contents. The authors felt that the use of human faecal material
allowed for the development of a wider spectrum of intra-
abdominal sepsis more similar to that observed in humans. The
authors also felt that the use of human faecal contents in the
gelatin capsule more closely approximated the numbers of

organisms released when the human colon is perforated.

2. Bacteriology of Intra-Abdominal Sepsis

The bacterial infection that arises from colonic perforation
is polymicrobial in nature. Clinical studies of intra-abdominal
sepsis show there are an average of five microbial species at the
infection site with three anazerobic and two aerobic bacterial
species present (Gorbach and Bartlett, 1974; Altemeier, 1942).

Onderdonk et al (1974) have attempted to characterize the
bacteria present during both stages of the diesease produced in
the intra-abdominal sepsis model of Weinstein et al (1974).

During the initial, often lethal, peritonitis stage, Escherichia

coli, enterococci, and Bacterocides fragilis were always

present. Blocod cultures obtained during this stage were
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uniformly positive, with E. coli being the main isolate.

D

The major bacterial isolates in the intra-abdominal

abscesses were B. fragilis and Fusobacterium. E. coli

and enterccocci were also present but in lesser concentrations.
Rank order analysis of these four bacterial species showed that
the facultative aerobes (E. coli and enterococci) outranked

the anaercbes (B. fragilis and Fusobacterium) during the

acute peritonitis phase of the disease. The anaerobes were found
to cutrank the aerobes during the abscess forming stage of the

disease. Several bacteria, (BEubacterium, Clostridium

perfringens, Lactobacillus, Micrococcus, Corvnebacterium

and alpha-hemolytic streptococci) which were present in large
numbers in the original faecal inoculum, were not isolated after
the implantation of the inoculum. This represented a major
implification of the original complex inoculum.
Further work was done by Onderdonk et al (1976) to
establish the roles of E. coli, B. fragilis, enterococci,

and Fusobacterium varium in intra-abdominal sepsis. All four

organisms were tested individually and in combination for their
ability to produce abscesses and mortality in male Wistar rats.

Mortality was restricted to animals which had received E. coli

alone or in combination with the other three species of bacteria.
This finding indicated that the acute peritonitis phase of intra-
abdominal sepsis was due to gram-negative coliforms such as E.

coli. Abscesses were produced in 94% of animals that received

the combination of an anaercbe and a facultative aerobe. There

were no abscesses formed when any single organism was used or



when the combination E. coli and enterococci was used,

Abscess formation was also detected in only one of nineteen
rats receiving B. fragilis and F. varium. These rassults
suggested that synergy was needed between anaerobes and
facultative aerobes for intra-abdominal abscess formation.

Sﬁbsequent studies (Onderdonk et al, 1977) have shown
that the strain of B. fragilis used in studying the Weinstein
rat model was unencapsulated. The majority of pathogenic,
clinical B. fragilis isolates have been found to possess a
lipopolysaccharide capsule (Kasper and Seiler, 1975). The
Weinstein rat model, when implanted with an encapsulated strain
of B. fragilis (ATCC23745), produced discrete abscesses
(Onderdonk, 1977). Inplantation with the nonabscessogenic rat
strain of B. fragilis did not result in abscess formation
unless it was combined with a facultative aerobe.

Abscesses were also produced when purified, B. fragilis
capsular material alone or in combination with the non-

abscessogenic rat strain was implanted into male Wistar rats.

fragilis appears to potentiate abscess formation and may
represent a virulence factor in the pathogenesis of intra-
abdominal sepsis. The demonstration of serum antibody to B.
fragilis capsular polysaccharide in male Wistar rats which were
implanted with an encapsulated strain of B. fragilis further
supports this idea (Kasper et al, 1977).

3. Factors which Influence Host Response to Intra-Abdominal
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There is evidence to indicate that the successful outcome of
intra-abdominal sepsis depends upon the early, efficient clear-—

ance of micro-organisms by phagocytically active cells (Hau et

[V

1, 1578).

If the bacterial inoculum is not eliminated, the influx of
fluid and cells into the peritoneal cavity can become self-
defeating. Substances produced by leukocytes in the peritoneal

exudate can actually promote the growth of bacteria if a

=]

significant number of organisms survive the initial clearance.
Thus, it seems that failure to control peritoneal contamination
may result from inefficient delivery of phagocytic cells to the
infection site giving rise to a late phase of bacterial
proliferation (Flint et al, 19281l). Lee and Ahrenholz (1979)
showed that hemcglobin and hemoglcbin breakdown products prevent
phagocytic activity by peritoneal macrophages. Berman et al
(1974} reported that soluble factors, possibly endotoxin, within
peritoneal exudates contribute to mortality in experimental
peritonitis.

Other substances produced by bacteria and cellular comp-
onents of the inflammatory exudate act as adjuvants and depress
chemotaxis of phagocyte cells (Ohlsson, 1976).

Recently, Flint et al (1981) have shown in vitro that
sterile human faecal material and filtered peritoneal exudate
apbolished the microbicidal capabilities of rat, peritoneal

phagocytes against E. coli and Staphylococcus aureus.

These authors speculated that the filtered peritoneal exudate may

contain endotoxin which could inhibit the microbicidal capabili-

1
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ties of rat phagocytes. They alsoc thought that the sterile
faecal material may contain endotoxin or may physically inhibit
the interaction between phagocyte surface receptors and organisms
by allowing bacteria to adhere to faecal particles or by
fostering fibrin deposition.

A@other factor that may influence host responses to intra-
abdominal sepsis was reported by Ingham et al (1977). These
authors reported that obligately anaerobic bacteria such as B.
fragilis impaired the ability of human leukocytes to deal
effectively with facultative bacterial species in an in vitro
system. This finding was seen to be an example of synergism
between obligately anaerobic bacteria and facultative aercbic
bacteria in intra-abdominal sepsis. The work of Kelly (1978) with
an in vivo guinea pig model supported the hypothesis of a
synergism between anaercbic and facultative aercbic bacteria.
Relly showed that small infective doses of pure E. coli or
pure B. fragilis failed to produce inflammation in sub-
cutaneous wounds of guinea pigs while an inoculum containing the
same number of organisms, half of which were E. coli and half
B. fragilis, produced striking inflammation with the
formation of pus.

Reznikov et al (1981), however, were not able to show
this synergy in the peritoneal cavity of a mouse. The intro-
duction of B. fragilis intc the peritoneal cavity with E.
coli did not inhibit clearance of either organism. There have
also been investigations of factors that influence subcutaneous

abscess formation in the mouse due to B. fragilis or



S.aureus (Joiner et al, 1%80). It was shown that the
activity of the alternate complement pathway may influence
abscess size and that chemotactic factors other than the fifth
component of complement (C5} can supervene in C5 deficient mice
to produce encapsulated abscesses.

C. Polymorphonuclear Leukocytes

1. Oxidative Metabolism

Babior (1978) has reviewed those aspects of polymorphonulear

O
b
D
i
o

leukccyte (PMNL) oxidative metabolism which may have a r
bacterial killing by PMNLs. Bacterial killing involves an array
cf mechanisms which are set into motion by two cellular events:
degranulation and the initiation of the respiratory burst.
Degranulation is the process of fusion between the primary
phagosome and the granules present in the phagocyte cytoplasm.
These granules possess substances that participate in bacterial
killing and degradation. During degranulation, these materials
are discharged into the vesicle containing the ingested microbe.
The respiratory burst describes a metabolic pathway, dormant in
resting cells, whose function is to produce a group of highly
reactive microbicidal agents by the partial reduction of oxygen,
Rilling is brought about through the actions of both the granule
contents and the oxidizing agents provided by the respiratory
burst.

Human PMNLS or neutrophils, have three types of granules
(Drutz and Mills, 1980). The primary granules contain abundant

hydrolytic lysosomal enzymes, large amounts of myeloperoxidase,

19
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lysozyme, elastase and cationic proteins. Secondary granules,
which are smaller than primary granules, contain lactoferrin and
lysozyme. Tertiary granules have the enzyme acid phosphatase and
have no known microbicidal function.

As the phagosome forms during microbial engulfment, secondary
granuleé undergo violent movement in proximity to the phagoscme,
fuse wiéh the phagocytic vacuole, and disappear from the cytoplasm
(degranulate). Somwehere between the stages of attachment and
digesticn, the membranes of specific granules begin to fuse with
nascent phagosomes. When this happens, lactoferrin and lysczyme
are allowed to enter the extracellular space. Primary granules
fuse with the phagosomes slightly later; the contents of these
granules tend to remain in the phagolyscsome. Microfilaments and
microtubules may be important in the fusion of phagosomes and
granules,

There are a series of coordinated metabolic events that take
place in the respiratorv burst when phagocyfes are exposed to
appropriate stimuli., This group of events underlies all oxygen-—
dependent killing by phagocytes. The first important event was
the discovery of the sharp increase in oxygen uptake that occurs
upon stimulation of the phagocyte (Baldridge and Gerard, 1933).
Sbarra and Karnovsky (1959) showed that the oxygen consumed in
the respiratory burst was not used for energy production, Tyer
et al {1961) demonstrated that part of the oxygen consumed in
the respiratory burst was converted into hydrogen peroxide
(Hzog), which they detected in the medium surrounding the

stimulated phagocytes. They suggested that the H202 was used



by the phagocyte as a bactericidal agent and were the first to
draw a connection between the respiratory burst and the
microbicidal mechanisms of phagocytes.

There is also an increase in glucose oxidation via the hexose
monophosphate shunt during the respiratory burst (Sbarra and

Karnovsky, 1859; Iyer

al, 1961). The hexose monophosphate

2

shunt is a metabolic pathway in which glucose is oxidized to
carbon dioxide and a five-carbon sugar, with NaDpp© serving as an
electron acceptor. In the neutrephil, glucose oxzidation by this
pathway is limited by the rate at which NADPH becomes avail-
able through the oxidation of NADPH (Beck, 1958). Shunt
activation therefore means that the oxidation of NADPH TO NADP
increases during the respiratory burst.

The last metabolic event that has been discovered has been
the production of the supercxide anion (02_) during the
respiratory burst (Babior et al, 1973).

There are various agents, both particulate and soluble,
which are able to initiate the respiratory burst (Chescn et
ai, 1977). Particulate activating or initialing agents include
opsonized bacteria, zymosan and latex spherules, which do not
require opsonization for activity. Some of the soluble activat—
ing agents include phorbol myristate acetate, a variety of
ionophores, the complement enzyme C5a, and fluoride ion.
Activation, which usually follows exposure to the stimulus by
thirty to sixty seconds (Root et al, 1875}, requires neither

phagocytosis nor degranulation, but simply the contact of the

stimulus with the phagocyte surface (Goldstein et al, 1975;



Curnutte et al, 1877). The activation of the respiratory
burst also appears to be an energy-requiring event (Cchen and
Chovaniec, 1978). The molecular basis of activation is not well
characterized.

The nature of the enzyme responsible for the primary oxygen-

consuming reaction of the respiratory burst has been a very

controversial question. There is agreement that its enzyme

2

pyridine nucleotide. The disagreement centers on whether the

catalyzes the reduction of oxygen to O by a reduced
physioclegic electron donor is NADH OR NADPH. Babior (1578)
believes that the evidence favors NADPH as the physiologic
electron donor. The evidence for NADPH was first described by
Iver- and Quastel (1963). The enzyme that would use NADPH as the
electron donor has been given the name "NADPH oxidase™. The
reaction that it would catalyze is as follows:
20, + NADPH —3 20,7 + NADR® + H'

Babior (1978) has termed this reaction as the "02— forming
activity". Several studies have yielded indirect evidence
which suggests that this activity is associated with the plasma
membrane (Goldstein et al, 1977; Briggs et al, 1977).

There are three observations which favor NADPH as the
physiologic electron donor. The first is that the Michaelis
constant for NADPH is lower than that for NADH, indicating a
greater affinity of the enzyme for the former (Rabior et al,
1976). The second is that when neutrophils are stimulated, NADPH

levels fall and NADP' levels rise, whereas NADH and Napt

levels are unchanged (Selvarij and Sbarra, 1967). The last
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observation is that in patients with severe glucose-6-phosphate
dehydrogenase (G-6-PD) deficiency, the neutrophil respiratory
burst is greatly diminished (Cooper et al, 1972). This
observation would be difficult to explain on the basis of an
NADH- requiring respiratory burst, since G-6-PD defiency would
lead tq the serious depletion of NADPH but should have a much
smallef effect on NADH, which is mainly provided by glycolysis
(Babior, 1978). Studies, which lend support to the idea of an
"NADH oxidase" are based on the finding that preparations from
cells of patients with chronic granulomatous disease {CGD) showed
defective oxidation of NADH (Baehner and Karnovsky, 1968; Baehner
and Nathan, 1968; Segal and Peters, 1976). This defect, however,
was only partial which conflicts with the complete absence of
respiratory burst activity in the intact cells (Babior, 1978). In
two of these studies (Baehner and Karnovsky, 1968; Segal and
Peters, 1976), the experiments were carried out only with prep-
arations from resting cells raising doubts about the implications
of the observed activities in terms of the respiratory burst
(Babior, 1978).

2. Oxygen-Dependent Antimicrobial Systems

(i) Superoxide Anion

2
rise to the idea that this substance might, itself be a micro-

The discovery that O was produced by phagocytes gave
bicidal agent {(Rabior et al, 1973). This proposition has
lost support as the result of investigations on the microbicidal
activity of artificial O, generating systems (Babior et

al, 1975; Mandell, 1975; Gregory and Fridovich, 1974; Gregory
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et al, 1973}. These studies showed that, except under
unusual circumstances (Gregory and Fridovich, 1974; Gregory et
al, 19733, 02— contributed very little to bacterial kKilling
by those systems. Babior et al (1975) showed that local
rates of 02_ preduction in these systems are orders of
magnit@de smaller than the rates characteristic of stimulated
phagocftes and at the very large fluxes generated in the vicinity
of the phagosome, 02_ may be a useful antimicrobial agent.

