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 ABSTRACT
The complement sysﬁq@_is made up of aJsepieS',of

self-assembling - proteins  which act together ' in . the

“.b'. : :\\5 }‘;;_j:',;-: ‘7}:#}_ ‘“iiﬁfJﬂ

A

nonspecific arm of the immune defense system. 'Complemeht_

may be activated by artificial surfaces- such as those found

in‘ the cardiopulmonary prass machiné'(céB) which may“llead
to post-CPB complﬁcatiohs.”@ Since it may function
linéependently of antibody, complemgnt'activation may also be
a factor in myocardial dysfunction seen after CPB. |

| Tq1 study this proBlem, human -'right atrial
_ trabecﬁlae' contracting iapmgtéicglly iﬁ vitro were useq'to
assess’ myocaféial function in four soluéions: Tygpde's,

autologous' blood, plasma and denatured plasma,: MusciS

function was assessed by devéloped (DF)} and resting foret

(RF}) and mean rate of developed force (MRDF), all expressed
as relative to control. Complement.was activated with the

addition of Zymosan in blond and plasma with Tyrode's

solution and denatured plasma acting as controls, After -

initial control measurements were performed, the bath was:

emptied and replaced with the test solution, 1In the blood,

. plasma and denatured plasma groups, DF fell from 29.5 to

44.3% of control (p < 0.@81). This V“g probably a resulf of

.. . s, . eee ' : .
lower 1ionized calcium concentrations within these -solution

compared to Tyrode's . since the calcium concentration

——

corrﬂlated with the percent drop in DF (r = -@.94).

The DF, RF aad MRDF were similar between all’

groups at any given time by a l-way ANOVA. The intercepts

-




S

——

.and slopes of the decay in the preparation showed no

statistically significant difference. Concgntrations of C3
and  C4 were not significantly different between most of the

groups. However, CHS58 £fell during khe blood. and plasma

- experiments in control and Zymosan groups to the same extent

(p < 3.001)  indicatigg complementz activation- in both.
Tyrode's solution and denatured plasma had no detectable

come%gment activity.

Complement was activated by the experimental

. system as indigated by a fall in CHS586 by 12% (p < 0.€1)

agter 1 minute. In addition, dipyridamole is given to the
patients prior to surgery which may have effects on
complement. There was n6 statistically significant
difference in degree of complement activation between
paéients' who were'receiving dipyridamole and those who were
not. ﬁ |

. It is concluded that complement activation does
not directly affect myocardial pérfarmancq,» Dipyridamole
does not effect complement activity. Foreign surfaces and

oxygen bubbling activates complement.

-
-
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* .INTRODUCTION

- 1.8 Preamble. Compleméﬁ% acts_in the nonspecific arm " of’
the {mhune defense systéﬁ' of the body. Cliﬁ}cal and
laboratory studies héve_shown thaf activated complement may
be responsible  for somg.' cardippulmonary ' dfsfuhction
_following cardiopulmonary bypass (CPB) used for open‘ hearg
surgery.  Thére is a lack of information on how the
myocardium is affected. Thé_purpose of the experiments
bresgnted herein® was to é&xplore the ‘diréct action of
complement on 'myocardium; This thesis will present an
overview o%..the st:uétdre and function of tﬁe' compiement
system, as wal as the current state-of khbwiedge of how the’
complement system may be impiigéked in causing mchardiaf

.

dysfunction. The model wused in the experiments will be

assessed both 1in terms of reasons for use and muscle

mechanical parameters measured. Finally, the .experimental,

method and réSh}ps will be presented and discussed.

O <

1.1 The Complement System. * In order to understdnd how the

complement *system may be *implicated . in myocardial
dysfunction following CPB, it is necessary to discuss'—the
normal physiology of the complement system?l The followiﬁg‘
is a brief synthesis of various excellent féviews on the
subject by Muller-Eberhard (1), Osler (2), Brown (3), Rother
--(4), Spitzer JS), aAd Roitt et al (6). addditional
information not found above is referenced separately.

