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ABSTRACT ©
The acute inflammatory respénse is an organism's
immediate reaction to injury. In mammals the responée is
facilifated by an abundance of molecules circulating in-the

plasma. TheSe molecules are responsible'for clotting the

blood and chemotaxis of inflammatory cells. Polymorpho-

nuclear leukocytes -and monocytes usually comprise the cell ¥

infiltrate during acute inflammation.

Within sevéfal hours of a ldcalised injury and the
start of the‘acute.inflammatory response, systemic indica-
tions “of the response are detectable. A number of plasm
glycoproteins, collectively referred to as the Acute Phase

‘Proteins, change in concentration during acute inflammation.

Acute Phase Proteins are synthesized primarily by the liver

parenchymal 'cells, the hepatocytes. The molecules which
induce hepatocytes fo adobt Acute Phase Protein synthesis
(hepatocyte-stimulating factors) arise from the inflammatory
macrophages‘aﬁ the site of inflammation. The phenomena of
the Acute Phase Protein changes constitutes the Acute Phasg
Protein Response. The predictable nature of the Acﬁte Phase
Protein Response, during inflammation caused by no¥ious
agents, has led to the speculation that the response may

P
serve as a manifestion of infectious diseases.
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Certain intestinél—dwelling nematodes elicit an
inflgmmatory response in the sm;ll bowel of their host.
Nippostrongylus brasiliensis and Trjchinella spiralis are
two such parasites of rodents. It was important for an
.understanding of thernature of intestinal inflammatisn, to
establish whether the Acute Phase Protein Response occurred

in animals harboring the parasites.

Following a subcutaneous injection, N. brasiliensis

larvae pass through the rat host's lungs before reaching and
maturing in the intesti;e. Acute Phase Protein changes were
detected in infected rats.;t the time at -which the worms
were/passing through the lungs and following the establish-
ment of the adults in the intestine. 1Infective T.' spiralis
must be ingested and subsequently mature in the small
intestine. Adults live, and giVve birth to larvae, while
living.in an intracellular compartment comprised of intest-
inal. epithelial cells. No Acute Phase Protein Response was
detected during infection of rats by.zé spiralis.

An infection by T. spiralis did not inh%bit' the
Acute Phase Protein Reépons; due to a second‘stimuli, and
macrophage secretion of factors relevant to the Acute Phase
Protein ﬁesponse, from si£es other than the intestine, was

normal. An Acute Phase Protein Response was detected 1in

animals which harbored concurrent N. brasilignsis and T.

spiralis infections. No Acute Phase Protein Response was

detected in rats into which mature N. brasiliensis larvae

iv
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were transferred, in order to eliminate the luﬁg stage of
infection. It was concluded thas the 1lung phase of an
infection by N. brasiliensis was important in the genesis of
the Acute Phase Protein Respoﬂse during intestinal inflam-
mation. Furthermore, it was concluded from these studies
that inflammation in the rat intestine does not lead to the
Acute Phase Protein Response.

When the intestinal ceils of normal rats were
examined for the production of factors which may induce the
Acute Phase, Protein Response, ‘it was shown that constitutive

. P 4
secretion of the relevant molecules occurred. Seécretion of

" these factors increased during infection of «;ats by N.
brasiliensis but declined during infection by T. égirglis.
A rat intestinal epithelial cell line was used ?o demon;
strate that these‘célls, in addition to macrqphageg,'éecrete
molecules important in “the regulation of the Acute Phase

Protein Response. It was concluded that T. spiralis likely
inhibited the constitutive hepatocyte—s;imulating factor
activity by infecting epithelial cells of the intestine.

. The pathology that the rodent infections elicit are

good models of inflammation for the study of mechanisms of

the acute inflammatory response of the intestine.
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1 Introduction .
Everyonethas experienced inflammation- the transient

reaction to trauma or infection. The reaction manifests

locally as the four cardinal inflammatory signs; swelling,

-

heat, redness and pain. This response is due to several

complex physiological rea‘ctions occurring locally and sys-
temically.

This thesis is a s;cudy of inflammation caused by
intestinal parasites. The parasites serve as models of
intestinal inflammatory diseases. The inveétigations '
concentrate on systemic events, and in' particular thé Acute
" Phase Proteirf.‘ Response, elicited by the parasites.

This i:eview of the literature has three principle
themes; 1) an overview o.f acu_f.e inflammation focussing on
the Acute Phase Protein ReSpoﬁse: 2) a review of the litera-
ture on human infiammatory bowel diseases and the Acute
Phase Protein Response; and 3) a review of tI;e inflammatory
reaction elicited by two nematode infections of the rodent

small bowel.
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1.1 ut n mmatio

Inflammation is one of the organism's major physiol-
ogic respohses to injury. There are‘four cardinal clinical
s&mptomglassociated with'zhe resp&%seé rubor et tumour, cum
calor et dolbr, or "redness and swelling with heat and
pain". There may often be a consequent loss of function of

-

the inflamed tissue or organ. These featurei are now known
to be due to changés in vascular permeability and infiltra-
tion of cellular élemeﬁts ;t the siée of inflammation (Ryan
and Majno, 1977). Changes in blood vegsel pefmeability'and
coagulation inveolve complex - pathwa&s of ,inﬁe}connected
enzyme cascades. The purpose of these'enzyme systems is to
maintain the integrity. of the tissue by restricting damage
to the inflamed site. The infiltrating cells eliminate
foreiéh materials. That many plasma proteins participate in
inflammatory reactions attests " to the importance of the
response in the survival of the organism.

The acute inflammatory response may be divided into,
the l?cal inflammatory response, entailing coagulation,
kinin generation (Bennett, 1984) and cellular emigration,
and secondi?, the systemic Acuté Phase Response, which
includes: changes in a number of serum constituents and
physioclogical events distant from the site of inflammation
{Kushner, 19§2: Sipe and Rosenstreich, 1982). These two

responses are not clearly- separable; many of the systémic‘

changes seen during 1local inflammation are due to the
>~
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elicitation of mediators from the site of the inflammation.
One such systemic component of acute inflammation, increases
in the plasma "Acute Phase Protein" conceﬁtrations, has
received considerable attention as a marker for the detec-
tion of inflammation (Whicher and Dieppe, 1985; Gauldie, _

Lamontagne and Stadnyk, 1985; Kushner and Mackiewicz, 1987).

-

L 4
1.1.1 The local humoral acute inflammatory response

The plasma of healthy mammals contains a number of

glycoproteiné,_synthesized primarily by the liver parenchy-

¢

mal cells (hepatocytes), that become involved in acute
P . . p 3

inflammatory reactions (Table 1). These glycoproteins are

inactive serine esterases in normal blood, - circulating as
.éroenzymes. They can be diJ&ged into thrée‘cascading path-
ways of enzymes; the kinin, the complement, and tpe coagula-
. tion systems. Activated enzymes link the different pathways
by triggering élements of other cascades (Figure 1). _ The
activation events in these cascades are doverned by an
equally complex system of plasma proteinase inhibitors
(Steinbuch and Audran, 1974). The localization of activa-
tion events to surfaces like the endothelium, may al;ow the
enzymes to o&ercome the preséncelof inhibitors.

An 1important molecule in the inter—relati@nship of
the pathways.is Hageman Factor (Figure 1l). Hageman Factor
(Factor XII, Table 1) becdmes activated upon contact with

subendothelial tissue. Hageman Factor also may be activated



TABIE 1

Classification of Humoral Mediators
of Local Inflammation

ORIGIN MAJOR GROUPS MAJOR MEDIATORS
Plasma Kinin system . bradykinin
: kallikrein
plasminogen
- activator
Complement C3 fragments
system C5 fragments

Clotting systen

Tissues )Kggoactivq amines

Acidic lipids

Lysosomal
components

Lymphocyte
products .

Monocyte

others

C567 complex
C kinin
fibrinopeptides
fibrin degradation .
products
histamine
S-hydroxytryptamine
slow-reacting-sub-
stance of anaphyl-
axis '
prostaglandins
leukotrienes
cationic proteins
acid proteases
neutral proteases
migration inhibitory
factor
chemotactic factors
lymphotoxin
mitogenic factors
interleuykin 1
hepatocyte-stimulat-
ing factors
tumour necrosis
factor
substance P
neurotensin
cyclic AMP

Extracted from; Ryan and Majno, (1977).
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- Figure 1: .The inter-relationships between the
Kinin, <lotting and complement system.
‘Redrawn' from Ryan and Majno, 1977.%

.
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5y trypsin, Xallikrein, plasmin or Fac;or'XI. Activated
Hageman factor has three effects: 1)-triggériﬂ§ the clotting
cascdde (by activgtihg_Factor XI); 2) triggering‘the fibrin-
clytic cascade kby activating plasminogen proactivator) and
3) activating prekallikrein ‘activator activity (which

subsequently activates prekallikrein to form kallikrein).

The end product of activation of the clotting system is

deposition of fibrin, or the fibrin clot (Bennett, 1984).

Activation of the kinin and complement systems leads to the

release of a number of mediators of vascular, rmeability,

smooth muscle contractility, and leukocyte otaxis (Table

2). -

- N

l.1.2 The loca; celluiarracute infiammator response

The releage of certain chemocattractants at the site
of inflammation dictates which cells' will ‘infi;trate.
Chemoattracants may be secreté&‘xby cells;- for example
histamine from mast cells ?nd serotonin from platelets (Kim,
1979; Fauve, 1981). . While there are no rules for predict-
ing the cell fypes in the cellular infiltrate during acute
inflammation, the «classical inflammatory lesion wusually
includes an early (4 hour) neutrophil fhfiltrate followed
clesely 1in time by monocytes, then lastly, lymphocytes. A
prolongation of thé inflammatory stimuli usually ligads to
continued ronocytic and lymﬁhocyﬁgikinfiltrates and 'the

-

development of a granuloma comprised of these cells.



TABLE 2

Mediators Potentially responsible for

Chemotaxis of Leukocytes

FACTOR p LEUKOCYTE
Complement p:pdﬁgts
C3a C5a neutrophil
monocyte
. eosinophil
C567 complex neutrophil
: eosinophil
Kallikrein neutrophil
monocyte
basophil
Plasminogen activator neutrophil
monocyte
Fibrinopeptides neutrophil
Prostaglandins |, neutrophil
Histamine eosinophil
Eosinophil chemotactic factor eosinophil
Collagen fragments ' neutrophil
Lymphocyte factors monocytes
‘lymphocyte
eosinophil
neutrophil
basophil
Transfer factor -neutrophil
Neutrophil lysosomal cationic
protein monocytes
Macrophage factors neutrophil
' lymphocyte

Extracted from hyan and Majno, (1977).
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Macrophages, both tissue resident and circulating
(monocytes) have recently been discovered to be the éell
central to the -control 6f the inflammétory'responsé. These
cells function, via a number of secreted molecules listed in
Table 3, directly in the activation of blood coagulation,
fibrinolysis, and the Vcomplement syspeﬁ. They may be
directly responsible for some of the autolysis thaﬁ occurs
at an inflammato;y site through the secretion of degradative
enzymes ‘3uch as collagenase and elastase (Janoff é; al.,

1979) and superoxiae anion and free-oxygen radicals (Ward,

'1986: Henson and Johnston, Jr., 1987) (Table 3). Conversely,

macrophages synthesize and secrete proteinase inhibitors

N\

function to contain tissue damage caused by the above.

enzymes (Isaacson et al., 1981, White et al., 1981). Macro-

- phages may be cytotoxic for certain tumour cells (Den Otter,

such as. apsmacroglobulin and ajprotease inhibitor, which .

Dullens and De -Weger, 1983; Zoller and Matzku, 1983:.Urba%f

et al., 1986) and are able to kill parasifes using antibody-
or complement-dependent mechanisms (Ruitenberg et al., 1983,
Mackenzie et al., 1980). Finally, macrophages provide a
link between the inflammatory response and immune system by
way of-antigen presentation to, and activation of, lympho-
cytes, (Oppenheim et gl;fnl9éz: Lasser, 1983; Gemsa et al.,
1982). Clearly, ﬁacrophages are ubiquitous and are able to

both regulate and sustain an inflammatory response.

v

&



TABLE 3

W

Secretory products of mononuclear phagocyfes
important in inflammation

Enzymes
Lysozyme
Neutral proteases
plasminogen activator
collagenase
elastase
proteoglygan degrading
protease
+angiotensin convertase
Acid hydrolases -
proteases
esterases

lipases
sulfatases -
ribonucleases
phosphatases

glycosidases
cathepsins
Arginase
Complement Components
Enzyme Inhibitors
Plasmin inhibitor

. @z—macroglebulin

@iprotease inhibitor
Binding Proteins
Transferrin
Ferritin.

Transcobalamin II
Fibronectin
oxygen Metabolltes
Superoxide
Hydrogen peroxide
Hydroxyl radical

. Singlet oxygen’

Bioactive Lipids.’

- Prostaglandins
. Thrombaxane

Leukotreines
Platelet activ.
factor

Activating Factors
Endogenous Pyrogen
Colony-~stim. factors
Lymphocyte-activat~ §
ing factor

of erythroid precur-
sors

of fibroblasts

of microvasculature
Inhibiting Factors
Interferons

of tumour cells

of lymphocytes

of Listeria
monocytogenes

Extracted froﬁ'Lasserr(1983).
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Precisely which conditions lead to a particular macrophage
response and whether all macrophages are capable of perform-

ing all the functions so far ‘detected, is not entirely

¢clear. Much work with specific populations offgglks remains

. .
to be done to answer such gquestions.

Macrophages are also responsible for many of the
systemic changes seen during acute inflammation or the Acute
Fhase Response.' _ Through ﬁhe secretion of various plasﬁa—
soluble molecules (monokines; see Activatigg Factors, Table
3), macrophages at the site of inflammation communicate with
other tissues to elicit systemic inflammatory changes (Koij,
1974; Kampschmidt, Upchurch and ﬁorthington, 1983; Oppenheim
et al., 1986; Koj, 1985; Dinarello, 1985; Beck et al., 1986
Allison, 1986; Le and Vilcek, 1987). Many of these activit-
ies have recently been ascribed to Interleukin-1 (fever in-
duction, changes in plasma concentrations of 2n2t, cu2* and
some Acute Phase Proteins and neutrophils; (Kampschmidt,

Upchurch and Worthington, 1983; Matsushima et al., 1985;:

Kampschmidt and Mesecher, 1985; Tocco-Bradley et al.

_—— ==

1986) .

1.2 The Acute Phase Response
Episodes of 1local, acute inflammation are usually
manifest systemically, in mammals, by a number of physio-

logical responses. These systemic responses 1include 3

&
<

tempdrary fever, changes in the concentrations of plasmé

heavy metals (increased Cu and decreased 2n and Fe),
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concentrations of some;Lliver—dérivéé proteins (the Acute
Phase Proteins) and amino acid pools (released from skeletal
:muscle), and a leukocftosis, (Koj, 1974; Kampséhmiﬁt,-l978;,
ﬁo oski, Kaplan and Jamieson, 19%3: Gordon-and_Koj, 1985;
Williams, Cypher and Mosesson, 1985; Milanino et al., 1986).
Changes in the eryﬁhrocyte sedimgptation rate, a common test
for déggcting inflammatory conditions in hgmans,'is related
%o the changes in concentration of Acute Phase Proteins,
particularly fibrinogen and a;protease inhibifor (Whichef
.and Dieppe, 1985). g a

"The diversity'of events occurring during the Acute
Phase Response requires a- glose association between )the
neuroen@oérine systen, ‘inflammatory cells and liver func-
tion. Macrophages and their soluble monokines are imp?rtant
in the initiation of many of these events. The induction of
fever involves re-setting the hypothalamic temperature set-
point; "endogenous pyrogen” (Table 3) has been shown to
induce a potent fever, increased granulocytosis and hypofer-
remia when injected intracerebrpventricularly or intra-
venously (Turchik and Bornstein, 1980f:‘ Monokines have also
been shown to have a direct enhancing effect on pituitary
s%i;ﬁFion of adrenocorticostimulating hormone, combining a
monocyte-pituitary with adrenal axis during the Acute Phase
Response-(Woloski et al., 1985).

Endocrine changes during the Acute Phase Response

known to effect liver function include increased glucagon,
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insulin, cortisel, catecholamines, growth hormone, "thyroid
stimulating hormoné, thyroxin, aldosterone and vasopressin.
There is a general enhancement of body metabolism; increased
protein catabolism, increased gluconeogenesis and a negative

nitrogen balance (Kushner, 1982). .

The liver mixed-function oxidase system, inéluding
-~ - .

the P450 enzymes, are Suppressed during .the Acute Phase
Response (Mahu and Feldmann, 984, Williqms, 1985). This
effect would seem to leave the animal susceptible to further

-

injury by a second agent during acute.inflammation.

1.2.1 The serum Acute Phase Protein Résnonse

. There are a number of Acute Phase,6 Proteins in
mammalé\which increase ;n.concentration during inflammation.
Table 4 documents most of the Acute Phase Proteins and:
highlights some of their species specificity and biclogical
functions. Following a subcutaneous injection of turpentine
in the rat there are significant increases in plasma hapto-
globin (Mahu and Feldmann, 1984), ' cjacid glycoprotein
(x1AGP; Urban, CcChan and Schreiber, 1979), ajcysteine
protease inhibitor (QICPI:-Schreiber et al., 1982: Esnard
and Gauthier, 1983), asmacroglobulin (a;M; Bohannon, Kiorpes
and Wolf, 1%79), fibronectin (Pick-Kober, Munker and

Gressner, 1986), fibrinogen (Schreiber et al., 1982;

Bernuau, Rogier and Feldmann, 1983; Williams, Cypher and
Mosesson, 1985), glycosaltransferaseé (Lombart, Sturgess and

-4
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Schachter, 1950; Fraser et al., 1984; Jamieson, Janzen and
Woloski, 1987), ceruloplasmén (Aldred et al., 1987) and
tranéferrin (Northemann et al., 1983). Alphézmaéroglobulin
is an Acute Phase Protein only in the rat (Table 4). Sig-
nificant declines occur in plasma concentrations of albumin
(Aston, Jamieson and Friesen, 1970; Schreiber et al., 1982;
Moshage et al., 1987), prealbumin (Dickson, Howlett and
Schreiber, 1982) and transcortin and asmicroglobulin (Faict
t al., 1983). Uéing other inflammétcry stimuli, it has

been shown that angiotensinogen (Kageyama, Ohkubo and
Nakanishi, 1985), prekiniﬁogen (Kageyama et al., 1985) and
C-reactive protein (de Beer et al., 1982) are positive Acute
Phase proteins in this species. other negative Acute Phase
Proteins include @1-inhibitor 3 (Schweizer et al., 1987) and
a poorly-defined hepatic ﬁhosphoproteiﬁ (e Cam and Le Cam,.
1985). - .

Some ihteres?ing' observations made of Acute Phase
Protein levels were related to changes in circulating
hormones. There are "female-specific" Acute Phase Proteins

in the rat (Schade et al., 1582) and hamster (Coe et al.,

1981) which incréase‘\in concentration in response to
estrogen. - - Pregnant anék\iirtating women have increased
plasma levels of a;PI, «cé loplasmin, a->M, and copper,

perhaps due to increased estrogen levels - {(Haram, Augensen
and Elsayed, 1983; DiSilvestro, 1986;). New-born rats also

have elevated concentrations of e3M and «;CPI, yet will
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TABLE 4

The Acute Phase Proteins and their biological role

PROTEIN ~ ' SPECIES  BIOLOGICAL ROLE

Major changes . : \
C-reactive protein man, rabbit opsonin, immuno-
rat, mice modulating?
serum amyloid A protein man, mice ? .
aymacroglobulin rat antiprotease
aicysteine protease rat antiprotease
inhibitor
@jacid glycoprotein most species- transport
protein

Medium changes
ajproteinase inhibitor ' man, mice, rat antiprotease

. ayantichymotrypsin - man, mice antiprotease

" fibrinogen most species cocagulation
haptoglobin most species binds hemoglobin
serum. amyloid P protein mice immunomodulating
ceruloplasmin most species 0-~ scavenger
complement mice, man, rat complement,

opsonin -
angiotensinogen rat, man blood pressure
fibronectine rat cell attachment
female hamster protein hamster ?
glycoslytransferases rat carbohydrate
attachment
Negative changes : .
albumin ' most sSpecies transport
. ' protein
transferrin most species transport
protein

transcortin rat T3, T4 transport
prealbunin rat T3, T4 transport
@p,~globulin . rat ?

Compiled from Lombart, Sturgess and Schachter, 1980:; Schade
et al., 1982; Dickson, Howlett and Schreiber, 1982; de Beer
et al., 1982; Faict et al., 1983; Koj et al., 1984 Gauldie,
Lamontagne and .Stadnyk, 1985; Kageyama, Ohkubo and Nakanis-
hi, 1985; Pick-Kober, Munker and Gressner, 1986: Nielsen and
Knudsen, 1987.
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respond to turpentine inflammation with  further synthesis'
‘and'seé§etion (Hudig and Sell, 1978; Thomas_and Schreiber,

-

1%85).

1.2.2 e live cute ase otein Response .

Increased accumulation of a molecule in the plasm&
may be due to either increased secretion, or a change in ﬁﬁé
half—;ife or tissue distribution of the molecule. -Increased
Acute Phase Protein concentrations are due to increased
synthesis by the liver. Hepatocyte synthesis of positive
Acute Phase Proteins has ‘been confirmed using primary cell
cultures (Panrucker and Lorscheider, 1982; Kaplan et al.,
1983; Deshmukh et al., 1985; Nakagawa and Hirata, 1986;
Sedgwick and Lees, 1986; Lonberg-Holm et al., 1987).
_Moreover,‘it has been confirmed that a single hepaﬁgcyte is
capable of synthesizing multiple Acute Phase Proteins
(Courtoy et al., 1981; Bernuau, Rogier and Feldmann, 1983).
During acute inflammation a greater number of hepatocytes,
than under normal conditions, are recruited to increase
Acute Phase Protein secretion. The stimulus for this
recruitment diffuses from the portal circul;tion, as shown
by sequential immunohistochemical staining for Acute Phase
Proteins in liver sections (Courtoy et al., 1981).

Increased Acute Phase Proteir’ secretion by- hepato-

" cytes is associated with increases in specific RNA message

(mRNA) for the same mnolecule (Schreiber et al., 1986).
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Ihcreases-in mMRNA may be due to éither'an increase in the
half-life or stability of the particular mRNA (Vannice,
Taylor and Ringold, 1984; Jefferson et al., 1984) or
increased transcription of the DNA. ﬁéasurement of the
increased Acufe Phaéé-Protein‘mRNA has been performed by

cell-free ip wvitro RNA translation (Princen et ai., 1981;

Andus et al., 1983; Northemann et al., 1983; Féict et ail

=7

1985), in situ hybridization (Kodelja et al., 1986: Tournier
et al., 1987) and dot/blot (Kagéyama et al., "1985; Yu and
Gorovsky, 1986; 2aldred et al., 1987) or Northerﬂ biot
hybridization of cellular RNA (Aldred et al., 1987) using
compleméntary nucleotide (cDNA) probes. The technigue,
"niclear run-on", which involves isclating and radiolabel-
ling ribosomal-bound RNA transcripts, has jbeen' used to
confirm increased transcription of a,M in the inflamed rat
liver (Northemann et al., 1985; Gehring et al., 1987).
Additionally, reports of increased transfer-RNA (tRNA) in
liver cells isolated from inflamed animals _(Cajong and
Bernelli-Zazzera, 1985) and changes in aminc acid pools
(Woloski, Kaplan and Jandeson, 1983), are indications of
increased DNA transcription.

There are few exceptions to the rule that hepato-
Cytes are the source of Acute Phase' Proteins. One exception
are platelets which synthesize fibrinogen. Since the number
of circulating platelets rises during acute inflammation so

e .
dose the amount of fibrinogen they may contribute to the
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plasma (Williams, Cyéher and Mosseson, 1985). A second
exception are human and rodent‘al&eolar macrophages which
have been shown to synthesize and secrete low levelsA of
a@jantitrypsin (ajprotease inhibitor, e3;PI) (White et al.,
1981; wvan Furth, Kramps and Diesselhof-Den Dulk,. l983;
Lamontagne, Stadnyk and Gauldie, 1985:‘Takemﬁra, Rossiﬁg and
Perlmuttgr, 1986} . During pregnancy in rats. the placenta
and uterus synthesize significant amounts of a,M (Hayashida

et al., 1986; Kodelja et al., .1986).

1.2.3- Mediators of the Acute Phase Protein Response

A number of hormqnes have been identified which are
important for normal hepatocyte metabolism and which also
effect Acute Phase Protein production (Miller, 1983).
Primary liver-cell cultures and established hepatoma cell
lines have been used extensively in these studies. The
optimal culture media fgf these cells usually requires a
source of glucocorticoid sand insulin.

:Glucocorticoids are directly involved in the regula-
tion of transcription of many genes in many cell types
(Rousseau, 1984%._ The synthetic corticosteroid, dexametha-
sone, has been shown to regulate aspects of normal liver
metabolism (Agius, Chowdhury and Alberti, 1986). For

-example dexamethasone increases the number of insulin
receptPrs (Fleig et al., 1985). - Using rat hepatocytes,

dexamethasone has been shown to enhance transcription of
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a3AGP (Kulkarni, Reinke and Feigelson, 1985), asM (Gross et
al. 1984; Tsukada, Hibi and Ohdawa, 1985; Bauelar et al.,
1986; Kurokawa et al., 1987): fibrinogen (Grieninger, 1983),
haptoglo‘bin (Hooper et al., 158.1) albumin (Nawa et al.,
1986) and sialyltransferase (Dijk g; g;;J‘1386). The eféect
of.tﬁe hormone on transcription was confirmed by the aboli-
tion of its effect by a-amanitin. It has been shown tﬂ;t
inhibition of protein "synthesis (using cycloheximide)
inkibits . the. effect of dexamethasone "enhancement of liver
@3AGP and aj,-globulin, implying. that a second molecule is
necessary for hormonal regulation of some genes (Baumann et
al., 1983; Addison and Kurtz, 1986; Klein et al., 1987).

Arsecond Pormone which has a substantial impact on
the in wvive function of hepatocytes is insulin. Insulin is
intimately invé&ved in glycogeh metabolism by hepatocytes
(Miller et al., 1986). Interestingly, this effect of
.insulin can be reglaced by Epidermal Growth Factor (Bosch ct
al., 19386). Insuliﬂ, in rat hepatoma cell lines, ,causes the
accumulation of some specieiiff mMRNA (Messina, Hamlin and
Larner, 19é;) and decreased mRNA for albumin (Straus and
Takemoto, 1987). In 'éome cellular functions, insulin
antagonizes the effects of corticosteroids: for éxample, it
down-regulates the number of insuliﬁhreceptors on the cell
membéane (Fleig et al., 1985).

Other hormeones known to have effects on Acute Phase

Protein production by rat liver cells include catecholamines
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which have been shown to ha§e asM-enhancing .potential,
(although the effect was lessened 1in adrenalectomized
animals; van Gool et al., 1984). Catecholamines and ¥ri-
iodothyronine, in coqbination with dexamethasone, induced
high o>M 1levels (Bauer et al., 1986) . Hepatocyte mRNA
ievels of ‘the negative Achg Phase Protein, azp-globuliﬁ,
have been shown to be androgen-dependent, and levels drop
considerably in hypophyseétomized animals (Sarkar et al.,
1986). . - ? B .