(ii) Hydrogen Peroxide and Myeloperoxidase

H202 is one of the oxidizing substances utilized for
microbicidal action by phagocytes. This compound is produced by

the reaction of 02" with itself, either spontaneously or

under catalysis by superoxide dismutase:

202 + 2H

H202 alone, has some microbicidal potency and Drath and

— H2(32 + O2

Karnovsky (1974) have proposed that HZOZ acts with ascorbic
acid and certain metal ions to kill .ingested bacteria by non-
enzymatic means. The microbicidal capabiiity of HZOZ is
greatly enhanced through the acticn of myeloperoxidase which is
present in most phagocytic cells,

Myeloperoxidase (MPO), a hemoprotein with a molecular weight
of approximately 150,000, is present in the azurcphilic granules
of neutrophils and monocytes but not eosinophils. MPO catalyzes

the oxidation of halide ions to hypohalite ions by H?Ozz

RN - I
X + Eizoz = X0 + 1{20
Cl™, Br and I can all be oxidized by this enzyme (Klebanoff,

1867; Harrison and Schultz, 1976). It seems likely that Cl™ is



the physioclegic substrate since it is the most abundant halide in

the cell. Thyroid hormones are also oxidized by MPO (Klebanoff,

There are several postulated mechanisms for the bactericidal
action.of the MPO—halide—H202 system. The first and most
widelyistudied mechanism involves the halogenation of the
bacterial cell wall. Early experiments with an artificial, in
vitro MpPO-halide-H,0, system, using I~ as the halide ion,
showed incorporation of iocdine into the bacterial cell wall
{Klebanoff, 1%67). Later work showed that Cl~ can also be
incorporated into bacteria by whole neutrophils and an in
vitro MPO—haliée~H202 system (Zgliczynski and Stelmaszynska,
1975). These investigators thought that bacterial death resulted
from the loss of integrity of the halogenated cell surface. Some
doubt has been cast on this mechanism by the work of McCall et
al. (1971) who showed that the correlation between halogenation
and bacterial death is only fair.

The second mechanism is based onAthe finding that the MPO-
halide—H202 system is able to decarboxylate amino acids
converting them to aldehvdes, CO2 and NH3 (Zgliczynski et
al, 1968; Strauss et al, 1970):

R-CHNH,~-COOH — R-CHO + CO, + NH,

Strauss et al (1971) proposes that this mechanism works
because the amino acid components of the bacferial cell wall are
degraded leading to disruption of the bacterial surface and cell
death. Zgliczynski et al (1968) believe that the bacteria are

killed by the toxic aldehydes produced in this reaction although



Paul et al {(1970) have produced evidence that these aldehydes
were not toxic enough to account for the bacterial killing they
observed.

The most recent hypothesis proposes that the MPO-halide-
H202 system kills bacteria by means of singlet oxygen.

(iii) Hydroxyl Radical

The hydroxyl radical (OH®) is a highly unstable oxidizing
species that reacts almost instantaneously with most organic
molecules that it encounters. Phagocytes seem to be able to
generate OH® which may participate in the microbicidal activity
of phagocytes; The first hint that OH" might be preduced by

phagocytes

)]

rose from studies of bacterial killing by xanthine
{or purine) plus xathine oxidase (Babior et al, 1975; Gregory

and Fridovich, 1974; Gregory et al, 1973). Xanthine and

xanthine oxidase form an enzyme system that produces 02 in

large amounts and secondarily gives rise to H202 by the
2 ©

studies showed that the killing of several bacterial species was

spontaneous dismutation of the enzyme-generated O These

abolished by either superoxide dismutase or catalase. This

finding indicated that the bactericidal agent was neither 02
nor H202 but rather was the product of a reaction between
them since the destruction of .either was sufficient to stop
killing. Earlier work had suggested that 02— and H202
could react to form OH° by the Haber-Weiss reaction {Beauchamp
and Fridovich, 1970):

0,” + H,0, —3 OH" + OH  + 0,

On this evidence, OH’ was proposed as the bactericidal agent
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in the =zanthine oxidase system.

Two researchers have more recently presented direct evidence
for OH® production by phagocytes (Weiss et al, 1977; Tauber
and Babicr, 1977). The evidence is based on the fact that OH"
reactsvwith methional to release ethylene (Beauchamp and
Fridovich, 1970). It has been shown for both neutrophils and
monccytes that ethylene is released from methional during the
respiratory burst which suggests that there is OH® produced by
the phagocytes. The fact that the generation of ethylene is
inhibited by ethanol, mannitol and benzoic acid which are known
to react with OH®, provides further proof that the oxidation of
methional to ethylene by phagocytes is mediated by OH".

" The research of Weiss et al (1%78) indicates thét OH*
may»be formed in phagocytes by a reaction between O.  and a

2

peroxy compound:

02‘ + R-0CH —23 OH® + OR_ + 02

The precise role of CH in bacterial killing still remains to be
defined.
{iv) Singlet Oxvgen

LY
1}

Singlet oxygen (“02} is a highly reactive oxygen species

which has been implicated in the microbicidal activity of
phagocytes. Although l02 has the same molecular formula as
atmospheric oxygen, it differs in the distribution of electrons
around the two oxvgen nuclei (Kearns, 1971). 1In atmospheric
oxygen, the electrons form a cylindrical cloud whose axis is the
line joining the nuclei while this electron cloud is distorted

. . - o o .1 . . .
away from a cylindrical configuration in —0O This distortion

20
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: 1 . . .
makes "0, far more reactive than atmospheric oxygen and allows

1 , . , . . ..
02 to attack a great variety of double bond-containing

compounds that are relatively inert to atmospheric oxygen. Thus

-

lO2 is capable of inflicting lethal damage on bioclogic systems

on contact (Babior, 13978).

There are several agents that are produced in the phagocyte

. . 1
respiratory burst that could react together to form 02.

OCl , a product of the myeloperoxidase—halide—-ﬁzo2 system,

is known to react with H,O0, to produce lO {Seliger,

2 2

ocl  + H

Y = )
L0, y "0, + clT + H,0

The oxygen produced in the Haber-Weiss reaction is thought

‘-‘J

to Ee 02 (Kellogg and Fridovich, 1975):

- Y l ® -
0,7 + H,O0, > Y0, + 0H' + OH

Khan (1970} believes that the spontaneous (but not enzyme~

1

catalyzed) dismutation of 02_ gives rise to 02 althcugh

there is some controversy surrounding this point:

- + 1
202 - 2H — 0, + H,O0,

Although there are many possible sources for the production of
1 . . .

*02 during the phagocyte respiratory burst, there is no
direct, conclusive proof that phagocytes produce l02.

3. PMNL Chemiluminescence

Chemiluminescence (CL) is a phenomenon which is related to
the respiratory burst in neutrophils. CL is believed to be due
to the precduction of an electronically excited molecular species
which upon decay produces a pulse of light. The emission of

light by stimulated phagocytes was first noticed by Allen et
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al (1872). The light emission, which is at very low levels, can
be measured by a liquid scintillation counter operated in the

off~-coincidence mode. The levels of light emission vary widely

h

rom stimulus to stimulus (Babior, 1978).

Respiratory-burst activity is necessary for CL to take
place,ias indicated by the fact that normal resting cells emit no
light,Anor is it emitted by either resting or simulated cells of
patients with chronic granulomatous disease (Stjernholm et
al, 1973). Superoxide dismutase and catalase also abolish light
emission by stimulated phagdcytes (Webb et al, 1974; Cheson
et al, 1976). The mechanism of CL is however, still not
clearly defined.

Originally, Allen et al (1972) thought the emission of
light by stimulated PMNL meant that they were producing lO2
during the respiratory burst. lO2 could cause CL by reverting
spontaneously to atmospheric oxygen, a process that releases a

pulse of light, or by oxidizing a second molecule to form a

light-emitting product. Many oxidizing species, however, could

3

generate CL by the latter process (Babior, 1978). Specifically

P

f

H?O? andg 09* are pboth able to oxidize other substances to
form light-emitting species. Thus, the existence of CL does not

constitute proof for the produétion of 1

02 as the properties
of the emitted light must also be taken into consideration.
Cheson et al (1976) showed that CL occurred at all visible
wavelengths in contrast to the red emission characteristic of the

i , . , s q
02 to atmospheric oxygen transition. These authors also

showed that light emission by stimulated PMNL would not occur



unless an oxidizable species was also present. These findings
indicate that CL results from the oxidation of the stimulating
agent by unspecifiable products of the respiratory burst. The

. 1
generation of

02 is neither proved nor disproved by CL.
Light emission by phagocytes is a nonspecific manifestation of
the réspiratory burst (Babior, 1978).

The CL assay, itself is sensitive to many experimental
variables. Andersen and Amirault (1979) have elucidated the
effects of some of thesevexperimental variables upon the level of
CL generated by dog PMNL. They found that the temperature of the
environment during the isolation of the phagocytes had a marked
effect of the level of CL. CL was much greater when the PMNL
were kept at 4 degrees C during the isolation procedure than when
the cells were at 37 degrees C throughout the procedure. The
best temperature for the CL assay itself was 37 degrees C.

These authors also found that PMNL aggregation decreases the
level of CL generated by the phagocytes. PMNL aggregation was
reduced by:

a) reducing the centrifugation and mixing forces used to

prepare cell suspensions

b) preparing phagocyte suspensions at 4 degrees C in a
+2 +2 . s .
Ca- and Mg- free cell media containing divalent

cation chelating agents

c) lysing red blood cells by the NH,CL technique

Andersen and Amirault (1979) showed that the type of cell
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media used during the CL assay was important. Solutions
containing complex mixtures of amimo acids and vitamins gave
markedly reduced levels of CL. Tryptophan, ascorbic acid, iron
salts and all proteins tested caused significant reduction of CL.

2 +2 ., . . .
and Mg in the final reaction mixture were

Glucose, Ca’
necessary for maximal CL response.

4. The Relationship of PMNL Chemiluminescence tc PMNL

Bactericidal Activity

The relationship between neutrophil CL and neutrophil
bactericidal activity is a strong, but not absclute one. Horan
et al (1982) studied this relationship by interfering with
the microbicidal chemistry of neutrophils by exposing them to a
variety of pharmacological agents. The anti—inflammatory>agent Di-
methyl Sulfoxide, showed a concentration-dependent inhibition of
PMNL function in terms of CL and bactericidal activity against
S.aureug. Phenothiazines, which inhibit 02— production,
were found to completely inhibit neutrophil CL and killing at a
concentration of 0.30 mM. Sulfhydryl group inhibitors (NEME,
PCMBEA) produced a noticeable inhibition of PMNL CL and killing
when the PMNL were challenged with S.aureus. Cytochalasin-B
reduced PMNL phagocytic activity, CL and bactericidal activity.
Cyclic AMP regulators (theophyllin and histimine) caused a
suppression of PMNL CL and bactericidal activity. A narcotic,
Levorphanol, also caused a marked reduction in PMNL CL and
bactericidal activity. The authors alsc showed that relative
microbial survival curves increased with decreasing photon yield

from phagocytizing PMNL. They concluded from the failure of their



exper iments to seperate PMNL CL from PMNL bactericidal activity
that the relationship between CL and bacterial killing was a
strong one.

Ewetz et al (1%81) also evaluated the relationship
between PMNL CL and PMNL bactericidal activity. They found that
the iﬁitial rate of increase of CL and the initial rate of kill-
ing of bacteria (S. aureus) were well correlated whereas the
correlation was poorer for later stages of the process. When the
rate of the bactericidal process was varied by changing concent-
rations cf bacteria and PMNL, directly proportional variations of
initial rates of CL increase were observed. The authors thought
this last finding was a reflection of an accumulation of oxidiz~
ing.radicals as the result of a phagocytosis-dependent, gradual
activation of the NADPH oxidase system. Ewetz et al (1981)
showed that thermal inactivation of PMNL let to diminished CL
whereas killing remained unchanged. This finding showed that the
two processes could be disassociated.

Grebner et al (1977) found that when serum was heated,
chelated with ethylene glycol tetra-acetic acid or adsorbed with
zymosan, there was a reduction of bactericidal activity for S.
aureus and a comparable reduction of CL activity. 1In contrast,

Salmonella typhimurium was successfully killed in serum

treatedwith MgEGTA (complement-alternate pathway intact, classic
pathway blocked) and CL was only reduced by twenty percent under
the same conditions. Beth PMNL CL and killing responses for S.

typhimurium were abolished when serum was heated at 56 degrees C

or adsorbed with zymosan. There was also a 30% to 50% reduction



in killing of S.aureus and a 50% reduction in CL when PMNL
were exposed to S.aureus using EGTA chelated, MgEGTA chelated,
zymosan adsorbed or heated serum. The authors showed that very
similar conditicons are necessary for the successful opsonization
of certain bacterial species as well as PMNL CL and bactericidal
activﬁty. They suggested that the oxidative metabolisms from
which bacterial killing and PMNL CL arise may be closely related

or interdependent.

D. Macrophages

1. Oxidative Metabolism

Macrophages are not easy to cbtain in high yield and
reasonably free of other cell types (Johnston, 1978). Conse-
quently, studies of their oxidative metabolism have lagged behind
those of neutrophils. It is known, however, that macrophages
undergo a phagocytosis-associated respiratory burst. Early
studies indicated there was increased oxygen consumption and
hexose monophosphate shunt activation during phagocytosis by
guinea pig peritoneal macrophages elicited by intraperitoneal
injection of casein or glycogen (Oren et al, 1963; Stahelin
et al, 1956). These findings have been confirmed by other
investigators with rabbit, guinea pig and mouse peritoneal
macrophages (Karnovsky et al, 1975; Rossi et al, 1975).