The complement system is made up of a series of

self-éssembliqg _proteins which act as primary humoral



-

. mediators of the immune response.  Complement works via two

oot

seéarate pathwayé:'cldSsical and alternative.
The classical pathway (fiéure 1) is activated by
. . - }
IgG and Igﬁicomple£95 (as well as nonimmunologic substances

such as the acute pha§é reactants, urate crystals, heparin

. and protamine complexes and some. bacteriatl giycolipids).' It

is d}vided into three functional units.each consisting of

varidus subunits: the recognition unit Cl: Clq, Cir, Cls;

the activation unit €2, C3, C4; and the membrane attack

system C5,. CG,' c7, c8, C9. -The cascade begins .with the

recognition of antibody by the Clg constituent of Cl. It

- - PR r : 3 :
appears that Clg must interact with two or more antibodies

for firm  binding of C1, ‘This enables it to undergo
enzymatic activation with various structural . changes
occurring in Clr and Cls. The formed enzyme Cl-esterase is

capable of cleaving multiple C4 prbteins.thus leading to an

~amplification effect. The C4b fragment then binds C2 and in

the presence of magnesium ion, is cleaved by Cl-esterase. .

The C2a fragment and C4b then combine to form a new enzyme
(C4b2a) which binds with and cleaves C3. C3b is formed and
combines with Cdb2asto form the C5 conveitase. The steps

that follow are common to both pathways and are discussed

~

‘below.

The alternative (or properdin) pathway " can be

actjvated by Iga aggregates, polysaccharides

(includiq&\ zymosan and inulin) (7), lipdpolysaccharides,
endotoxin,\ bacterial and-viral membranes, proteins such .as

-

»
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FIGURE 1: The Complenent Cascade adapted. from Brown et al

(3). Shown are the pathways for complemeﬁt activation:

L

classical and alternative.
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plasmin and thrombin, cobra venom factor and C3 nephiitic

factor (5), homogenized‘mqsclex(a), and heart subcellular

membranes -{9). The component with'which the other factors

.interact is C3b. 'However, it is not well uﬁaerstdod how the

Cc3b is generated for this.pathway. It ﬁay be.the:fesulffof‘

classical pathway activation or theré’'may be another enzyme

btesponsible for C3 cleavage. In therptesence of magnesium

ion, C3b binds to Factor B which exposes a site that acts as

a. substrate for the proteolytic enzyme, Faétor D. The

interaction results in a bimolecular complex, C3bBb which

* then acts~as a C3 convertase. This causes further breakdown

of C3 into its components. C5 convertase is a product of.

properdin (P), C3b and factor B: [P(C3b)*2Bb].

It is at this. point that the two _pathways

converge, C5 s cleaved by the actions of C5 convertases-

produced by the classical and alternative .pathways. 1In
addition, ° ‘trypsin, plasmin, and proteinases  of

polymorphonuclear leukocytes, macrophages,'lplatelets and

bateria ﬁay cleave C5, though the products do- not have the

same biological activity as those produced through pathway

cleavgge. C5b -is liberated and binds C6 and C7. This .

complex allows for the abso}ptivé binding of C8 which in
turn binds three to six C9 components. It is the
LN e .

-resultant C5-9 complex which is responsible for cytolysis.

1.2 Mechanisms of action. Once activated, complement may

lead to dysﬁunction either locally at the cellular level or

systemically to involve the entire organism. These agtions

o
L

LI
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- function for the defense of the organism against foreign

‘'substances (bacteria, viruses, toxins, etc.) however, the

same mechanisms  may 'be‘ftgjﬂed against- the host under
. r * \ . - . :

- abnormal circumstances -(discussed in Section 2).

‘1.2.1 -Cftolysis. . .The cytolzﬁic complement reaétion is
initiaééd‘ with the attachmgét of antibody to a cell
membrane !(usﬁélly,' an .invading organism) . As described
above,; the Cl reqognition unit binds reyersibly to the site.