In addition to hormones, seygral monokines have been
described which hav; enhancing effects oﬁ hepatocyte'syn-
thesis of Acute Phase Proteins. Th& origipal observation
that monokines stimulated hepatocyte§ into increased protein
synthesis was made using leukocytes collected fr9m turpen-
tine-induced -g;;cessés (Homburger, 1945). More recently
macrophage culture supernatants have been fractionated into

several factors each of which has some hepatocyte-stimulat-

ing potential. Three notable factors are Interfercn-8,

(Hepatocyte-Stirulating Factor; Gauldie et al., 1987),

Interleukin-1 (IL~1; Dinarello, 1984; Koj, 1985), and Tumour
Necrosis Factor (TNF; Le and Vilcek, 1987). A fourth
monokine, Platelet Activating Factor, has recently come
under greater scrutiny for its role as a mediator of the
Acute Phase Response, although it is not known whether it
acts on hepatocytes (Issekutf'and Szpejda, 1986; Martins et

- A
al., 1%87).
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while these molecuie; have been jidentified in cul-
“ture supefnatants of macroPHages, their preduction is not
gxciusive to macrophages. For example, rat and human luné
fibroblasts secrete Interferoﬁ-ﬁz, and various cells (ie.
endothelium) secrete IL-1 (Oppenheim et al., 1982; Gauldie
et al., 1987; Le and Vilcek, 1987). : -

The terﬁ "Hepatocyte-Stimulating Factor" was
initially applied to the molecule(s) 1in huﬁan nonocyte-—
conditioned culture superngtént that led to inc&eased
fibrinogen §§nthesis fby fetal heiétocytes EREtchie and

Fuller, 1983). Recently, this c

ivity was ascribed to
] ;

Interferon-f, which was subsequently re—nahed Heéatocyte—;
Stimulating FaEEBr (HSF; Gauldié et al., 1987). Hepatocvte-
Stimulating Factor/ induces a great range of Acute éhase
Proteins in all hepatocyte culture systems tested ~ In
dqsreasing ordgr‘bf magniéude{ human HSF stimuiatés, in rat
primary hépatocyte cultures, QZM,-fibrinogen, aICPI; a4, PI,
haptoglobin and «,AGP. Tﬁe molecule also induces a signif-
icant reduction in alburin and transferrin in.thi§ culture
system (Koj et al., 1984).

The in vivo role of HSF has been shown experimental-.

ly in two types of studies. First, the use of actinomycin D

at the site of inflammation leads to significanﬁ reductions

in plasma Acute Phase Protein concentrations (Hirschelmann
- ¢

and Schade, 1986). Secondly, and nore dilrectly, the

monokines have been administered back into animals and

-
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-incréaéesfin the piasma Adute Phase. Proteins monitored (Wol-
oski, Gqsp29§rek and Jaﬁiéson, 1985) . Hepgtdcyte;stimulat-
ing‘actiyigies thch remain to bg confirmed as Interferon-
‘52; havé‘been described f:om a hu@an coloﬁ'caféinoma cell
line (CQLO-IG,_Baumann et al., 19;6)‘and'£uman epidermral
keratinocytes (Béumﬁnn et al., 1984). i '

Intérleukin-1 (IL-1) _indﬁces fewer Acute Phase
.Proteins in hepaﬁocyte cultﬁres tﬁan HSF. Murine and human
recombinant IL-1 (rIL—l) st{mulate preduction of aoM and
decrease§ albumin' synthesis, respectively, by prihéry rat
hepatocyte cﬁltures {Bauer gﬁigl;} 1985; Moshage et al.,
1987). Human IL-1 elevatéé-secrefion of the third component
of coﬁplement gfaf and @ajantichymotrypsin and causes
decreased albumin synthesis in hum?n hepatoma cell lines.
No increases in @1AGP, fibri;cgen, or C-Reactive Protein
were detected (Déflingfon? _Wil;on ~and Lachman, 1986;
Perlmutter;f198%;‘Gb{dman and Liu, 1987). Rats infused with
murine rIL:;;‘fwhile showing many characteristics .of thé
Acute Phase Response, failed to manifest .increases in eithef
fibrinogert, haptoglobin or serum copper- (Tocco-Bradley et
al., 1986). -

‘Tumor Necrosis Factor (TNF) shares many functions in
commoen with IL-1 but has énly recently been acknowledged as
a mediaﬁ%r _bf the Acute ﬁﬁage Response (Le and Vilcek,
1957). ?he;pbsérvation that TNF was involved in the Acute

Phase Response was made during investigations of the state
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of cachéﬁtié during endotoxin-shock experiments (Beutler_gﬁ
al., 1986). Endotoxin shock can been reproduced in vive by
the infusion of recombinant TNF (rTNF; Tracey et al., 1986;
Remick et al., 1987). Tumor Necrosis Faéto:, when applied
in ‘relatively low concentrétions on human hepatoma lines,
directly stimulates €3 (Darlington, Wilson and Lachman,
1986) and «jantichymotrypsin and decreased. albumin and

transferrin synthesis (Perlmutter, 1987).

1.2.4 Biclogical function of the Acute Phase Proteins

Table 4 1lists the species—debéndency and known
function of the major Acute Phase Proteins. 2 number of
these molecules are'serine or cysteine protedinase inhibitors
and are relatively abundant in normal plasma.- This abund-
ance (four of eight plasma protease inhibito;s-are Acute .
Phase Proteins) signifies a role for the inhibitors in
hemostasis afd in fact many of the enzymes of Ehe coagula-
tion cascade are inpibited by these molecules (Heimburger,
1974). The raoles !f other Acute ,Pﬁase Proteins are less
éompletelf ﬂnde;stood. For example, the biological role of
C-Reactive Protein (¢RP) has eluded a satisfactory explana-
tion, despite descriptions of in vitro interactions of the
molecule with cells and complement (Gewurz et al., 19&2;
Thompson, 1985, Baum et a2l., 1987). Only a few Acute Phasc
Proteins of the human and‘rat will be discussed in greater

detail. ' e
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Apaft from the immediate role of proteinase in-
hibitors in containment of damage by proteolytic enzymes
(Carrell, 1986), many of the Acute Phase protease inh%pitors
have considerable immunomodulating potential. The functiocn
of M, which has the- widest spectrum of protease ‘sub—‘
strates, has received the greatest attention. Table 5 lists
the known effects of @M on cells of ;heu lymphoid and
reticuioendothelidi'éystems. Alphajsmacroglobulin has been
shown to inhibit Natural Killer cell- and antibody-dependent
cell-mediated~cytotoxicity at concentrations below physio-
logical levels in humans (Gravagna et al., 1982). Further-
more, apM/protease complexes have been shown to have similar
inhibitory activity in vitro (Hubbard, 1978; Dickinson et
al., 1985). The antiproteinase has been shown to inhibit
both B lymphocyte (Teodorescu et al., 1982) and T lymphocyte
(V\scher, 1979, Miyanaga et al., 1982) mitogenic responses
fTabl 5). The mechanis%ny which aoM hindeés the prolifer-
ating properties ofllymphocytes and cytotoxiéity of cells is
not fully understood. Even less cléar is how antiprotease/~
protease complexes Qork to achieve the same inhibition.
Some light has been - cast on this problem with the
dlscovery of serine proteases in the membranes of klller T
lymphocytes (Pagternack et al., 1986). Cytotox1c T lympho-
cytes are stimulated to kill spec1f1c target ce;is fellowing

" contact with the target. It seems that proteases serve in

the. chain of molecular membrane events leading to signal
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TABLE 5

Summary of the known effect of azmacroglobulln

on cells of the lymphoreticular system

1.

10.
11.

12.

Stimulates the development of lymphocytes and
granulocytes in normal and irradiated animals.
Promotes the restoration of humoral responsive-
ness in sublethally irradiated mice.

Enhances the production of antigen-induced
colony forming units in vitro.

Inhibits the generation of kinins. e
Prevents the binding of chemotactic factors (C3a
and CS5a) to receptors on neutrophils.

-Inhibits the generation of macrophage slowing
factor. :

Enhances the response to macrophage inhibitory
factor.

Binds macrophage activating faector.

Inhibits mitogenic response to concanavalin A,
phytohemagglutinin, pokeweed mitogen, lipopoly-
sac haride and dextran sulphate.

InKibits two-way mixed lymphocyte reaction.
Binds and inhibits cationic proteases released
during phagocytosis.

Promotes clearance of proteolytic enzymes throuqh
phagocytosis of complexes.

Extracted from James, (1980).
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transduction .following this contact. Inhibitioﬁ ‘of the
membrane esterases of olytic T lymphocytes leads to an
inhibition ‘of their iller potential (Utsunomiya. and
Nakanishi, 1986). Exposure of tﬂé killer cells to serine
proteases triggered thé@ membrane events in the absence of
the target cells (Utsunomiya and Nakanishi, 1986). Other-
wise the protease inhibitor ﬁgy' act by interacting with
stimulating agents, for example, by binding directly to
phytohemagglutinin (James, 1980).

Similar imgunomcdulatory effects have been reported
for ajprotease inhibitor (aiPI). ‘Lymphocyte surface
proteases have been shown to be inhibited by «;PI (Bata,
Martin and Revillard, 1981). Lyﬁphocyte proliferation (Bata
and Revillard, 1981) and antibody-dependent cytotoxicity

(Trinchieri and De Marchi, 1976) are inhibited by a1PI. The

a1 PI was shown to bind to the lymphocytes using radiolabel-

led glycoprotein. \:g

A third major Acute Phase Protein/protease inhibitor
of the rat, a;cysteine protease inhibitor (a;CPI), is not
related to the sefine protease inhibitors. It is notable
that £he sequence for bradykinin is contained in the primary
amino acid sequence of @y CPI thu; relating this molecule
with the Xkininogens, although there is no -evidence that
bradykinin 1is release upon proteolytic cleavage of @4 CPI
(Furuto-Xato et al., 1985; Anderson and Heath, 1985). To

the contrary, T-kinin and bradykinin have been investigated

~3
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for anti-protease activities (Barlas,‘Sugid and Greenbaum,
1985i; The cy;teine protease inhibitors have not yet been
examined for immunomodulating effects.

The bioiogic fuhction of «jacid glycoprotein
(a1AGP) is' poorly understood. - The molecule ' is heavily
glycosylated (as much as 40% of the molecular mass may be
carbohydrate), which allows for'.considerable microhetero-
geneity of the circulating molecule. The abundant carbohyd-
rate indicates that «;AGP probably serves as a carrier
molecule in the plasma. 'The fact that @1AGP serves a
beneficial role as an Acute Phase Protein was implied by the
localization of the moleculg to inflammatory lesions
(Shibata et al., 1978). Furthermore, concurrent injection
of @1AGP with urate crystals lead to a significant reduction
in swelling due to tpe urate crystals (Denko and Wanek,
1984). Alpha AGP has demonstrable antiheparin activify
(Andersen ég QLL, 1980) and may inhibit platelet reactions

{Costello, Fiedel and Gewurz, 1981)

Recently, «3AGP has
been implicated in cell membrane-activatton events, possibly
interacting with the T3 membrane aﬁtigen of T lymphocytes
(Stefanini et al., 1986). r

Haptoglobin has been identified as the principie
transport protein for the ciréulating heme fraction of
hemoglobin. The complex, haptoglobin/heme, has a consid-

erably shorter half-life than the native moclecule as its is

removed by the livif and reticuloendothelial cells.

N
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1.3 Models of inflammation .

A number of experimental models have been established
in the laboratory rat in order _to study the inflammatory
response. The most studied.models have involved the use of
noxious or toxic 1agents "in either pleural, peritoneal or
subcutaneous’inject;ons. Such agents include carrageenin,
‘turpentine, bacterial lipopolysaccharide, and celite. Other
conditions used to study the-inflammatory response include
sponge implanﬁs and burns or open wounds (Ammendolas Di Rosa
and Sorrentino, 1975; Lundberg, Lebel and Gerdin, 1984;
| Johnson, DiMartino and Hanna, 1986; Sedgwick and Lees, 1986;
Nakagawa and Sakata, 1986). It is clear from the use of
such a variety of inflammatory stimuli that inflammatory
changes are often different for the different sites and
agents. Each model must be considered individually and
caution must be exercised when the models are compared to
naturally occurring inflammatory conditions. Few studies
., compare the magnitude of changes due to noxious agent with a
natural inflammatory insult such as an infection. There is
a paié\py of reports in which the inflammatory response to

natural infection has been-studied.

1.4 The serum Acute Phase Protein Response in parasitic

diseases . '
The concept of parasitism involves an intrinsic

dependance of the parasite on the host whereupon the

-~
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.relationship becomes obligatory for the parasite. Noble
and Noble (1976) have defined parasitism as follows:

"...an association between two specifically

distinct organisms in which the dependence

of the parasite on its host is a metabolic .

one involving mutual exchange of substances.

This dependence is the result of a loss by

the parasite of genetic¢ information.”
The obligatory aspect of the relationship is usually based

on the nutritional requirements of the parasite (Cheng,

-

1986) .

The host responses to parasitic infection, of
relevance to the Acute Phase Response, include fever, a
state of cachectia, and suppression of the hepatic mixed-
function oxidase system (Cha, 1978; Srivastava, Chatterjee
and Ghatak, 1985; Tekwani et al., 1987). There are no
concerted research programmes iﬁvestigating Eﬁe role of the
Acute Phase Protein Response during parasite infect;;n.

Bout et al., (1986) reported Acute Phase Protei:
changes in schistosome-infected rats and showed CRP to be
important in the schistosomicidal activity of rat ’serum.
There was a significant rise in serum CRP from day 12

through to day 44 post infection, in parallel with increased

IgE levels and platelet counts. Schistosoma infection of

mice resulted in elevated C3 and serum amyloid P (SAP) late
in the infection, between days 40 and 50, cor;esponding with
the development of liver granulomas (ngys et al., 1930).
Thée C3 response was absent in T lymphocyte-deprived mice.

Lanontagne et al.  (1984) documented Acute Phase serum any-
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loid A (SAA), SAP, C3yand alPI concentrations during Nippo-
strongylus brasiliensis infection of CBA/J mice. Two peaks
of increased SAA and SAP were seen whilé one peak of C3 and
@) PI was observed late in the infection. -Liver .production
of the same molegples was documented from hepatocytes iso-
lated frbm infected animals (Lamontagne et al., 1984). An
infection of mice with Hymenolepis nana stimulated an Acute
Phase Response at "the time of peak host responsiveness to
the parasite" (Baltz et al., 1982), which did not-occur in T
lymphocyte—depfived mice, but was restored ¥y transfusion
with immune or naive mouse spleen cells. The T lymphocyte-
deprived mice (thymectomized and treated with anti-thymocyte
serum) did respond to tur;ehtine inflammation with increased
C3 and SAP. |
Mice have been shown to respond with an Acute Phase

Protein Response to protozoan infections. Three days

following inoculation Of mice with Trypanosoma brucei, serum

levels of haptoglobin and haemopexin increased (Pluschke et

al., 1986). The cﬁtaneous trypanosome species, Trypanosoma

cruzi, induced an early serum SAP but not C3 or 94 response
in mice (Scharfstein, Barcinski and Leon, 1982). Serum C3
concent:ations increased about day 9 of the infection,
coincident with peak parasitemial! Serum changes due to T.
cruzi infection were shown to be dependent on ﬁhé number of
parasites and amount of tissue infiltration by tQ$~parasite.

From these few studies it can confidently be concluded that

{il
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parasitic, infections do elicit. the Acute Phase égp;ein
Response. |

Little has .been learned about the role of Acute
Phase Proteins from infectious models of inflammation. It
appears that some parasites aré able to incorporate host
serum proteiﬁs into their membranes, possibly shiélding them

,3;;0m the immune system. I;icgomonﬁé vaginalis adsorbs human
aoM, a,PI, immuhoglobulins, and fibronectin onto its surface
(Peterson and Alderete, 1982). Fib;onectin possibly serve;
as one of the bridges for Lejshmania mexicana recognition
and entry into human macrophages (Wyler, Sypek and ﬁcDonéld,
1985). A host response that leads to increases in any of
these moXecules may hasten the infection and not the cure.

Studies have been performed in humans in which the

Acute Phase Protein Response was monitored during parasite-

* induced illness. In one study involving human volunteer
infecticns by various Plasmodium sp., significént increases
in the @y —fraction of plasma (likely @;PI) was noted

(Klainer et al., 1968). Similar changes were detectable-in

naturally  acquired disease (Klainer et al., 1969). Albumin

levels were not reduced in the Rét%enté. There was no re-
lationship between tpe changes an&\the magnitude or duraticn
of fever, severitywof illness, or density or duration of
parasitemia (Klainer et al., 1969). Treatnent of patienté
with corticoste;oids had no‘g;;gct on serum protein concen-

3

trations. A similar finding ‘of incrédased serum ay fraction
. .
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bés béen reported in humans infected with schistoscmes
(Mousa, Waslien and .Mansour, 1976,L_ These patients had
decreased albumin and 8 globu(EE:;incentrations. However,
unlike the murine model of schistosomiasis, the patients
failed to show increased Acute Pﬁase Protein concentrations
at the time of 1liver granuloma formation (Manocukian and
Borges, 1984). : ' ' ‘

With regards to human intest}nal infeg;ion and the
Acute Phase Protein Response; albumin levels were reported
to be decreased in a study of. Egyptian children with:
multiple intestinql parasite species. Lower %;bumin
concentrations correlated with greater weight loss'aﬁ the
children aged through puberty (Cole et al., 1982). Treat-
ment of an emigrating population of Vietnamese children with
anthelminthics led to reductions, to normal levels, of serum
¢1AGP, oPI and ceruloglasmin concentrations. Many of the
children suffered from multiple infections. By issuing ant-
nelminthic regimes specific for certain parasite species,
and following the reductions in serum proteins, the authors
thought they* achieved sufficient evidence to associate ;
particular infection with major serum protein changes (Blom,
Prag and Norredam, 1979). Using this strategy it was

cencluded, from among several helminth species, that Ancvlo-

stoma duodenale 1likely comprised the major impact - to

stimulate the Acute Phase Protein Response in the intestine.

The difficulties in interpretation of such a study are many
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but 1t is possible to 1nfer that lntestlnal 1nfectlon does

induce the Acute Phase Protein Response.

1.5 s cute as otein gnse in inflam-
matory bowel diseases

The Acute Phase Protein Response has been used as a
prognostic tool in human inflammatory diseaseﬁ, with CRrP
serving as the prototype. C-reactive protein levels
typically rise within hours of surgery,‘péak in two days,
and begin returning to normad by the third day (Fischer et
al., 1976; Werner and Odenthal, 1967; Romette, di Costanzo-
DufeFeiiand Charrel, 1986)). C-Reactive Protein concentra-
tions ‘remained elevated in those patients that suffer
surgical complications involving infection aﬁd inflammation.
The serum CRP response has also been used to‘aetect systemic
infections (Whicher, Bell and Southall, 1981) and as a
prognostic tool for neoplasias (Rashid et al., 1932).
Inflammatory conditions for which the response has not
proven to be a reliable marker include connective tissue
disorders, osteocarthritis, periar£icular digeas; and
sﬁondylosis and ulcerative colitis (Whicher and Dieppe,
1985) .

There is evidence from the few parasite infectioens
discussed above, that man may undergec an Acute Phase Pr?tein

Response due to inflammatipn of the intestine. However,

some of the helminth species reported have tissue-nmigrating
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larval stages ‘and an effect due to this aspect of the

parasite l;fé'cycle cannot be ruled-out. The Acute Phase

Protein Response has been ‘examined in patients suffering

froﬁ'éitﬂer of two human intestinal inflammatory conditions,
Ulcerative colitis and Crohn's disease, the so-called
"inflammatory bowel diseases" (IBD) (Lind et al., 1985).

Table 6 outlines and compares some of the features
cf the two diseases. There is no knqﬁn etiology for either
condition, although- some viral and bacterial infections lead
;o similar-cliﬁical preéentatioﬂs (Sacher, 1985) and immuno-
logical- and dietary causes have been proposed (Strickland
and Jewell, 1983; Kohler and Brown, 1982; Sacher,‘ 1985;
Persson, Ahlbom and Hellers, 1987). ’

Biopsies of inflamed _intestine show gquantitative
increases in plasma cells, T and B lymphocytes and-macro-
phages (Strickland and Jewell, 1983). Intestinal lympho-
cytes from patieuts have a diminished ability to produc;e
Interleukin-2 (IL-2) (James, 1985). There are clearly
increased populations of mast cells and increased expreséion
of Class II histocompatibility antigens on epithelial cells,
and higher levels of leukotrienes (LTBs) in acﬁively
inflamed tissues (James, 1985; Hirata et al., 1986; McDonald
and Jewell, 1987).

There are no reliable systemic markers for identif-

ying IBD. Diagnosis invariably involves removal of a biopsy

specimen, roentrograns, colonoscopy, or a combination of

-
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these. -Histological pfepa;ationé allow for dis&rimination
between certain stages of the disease (Nostrant, Kumar and
Appelman, 1987). The most w1dely’E§gdﬁqqdex.for measurlng..
Crohn's disease uses primafii;//subjective criteria and
includes the. "erythrocyte sedimentation rate" as the only
laboratory test (Crohn's Diséase Activity Index, CDAI: Best
et al., 1976). There is a need for dependable marker for
following the course of the disease. and, ultimately,
predicting relapses (Sacher, 1987).,

' If mai?}phages play a central role'in the inflam-
matory response, it seems reasénable to look for macrophage-
derived mediators during the disease.& Only recently have

investigators ‘looked for systemic macrophage inflammatory

mediators in IBD patients. Variable results showing in-

—_

creased Serum IL-1 have been reported for Crohn's disease
patients (Stasangi et z2l., 1987) End even less consistently,
in UC patients (Wandall et al., 1986). Peripheral blced
monenuclear cells of <Crohn's disease patients'mééé'signit—-

icantly more IL-1 when stimulated  in culture than non-

diseased cells.

Increases in éi;culating Acute Phase Proteins have
beeén observed in IBD patients since first reported in 1957,
when investigators determined &IAGP concentrations in
patients with UC and recognized a relgtionship between
increased cohcentrations of a@1AGP, decreased albumin, and an

increased erythrocyte sedimentation rate (increased fib-
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TABLE 6

Features of Crohn's disease versus
Ulcerative Colitis

0 “RA co

The 1nflammatlon almost always involves the rectal
segment.

The extent of the disease demonstrated originally
remains constant in most cases. In other cases it
can spread proximal, coincident with clinical
worsening of the disease.

UC can be provoked by a variety of phenomena
lncludlng respiratory infections, stress and
bereavement.

Sulfasalazine has been proven to .have a useful
role in preventing recurrences. -
The risk of carcinoma increases over time and in
proportion to the extent of the disease.

Resection of the colon results in cure ~of the
disease.

CROHN'S DISEASE DIFFERS...

1.

2.

Crohn's disease is an exten51ve process involving
the entire alimentary c<anal.

The pathology featuras transmural inflammation,
granulomas, and fistulas from the diseased bowel or
in the region about the rectum.

The most common extent of involvement is a com-~
bination of the termlnal 1leum w1th sone extent of
right colon.

The extent of the disease usually remains constant
unless the bowel 1is transected. With clinical
worsening there might be extension distally, but
rarely proximal.

Resection or transection of the bowel will be
followed by extension of disease proximal.

The disease has its onset and greatest virulence in
young people but remains potentially virulent at
all ages. UC is more likely to remain quiescent in .
older age.

There is a famlly history of IBD usually Crohn s
in 20-30 % of patients.

No drug has been shown to permanently eradlcate
Crohn's diseasg.

Extracted from Korelitz, (1985).

*
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rinogen concentration) (céoke et al., 1958). _The—'most
serio;sly ill patients had the highest levels. | This
particular populatioh of patients shqwéd no.inérgases in CRP.
levels (Cooke et 2)., 1958).

Increased‘plaSma.alAGP has subsequéntly been shown -
to-be related to the staging of UC (Dearing, McGuckin and
‘Elveback, 1969: Weeke and Jarnum, 1971) and Crohn's diéease
(Weeke and jérnum,'197l: Andre et al., 1981) in adults and
children '(Campbéll, Adinolfi and- Walker—Sm&th:- 1979).
Changes in CRP.levels are more variable but inczeases dﬁriﬁg
both diseaseslggye been reported (Shine et al., 1985: ﬁggag
et al., 1982). . When related to the -é,taging of either

disease, plasma CRP concentrations were always gréater in

Crohn's than UC pétients for similar clinical categories

(Fagan et al., 1982; Shaverymuttu et al., ;}SQ{. There “was

no difference in CRP increases between Crohn's patients with

= r

small or large 'bowel involvement (Shaverymuttu et al

1986) . Plasma antiproteases that are elevated in the two

=7’

diseases include @PI (Weeke and Jarnum, 1971; Andre et al
1981; Fisdhbach et al., 1987) and ajantichymotrypsin (Bohe,
Genel} and Ohlgsoq, *1986) . Alphasmacroglobulin, ﬁhich is
not an Acute Phase Protein in man, has been reported to
increase in concentration (Bohe, Genell and Ohlsson, 1986)
and decrease (Weeke and Jarnum, 1971), during IBD.

Changes in CRP concentrations have been emphaﬁized -

P ——

in a prognostic capacity <for the Acute ‘Phase Protein

-
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jResponse and I$D. Those patients with clinically quiescent
diséase, but elevated CRP, usﬁally“relapéed within onelmonth.
‘(Andreh Descos and Vignal, 1979). c-reacti;e prétein and
pré-albumin showed a strong correlatiop.with the patient's
clinical respdnse to treatment versus thoéehpatients whiéh
.did not respond to treatment (oral prednisolone ér surgerf;
‘Buckell et al., 1979)-{ Plasma CRP- showed ;\a s:ignifican.t
incfease and plasma ir&n 5 decrease; during the third and
- second month before acuée exacerbatien of Crohn'é diséase.
(Wright, Young and Tigler-Wybrandi, 19&7'f ‘Plasma @PI and -
@1 AGP rosé signific;ntly between the seéond and first month
prior to the relapse, respectively: However, the positive
pfedictive value of the Acute Phase Proteins was always less’
than their negative predictive value, and no better than the

CDAI or other indices in ﬁredicting relapse.

1.6 Meodels of intestinal infiémmatorv diseases: intestinaf\\, )

nematode infections of the rat

Despite the availability of mahy rodent models of
inflammd%ion,.few involve natﬁfal causes of inflammation and
few!;;;Blve the bowel. A number of parasitic infections of
the rat are available which cause local intestinal inflamma-
‘tion. Two nematode infections of the rodent small bowel
were chosen for invéstigation: Nippostroggvlus brasiliensis

(Travossos, 1914) and Trichinella spiralis (Owen, 1835).

Local inflammation occurs at three sites in N. brasiliensis-

B
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infeéted. ats: ‘thé' skiﬁ,‘ the iungs;'_a;d. the intes%iné.
Infection of the rat by T. spiralis leads to inflammation éf
the small bowel followed by inflammation of skeletal nuscle.
These ?wo'infectioné were chosen for the'investigation of
Acute Phase P:oteih changes because‘of the tempofalisequeﬁce'
of the periods of acute inflammation.

The tw% nematode spécies beloﬁg to different phylo-
genetic classes: N. brasiliensis is a member of the “class
Secernenteal, order Stfbngyfida, and ié'ghus ciosely Felated_
to the human héokworms (Anéyiostomatoidea, Necator) and moge
closely‘?elated1to Ascarids (Ascéris) than to T. spiralis.
T. spiralis is a mémbgr of class Adenopherea,‘ordef Tricho-
cephalida and is related to Trichuris the human'whiﬁ-éorm.

Similar to human hookworms, N. brasiliensis spends a period

of its life cycle as free-liying‘iarvae while zélgpiralis is
an obligate parasite throughout its 1life cycle. Both
inféctions have a period of systemic infection in addition
to a-period of residence in the host intestine.