There has also been increased generation of H202 during
phagocytosis with these same cell types (Nathan and Root, 1977)
but this has nct been observed in rat or rabbit alveolar

macrophages (Biggar and Sturgess, 1978; Tsan, 1677). 02
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production has been shown in guinea pig and mouse macrophages
{(Drath and Karnovsky, 1975: Johnston et al, 1978).

Several investigators have cast doubt on the role of
icdination in macrophage microbicidal metobolism, at least in
mouse peritoneal and rabbit alveolar macrophages, since these
cells ;ack the capacity to iodinate bacteria they efficiently
kill (éigger et al, 1976; Simmons and Karnovsky, 1973).

Macrophages do generate CL, but the level of light
production is much less than that generated by PMNL (Allen and
Loose, 1976; Hatch et al, 1978). Superoxide dismutase
abolishes the CL generated by phagocytizing guinea pig peritoneal
and human alveolar macrophages indicating the importance of
Oz_lto CL generation in these cells (Beall et al, 1977;
Hatch et al, 1978).

Like neutrophils, guinea pig and rabbit peritoneal and
alveclar macrophages contain NADPH oxidase activity in a
particulate fraction from cells disrupted during phagocytosis
(Rossi et al, 1975). This particulate fraction can generate
H202 in the presence of NADPH. Human monocytes have also
been shown to release OH® during phagocytosis (Weiss et al,
1977y .

Soluble substances capable of plasma membrane perturbation,
such as phospholipase C and phorbol myristate acetate also elicit
manifestation of the macrophage respiratory burst (Johnston et
al, 1977; Drath and Karnovsky, 1975).

2. Activated Macrophage

The concept of the activated macrophage has developed from



the observation that macrophages from animals infected with

s3]

certain intracellular pathogens (ex. Listeri

monocytogeneg) could inhibit the replicaticn of these organisms

whereas normal macrophages cannot. It became recognized that
activated macrophages had many different properties from normal
macro?hages, Wing and Remington (1980) attribute the following
propegties to activated macrophages as compared to normal
macrophages:
1. 1Increased size and spreading
2. Increased ruffled membrane activity
3. Increased adherence to glass
4. Increased glucose utilization through the hexose
monophosphate shunt
5. 1Increased carrier-mediated transport of gluccse and amino
acids
6. Increased membrane enzyme adenylate cyclase and increased
cytoplasmic enzyme lactate dehydrogenase
7. Production and release of collagenase
8. Increased production of plasminogen activator and
prostaglandins
9. Increased Ca+2 influx
10. Increased in CGMP
11. Increase in the number of cytoplasmic granules
12. Increased phagocytosis of some particles (IgG coated
particles) but not others (aggreagated hemoglobin)
13. Phagocytosis of C3b- coated particles

14. Increased pinocytosis
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15. Enhanced bacterial killing

16, Tumor inhibition and killing

Macrophages can be activated by certain lymphokines such as
MIF (migration inhibition factor), interfercn, bacterial
endotoxing, and by certain immunomodulating agents such as

Bacillus Calmette-Guerin (BCG), Corynebacterium parvum and

Levamisole. Cchn (1978) has proposed that macrophages become

activated through a series of stages:
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The most interesting aspect of the enhanced bactericidal

1

capacity of the activated macrophage is the lack of specificity in
its expression. It was found that mice infected with Brucella
abortus were highly resistant to Listeria (Mackaness, 1964),

while mice that were highly resistant to Salmonelia

typhimurium were also resistant to Listeria (Blanden et

al, 1966). The nonspecificity of this microbicidal activity is
even more striking in the fact that totally different types of
organisms can elicit nonspecific resistance to bacteria. For
example, mice primarily infected with the protozoa Toxoplasma

gondii or Besnoitia jellisoni became resistant to Listeria

and Salmonella typhimurium (Rirskin et al, 1969).

‘The mechanisms that allow activated macrophages to kill
bacteria more efficiently are still largely undefined although
Johnson (1978) felt the increased levels of H,0, and 02_
produced by BCG activated mouse macrophages as compared to
normal, resident macrophages may explain some of the enhanced

bactericidal capacity.

3. The Effects of BCG, Corynebacterium parvum and

Levamisole on Phagocytes

(1) BCG

BCG allows macrophages to inhibit, nonspecifically the
growth of certain intracellular pathogens. Rabbit alveolar
macrophages, which were activated by BCG, showed an increased
ability to inhibit the growth of intracellular bacteria other than

mycobacteria with an accompanying increase in the content of

lysosomal hydrolases (Leake and Myrvik, 1968). Heat~killed BCG
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are ineffective in the induction of non-specific microbicidal
activity; chronic injection with living bacteria is required. BCG
increases the random migration, chemotaxis and pinoccytosis of
macrophages in the guinea pig (Poplack et al, 1976) and
increases the chemotaxis of mouse macrophages (Meltzer et al,

1975). BCG-infected animals also clear Salmonella enteritidis

more guickly than control animals and breakdown denatured albumin

more rapidly. BCG protects against Staphylococcus and Candida

in immunosuppressed mice indicating that BCG-activated macrophages
are invclved (Sher et al, 1975).

Although there is a wide-ranging protective effect against
microbes, ranging from bacteria to viruses, BCG does not cause
macrophage-mediated protection against all organisms. Myrvik
(1572) showed that BCG-activated macrophages, which were capable

of killing Listeria, could not kill Yersinia tularensis.

It has also been shown that BCG-activated macrophages are
capable of recognizing and killing a variety of tumor cells

(Hibbs et al, 1973; Cleveland et al, 1974; Holtermann

(ii) Corvnebacterium parvum

A formalin fixed, washed preparation of this gram positive
anaerobic bacillus has been used for immunomodulating studies.
This agent can act as a nonspecific stimulant of the reticulo-
endothelial system (RES). Halpern et al, (1963) showed in
mice that clearance of colloidal particles was increased follow-
ing C. parvum injection and that RES organs, principally

liver and spleen, were increased in weight.
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Marcophages from C. parvum treated animals have been
shown o be cytostatic (Olivotto and Romford, 1974) as well as
cytotoxic {Basic et ai, 1975) to tumcr cells.

C. parvum may alter host resistance by inducing
clearance of the infection organism or by altering development of
the pathological process. Increased resistance to the infecticus
agent ﬁéy be due to nonspecific stimulation of the RES. Much
research still remains to be done in this area.

{iii) L,evamisole

Levamisole (2,3,4,6-~tetra-hydro-6-phenylimidazo (2-16)
thiazole) is an antihelminthic drug which has found some use in
immunotherapy. Symoens and Rosenthal (1977) have reviewed the
effects of Levamisole on phagocytic cells. Levmaisole was found
to have increased phagocytosis by PMNL or macrophages when added
o these cells or given to donor animals and humans. This effect
was most pronounced on hypofunctional cells from patients and
weak or absent on cells from normal donors. Chemotactic
responsiveness of PMNL and monocytes from patients with defective
leukocyte motility could be improved by levamisole administered
in vivo or in vitro. Leukocyte migration inhibition in
response to antigenic stimulation could be restored when
levamisole was administered to anergic patients or given to their
cells in vitro. Levamisole failed to increase macrophage
cytotoxicity to tumor cells in normal mice. There is an increase
in cGMP and a decrease in cAMP levels in PMNI. from patients after

administration of Levamisole. The blood clearance of colloidal

particles was enhanced by Levamisole in cases of a relative



deficiency of the RES as found in aged or cortiscone-treated
animals. Levamisole seemed to restore RES function rather than
stimulating it above normal levels of activity.

4. In Vivo Effects of BCG,C.parvum and Levamisole

Workers from the laboratory of Dr. T. Louie (Bourgault et
al, unpublished) have investigated the in vivo efficacy of

BCG,C.parvum and Levamisole in a male Wistar rat model

against an infectious challenge of E. coli (2x106

8

CFU) and
B.fragilis (1x10°CFU). Eight groups of rats were
pretreated 18 days and 6 days prior to infection with saline
placebo intraperitoneally {(i.p.} or subcutaneously (s.c.),
C.parvum i.p. or s.c., BCG i.p. or s.c. and Levamisole i.p. or
S.c.” The acute mortality for the placebo group was 55% while the
acute mortalities for the three immunomodulating agents were
dramatically reduced when compared to the placebo group.

C.parvum given i.p. significantly reduced the presence of
abscesses (p<0.005) from 91% in the placebo group to 33% in the
C.parvum group. Smaller reductions in the number of rats with
abscesses were noted with the other immunomcdulating agents. It
was also noted that the number of intra-abdominal abscesses per
rat was reduced by treatment with the three immunomodulating
agents. The reduction of mortality in the BCG and C.parvum
groups was correlated with a reduction in the frequency of E.
coli bacteremia. Rat liver and spleen weights were increased in
the BCG and C.parvum groups when compared to the saline

control group. The immunomodulating agents reduced the number of

positive cultures for E.coli and B.fragilis in abscess



pus and reduced the 10970 CFU/ml of bacterial isolates in
abscess pus of some animals. Single dose Levamisole treatment
(i.p. or s.c.) given 18 and 6 days prior to infection was

inadequate to significantly reduce mortality or the frequency of

E. coli bacteremia as compared to the saline controls. Liver
and spléen weights were similar to those of the saline controls.
However, three, daily eight hour injections (i.p. or s.c.) of
Levamiséle given three days pre-and three days postinfection

markedly reduced mortality and the frequency of E. coli

hactermia as compared tc the saline controls., Liver and spleen
weights were alsc increased. The investigators concluded from
these studies that BCG,C.parvum and Levamisole may be useful
in augmenting host defenses in intra-abdominal sepsis.

5, Macrophage Bactericidal Assays

There are a number of different bactericidal assays used by
researchers to assess the in vitro ability of macrophages to
kill a test organism. The most common type of bactericidal assay
involves rotating a suspension of macrophages, serum opsonins and
test bacteria at 37 degrees C and sampling the mixture at various
times to determine the number of viable colony forming units
(C.F.U.) by appropriate dilution in distilled water (Zeligs,
1981; Peterson et al, 1977). Appropriate dilutions are plated
out onto agar plates to determine the number of viable C.F.U.
remaining. Any living intracellular bacteria are cbtained by
lysis of macrophages in the distilled water. Van Furth et al
(1978) has modified this methed slightly by lysing macrophages in

a freeze-thaw fashion. The cells are lysed by putting them in



~-170 degrees C liquid nitrogen and then transferring them to a 37
degree C water bath.

Territo and Cline {1978) have devised a bactericidal assay in
which the bacteria and macrophages are incubated in a pellet at 37
degrees C after being centrifuged. The bacteria in the super-
natant:are subtracted from the bacteria in the whole suspension
in order to arrive at the number of bacteria actually associated
with the macrophages. This calculation is also used to arrive at
the number of organisms killed by the macrophages. Dilutions are
made in distilled water and then plated onto agar. Lysis of
macrophages is also done in distilled water.

The differing methods of measuring macrophage bacterial
Killing of test corganisms shows that there is no standard assay
used by workers in this field. However, there are two unifying
principles apparent in all these assays. The first is that .
successtful cpsonization of the test organism must occur before
successful phagocytosis and killing by macrophages can happen.
Thus, serum is employed for opsonization purposes in all
macrophage bactericidal assays. The second principle is that the
temperature of the test environment must approximate the
temperature of the host animal from which the macrophages came
for optimal killing of the test bacteria. For this reason, all
macrophage bactericidal assays are performed in heated incubation
chambers.

A problem of all macrophage bactericidal assays is that the
apparent rate of replication of the target organism is often

faster than the ability of the macrophages to kill it. Zeligs
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ncountered this problem when using a wild-type strain of

E.celi. This author dealt with this problem by using a

temperature sensitive mutant of E.ccli which would not
replicate at a temperature of 37 degrees C. The method of Territo
and Cline (1978) addresses this problem by getting rid of most of
the ba@teria not asscciated with the macrophages. Test
macrophages and their associated bacteria are centrifuged into a
pellet and the extracellular bacteria in the supernatant are
discarded.

One advantage of the rctating macrophage bactericidal assay
methods is the speed at which they can be performed. The time-—
consuming and ponderous nature of the method of Territo and Cline
(1978) is its main disadvantage.

Zeligs (1981) and Van Furth et al (1978) maintain that
macrophages are harder to lyse than are PMNL. Zeligs suggested
leaving macrophages in distilled water for 15 minutes followed by
vigorous vortexing while Van Furth et al advocated lysing
macrophages by their freeze-thaw method.

Macrophage bactericidal assays are being continually refined
in order to improve their efficiency. Cell to bacteria ratios,
methods of eliminating extracellular bacteria and methods of

speeding up the assay procedures are being refined to allow for a

more accurate type of macrophage bactericidal assay.
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MATERIALS and HETHODS

A, Bacterial Stains

Escherichia ccli (strain R4-6) and an encapsulated

strain of Bacteroides fragilis (strain R1-1) were isolated

from intra-abdominal abscesses of male Wistar rats. This
procedure was done in the laboratory of Dr. T. Louie at the
University of Manitcba.

B, Growth Media

1. Liguid Media

o]

. ¢oli was grown in Brain Heart Infusion (BHI) broth

(Appendix Ia) in an aerobic incubator at 37 degrees C. B.
fragilis was grown in a supplemented form of BHI broth
(Appendix Ib) in an anaerobic incubator (10% CO,, 10% H2 and

80% N,) at 37 degrees C. Both organisms were allowed to grow

w N

hours,

i...-l
+

2. Solid Media

E. coli was grown aerobically on Trypticase Soy agar
(TSA, Appendix II) for 18 hours at 37 degrees C. B. fragilis
was dgrown anaercbically (10% COZ’ 10% H2 and 80% Nz) on
Wilkins - Chalgren agar (WCA, Appendix III) for 48 hours at 37
degrees C. Neomycin (0.10 mg/ml) was added to the WCA to suppress
the growth of any E. coli on these plates.