The Cls component activates C2 and C4 leading to the
formation of C3 convertase at a topologically distinct,site.
: ‘ t &

C3. is cleaved and the Cthajb. complex  results in the
cleavage -oﬁ- C5; At a‘different site,, the C5—9_coqplex is

formed which  inserts:  itself either partly (by the C8
F‘ . .

domponent) or riompletely: into the cell membrane., The

lows e;change of intra .and extracellular
. ‘ Uy
components  (small molecules and ions, but not
)

complex then a

+

macrémoleculeé).by'meéns of an internal %ydrophilic‘channel.
The damaged’ meﬁbrane'tﬁeq ailoys iﬁcreaSed water‘into Vthe‘
cell causing swelling and cytolysis.‘ Cdﬂducﬁivity changes.*
haﬁe .also beén détqpted across the iipid bilayers aftacked
bg C§b-9. | | | -
| Although the c?ﬁolytic\réacﬁion usdaily occurs
foilowing Cl binding to antibody, C4 can}bind to a cell in
the absence of antibody, providiﬂé Cls is present in

" solution. . ‘There  is then ‘the ’{poéential . for
antibody-independent cytolysis.

1.2.2 Opsinization of foreign particles. Cbmplement " has

. -




‘been ,Sudéeépéd-qs ﬁaving a role iq phagocytosis.by‘adhgring

" to _foéeign agents ’ suth as bacteria to promote phagocyte

~‘ )" N L4 - i - )
recognition -gf the /fagent and their rembval.. The C3, .€4 and

€5 components are nvolved .with C3b having been identified

as having ‘the majof role (5);:

1.2.3 Polymorphqnucleaf leuﬁogyéé' activation. -Activated

‘complement has important " actions’ _on .polymorphonuclear

- v ~

'+ leukocytes tPMN's)ﬂ‘ Complement leads to-rsequestration and

margipation of ' PMN's as well as stimulating their release .

L

-

reactive with the PMN membrane to alter surface charge

{19,11) and seems to'befthe’mosﬁ'i@portant-component which

results in greater (adhesiveness. PMN's then aggregrate

which leads to stasis and epbolization in _sm511 vessels

~ AR

(12). C5a 1is also a potent chemoattractant for PMN's and’

stimulates the selective release of lysdsomal constituents

(4,13,14). : These enzymes may. lead, to the production of

toxic oxygen radicals which have . damaging effebfT on

“endothelial cells  {(15,16,17) and the sarcolemma of
myocardial cells (18,19).

1.2.4 Formation of anaphylatoxins; Whereas - the above

three modes of action  work at the cellular level,

anaphylatoxins may cause -sYSpemic réactions. Follbwing
enzymatic cleavage of C3, €3a is produced. Receptors for
C3a have been identified on ®numerous cell types, the

-

combination «ith which leads to various reactions. When

active with mast cells and basophils, aegranulation occurs

1
-

' . A B T - '
from the bone marrow,. In particular, C5a 'is direcgtly

LI
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with release of histamine and other - mediators of
anaphylaxis. =~ Smooth muscle contraction is also produced

either by direct action'qf'tbé,anaphylatoxin on cellular

‘receptors or secondary to histamine releﬁge. C3a suppresses

T-cell mediated'immunbglobulin secfgtion,

-

\ . - )
C5a is a component formed by C5 convertase:. . It is

-

more potent in its anaphylactoid function than C3. In

addition to the mast. cell, basophil‘ and smooﬁh muscle

effects, CS5a leads to_increaséd.vascular permeability of

endothelium which is histamine independent. Receptors’ for.
- -
C5a are present on_  neutrophils and mondcytes. When

activated by Cb5a, directed locomotion or chemotaxis is

induced. Cb5a a%ﬁo enhances immunoglobulin secretion.

+

LY

'Recently, C4a has been shown to have weak

anaphylactoid characteristics.