& N. brasiliensis eggs are passed out of the host in

thehfeces. The larvae hatch and remain free-living until
they molt into infective third stage larvae (L), about one
‘'week later. The L3‘d; not feed, and relying entirely on
stored food, remain fecund for cqnsiderable periods when

stored at cool temperatures (Hindsbo, 1983). The infective

1 Refer to Cheng, 1986 for more details concerning the
classification of nematodes -and their morpholoyy.
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third stage larvae are capable of penetrating the host's
skin (Lee, '1972) but can be injécted subcutaneously.
Following skin pengﬁfation,'the 1arvae(undergo.a pericd of
-passiveiﬁigrétibn,‘being carried away by the blood stream to
-tﬁe firsﬁ capillary bed they encduﬁteé— the 1lungs (Croll,
1977). Maximai numbers{of L3 have reached tggfqug; by day
2 post infection. (PI). Once in the lungs they penetr#te
into’the alveolar spaces, molt (sexes can be differentiated
at this time) and cohEinue up the bronchi to the trachea and
eventually the esoppaéus. . The fourth stage larvae (Lg) are
swallowed, pass through -the 'stomach and arrive ih the
ducdenum to molt oncefﬁore; The worms ﬁaﬁure to adﬁlts gnd
live in the proiimal jejunum (Haley, 1962). 1In the intes-
tine, gdul;s mate and the females begin to excrete eggs by
day 6 PI. Egg production reaches maximum.outputrbetween
days 8-9 PI, shows significant declines in‘ production
starting on“day 10 and almost né egqg pr&duction by day 14
PI. Worm numbers reached a plateau by day 4 PI in the ’
intestine and depending on the rat stfain, are expelled
concurrent with a specific immune response by day 14 PI.
The ;orms that are expeiled are not irreversibly damaged by
the expulsion process (Kassai, Takats and Reld, 1887) and a
few worms,.usuall& male, may remain in the small bowel post
expuléicn (Africa, 1931). Due to the passage of the worms
through the host's lungs, the host has been exposed to a

parental component of the infection before the adult phase.
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The T. spiralis life cycle and infection of .the rat

is considerably different. Infective larvae must be
recovered from skeletal muscle of mammals. The larvae

survive in cysts (nurse cells) in skeletal muscle as Ly, but
achieve the sexual differentiqtion of Ly fKozek, 1971).
Ingestion of the infected muscie by a second, susceptible
host, leads to digestion .and release of the larvae from the
cysts.’ -The larvae undergo rapid molts (4 within 24 hours)
in the proximal jejunum (Kozek, 1971). ‘The worms mature and
mate within 36 hou:s of infection. Female worms are
ovoviviparous and begin to deliver newborn larvaé by days 5-
6 PI (Despommier, 1977). The newborn (L;) migrate via the
portal wvein (Wang and Bell, 1986) to skeletal Omuscle
throughout the host where they encyst and rém?in until the
cycle starts over (Despommier, 1975). The time-c¢colirse
kinetics of the adults' residence <4in the small bowel is
similar to N. brasiliensis and few wérms rsmain beycnd day
14 PI. However, the parental stage of T. spiralis fcllows
the intestinal adults stage, in contrast to infection with
N. brasiliensis.

The adults of .the two species occupy a different

niche within the host's intestine. N. brasiliensis remains

in the intestinal lumen, usually at the base of the villi,
while T. spiralis lives intraepithelially (Gardiner, 1976).
In¥this intraepithelial compartment, the wnrms lie in the

cells' cytoplasm and thread thrcugh rows of ehterocytes, as
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if inia syncytiur, without gross distortion of the cells'
luminal surface (Wright, 1979). I; spiralis thgreforé
spends most of its life cycle intracellular, with a brief
period of extraceiluiar‘ larval migrans. Some charac-~
teristics of the 1life cycle kinetics, at least for T.
spira is, are worm-dose dependent- for example infections
with greater than 2000 larvae are not expelled by-day 14 PI
.(Bell et al., 1983). . - '

Some additional similarities in life cycle kinetics
are seen when the animals are challenged with a second,
homologous infection. Both species of worm are expelled
before they mature during challenge infections and consider-
ably earlier than in a primary: the so-called "répid expul-
sion" process' (Love, kelly and Dineen, 1974; Bell and
McGregor, 1979; Miller, Huntley and Wallace, 1981). Fewer
N. brasiljensis reach the intestine in animals with ﬁnltiplé
;;fections and those worms that.do reach the intestine are
stunted and do not produce eggs (Taliaferrc and Sarles,
1939; Love, Kelly and Dineen, 1974). Transfer of N. brasil-
lensis adults into the intestine of a second rat immunizes
the recipient, which may then undergo rapid expulsion on
challenge with L3 (Ogilvie, 1965). The rapid expuision
phenomena may be elicited following a single patent infec-~
tion with T. spiralis (muscle 1larvae egtablishment), or
large infections of adults only (Bell and McGregor, 1879).

There 1is no immunological cross-reactivity between the two
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species, determined by a failure § show rapid expuléion on
challenge of mice ﬁith the heterologous nematode‘(Kennédy,
1980). The two species do not seem to affect each others'
development ipen given concﬁrrently: however, if the second
species was ‘administered at the time that the fifst infec-

tion was being expelled, the challenge infection was also

expelled (Kennedy, 1980).

Some other variations in life cycle kinetics occ&r
during infections of cortisone-treated, neonatally thymec-
tomized, nude/nude, and young (less than 28 days of age)
rats or mice. 1In all four of these models of infection the
animals fail to expel their worm burden and the adult worms
continue to produce eggs. or newborn larvée, for the life of
the host (Coker, 1955; Markell, 1958; Jacobson and Reed,

1974; Perrudet-Badoux et al., 1980).

1.6.1. Intestinal inflammatory events due to nematode

infection of the rat

Despite the differences in 1life cycle and adult
behaviour in the host intestine, both species eiicit many
similar changes in host pathophysiology. Table 7 lists many
of the pathophysiological changes documented in the intes-
tine of nematode-infected rats. Many of the changes are

likely due to the introduction of cells foreign to intest-

inal tissue, and others due to triggering of resident cells.
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Pathological changes due to helminth- nduced-
inflammation and possible cell mediators

INFLAMMATORY EVENT AND

POSSIBLE CELL

RELEVANT MEDIATORS SOURCE
e infi tio activatio . )
Leukotriene (LT) B, epithelial, neutro-

HETEs

Platelet Activating Factor (PAF)

Eosinophil Chemotactic Factor
Neutrophll Chemotactic Activity
Histamine

Muceosal edema
Histamine
SRS-A, LTC4,_LTD4

Prostaglandins (PG)

Bradykinin
PAF

Mucus hvpersecretion
Histamine

LTC4, LTDg4

HETEs

-

Epithelial shedding

Proteolytic enzymes (RMCP II)
Neuropeptides
Products of oxidative metabolism

Major basic protein

Increased qut motility
Histamine
LTC4, LTB,4
PGs and thromboxane A2
PAF
S-Hydroxytryptamine (serotonin)

/

phils, macrophages
mast cells, neutro-

phils, e elial .
mast ceLls, neytro-
phils, €osinophlils, .

macrophages, plate-—
lets, endothelial
mast cells 7

mast cells (°)

mast cells basophll

\\

S

mast cells,basophil
mast cells; eosino-
phils
macrophages,
lets

as above

plate-

mast cells,basophil
as above
as above

mast cells
macrophages, neutro—
phils

eosinophils

as above

as above

mast cells

as above

mast cells, plate-
lets

Extracted from Mogbel, (1986).
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Gross changes in the inteétine are obvious at
necropsy. Thr-,:, small bowel becomes distended, qlwatery and
soft and appears to be more "thin-walled"™ <than that bf
uninfgc?gd animals. - Histologicaily, changes in the lamina
propria and epithelial cellulafity become obviou§ by'the end
of the first week of .infection. Cﬁénges in the length of
the jejunalégilli accompany a hastening of épithelial céll
turnovér {increased movément and mitosis) with increased
'cel%_ loss and deep crypt hyperplasia (Symons, 1965) until
a characteristic flattening and fusion of adjacent villi is
evident by day 10 PI (Cheema and Scofield, 1282). Similar
changes occur in the distal, uninfected Jjejunum and ilium,
indicating that they aré probably not caused by tﬁe direct
intefaction of the worms with the epithelium (Symons, 1978).
These changes are obvious in the duodenum and jejunuﬁ of
rats infected with as few as 40 larvae and become 1ncreas—
ingly obvious in the lleum and colon with 1ncrea51ng wWOIrm
burdens (Cheema and Scofield, 1982). Goblet cell hyper-
plasia ‘occurs and there is an accompanying eécalation of
intestinal mucus with infection (Miller, Nawa and Parish,
1979; Miller and Huntley, 1982).
Coincideng with the physical changes in the epithel-
ium are various changes in epithelial function (Castro and
Ru;sell, 1984). Altered intestinal epithelial transport of

electrolytes, glucose, and water have been documented

(Sukhdeo and Mettrick, 1984) along with reductions 1in brush
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border amylase, maltase, and alkaline g-glycerophosphatase
act1v1ty (Symons and Fairbairn, 1962), -and some %ﬁct;q
binding potent1als (Castro and Harari, 1982). Some changes

Y

in epithelial transport may be detected w;th_doses of worms
as iow és 100 N. brasjliensis (Scofield, 1980).

“ Cellular infiltrates occﬁr in the lamina propria and
epithelium of the infected intestine. During N. Q;ggi;;gg;
sis infection of thé rat, mast cell numbers initially
decline until few cells remain by day 8 PI. Then mast §e11
numbers begin to escalate during or lmmedlately fOllOWlng
worm expulsion and may rise ten fold over normal numbers
.(Miller :and Jarrett, 1971; Kelly and Ogilvie, 1972; Denburyg,
Befus, and Bienenstock, 1979). A siﬁilar mastrceli hyper-
_plasia occufs during infection by T. spiralis, although the
early, initial decline does not occur (Woodbury et al.,
1984). <Changes in tissue levels of histamine and rat mast
cell protease II (RMCP II) correlate with the changes in
mast cell numbgrs (Befus, Johnston and Bienenstock, 1979;
ondbﬁry and Miller, 1982).

Ecsinophil numbers in. the lamina propria usually
change ‘in concordanc; with mast c¢ell numbers {Kelly and
Ogilvie, -1972; Nawa and Hirashima, 1984) and the changes may
be followed by measuring intestinal peroxidase activity
(Smith anq~Castro, 1878), although ngut;aehils may contri-
bute to the‘total detectable peroxidase.

Some of the other inflammatdry events shown in Table
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7 are due to the activity of the cell types dlscussed above.
For example, changes-ln intestinal motility may be due to
generation of prostaglandins, histamine .and/or serotoniny

(Sukhdeo and Croll, 1981).  In addition to the effects these

-

mediators have on smooth muscle, the muscle hypertrophles
and shows some alteratlons in. contractile behavxour durimyg
infection (Fox-Robichaud and Collins, 1986).

Theu.lymphatics which drain the intestine show
considerable changes over the course of infection. Pever's
patches (PP) and mnesenteric lymph nodes (MLN) both swell
with 1lymphocytes although the PP respond later than _MLN
(Levin gt-gl;, 976) The MLN also responds with a mast
_cell hyperplasia and increased histamine content during N.
brasiliensis 1nfectlon of the Vrat (Befus, Johnstone and
Blenenstock 1879).

The changes in lymphatic cellularity are related to
the‘development of acqﬁired immunity against the patasites.
Both'pathogens elicit%epecific immunoglobulin responsee of
most isotypes, and non—speclfic enhancement of tetal IgE
production (Ogilvie and Jones, 197l: Lee and Best, 1983);
The potentiation of IgE may be rat-strain related (Jafrett,
Hailg and Bazih, 1976). Both infections elicit worm-specific
cell-mediated (T lymphocyte) responses as shown by passive
transfer of 1mmun1tv Wlth immune MLN cells (Love, Ogilvie
and Mclaren, 1976). Recently, the T lymphocytes recovered

from nesenteric MLN of parasitized mice have been shown to

s | ‘
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respond to worm antigens YWith production of IL-2, IL-3 and .
-IFN-gamméf(Grencis,'Riedlinger and Wakelin, 1987). The role
RO - .

of the T Ilymphocyte in the host response to parasite
. ' : 3 :
infection cannot be overstated; most of the pathological

changes do not occur in T lymphocyte-deficient animals (Fer-.

-guson and Jarrett, 1975).

— .

- m—

1.6.2 Svstpmic inflammatory events due to nematode

infection of the rat

Some general observations of the infected ahimaiékl
health 'indicate the presence of a systemic iﬁflammatory '
regctions. Rats lose welght dﬁ&ing the first two weeks,df
infection, suffering greéter weight losses with increasing
worm numbers. (Smith and Castro, 1978; d@lﬁ;éon, 1985;
.Ovington, 1987). Part.of the weight loss is attributable to
two periods of reduced appetite- one at day 2 and the second
~between days 6 and 9 PI (Ovington,_1985). Infected animals
also endure some -blood 1loss in the’ intestine which is
maximal between days 7 and 10 PI (Nielson, 1969%9; Cummins et
al., 1986). Precisely how much each of these phenomena
contribute to the weight loss versus other aspects of the
Acute Phase Response, such as muscle protein catabolism, is
not clear. |

Serum concentrations of albumin are rgduced during

‘N. brasiliensis infection of the rat (Ash, Crompton and

Lunn, 1985) and T, spiralis infection of the mouse (Stewart,
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1978). Plasma horﬁoné chaﬁges doqumehted during infection
by ﬁ; Q;gg;ligﬁgig include decreased cogticosterone, adreno-
corticbtrophic- hormone, triiodothyronine, ° insulin,. and
thyroxine cohcentratidns, all maximal by day 8 ;PI, but "~
normal by daf: 15, PI (Ash, Crompton~ and ILunn, 1985b);
Infection by N. é;aéiliensis inhibits.the hepatic microséma}_
drug-metabolizing system in'rats (Tekwani et ;;;, 1987).
Many of the local cellular changes whieh occur in
the infected intestine also occuf Systemically. Infection
with N. brasiliensis leads to jincreases in circulating
lymphocytés (days' 11-17), mbnocyte§ (day S),, neutfophils
(days 7-12), .eosinophils (days 3-5 and days 11-19) and
basophils (days 6-13)(Roth and Levy, 1980). Leukocvyte

numbers increase in the lungs of N. brasiliensis-infected

rats in a biphasic pattern on days 2 through 4 and aéout day
16 PI.(ngang,.Gaaldie and Befus, 198@). During inféction
of the rét by T. spiralis, lymphocyte numbers decline belcw
normal, neutrophils increase on days 18 and 42, and ‘eosino-
phils increase from day 6 (Lee and Best, 1983b). Monéﬁyte
numbers did not change significantly. Changes in numbers of
leukocytes in the peritoneal cavity are less :emarkable and

only eosinophils have been reported to increase in number in

T. spiralis-infected rats (Lee and Best, 1983).

4
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1.6.3 ole of 't cropha i ost esistance to

In additidn to the orchestration of the inflammatory

response, host macrophages are the first line of "non-

immune mediated" defence against pathogenic organisms. For

this reason, macrophage function during parasitic infection
" 'has come under -considerable scrutiny (Skamene and Gros,
- 1983). - A substantial amount of investigation has been

repérted which characterizes the helminthocidal potential of

macrophages. Enriched populations of peritoneal and
alveolar macrophages have been. used in in vitro-killing
assays against éiffe:ent life stages of various nematodes.

Rat macrophages kill N. brasiliensis Lj by ' complement-

dependent (Egwang, Gauldie and Befus, 1984b) ans newborn T.
spiralis® by complement- and ént;body—dependeﬁt mechanisms -

. (Ruitenberg et al., 1983). Macrophage killing of infective

T. spiralis has vielded variable results depending on the
freshness of the rat serum used (Mackenzie et al., 1980):
In mice, the macrophage capacity to kill T. spiralis via
antibody~dependent mechanisms was related to the mouse
strain (Perrudet-Badoux et al., 198§).

It i; not clear from in vivo investigations, whether
macrophages actually function in this gelminthocidal
capacity in the ihfectgd animal. However, there is evidence
that alveolar macrophages become activated during a primary
infection of rats and. mice by N. brasilieﬁsis. Alveolar

.Ea.

»
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macrophageé secrete IL~1 and HSF -and secretion” iﬁc:eased‘
during inféction.(ngang, Befus and Gauldié, 1985; Lamon-
tégne et al., 1985) Alveolar macrophages showed lncreased
expre551on of C3 receptors during infection of the rat‘
(Egwang, Befus and Gauldle, 1985}, and Iga receptors during
infection of the mouse (Gauldie, Richards and Lémbntagne;
1983). N. brasjliensis-infected rats.wére more resistant to
the growth of Walker carcinosarcoma. The tumour résistance
was t:ansferable with peritoneal.macrophages from infected
rats, but blocked by serum factors from late-inféected
animals (Keller, 1973). Mice infected with N. brasiliensis
cleared plasma 125T-labelled polyvinyl pyf#glidone with
accelerated kineéics, relative to uninfected controls, an
event assoclated with increased 1lung end liver macrophage
phagocytosis (Price and Turner, 1983).

Studies have been perfﬁrmed which show increased
_ resistance against T. spiralis, due to infections that
stimulqtqlmgérophage activity. Mlce infected with elther

F

Toxoplasma gondii or Listeria monocytogenes had significant-

ly lower éeak—worm burdens. in their intéstine than non-
parasitized controls (Wing and Remington, 1978). Despite
the lower worm numbers, the infections were expelled with
similar kinetics as control mice. Similar to the parasite/-
tum&ur studies using N. brasiliensis, peritoncal macrophages
recdovered as early as day 6 (Merrovitch and Bomford, 1976)

and as late as day 18 PI (Wing, Xrahenbuhl and Remington,
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1979) from T. spiralis+infected mice inhibited tumour growth
in vitre. I;}§Ei2§ii§ infection also inhiﬁitgd in zizé
tumour growth in nice (Pbcock and Meerovitch, 1982).
The studies suggesFing macrbphaées are activ&ted‘in
I. spiralis-infected animals are in contrast to the systemic
anti-inflammatory effect-of-infection sﬁggested by'castro,
Malong and Smith, (1980). These aﬁthors showed that the
infection lead tb inhibition of granuloma formation about a
length of string implanted in the rat's abdominal skin; The
size of the infection was inver:;I}uaqlatéd to the weight of
the granul;ma and‘the‘effect of infection could be mimicked
by iniectiops of dexamethasone. If granuloma formation is a
function of inflammation and macrophages are involved in _
gr;ngloma geneéis, this study would imply s¥§temic macro-
phage aftivity is suppressed during infection.‘
Despite the inteﬁﬁinal inflammatory changes charac-

teristic of the nematode‘infections, there are no studies of

macrophage function in this tissue. -

1.7 Summérv of the literature and statemeﬁt‘of the problem

Features of acute inflammation have been reviewed,
with an emphasis on the role of the macrophage. Macrophages)
secrete various inflammatory mediators, (monokines or

» i

cytokines), at the site of inflammation, some of which

circulate in the blood and lymph to elicit systemic events.

Systemic inflammation manifests as the Acute Phase Res e.
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Interleukin-1 and Hepatocyte-Stimulating Factor are two
notable examples of monokines that are involved in the Acute
Phase Response. Greater amounts’ of these monoklnes are
secreted by macrophages that have become actlvated.

One facet of the Acute Phase Response, the Acute

‘Phase Protein Response, was regularly -used to monitor the
course of' inﬁlammation. " Evidence was lpresented that
macrophages elicit the Acute Phase Protein Response through
cytokines which stimulate protein synthesis by hepatocytes.
.Thus the Acute Phase Protein Response served as an indicator
of macrophage activity during inflammation.

It was established that nematode infection of the
rat provokes intestinal inflammation. Activation of rat
.macrophages‘by fhe nematode'infections also has been report-
ed. It is mnot known whether the intestinal infections
elicit- the systemic inflammatory changes typical of the
Acute Phase Response.

This thesis was an investigation of the Acute Phase
Protein Response during nematode infection of the rat
intestine._ The experiméﬁgal strategy was to examine fhe
Acute .Phase Protein concentrations of nematode-infected

\rats.. The role of the macrophage in the response was
assessed. The function of the intestinal cells recovered
from infected animals also was investigated. |

The activity of intestinal macrophages has not been

-~

studied in detail by “others. Likewise, the capacity of
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intéstina1 ce11s-td iegulaté thejAcute éhase'ReSponse has
not been féported; A better understanding of the rggulatiqn
of intestinal events will allow for an assessment the Acute
Phase Protein Response as a window. to thé eventslin the
intestine. The corollary to this underétanging is'thaf_the
ocsurrencé’ of ﬁhe Acute PhaS? Protein Respopse éuripg
intestinal inflammation may indicate that certain cells are

actively participating /An the local inflammatory‘fesponse in

that tissue.



2.1 Animals

_Outbred male Spragué-Dawley rats weighing 250-300 g
(Charles River Biobreeding Laboratories, Montreal, Canada)
were used for all experiments. All animals~were.allowed't$
remain in our animal housing facilities for at least onec
week befére they were used. An exception was made in the
experiments involving young rats, which were purchased
immediatel;?agter weaning and were infected before 27 days
of age. Sprague-Dawley ‘énd Specific-Pathogen-Free Lewis
strain rats (Charles River) were used for passing and main-
tenance of N. brasiliensis. The T. spiralis Bife cycle was
maintained in\CBA/q&micer(Jackson Laboratories, Bar Harbour,
Maine, U.S.A.5; All antisera used in rocket immunoelectro-
phoresis were raised against rat proteins in New Zealand
White rabbits and were kindly provided by Dr A. Koj
(Jagiellonian University, Krakow, Poland).

Two methods were #sed in order to repeatedly bleed.
rats. The most commonly used method was retro-orbital
bleeding. This technique involved gaining access to the
ophthalmic wvenous plexus ({which in fact give albino rats
their red eye éolour) using a long-stem glass pipette. The
pipette tip was used to disrupt the plexus allowing blood to

54
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flow freely up the pipette. When performed correctly,
retro-orbital bleeding did not disturb the animal as’the eye
bail fél; back on the capillary bed applying enough'pressuré
to stop further bleeding. No’ serum Acute Phase Protein
RespSnse was detected in animals bled this way and an
autopsy of one animal failed to show\\gross pathological

. " .
changes behind the orbit. This method proved useful for

~most of the earlier experiments, until the manufactyrer of

the pipettes changed their product and the pipette tibs were
no longer polished.

- The second‘technique bleeding from the animal's taii
artery. Two veins run-lateral in the rat tail and a singlel_-
artery lies parallel but ventral to the veins. ﬂnder light
ether anesthesia and with the rat on its back, the artery
was hardly visible along the centre-line of the ventral
aspect of the tail. Using a 23 gauge butterfly infusicn
neédle (Venisystems, Abbott Labs., Montreal, Canada) the
artery was pierced and the animal bled of 0.25 ml of whole
blood. Upon removal of the needle, pressure was applied to
the tail until bleeding stopped.

In the earlier experiments, whole blood was collect~
ed into hepafinized tubes in order to isolate plasma. All
pPlasma specimgns were frozen at -20°C before they were
assayed. Unfortunately, upon thawing rat plasma had a tend-

ency to clot. Subsequehtly, serum was c¢ollected from clot-

ted blood for use in rocket immuncelectrophoresis.



56
2.2 Media
The following culture media were useq:q.HAﬁKs ca2+,
Mg2* free balanced salt solution for liver perfusion and
isolation of macroéhages:'RPMI for cultures of macrophages
and lamina propria cells; WLLLIAMS E for hepatocyte cul-
tures, and MEMF-15 for mouse thymocyte proliferation assays
and cultures of mouse cells. ‘All media were Gibco (Grand
Island Biologicals Company, Grand Island, U.S.A.) products.
Allté culture media were supplemented with 5% (v/v) fetal
bovine serum (FBS; Gibeco), and 1% (v/v) each of penicillin-
streptomycin, N-2-hydroxyethylpiperazine=-N}*-2-ethanesulfonic
acid (HEPES, Boehringer Mannheim, German}), bicarbonate, and
L-glutamine (Central media resources, McMaster University).
~Phosphate buffered saline (PBS: 0.03M sodiym phosphate, 150
mM NaCl, pH 7.3) was sometimes suﬁstituted for HANES
solution for washing macrophages. In addition to the above,
the hepatocyte media wa$ further supplemented wifkl 1uM
dexamethasone (“Hexaarol", °Organon Scientific, Toronto,

Canada), 1pM insulin, and 50ug/ml gentémycin.

2.3 Parasitological technicues

2.3.1 Nippostrongylus brasiliensis

Nippostrongvlus brasiliensis (Travassos, 1914) was

!

originally obtained from Dr. Joe Urban, (U.S. Department of
Agriculture, Beltsville, Maryland, U.S.A.) and was maintain-

ed in the laboratory by passing the life cycle through adult

’
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rats.l Both Sprague;Dawley'and Lewis strain rats were used
with no obvious differences in worm infeétivity. | -Feces
from seven to ten day-infected rats ' was coliected and
softened using excess water in a beaker. An equal weight of
granulated charcdai (10-18 mesh, BDH Chemicals, Poole,
England) was mixed with the feces followed by enough fine
vermiculite %o make the mixture a moderate slurry. The
vermiculite served to retain water and the cultures did not
need further watering. The mixture was placed in a flat
dish and lightly compréssed until flat. ‘Larger fragments of
vermiculite were erected on tﬁe mixture. Larvae hatched
shortly after the fece§ cultures were established and began
to migrate up the vermiculite. They matured to infective
3rd-stage larvae (Lj) fn about 8 days at room femperature.
Cultures between 12 and 25 days Qere choosen for use which
was within the time that worms remain infective (Keymer,
Martin and Wainwright, 1983j. Infeétive larvae were
collected from the feces culture by appiying the pieces of
upright vermiculite onto a Baermann apparatus.

-The Baermann apparatus was simply a funnel with a
filter through which the larvae“passed, leaving the culture
contents behind._ The fﬁnnel was sealed with a stop-cock or
fastened to a volumetric flask in order to collect larvae or
édults, respectively. The filter was either cheesecloth or
a single sheet of 1lens paper. In ‘order to col};ct aduit

worms from the rat intestine, the funnel was attached to the

\
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flask apd was plaéfd.in a 37°C water bath. -
The L3 were washed several times using PBS contain-
_ing 1% peniciliin/streptomycin in order to remove most of
the bacteria on the worm cﬁti:cl'e. Worms weré counted by
‘performing a dilutio_n count on several samples under low
‘power on a compound microsc;pe and their numbers corrected
to 6000 worms per ml of PBS. When adults or lung.stage
worms were collected all worms recovered in the flasks were
counted; those remaining in the tissue represent about 10%
of _the. population and were not counted (nggng, 1985) .
Three .th;usand Ly were injected subéutaneously in the
dorsolumbar region of rats under light ether anesthesia,
using a 23- or 2l-gauge needle. In the experiments’ where
fewer numbers of worms were injected, the final injection
volume was always corrected to 0.5 ml. The day of the
injectign was considered "day 0" in all experiments.
N;égostroncvlus brasiliensis eggs were collected and
counted from fresh rat feces by a sucrose floatation method

?
(454g sucrose in 355 ml water plus 6 ml formalin). Fresh

rats feces was collected using forceps, weighed, then soaked
in an excess voluﬁe of water until the stools disédciated
gasily. The dissolved feces was passed thorough a 1»ire
sieve into 50 ml polypropylene tubes. The tubes were then

centrifuged for 10 min at 200 times gravity (xg), the super-

natant discarded and the pellet resuspended in water to 40

- ml. A 1 ml sample was taken and .mixed with the sucrose
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solution ip a 12 ml pélyprépylene tube. Th;g second tﬁbe-
was filled wiéi‘%ucrose soluﬁion,until the meniscus‘became
slightly convex and the fluid would contact a 50 X 50 mm

glass; coverslip. The coverslip was applied carefully in

- e tnm

order to avoid spilling fluid down the sides.of the tube.
The tube, with ;he céverslip attached, was‘ stored in a
refrigerator (4°C) overnight. _The cool temperature inhibit-_
ed normal egg germination and they did not hatch overnight.
The next day the coverslip was removed with the - top layer of
sucrose and placéd on a microscope slide. All eggs present
on the slide were counted using the low power objéctive of a

/

compound microscope’ and - the number corrected to eggs per
gram feces using: ' .

numbers of eggs counted X 40 ml dilution

weight of feces in granms
<

The top few cm of the sucrose from several specimens which
contained plenty of eggs was examined for residual eggs,
following removal of the coverslip. No eggs were found,

indicating a successful recovery with the coverslip.