C. Preparation of Autoclaved Rat Caecal Contents and

Autoclaved Human Faecal Contents

Rat caecal contents were obtained from the cascae of meat-
fed male Wistar rats. One volume of rat caecal contents was

diluted in one volume of Peptone-Yeast-Glucose (PYG) broth and
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this mixture was then autcclaved for 15 minutes. The autoclaved
rat caecal contents was stored in five ml aliquots at -70 degrees
C. Autoclaved human faecal contents were obtained from human stool
specimens. The method of preparation for autoclaved human faecal
contents was the same as for autcclaved rat caecal contents.

D. Technigque of Recovering Peritoneal Exudate Cells

éét PMNL and macrophages were obtained from the peritoneal
cavities of male Wistar rats (160 g - 200 g) by peritoneal lavage
with Hank's Balanced Salt Solution (HBSS, Appendix IV) containing
0.1% gelatin. Male Wistar rats (Central Breeding Farms,
Montreal) were anesthetized with a subcutaneocus injection of 0.1
ml of sodium pentabarbital (65 mg/ml) ?er 106 g of rat body
weic__:;ht° The anterior abdominal walls of the animals were shaved
with animal clippers and swabbed with 1% tincture of iodine. All
surgical manipulations were performed in a laminar flow hood
(Class II-A, Labconoco) to ensure a sterile working environment.
In addition, all surgical supplies and instruments used were
sterile as well., The anesthetized rats were covered with
fenestrated, sterile drapes through which a midline incision was
made with a #15 disposable scalple. After widening the initial
incision with a Kelly clamp, a purse string 3-0 silk suture was
placed around the opening and a peritoneal dialysis catheter was
inserted into the peritoneal cavity and the opening was closed.
The catheter was shortened to accomodate the small animals and was
anticoagulated with 1/1000 solutibn of heparin in normal saline.
Fifty ml of HBSS was flushed into the peritoneal cavity through

the catheter by a fifty ml syringe. The abdominal cavity was
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gently massaged for 3-4 minutes, following which the contents
were drained with the catheter in the dependent position. This
allowed 85% - 95% of the original volume to be retrieved.

E. Chemiluminescence {CL) Assay

The assay that was used in this research was obtained from
the laboratory of Dr. Paul G. Quie at the University of Minnesota.

I. Preparation of Bacteria

E. coli and B. fragilis were grown up in broth
culture for 18 hrs. and then centrifuged at 15009 (International
Equipment Co., model PR-2) for 30 minutes. The bacteria were
resuspended in HBSS containing 0.1% gelatin and again centrifuged
at 15009 for 30 minutes to wash them free of any growth madium.
The bacteria were then adjusted to approximately 5 x 109
bacteria/ml by Mcférland's Standards. Two parts of this
bacterial suspension and one part of pooled diluted rat or human
serum were combined and rotated on a rotorack (10 rpm) for 30
minutes to pre-opsonize the bacteria,

2. Preparation of Phagocytes

(i) Human PMNL

Forty ml of heparinized human blood (10 v/ml) was obtained
from healthy volunteers and was combined with a 6% Dextran =75
solution. Ten ml of blood was mixed with three ml of the Dextran
solution in 16 x 125 mm Falcon tubes (Becton — Dickinson
California) and the tubes were placed on a 45 degree angle until
red blood cell (RBC) sedimentation began. The tubes were then
placed in an upright position for the remainder of the 60 minutes

settling period. The buffy coat was then drawn off by Pasteur
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ipette and centrifuged at 200g (Lourdes Clini-fuge model 10R)

Hh

or 10 minutes. The remaining RBCs in the leukocyte pellet were
lysed by resuspending them in a 0.84% NH4C1 solution in a 37
degree C water bath for 10 minutes. After this procedure, the
cells were diluted further with HBSS and centrifuged at 200 g for
10 minutes. The PMNL were also washed a second time by
centri%uging them in HBSS at 200g for 10 minutes. The PMNL were
then resuspended and tested for their viability by trypan blue
dye exclusion on a hemacytometer. Differential cell counts were
done using Tuerk's white cell diluting fluid in 1% glacial acetic
acid which highlites the nuclei of the cells, on a hemacytometer,

The cells were then suspended to a final concentration of 1.25 x

4

107 PMNL/ml,

(ii) Rat PMNL and Macrophages

Rat PMNL were induced 24 hours prior to harvesting by
peritoneal lavage through an intraperitoneal injection of 0.5 mi
of autcclaved rat caecal contents and 0.5 ml of PYG broth. Rat
macrophages were induced 72 hours prior to harvesting by an
intraperitoneal injection of a 1% glycogen solution (w/v). After
harvesting the phagccytes in the fifty ml aliquots of HBSS were
centrifuged at 200 g for 10 minutes. Any remaining RBCs were
lysed by resuspending the pellet in a 0.84% NH4C1 solution in a
37 degree C water bath for 15 minutes. The phagocytes were then
further diluted by HBSS and centrifuged at 200g for 10 minutes.
The cells were resuspended in HBSS and washed a final time by
centrifugation at 200 g for 10 minutes. The viabilitj of the

phagocytes was tested by trypan blue dye exclusion on a



hemacytometer. Differential counts of rat PMNL were done using
Tuerk's white cell diluting fluid on a hemacytometer.
Differential counts of rat macrophages were performed using
Tuerk's white cell diluting fluid on a hemacytometer, the
Wright's stain (Appendix V) and the nonspecific esterase stain
(Appehdix VI). Rat PMNLs were resuspended tec a final

concéntration of 1.25 x lO4

cells/ml while rat macrophages were
resuspended to a final concentration of 2.5 x lO4 cells/ml.

3. Chemiluminescence Procedure

CL was performed on a Beckman LS~-100C scintillator in the

out-cf-coincidence mode with a completely open window (3H +

L4 32]?

C + }. The CL scintillation test vials were dark

adapted for 6 hours before they were used. Each test vial

i
o]

‘-‘J

contained 0.4 m n opsonized bacterial suspension (5 x

e}
109), 20ul of luminol (Appendix VII} and HBSS to make a final

L levels were recorded for each

o

volume of 4.5ml. Background
vial. At one minute intervals, one ml of prepared phagocytes was
added to each vial sequentially. After the addition of
phagocytes to a vial, the vial was swirled moderately for 30
seconds and placed back in the scintillation counter to be
counted while other phagocytes were added to the next vial. The
vials were sequentially counted for one minute periods
continuously for one hour and peak CL levels were recorded.

F. Macrophage Bactericidal Assay

The assay (Figure II) that was used in this research was a
modification of the assays of the laboratory of Paul G. Quie

(University of Minnesota) and of Territo and Cline (1977).
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1. Preparation of Bacteria

The method of preparation of E. coli for this assay was

*:S‘
[sH

the same as that for the CL assay except that the E. coli was

not pre-opsonized for 30 minutes with peoled, undiluted serum. The
process of opsonization occurred during the actual bactericidal
assay.

2.. Preparation of Rat Macrophages

The method of preparation of rat macrophages for this assay
was the same as that for the CL assay.

3. Macrophage Bactericidal Assav Procedure

The bactericidal assay was performed in Falcon plastic
disposable test tubes (12 x 75 mm) . Each tube that was to be
assayed for macrophage bactericidal activity contained 0.5 mi of
rat macronhaae suspension of approximately 4 x 106 cells/ml,
0.4 ml of pocled rat serum (1/2 dilution with HBSS), and 0.1 ml
of an E. coli suspension of approximately 1 x 108
bacteria/ml to make a final volume of 1.0 ml. The whole test
suspension was allowed to sit for five minutes in order to let
the bacteria make contact with the rat macrophages. The test
suspension was then initially sampled by putting 0.1 ml of the
test suspension into 0.9 ml of sterile distilled water. Ten-fold

serial dilutions were then made and 0.3 ml of the appropriate

dilutions were plated out on TSA plates in six, 0.05 ml drops

jer

(Miles and Misra, 1938). Fach serial dilutiocn was vortexe
vigorously lysing macrophages which freed living intracellular
E. coli. After the initial sample of the test suspension was

taken, the suspension was centrifuged at 200 g for 10 minutes in
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order to sample the supernatant. The pellet was either
immediately resuspended and allowed to begin spinning on a
rotorack (10 rpmj at 37 degrees C or was allowed to sit on a
rotorack at 37 degrees C in a stationary position for 10 minutes
before being resuspended and rotated. The initial number of
bacteria actually associated with the rat macrophages was
calcula%ed by subtracting the number of bacteria in the
supernatant from the total number of bacteria in the test
suspension. The amount of bacterial killing by the macrophages
was determined over periods of one and two hours. Two individual
tubes were used for these two determinations. Both tubes were
initially sampled and they were then allowed to rotate for one
and two hours respectively before the final samplings were done
to determine the number of bacteria remaining in both tubes. The
final samples were also taken by the same method described for

the taking of the initial samples.

G. Treatment of Rats with BCG,C. parvum and Levamisole

1. BCC

Lyophilized BCG {Institute Armand -~ Frappier, Ville de
Laval, Quebec) was prepared in a suspension of physiological
saiine (0.85%) which was sterile. Sixty gram male Wistar rats
were given two weekly subcutaneous injections of this suspension
at a dosage of 6 mg/kg of body weight prior to the
intraperitoneal injection of the inducing agent.

2. C. parvum

A prepared suspension of C. parvum was cbtained from

Burroughs and Wellcome Research Triangle Park, North Carolina.
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Sixty gram male Wistar rats were given two weekly injections of
C. parvum (10 mg/kg of body weight) prior to the
intraperitoneal injection of the inducing agent.

3. Levamisole

A suspension of Levamisoie (Ortho Pharmaceuticals) was
prepared in sterile physiological saline (0.85%) at a
concentration of 30 mg/ml. Subcutaneous, 0.1 ml injections of
this suspension were given at 8 hour intervals to 160 g male
Wistar rats for the length of the injection schedule. Injections
were given for three days prior to the induction of rat PMNLs by
an intraperitoneal injection of 0.5 ml of autoclaved rat caecal
contents. Injections were given for two days prior to and three
days after the intraperitoneal injection of 1% glycegen to induce
macrophages.

H. Statistical Methods

A Dunett's Test and a one~tailed Student's T test were used

used to analyze the research data.
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RESULTS

A. Rat PMNL Chemiluminescence and Killing

Peritoneal exudate cells, elicited by an intraperitoneal
injection of 0.50 ml of autoclaved rat caecal contents (ARCC) from
untregted animals and animals pretreated with BCG,C.parvum
and Levamisole consisted of 85% - 95% PMNL. PMNL which had been
elicited by PYG broth also consisted of 85% - 95% PMNL. All
chemiluminescence (CL) values for rat PMNL, human PMNL and rat
macrophages were recorded in counts per minute. The mean peak CL
values for ARCC-elicited PMNL, Peptone-Yeast-Glucose (PYG) broth
~elicited PMNL and PMNL harvestead from BCG- and Levamisole-
pretreated rats were calculated from three separate individual
exéerimentsg Assessment of rat and human PMNL microbial killing
using the bactericidal assay adapted from Dr. Paul Quie was
carried out concurrently (Louie and Bell, unpublished) with the
CL studies to invéstigate the relationship between PMNL CL and
bactericidal activity. Microbial killing was expressed in terms
of maximum delta log kill {maximum change in log10 CFU of
bacteria). All mean delta log kill values for ARCC-elicited
PMNL, PY¥G-elicited PMNL and PMNL harvested from BCG-,
C.parvum-and Levamisole- pretreated rats were calculated from
three separate individual experiments.

There were no significant differences in peak CL values

between E.coli, B.fragilis and the E.coli/

B.fragilis combination for any of the rat PMNL tested.
However, the peak CL value for the ARCC-elicited PMNI, (Table II)

when challenged with B.fragilis was approximately 45% lower



Bacterial Killing and CL of Autocclaved Rat Caecal Contents
Elicited Rat PMNL when Challenged with E E.coli, B.fragilis

and the E.coli/B.fragilis Combination.

Mean delta Log

Bacteria Mean CL+S.D.* Kill+s.D.
E.coli *¥%215,960+20,325 -0.55+0.26
B.fragilis ©0,497+46,354 -0.2440.12
B.coli/B.fragilis 206,012+73,834 —
(CL only)

E.coli/B.fragilis
{delta Tog kiil only): ——

a. E.coli -0.52+0.27
b. B.fragilis -0.63+0.09
* §5.D. = Standard Deviation

**% counts per minute (CPM)
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than the values obtained with these PMNIL were challenged with

E.ccli or the E.coli/B.fragilis combination with

values approximating E.coli alone in the combination. There

was significantly better killing of E

.coli as compared to
B.fragilis with PMNL harvested from BCG~ pretreated rats
(p[O{OZS, Table II), PMNL harvested from C.parvum-pretreated
ratsy(p[0,0ly.Table IV), PMNL harvested from Levamisole-—
pretreated rats (p[0.025, Table V) and PYG-elicited PMNI, {(p[0.01,
Table VI). There was no significant difference between the
killing of E.coli and B.fragilis with ARCC-elicited PMNL
(Table II). PMNL obtained from BCG-pretreated rats (Tables VIIa
and b) did not give significantly higher peak CL values when

challenged with E.coli or B.fragilis as compared to ARCC

~elicited PMNL from untreated rats.

Significantly higher peak CL values were obtained with PMNL
harvested from C.parvum-pretreated rats (p[0.01, Tables VIia
and b) and PMNL harvested from Levamisole-pretreated rats
(p[0.05, Table VII) than those of ARCC-elicited PMNL from
untreated rats with similar bacterial challenges. PYG broth
—-elicited PMNL (Table VIIa and b) gave similar peak CL values to
those of ARCC-elicited PMNL with the same three bacterial
challenges.

Only the PYG broth-elicited PMNL killed E.coli

significantly better (p{0.025) than ARCC-elicited PMNL.