1.2.5 Other roles of complement. v 7 activatioﬁ of
cbmpiement has been associated with f;ctoré which lead 'Eb
clotting, thrombolysis and Vrelease of kinins  and
.prostaglandiné (SfZB). Hageman factor (faftor XII) has been

shown to be a common regulator in‘the these systems (20@,21)

and can be inhibited by Cl esterase inhibitor. They are a;l,

part of |the nonspecific inflammatory response and it is
logical to assume that -if one component is activated,. then

all are affected. Reléase of kinins and prostaglandins have

effects on the microvasculgture of most organs. including
lungs (22).

1.3 Control of the Complement Cascade. . The .complement

)
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'ggscade is controlled by two mechanisms. Firstly, the ¥~

<

binding sites *of Cl fapidly decay as do the enzymes]

_containing C2 (ie. C4b2a and C4b2a3b). Secondly, there are

many enzymes present;ih the serum which destroy activated

complement.. C1’ esterase inhibitor and C3b/4b inactivator

(Factor 1I) act -on their respective components.. Factor H
aCcelerates ‘the dissoc1at10n of %R from 'C3b.
Catboxypeptidase-u' :rapidly . cleavee_ C3a and C5a
"enaphylatoxins;" The complement reaction is therefore
restricted .in both the time and place 1t can. occur. Heparin
in high dosesﬁgmay also 1nterfere with the alternative

pathway by incre 51ng the afflnlty of Factor H for C3b.

L 8

]

2.9 The roles of aptiVated complement in disease.
' -

Complement -has a role in the nonspecific immune system and
inflammatory response'as discussed aboye. The immune system
may turn against the host p and caose multiple .organ
dysfunction incloding collagen vascular diseases (rheumatoid
arthritie), immune complex disease (glomerulonephritis) and
autoantibody diseases (Hashimoto s thyroiditis) (23). The
use of art1f1c1al organs has provided another method' for

complement activation in which blood is exposed to man-made

/

surfaces. This has led to the 1mp11cat10n of complement in

the pathogene51s of aardiopulmonary problems seen w1th 'the

use of these devices, In addition, interest in various

other diseases of the heart and lungs has resulted in

2,

experiments which: implicate the complement system “in the .

4

(A~
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pathbphysiolbgy o} the following disorders. - S

2.1 Dial&sis and.Leukophoregis. In 'the 'garly d;ys.‘ofu
hemodial¥ysis, ﬁellophane was the‘ﬁatergal used for _the |
;dialyzing membraﬁe. Mild to severe bulmoﬁa:y dysfun;tion
fincluding a d;op in p02 and decreased 02 diffusidn)r was

noted in most patients during and shortly after dialysis."

-

This was associated with a severe transient néutropenia of

eariy onset. Experiments revealed that cellopha.e-incubated
plasma transfused £nto animals produced: neﬁtropeﬁia " and
pulmonary. dysfunction associated with gross' pulmonary -
vascdlar leukostasis. ‘Zymosaﬁ‘ (a complement\qgstivatqr)
treatment* of the.pla%ma lead to the same results but heat
treated plasma caused . no neutropenia (11,24). ,it' was’
‘céncluded‘tﬂat cellophaﬁe activated complement which léad to
.the adverse reaction. Similﬁg Findings-ocdurred“in patigngs'
undergoing 'leukophoresis. C5a levels were found to. be
elevated lin bothlvwégﬁiénts‘ undérgoing_ nylon fibté'
uytrafiltration and in plasma incuﬁated in nylon. Pulmonary
dysfunct;oﬁ was felt to be caused by complement .aétiva;ion
with the ‘subseqdent pulmonary sequestratién of activated
. /

PMN's (25).

2.2 Cardiopulmonary Bypass. The cardiopulmonary bypass

machine (CPB) is a device which artificiélly oxxgenatés
blood_and maintains_nonpufs‘sgle cifculétion, thus bypassing
a patient's -hgart.and lungs. The entire blood volgme i§
exposed to many érﬁificiql surf;ces including tubing and_an

oxygenation appératus.,Oxygen bubbles pass through the blood
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which is —circulated .by a compression actiem of a roller

pump. Kirklin " and his group (26) feel that these factors

}ead‘to aiwhole-body iﬁflammétory reaction which is“variable
infmagnitgde but whose effects are transient.

| The bypéss machine affects celiular components of
blood.. Red blood cells are lysed -and platelet numbers are

decreased and function altered (27).,  Plasma proteins are

dghatured probably at the gas/liquid interface which seems,

to affect globular proEéins the most. The globular molecule

unfeolds = thus creatiﬁa —echianges in physical properties .