2.3.2 Trichinella spiralis

lgichinella spiralis (Owen, 1835) was originally ob-
taine& from Dr. K. Wright (Univeréity of Téronto, Teoronto,
Canada). ° The parasite life cycle was regularly passed
through CBA/J strain mice but infective larvae- recovered

from rats were used in some experiments. Larvae recovered
J
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from rats which haq. been tregggd. with the anthglminthic |
"Mebendazole" (Pitman—Moore, Scarbqrough} Canadaj,.although»‘
healthy-Yboking, were not infective for a second host. Mice
6r rats with infections aged between 30 and 90 days weré\
-used.

Infective larvae were recovered from the skeletal
muscle of animals by a method involving pepsin digestion.
Whole mouse carcasses or a quarter of a rﬁt carcass waore
mulched in a blender in a solution containing 7% (w/V)
-ﬁepsin and 7% concenﬁrated HCl (v/v). The tissue'was then
incubated in 500 ﬂi of the same solution in a 37°C water
bath with air pércolating through it, for two hours.' The
resulting slurry was filtered through several layers” of
cheesecloth into graduated cylinders an§ the larvae allowed
to settle for one hour at réom temperature. Tﬁe digestion
media was drawn-off and the larvae pooléd. into 50- ml

polypropylene tubes and washed similar to N. brasiliensis.

T. spiralis infective larvae weré counted 1in the
same manner as N. brasiliensis and their concentration
corrected to 4000 per ml of PBS. This sample was diluted
further ﬁith an equal volume of 0.4% agar (also in PBS), in
order to deliver 2000 larvae in 1 ml volumes. The agar was
necessary tg keep the larvae in suspension, .in order to de-
liver the prescribed. dose of worms. Without the agar the
worms settled very quickly and an insufficient number may

have been loaded into the syringe. Without the agar many
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.worms collected at the hilus of ‘the needle - and were not

expelled from of the syringe. The larvae were delivered ..
using a gastric feeding tube, or for mice, a blunt-18 gaugé

needle attachad to a 1 ml syrinée. An infection of 2000 and

. 500 larvae was regularly used in rats and: mlce, .respective-

ly. Day 0 was considered the day the worms were given to

the animals.

2.4 Turpentine studies

Undiluted turpentine (Harrisons & Crossfield,
Toronto, Canada) was used in a subcutaneous injection in the
dorsolumbér region of rats, under ether anesthesia.~ The
foutine turpentine dose was 1OB 4l per 100 gm of bedy
weight. In experiments in which the effect of the turpen-

tine dose was examined, the turpehtine.was not diluted but

" was delivered as a smaller volume. Turpentine was injected

using a glass syringe and 23-éauge need;e.

Animals undergoing turpentine-induced inflammation
were bled as indicated in the Results; however, their 1liver
function or macrophages Qere always studied 24 hours follow-
ing turpentine injection. .

!
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2.3 Lells -~

2.5.1‘.E;gnghgglv§glgr cell preparations

o py . , .

Bronchoalveolar cells were recovered from rats by

washing-oﬁt their lungs using.warmea (37fC)'bBS. Rats we}e

first given a lethal dose of Sodium Eentobarbiial ("Sonmo-

tol", H.T.C: Phérmaceuticals, Mississauga, Canada) and ex-

sanguinated by seQering the dorsal aorta. The rat's pleural

cavity was exposed by pierciné theAdiaphragm without damage‘

to the lungs. 'ﬁhis step alléweq the lungs to deflate. The

animal's trachea was then exposed and the plastic stem from
a 23-gauge infusi;n. butterfly inserted and -tied-into it.
~Phosphate buffered séline"g@s“infuéed in 5ml volumes, the
theoracic cavity lightly méssaged- and the fluid withdrawn
into a second syringe through a three-way stopcock svstem.
The PBS infusion/recovery was repeated 10 times until a
total of 50 ml of fresh, sterile PBS was used._

The cells recerred from several animals were usuél—
ly pooled following the first wash by centrifugation. From
the time of the washout tpe cellgiwere kept on ice, until
they were cultured. Pooled alveolar cells were washed in
either PBS or RPMI by repeated centrifugation through fresh

medium at 200 xg, 4° C. . The final wash was aiways in RPMI

supplemented with 10% FBS (complete medium)'in‘breparation

 §

' -

for culturing.

Bronchoalveclar cells were counted and the wviability

determined using a hemacytometer and trypan blue as a vital
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dye (Gibco, 5% final volume). The number of viable cells

was corrected'to 1.-% 106 per ml and the cells applied, in

"complete RPMI onto plastlc petr1 dishes. The cell yield in

any szngle experlment'determlned the size of the dlshes used
for culturing, but the cells were always cultured at the
same .density. ~ There was no evidence to suggést that. any-
single size of dish gave resui&s different from other dlsh
sizes. )

Following a tweo hour incubation, during which time
cells adhered to the plastic, all dlsheibwere washed repeat-
éély'using warmed PBS. Tpe'culture media was then replen-
ished to its original volume .with incomplete RPMI. One half
of tQ; cultures had 5 pé per ml 1ipopolys§CCharide (LPS, E.

coli, 055:B5, Difco Laboratories, Detroit, U.S.X.) added.

2.5.2 Peritoneal c®ll preparations

Peritoneal cells’ were recovered following the
infusion of cold (4°C) PBS into, the intact ﬁeritoneal cavity
of rats. -The rats were killed by, cervical dislocation and
their-apdomen skinned. A volume of 30 ml PBS was infused

using'au 18 gauge needle without opening the caﬁity. ‘The

~abdomen was massaged briefly, and (usually) at least 2? ml

was recovered by usmng the same neédle 1n the side of the

L

abdomen. If the media was dlscoloured the‘cells.werg ot

Fseq. ., Such ‘discoloration may be due to gxceésive red blood

cells or the initial injection having pierced the bowel.

J‘ A 1
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2.5.3 lnfestingl cell pweparations
The isolation of intestinal cells involved serial

exposures of theg tissue to digestive media. The entire

+

§E§Zi intestine of a rat was removéd, washed out using a .

glass Pastufe pipette and PBS, gnd then slit open along the

\\kk(longihudinéi) mesenteric axis in a bath of égld PBS.

Sectiods of intestine about 5 cm long were cﬁt and laid onto

Whatman (#1) filter paper. At this time the Peyer's Patphes/’%\
were discarded. The mesenteric border wa; trimed*off.;he
, . sectidns and the remaining tissue was then returneé to a
dish of HANKS media. These sections were trimmed into
sﬁéller pieces by cutéi%g multiple s;ctioﬁs off the -énds,
perpendicular to the direction of the gu£ lumen. These
pieées were incubated in pre-warmed, cCa2* and Mg2* free
HANKS (37'C) containing'i.B mM ethylene-diaminetet;a—acetic
acid (EDTA). One rat intestine was typically incubated in
100 ml of media, stirring at 37°C for 10 min. The EDTA
digestion was repeated for a total of three times: the
© tissue filtered through surgical gauze ‘i temporarily
bathed in HANKS between digestion. The EDTA incpbations
were intended to "burn-off" the inteééinal epithelium’ and
eipose the lamina propria for the next stage of thé diges-
| tioﬁ. | |

The laﬁina propria was digested using collagenase.

.Twe brands of collagenase were used over the duration of

fhese experiments. While there was no cobvious difference in

-
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| the-performance of eacﬁ brand, a direct comparisqn of their |
respective® "units" cannot be méde because each supplier had
~a different assay for collagenase activity. Gibco collagen-
asé was used at 25 units/ml in 200, ml of HANKS media while
the Sigma (St. Louis, U.S.A.) product was used at 70 mg in
the same volume. In both cases the HANKS medium was supple-
mented with 20% FBS. The collagenase medium was pfewarmed
‘to 37°C and the tissues suspended in 100 ;1, f;llowing ihe
final EDTA wash. This digestion was left stirring at 37°C
for one hour. The medium from this stage wés saved after
the tiséues were filtered‘out and returped to fresh coll-
agenase, for a second hour; The.cells collected over the
first hour of éollagenase digestion are referred to as "coll
I" in the results. Following the second hour of digestion
the tissues weéeffiltered and the media saved. The'tissues
were resuspended in a small volume of HANKS and mulched by
repeatedly drawing them up and down a 10 ml syringe barrel,
resulting in a slurry. The product of the second call-
agenase digestion wag'two populations ©of cells- the second
hour incubate, coll II, and the'"syringed" population.

All three cell fopulations were collected by centri-

fugation at 200 xg at 4°'C for 10 min. Each fraction was

resuspended in 30 ml of RPMI in prep

ation for nylon wcol
separation. The nylon wool wa eaned by beiling it in an
EDTA solution followed by distilled water. Three gram

pieces were packed into a 10 ml syringe which was then
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moistened with RPMI td eﬁﬁﬁre there were no cavities in the
column. The cglls were passed through this column followed
by enough RPMI f& bring the final volume of thé collecting
tube to 50 ml. The nylon wool was intended to remove mucus
aéd large lumps of celis and was not expected to separate
cell types. |

s Following centrifugation, fhe syringed population
vand coll II were pooled into a single 50 ml tube, the total
number of cells and viability determined in coll I and II,
and the cells washed in complete RPMI. The cells Hwere
finally resuspended in 35 ml of media in preparation for
centrifugation through a 30% Percoll solution (Pﬂarmacia,
Uppala, Sweden) (Ulmer and Flad, 1979:; Pertoft and lLaurent,
1882). This initial Percoll separation waé inténded to
enrich for viabie cells. |

The Percoll gradient was prepared by mixing 26 ml of

stock Percoll with 2.5 ml of 10X concentrated HANKS, 0.25 ml™ "’
of HEPES and 2 drops of 10N HCl, the final volume being .
approximately 30 ml. The Percoll was then added to the 35
ml of coll I and coll II, to a final volume of 50 ml. Both
tubes were thoroughly mixed; the final homogeneous solution
becomes 30% Percoll (v/v); Centrifugation at 200xg for 10
min at 4°C separated dead (less dense) cells from viable
(more dense), the viable cells spinning down into the pellet
in the tube. The pellet was recovered and the cells washed

repeatedly in RPMI to remove contaminating Percell. Coll I

{f



and coll II were always applied to the DPércoll step in
separate tubes inlorder to avoid saturating the solutioen. |
The two collagenase products were usually poolqg after the
single-step Percoll enrichment and represent the entir(
lamina propria cell‘population. Cytocéntrifuge slides'of
representative samples of the intestinal preparat;ons were
always prepared using a Shandon (Johns Scientific, Toronto,
Canada) table top cyt%centrifuge operating at,350 rpm. For
intestinal-cell cultures the cell density was corrected to §

X 108 viable cells per ml and to 2 X 10% viable'cells per ml

for cytocéntrifugeAﬁreparations.

2.5.4 Hepatocvyte preparations

Rat liver cells were iéolaﬁed by in situ perfusion’
followedﬂby in z;;;g collagenase digestion. Rats were first
anesthetized using Somnotol, then given an 4intraperitoneal
injection of 10000 units of heparin ("Hepalean", Organanon) .
The rat's abdominal cavity was opened and the portal vein.
-eXposed. A peristaltic pump was outfitted to perfuse at 30
ml/min. A "bubble trap" was furnished, iéaseries, on the
perfusion line to ensure uniform perfusion of the tissue.

The perfusate consisted of ca2??, Mg?+t free HANKS
buffered with 20 mM HEPES épd was maintaiped at approximat-
ely 35°C. Air was percoléted through the perfusate using a

conventional fish tank air pump and autoclaved hoses and
!

!

filters. All éolutions used in the isolation of liver ‘cells
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were filter- sterilized through 0.22 un filters. - 'The portal

vein was pierced and cannulated with a plastic catheter.
The catheter.was tied down to the vessel us@ng No. 000 Black

- silk (Davis-Geck Cyanamid, Montrea;, Canada). The perfusiﬁn
waé bequn as soon as the catheter was secure. It was neces-
sary tg severe a major blood vessel to allow the perfusate
to escape the animal's circulation. The animal was exsan-
guinated in ‘the ﬁrocess. This initial perfusion uéually
took about 7 min -during which time the entire-liver was
dissected ocut of the animal and removed to a petri dish.

;__ " The liver wai then bathed in a cPllagenase- solution
maintained at 35-37°C in a water bath. The digestion medium
consisted of collagepase (75 mg, Sigma) in HEPES buffered
HANKS reconstituted with ca2t (0.12mM CaClz) and 2% bovine
serum albumin (ﬁSA), to a final volume of 100 ml. The col-
lagenase digestion was allowed to . incubate for 10-15 min
with- the- solution continﬁaliy perfuéing through the liver.
Followiné the digestion the hepatocytes were combed away
from the lobules onto a dry and sterile petri dish. The
cells wpre pipetted-off 'the dish into 100 ml of 0.2% DNAase
(Sigma) and left stirring at 37°C for-ls min. The purpose
of the DNAase was to disrupt cell aggregates which were
thought to be due to DNA adhering between ceils. The
incubation in DNAase was optiocnal and was not always
performed since some batches of collagenase proved to be

more effective than others in digesting the 1liver into

el
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single cell suspensionf. In either case, the cells were
finally recovered into 50 ml pelypropylene tubes and washed
repeatedly using complete WILﬁIAMS-E'nmdium. Hepatocytes
weéé enriched.by washing the product of the liver digestion
at unit gravity- leaving the cells on the bench for 415 min.
Hepatocyteé are cénsiderably heavier than macrophages
(Kupffer cells in the liver) and settled into the pellet in
the tubes within minutes. Kupffer cell contamination was
determined to be less than 2% based on morphological crit-
eria. ' -

Hepatocyte préparations were routinely greater fgqn
70% wviable, deterﬁined by trypan blue exclusion. The céll
concentration was corrected to 8 X 10° viable cells Q?r ml
and 0.25 ml was applied into each well of a 24-well plastic
dish ("Nunclon", N.U.N.C., Denmark) which had been previous-
ly coated with rat collagen ("Vitrogen 100", Collagen Cor-
peration, Palo Alto, U.S.A). Following a2 ﬁr incubation at
37°C the adherent cells were washed using pre-warmed (37°C)
WILLIAMS E-and the cells cultured in a final volume of 0.25

ml.

2.6 . Hepatocvte-stimulating assay

Primary hepatocyte cultures were used to assess
hepatocyte-stimulating activities from two sourceg: the in

vivo consequences of turpentine-induced or parasite-induced

inflammation and secondly, the products of macrophagés iso-
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lated from animals but maintained 'in, vitro. The first
activity is a direct ;neasure of liver stimulation in th;a -
animal and the hepatocytes were simply isolated and cultured
for 3 days at 37°C, é? CO5. The collagen-~adherent cells
were washed every 24 hr and repienished with fresh WILLIAMS
E (final volume 0.25 ml). The culture supernatant was saved
following each 24 hr wash and"appliéd to the rocket immuno-
electrophoresis assay.

The second (in xi;ég) cell assay was used to measure
the state of activation' of hepatocyte-stimulating factor
(HSf) -producing cells. In the case of magrophagesf the 24
hr culture supernatant was recovered and dialyzed against
PBS ("Spectrggqre“, Spectrum Medical industries, Los
Angeles, U.S.A., molecular weight-cutoff of 15,000) for‘48

- »

hr. Following dialysis, the supernatants were filtered
{

through a 0.22 um filter and frozen at -20°C until. assayed

on hepatocytes. Serial dilutions of the macrophage super-
ﬁatants were prepared in PBS and Applied onto thé hepato-
cytes in a 0.25 ml volume. The supernatéﬁé was re—applied
with each 24 hr change of hepatocyte :medium. Unles

. A
otherwise indicated, the 72 hr hepatocyte supernatant was

4]

",analyzed by rocket immuncelectrophoresis. The positive
control in this assay was the 24 hr culture supernatant from
human peripheral blood ﬁononuclear' cells stimulated with
LPS, while media alone served as the negative control (Koj

et al., 1985). Media containing LPS alone did not stimulate
]



.hepatocyte acute phase protein synthesis.

‘This approach to measuring hepatoéyte-stimulatiﬁg
activity production was also used to indicate whether cells
recovered from inflamed/parasitized animals were activated
and secre;ing greater amounts of factor(s) than those
recovered from normal rats. In these experiments, one half
of the cultures of both"populaﬁions, infected ‘and nen-
infected rat macrophages, had LPS added to the culture.
This additional in gi;ig stimulation served to identify
whether the cells were maximally stimulated by the in vivo
inflammation, or whether they were inhibited. The negative
control for. in wvivo activation was normal and unstimulatéd
rat macrophagé supernatant. The presentation qf hepatocyte-
stimulat@ng factor assay resuits is described in the next

section.

2.7 -Rocket immunocelectrophoresis

Rocket immuncelectrophoresis was performed according
to Weeke (1973) in 2% agarose ("Seakem.ME",_HandelrScien-
tific, Rockwood, Canada) dissolved by boiling in barbital
buffer (30 mM barbital, S mM.Na barbitone, 0:25 M glycine,
0.25 M TRIS: Fisher Scientific, Fairlawn, U.S.A.). Mono-
specific rabbit anti-rat Acute Phase Protein was mixed with
the agarose at 60°C and poured onto glass slides (10 cm X 8

cm, final volume 12.5 ml). The optimal dilution of the dif-

ferent anti-sera was determined by trial and error and are

v
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recorded.ixi Table 8. The hepatocyte supernatants (7 gl)
" were .used undiluted in the antigen wells. Rat serum
specimens were diluted as recorded in Table 8 and 7 gl
volumes were used in the antigen wells. 'Electrophoresis\was
run at 25V, 60mA per glass.plate for at least 10 hr at 4°C
for both hepatocyte-and-serum samples. Followihg electro-
phoresis the plates were soaked in dishes of 0.89% saline in
order to leach-out free proteins, tﬁen the —.agarose wa;
pressed flat onto the glass slide and dried in an oven.at
60°C for one hour. The protein ﬁrecipigate on the slide was
stained using Coomassie brilliant é}?e (Merck, Darmstadt,
Denmark) . Exéessive background .;%qin _@&s. removed by
repeated washings in a mixture of water/ethégél/acetic acid
(55/30/15, v/v/v). . :

The precipitin bands on the stained electrophoretic

plates constituted the rockets. .. The distance between the

peak of the precipitin and the leading edge ©of the

antigen well was conside the reight of the rockets.: The
coefficient of variation “for rocket peak heights, ﬁeasured
between replicate rockets of one sample on the same plate
was less than 4% and and on different plates, using the same
batch of 'éntiééfa,- was less than 10%. The rocket peak
heighﬁ was directly related to the logarithm of the antigen
concentration hence dilution curves for each antigen/-

antibody reaction were determined. The antigen dilution was

plotted against peak height in order to compare concentra-

&

w
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Ly
TABLE 8
Volumes and concentrations of
antisera and antigens used in .
rocket immunoelectrophoresis
. % ANTIBODY ANTIGEN
Acute Phase Protein : CONCENTRATION CONCENTRATION
erum
Albumin | 1.2 1/500
apymacroglobulin 0.64 1/50
Haptoglebin _ 0.16 1/250
ajacid glycoprotein 2.0 1/40
@jcysteine protease inhibitor 0.40 1/160
Plasma
Prothrombin 0.80 1/250
Fibrinogen 0.80 1/250
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e

tions between samples.

Serum Acute Phase Proteih concentrations are report-
ed in one of two manners. For some experiments the rocket
peak height .of "unknown"'samples was compared to the dilu-
tion of a standard pool of inflamed rat serum necessary to
achieve a rocket of equal height. The estimated dilution of
inflamed (infected) samples was divided by..the estimated
dilution of Qay 0 (normal) sefum from the same rat. This
calculation yieléeé‘a number representing a "percent change"
compared to normﬁi; over time for a Single rat. 2 The numbers
from 4 or 5 animals bled on the same day wgfe pooled to give
a mean change * standard error of the mean. This method
gave a relative indication of changes in concentration over
time and neglecied variability between animals on the same .
day. The second measure was to determine the' absolute
concentration of a protein by comparing the rocket peak
heights to a standard dilution curve determined from
immuhoelectrophoresis of purified proteins of known con-
centration. The second measure shows the "between animal"
variability in protein concentration, including day'@, and
statistical tests were used to compgfg day.o with other days .
of infections., |

Hepatocyte-stimulating assay results are expressed
in two manners. One method was to use the ratioc of the

{

rocket peak height for any single Acute Phase "Protein

1

(usually ayM) from different samples divided by the rocket

»
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peak height of albumin {pr the same samples. Increases in-
this ratiq were Eotentiaily due to a number of factors, in
the hepatocyte assay including.a rise in Acute Phase-Protein
concentration,.a decline in albumin concentration or both.'
The utility of the ratio lies in the fact that it standarj;"
dized changes within and between assays. If there was a net
difference bet&een the.total protein-synthetic activity of
two normal batchéghof hépétoc&tes, the relative synthesis.of
albumin to other proteins remained constant ;;E‘the ratio
was similar for the two batches of cells. The normal res-
ponse of cultured rat hepatocytes to the positive‘control
was increased synthesis of Acute Phase Protein and decreased
synthesis of élbumin, and the ratio rose directly with
ihcreasinq concentrations of the monocyte supernatant.’
Therefore the ratio preovided a sensitive, albeit non-
specific, measure of hepatocyte activit&.'

-

The second method for presentation of hepatocyﬁe—
stimulating activities is the calculgtipn of a stimulation
index based on ayM synthesis by the liver celis. A diluticn
series of the positive control for hepateoccyte stimulation
(LPS-stimulated human peripheral blood mononuclear cells)
was included in every assay and was used to determine the
rate of change of rocket peak height due to "factor con-
centration. The 16910 transformation of the volume of

monokine in each dilution was plotted against rocket peak

height and the "one-half maximum hepatocyte stimulation®, in
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Nh‘“u{\of cytokine, was determined (Figurc 2). “Serial dilutions
of \ macrophage <culture supernatants containing unknown
amounts of stimulating factors were analyzed concurrently.

The supernatant dilution of each of these samples was plot-

ted against the @»M peak height determined by clectrophor=’

esis. The "best fit" straight‘lfhe was drawn between these
points and was extrapolated untél it interseccted Qith-@hc
one half maximal value determined for the positivc:control;
This point of intersection .was read as a“ volﬁﬁc on the
ahscises and was estimated to be'the §olhme of supcrnatant
necessary to acheive one—half. méximum assay stimuléﬁion.
Hepaéocyte-stimulaﬁing'dnits wereLcélculqted as tollows:

1000

— - = units
Y-intercept, ml . 5

il .

The numerator 1000 corrects;thq units to cvtokine in.1 ml.
This measure of specific hepatocyte-stimulating units was
used only for stimulation of. dzn. The coeftfiéient ot

variation -fbr calculating unité of activity lin ‘the - same
assay w%s less than 10%. The éoﬁcept of empirical units was
functional for comparing "within assdy"_fc;ylts becausé,the
a>M rocket peak heights vary with the batch'of.gntiSegg_and
concentration used. The advantage of ﬁqis' measure of |
hepatocyte-stimuléting activity was that it is indepcndgnt

-

of changes 1n albumin levels. ‘ : .



Figure 2: Rocket immunoelectrophoresis -of rat serum
-» showing the relationship between antigen
concentration and rocket peak height. A;
rocket, immunoelectrophoresis of a,macro-
globulin derived from hepatocyte supcy-
natants. B, plot of monocyte supernatant
" volume versus rocket peak height in order
to determine Hepatocyte-stimulating
factor units. .

r~ -
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2.8 Lymphocyte-Activating Factor assay

The method chosen for measuring IL-1 activity was
the‘mhrine co—mitogenic assay (Lymphocyte=-Activating Facte;
or LAF, Farrar et al., 19787. The assay involved eulturing
C3H/HeJ-strain thymocytes (pooled from several animals} in
MEMF-15 supplemented with ?BS,' penic;llin/streptomycin,
L-glutamine,_HEPEs, Na'bicarbonate, Na'pyruvate (1% of 100
mh stock) and S-mercaptoethanol (10"5 M) for three days at
37°C, 5% COj. ‘The cells were cultured at 1.5 X 107 viable
cells per ml"J%n 100 pl volumes in 96 well microtiter

dlshes. Sub—mltogenlc concantratlons of phytohemagglytlnln

(PHA, 1%, Difco) and serial dilutions of crude IL-1 were

‘addeé (100 pl volumes) to the thymocytes on the first day of

culture. Ony the third day.a radiocactive label was added (50
ul of 10 pci per ml methyl—3H thymidine) to the cultures and
the cell DNA harvested on-a cell harvester ("Mlnlmash" M.A.
Bioproducts, Waldersv111e U S.A.) 24 hr lateri? The prolif-
erating - cells incorporate the radiolabell into ‘their DNA;
the "hot" label on the harvester filters was counted in 5ml
of liquid sc1nt111ant (22 mM 2,5- dlphenyloxazole, 0.27 mM
di-1,4 (phenyl-5-oxazolyl)-2-benzene in toluene) in. a §8
counter. .

_LAF assay results are presented as the mean #* stand-

ard error of the mean of the total radiocactivity (counts per

min} for three determinations at each dilution.
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2.9 Measurement of Acute Phase Protein mRNA o
2.9.1 ;solation of liver RNA

—

- Total liver RNA was isolated from rats using‘ﬁhe
guanidine HCl method 'fCox, -1968). The procedure firét
involved hcmdgenizing 1 g pieces of fresh rat liver in 8 M
guanidine HCl (BRL, Gaithefsbhrg, U.S.A.; 10'ml, béffered
wiihlso QM Tris, 10mM EDTA, 0.1 M potassium acetate, pH
7.5). The product of this step was ce;t:ifuged (10,000 xg,
4°C) and the pellet discarded. Absolute ethanol (-20°C) was
-added (5 ml), the mixture vortexed and left to incubate at
-20°C for 1 hr. lThe preferential iSéLation of RNA ;ver DNA -
depended on the‘raﬁio of ethanol/éﬁanidine. Following the
fiFst incubation the solutian'i; centrifuged and the pellet
‘resuspended in 5 ml df 6 M-guanidine HCl (buffered with 0.1
M pétassium ggetate). Ethanol was adéed, in a 1/2lx volume
of the guanidine, the solﬁtion vortexed, and left incubating
fér one half hour at -20°C. The 6 M guanidine extraction
.was repeated for a total of three times.

Following the final 6 M extraction the pellet was
resuspendéd in.(distilled and autoclaved) water. The sample
was vortexed and centrifuged immediately. The'watef was
saved and the pellet resuspended in fresh water. From this
pqint ;n fhe isoletion the RNA was kept on ice. \‘/)7

The optical density (0D, 260 nm) of the RNA was

determined for a  1/100 dilution of the water-extracted

‘product. Repeats of the water extraction of the pellet
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continued until the ODjgn declimed; the RNA was usually

recovered over Sthree or four extractions. The RNA was
precipitated from the water by adding sodium acetate (final
concentration 0.3 M)‘and 2.5'volumes of absolute.ethanbl and
incubating the mi‘xture at -20°C.*' Following an overnight
incuhation the RNA was centrifuged out of the water, the.
pél;gts pooled, and reconstituted in' 1ml of water. _The
final concentration of the RNA.was determined by the fact

that 1 0OD;gg equals approximately 40 pg of RNA (Maniatis,

Fritsch and Sambrook, 1982).