PMNL harvested from BCG-;C.parvum-and Levamisole-
pretreated rats killed E.coli better than ARCC-elicited PMNL
from untreated rats although the levels of significance were

greater than 0.05 (Table VIIa).
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B. Human PMNL Chemiluminescence and XKilling

Baseline experiments were performed with human PMNL to
determine their CL and killing (Louie and Bell, unpublished)
responses when challenged with E.coli, B.fragilis and the

E.coli/B.fragilis combination (Table VIII).

Ail CL and bactericidal experimental means were calculated
from three experimental trials. The human PMNL yielded much
higher peak CL values than did any of the rat PMNL tested with
these bacterial challenges. There was also little difference
between any of the peak CL values obtained for these three
bacterial challenges. There was substantial killing of both

E.coli and B.fragilis by human PMNL.
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Table VIII

Bacterial Killing and CL of Human PMNL when Challenged with

E.coli, B.fragilis and the E.coli/B.fragilis Combination.

Mean delta Log

~ Bacteria Mean CL+S.D. Kill+S.D.
E.coli’ 1,350,266+130,828 -2.1440.67
B.fragilis 1,283,564+270,953 ~1.34+0.62
E.coli/B.fragilis 1,243,487+186,174
(CL only)
E.coli/B.fragilis

(delta log kill only): —

a. E.coli -1.61+0.49

b. B.fragilis -1.26+0.57
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C. Human PMNL Pre-incubation Experiments

To investigate the effects that individual factors promoting
the pathogenesis of intra-abdominal sepsis may have on PMNL, human
peripheral blood PMNL were pre-incubated with 0.50 ml of ARCC,
0.50 ml of ARCC supernatant or 1x10° dead E.coli or dead
B. fragilis on a rotorack (10 rpm) for 30 minutes at 37
degreeé C. The pre-incubated PMNL were washed by centrifugation
at 200g and then challenged with live E.coli or B.

Normal human PMNL gave significantly higher peak CL values
(p<0.05, Table IX) than human PMNL pre-incubated with ARCC when
challenged with E.coli. Normal human PMNL killed E.coli
significantly better than PMNL pre-incubated with ARCC (p<0.005)
or PMNL pre-~incubated with ARCC supernatant (p=0.05).

When challenged with B.fragilis, there were no
significant differences in peak CL levels between normal human
PMNL and PMNL which had been pre-incubated with ARCC or ARCC
supernatant (Table X). Normal PMNL however, killed B.
fragilis significantly better than PMNL pre-incubated with ARCC
(p=0.05) although there was ho significant difference with PMNL
pre-incubated with ARCC supernatant.

Significantly higher peak CL (p<0.05) and killing (p<0.025)
values were obtained from normal PMNL challenged with E.coli
when compared to PMNL pre-incubated with dead B.fragilis
(Table XI). PMNL, pre-—-incubated with dead E.coli, had
markedly lower but not significantly different peak CL values

than normal PMNL when challenged with E.coli. Normal PMNL had
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significantly better killing of E.coli (p[.025) than PMNL
which had been pre-incubated with dead E.coli.

PMNL, which had been pre-incubated with dead E.coli or
dead B.fragilis had reduced, but not significantly different
peak CL values from normal PMNL when challenged with B.
fragilis (Table XII). Normal PMNL killed B.fragilis
significantly better (p[0.05) than PMNL pre-incubated with dead
B.fragilis but this was not the case for PMNL pre-incubated
with dead E.coli.

The effect of human faecal material on human peripheral
biocod PMNI was also tested to simulate the microbial challenge
faced by leukocytes that migrate into an area of peritoneal
soilage by intestinal contents. This was a corollary experiment
to cﬂallenge of human PMNL by ARCC. Normal human PMNL had
significantly higher peak CL values that either PMNL pre-
incubated with autcclaved human faecal contents (AHFC)
supernatant (pi0.05) when challenged with E.coli (Table XIII}.

Normal PMNL killed E.ccli significntly better (p[0.025)
than PMNL pre-incubated with AHFC but there was no significant
difference with PMNL pre-incubated with AHFC supernatant (Table

XIT1).
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D. Rat Macrophage CL

o0

The glycogen-elicited peritoneal exudate ceonsisted of 54%-63
rat macrophages as determined by the nonspecific esterase stain,
43%-55% macrophages as determined by the Wright's stain and

48%-63

dgo

rat macrophages as determined by Tuerk's white cell
dilutiﬁg stain. The rest of this exudate mainly consisted of
lymphoéytes and there was very little PMNL contamination. The
mean peak CL values are replicates of three experimental trials.

Glycogen-elicited rat macrophages had peak CL values that were

much lower than any human or rat PMNL tested when challenged with

|

.coli, B.fragilis, and the E.coli/B.fragilis

combination (Table XIV). There was also little difference in peak
CL values between the three bacterial challenges. The nonspecific
esterase stain has shown the presence of rat macrophages in intra-

abdominal abscess walls (Figure III).
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4§

TABLE XIV

#

Mean Peak CL Values of Glyccgen Induced Rat Macrophages when

Challenged with E.coli, B.fragilis and the E.coli/B.fragilis

combination
Bacteria Mean + S.D.
E.coli 24,677+12,437
B.fragilis 35,466+20,462

E.coli/B.fragilis 37,876+17,589




Photomicrograph of rat intra-abdominal abscess stained with non-
specific esterase. A is a central zone of non-viable PMN leuko-
cytes, B is an intermediate zone primarily of viable PMN leuko-

cytes and C is the outer zone of mixed cellular response in the

capsule of the abscess, consisting of macrophages (stained red)

other mononuclear cells and fibroblasts.

Higher magnification of zone C showing esterase positive macro-
phages in the capsule of the abscess.




E. Macrophage Bactericidal Activity

B.fragilis was not used in this part of the study as it .
had a highly variable viability during the bactericidal assay.
This part of the research centered on the responses of rat
macrophages to E.coli.

Thé PMNL bactericidal assay of Dr. Paul Quie was first used
to test?the ability of glycogen-elicited rat macrophages to kill

E.coli. This assay was unsuccessful as the replicative

ability of E.coli allowed it to multiply beyond the original
inoculum size making any killing undetectable. This result

happened in eight out of eight experimental trials performed and
this is illustrated in Figure IV. A modified bactericidal assay

was then used to eliminate the extracellular growth of E.coli

75

which rendered the Quie assay ineffective. This was done by
discarding the supernatant after sampling the whole solution.
There was some killing of E.coli by glycogen-elicited rat
macrophages at 60 minutes but the results at 2 hours were
inconsistent with only one of three trials showing any killing of
E.coli (Table XV}. The macrophages were then allowed to sit
with the E.coli in a pellet for 10 minutes at 37 degrees C
before being resuspended to rotate for the rest of the assay.

The 10 minutes produced consistent killing of E.coli at
60 minutes and 2 hours although the killing results were quite
variable at 2 hours (Table XVI). Macrophages harvested from
Levamisole-pretreated rats killed E.coli significantly better

(0.05<p<0.10) than did glycogen-elicited macrophages {with 10

minute wait) at 60 minutes and 2 hours (Table XVII). C.parvum
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400

300

NUMBER OF BACTERIA (x 10%)

1 |

T |
0 8 60 90 120
TIME (minutes)

Figure IV: Experiments with the Quie Assay
Showing Replicative Ability of E. coli
with Glycogen Elicited Rat
Macrophages

Each point on this graph represents a mean of 8 individual experiments +
the standard deviation.
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was not used in these experiments as it dramatically reduced the

number of macrophages in the peritoneal exudate,

80
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DISCUSSION

A. Rat PMNL Chemiluminescence and Killing

Rat PMNL, which were elicited by ARCC, had reduced levels of

killing and chemiluminescence with E.coli, B.fragilis and

the _E_}coli/I_B_.fragilis° These results indicated that ARCC
or soée component of it may inhibit rat PMNL microbicidal capa-
bilities. Flint et al (1981) showed that sterile human

faecal material and filtered peritoneal exudate from rats moribund
with bacterial peritonitis inhibited the ability of rat phag-
ocytes to kill E.coli and S.aureus. 1In contrast, PYG
broth-elicited PMNL killed E.coli significantly better
{(p<0.025) than did ARCC-elicited PMNL. However, the CL generated
by PYG broth-elicited PMNL when challenged with E.coli was
actually slightly lower than that produced by ARCC-elicited PMNL.
The fact that ARCC~elicited PMNL harvested from BCG-,C.parvum=-
and Levamisole-pretreated rats had much better killing and CL
results when challenged with E.coli supports the concept that
ARCC-elicited PMNL (no pretreatment) have defective bactericidal
capabilities. The fact that ARCC-elicited PMNL, which have been
harvested 24 hours after the i.p. injection of ARCC, cannot
effectively kill E.coli and B.fragilis indicates that ARCC
may have persistent effects on rat PMNL. There may also be a
mixed population of PMNL in the exudate depending of their time of
arrival in the peritoneal exudate. The first initial wave of rat
PMNL may be overwhelmed by particulate matter or soluble products

derived from ARCC. It is uncertain why there is reduced micro-
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bicidal activity and CL of cells harvested at 24 hours. The
initial inhibitory 24 hour period of rat PMNL microbicidal
activity allows E.coli to replicate, seriously damage host
defenses and allows bacteremia to supervene,

B.fragilis was not killed .well by any of the rat PMNL
testedfalthough PMNL harvested from C.parvum-and Levamisole-
pretreéted rats gave significantly better CL results with B.-
fragilis as compared to ARCC-elicited PMNL. Ingham et al
(1977) reported that B.fragilis (obligate anaerobe) impaired
the ability of human PMNL to kill facultative aerobic bacteria
effectively. The present results indicate that the failure of rat
PMNL to kill B.fragilis effectively may help to promote
abscess formation in intra-abdominal sepsis in the male Wistar rat
medel. Onderdonk et al (1977) have shown' that encapsulated
strains of B.fragilis are capable of causing abscess formation
by themselves. The failure of rat PMNL to kill encapsulated
strains of B.fragilis could be very important in the Drocess
of abscess formation. Reznikov et al (1881l), however,
reported that B.fragilis did not inhibit the clearance of
E.coli from the peritoneal cavity of a mouse. Shapiro et
al (1982) have shown that T-cells (Ly 1~ 2%) will prevent
mice frbm developing abscesses when injected with B.fragilis
capsular polysaccharide. Thus, the immune response to B.

fragilis may involve more than phagocytes.

The immunodulating agents BCG,C.parvum and Levamisole
were able to restore the ability of rat PMNL to deal effectively

with E.coli in terms of CL and killing. An injecticn (s.c.)
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of C.parvum tended to reduce the number of rat macrophages in
a peritoneal exudate from 50% in untreated animals to 25% in
C.parvum-pretreated animals.

These results complement those of Bourgault et al
(unpublished) which showed that pretreatment of rats with
BCGyg,pérvum and Levamisole improved their survival rate when
exposea to an infectious challenge of E.coli and B.
fragilis. However, the failure of the immunomodulating agents

tro 1s

e

to improve upon the killing of B.fragilis in v

poorly correlated with the in vivo results in terms of
abscess formation. Thus, although microbicidal killing of

.fragilis was not improved significantly, Levamisole and

lw
v

C.parvum decreased abscess formation. This finding may be
due to effector mechanisms which are operative as well such as
macrophage-T-cell interactions. This was not measured in these
experiments.

The effects of BCG,C.parvum and Levémisole on the host
immune system are wide ranging. A great deal of research has
focused on the effect of these agents on macrophages. Schleupner
and Glasgow (1978) showed that macrophages from C.parvum-
treated mice gave enhanced CL over controls during the phag-
ocytosis‘of zymosan particles or yeasts. The present research
shows that these immunomodulating agents have restorative or
augmenting effects on PMNL as well. The immunomodulating agents
seem to have effects on rat PMNL metabolism rather than
increasing the numbers of PMNL in the peritoneal cavity. The

total numbers and percentages of PMNL in the peritoneal exudates
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of BCG,-C.parvum-and Levamisole-pretreated animals were very
similar to that of ARCC-elicited PMNL from untreated animals.
BCG-,C.parvum—and Levamiscle-pretreatment of rats increased
the CL and bactericidal capabilities of ARCC-elicited PMNL when
they were challenged with E.coli as compared to ARCC-elicited
PMNL frém untreated rats.

B. Human PMNL Chemiluminescence and Killing

Human peripheral blood PMNL gave uniformly gocd CL and kill
results when challenged with E.coli, B.fragilis and the

E.coli/B.fragilis combination in the present study. These

results showed no interference by B.fragilis in the killing of
E.coli by human PMNL as did the results of Ingham et al
(1877y. The present in vitro study has failed to demonstrate
any synergystic relationship between E.coli and B.fragilis
which helps either species to escape killing by human PMNL.

Human peripheral blood PMNIL also showed much higher levels
of CL than any of the rat PNNL tested with these three bacterial
challenges. This may indicate that human PMNIL have a greater
reliance on oxidative metabolism to kill certain kinds of bacteria
than do rat PMNL. B.fragilis may not be sensitive to the
microbicidal mechanisms of rat PMNL. This may be strain specific
and further testing with other of g.fﬁagilis would shed light

on the matter,

C. Human PMNL pre-incubation Experiments
These experiments were conducted with human peripheral blood
PMNL in order to determine which factors in rat colcnic contents

might inhibit PMNL bactericidal capability and allow the estab-
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lishment of a serious peritoneal infection. Pre-incubation with
ARCC almost completely abolishes any PMNL CL or killing when the
phagocytes were challenged with live E.coli or B.

fragilis. Pre-incubation with dead E.coli or B.fragilis

seemed to have an intermediate inhibitory effect on PMNL CL or
killiég of live E.coli or B.fragilis. Pre-incubation with
ARCC shpernatant had the least effect on PMNL CL or killing of
these two bacterial species. Human PMNL CL and killing of
E.coli was severely inhibited by pre-—incubation with
autcclaved human faecal contents (AHFC). Pre-incubation with
AHFC supernatant also had a significant inhibitory effect
(p<0.05) on PMNL CL when these cells were challenged with
E.coli.