(28,29). Gamma immunoglobulins (IgG) have been "noted to

fall 1in concentration durihg ceB (3@,31) and haS. been'

-

suggested as one of the reasons for impaired ﬁost défenSé
;Eter such surgéry. |

| There hag been a lot of interest in pﬁe effect of
CPB  on tge complemént system. Unf;;tunately,.most of the
studies are difficult’ to compare as tﬁey use different
methods for measuring complement as weil ss- complement
related . changes. However, most groups“Ydport a <consumption
of C3'and C4 during and after CPB (31,32,33,34,35,36,37,38)
ofte?)hith a récovery to qormai le;els witﬁiﬁ 24 hours, after
surge;$.0E32,36,37). Thg CHSG‘asséy"reflects complehent
activity -dng ﬁhis is reduced  after CPB meaning that
complement has been consumed (3¢,33,39). When specific
compoﬁents- are . assayed, C3a levels (21,40) and C?d lévels

(37) are elevated indicating activation. Complement

“Tactivation may -be either via the classical .or alternate

-



‘paﬁhw5ysf (37)...Activapors include denafured'proteins (b;th
qo@plgm?qt and 1g9G) (29), the artificial éﬁffgces of the
,'éﬁﬁthggd'ﬁeparin/prbtamine complexes (41). I -

. Although‘,the phénomenon of complement 'éctivation
._probably‘ curs, the effects of this activation is _less

" clear, Kirklin et al (26) showeé'ghat a high C3a level w$s

a risk factor for éos;op?rative cardiac and pulmonary
‘dysfunction. PMN sequestration has beenfppoposed as the . -
mechanism' for brgan dysfunction particularfy in the 1lungs.

PMN's decrease in number while on bypass but . this effect

appears short-lived after CPB termination . (16). The

Ind -

decrease in PMN's is caused by their sequestration mostly

in the 1lungs and inéclinical settings, this has not\‘been

found to change pulmonary function (42). Other groups which

note complement activation are not able to correlate it with

complications following CPB (33,38,40).

o . . . hd
Steroids ha been used to minimize complement

activation.«l _ Cavarocchi et al {43} showed that
‘methylprednisolone pfior iq CPB reéuced both the amount of -
‘complement aétivaggd*‘and the degree of pﬁléghary éMN
sequestration. ‘However, they were unable ton show any
benefit with resggct.to pulmonary functiom in thg steroid
treated group. Convgfsely, steroids were foqnd to Eave no
effect on complement activation by two groups (34,38).

| Following CPB, toxic oxygen ‘r;dicals .ﬁay be
proﬁuced by activaled PMN's or ischemic-cells.  Myocardial
dysfunction may be reduced by the addition'of‘oxygen radical

.

-




sca;éngérs (41,45,46).

2.3 Protamine/heparin reaction. In order to .prevent

activation of the clotting mechanism during CPB, hepariﬁ is
given. Following surgery, protamine sulphate is used to
complex and neutralize hepafin. Unfortunateiy, severe

reactions have ‘been reported following - protamine

.administration which include hypotension, anaphylactoid

responses and pulmoﬁary_vasoconstriction'(47).

Although heparin 'is known.to inihibit ﬁhé c3
gonvertase of the alternate pathwéy (3,48}, the newly formed
polyanion/cation comélex ofi. hegarin/protamine causés
complement activation f49) by the classical pégbwaf
(49,5@,51). Compliment - is coAsumed (48) apd.there ris an
elevation of C3a and C4a (41,58). _However, Ehése last two

reports do not identify aﬁy hemodynamic changes associated

with complement activation.