2.9.2 Transfer of 1iyér RNA to nitrocellulose

14

Liver RNA was {ixéd to nitrocellulose filters in
preparation for molecular hybridization. Dot/blot analysis
was performed to quantify specific mRNA for each prétein.
For the dot/blot analysis (Kafatos, Jones and Efstratiadis,
1979), a known amount of RNA was diluted in @enaturant (2.2
‘M formaldehyde in 6X SSC: 20X Ssd stock made from 175.3 g
NaCl and 88.2 ¢ sodium citrate in 800 ml water, pH 7.0),
heated for 15 min at 55°C and further diluted by a factor of
2 or 3 to give a range of concentfations between 10 and 0.33
gg. A sheet of nitrocellulose was pre-soaked in 6X SSC and
with an absorbent filter paper baéking, laid on the siage of
a dot/blot apparatus. The RNA was applied to the chambers
on the apparatus in a final volume.of 200 pl under light

-

vacuum. The vacuum was progressively increased until all

ty
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the fluid had passed through the nitrocellulose.  The
nitrocellulose filter was then removed and oven-baked (80°C)

for 2 hr and stored at room'temperature between sheets of

dry filter paper.

-

2.9.3 Molecular probes and hybridization of liver RNA

The complement&fy DNA (cDNA) probes for rat Acute
fhase Proteins were kindly provided by Dr. H. Baumann, Rbs—‘
well Park Memorial Institute, Buffalo, New York. Six cDNA
probes were used, haptoglébin {pIRL~9), aCPI (PIRL-3),
alAGI;"-(pIRL-IO) (Glibetic and Baumann, 1986), 18 S (ribosomal
RNA), apyglobulin and‘ﬁ:actin (kindly provided by Dr. C.
Hafley, McMaster University, Hamilton, Ontario). The cDNA
for ajAGP was radiolabelled by tﬂé random priming procedure

(Feinberg and Vogelstein, 1983) and «;CPI, haptoglobin,

@y,globin and 18 S Jrere radiolabelled using the nick

translation procedure (ﬁigby gﬁ al., 19?%). .‘
Nitrocellulose fil£ers blotted with RNA were "pre-
hybridizéd“ in an excess volume of buffer"(4x ssc, 0.1 M
NaPO,, 10X Denhardt's solutfon: 20X stock madc_é__ gror;x 0.4%
each of BéA, Ficoil and polyvinyl pyrolodeone:; 0.2% sodium
dodecyl sulphate (SDS), 1 mg/ml Salmbn sperm DNA)Y overnight
at 60°C. The next day the radioactive cDNA plasmid (106
counts per minute} was added to the hybridization buffer
(éimilar' to pre-hybridization .buffer except  Qith 1X ben-

hafdt's) and used to replace the pre-hybridization buffer.

L]

ey,
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The hybridization mixture was left incubaﬁing in a water
bath shaklng slowly, for at least 18 hr at 60°C. Following
the hybrldlzatlon the nitrocellulose w&g washed repeatedly
in an excess of 2X SSC with 0.02% SDS. The filters were
dried after washing and exposed onto  photographic fiim
overnight. . A
In order to gquantify the radiolabel incorporatea
'into‘the nitrocellulose filters, each, dot was cut-out and
the radicactivity counted in 1liquid scintillanth, in a g
counter. The absolute amount of RNA on éach dot was deter-
mined by comparing coungs from barallel filters hybridized
‘'with either actin or 18S ribosomal probes."Resplts of the
dot?%lots are presented as the fold difference in radio-
acti;Ety of infected liver RNA samples versus normal liver

RNA dots.

i
2.10 Non-specific phagocytesis Bf neutral red

' Phagocyt051s of neutral red partlcles (Gibco) was
.sed as an 1nd1cator of antlbody- and complement-independent
phagocytosis (Cohn and Weiner, 1963).- Intestinal ;r
peritoneal.cells were prepared in a concentration of 2 X 106
viable cells per ml in cémplete RPMI. To 0.5 ml/ of cells,
50 pl of 0.1% neutral red dye (made in 0.?5 M sucrose) was
added. The cells were then incubated at 37°'C for 20 min
with intermittent shakinq. Following ;@e—incubation, the

LS
cells were washed through two changes of fresh RPMI and

-
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T 2.11 Histology
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cyt;centrifuge preparations made. Cells having phagocytosed
peutral red particles we;? visible using a compound ﬁicrq;
scope with no further staining, and appeared slightly ;ed.
The ‘results of the phagocytosig assay are expressed as the

percent of total cells phagocytosing the dye.’

-

' -
Rat lung, diaphragm and intestine were prepared for

histelogy by fixing fresh specimens in 10% neutral-buffered
. ~ .

‘formalin. all tissues were allowed to fix:fdr at least 36

hours, but one week was more common. Tissues in formalin
were kept at 4°C. B

Following this pefioq oﬁ'fixation all tissues were
dehydrated by serial (one hour) incubations in ascending
concent;ations of ethanal and two final baths of absolute
ethanol.~ Folowing the ethanols was a bath of a 50:50 mix of
ethanol and xylene, then three chariges ogrxylene and finally
three cﬁanges of molten pa;affin ("Paraplast", Canlab, St.
Louis, U.S.A.). ‘Both lung and intestinal tissues were
infiltrated in molten”paraffin under vacuum. The paraffin
was allowed to harden with the tissue in a ﬁlastic cast and
the blocks. were stored in a freezer until sectioning.

Sections were cut using a steel knife on a microtome
set for 3 pm advances. Cut sections were ﬁafted onto a bath

of warm distilled water with dilute egg albumin powder.

Microscope slides were then dipped into the bath and the
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sections directed onto them. The dried slides were stained

using a routine procedure for hematoxylin and eosin. °
Intéstinal tissues that were proceséeé for non-

specific esteraée staihing were immediately snap-frozen in

2-methyl butane, upon dissection from the animal. Shortly

——

-

after the snapjfreeziﬁg they were transferred to a bath of
liquid nitrogen until paraffin infiltratipn. Wax infilfra-_~_
tion was performed under the vacuum of a lyophilizer.- After
two hours the tissue wére infiltrated with paraffin and were
transferred to a bath of ﬁglten.paraffin-and blocked similar
to formalin fixed tissues. The tissues embedded in this
manner were fixed in the first stages of the esterase stain-
ing protocol. | o

2.12 Cytochenistry

2.12.1 Non-specific esterase

The identification of cellular esterases is based on
the enzyme activity splitting an exogenous a—napﬁthyl sub-
strate with the broduction of e-naphthyl which couples with
hexazotized pararosanilin to form a colored, insoluble,
amorphous deposit at the site of the ﬁnz;ﬁé. The proéedure
for staining of cellular non-specific esterases was a
modification of the protocol of Yam, Li and Crosb}, (19fl)i
The single-most important modification was a substition of

their fixative with acetone/0.038M Na citrate (6:4, Vv/V),

for both cytocentrifuge preparations and intestinal tissue

sections.
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The- §t_aining pfocedure réquired that a number of
_solutions be ﬁade in aﬁvanqe: " Sorensen's buffer or “so}u-
tion A" (0.066M solutiog; of‘KHéPOJ and Na,HPO, mixed until.
éfhe pH is 7;6); para;osanilin, "golution B" (lg pararosani-
I;; hydrochloride (sigma)ﬂéissolved in 30 ml of distilled
water and 5 ml of 14 N HCl); "solution C" (0.4g Na nitrite
in 10 ml of &aéer); and a-naphthyl acetate (Sigma), “soiu-
tioh D" (0.09g disso}ved in 4.5 ml ethy}ene giycgl monometh-
- ylether). When a—napbthyl butyrate was_fgbstituted for o-
rnaphthyl acetate it was qSed‘iﬁ\similar relative concentra-
tions. Harris' haematoxylin was used as a counterstain.
‘Slides wefe incubated in the.above fixative, on_ige,

for 30 seconds, then run through 3 changes of distilled-‘
water. The washed slide were left to air dry at room
temperature. Hexazotized pafarosanilin was prepared by
mixing 2.7 ml-each of solution B and C and leaving it for 1
minute. Follgwing this‘incuﬁation, 80.1 ml of solution A
was.added, mixed, then the whole mixture added to sclution
D. This final mixture was adjusted to pH 6.0 and filtered
through Whatman number-l filter paper into a coplin jar.
Slides were incubated in the filtered solution for as long
as 45 minutes. In the éxperiments where NaF inhibition of\
non-specific esterase was examined, thé NaF powder was added ‘
directly to the incubation mixture. ’

Positive staining was evident with the unaided eye

providing the cells were applied onto the slide at a density

-
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of at least 1 X 10% per ml. Positively stained cells were
‘ usually evident before the end of the 'incubation peri&d but
in. order to beée consistént all slides were left for the
entire 45 min. Following the staining périod slides were
removed, rinsed in 3 changes of distilled water and counter-
stained for 1 to 2 minutes. Excess coﬁnterétain was washed
out using distilled waéer, the slides left to dry at room
temperature, and finally coverslipped with Permount media
(Fisher Scientifie). . - ~
A second,'morg rap%?,'procedure for staining cell in
suspension, was a}so used and gave similar results to the

above technique (Tucdker, Pierre and Jordan, 1977).

2.12.2 MyloperqgidaSe

Cellular peroxidase was identified in cytocentrifuge
preparations ysingrthe method of Kaplow/(lgea)i TRe sub-
strate solution of benzidine dihydrochloride was made.-by

mixing 0.6 g benzidine dihydrochloride, 1 ml 132 mM Znso4:

7H»0, 1.g sodium acetate, 1.5 ml 1IN NaOH and 0.2 g safranin-

O in 100 ml_30% ethanol (v/v). The solution was adjusted -to
. PH 6.0 and filtered. Immediately be£9re staining,-zq ul of
30% H,0- was added to 25 ml of the substrate in a coplin
jar. Slides were stained in this final mixture for 30 sec
at room temperature. Following the staining the slides were
washed in distilled water, dried and mounted using Permouht.

The reaction prodﬁct stained in black granules on a faint
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pink background. This method was intended to identify

eocsinophil. peroxidases.

2.13 Statistical analvsis

'Al; data'are repcrted as the mean * standard error ,

of the mean. Where the "mean * standard error" is stated,
- o
the standard error of the mean is assumed.
- - | Data shqwing changes in the concentrations of serum
Acute Phase Proteins were analy;ed, and shown to be normally
distributed, by the Lillifor's test for normality. In
experiments in which a test for differences between ﬁntreat-
ed and treaﬁed animals was deéired, the student's t-test'was'
performed between sample populations of rats obtained on the
same daﬁ. In those experiments in which aitegt for changes
over the course of a single infecticn was desired, the
student's t-test was' applied to two time points from the
same animals. The effe;t of bleeding did riot cause signif-
icant changes in serum Acute Phase—Protein—concentrations.

All statistical analysis fwere performed using
"StatPak" (Northwest Anplytical Incorporated, Portland,
Oregon, U.S.A.) Vgrsion 4.1, assuming unequal :variances'
Qﬁtgéén sample populations. A stastical test ‘value  of
P£0.05, for a one-sided test, was assumed to prove sig-

nificant differences between sample populations and is

- indicated on the figures.

T ==



3.1 Turpentine-induced jnflammation of the rat . .

‘ Preliminary studies of the ZAcute Phase Protein
ﬁ Response of rats durj:ng infection by N. brasiliensis showed
g . - . . ]

that serum changes due to the parasite were substantidily
P

lower than those induced by turpentine.. Considering that

the assays ‘for liver activation and hepatocyte—stimuléting'
activity were developed from experiments involving high tur-
pentine doses, it was imperative that the rat response to

lower turpentine doses be examined and the efficacy of the

assays be re-examined.

3.1.1 Serum Acute'. Phase Proteiﬁ Response of rats due to

tﬁ;gentine

Inflammation of various laboratory animals by
steiile noxious chemicals has proven to be a popular method
for studying inflammation in general. Agents chosen to
elicit inflammation include, carrageenin (Deshmukh et al.,
1985; Sedgwick and.Lees, 1986), Freund's adjuvant (Johnson,
-DiMartino and Hanna, 1986; Hirschelmann and Schade, 1986),
LPS (Kageyama, Ohkubo and Nakaniski, 1985), and turpentine
(Lombart, Sturgess and—Schachter, 1980; Schréibér et al.,

1986). Each agent may give a different response depending

88
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on the site of adminstration but typically a single admin-
istration will give significant and reproducible serum Acute
Phase. Protein changes. Figure 3 shqws the typicalgserum

Acute’ Phase Protein Response due to a single subcutaneous

»

injection of turpentine (100l per 100g body weilght) in
rats. The positive proteins underwent increases that were
maximal by 60 hours. Levels began to return to normal by 3
days. While all positive Acute Phase Proteins increased due
to the turpentine injection, circulating aibumin levels
dedilnéd as low as 60% of normal levels. From Figure 3 it
'is aléo evident that ;he magnitude of change for each pro-
«tein "differed despite fhe same inflammatggy stimulus: hapto-
globin usually. increased to 3 lesser extent than @;AGP or
aqCPI. The' concordant changes of multiple positive Acute
Phase Proteins duriné ‘turpentine—induced inflammation has
been reported by others (Courtoy et al., 1981).

While the magnitude ¢f changes fof ‘each Acute Phase
Prgteiﬂ.differed unde single stimulus, all protein con~-
centrations changed relative to the dose of turpentine
. administered"(Table'Q). Table 9 shows that ocbvious serum
changes were detectable at turpentine doses as low as 10ul
per 100g r;t- 2 dose considerably less than 500ul1/100g used

by other authors. A decline in the negative reactant,

albumin, was evident at the low dose of turpentine.
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Figure 3:

Changes in the concentrations of serum
Acute Phase Proteins during turpentine-
induced inflammation of rats. Each point
represents the mean * standard error of
four animals. O, «AGP; O , @)CPI:
A, haptoglobin; @, albumin.

/"
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TABLE 9

Percent Changes in concentrations of serum
Acute Phase Proteins in Sprague~Dawley
rats given different volumes of turpentine

e

91

Acute Phase Protein Turpentine Dose (xl/100 g)

A\ ’ 10 50 100" .
@omacroglobulin ) 100 400 1400
@jacid glycoprotein . 420 600 980
@icysteine protease inhibitor 260 f 310 350
albumin- 79 0~ 84

’

66
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3.1.2 Liver Agute Phase Protein Response of rats die to
turpentine k -

The liver¥is the single-most important source of

scerum Acute Phase Proteins. It was therefore necessary to
correlate the hepatic protein-synthetic activity with the

serum changes seen during inflammation. In order to measure

-

protein synthesis by the hepatbcytes,df turpentine-inflamed
. ) . Py

rats, the animal's liver was removed 1intc an in vitro

in vivo by tur-

culture system. These cells\were stimulated
pentine inflammation and were synthesiziﬁg and secreting
: , R .

greater amounts of Acute Phase Proteins in qulture, thén
noa—inflamed cells (Figure 4). Greafer‘protefh secretion by
cells recovered from inflamed rats was represented as a

Q\%argerk ratio (Acute Phase Protein/albumin rocket peak
'heights) at 24 hr of culture. Over the course of the
culture period the‘bells returned to normal synthetic rates,
probably because the enhancing signais were not replenished
with each (24 hour) change of media.

At the dose of turpentine used for Figure 4 it was
obvious that the liver cells were not stimulated maximally
since they responded with further synthesis following in
vitro stimulation. When the stimulating agent, LPS-stimu-
lated monocyfe—conditioned supernatant, was applied at each
change of media (solid triangles, Figure 4) the effect Bf in
vive stimuiation by turpentine was prolonged in therig vitro-

cultures and was in fact considerably enhanced. Contaminat-



Figure 4:

Rat hepatocvte production of Acute Phase
Proteins in culture, following
turpentine~induced inflammation. . Rat
livers were perfused 24 hr following
turpentine administration (100ul/100g).

QO , normal non-inflamed 1liver: Oy
inflamed rat liver:; A , inflamed rat
liver with monocyte-conditioned super-
natant adq§d in vitro.

U
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ing LPS was shown to have no effect on proteiﬁ_synthesis by
| cultured pebatocytes. Whether each‘hepatocyte in the qul-
ture makeé more of all the proteins or whefher-more cells
were rgcruited into-éynthesis was not investigated but work
by others has indicated that all hepatocytes are capable of
making all the pféteins (Caurtoy et al., 1981).

Ehe rate of hepatocyte secretion of «AGP differcd™
from secretion of the other proteins, as shown in Figure a4,
The difference- a steady increase in a1AGP production with
time versus steady or declining synthesis of other molecul-
es- was -likely due to the fact that «;AGP is a cortico-
steroid-inducible molecule.—~ The culture media included dex-
amethasone, without which hepatocyte secretion was sub-
stantially reduced and viability became a concern. The ajM
synthesis by hepatocyte cultures alsoc seemed abnormally high
cénsidering the low circulating levels in normal rats. It
was expected that éﬁéiting the animal during héndling, the
use of somnotol aé ~an anesthetic, and the collagenase
perfusion procedure would contribute to the activation of
the hepatocyte prior to establishing the cells in culture.

An enhancement of hepatocyte protein secretion by_‘
the isolation proquure had some important ramificaticns
when the gells from animals given low doses of turpentine
were examined. The "background" rate of protein synthesis
due to non-specific enhancement masked the effects of lower

turpentine doses. Figure 5 shows the analysis of 24 hour



Figure 5:

-~

- Summa of in.vitro Acute Phase Protein

synthesi by rat hepatocytes following
inflammation induced by increasing doses
of turpentine. The rat livers were per-
fused 24 hr following turpentine Admin-
istration. Each dose represents ,dne rat
except the control which is the mean *
standard error of five animals.
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cultﬁre supernatanté from hepatocytes removed from different
animals given déﬁreésiﬁg doses of turpentine. ‘There was a
threshold effect, at 200 ul turpentine, leading to a signif--
icant increase for some proteins. The lower limit for. de-
tecting in vivo activation of hepatocytes was between 10 and
50xl of turpentine, depenaing on the brotein.

In ordér' to circumvent any difficulties with the
interpretations of the in g;ggé assay, another assay for
liver changes was employed. Using specific cDNA probes for
Aéute Phase Proteins, the _changes in messenger RNA- (mRNA)
were measured ‘from the 1ivef of ﬁarasitized animals. This
assay was, in effect, measuring the "0" hour period of
culture. Turpentine-treated rats -servéd as bositive con-

- .
trols for mRNA changes, and the results can be seen in a

later section.

3.1.3 Macrophage activity in turpentine-inflamed rats

-

Local acute iﬁflammation may affect the animals'
response to a second inflammatory agent, administered at a.
second site. The effect is usually dampening- the so-called
anti-phlegistic effect whereby the effects of two inflam-
matory stimuli on local swelling are.less than the-sum of
each stimuli measured in two animals (Atkinson and Hicks,
1975). Plasma-soluble mediatorg serve as the communication

link between local and systemic inflammatory events and this

anti-inflammatory phenomena is thought to arise from and be



97
regulated by macrophages '(Loegering, 1981):

"Little is known abodf‘the cells responsible for the
liver activation following subcutaneous turpentine injec-
tion. Based on previous evidence .that» the ma&&ophage/-
monocyte, activa_tecf in wvive, makes hepatocyte-stimulating
factors (ﬁghang, Befus and Gauldié, 1985; Lamontagne et g;;,‘
1985) the activity of two populations of macrophages from
rats -underé&ing .turpentine inflammation were examined.
Bronchoalveoiar lavage - and peritoneal washout cells »were
isolated and the plastic-adherent cells, cultured from normal.
and 24 hr—postggfrpentlne inflamed animals. ' One half the
| cultured cells were exposed to further in vitro stlmulatlon'
u51ng LPS. The 24 hr macrophage culture supernatants were
assayed for hepatocyte-stimulating activity and lymphocytef
adﬁivating factor activity (IL-1). Table 10 shows that
neither‘the peritoneal nor alveolar macrophages, isolated
from the turpentine-inflamed .rats, wére activated when hepa-
tocyte- or lymphocyte-stimulating activities were measured.
However, alveolar cells coatd—be— stimulated by LPS to
secrete greater amounts of hepatocyte—#timulating activity
and both normal and inflamed cells c?uld be 1induced to
secrete greater amounts of IL-1. The peritoneal macrophages

showed considerable variability with respect to LPS stinula-

tion of hepatocyte-stimulating activity, and an increase in

the activity of normal cells was detected in only one ex-
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- TABLE 10

Hepatocyte-stimulating activity .and Lymphocyte-
activating factor activity (IL-1) of macrophages
recovered from turpentine-inflamed rats

MACROPHAGE ' STIMULATING ACTIVITY
SOURCEL Hepatocyte-2 Lymphocyte-3

- | -LPS  +LPS -LPS +LPS
normal alveolar 0.22 0.46 26268 £ 3481 60072 * 4638

inflamed alveclar 0.28 0.44 31106 * 4057 60279 * \274
] : LY

normal peritoneal 0.23 0.28 13221 * 1782 32864 * 5104

inflamed peritoneal 0.27 0.25 11402 £ 1137 17374 * 1309

positive Zontrol —— 1.62 —=w=-= 147220
(monocyte-conditioned media)? , ,

1 Alveolar cells were pooled from 4 animals and peritoneal
from 3 animals, 24 hr following turpentine administration.
Plastic adherent cells were cultured for 24 hr.

Results shown as the ratio of asmacroglobulin rocket peak
height/albumin peak height (Roj et al., 1985).

Results shown are the radioactive "counts per minute®
determined from a PHA co-mitogenic assay using CBQ‘BEJ
thymocytes and are mean * standard error.

Human peripheral blood mononuclear cells cultured in the
presence of LPS (Koj et al., 1984).




) ' . ' - 99
perim?nﬁf -The likelihood that this variabi&iﬁy was due to
- the low dose of LPS used (5pg/ml), was not examined furfhér.‘
The failure to detect in vivo macrophage activation indic-
ated that these cells did not participate in the Acutc'Phase
Pfotein Reséonse due to'subcutanééus turpentine. Further-
more, these cells were capable of being activateq'to secrete
‘inflammatory mediators important in the regulation of the
response and Qere not affected by counter-irritation.

“ -

3.2 Nematode-induced inflammation of the rat

3.2.1 Biology of N. brasiliensis and T. spiralis infection

’

The host respénse to infection by N. brasili 1% or

T. spiralis share some common general features, y differ

in other specific details. Adults of both parasites inhabit

the proximal jejunum albeit in a different niche; N. brasil-

iensis remains intraluminal (Ogilvie and Jones, 1971) while
T. spiralis mature 1in an intraepitﬁelial space (Gardirner,
1976; Wright, 1979). Both infections remain in the host for

similar periods of time. N. brasiliensis reach the host's

intestine by 90 hours following subcutaneous injeétion.and
their numbers remain constant until day 8 PI when they begin
to decline until few worms remain at day 14 (Figure 6). It
can be seen from Figure 6 that egg production by the mature
worms roughly reflect the changes in numbers of worms in the
intestiﬁe, The few worms that remain beyond 114 days are

usually male or "immune adapted" females (Atfrica, 1921).



Figure 6:

Worm numbers and egg. productien by a
primary N. brasiliensis infection _1in
Sprague-Dawley rats. Each point on the
worm recovery curve ( g ) represents the
mean * standard error of five rats. The
histogram ' shows the egg production of
five rats independently, over the course
of the infection. , -

T .
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Similarly, ‘I; .spiralis larvae arrive and mature in the

intestine, few worms remain beyond 14 days of infection in

an immunocompetent host. Following infection by either
—m T T

parasite, animals are immunized against a challenge infeci

tion becoming pat_‘.e"nt‘:.

The pathologic. condition that either iﬁfection
clicits is ewvident by fdllowing the body-weight gains of
infected animals. The decline in host body weight is a
 function of worm .dose, host age, and a loss of appetite
(Smith-and Castro, i978: ovington, I9ss). Young, but
mature, rats are growing more rapidly than older rats and
their- failure to gain weighf was more evidenﬁ. .

The pathoioéy that each infection elicits in the
intestine was similar under 1light microscopic observation
(F}gure 7). The irntestine undergoes obvious superstructural
changes including villous flattening ({atrophy) and partial
fusion and cellular changes including a pqumorphonuclear
leukocyte (neutrophil) in{&ltration and eosinophil, mast
cell, crypt epithelial and goblet cell ﬂyperplasia (Symons,
1965; Ogilvie'and Jones, 1971: Cheema and Scofield, 1982).

Systemic pathological events were also characteris-

tic ofgeboth infections. The adult-intestinal stage of N.

brasiliensis was preceded 'by a _systemic exposure to the

worm, in the lungs, as infective larvae migrate from the
skin (Figure 8). There are changes in the cellular differ-

ential' in the alveolar spaces during.this period of lung



Figure 7:

Gross intestinal patholegy due to
nematode infection of the rat. A, normal
rat Jjejunum; B, infected rat (2000 T.

spiralis) Jjejunum. Original magnifi-
cation 100X. Hematoxylin and eosin

stain.



. ..
. ”
S - : : 102
. o . . N
—
.‘}4 ‘ f
: -
B
r
-
u-:' -
=3 '
St Y TR AT L T Y T
. . ) ] e A A _ LR




Figure 8:

Systemic pathology associated with
nematode infection of the rat. A and B,
rat lung infected with N. brasiliensis
(day 2 PI); C and D, rat diaphragm

infected with T. spiralis (day 30 PI).-

Rats encounter systemic infective N.
brasiliensis before the intestinal stage
but following the intestinal stage during
infection by T. spiralis. Hematoxylin
and eosin stain. Original magnification,
A and C, 100X; B and D, 250X.
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infection, highlighted” by increased neutrophils (Egwang,
‘Gauldie and Befus, 1984). T. spiralis larvae are aglivered
to skeletal muscle, where they enéyst, following their birth
in the intestinal epitpelium (Figure 8). A granulomaﬁous
reaction consisting of macrophages and lymphocytes ensued in.
the infected diaphragm. Eosinophils were also abundant in

the skeletal muscle at the time of encystment. Thus the

™
.~
the host to the parasite.

infections'd;ffer by the timing of the systeﬁic exposure of

A number of systemic physiological and immunological
changes have been documented in the plasma of infected raﬁ.
Changes were seen in circulating gastrointestinal hormones
(OVington, Bacarese-Hamilten and Bloom, 1985), albumin (Ash,
Cromptoen and Lunn, 1985),.qast cell proteases (Woodbury et
al., 1984), antibodi ilvie and Jones, 1971) and-blood—_
born leukocytes (Roth and Levy, 1980; Lee and Best, 1983b).
With the possible exception of mast cells and RMCP II
levels, the cells responsible for elicitiné most of these
plasma changes have not been identified. Moreover, it is
not known whethexr inflammatdfy mediators arise as a result

of the direct contact of effectpr cells with the parasite or

are non-specific events typical of gastrointestinal homeo-

stasis.
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3.2.2 Serum Acute Phase Protein Response of infected rats

Ahother measure of the systemic inflammatory res-
ponse to intestinal infections was the serum Acute Phase
Protein Resﬁonse, shown in Figures 9 and 10. The conéen-
tions of positive Acute Phase Proteins; aiCPI; @1 AGP,

haptoglobin and a3;M (not shown) all increased during in-

fection of rats by N. b;asiliensis but not T. sgi:alﬁs. The

changes seen during N. brasiliensis were biphasic, the first
increase maximal at day 2 and thé second nmaximal between
days 8 and 9 PI. These periods of increased Acute Phase
Protein concentrations corresponded to the periods of
pathology in tﬁe lﬁng a;é intestine, respectively.