These results support the finding of Flint et al
(1881) that sterile human faecal material inhibits the killing of
E.coli by rat phagocytes.

Since the sterile faecal material was added during the
bactericidal assay, Flint et al (1981) proposed that faecal
suspensions may physically inhibit the interaction between
phagocyte surface receptors and organisms by allowing bacteria to
adhere to faecal particles or by fostering fibrin deposition.

A possible explanation for the inhibitory effect of pre-
incubating PMNL with dead bacteria, ARCC or AHFC may have to do
with the idea of "overfeeding® the PMNL., PMNL, which have
phagocytosed these types of particulate matter will discharge a
large portion of their granules into the phagosome. The PMNL,

having already discharged the greater portion of their micro-
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bicidal granules, will not have enough of these types of granules
to kill any live bacteria phagocytosed in a subsequent bacterial
challenge. Colonic material could overwhelm the first wave of
phagocytes attracted to an area of intestinal perforation
allowing a serious bacterial infection to become established.

D. Correlation of Chemiluminescence and Bacterial Killing

Iﬁ these studies where microbial killing and CL are done in
paired experimental trials, there is a direct relationship betwgen
microbial kiiling and the degree of CL in most instances. These
trends are present in both the human PMNL and rat PMNL tested.
PMNL harvested from BCG,-C.parvum-and Levamisole-pretreated
rats and elicited by ARCC show increased CL and killing when
challenged with E.coli as compared to ARCC-elicited PMNL from
untreated animals. PYG broth-elicited PMNL showed increased
killing of E.coli but less CL than ARCC-elicited PMNL. All
rat PMNL, harvested from animals pretreated with BCG,C.parvum

and Levamiscle, showed increased CL when challenged with B.

fragilis as compared to ARCC-elicited PMNL from untreated

animals. However, the increased CL was not associated with
improvement in killing of B.fragilis. Some of these
differences may be explained in terms of the CL assay itself. The
CL assay is far more sensitive to the number of cells used than
is the bactericidal assay and there is still more variation
encountered when using a liquid scintillator in the our-of-
coincidence mode. As well, the discrepancies may reflect
different pathways of microbial killing. Nevertheless, the data

from human peripheral blood PMNL shows that both E.coli and




B.frgilis are killed equally well. Both species of bacteria
may be sensitive to one or more of the oxygen radicals produced by
human PMNL.

High levels of killing and CL were shown by human peripheral

blood PMNL when challenged with E.coli, B.fragilis and the

E.coli/B.fragilis combination. Pre-incubation exper iments

with AﬁFC, ARCC and dead E.coli or B.fragilis decreased
both CL and microbial killing when the pre-incubated PMNL were
subsequently challenged with live E.coli or B.fragilis,

Differences in statistical significance between paired CL
and kill results as compared to a normal PMNL control may be
explained by variation in the CL assay itself. fThese studies
have shown that the relationship between CL and bactericidal
activity is strong but direct correlations cannot always be made.
This observation has also been confirmed by other workers (Ewetz
et al, 1981; Grebner et al, 1277). The present data
suggests that CL- testing should be performed with other
techniques and that CL alone could be used as a screening device
with an understanding of the limitations of the method.

E. Rat Macrophage Chemiluminescence and Killing

Rat peritoneal macrophage CL levels are much less that those
of rat PMNL or human PMNL. This may indicate that oxidative
metabolism may not be as important to the macrophage for bac-
tericidal activity as it is for the PMNL. However, macrophages
are known to produce some of the same oxygen species as PMNL and
Johnson (1978) felt that the increased levels of H202 and

02— produced by BCG-activated mouse macrophages may account
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for scme of the enhanced bactericidal capacity of these cells,

Macrophages kill E.coli less efficiently than do rat or
human PMNL. This is demonstrated by the fact that E.coli was
able to replicate beyond its original inoculum size with the Quie
assay. The modified assay used in the macrophage bactericidal
studieé'combined the best elements of the Quie assay and the assay
of Territo and Cline (1977). The discarding of the supernatant
after sampling the whole solution and supernatant eliminated the
large amount of extracellular bacteria which are not "cell
associated" and which would replicate and cbscure any measurable
microbicidal activity. At the same time, the speed and flex-
ibility of the Quie assav has been retained in the modified
assay. This modified procedure is less cumbersome than the assay
of Territo and Cline (1977) and may be more practical. Further
testing will be required to confirm this approach to macrophage
function testing.

The consistent results that were obtained with glycocgen
elicited macrophages at 60 minutes regardless of the ten minute
wait indicates that glycogen-elicited rat macrophages can kill
E.coli. The inconsistent results obtained at 2 hours without
the 10 minute wait may possibly be attributed to small amounts of
extracellular growth by E.coli. It may also be that macro-
phages may require close apposition to the target bacteria to
effect or enhance phagocytosis and microbial killing. The 10
minute wait with the macrophages and E.coli concentrated in a
pellet may give the phagocytes time to phagocytose the E.coli

successfully and kill it. Macrophages may only be successful
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phagocytes 1if they are apposed to the target organisms.
Macrophages, which have been elicited by glycogen and
harvested from rats pretreated with Levamisole, kill E.coli
markedly better {0.05<p<0.10) than glycogen-elicited macrophages
from untreated rats with or without the 10 minute wait. Thus,
Levamiséle improves the ability of rat macrophages to process and

kill E.coli more efficiently. The role of the macrophage in

celi~mediated immunity to intra-abdominal sepsis is still
unsettled.

More research must be done on the respective roles of the:
PMNIL:, macrophage and the lymphocyte in host resistance to
intra-abdominal sepsis in order to achieve an improved

undefstanding of the biology of intra-~abdominal infections.



The main features of the thesis are summarized as follows:

1. ARCC-elicited rat PMNL showed reduced levels of CL and killing
when chéllenged with E.coli as compared to PMNL harvested from
rats pretreated with BCG,;C.parvum and Levamisole. Peptone-
Yeast~Glucose (PYG) broth-elicited rat PMNL showed the greatest
killing of E.coli but had a CL level similar to that of ARCC

elicited cells.

2. All rat PMNL showed very little killing of B.fragilis,
PYG-elicited rat PMNL and PMNL harvested from rats pretreated with
BCG,C.parvum and Levamisole did show improved CL levels,

however when challenged with B.fragilis.

3. Human peripheral blocd PMNL showed both substantial micro-
bicidal activity and CL levels when challenged with E.coli,

B.fragilis and the E.coli/B.fragilis combination. The

CL levels of human PMNL were higher than any of the rat PMNL

tested,

4. Human peripheral blcod PMNL which were pre-incubated with ARCC
and AHFC showed the most inhibition of CL and microbial killing

when challenged with E.coli or B.fragilis.




5. Human PMNL, which were pre-incubated with 1 x 109 dead

E.coli or B.fragilis or AHFC supernatant, showed moderate

inhibition of CL and microbial killing when challenged with

E.coli or B.fragilis. PMNL pre-incubated with ARCC showed

very little inhibition of CIL and killing when challenged with

E.coli or B.fragilis.

6. Glycogen-elicited rat macrophages showed much less CL than
either rat or human PMNL when challenged with E.coli,

- B.fragilis or the E.coli/B.fragilis combination.

7. Glyccgen-elicited rat macrophages were only able to kill
E.coli consistenty at 60 minutes with no 10 minute wait.
These macrophages were able to kill E.coli consistently at 60
minutes and 120 minutes with the 10 minute wait in the bacteri-

cidal assay.

8. Macrophages which were harvested from rats pretreated with
Levamisole were able to kill E.cocli better than glycogen

elicited rat macrophages regardless of the 10 minute wait.



BIBLIOGRAPHY

Alexander, M.W. and J.L. Meakins. 1972. A physiologic basis for
opportunistic infection. Ann. Surg. 1756:273.

Alien, R.C., R.L. Stjernholm and R.H. Steele. 1972. Evidence for
the generation of an electronic excitation state(s) in human
polymorphonuclear leukocytes and its participation in bactericidal
activity. Biochem. Biophys. Res. Commun. 47:679-684.

Allen, R.C., and L.D. Loose. 1976. Phagocytic activaticn of a
lumind-depentent chemiluminescence in rabbit alveolar and
peritcneal macrophages. Biochem. Biophys. Res. Comm. 69:245-
252,

Altemeier, W.A. 1942. The pathogenicity of the bacteria of
appendicitis and peritonitis, an experimental study. Surgery
11:374-384.

Andersen, B.R. and H.J. Amirault. 1979. Important variables in
granulocyte chemiluminescence., Proc. Soc. Exp. Biol. Med.
162:139-145,

Babior, B.M. 1978. Oxygen-dependent microbial killing by
phagocytes. N. Engl. J. Med. 298(12) :659-668.

Babior, B.M., R.S. Kipnes and J.T. Curnutte. 1973. Biological
defense mechanisms: the production by leukocytes of superoxide, a
potential bactericidal agent. J. Clin. Invest. 52:741-744.

Babior, B.M., J.T. Curnutte, and B.J. McMurrich. 1976. The
particulate superoxide-forming system from human neutrophils:
properties of the system and further evidence supporting its
participation in the respiratory burst. J. Clin. Invest.
58:989-996.

Babior, B.M., J.T. Curnutte and R.S. Kipnes. 1975. Biclogical
defense mechanisms: evidence for the participation of superoxide
in bacterial killing by xanthine oxidase. J. Lab. Clin. Med.
85:235~244,

Baehner, R.L. and M.L. Karnovsky. 1968. Deficiency of reduced
nicotinamide-adenine dinucleotide oxidase in chronic granulomatous
disease. Science 162:1277-1279.

Baehner, R.L. and D.G. Nathan. 1868. Quantitative nitrcbhlue
tetrazolium test in chronic granulomatous disease. N. Engl. J.
Med. 278:971-976.

Baidridge, C.W. and R.W. Gerard. 1933. The extra respiration of
rhagocytosis. Am. J. Physicl. 103:235-236.



Basic, I., L. Milas, D.J. Gradina and H.R. Withers. 1975, In
vitro destruction of hamster ovarian cell cultures by peritoneal
macrophages from mice treated with Corvnebacterium granulosum.
J. Natl. Cancer Inst. 52:1839-1842.

Beall, G.D., J.E. Repine, J.R. Hoidal and F.L. Rasp. 1977.
Chemiluminescence by human alveclar macrophages: stimulation with
heat-killed bacteria or phorbol myristate acetate. Infect.
Immun. 17:117-120.

Beauchamp, C. and I. Fridovich. 1970. A mechanism for the
production of ethylene from methicnal: the generation of hydroxyl
radical by xanthine oxadase. J. Biol. Chem. 245:4641-4646,

Beck, W.S. 1958. Occurrence and control of the phosphogluconate
oxidation pathway in normal and leukemic leukocytes. J. Biol.
Chem., 232:271-283.

Berman, I.R., J.L. Grosfeld, B.A. Adelman, R.J. Rapp, S.C. Metz,
and M.S. Iliesw. 1974. Influence of local and systemic factors
on survival with fecal peritonitis. Surg. Forum 25:367.

Biggar, W.D. and J.R. Sturgess. 1978. Hydrogen peroxide release
by rat alveolar macrophages: comparison with blood neutrophils.
Infect. Immun. 19:621,

Biggar, W.D., S. Burron and B. Holmes. 1976. Bactericidal
mechanisms in rabbit alveolar macrophages: evidence against
peroxidase and hydrogen peroxide bactericidal mechanisms. Infect.
Immun. 14:6-10.

Blanden, R.V., G.B. Mackaness and F.M. Collins. 1966. Mechanisms
of acquired resistance in mouse typhoid. J. Exp. Med. 124:585.

Bourgault, A., H. Bell and T. Louie. Unpublished data. 1979.

Briggs, R.T., M.L. Karnovsky and M.J. Karnovsky. 1977. Hydrogen
peroxide production in chronic granulomatous disease: a
cytochemical study of reduced pyridine nucleotide oxidases. J.
Clin, Invest. 5%:1088-1098.

Brown, R., J. Bancewicz, J. Hamid, N.J. Patel, C.A. Ward, R.J.
Farrand, R.S.H. Pumphrey and M. Irving. 1982. Failure of delayed
hypersensitivity skin testing to predict postoperative sepsis and
mortality. Br. Med. J. 284:851-853.

Browne, M.D., and G.B. Leslie. 1976. Animal models of
peritonitis. Surg. Gynecol. Obstet. 143:738.

Browne, M.K. 1967. Intraperitoneal noxy-thiolin in faecal
peritonitis. Clin. Trials J. 4:673.



94

Cheson, B.D., J.T. Curnutte and B.M. Babior. 1977. The oxidative
killing mechanisms of the neutrophil. Prog. Clin. Immunol.
3:1-65.

Cheson, B.D., R.L. Christensen; R. Sperling, B.E. Kchler and B.M.
Babior. 1976. The origin ¢f the chemiluminescence of
phagocytesing granulocytes. J. Clin. Invest. 58:789-796.

Christou, N.V. and J.L. Meakins. 1%7%a. Delayed hyper-—
sensitivity: a mechanism for anergy in surgical patients. Surgery
86:78.

Christou, N.V. and J.L. Meakins. 1979b. Neutrophil function in
surgical patients: neutrcphil adherence and chemotaxis and
cutaneous anergy. Ann. Surg. 120:557.

Christou, N.V. and J.L. Meakins. 1979¢c. Neutrophil function in
surgical patients: two inhibitors of granulccyte chemotaxis
associated with sepsis. J. Surg. Res. 26:335.

Cleveland, R.P., M.S. Meltzer and B. Zbar. 1974. Tumor
cytotoxicity in vitro by macrophages from mice infected with
Myccbacterium bovis strain BCG. J. Natn. Cancer Inst.
52:1887~18%85.