2.4 The post-pump syndrome. The pést-phmp syndrome is
characterized by éoagulopathies,,a systemic inflam&ationf
like reaction and profound orgén dysfunction (36,4@). Thé
syndfome of "Post-perfusion lung" is constituted by severe
pulmonary dysfunction secondary to interstitial edema that
leads - to increased work of breathing and increased
alVeolar-arterial oxygen diféeéence {21). These disorders
are thought Eo be a result of complement aéfivation by CPB.

2.5 The Postpericardiotomy and Post Myocardial Infarction

Syndromes. Both the.postpericardiotomy syndrome (PPS) and

~

postmydcardial infarction syndrome (PMIS) are inflammatory

-
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dlsordeiq%‘ -They are characterlzed by fever and per1card1tls

which - ocoqf'ffrom days to weeks after open “heart . surgety'

e
(52,53) o:-myocard1a1 infarction (54,55). The presedce of
anti-heart antibodies has been found in patients with PPS
(52,53,56,57;58):' It has been suggested that the ant1bod1es
may be.fdirectly cytotox1c j57) or create an 1nf1ammatory
response in thed epicardium leadino to pericarditis. In
PMIS, complementu-AEtivation has been noted by Ea;isiet al-:

(54) by the presence of an elevated C3d. They suggest that

antiheart antibodies ‘and oardiac antigens combine to form

-

immune complexes which are deposited in various sites

leading to compiement mediated tissue damage.

2.6 Myocardial Infarction. With myoca:dial infarction

(MI), complement is activated (59); Rossen et al (6¢)

showed that Clg accumulated in areas of ischemic hyocardium
after 45 mioutes with a concomitant rise in 1eukocyte'
_concentration. This was thought to be‘due to a rise in CSa,
though this was not actualiy measured.--

Several groups have e;perimentally blocked C3
activation bQ cobra venom factor.(CVF) .and found that

infarct size was reduced (61,62,63). Jacob (64) :suggested

that complement-induced leukoembolization may extend

infarction. By inhibiting PMN aggregation with ‘ibuprofen

and methylprednisolone (65,66), they were able to show a
decrease in infarct size. PMN damage is mediated' by
formation of toxic oxygen radicals which cause cell membrane

breakdown w1th 1nflux of sod1um and caleium ions (19 67).

W
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2.7 Adult respiratory distress syndrome. Following trauma,

pahcreatitis, CPB; surgery, and endotoxic shock, the adult
réépiratory distress éyndrome (ARDS) may develop (68). ARDS
is character?zed by increased 1lung wager with reduced
' ‘éompliance ‘leading to arterial hypoxemia'(éé). All of the
above coﬁéitions are known to aétivate complement with the
tgrodﬁction of C5a, a PMN éﬁemoattract;nt. C5a activated

PMN's in the lung release toxic oxygen species which leads

to pulmonary endothelial damage, increased permeability and .
[ . . .

increased lung water (13,78,71). When rendered neutropeqic,-
experi@enpal aﬁimai§ are resistant to ARBS (68,753.
Methylprednisoione reduces the pulmonary edeﬁa (73} by
decreasing PMN fragmentation and enzyme release (69).

2.8 . _Other Tissue Lesions. When complement 1is activated

preriﬁentally‘ and injected into the circulation of various
org;kis damage resﬁlts. . Seelig.et al (74) showed that

. acinar necrosis occurred when the complement activators were

injected into rat pancreas associated with a infiltration of

PMN's.. Similarly, hepatic cellular necrosisfBbgcurred when

the activators were injected into the portal vein. They

concluded that the ébmplement system may exert a cytolytic ¢

i

effect on parenchymal cells which is antibody-independent,

acting through the alternate pathway.

3.8 Experimental Model. Complement activation has been

linked to the dysfunction of variods‘organs as outlined

above. This occurs nonspecifically without the need. for
-]
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antibody recognition of. foreign material. 'ComplemEﬁt

appears ‘ég”be able to localize in tissies and either

‘directly or inairectly (via PMN:;, eté.} caﬁse damage.
 Since ,CPBlleads to activation of the complement 3ystem,” can
myocardial dysfﬁnction-be explained by this phenomenon?