The magnitude of the increases observed during N.
"brasiliensis infectiqp-differed bétween the differen; glyco-
proteins. The absolute magnitude of +the changes varied
between —experiments. The greatest increases were observed
with @jCPI with 5 to 8 fold changes followed by a1AGP (4 to
5 fold), in constrast with ‘the changes due to turpentine.
Haptoglobin gave the lowest chahges of the positive proteins
with 2 to 3 fold éhanges over nermal circulating concentra-
tions. Serum @,M became detectable during the second peak
and represented greater thaﬁ a 10 fold increase over normal
levels.

Infection of rats by 2000 T. spiralis failed to
elicit any significant serum changes in any posi{iﬁenAgute

Phase Protein (Figure 10). The efficacy of the T. spiralis

.-



Figure 9:

Changes 1in the concentraticons of serum
Acute Phase Proteins during N. brasil-
iensis infection of Sprague-Dawley rats.

O , 3000 Ly N. brasiliensis: O, un-

infected control rats. Results are the
mean * standard error of 5 rats bled via
the retro-orbital plexus. * ,

indicates a significant difference
(P£0.05) between infected and non- '
infected animals bled on the same day.



PERCENT CHANGE IN SERUM

500 —

400
300
200

100 |-

500
400
300
200

100

500
400
300
200
100

HAPTOGLOBIN

.

— ¢y CYSTEINE PROTEASE
INHIBITYOR

.

—

DAY OF INFECTION



Figure 10:

Changes in the concentrations of serum
Acute Phase Proteins during I. spiralis

infection of Sprague-Dawley rats. O .,
2000 T. spiralis infective larvae; O ,
uninfected controls. Results are the

mean *° standard error of 5 rats bhled via

‘the retro-orbital plexus.
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infection was -checked by killing the animals after 30 days
and éxamining their diaphragms for ency;ﬁ:; larvae (Figure
8). All animals were infected. It is interesting to note
that at no time during the‘éirst 4 weeks of a T. spiralis

o,
infection were there obvious changes in positive Acute Phase

Protein concentrations which included the period during

which newborn larvae were encysting in skeletal muscle.

Serum concentrations oanlCPI showed the greatest
variability between uninfected control animals and even rose
steadily in one animal. Otherwise uninfected controls in
both experiments failed to' show statistically significant
changes in protein concent:étion indicating the effect of
repeated bleeding was minimal.

The choice of infectiocus dose was somewhat arbitrary

‘but was based on the dose commonly used by other authors.

An infection with only a few worms (as few as 5 females,
Kassai, 1982) will immunize a rat against subseguent -;n—
fections becoming pateht. From Figﬁre 6 it can be séen that
about 80-% of an N. brési;iensis inf?ctibn, given subcut-
aneously, reach and mature 1in the host's intestine. Cen-

sidering all the worms do not reach the intestine £from an

infection. of 3000 N. brasiliensis, a dose of 2000 ZT.

spiralis was chosen as ®the routine infection for this

parasite. The fact that T. spiralis is ovoviviparous was
alsc taken into account when choosing the dose, as newborn

larvae deposited into thé lamina propria may further
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stimulate pathology.

With-these considerations'in mind, the effect of the-
. o~ .
infectious dose of each species was examlned. An infection
e
with as few as 500 L3 N. brasiljensis geve significant

increases 1in positive Acute Phase Proteins, during the

second peak and forfﬁaptogiobin during the first (day 2)

peak (Figure 1l1). -"An infection with 6000 Ly resulted in a
) ‘ .

response that begaﬁ on day 2 and continued until day 8 when

it began to. decline. A 51gn1f1cant. decline in albumln

o

levels was obvious 1in rats which had recelved 6000 N.

- brasiliensis larvae (Figure 11).

; Rats which had received large doses of T. spiralis

also showed positive changes in haptoglobin and @1CPI and a

'significant decline in éircu%ating albumin fFigure 12). The

changes were of a. magnltude equal' to- the flrst peak of
increases durlng N. ra51;;en51s lnfectlon. A dose of 5000

1nfect1ve T. sglgalls larvae leads to con51derable pathology

- and 11kely result ln perforatlon of the small bowel and

larval migrans. The” expu151on klnetles dlffer in anlmals-
with infections of S000 T. spiralis- considerable numbers of
adults remain ln the intestine beyond day‘14, possibly due
to immunosuppression by the worms (Bell et al., 198§). .

A challenge infection by the homologous parasite

leads to accelerated eipulsion of the worms, the so=-called

s

"rapid expulsion"” pheriomena (Love, Ogilvie and McLaren,
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Figure 11:

Changes in the concentrations of serum
Acute Phase Proteins during infection of
Sprague~Dawley rats with different doses
of N. brasiliensis. QO -, infection with
500 Ljy: @ ., infection with 6000 Lj.
Each point represents the mean * standard
error of 5 animals. +, indicates a
significant difference = (P<0.05) between
day ¢ and the day indicated, for the same
animals.

*)
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Figure 12: Changes in the concentrations of serum,
Acute Phase Proteins during infection of
Sprague-Dawlev rats with different doses
of T. spiraljs. O, 2500 infective lar-

vae; B, 5000 infective larvae. Each
point represents the mean * ' standard
error of 5 animals. # , indicates a

‘'significant difference (P<0.05) between
day 0 and the day indicated, for the same
. animals.
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1976; Miller, Huntley and Wallace, 1981). Rapid expulsion
was conmplete by day 6 in both infections and few worms
remained in the intestine beyond this time. It has been
suggested ,that the larvae fail to establish in their normal
,site in the intestine in a challenge infection (Miller et
al., 1981). Few of the challenge infection of N. brésili:
ensis ever reach the intestine and considerable worm attri-
tion occurs in the host's skin and lungs (leiaferro and
Sarles, 1939). Figure 13 shows the consequences of chal-
lenge infections using the homologous parasite and the serum
Acute Phase Protein Response. There was a single peak of
incéeased pésitive réacéants during N. brasiliensis but not
T. spiralis infection. The increase was maximal by day 2 PI

and concentrations recovered to normal by day 7. A decline
- . ‘

in albumin levels was also evident in the N. brasiliensis

infected rats.

3.2.3 Liver Acuté Phase Protein Response of infected rats

The results from the titred-turpentine model of
inflammation indicated the changes in liver ‘activity due to
the infections may be too subtle to be detected in the in

vitro assay. "Indeed, only 8 day-N. brasiliensis infected

rat liver showed consistent evidence for in vive activation

when analyzed using the in vitro assay. It was still
important to determine whether the failure to detect changes

during infection by T. spiralis was matched by a lack of



Figure 13:

Changes in the concentrations of serum
Acute Phase Proteins during challenge in-
fections with the homologous parasite in
Sprague-Dawley rats. W, N. brasiliensis
challenged rats: O, T. spiralis chal=-
lenged animals. Both challenge infec-
tions were given on day 30 post primary
infection. » ” indicates a significant
difference (P<0.05) between day 0 and the
day indicated, for the same animals. '

>
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stimulatfsn of liver protein synthesis.

- The availability of molecular probes for the Acute
Phase Proteins allowed for the direct assay of numbers.of
mRNA ccpies of each particular protein. For this methed of
measuring hepatocyte activity, the liver was excised from
the infected animal and the RNA isolated immediately; there
was no culture period during which the cells became sﬁimun
lated.

In order to quantify the amount of specific mRNA for
each protein from infected animals, total RNA was prepared
and used in dot/blot hybridization analysis. This method
.involved fixing known amounts of RNA to nitrocellulose
filters and hybridizing the $il£ers with a known amount of
specific, radiolabelled cDNA. Differing ampunts of the
probe hybridized to each RNA sample depending n the number
of copies of the RNA message. This difference was detected
by exposiﬁg the radicactive filters on photographic film
(Figure 14) or by cutting-out the spots c% RNA and counting
the S-radioactivity of each sample. - Figﬁre 14 shows two
blots; oﬁe probed for the positive Acute Phase Protein
@1AGP, and the second, for the negative protein anglobulin
(Faict et al., 1983). The positive (turpentine-treated)
controi ;howea the greatest increaée in spééific RNA mes-
sage. Th}iincréase.in message on day 2 PI for the T. spir-

2lis infected rat was not consistent on a repeat .blot

(Figure 15). The changes in @z, globulin message paralleled

I'4
-



Figure 14:

Dot/blot hybridization of total rat liver
RNA from N. brasiliensis and T. spiralis
infected animals. Dilutions of RNA were
denatured in formalin and applied to
nitrocellulose, the filter dried, baked,
and hybridized using the respective cDNA.
Each point represents a single animal. .

“For the turpentine control, rats were

given 100ul turpentine/100 g weight. A,
RNA probed for «iAGP; B, RNA probed for
@ypglobulin.
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'Figure 15:

-

Summary of molecular hybridizations of
specific. liver RNA for Acute Phase Pro-
teins in N. brasjiliensis and "T. spiralis
infected Sprague-Dawley rats. O, N.
brasiliensis infected 1liver; ®, T.
spiralis infected liver. Each point rep-
resents a single animal; the 1line 1is

drawn through the mean of the points. A
total of five experiments were performed

using different days of infection.
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changes in another negative -Acute Phase Protein, albumin,
declining about day 9 during both infeétions.

The absolute amount of RNA loaded onto éach dot on.
the nitrbcglluiose was determined using either actin or
ISSriboéomal‘cDNA probes, neither of which are Acute Phase
molecules. The normalized RNA co?S?ntrations were used to
compare radicactivity on the dots between samples on the
same nitrocellulose filter. Figure 15 shows the summary of
five separate dot/blot experiments, each with a normal, un-
infected rat serving as a control against which the radioac-
;ivity of infected A samples was compared. Each-point
represents a single animal and the Tine was drawn through
the mean of all the animals of one infection. The greatest
increases in mRNA were seen during days 6-9 in the N.

brasjiliensis infected rats. There were changes in the RNA

for haptoglobin, on day 2 of infection due to T. spiralis

which were at least equal to changes in N. brasiliensis .

infected rats. Otherwise the failure “to detect significént
and consistent changes in mRNA for the Acute Phase Proteins
during infection with T. spiralis eliminates the possibility
that the IACR.of serum changes was due to increased catabol-

ism of the proteins.

t
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3:2.4‘ Hgn;igglammgto;x nature of T. spiralis infectign
The failure to detect- Acute Phase Protein chénges
during adult T. sprialis occupation of the raf intestine led
to the consideration of whether the infection was anti-
inflammatory or non—inflammatorf.‘ The infection has been
shown to be anti-inflammatory by others fééstro, Malone and
Smith, 1980). To address the issue of'whether infeétion
with T. sgiralis‘suppressed'the systemic Acute Phase Protein
Response, infected animals. were challenged with a sgcoﬁd
infiammatory stimuli. Figure 16 shows the consequences of .
. turpentine injection in I. spiralis-infected rats. The rats
reacted to the turpentine (50p1/100g) wj-:t;_'h‘ a typical serum
résponse, indicating that their liver was a?}e to respond to
systemic inflammatory messages.. &his. dose of 'turpentine ’
gave serum changes Slmilar to those evokea by N. brasilien-
sis. As a second "positive™ inflammafory stimauli, T.
spiralis-infected. rats .were given a lsingie .doée of N.

brasiliensis. The concurrent infection of rats gave a serum

protein " response similar to that of animals undergoing

.primary infection with N. brasiliensis alone (Figure 17). -
THese'regults indicate that the liver Acute Phase Protein-
synthetic capacity of T. sni;alis{finfected fats was normal
and thgt infection by T. snifalis was not anti-inflammator&.
'In contrast with the evidence for systemic anti-
inflammatory events are data which shows reticuioendothelial

cells are activated during infection by T. spiralis. The



Figure 16:

‘Changes in -the concentrationa of serum

Acute Phase Proteins during concurrent
turpentine~ and T. spiralis induced in-
flammation of Sprague-Dawley rats. The
rockets shown are for . @yAGP. Rats were
infected with 2000 T. spiralis and given
504£1/100 g weight turpentine on day 0 and
bled on the days indicated.

-t ey,
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Figure 17:

Changes .in the ‘concentrations of serum
Acute Phase Proteins of Sprague-Dawley
rats with concurrent N. brasiliensis and
T. spiralis infections. - R, N. brasil-
jensis and T. ‘spiralis infected: . O, N.

brasiliengis ‘infected only: A, unin--
. fected cohtrols. Each point represents

the mean * standard error of 5 animals.

i
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affected cells were not in the intestine and ﬁsually the

peritoneal macrophages were shown to be ;ctivéted (Lee ahd.
Best, 1983b).. Such experiﬁents led to the supposition of a
role for macrophages in the resistance against infection by
T. 'spi;aiis and a' considerable amount of jin vitro work

showing mechanisms of parasite killing by macrophages

'(Mackenzie et al., 1980; Ruitenberg et al., 1983; Egwang,

Gauldie and Befus, 1984b).

In order to determine whether the maérophages; cap-

-
.

acity to elicit the serum Acute Phase Protein Response was
compromised by infection with T. spiralis, hepatocyte-stimu-
lating activities in culture supernatants of cells recovered

from 4 and 7 day infected animals were assayed. Table 11

‘shows the activity of (plastic adherent) alveolar and peri-

toneal cell (24 hr) supernatants in ﬁhe primary hepatocyte
culture system and IAF (IL-1) assay.' It can be seen in °
Table il, that the cells from infécted animals were not
secreting more of either activity than cells frgm control
rats but that their in vitro factor production was enhanced
by the addition of LPS to the cultures, since LPS does not
act directly on the hepatocyte. The results 1in Table 11
iﬁdicate‘that ﬁacrophage furiceion was not comﬁromised by the
infection, and further, that the cells were not stimulaﬁed
to constitutively secrete mediators important in the serum

Acute Phase Proteln Response.
) 4
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- \
‘Hepatocyte-stimulating activity and Lymphocyte-
activating factor activity (IL-1) of macrophages

recovered from T. spiralis infected Sprague-Dawley rats
MACROPHAGE , STIMULATING ACTIVITY
SOURCE? Hepatocyte-2 Lymphocyte-3

' -LPS +LPS =LPS +LPS

normal alveqlar 0.23 0.64 16349 + 1961- 35447 + 11166
4 day infected 0.24 0.80 10738 + 953 26052 + 13084
alveolar _
7 day infected -0.23 1.14 20878 £ 3104 26662 * 12458
alveolar . : :
positive controld4 ---- 1.60 ~———- 140607+ 2841
normal peritoneal 0.12 0.15 13995 * 4882 39059 * 1755
4 day infected 0.14 0.14 16649 * 4253 23967 * 2250
peritoneal - :
7 day infected .13 0.1l6 17176 * 3639 27021 + 4399
peritoneal
positive control ——— 1.60 ———-- 123913% 5406

1 Alveolar cells were pooled fro

cells from 3 animals.
‘for 24 hr.

m 4 animals and peritoneal

Plastic adherent cells were cultured

Results shown are the ratio of a;macrogleobulin rocket peak
height/albumin peak height (Koj et al., 1985). .

Results shown are the radioactive
determined from a PHA co-mitogenic assay using C3H/HeJ
thymocytes and are mean * standard error of three repli-

cates.

"counts per minute®

Human peripheral blood mononuclear cells cultured in the
presence of LPS (Koj et al., 1584).
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The above results argue that thé T. spiralis was non-inflam-
matory when the infected hosts"-potential to respond to
othér ‘inflammatory signal was measured. Both 1liver and
macrophage function were intact and the infected rat
responded with a normal serum Acute Phgse Protein- Response

due to a second inflammatory agent.

3.2.5 on-inflammato ature of jntestinal infection

The evidence above indicated that an infection by T.
spiralis may be noneinflammatoryQ the infection failed to
plicit the serum Acute Phase Protein Response. It was not

obvious whether intestinal infection by N. brasiliensis-

adults alone also were non-inflammatory. Important consid-
eration must be made of the fact that N. brasiliensis larvae
pass through (and molt in) the host's lungs before reaching
the iﬁtestine. Breaching of a mucosal surface has important
consequences £ the host, including activation og alveolar
macrophages- apd possibly stimulating defense mechanisms ip
‘the "common mucosal® syétem'(Befus and Bienenstock, 1980).
A number of events occur in the host on day 2 bf the EA'
brasiliensis infection that are repeated about day 8 includ-
ing the serum Acute Phase Protein Response, changes in lung
permeability (Iévimg et al., 1986), and loss of host ap-
petite (Ovington, 1985). Thus the postulate that the second

peak of increased liver protein synthesis was due in part to

the.fact that the worms had passed through the lungs was



examined. Two approaches were taken to examine the hypothe-
sis thaﬁ the intestinal stage of N. b;gsiliensis‘was non-
inflammatory and that worm migration tﬁrough the lungs was
necessary foé tﬁe second'peak of serum changes.

One approach utilized an "intestinal only" Nippo-

st:onqyius infection. Transfer of adult worms into a naive
host results in the generation of specific immunity with
similar characteristics to that generated by a‘ normal
infection (Kassai, 1982). Donor rats were infected with
3000 L3 and killed on day 3 of infection. By 60 hr over 90%
of the larvae complete the migration from the lungs to the
intestine and by about 100 hr worms}pave begun -their final
molt (Yokogawa, 1921; Haley, 1962). Thus 3 day-old larvae
are likély to be Ly. Worms of this age were chosen because

they may be less susceptible to the digestive enzymes of a

second ahimal's stomach. Between 1500 and 3000 worms were

.deliveréd to rats using the ‘gavage tube; JFigure 18 shows-
the worm-egg production by 6 individual infections. A

noteworthy point was the significant egg production by day 4

by the transferred worm population- two days earlier than a

subcutaneous infection by Li. The egg production declined

with kinetics similar to that of a normal infection and few

worms remained in the intestine beyond day 14 PI. Figure 18

also shows a section of the inflamed Jjejunum of rats

infected with the transferred worms.

Figure 19 shows the serum Acute Phase Protein Res

124
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Figure 18: . Infection of Sprague-Dawley rats with f
transferred populations of N. brasilien~
-sis. Donor rats were killed on day 3 of
infection, the worms collected and tran-
sferred in 0.2% agar into naive rats. A,
egg production by transferred worms; B,
histology of rat jejunum on day 10 PI.
with transferred worms, stained with
hematoxylin and eosin. Oringinal magnif-
ication, 100X.
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3

Figure'igz

Changes in. the concentrations of serum
Acute Phase Proteins during infection of
rats with transferred N. brasiliensis L,.

O, live L;: @, heat-killed Ly. ° Each
point represents the mean * standard
error of 5 animals. ’
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. ponse of the rats which had_received transferred Lg- There
were no changes in circulating concentrations of any pro-
teins during the infection of rats by the transferred worm
-population. - Hoﬁe%er, upon challenge withdﬁnféctious ﬁ;,
'p;asiliens;s Lj,-tﬁese’animals did show serum Acﬁte Phase
Protein changes similér in quality to those seen during
;hailenge of L3-immunizgd animals (Fiqure 20). - These
results imply that the transferred population sucqessfuliy
immunized the recipient rats yet failed to elicit the
systemic Acute Phase Protein Response.

A second experiment, inveolving anthelminthic ab-
breviation of the N. brasjiliensis intestinal stages, was
.examined as a model of "lung only" iﬁfectiéﬁ.'x It was '
expected that an infection by thHe worms could be limited to
the 1lungs, in order to examine the consequences of lung
pathology, if the‘intestinal infection was term;nated éarly
using the aﬁthelminthiéiuebendazolel However the results cf
this experiment weré uninterpretable because treatmcnt'of
rat with the anthelminthic alone gave a positive Acute
Phase Protein Response (Figure 21). Although this effect of
the anthelminthic was an interesting finding, the ‘reasons
for the response were not pursued further.

The experiments involving intestinal infections of
rats by a single nematode species, or concurrent infections
by both species, are evidence that intestinal infections are

‘

non-inflammatory. However, an interesting observation was



Figure 20:

€}

Changes 1in the concentrations of serum
Acute Phase Proteins during challenge
infecti with - N. brasiliensis L3, of
rats immunized by transferred Lg. Rats
were challengdd on day 30 of the primary
infection. _ .

o
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Figure -21:

o

F i

Changes 'in the concentrations of serum
Acute Phase .Proteins during N. brasil-
iensis infection of Sprague-Dawley rats
treated with Mebendazole. Rocket immuno-
electrophoresis showing haptoglebin
levels of rats which had received L3 and
Mebendazole (lg in. 240 ml water, ad
libitum, days 0-6) or Mebendazole only.
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made when the timing of. the concurrent iﬁfectiqnsiwas stag-
gered sﬁch that the beriod éf worm expulsion- of one
infection coincided with day 8 PI of a secona, N. brasiljen--
sis, :infection. . Rats that .had lreceived transferred N.

brasiliensis Pﬁ/were challenged with_u; brasiliensis L;,‘on

day 6 PI of the transferred infection. ‘It was estimated _

.that the immune response would have jpegun in the intestine

S

e
< -
of the Ly-infected rat by the time the challenge infection

reached the host's lungs. The challenge infection arrived
in the intestine during the [period of expulsion of the
transferred worms. Figure 22 shows that the ocutcome of this
experiment was .the suppression ' of the expected (day 8)
response due to the challenge infection. Tﬁe presence of
the initial intiiginal infection clearly labolished the
predicted, second ‘peak of Aépte Phase Protein changes due to
the challenge N. brasiljensis infection. The specific
events in the infected intestine which are responsible for
worm expulsiocn, are not clearly undérstood, but it seems
that the host reaction may either suppress the Acute Phase
Protein Response or induce such large changes in the tissue
distribution of serum proteins or intéstinal permiability

that increases in Acute Phase Proteins.ére not detectable.

3.2.6 Serum_Acute Phase ProteiﬁyResponse in other infec-

tious models
The results showing there was no serum Acute Phase



Figure 22:

%? : - .‘- ' .

Changes in the concentrations of serum
Acute Phase Proteins during concurrent
infection of Sprague-Dawley rats by
transferred L, and L; N. brasiliensis.

@7 live L, and Lsj; {4, heat-killed L,
and live L3; 4, live L3 only. Three-
day-cld N. brasilensis were transferred
into rats on day -6. All rats were
infected with L3 on day 0. Each point is
the mean * standard exxror of 3 or S
animals. * , indicates a significant

-difference (P<0.05) between animals ﬂjth

two infections versus animals with one
infection,.bled on the same day.
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Protein Response during T. spiralis infection or during in-
fection by the transferred N. brasiliensis led to a question
of whether there was a role for the response in host‘l
resistance'and the expulsion of the worms during the immune
response. To determine more closely whether there is a
.relationship between the inflammatory response and the
subsequent immune response, models of infection in which the
worms were not expelled by the host were used. Two such
models -were available; iﬁfection'of young or newborn rats
and infedéion of congenitaily athymic (nude) rats. In both
models either nematode species establishes a persistent
population of mature and sexually active worms in ﬁhe host
intestine. N. brasiliensis adults continue ﬁo lay eggs and
in T. spiralis infected animals, 'larvae continue to be born.‘
Using these model infections the 6bservation that T lympho-
cytes are essential for the specific imﬁunity and the
development of the pathology generated during the nematode

infections was made. ' _ o

Circulatiné concentrations of @yCPI and aj;M are |

increased in newborn™rats and decline % normal -levels
. during the first few weeks of life. Turpentine-induced
inflammation stimulated further serum increases in the young
rats ,despite the high levels o%.these proteins (Thomas and
Schreiber, 1985).

Young Sprague-Dawley rats, aged less than 28 days,

failed to expel an infection of 500 or 1000 N. brasiliensis

-
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TABLE 12

Intestinal worm counts from Sprague-
Dawley rats infected at 21 days-of-age

with N. brasjliensis

DAY OF INFECTIONI

7 28 42 49 56
worm numbers 69 17 122 92 154
standard error— . 16 8 61 10 27

1'21-day-old rats, weighing about 60 g, were infected with
500 L3 in 0.5 ml PBS, 3 animals per tifie point.
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(Table 12). This choice of infectious dose amounted to a
greater infection in the young rats than routinely used
for'mature rats, when the dose was calculated as "worms per
gram Body weight“. The serum Acute Phaseé Protein Response
of the infected y&hng rats is shown, K in (Figure. 23). The
lfinding of no significant increases is in contradiction éo
the repofts showing a serum response in young animals due to
turpentine. The lack of a serum response in these animals
was interpréted to imply there wa; a role for T lymphocytes
or another mature cell-fype, in the generation of the Acute
Phase Protein Response.

Infection of athymic animals with N. brasiliensis
leads to a protracted infection and continued egg production
by the worms (Jacobson and Reed, 1974). The "nude" mutation-
results in congenitally athymic and therefore T lymbhécyte-
deficient, animals; ’ Theé% T lymphocyte-deficient animals
fail to generate an antibody response or cell-mediated
immunity agaifist the worms and hence do not “expel the
infection. An examination of the serum protein responée of
infected nude rats showed they indeed updergo similhr
changes as theirf'euthymic littermates (Figure 24). This
tesult argues against T cell involvement in the generatdion

of the Acute Phase Response.

4



Figure 23:

-

Changes in the concentrations of serunm
Acute Phase Proteins of 21-day-old
Sprague~Dawley rats infected with N.
brasiliensis. A, infected rats; 0O,
uninfected controls. Rats were infected
with 1000 Ly. Each point represents the
mean *# standard error of 5 animals.
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FiBure 24:

.Rocket immunoelectrophoresis of serum

from . uninfected and N. brasiliensis
infected nude rats. A total of five nude
and five euthymic littermates were used
in the experiment.



136

? 4

2 _ 0 2 6.9 13-2 o9 2 6 9 13 D
- —/-ﬁ .
infected nu/nu control nu/nu

" OC4AGP

2 0 2 6 9 13 -2 0 2 6.9 13 STD
control normal infected nu/nu

DAY OF INFECTION y




. mented.

The events in the parasitized rat infestine could be

better. characterlzed if the cells from.the intestine were
4
1solated and thelr functlons deflned. Little work has been

performed using isolated intestinal cells from either normal

or infected rats. Most of the work concerning cell function

in the intestine of most .species is ‘conjecture based on
histologiéal studies, label up-take, and using cells which
ﬁraffic from the intestine (Deane, 1964i'sawicki et al.,
1977; leFevre; Hammer and Joel, 1979; Verspaget and Beekan,
1985; Taﬁéhashi-Iwanaga and Fujita, 1985:; May%ﬁofer, Holt
and P%padlmltrlou, 1986) A 51ng1e publlcatlon has "identi-
fied macropha&és in the rat intestine using monoclonal anti-
bodies-(Sminia and Jeurissen, 1987).

A paucity of information on the function of intest-
inal m;crophages is -acutely obvious. Considering work

alluded to earlier in which a role for macrophages in the

host response to, N. brasiliensis was implied and the

evidence from other laboratories that macrophages are

: 2
involved in the host response to T. spiralis, it was post~

ulated that macrophages functioned in a similar cépacity in
th€s intestine. First, it was important that the charac-

Yeristics of macrophages from normal rat ingéstine be docu-

<
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3.3.1 MAMIMMMM&Q.M
Isolation of intestinal cells may be performed in
two ways; scraplng—off;the lamina propria (quter et al.,
1983) and\gﬁgkme digestion (Béfus et al., 1982; Golder and’
Doe, 1583). Scraping the lamina propﬁia has achieved less
‘popular usage ﬁhan.enzyme digestion becaﬁse the celis are
ofteﬁ\ﬂgmped together in mucus. On the other hand,lthe
success. of enzyme digestions requires substantial wdrk to
optimize the conditions for the enzymes yet minimize the
d?mage to the cells. These conditions have been satisfac- .
tofily'achievéé for-the isolatian of mast cells from the rat
'intesgine and was uséﬁ to isolatg:macrophages tBefus_g; al.,
' 1984) . '
The digestion procedure Began with serial incuba-
tions in iso-osmotic ﬁédia at 37°C, with the ca2* anga Mg2*t .
chelqtor, EDTA. Follow1ng three 10 min 1ncubatlons each in.
fresh media, most of the eplthellum was removed from the
intestinal - wall (Flgure 25). No steps were taken at this
stage to eliminate the epithelial cells from contaﬁ' ating
the r;maining tissues, which were then ex.posed { twWo
periods of digestion using collagenase (or in‘two éxpéri-()
ments,Jdiﬁpase). Each collagenase digestion continued for 1

L)

//hfjand_the media was changed between digestion. The cells
" collected from the first collagenase digestion were referred
to as "coll I"™ and. the second as "“coll II". Cells from both

collagehase digestion were .immediately washed throuch a

£
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1
Figure 25:

!