Cchen, H.J. and M.E. Chovaniec. 1978. Superoxide production by
digitonin-stimulated guinea pig granulocytes: the effects of N-
ethyl maleimide, divalent cations, and glycolytic and
mitcchondrial inhibitors on the activation of the superoxide
generating system. J. Clin. Invest. 61:1088.

Cohn, Z.A. 1978. The activation of mononuclear phagocytes: fact,
fancy and future. J. Immunol. 121:813-816.

Cooper, M.R., L.R. Dechatelet and C.E. McCall. 1972. Complete
deficiency of leukocyte glucose-6-phosphate dehydrogenase with
defective bactericidal activity., J. Clin. Invest. 51:769-778.

Coridis, D.T., J. Gaddie and N.A. Matheson. 1969. Continuous
peritoneal lavage in peritonitis. Eur. Surg. Res. 1:142-146.

Curnutte, J.T., R.H. ALfred and M.L. Karnovsky. 1977. Reversible
stimulation of the O, -forming system in human polymorpho-
nuclear leukocytes (PﬁNs). Clin. Res. 25:337A.

Daly, J.M., S.J. Dudrick and E.M. Copeland. 1978. Effect of
protein depletion and repletion on cell-mediated immunity in
experimental animals. Ann. SURG. 188:791-796.

Deysine, M., D. Alcnso, R. Robinson and F. Veith. 1967. Roent-
gencgraphic evaluation of experimental intraperitoneal abscess.
Arch. Surg. 95:220-223.



95

Drath, D.B. and M.L. Karnovosky. 1974. Bactericidal activity of

metal-mediated percxide-ascorbate systems. Infect. Immun.
10:1077-1083.

Drath, D.B. and J.L. Karnovsky. 1975. Superoxide production by
phagocytic leukocytes. J. Exp. Med. 141:257-262.

Drutz, D.J. and J. Mills, 1980. Immunity and Infection, Basic

and Clinical Immunology. 3rd Ed. Edited by H.H. Fundenburg, D.P.
Stites, J.L. Caldwell and J.V. Wells. Los Altos, California.
Lange Medical Publications. p. 258

Ewetz, L., J. Palmblad and A. Thore. 1981. The relationship
between luminol chemiluminescence and killing of Staphylococcus
aureus by neutrophil granulocytes. Blut 43:373-381.

Figcher, G.W., M.W. Balk, M.H. Crumrine, and J.W. Bass. 1976,
Immunopotentiation and astiviral chemotherapy in suckling rat
model of herpes virus encephalitis. J. Infect. Dis. 133:Suppl.
A217-A222, '

Flint, L.M., J.H. Calhoun, M.D. Anderson, and J.D. Richardson.
1981. Studies of peritoneal phagocytes as therapy for fecal
peritonitis. J. Surg. Res. 30:154-158.

Goldstein, I.M., M. Cerguiera, S. Lind and H.B. Kaplan. 1977.
Evidence that the supercoxide~generating systems of human .
leukocytes is associated with the cell surface. J. Clin. Invest.
59:249-254,

Goldstein, I.M., D. Roas, H.B. Kaplan and G. Weissmann: 1375.
Complement and immunoglobulins stimulate superoxide production by
human leukocytes independently of phagocytosis. J. Clin. Invest.
56:1155-1163.

Gorbach, S.L., and J.G. Bartlett. 1974. Anaerobis Infections.
N. Engl. J. Med. 290:1177-1184, 1237-1245 and 128%-1294.

Grebner, J.V., E.L. Mills, B.H. Gray and P. Quie. 1977.
Comparison of phagocytic and chemuluminescence responses of human
polymorphonuclear neutrophils. J. Lab. Clin Med. 89:153-159.

Gregory, E.M. and I. Fridovich. 1974. Oxygen metabolism in
Lactobacillus plantarum. J. Bacteriol. 117:166-169.

Gregory, E.M., F.J. Yost and I. Fridovich. 1973. Superoxide
dismutases of Escherichia coli: intracellular localization and
functions. J. Bacteriol, 115:987-891.

Harrison, J.E. and J. Schultz. 1676. Studies on the chlorinating

ctivity of myeloperoxidase. J. Biol. Chem. 251:1371-1374.



96

Hatch, G.E., D.E. Gardner and D.B. Menzel. 1978. Chemilumine-
scence of phagocytic cells caused by N-formyl-methionyl
peptides. J. Exp. Med. 147:182.

Hau, T., R. Hoffman, and R.L. Simmons. 1978. Mechanisms of the
adjuvant effect of hemoglobin in experimental peritonitis. T.

In vivo inhibition of peritoneal leukocytosis. Surgery
83:223,

Hibbs, J.B. 1973. Macrophage non-immunologic reccgnition: target
cell factors related to contact inhibition. Science 180:868-870.

Holtexﬁann, 0.A., E. Klein and G.P. Casale. 1973. Selective
cytotoxicity of peritoneal leukocytes for neoplastic celils.
Cell., Immunol. 9:339-352.

Horan, T.D., D. English and T.A. McPherson. 1982, Assocciation of
neutrophil chemiluminescence with microbicidal activity. Clen.
Immunol. Immunopathol. 22:259-269.

Hovhanian, A.P., and N, Saddowi. 1972. An experimental study of
the consequences of intraperitoneal irrigation. Surg. Gynecol.
Obest. 134:575-578.

Ingham, H.R., P.R. Sisson, D. Tharagonnet, J.B. Seldon and A.A.
Codd. 1977. Inhibition of phagocytosis in vitro by obligate
anaercbes. Lancet 2:1252-1254.

ITyer, G.Y.N., M.F., Islam, and J.H. Quastel. 1961, Bicchemical
aspects of phagocytosis. WNature. 192:535-541.

Iyer; G.Y.N. and J.H. Quastel. 1963. NADPH and NADH oxidation by
guinea pig polymorphonuclear leukocytes. -Can. J. Biochem.
40:427-434,

Jcohnson, R.B., 1978, Oxygen metabolism and the microbicidal
activity of macrophages. Federation Proc. 37:2759-2764,

Jchnson, W.C., F. Ulrich and M.M. Megquid. 1979. Role of delayed
hypersensitivity in predicting postoperative morbidity and
mortality. Am. J. Surg. 137:536.

Jehnston, R.B., C.A. Godzik and Z.A. Cchn. 1978, Increased
superoxide anion production by immunologically activated and
chemically elicited macrophages. J. Exp. Med. 148:115-127.

Johmston, R.B., J.3. Lehmeyver and L.A. Guthrie. 1976. Generation
of superoxide anion and chemiluminescence by human monocytes

during phagocytosis and on contact with surface-bound

immuncoglobulin G.J. Exp. Med. 143:1551-1556,

Joiner, K.A., J.A. Gelfand, A.B. Onderdonk, J.G. Bartlett, and S.L.
Gorbach. 1980. Host factors in formation of abscesses. J.
Infect. Dis. 142(1):40-49,



97

Halpern, B.N., A.R. Prevot, G. Biozzi, C. Stiffel, D. Mouton, J.C.
Morard, Y. Bouthillier and C. Decreusefond. 1963. Stimulation of
the phagocytic activity of the reticuloendothelial system provoked
by Corynebacterium parvum. J. Reticuloendothel. Soc.

1:77-96.

Rarnovsky, M.L., J. Lazdins and $5.R. Simmons. 1975, Metabolism
of Activated Mononuclear Phagocytes at Rest and during
Phagocytosis, Mononuclear Phagocytes in Immunity, Infection and
Patholcogy. edited by R. vanFurth., London. Blackwell
Scientific. D».423,

Kasper, D.L., and M.W. Seiler. 1975. Immuncchemical
characterization of the outer membrane complex of Bacteroides
fragilis subspecies fragilis. J. Infect. Dis.
134)440-450.

Rasper, D.L., A.B. Onderdonk, and J.G. Bartlett, 1977.
Quantitative determination of the antibody response to the
capsular poclysaccharide of Bacteroides fragilis in an animal
model of intra-abdominal abscess formation, J. Infect. Dis.
136(6) :785-795.

Ray, G.G. 1957. Prolonged survival of a skin homograft in a
patient with very extensive burns. ANN.N.Y. Acad. Sci. 64:64,
Kearns, D.R. 1971. Physical and chemical properties of singlet
molecular oxyvgen. Chem. Rev., 71:395-427,

Rellogg, E.W. and I. Fridovich. 1975. Superoxide, hydrogen
peroxide and singlet oxygen in lipid peroxidation by a xanthine
oxidase system. J. Biol. Chem. 250:8812-8817.

Kelly, M.J. 1978. The quantitative and histological
demonstration of pathogenic synergy between Escherichia coli
and Bacteroides fragilis in guinea pig wounds. J. Med.
Microbiol., 11:513-523,

Khan, A.V. Singlet molecular oxygen from superoxide anion and
sensitized fluorescence of organic molecules. Science
168:476-477.

King, D.W., J.F. Gurry, R.B. Ellis-Pegler and B.N. Brooke. 1975,
A rabbit model of perforated appendicitis with peritonitis. Brit.
J. Surg. 62:642.

Riebanoff, S.J. 1975. Antimicrobial mechanisms in neutrophilic
polymorphonuclear leukocytes. Semin. Hematol. 12:117-142,

Klebanoff, S.J. 1967. Iodination of bacteria: a bactericidal
mechanism. J. Exp. Med. 126:1063-1078.

Law, D.K., S.J. Dudrick and N.I. Abdou. 1974. The effect of
dietary protein depletion on immunocompetence: the impcrtance of



98

nutritional repleticon prior to immunolegic induction. Ann. Surg.
179:168.,

Leake, E.S. and Q.M. Myrvik. 1968. Changes in morphology and in
lysozyme content cf free alveolar cells after intravenous of
killed BCG in oil. J. Reticuloendothel. Soc. 5:33-53.

Iee, J.T., and D,H. Ahrenholz. 1979. Mechanistic studies of
hemoglobkin adjuvancy in experimental peritonitis. Surgery 86:41.

Louie, T. and H. Bell. Unpublished data. 1981.

Maclean, L.D., J.L. Meakins, J.P. Duignanp K.S8. Dhillon and J.
Gordon. 1975. Host resistance in sepsis and trauma. Ann. Surg.
192:207-217.

Mackaness, G.B. 1964. The immunclogical basis of acquired
cellular resistance. J. Exp. Med. 129:973.

Mandeil, G.L. 1975. Catalase, superoxide dismutase, and virulence
of Staphvlococcus aureus: in vitro and in vivo studies

with emphasis on staphylococcal-leukocyte interaction. J. Clin,
Invest., 55:561-566.

McCall, C.E., L.R. DeChatelet, M.R. Cooper and P. Ashburn. 1971.
The effects of ascorbic acid on bactericidal mechanisms of
neutrophils. J. Infect. Dis. 124:194-198.

McLoughlin, G.A., P.V. Wu and I. Saproschetz. 1979. Correlation
between anergy and circulating immunosuppressive factor following
major surgical trauma. Ann. Surg. 190:297. '

Meakins, J.L. 1981. Clinical importance of host resistance to
infection in surgical patients, Advances in Surgery. Volume
15. Edited by L.0O. MacLean. Chicago. Year Book Medical
Publishers. p.225.

Meltzer, M.S5., E.E. Jones and D.A. Boetcher. 1975. Increased
chemctactic responses of macrophages from BCG-infected mice.
cell. Immunocl. 17:268-276.

Michael, R.I., and H.D. Knight. 1975. Enhanced resistance ot
Corynebacterium pseudotuberculosis infections associated with
reduced serum immunoglobulin levels in Levamisole-treated mice.
Infect. Immun. 12:1098-1103.

Miles, A.A. and S.5. Misra. 1938. The estimation of the
bactericidal power of the bloed. J. Hyg. 38:732-748.

Myrvik, Q.M. 1972. Function of the aleoclar macrophage in
immunity. J. Reticuloendothel. Soc. 11:459-468.

Nathan, C.F. and R.K. Root. 1977. Hydrogen peroxide release from
mouse peritoneal macrophages. Dependence on sequential activation



g9

and triggering. J. Exp. Med., 146:1648-1622.

Hichols, R.L., J.W. Smith and E.R. Balthazar. 1878. Peritonitis
and intra-abdominal abscess: an experimental mcdel for the
evaluation of human disease. J. Surg. Res. 25:129-134,

Ohlsson, K., 1976. Collagenase and elastase released during
peritonitis are complexed by plasma protease inhibitors. Surgery
79:652.

Clivotto, M. and R. Bomford. 1974. 1In vitro inhibition of
tumor ‘cell growth and D.N.A. synthesis by peritoneal and lung
macrophages from mice injected with Corynebacterium parvum.
Int, J. Cancer 13:478-488.

Onderdonk A.B., W.M. Weinstein, N.M. Sullivan, J.G. Bartlett, and
S.L. Gorbach. 1974. Experimental intra-abdominal abscesses in
rats: quantititave bacteriloogy in infected rats. Infect. Immun.
10:1256-1260.

Onderdonk, A.B., J.G. Bartlett, T.J. Louie, N.M. Sullivan-
Seigler, and S.L. Gorbach. 1876. Microbial synergy in
experimental intra-abdominal abscess. Infect. Immun. 13:22-26,

Onderdonk, A.B., D.L. Kasper, R.L. Cisneros and J.G. Bartlet.
1877. The capsular pclysaccharide of Bacteroides fragilis as
a virulence factor: compariscn of the pathcgenic potential of
encapsulated and unencapsulated strains. J. Infect. Dis,
136(1):82-89.

Oren, R., A.E. Farnham, K. Saito, E. Kilofsky and M.L. Karnovsky.
1963. Metabolic patterns in three types of phagocytizing cells.
J. Cell Biol. 17:487.