It is not possible to réadily isolate the
complement_ syétem and therefd;é it must be used within its
blood or plasma medium. An isolated , muscle preparation
allows for the alteration of the bath solution in which the’
muécle is contracting. Blood or plasma can be used in the
bath and complement can be activaﬁéd in several ways to be
discussed (see Methods section 2.8). The isolated muscle
preparation has been géﬁﬁiflly acceptéd as a useful means to

P

assess function.
4

To avoid possible species differences in immune

systeﬁs dnd myocardial function, a humén i;olated myocardiaf
muscle model was seleéted. Muscle has been taken from the,
‘atrium (trabeculae, atrial strips* or whole atriaj) and
vent;icle (papillary ﬁﬁscleé and_muséle strips) taken 'from
patients undergoing open heart surgery. |

A brief review ofibas?c myocardial structure and
function 1is required to appreciate the isolated myocardial

muscle model as well as to compare atrial and ventricular

tissue.

3.1 Myocardial structure and function.. The nature of ° the
myocardium and its function have been well reviewed in works

by Blinks and Koch-Weser (75), Sonnenblick (76}, Braunwald

. 4
. -
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et al.(77), Fabiato and Fabiatd {78) and Alpert et al (79).

The following is a brief éynopsis of the main features.

The mydcardiim - is ‘mainly made up of

interconnecting myocytes being somewhat smaller in K size

tﬁan-—thosg¢ of skeletal muscle., They are orgarized in

bundles called myofibrils which appear crossbanded or
striated. The striations occur as a result of a repeating

arrangement of contractile proteins which make  up

approximately 56% of the cell mass. Mitochondria, which are

responsible ‘for the oxidative phosphorylatién processes
- bl ! v

within the ceil, make up 25 to 30% 65 the myocyfé mass. The
remainder of the cell mass ié made up of cyéoplasm and other
organellés. These include the sarcdplasmic.retiéulﬁm which
is importapt in calcium metabolism.. The overala.speed of

L]

contraction is related to. the amount and structure of the

-

éarcpplasmic reticulum within the cell. The. mYocyte is

surrounded by the sarcolemma which %Qnsists of a plasma and

.basement membrane, The sarcolemma“invaginates fregquently,

giving rise to a braﬁching T-tubule network extending deep

into the cell. Cells are interconnected via intercalated

‘discs which are of three types. The fascia adhexens serves

to attach myofibrils to the cell membrane whereas the macula

.adherens ” fixes neighbouring cells tygéther. Together, they

allow hyofibrils and myocytes to contract in series. The

nexus. is a gap junction which is a low resistance passage

for electrical impulses between cells, The intercalated

. discs permit coordination of function resulting ‘in a

"~

' . 4, .
e .
- .
.f
. .
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functional syncitium of mygcardial cells.

The sarcomere is \the basic repeating éegmenf along

the myofibril boundedé-z dark Z-lines every 1.6 to 2.2 um.

The contfactile proteins are arranged in 2 types of

myofilaments. - The thick filament is limited to the A-band
" A .

within the sarcomere. It is composed "of longitudinally
stacked myoqin chains made‘up of rodiike 1ight meromyosin
and the double globular hdaded heavy meromyosin. The thin\

filament consists of'a double helik of actin and a double

L L]

helix of tropomyosin adjacent to the actin. The regulatory
protein troponln is associated w1th tropomyos1n. The thin
filaments are attached to the _2-line and “interdigitate

between the thick filaments.

.

The function of the myocyte is to contract and
e -

generate force. Ca1c1um is essential for th1s to ocgur.

Myocardium contain$ 2.5 mmole/l of calcium which is variably

Ll

distributed between .the sarcoplasnic reticulum, sarcolenma,
miﬁochéndria, myéfibrils and nucléi. It is present in the
resting state in the myoplasm at a concentration of @.¢0601
mmole/l. Contraction' may be elicited by ele%;rical
depolarlzatlon -0of the sarcolemma._fThis 1éads to an increase
in 1ntrace11u1ar calcium concentratlon by influx of calcium

through sarcolemmal slow channels, the Na-Ca ATPase pump and

release from sarcoplasmic reticulum stores.