Low power histological micrographs:- of
enzyme-digested rat intestine. A,B and
C, follewing 1st, 2nd and 3rd EDTA
incubation, respectively; D and E,
following 1st’ and 2nd collagenase

digestions. Original magnification 100X.

-
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nYlon wool column to réﬁéve mucus;apd centrifuged through a
30% Percoll solution to éﬁrich for wviaple cellsf The two
digestion were kepf separate in some'ekperiments because it
was not clear whether the macrophages would be more abundant
in one wash over the other, as is the case with mast cells
(Lee et al., 1985). It was expected that the digestion
would progressively reléa#e cells froﬁ deeper inside the
lamina propria (Figure 25) and this may be a rough measure
of macrophage location in the rat intestine.

Table 13 gives a summary of the outcome of the di-
géstive procédure. in terms of cell recoveries and cell
'viability (determined using trypan blue exclusion) from
several representative experiments. " The single~step 30%
Percoll was used, effectively, “to enrifh for viable cells
immediately following their isolation from the intestine.
It was found that the digestion media was insufficient for
the simultaneous digestion of two rat intestines. This was
an uynfortunate finding because it was very difficult to
process more éhan two rat intestines, independently, in one
"day. It is also evident from Table 13 that Diigase was of
limited utility as a digestive enzyme for rat- intestinal
tissue. |

The viability of the isolated cells, as determined
by trypan blue exclusion and light microscopic observation,
was consistently greater than 75% for coll I and greater

than 70% for coll II, although $0% viability was achieved
™~
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TABLE 13

" Cell) yield and viabilities of -
enzyme-digested rat intestine

TREATMENT YIELD VIABILITYZ  NUMBER OF
(viable X 106) ' T%) EXPERIMENTS
" Pre-30% Percoll ' )
Coll I l16.8 * 0.4 52 = 3 5
Coll II 30.9 * 6.5 58 + 6
Post-30% Percoll ' :
Coll I 7.4 #o.s 83 + 3 -~ 8
Coll II . 17.3 £ 0.8 71 * 5
Post-30% Percoll, 2 rats3 '
Coll T 6.2 ' 81 2
Coll II 10.4 6%
. Post<30% Percoll [
Post-18% Metrizamide
Coll I 1.8 £ 0.8 Bl = 5 3
Coll II 4.2 * 1.7 81 + 11
Dispase digestion4, '
Post~30% Percoll 1.6 £ 0.6 47 * 6 3

1 Mean * standard error.
Determined by trypan blue exclusion. -
Digested together in a single batch of media.

4 40 mg DispXse (Boehinger Mannheim) per 100 ml HANKS, stir-

ring for 90 min at 37°C.

-



142

An both. However when the cellslwere viewed follbwing cyto-
centrifugation . (May-Grunwald Giemsé stain) the viability was
determined to be less than 79% for both bollagenase prepara-
tions (?igure 26). This discrepancy was likely due to the
fragilit% of many cells and the consequeﬁtial damage due to
the centrifugation, but also to the use of trypan blue as
the viability marker. While many of the cells }n FigureFZG
probably exclude trypan blue, it was obvious even at the
light microscope level that cells were breaking-down, with
pycnotic, homogenecus—staining nuclei and incomplete cell
membranes. Tﬁese characteristics of dying cells were more
apparent with the discriminating resolution of the electron
microscope (Figure 27). Greater than onér half all the
eosinophilic cells were non-viable. They appeared as small
' buttons‘ with a collapsed nucleus and homogeneous pink-
staining cytoplasm and blue nuclei. Theée smali cells wére
likely of two types; eosinophils (confirmed using the elec-
tron microscope) and paneth celis, which are thought to
stain eosinophilic (Trier and Madara, 1981). It seemed that
some cell types suffered greater damage due to the isolation
procedure than other cell tyﬁes.

The leukocyte'differentigl of the typical integtinal
cell ppﬁhlation is given in Table 14. The cell identity was
decided entirely on the basis of its morphology, using peri-

toneal wash-out ‘cells as the prototype. Intestinal (mucos-
=

al) mast éells‘were smaller and stained slightly different



Figure 26:

Light micrographs of dissociated intest-
inal cells of the rat. Cells were iso-~
lated by collagenase digestion of the
entire small intestine and prepared for
staining by cytocentrifugation. m, mast
cell; gl, granulated lymphoctye; d, dead ..
cell; mg, macrophage; n, neutrophil; e,
eosinophil. May-Grunwald-Giemsa stain. -

-
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Figure 27:

,

Transmission electron micrographs - of
single cells isolated “from normal
Sprague-Dawley intestine. thescells were
fixed in gluteraldehyde following their
isclation, and prepared for mitroscopy by
McMaster University electron . microgcope
services. d, dead celly- de, .’ dead -
eosinophil; gl, granulated lymphgEyte;

ng, macrophage; m, mast cell. (AN
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than the peritoneal (connective) mast cell (Lee et al.,
1985). Epithelial cells did not exist in the peritoneal
-pophlation and.there was ?o good éﬁototype for identifying
this cell. Few of ﬁhe délls in gut preparations were colum-
nar. Therefore the identity of epithglia; cells was based
on the morphelogy of the cells recovered from the EDTA |
digestion. These cells :eéembled mac;thages by their
relatively large size and by having a 1low nucleus to
cytoplasm volume and "foamy" cytoplasm. The "dead cell™
‘categori of Table 14 includes all those cells with disinteg- 
rating and homogeneous=-staining nuclei, including the dead
eosinophils (Figures 26 and 27). The cells of &he rat
intestine have been poorly characterized and certainly_some.
of the cells are not white blood cells (for example goblet
cells, paneth cells, fibroblast and veiled cells; Deane,
1964; Trier and Madara, 1981). From Table 14 it is evident
that macrophages constituted a minor proportion of the cells
recovered by enzyme digestion and that it would be necessary

to enrich for them in order to study their function.

3.3.2 cCharacterization and histochemistry of intestinal

cells from uninfected. rats

Table 14 shows the outcome of the first step. in
purifying macrophaées away from other -cell types using a
discontinuous Percoll gradient. Table 15 gives the results

of;a_control (peritcneal) population séﬁarated by the sane

-

3
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) TABLE 15 g .
Leukocyte differential of normal Spragdé—
Dawley peritoneal.cells and ‘separation of
cells on a'discontinuous Perccll gradient
GRADIENT - CELL TYPEl - R
INTERFACE lymphocytes eosinophils macrophages mast cell
Total '
population 2 + 0.3 14 = 2 66 * 4 18 = 2
n==a,6
30%-50% 52 6 + 2 78 * 10 11 + 9
n=>5 : .
50%-70% 4 £ 2 19°+3°  72%5 5 % 2
n=4 ) L7
Pellet . T 0 ' 8"5?5 - 322 89 * 7 -
n=4 ' R o
1 Mean * standard error.
fe
7 : |
¢ |
Y
s <
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teeﬁpiépe. It is e;ident from both Tables 14 and 15}tﬁat
the macroﬁhageS‘ of eacﬁ. tissue were ﬁeterqgeneous with
respect to their.density. Aithﬁﬁgh eoeinophiis collect at
the higher densities, it is interesting to note that more of

the eosipophilic.eells in‘the-intestine'tfeveled into the
pellet of fhe tube. ﬁast cells’hsuallf peﬂetrated to the
pellet of ‘the gradient. . The deed cells isclated from the
intestine- showed heterogeneity of‘“density comparable to
macrophages. The diséontinupus Percoll gradient proved_tO‘
be ineffeetive at éiiﬁinating the dead cells from the viable
population or from macrephages.

2 widely-used method _for the enrichment of macro-
phages is by ecell adherence to seme- substrate, usually
plastic or glass. The cells from the infestdinal digestions
were cultured in plastic dishes for two hours . in media
supplemented with 10% FBS. Fol}oq}ng this incubation the
dishes were washed with several changes of prEfwarmed media
until only the adherent population remained. The adherent
cells were then removed by a wash with.pre-cooled PBS (4°C).
Only 10%¥ of the initial cell population adhered to t?e
plastic representing a slight enrichment for macrcphages
(Table 16). It was unlikelf that ‘the eosinophils and
lymphocytes ‘were plastie: adherent but rather were lumped
together with adherent cells and were not washed off. From
Table 16 it can be seen that there was no enrichment for

{(non=-specific, neutral red) phagoccytic cells among the
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plastic adherehF population. -

In order to facilitate in the identification of
macrophéges a cell-marker, non-specific esterase (NSE), was
characterized among the intestinal cells. The technique
utilized endogenous eéterases ‘of the cell to cleave an
exogenous substrate which tlien complexes wifﬁ hexatozizéd
pararosanalin. ' The complex precipitates in the ceil impart~
ing a unique colour to those cells possesS%gg the esterases.
The incubation conditions under which the esterases operate
‘were manipulated such that only macrophage-specific enzymes
ouéht o react with the substrate. These conditions
included the choice of the'substrate and the presence of the

inhibitor NaF (Stadnyk, Befus and Gauldie, 1987).

) When the intestinal cell population was stained for
NSE using the substrate a—n;bhthyl acetate, a considerable
number of cells were positive (Figure 28 and Table 17). The
NSE positive cells clearly outnumbered the expectéd number
of macrophages. Positive-staining cells were not enriched
at any single band- on the Percoll gradieht (Table 17). When
_the reaction subsérate was changed to'a—naphtﬁyl bﬁtyrate an
equally large number of cells stained positive fron th‘c\
.intestine as had stained using c<¢-naphthyl acetate. Two
other populations ;f maérophages, alveolar and peritoneal,
served., as controls for macrophage esterases and equal

numbefs of these cells stained positivé for the two naphthyl
i

substrates. Finally the inhibition of the esterase activity
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Figure 28: Non- spec1f1c esterase .and peroxidacge

’ " histochemistry of single cells isolated
from normal Sprague-Dawley intescine. A, °
non-specific esterase; B, percxidase.

' e, “osinophils- stain negative for non-

.spec1f1c esterase and positive for perox-
idase.
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) TABLE 17
Histochemical étaining properties of
‘intestinal cells isolated from
SpraguefDawley rats
CELLS . ' 'NON-SPECIFIC ESTERASE . PEROXIDASE
(%) ‘ (%)

Coll I 70 + st : C15 &2

CoXl IX 58 + 3 14 * 4

Percoll separated? ' ,

30%-50% o 45 nd3

50%-70% ' 49 nd

Pellet . €9 ) nd

1 Mean * standard error of 5 experiments
2 Coll I and II were pooled.
Not deteérmined.
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by NaF of all three‘pcpulatidn was examined.” . Figure 29

shows that the NSE activity of all three cell populations.

could be inhibited by 'incréasing concentrations of NaF, {/fﬁ

-~

indicating the esterases were similar.
The number of peroxidase positive EEIls approxi-
mately eguals the number of viable eosinophils détermihedpin

Ehe differential (Table 17).

It also can be éeen, in Table 17, that the number of

~

NSE staining cells closely resembles the total number of -

macrophages and "dead" cells. The identity of the dead
cells was therefore suspected to be epithelial. The N3¢

stain was performed on sections of rat intestine. Figure 306

shows that the entire rat intestinal epithelium was positive
for NSE. In fact little positive activity was discernable _

elsewhere in the intéstine, indicati?g that NSE-positive

\ - .
macrophages were probably sub-.or intra-epithelial.

i
4

-

3.3.3 Isolation of intestinal cells from infected rats
The isclation of cells from the normal rat intestine

showed that the numbers of macrophages was low and.difificult

to selectively enrich away from other cell types, partici-

' larly . the epithelial cells. Work with- infected rats

presented new problems including a significant increase in

mucus and changes in the cellularity of the lamina pfziiii;‘ﬁ..
A neutrophil infiltration was characteristic of the Tt

inflammatory response and eosihophil, mast. cell and goblet

[N
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%-NAPHTHYL ACETATE POSITIVE CELLS
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SODIUM FLUORIDE CONCENTRATION (Motar) :



Figure 30:

N -

Non-spegific esterase staihing in normal
Sprague-Dawley intestine. Rat Jjejunum
was snap-frozen and embedded. in paraffin

" before sectioning. Tissue sections were
stained for NSE similar to cells. .
~ -
.. - .
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céll.hyperplasias are charécteri%;ic of nematode infections.

Isolation of intestinal cells from infected rats
usually gave lower yields of-cells. There was nq‘convincing ]
evidence for increased.numbers of macrophages in the intest-
ines of infected animals. There were signifiéant increases
in neutrophils-isoclated frsm the intestine as early as day 4
post infection. The ﬁ;;t cell hyperplasia occurs boncﬁf?énﬁ
with worm expulsion in Sprague-Dawley rats_(Denburg, Befus
.and Bienenstoek; 1980) and no increase in this celiltype‘was

R

seen during the days examined.

- -

'3.3.4 Hepatocvte-stimulating dctivity of intestinal cells

With the present difficulties ,of enriching for
macrophages fronm the intestine, the total digested popula—
tion was examined for hepatocyte-stimulating activities.
following overnight'cell culture, in Media suppleméﬁted with
10% FBS, considerable amounts of hepatocyte-stimulating
aétivity was detectable gin the culture supernatant (Table
18). This constitutive secrefion was dependent on the
.ﬁresence of the FBS as there was no éc%iﬁity in parallel
cultures of the same cells'in'incomplete media. Additional-
ly, the ihtes;iggl -cell activity ' was.'enhanced by the

" presence of LPS in the cultures’(fable'ls). ‘
It seemed uﬁlikely that the activipf détected:in‘the
supernatant of the intestinal cells was due entiéely to mac-

rophages considering the £eW'cells that had been identified

-
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TABLE 18 - -
- Hepatocyte—stlmulatlng and Lymphocyte- - o $;uw-; )
activating factor acc1v1ty of normal Sprague- o T

Dawley intestinal cells in the presence or

absence of fetal bovine serum . ®
CELL CULTURE - ' STIMULATING ACTIVITYLl
CONDITIONS . Hepatocyte- Lymphocyte-
ratio units3 -

Experimgnt 2

No cells . 0.21 -— 52744 * 7994 -

Intestine -FBS 0.23 <1 72343 * 3037

Intestine -FBS,+LPS2 0.20 <1 81376 + 1232

Intestine +10% FBS , 0.47 . 30 100515 *16880

Intestine +FBS,+LPS 1.45° 60 ' 177559 + 3508

Positive control4 1.96 1000 250000

Experiment 2

No cells 0.29 -- . 34857 + 1084 . . T-,
Yyl

IEC—ISS’( .0 0.41 12 . 27703 % 6755

1 see legend for Table 11.

LPS alone has no effect on HSF units.

These data represent values from a single experiment.
Unit measurements have a variability of <10% in any szngly
determination.

4 Human peripheral blood mononuclear cell supernatant.

Rat intestinal epithelial cell line, courtesy of Drs. M.
Perdue and A. Hanglow, Intestinal Disease Research -Unit,
McMaster University; see Quaroni and May, 1980.

¢
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as macrophages. This fact and additional recent_évidence
that other cells may synﬁhesiéé gnd secrete hepatocyte stim-
"ulating factors led to the h&pothesis th#t other .intestinal
cell populqtiohs may. be rgsponsible for the activify, - The
culture supernatants from a rat intestinal epithelial cell-

line, IEC-18 (kindly provided by Drs. M. Perdue and A.

Hanglow, McMaster University), were tested for hepatbcytefjJ"

. stimulating éctivity. As can been seen in Table 18 theré
was considgrable hepatocyfe—stimulating but no lymphocyte-
acEé;ating factor activiﬁy in the IEC-lé .supernatants.
Since epithelial cells were the principle pell typé in the
intestinal cell preparations, it was speculated that a
significant amount of the.-hépatocyte-stimulating activity
‘was due to these cells, in addition to macrophages.
Following the successful detection of ‘hepatocyte-
stimulating factor(s) in the intestinal cell culture super-
' natants, cells isolated from parasitized animals hefglexam;
ined for similar activities.- Table 19 shows that intestinal
cell supernatants prepared from rats infected witﬁ N.
b;asi;iensis. fiad greater constitutive Sécret;on of the
hepatocyte-stimulating activities than uninfected celfs;
Cells recovered from N. brasiliensis~-infected rats were
maximqlly stimulated as LPS had little enhancing potgntial
for increased hepatocyte-stimulating activity. Interleukin-1

secretion, by the same cells, changed in parallel to the

changes in hepatocyte-stimulating activity (Table 19).

v
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To the contfary,,in all animgls examined, ;nd-at.two
times points of the inféction, the hepatocyte-stimulating
— activity. of the cells isoclated from I _gml;_-lnfected

rats was less than that from the uninfected control rats
(Table 20). The additiom of -LPS to cuiz;res of cells'from
the infected rats gave variable hepatocyte—stimulating
- results including a failure to stimulate further secretion
in culture. Addition of LPS did lead to;increased.secretion
of IL-1 in the absence of changes in hepatocyte-stimulatiﬂg
activity (Table.20). 3. |
Intestinal cells from T. épi;alis—infected animals

show decreased, constitutive, pepatpcyte;stimulating factor
secretion while cells from N. b;aéiliensis infected rats,’

which do underge significant serum Acute Phase Protein

increases, showed increased constitutive secretion.
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DISCUSSTION

N [}

4.1, The Acute Phase Protein Response of the rat

A ) The development of a sterile abscess and the ensuing
' -

inflammation, induced by the injection of turpentine, is a

useful experimental model of acute inflammation. lDelivery
of a single subcuﬁaneous dose of 'turpentine, to rats,
resulted in significant and reproducible serum increases in
haptoglobin, «jAGP, @jCPI and @M, and decreased albumin,
similar to tﬁe findings ‘of others (Esnard an& Gaﬁéhier,
1933; Bohannon, kiorpes and Wolf, 1979; Mahu and Feldmann,
1984; Urban, Chan and Schreiber, 1979). Increa;es in Acute
Phase Protein concentrations were evident by 8 hr folibwing
turpenpine administration, maximal by 36 hr, and were
returning-td normal by 48 hr. The concentrations of the
proteins appeared to change in parallel.

To what extent does the Acute Phase Protein Response

caused by noxious inflammatory agents resemble the response

caused by a natural infection? To address this question it

.

was necessary to reduce the dose of turpentine; to give rise
to changes in protein concéntrations comparable to those
seen. with-parasitic infection. It . was shown that infection
of rats with nematodes. induced changes equal to those
chaqges'geen with a relatively’iow dose of turpentine, about

162 -



. . vitro cultures of hepatocytes possible.

“163
10-fold less than the éommonly used dose of 500ux1/100g body
- weight. '
In studies of the effects of the turpentine tifer,'
it was observed that high doses of _turpentine made the-
detection of increased Acute Phase'ProteiTisynthesis by in

owever, sfmilar

increases were not detectable in cells isolated and cultured
from animals\which had received low doses of turpentine,
despite deteciable serum increases. It was inferred that
stimulation of the hepatocytes by the isolation procedure
(use of sodium pentobarbitol and collagenase digestion) and
pﬂe culturing conditions (presence of dexamethasone inithe
culture'mediaj likely accounted for this lack of a detect-
able effect of the lower doses of‘turpentine. Thergfore a
molecular-assay for detecting changes in Acute Phase érotein
mRNA concentration was used to quantify in viveo hepatocyte
stimulation due to low turpentiné doses and the nematode

‘infections.

4.1.1 . The Acute Phase Protein Response due to N. brasil-

iensis infection

Thé serum Acute Phase Proteins of rats infected with
N. brasiliensis changed in a manner that was predictable

from the temporal sequegie of inflammation. There 1is

—

inflammation in the host's skin, as the infectious larvae

migrated to the lungs (Taliaferro and Sarles, 193%). Con-

-
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sidering that liver mRNA changes may occur as early as 24 hr
before maximal serum changes, it was reascnable to expect
that skin inflammation résulted in some Acute Phase changes.

' .

Inflammation of the skin became more evident fdilowing_
repeated inocuiation;- in the same site, .and the rats
developed a Pubcutaneous welt. Only "a lgingle peak of‘
increased Acute Phése Proteins occurred dﬁring a challenge
infectioﬁ. At this timé a significant number of larvae
‘remain at the inoculation site (Taliaferro and.Sarles, 1939;
Weingtein, 1955) suggesting the skin. ‘inflammation has a
greater Acute Phase impact in éhallenge infections.
Luﬁg inflammation

The contribution of the skin reaction to the first
peak of Acute Phase Protein changes was complemented b& the
reaction in the host's lungs. Worms reached the lungs in
significant numbérs by 30 hr.and pathoiégy was obvious by 48
hr. By that time worms had breached the lung capillaries
and entered into the alveolar spaces. Damage to the lungs

is hallmarked by 'increased 1lung permeability to small

(99MTc-DTPA, melecular weight 420) and large (albumin)

molecules (Irving et al., 1986) and an increase in theftotal
number of leukocytes recoverable by bronchoalvéoiar lavage
(Eanng, Gauldie and Befus, 1984). Over the course‘of the
inféétion, alveolar macrophagés have been shown to adopt

characteristics of activated cells, measured by increased

C3- and IgG- phagocytosis. While these changes were detec-
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table by day 2 PI in the rat, they were not significaht
" until day 8 (Egwang, Béfus and Gaul@ié, 1985). On dag 8 PI
the alveoclar cells were éﬁle to kill infeétious'lér;ae in
vitro (Egwang, Gaﬁldie a;d Befus, 19éh$). |

An importgnf éspect of éhe state, Bf activation of
the alveolar cells .was their conséitutive‘_sec;étion of
faéEors. ﬂaving hepatocyte-stimuléting properties, and
therefore the capability of elicitin& the Acute ' Phase
Prqte}n Response. Monokines capable of mediating ‘Acute’
Phase - changes were evident by day 2 P{. Wﬁilef 2 day-
infected alﬁeolar cells secreted greater than normal -amounts
of ‘hepatocyte-stimulating factors, da& 8 infected cells
secreted,even higher levels, and considerable-levels of IL-1
(Egwang, Befus and Gauldie, 1985).  The timing of the
Ehanges in macrophage secretion. of hepatocyte-stimulating
factors, correspond with the éeriéds- of increased Acute
Phase Proteins in the serum. . Secetion of hepatocyte-
stimulating molecules by S—day infected alveolar macrophages
overlaps'with tpe peri?d.of integ&inal inflammation.
Intestinal inflammation

Intestiﬁal inflammation became obviocus by day 6 PI,
although worms we?e‘found in the host intestine as early as
40 hr PI and maximal numbers were achieved by 72 hr. Durihg
the intestinal phase of the infection the intestine beca@e
fluid-filled and dilated. During infection there is greater

_loss of epithelial cells, the villi hypertrophy and adopt a
r
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flattened architecture, _and aﬁljacent villi often fuse 't?.o—
g.ether,p even in sites where worms are absent (Symons, -1965;
.- Symons, 1978). |
Peaic cellulaf chanées in the intestine occur dur\in:g
days 7 i;hrough 10 PI with de'ep crypt and goblet ce'll hyper-
plésia and a neutfophil im_filtra?:e (Miller, Nawa and Parish,
1979). Concurrent 'wj.th the goblet cell. hype_rplasia is
increased production and turnover of mucus (Miller and
Huntley, 1982). Mast.cell numbers initially decline (days
5-6) but” then .undergo h)}perplasia in concordance with the
.eosinoghil numbers (ngy and Ogilvie, i972) . Smooth muscle
cells hf(pertroph&r and there are éﬁanges in <.:ell contractil-
ity ‘(Fox-Robichagdhand Collins, 1986). Local physiological
changes due to the infection include reduced a-bsorption of
Nat, c1~ and water, which lead to the éccumulapion of fluids
in the intestine and a reduction of brush border enzymes
(Symons anci Fairbairn, 1962). Rbsorption of carbohydrates,
amino acids and proteins is depressed and the infection
results in a protgln-losz.ng enteropathy (Lunn et al. 1986) .
As much as 0.3 ml of blood was reported lost through the.
\1ntest1ne every 24 hours, between days 8 and 10 of an
infection with 3000 worms (Cummins et al., 1986).

. The seasond peak of serum Acute Phase Protein changes
occurred during the period ‘of intestinal inflammation.
Although all -the proteins chénged in parallel, the liver.

mRNA for haptoglobin increased -to maximum levels by day 6
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PI. Liver mRNA for «;CPI and aiAGP peaked between days 8
and 9. A sighificant decline in serum albumg; and liver
hRNA for @p;9lobulin supported the contention that there was
inhibition. of synthesis of some proteins, in addition to
losses due to bleeding; Therefore, the liver was stimulated
into increased Acute Phase Protein production at the time
when the pathologicgl changes were initiated. .

The second Acute Phase.Protein increase was 1ike;y
due to contributions of hepatocyte-stimulating factors from
three sources. First, there was a contribution from the
lung as discussed earlier. The failure of.transferrgd N.
brasiliensis to eliciﬁ.a response underscores the importance
of the lung patﬂology fo: the second peak of increased
protein concentrations. Secondly, there wasyconstitutivé
,;ecretion, by .normal intestinal cells, of hepatocyte-
stimulating factors; detectable by culturing the cells in
giggg.. Considering that LPS was likely in the normal small
intestine, in the bacterial flora, constitutive secretion of
hepatocyte-stimulating factors in the intestine, was
expected from macrophage and perhaps ndn—macréphages
sources. In support of the idea that non-macrophage cells
may be involved in - the constitutive secretion was the
finding that an intestinal epithelial cell line secreted Z

n

hepatocyte-stimulating activity which was not IL-1.

Thirdly, during infection of rats by N. brasiliensis, an

increase in hepatocyte-stimulating activity was Yetected in
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the intestine.  This increase was greéter than the LPS-
enhdﬁéed secretion by ﬁormai ceils and was likely due to the
_infiltration of the infestine by cells seéreting the
stimulating activity. | |

ThéAfinal description of events leading to the sys-
témic Acute ﬁhase,?rotein Response during N. brasiliensis
infection awaits further characterization of the hepato-
cytes-stigﬁlating factors derived from intestinal cell;t' In .
light of the.architectural changes in the jintestine (due to
the infection) and the recent evidence‘ that fibroblasﬁs
secrete. HSF, it was reasonable to ‘expect - pon;macrophage
sources of this factor. As molecular probes for tﬁe various
hepatocxtertimulating factors become available, the
particular cell types secreting the mAIecules may be
determined by in situ hybridization studies.