Panl, B.B., A.A. Jacobs, R.R. Strauss and A.J. Sbarra. 1870.
Role of the phagocyte in hose-parasite interactions. XXIV.
Aldehyde generation by the myeloperoxidase~-H.,O,-chloride
antimicrobial system: a possible in vivo mechanism of action.
Infect. TImmun. 2:414-4138,

Peterson, P.K., J. Verhoef, D. Schmeling and P.G. Quie. 1978,
Influence of encapsulation on staphylococcal opsonization and
phagocytosis by human polymorphonuclear leukocytes. Infect.
Immun. 19:943-949,

Pietsch, J.B., J.L. Meakins and L.D. MacLean. 1977. The delayed
hypersensitivity response: application to clinical surgery.
Surgery 82:349.



100

Pineiro, M.S., C.A. Bowles, E.C. Cutchins, and M.I. Bull. 1977.
Canine Migration Inhibitory Factor: effect of C. parvum
administration. Infect. Immun. 18:102-109.

Poplack, D.G., N.A. Sher, S$.D. Chaparas, and R.M. Blaese, 1976,
The effect of Mycobacterium bovis (Bacillus Calmette-Guerin)
on macropyage random migration, chemotaxis and pinocytosis.

Cancer Res. 31:1061-1065.

Ratzan, K.R., D.M. Musher, G.T. Keusch, and L. Weinstein. 1972.
Correlation of increased metabolic activity, resistance to
infection, enchanced phagocytosis and inhibition of bacterial
growth by macrophages from listeria and BCG-treated mice. Infect.
Immun. 5:499-504,

Reznikov, M., J.J. Finlay-Jones, and 0.J. McDonald. 1981, Effect
of Bacteroides fragilis on the peritoneal clearance of
Escherichia coli in mice. Infect. Immun. 10:368-399.

Rhoads, J.E. and C.E. Alexander. 1955, ©Nutriontal problems of
surgical patients. Ann. WN.Y. Acad. Sci. 63:268,

Ritzmann, S.E., C. McLung and D. Falls. 1969. Immunoglcbulin
levels in burned patients. Lancet 1:1152.

Root, R.K.; J. Metcalf, N. Oshinoc and B. Chance. 1975. H202
release from human granulocytes during phagocytosis. 1I.
Documentation, guantitation and some regulating factors. J. Clin.
Invest. 55:945-955,

Rosato, E.F., J.C. Oram-Smith, W.F. Mullin=s and F.E. Rosato.
1972. Peritoneal lavage treatment in experimental peritonitis.
Ann. Surg. 175:384-387.

Rossi, F., G. Zabucchi and D. Romeo. 1975. Metabolism of
Phagocytosing Mononuclear Phagocytes, Mononuclear Phagocytes in
Immunity, Infection and Pathology. edited by R. vanFurth.,
London. Blackwell Scientific. p.442.

Ruskin, J., M. McIntosh and J.S. Remington. 1969, Studies on the
mechanisms of resistance to phylogenetically diverse organisms.
J. Immunol. 103:252Z2,

Sbarra, A.J. and M.L. Karnovsky. 1959. The biochemical basis of
phagocytosis. I. Metabolic changes during the ingestion of
particles by polymorphonuclear leukccytes. J. Biol. Chem.
234:1355-1362.

Schleupner, C.J. and L.A. Glasgow. 1978. Peritoneal macrophage
activation indicated by enhanced chemiluminescence. Infect.
Immun. 21:886-895.



101

Segal, A.W. and T.J. Peters. 1976. Characterization of the
enzyme defect in chronic granulomatous disease. Lancet
1:1363-1365.

Seliger, H.H, 1960. A photoelectric method for the measurement
of spectra of light sources of rapidly varying intensities. Anal.
Biochem. I:60-65.

Selvaraj, R.J. and A.J. Sbarra. 1967. The role of the phagocyte
in host-parasite interactions. VII. Di-and triphosphopyridine
nucleotide kenetics during phagocytosis. Biochim. Biophys. Acta
141:243-249,

Shapiro, M.E., A.B. Onderdonk, D.L. Kasper and R.W. Finberg.
1882, Cellular immunity ot Bacteroides fragilis capsular
polysaccharide. J. Exp. Med. 154:1188-1197.

Sher, N.A., S.D. Chaparas, L.D. Greenberg and S. Bernard. 1975,
Effects of BCG, Corynebacterium parvum and methanol-
extraction residue in the reduction of mortality from
Staphylococcus aureus and Candida albicans infections in
immunosuppressed mice. Infect. Immun. 12:1325-1330.

Simmons, S.R. and M.L. Karnovsky. 1973. TIodinating ability of
various leukocytes and their bactericidal activity. J. Exp. Med.
138:44.

Sleeman, H.K., J.W. Diggs, D.K. Hayes and H.F. Hamit, 1969.
Value of antibiotics, corticosteroids and peritoneal lavage in the
treatment of experimental peritonitis. Surgery 66:1060-1066.

Smith, I.M. and E.C. Hazard. 1970. Anomalous results in high
dose chemotherapy in experimental peritonitis. Surg. Gynecol.
Obstet. 132:94. ‘

Stahelin, H., E. Suter and M.L. Karnovsky. 1956. Studies on the
interaction between phagocytes and tubercle bacilli I.

Observations on the metabolism of guinea pig leukccytes and the
influence of phagocytosis. J. Exp. Med. 104:121.

Stjernholm, R.L., R.C. Allen, R.H. Steele, W.W. Waring and J.A.
Harris. 1973. Impaired chemiluminescence during phagocytosis of
opsonized bacteria. Infect. Immun. 7:313-314.

Strauss, R.R., B.B. Paul, A.A. Jacobs and A.J. Sbarra. 1970.
Role of the phagocyte in host-parasite interactions. XXII.

H20 —dependent decarboxylation and deamination by
myeloperoxidase and its relationship to antimicrobial activity.
J. Reticuloendothel. Soc. 7:754-761.



102

Strauss, R.R., B.B. Paul, A.A. Jacobs and A.J. Sharra. 1971.
Role of the phagocyte in host-parasite interactions. XXVII.
Myeloperoxidase-H,0,-Cl-mediated aldehyde formation and its
relationship to antifiicrobial activity. Infect. Immun.
3:595-602.

Studley, H.O0. 1936. Percentage of weight loss: a basic indicator
of surgical risk in patients with chronic peptic ulcer. J.A.M.A.
106:458.

Superina, R.A., N.V. Christou and J.L. Meakins. 1980. Failure of
neutrophil delivery into skin windows in anergic surgical
patients. Surg. Forum. 31:68.

Symoens, J. and M. Rosenthal. 1977. Levamisole in the modulation
of the immune response. The current experimental and clinical
state. J. Reticuloendothel. Scc. 21:175-221.

Tauber, A.I. and B.M. Babior. 1977. Evidence for hydroxyl
radical production by human neutrophils. J. Clin. Invest,
60:374~379.

Territo, M.C. and M.J. Cline. 1977. Monocyte Function in Man. J.
Immunol. 118:187-1%92.

Tsan, M.F. 1977. Stimulation of the hexose monophosphate shunt
independent of hydrogen peroxide and superoxide production in
rabbit alveolar macrophages during phagocytosis. Blood 50:935.

vanFurth, R., T.L. vanZwet and P.C. Leijh. 1978. In vitro
determination of phagocytosis and intracellular killing by
polymorphoneculear and mononuclear phagocytes, Handbock of
Experimental Immunology: Cellular Immunology (Vol 2). edited by
D.M, Weir. London. p.32.1

Warden, G.D., A.D. Mason and B.A. Pruitt. 1975. Suppression of
leukocyte chemotaxis in vitro by chemotheropeutic agents used
in management of thermal injuries. Ann. Surg. 181:363.

Webb, L.S., B.B. Keele Jr. and R.B. Johnston Jr. 1974.
Inhibition of phagocytosis-associated chemiluminescence by
superoxide dismutase. Infect. Immun. 9:1051-1056.

Weinstein, W.M., A.B. Onderdonk, J.G. Bartlett, and S.L. Gorbach.
1974. Experimental intra-abdominal in rats: development of an
experimental model. Infect. Immun. 10:1250-1255.

Weiss, S.J., G.W. King and A.F. LoBuglio. 1977. Evidence for
hydroxyliradical generation by human monocytes. J. Clin. Invest.
60:370-373.

Weiss, S.J., P.K. Rustagi and A.F. LoBuglio. 1978. Human
granulocyte generation of hydroxyl radical. J. Exp. Med.
147:316.



Wilkins, T.D. and S. Chalgren. 1975. Medium for use in
antibiotic susceptibility testing of anaerobic bacteria.
Antimicrob. Agents Chemother., 10:926-928,

@Wing, E.J. and J.S. Remington. 1981, Delayed Hypersensitivity
and Macrophage Functions, Basic and Clinicail Immunology. 3rd ed.
Edited by H.H. Fundenburg, C.P. Stites, J.L. Caldwell and J.V.

Wells. Los Altos, California. Lange Medical Publications. p.129.

Wright, C.J., J.H. Duff, A.P.H. Mclean and L.D. Mclean. 1971.
Regional capillary blood flow and oxygen uptake in severe sepsis.
Surg. . Gynecol. Obstet. 133:637.

Zeligs, B.J. 1981. Bactericidal and Fungicidal Assay, Manual of
Macrophage Methodology: collection, characterization and

function. edited by H.B. Herscowitz, H.T. Holden, J.A. Bellanti
and A. Shaffar. New York. Marcel Dekker Inc. p.271.

Zgliczynski, J.M, and T. Stelmaszynska. 1975. Chlorinating
ability of human phagocytosing leukocytes. FEur. J. Biochem. 56:
i57-162.

Zgliczynski, J.M., B.B. Paul, A.A. Jacobs and A.J. Sbarra. 1971.
Role of the phagocyte in host-parasite interactions. XXVIT.
Myclooperoxidase~H,0,-Cl-mediated aldehyde formation and its
relationship to antimicrobial activity. Infect. Immun.
3:595-602.



Appendix Ia

Brain Heart Infusion Broth (RBL)

Formula per litre distilled water:

Brain Heart Infusion from solids
Peptic Digest of Animal Tissue
Sodium Chloride

Dextro;e

Pancreatic Digest of Gelatin

Disodium Phosphate

Appendix Ib

Brain Heart Infusion Broth Supplement

1) hemin
2} normal or horse serum

3) peptic digest of sheep -~ Fildes enrichment

5 ug/ml
10% v/v

5% v/v

2 au u au «a o
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Appendix II

Trypticase Soy Agar (Gibco)

Formula per litre distilled water:

Peptoﬁe 140 (pancreatic digest of casein)
Peptone 110 (papaic digest of soy protein)
Sodium Chloride

Agar

15.0 ¢
5.0 g
5.0 g

15.0 g
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Appendix III

Wilkin - Chalgren Agar (Wilkins and Chalgren, 1975)

Formula per litre distilled water:

Tryptiéase (pancreatic digest of casein, BBL) 16.0 g
Gelysafe (pancreatic digest of gelatin, BBL) 10.0 g
Yeast Extract (Difco) 5.0 g
Glucose (Fisher) 1.0 g
Sodium {(Fisher) 5.0 g
L-Arginine-free base (Sigma) 1.0 g
Pyruvic acid-sodium salt (Sigma) 1.0 g
Agar’ ' 15.0 g
Hemin 5ug/ml
Vitamin X S5ug/ml

1
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[oN)

Hanks Balanced Salt Sclution

Formula per litre of distilled water:

Solution A

NacCl 8.0g
RC1 0.4q
MgSO4 7H20 0.2g

Solution B

NazHPO4 {anhydrous) J.048g

KH2PO4 0.06g
Sclution C

CaCl2 0.14g

Dissolve salts completely for each solution in about 300 ml of

water each.
Autoclave solutions A,B, and C separately.

Solutions A and B are combined with constant stirring and then

solution C is added.

Add 1 ml of 10% Gelatin to every 100 ml of HBSS (final concen-

tration is 0.1%) to ensure bacterial viability in HBSS.
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Appendix V

Wright's Stain Procedure

Fléod a slide with an air-dried smear of cells with the

Wright's Stain (Fisher) for 10 minutes.

Add a buffer solution consisting of 68.2 ml of KHZPOA
{M/15) and 31.8 ml of NazHPO4 (M/15) to the flooded slide
until a greenish sheen develops of the Wright's Stain. The

slide igs then left for seven minutes.

The Wright's Stain is then dumped off the slide and the slide

is briefly destained in the methancl and then dried.



A. Pararocsaniline Solution

1 g of Pararosaniline hydrochloride is dissolved in 25 ml of

2NHC1,

B. Alpha-Napthyl Acetate Solution

50 mg of alpha-napthyl acetate is dissolved in 2.5 ml of ethylene
glycol monethyl ether. This solution is unstable and must be made

up before use only,
C. Procedure

1. Hexazotized pararosaniline stain is made by adding 1.5 ml of

pararosaniline solution to 1.5 ml of 4% sodium nitrite solution.

2. The incubating solution is made by mixing 2.5 ml of the
alpha-napthyl acetate solution, 44.5 ml of 1/15 M phosphate buffer
solution (pH 7.6) consisting of 87 ml of 1/i5 M NaZHPO4 and 13
ml of 1/15 M KH2P04 and 3.0 ml of fresh hexazotized
pararosaniline solution. The incubating moxture is adjusted to pH

6.1 and filtered into a Coplin jar.
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3. The slides are incubated in the incubating solution for 45
minutes; rinsed with distilled water and then counter stained with
Rayer's haematoxylin stain for 5 -~ 10 minutes. This stain is
specific for macrophage esterases and will stain the macrophage
cytoplasm a bright red color. All nonspecific esterase stains
were pg}formed by the Immunopathology Laboratory of Dr. Norman

Pettigrew at the Health Sciences Centre in Winnipeg.
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Appendix VII

Luminol

A stocg solution of luminol (5-amino-2,3-dihydro-1,4-
pthalazinedione, Eastman-Kodak) was made by dissolving 19.5 mg of
Juminol in 20 ml of dimethyl sulfoxide (DMSO). A working solution
was made by diluting 0.5 ml of the stock sclution in 9.5 ml of

EMSO.