The kinetics of the N. brasiliemsis life stages and
the parasite's migration pattern is similar in mice and rats-
and most mouse strains aléo expel their intestinal worm
burden by day 14 PI. Acute Phase Protein chaﬁges have been

I

documegted in infec;ed nice, which are similar to the
findings for rats (Lam;ntagne QE,QL;, 1984). Serum amyvloid
A and serum amyloid P concentrations (SAA- and SAPf respec-
-~ tively) increased on day 11 PI, cwith the SAP- response
protracted out to day 4. Alphalprotéése inhibitor and .the

third component of Complement (C3) rose Jin  concentration

beginning on day 8 and returned to normal levels shortly
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after worm expulsion. It was shown that the liver was
synthesizing increased amounts of «3PI despite the lack of a
detectable serum increase on day 2 PI (Laﬁontagné_g; al.,
1984). It seéms that in the mouse this Acute Phase Protein

was sequestered in the animal's lungs and in fact was found

inside the alveolar macrophages (Lamontagne, Gauldie and

Stadnyk, 1985). The alveoiar macrophages of the infected

mouse are activated and secreting greater than' neormal |

amounts of hepatocyte-stimulating factcr activities, similar

to the findings in the rat (Laggptagne et al., 1985). Thus

- infectlion of either rodent species by N. brasiliensis gives -

similar Acute Phase changes, although the same proteins'were
not examined.

T lymphocytes are intimately involved in the genesis
of the pathology seen duriné the infection and worm expul-
sion, yet it was not clear whether these cells were neces-
sary for the Acute Phase Protein Response. Young animals,
which fail to expel the parasite, failed to show an Acute
Phase Protein Response. Adoptive transfer of mesenteric
lymph node cells (MLN)‘from infected young‘animals failed <o

transfer immunity to adult rats, but young rats' which

received immune adult MIN (Dineen and Kelly, 1973: Love and _ .

Ogilvie, 1975), and non-immune MLN iKeller and Keist, '1972)

reject as great as 70% of their worm bBurden. Youné rats may

respond to N. brasiliensis infection with suppressor T
=

lymphocytes as the animals. remain susceptible to re-in-

1
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fection later in life. (Kassai andIAitken, 1967). It would.
be interesting to -examine whether the Acute Phase Protein
Response is restored in passively-immunized young animals;

.-

however; transfer experimenté 'must be performed between
syngeneic animals. In contrast to therlack of a response in
young rats, thé serum response due to }L_ brasjliensis
infection was present in athymic (nude) animals. Athymic
animals lack T lymphocytes, da not display thé intestinal
pathology characteristic of the infection, and faEl to expel
the adult worms. It has been suggested Ehat a lack of T
lymphocyte suppression of macrophage function 1leaves the
macrophages in atﬁymic animals in a chronic state of
activation (Sharp and Colston, 1984). While T lymphocytes
may be important in ce;tain aspects of the cellular inflam-
matory response they may influence the outcome of the Acute

Phase Response through interactions with macrophages.

., The findings of a positive Acute Phase Protein

Response during infection b& N. brasiliensis is compatiblé
with the report of increased serum proteins in nenatode
'infecteé'humans. As was Seen with N. brasiliensis infected
rats, the role of the macrophage and the nature of events
leading to the activation of macrophages are important
considerations when examining the occurrence of the Acute
Phase Protein Response. 1In the case of éhe infected humans,

the life stages of Ascarids and hookworms pass through the

e,

patients' lungs and probably activate the alveolar 'macro-
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phages in a similar manner as N. brasiliemsis in the rat.
The characterization of macrophages from infected humans and

patients with inflammatory bowél diseases suggests that

-~

these .cells are also actiyated and are llkely part1c1pat1ng

in the intestinal response in these patientsi

4,1.2 The Acute Phase Protein-kespOnse due to T. spiralis
infection -
Infection of the rat by T. spiralis leads to’ many

-

pathologic and physioclogic changes in the host's intestine

-

that resemble changes due to infection by N. brasiliensis.
b td

However, some differences in -1ost response are detectable

~

between T. spiralis and N. brasiliensis infected rats. For

example, the intestinal transit time and plasma® gastrin
. LY

levels are increased during infection by T. spiralis (Castro

et al., 1976; Castro-é; al., 1976b) whereas <*hey decrease

.

during infection by H;_abrasiliensis J(ovington, Bacarese-l
, Hamilton and Bloom, 1985). The two ¥nfections also differed
with respect to the Acute Phase Protein Response they
-elicited.

A moderate infective dose of T. se;ralis failed to
elicit the-Acute Phase Protein Response in rats. The lack

-

of a systemic Acute Phase Protein Response due to T

spiralis must be explained in view of the positive findings
during- the N. gas;Lzens*s infect‘on. The obv*ous decline

in the negative Acute Phase Protein albumin and wRNA for
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@3,globulin, iﬁdiéate that some Acute Phase mediators were .
indeead incréaseé during the T. §Qi;§ligiinfectibn. It is
likely that the constitutive secretion of certain hepato-
.cyte~stimulating factors was diminished in the face qf'
similar pathop@ysiology;

Adult T. spiralis \live in the epithelium and are
-directly cytotoxic for the ceils they pass through (Dunn and
Wright, 21985)~., Epithelial ceils'killed by the parasite do
not necessarily migrate to.thé villus tip and may slough-off
from the base of the villi. An epithelial cell line was
shown to secrete an hepatocyte-stimulatiné activity: thus
‘epithelial cells may contribute a major proportion of the
hepatocyte~stimulating factor activity from thé intes;ine.
T, sgi;a;is may restrict the constitutive factor secretion
by these Eells.= It\has not been reported if/these wWOrms may -

selectively destroy or adsorb molecules éuch as hepatocyte-

stimulating factor or IL-1, nor have secreted products of

the adult worms been assaved for inhibftory‘activity.

T. spiralis adults failéd to suppress.the host serum
response during a concurrent N. brasiliensis and T. sgi%alis
infection. There was no complimentary effect, nor an‘
" inhibitory effect, of the T. spiralis on protein changes due
to N. brasiliensis during the concurrent infection. The
lack of suppression substantiates the idea the T. spiralis
 onlgi'inhibits constitutive hepatocyte-stimulating factor

secretion in the intestine and that the infection was not

-
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anti-inflammatory. _ N. brasiliensis larvae have passed
‘through the host's'lungs even duringizh? concurrent infec-
tion, before any pathology occurs in the intestine. The
lung pathology was critical in 6rder for the second peak of

serunm protein increases.

. It was noted that a 1arged infective dose of T.
spiralis led td’anﬂhcute Phase Proteipn iesponse, the magni-
“tude of which were considerably lower than the magnitude of
changei'gue to the normal dose of N. brasiliensis. Such
large doses of T. spiralis may re§u1t in perforation of the
intestine and perhaps the escape of worms into thé periton-
eal cavity where théy’stimulate the,responée. The lack of
an Acute Phase Protein Response during infection by maderate
doses of T. sgira;i; suggests . that the response 1is not,

necessary for the expulsion of the worms from the intestine.

42 Systemic activition of macrophages in inflamed animals

The necrosis due to the toxic effects 6f turpentine
probably led to the release of specific chemotactic factors
and emigration of neutrophils and monocytes. There was
considerable swelling at the subcutaneous injection site 24
hr following the adninistration of turpentine; typical
changes in ﬁvascular‘ permeability due to factors such as
histamine and vasopressin. Howgyer, the specific cellé

which elicit +the Acute Phase Protein Response in the

presence of turpentine have not been identified. . Taking
\
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-into consideration the cell'ﬁypes that have been shown to

secrete IL-1 and the various hepatocyte-stimulating factors,

a number of candidate cells are suggested, including

-

Langerhans cells, keratinocytes and fibroblasts.

- .

During a local inflammatory response -a systemic

phenomena commonly called "counter-irritation" occurs.

™

Counter-irritation' refers to the anti-inflammatory activity

exerted by a local inflammatory response, usually measured
as decreased plasma exudate into a second site of inflam-

maéion {Atkinson andsﬂicks, 1975). More recently, counter-

irritation was shown to affect the emigraﬁion  0£ ‘cells,

'inclﬁding monocytes, into a second inflammatory site
(Norman, Schardt and Sorkin, 1985)? The inhibitory effect
of the first -inflammatory. agent also manifests if a second"

noxious agent is administered intoc the sém@ site as the

first agent, but at a later time (Lu, Scragg and Willianms,

1978) . The mechanism leading to reduced leukocyte enmigra-

tion during counter-irritation, is poorly understood and no

/éiidence exists to suggest that the tissue;resident cells or
cells-affected_by counter-irritation are anergic in any way.

An examination of-ﬁhcrbﬁhage function, from turpen-

-

tine-inflamed animals showed that the cells? éapacity to

. ) - 7.
elicit the Acute Phase Protein Response was intact. /.

Alveolar and peritoneal macrophage pOpulatidn§ isolated from
inflamed animals, were capable of secreting hepatocyte-

—

stimulating factors, including IL-1, in response to in vitro



N

activation signals. Neither of the two cell bbpulatiéhs
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were activated, in yggg, by subcutaneous,%urpentine. This-
result indicated that macrophages at sites’ different from
thé ‘site of turpentine inflammat}oﬁ, were ¢ap§bie%‘6§
eliciting the Acute Phase Protein Response..
R . An examination lé: theQ.function. of macfophages
recovered from T. spiralis-infected rats showed that these
cells were not‘inhibited in their capacity to synthesize and
secrete ’ hepatocyte-stimulatiﬂé ;actors. The infected
animals were able ko underge an Acute Phase Protein Respénse
‘when given turpentine. 7T. spiralis has been reported to be
anti-inflammatory by - Castro et al. (1980) who showed
suppression of granuloma formatiéﬁ, in infected néts, at a
;itérdistant from the iﬁ;estine. Granulcoma measurements are
an indication 'of the cellularity of a; inflammatory foci,
and the anti-inflammatory activity was likely due to
counter-irriéation, as observed by others (Cygeilman and
Robson, 1963i and not a specific anti;ihflémmatory'effect of

the worms.

rd
4.3 Inflammatorv mediators and the Acute Phase Protein

Response

The mediators responsible for the Acute Phase
Protein Response, observed during nematode inﬁection' of
rats, have' not been ideptified. various monockines have

hepatocyte-stinmulating properties, including IFN-§,, IL-1
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and TNF; however, the dqfinitivefhcticn-of each of these
factpors has not been fuily elucidatgd using rat hepatocytés
and rat.monokines. Much of the reported literature entails

species cross-reactivity: for e#ﬁmple, the assay. for IL-1
utilizes mouse thymocytes. Furthermore, macrophageés may nok
be the .only cell source of these factors. Despite these
shortcomings it is interesting to speculate on which factors

may be acting during the infections, based on|the occurrence

of other systemic events.
: 4

4.3.1 Tumor Necrosis Factor

. A loss of host'appetite ocﬁurs in N. brasilieéensis,
in a reﬁq;kably clear biphasic pattern; - at 2 and 8 days PI
(Ovington, 1985). A loss of appetite (or the state of
cachec;}a) during perioeds of -infections has béeﬁ confident%y
traced to the monoking, Tumor Necrosis Factor (TﬁF)(Swedlund
and Gorelick, 1987). If the loss of appetite was indeed due
to TNF, the timihg of the bursts of éctivity corfespond with
the peaks of serum Acute Phase Protein changes. Human TNF
has” some hepatocyte-stimulating properties when tested on

human'hepatoma(éells (Perlmutter, 1987) and stimulates C3,

haptogleobin and @1AGP but not fibrinogen or anti-protease

. production by a rat hepatoma cell 1line (Baumann et al.,

1987). Tumor Necrosis Factor also exerts an antiviral state
through the selective enhancement of IFN-8, secretion by

fibroblasts (van Danme et 1987; Le and Vilcek, 1987).

-

al.,
<
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'As was discussed eariiery IFN-fp has potent hepatocyte-
stimulating properties (éauldfé et al., 1987;2- Thus tumor
Necrosis Factor may be involved in Fhe generatioﬁ of the
second peak of Acute Phase Protein cﬁénges by stimulating

IFN-B, secretion from cells in the intes;{ng.

-
4.3.2 Interferons

The roles of the various Interferans are bécoming
increasingly important in infiammation and immunity and
Interferons (IFN) are Qetectabie in nematode infected
animals (Grencis, Riedlinger and Wakelin, 19$87). The major
hepaéocyte—stlmulating component of Arat lung macrophage
culture supernatants is probably IFN-f, (Hepatocyte Stimula-
ting Factor; HSF). Human lung fibroblaétS‘also have been
shown to secrete IFN-8, and secretion by these cells may be
enhanced bf the addition of LPS (Gauldie et al., 1987;. TEE/’“'//
incfeased secretion of this molecule, by lung cells ‘and

possibly the intestine, by day 8 of an N. brasiliensis
~.

Al

infection, was compatible with the magnitudefQE/Acute Phase

Protein changes observed during the intestinal stage of the
inéect%on. However, the secdretion of IFN-8, by intestinal
epithelial cells or intestinal fibroblasts has n&t been
confirmed, although they do secrete an hepatocyte—stimglat-
ing activity.

It is unclear which’ IFN ié promipent in the intes- .

tine but IFN~r is probably secreted by T lymphocytes in the

. 2
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infected animal. Interestingly, IFN-f'ﬁas shown to dirécfly
stimulate C4 in human hepatoma cell-lines (?erlmutter and
Miura, 1987). In%erfgfons are also thought to be involved
-in the suppression of the hépatic microsomal drug—métaboliz-
ing systém, as these enz&mes are inhibited by the in vivo
administration of IFN-induéing agents (Renton and Mannering,
1976) . Infection by N_._ brasiliensis also inhibits these
liver enzymes (Tekwani et al., 1987):'whetﬁer interferon are
involved remains to be examined. A concentrated appraisal
is necessary to determine if'Ist are important in the Acute
Phase Protein Response or ~whether they act directly or
indirectly through the activation of other cells. .

3!.
4.3.3 nterleukin-

Tﬁére are neo published reports documenting increased
intestinal IL-=1 during infection. Conétitutive.‘IL—l
secretion was deteéted_grom the intestine in this study: and
the constitutive secretior was enhanced by thé add;;ion of
LPS * to cell cultures. - .The constitutive activity was
ﬁrobably' derived from several éourcesb inclu?ing macro—
phages. For example, (human) endothelial cells synthesize

-

and secrete 1IL-1, which is LPS- anq IFN-r- inducible
. . ' . -

(Miossec and Ziff, 1986). During infection by N. brasilien—

sis the detectable IL-1 activity was increased and during
infection by T. spiralis it was depressed. Intestinal cells

from 8~day N. brasiliensis-infected rats were constitutively
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- secreting greater aﬁoﬁnts of IL-1 than normal cells stimu-
Jlation in culture by LPS. To achieQe_this increase there
Lmust have been a rgcruitment of cell§ synthesizing IL-1 into
the intestiné or stimulation of cells by novel mechanisms.
Interleukin-1 has ﬁépatocyte—stimulating potential and may
affect the éignificant declines in albumin conéentrations,
observed during- either infection. Human.IL-l is a potent.
inhibitor of albumin synthesis by-the liver kﬁoshage et al.,
i987): Recently human Iﬁ—l was shown to cause histamine
.reléase from mast cells (Subraménian and Bray, 1983) which
may account for the early decline in histamiﬂé typical of
the N. brasiliensjis- but not T. spiralis-infected rat

intestine (Befug, Johnston and Bienenstock, 1979).

4.3.4 . Leukotrienes and Prostagiéndins

Leukotrienes (LT) and Prostaglaridins (PG)V are
important -muléifunctional inflammatory mediators that are
generated by a variety of stimuli (Kuehl and Egan, 1980;:
Hawkey and -Rampton, i%SS). Leukotriene levels have been
examined‘during the first 26 hr’ of infection by T. spiralis
inrrats. Levels of LTD4.rose immediately follewing inkgg-
tion while LTC, and LTB4_rose 10-fold? over nor@al levels
during the first hour of a challenge infection, in both

intestinal perfusate and homogenate (Mogbel et al., 1987).

Similar findings were noted in N. brasiliensis-infected
rats, challenged intravénously with worm antigen (Mogbel et

\
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al., 1987b). These.Lmé presumably. were derived from mast
cells and go;inophils. . )

Prostaglandin E, the prototype PG, has vasodilatory
‘ properties, and PGE; and PGI, botQ;potentiate the effects of
bradykinin. Elevated levels of'PGE were detected on day 7
PI of an N. brasiliensis infection (Diheen and Kelly, 1976).

Prostagla;dins and LTs likely affect the-Acute PhaseH
Response indirectly through the“regulation of phagocytic
cells (Kunkel and Chensue, 1985). Prostaglandin synthesis
may be an aQenue whereby some phagocytic cel;s produce
bicactive gxidants (Kuehl and.Egan,.1980). Direct evidence
for the effects of Pés on the Acute Phase« Protein Response
comes from experiments where rats show increased a,M levels
following intravenous administrat}cn of PGEjy (Anbalagan and
Sadique, 1984). Using.rat liver slices .from normalhrats, it
was shown that high doées (0-2ug/ml) of PGE; suppressed azM.
synthesi= while lower doses enhanced synthesis. All doses

/
of prostaglandin E; inhibited a,M synthesis by inflamed rat

-
- .
»

liver slices, indicating that there may k_:e!.a threshold
-effect of the molecule on liver protein synthetic activity.
Whether: changes in intestinal PG levels diigétly effect

liver function has not been determined in these studies.

-

'4.3.5 Hormones

-

Changes. in’ host hormones SParticularly in the

pituitary-adrenal axis), during the inflammatory response,

9 .
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"may affect Acute Pﬁasg‘protein'production. - Plasma cortico-
steroid levels rose slightly, but not significantly, during
infection of the rat by 3000 H;‘;;ggiligngig. Cortico-
steroid levels ‘we:g significantly greétqr in pair-fed
control animals than in infected animals (Ovington, 1987).
In protein.malnoﬁrished animals in{ected with N. brasilien-
- sis, élasma corticosteroid declined until day 10 PI, then,
returned to uninfected levels by day 20 PI (Ash, Crométon
and Lunn, 1985b). This finding suggests there.is an active
suppressi&n of the hogmone auring the infection. In the
same'piotein—deprived animals, adrenocourticotrophic hormone
(ACTH) rose sharply on day 1 PI but declined (in parallel to
uninfected pair-fed controls) to one-tenth normal levels by
day 5 and remained low for.the remainder of the infection.
(Ash, Crompton and Luﬁn,:i985b). The changes in the levels
of these hormones do not.correspond with changés that would
be gredicted by the Acute Phase Protein Response.
Corticesteroids enhance liver protein synthesis and
inhibit both macrophage function and the immuhe response. .
It is ihteresting that' macrophages have been shown to
.secréte ACTH and directly stimulate in vitro ACTH production
by a pituitarf cell-lineg.(wOlosﬁg et al., 1985). Hence,
these cells are involved iﬁﬂ'their own negative feedback
loop, although the significance of this f;pding during

nematode infection remains to be determined.
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4.4 jzation of intesti ell s.
Various cells have been isolated from the rat
-intestine or recovered from the afferent intestinal lymph-
atics. Intraei:ithelial l)}mphocytes, denfiritic cells: and
"veiled cells all have be—e‘n described in the rat intestine
(Pugh, MacPherson and Steer,l 1983; Mayrhofer and Whately,
i983: Mayrhofer, Holt and Papadimitriou, 1986). - Chgracter;
ization of these cells has shown that many intestinal cells
share physical and functional properties with macrophages.
Intestinal epitheliai ‘cells bear Class II Maj;ar Histocom-
patibility Antigens (Mayrhofer, Pug-h and Barclay, 1983; in
" addition to non-specific esterase. Non-lymphoid célls have

- .

been identified in the afferent intestinal lymphatics- which

are capable of serving as accessory cells in the mitogenic

and antigen-induced proliferation of T lympl:xocytes (Mayr-

hofer, Holt and Papadimitriou, 1986). These cells were
heterogeneocus in their morphology, non-specifié¢ esterase-
staining charactefistics, glass adhe::encg, x.nd had lower
levels of IgG and Complemen;: receptors th;n _ other mac-
rophages (Pugh, MacPherson and Steer, 1983). They also in-
creased in absolute numbers following intestinal inflam-
mation (Steer, 1981}). It is not ‘clear whether "veiled
cells" are the same as dendritic e¢ells which are thought
responsible for antigen presentation in P'e’yer's Patches.
Thers®’ is some dispute whether veiled cells occur in the

lamina propria of the rat (Wilders, et al., 1985).

—an

*
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4.4.1 itest] l h

@ltﬁough macrophages have not been characterized’
froﬁ the rat intestine, both rat and mouse. inteﬁtinal
macrophages have been descrikbed through the use' of several
moneclonal antibody-specific éntigéns (Hume, Perry and
Gordon, 1984; Sminia and Jeurissen, 1986). The availabiiity
of muitiple monoclonai'antibodies fqr macrophage antigens is
teétament to the heterogenegi; of these cells. For example,
rat intestinal macrophages were described as either ED-1, 2,
or 3'po§itive, yet all three‘;ntibodies were reported to be
specific for macrophages. The most abundant cell imr the
lamina propria of the intestine was ED-2 positive, identify-
ing them as connective tissue macrophages (Smini§ and

Jeurissen, 1986)«

Intestinal macrophage heteroéeneity becomes further
complicated by the use of acid phogghatgse as a marker and/
Class 'II Major Histocompatibility Antigeﬁ-stainihg in addi-

N
tion to monoclonal histochemistry. Intestinal cells have
been described which stain with the same monoclonal antibedy
but with different?c;toplasmic acid phosphatase distribu-
tions and weak or strong Class II antigen expression. fon—
sidering macrophage heterogeneity and the heterogeneity of
cells in the intestine, it cannot be defihitively concluded
that the cells seen in tissue section are indeed macro-

rhages.

- Intestinal cells identified as macrophages have been
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prepaggd in single cell suspepsions_ffom the Guinea pig and
“human small intestine (Sawick% et al., 1977; Winter et al.,
1983) and human colon (Bull and Bookman, 1977; Golder and
Doe, 1983). An average of-lz% of intestinal célls from the
Guinea pig intestine were esterase pb§itive and no cells
lpossessed C3 receptors (Winter et al., 1983). An equally
low nqugr of human ce}ls from the small intestine were
shown to possess complement or IgG receptors. A review of -
the studies 'made of human .intestinal cells revealed a'

consistent macrophage differential of abodt 15% (Verspaget

and Beeken, 1985). "

-

Using morphology as the selection criteria, macro-

Phage; averaged 20% of the dissociated celi population from
the human colon and were enriched to 30% éhrough the use of
Percoll (Golder and Doe, 1983). This number closely
resembled the number of esterase- positive and phaéocytic_
cells at each stage of the isoiation.' All the‘studiqg‘of
human intestinal macrophages relied'on non—specifié-esterase
in their physical characteriégtioﬁ.

Human intestinal macrophages also have been charac-
terized from inflamed tissues. Using alantitryﬁéin as a

s

macrophage marker in tissue séction, Geboes et al., (1583)
showed reduced numbers of macrophages' in inflaméd (Crohn's,
ischemic and Ulcerative C?litis) colon. In normal human
intestinal ﬁissue eijantitrypsin was detected along the

luminal border of the surface epithelial cells with some
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cytoplasnmic epithelial staining. In contrast, a greater
number of macrophages wergﬁréutinely isolated, per gram of
tissue, from inflamed intestine (Foster et al., 1983;
Verspaget and Beeken, 1285). Grossly normal;—non-involved
cancerous intestine served as the control :Z;:ie in these
studies. Associated with increased numbers of isalated
intéstinal macrophéges was decreased  Bg-glucurconidese and
lysosomal, activity: the decrease thought to be du: to in
gixg_secretion (Wang et al., 1983). Intestinal macrophages
recoveréd from Crohp's. diseased intestine had a greater
phagocytic capaéity than peripheral blood monocytes from the
same patient. In addition to increases in numbers of
macrophages,  increases in the number of veiled cells have
been observed in Crohn's diseased colon (Wilders et al.,
1984).

The evidence that intestinal macrophages exist is
incontrovertible. Increases in the numbers of macrophages
and their activity during inflammatory diseases impiicate
these <cells 1in the intestinal inflammafory response.
Patients with inflammatory bowel diseases often have.
increased concentrations of Acute Phase Proteins. It is
likely that the intestinal mécrophages are involved in the
genesis of this response. ‘

The regulation of intestinal pathophysiclogical

events are an enigma, in animals and humans, due to the

P difficulties in procuring and studying the different cells.
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.As‘isolation prcceduree improve, more information will be
forthcoming: Ah impcrtant conSiceretion steﬁming from this
work, will be to_determihe the extent to which macrophage

function is duplicated or replacﬁf”by other cell types in

x

the-intestine. Epithelial cells seem particularily impor—
tant in this respect. For example, epithelial cells are
phagocytic _and speciaiizec epithelial cells_ occur‘ over
Peyer's patches for the purpose cf sempling luminal ‘cont-
ents. The permeability of the epithelial layer may deter-
mine whether the l;mph01d cells are stimulated to react
against particular antigens. The intestinal epithelium
bears Class.-II antigens and may participate in antigen
presentation. Epithelial cells contain esterases and

-

.phosphatases similar to macrophages. Epgthelial cells may
be among other cells that participate in the locaI- and
systenmic 1nflammatory response in the intestine through the

secretion of various mediators including hepatocyte-stimula—

ting factors. o ;.Q

4.5 intestinal disease and the Acute Phase Protein

Response | - ' | /’_f\\\\\‘_
Nematode infections of rodents have been used to \‘

elicit intestinal inflammation in a model study of potential | /

systemic indicators ‘of- local inflammatory diseaEe.  An

) ,
interesting paradigm was exposéad by following the -Acute

Phase Protein Recpcnse due to. two infectious nematode
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spécies. Infection of rats by N. brasiliensis led tﬁ
activation of ma'crophages in the lengs of the host,. and
macrophages and possibly other cell types in the intestine.
These periods of cell activation were oconsistent with
increases in the concentrations of the serum Acute Phase
Proteins. Rats infected with T. spiralis failed to show
evidence of macropyage activation or a positive Acute Phase
Protein Response. The - effect of the infection ‘seemed
limited to diminishing the constitutive hepatocyte-stimulat~
éng factor secretion by the intestinal cells, probably by
interféring with epithelial cell function. The failure té
register: a positive Acute Phase Protein Response implies
that .inflammation did no%t occur. However, changes were
observed Ain the negative Acute Phase Proteins during
-infection of rat; by T. snigélis, underscoring the need to
éxamine a number H§f proteins if the Acute Phase Protein
Response 1s to serve as a window to local inflammatory
“events. It §hou1d, however, be ‘recogﬁized thaé down

regqulation of negative Acute. Phase Proteins might be

elicited by different mediators and/or mechanisms.

P

It is feasible that studying these two. models of
intestinal inflammation will ‘contribute to our undegstanding
of the human inflammatory bowel diseases. The positive

relationship between the dose of N. brasiliensis and the

magnitude qéﬁthe'Acute Phase Protein levels is compatible

with the staging of inflammatory bowel diseases being

\

4
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related to the'levéls of the same proteins in humans. Based
on the findings:of a requisite systemic iniury, preQious*to
the period of inflammation in the intestine, énd the
positive serum responSe,lit is inferesting to speculate that
those humans which present with Acute Phase Protein changes .
have also suffered a systemic injury. This was certainly
the case in humans. suffering from multiple intestinal
parasites. The model infection may permit ﬁhe_identificaf
tion of the cells responsible for signalling the Acute Phase
éesponse of the'intestine and the specific events 1eadin§ to
their activation. - <«

Important considerations should be made of the
" conditions under which inflammatory bowe] diseases fail to
glicit the Acute Phase Protein Response, and the rodent
ingectioﬂ by.i; sggréiis may be impertant in tﬁis resﬁect,
High doses of this parasite'did induce smdall changes, which
may indicate that in the absence of a systemic injury, thg%e
must be considerable damage in the intestine befofe- the

- .
response is elicited. This may be an indication of the

.
-~

limited refficacy of the résponse to serve as a prognostic

toecl for the prediction of .relapses.
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