‘Calcium then binds with f@tgat " affinity to

troponin. This results in a conformational change in

tropomyosin which moves. in relation to actin to reveal
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‘binding sites ‘that may interact with adjacent myosin»
strands. The . héavy meromyosin chain has 2 globulaf ;heads

which appear hinged an the light meromyo§iﬁ* chain.. The

., '

protein of. the head acts-as an ATP—ase_to.cleave ATP and
fopms'ﬁa‘crosé-bridge with actin. Onée the bond is formed,
the myoéin undergqges a coﬁformétional?change which moves the
the head in relation to the actin. The bond is then broken -
~..and ATP is regenerated to allow for furthgf reactions *as the
myosin and actin slide upon each other, - the "so-called’
sliding filament mechanism. The proéess ceases once the
membrane is repolarized, and calcium is either extruded from
the cell or stored within thg,sércoplasmic reticulum. The

number of bonds formed and magnitude .of force,devefbped is

therefor%_ dependent on the influx of calcium in to the’

myoplasm, -

‘

3.2 Study of Myocardial Muscle Mechanics. A well-accepted
method for studying ,myocardiél muscfb_'meéﬁanics uses
isolated myocardium gontracting' .iépmetricailyd | This :
implies.hthgé_ the. two ends of tﬁg’mﬁscle are Eéxed ana

/ . . i
contracting muscle exerts a force without changing length.

' Using this model, ' two properties of myocardium may be

observed. Firstly, .active developed force produced 1is a
_ . .
funct‘on of the length of the muscle prior to contraction, a

-

statement of the Frank—Starling-principle.. The length at
which ‘developéd force ii greatesé is the muscle's Lmax. o+
Above ‘or 'below Lmax, ‘developed"<fofce will be less.

Secondly, the property of contractility or inotropism . is
=

e
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unique to ;myocaxdium; It.islchafacteriied.by 5 change ;in
rate -of.7§orcé.'develogmehtat ;‘Qigén muscle‘ iength. ;App
increase in velocity éf contréction isﬂusuqlly accompanigd e
"by an increése‘in'developed force. In&reased intracéllular;*'
caléiumg sympathﬁmimetic agepts} cardiac .glycosides and
increasigg‘ ffequencydof contraction all result in‘iﬁcreqsed
vebocitf of ’éontraction ana developed forces. Increasing
length will inéreaée 'devei;ped force but velocith‘of
contraction will remaih the same,‘ |

The solution in which.the muscle is contraéting‘is‘“
of great importance as it tries to simuféte' physiological
conéitians.;- A ?olution_@hieh produces vigorous' contraction * .
is hot'n;ceéséfily the most physiolog;é.' Unfortunately, no
éftificiai< golutions will contain érl substances carried in
the ext£aceliular.£luid. Various solutdions have been used
wigh ‘diffefent -eiectrolyte concentrations. Some have
increased glucose uptake with the addition‘éf insulin, whilé
others have increased contraction by adding,stero;dé. The
témpérature' of the baEh_is important as the sérength gl
..contraction :Qill increase with éooling over a considerable
range. S;nce contraction relies on the availability ?f‘ﬂTP,
6xy§en musf be in good‘supply for oxidativg‘bhpéphorylation.
In crystalloid solutions, oxygen must be dissolved (¢.62 ml
02/ml at 95% 02) by huﬂ%ling 62 gas through the + sclution.
Hill (é@)i'deviséd a formula for calculating -the critical
diameter fpé a muscle, peyond whiqh ghe'ﬁuscle core would be

» . . . :
hypoxic. ql"calculation is very rough and a general rule
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is to use muscles with'thé'émallést possible diameters. The '

‘ * ) - I3 - - -
frequency of contraction -is important as force will 1increase

with ‘frequency {ideal frequency for humans is 6¢ - 146 Hz)
(81). |

3.3 Atrial vs Ventricular muscle. The choice of source

for myocard@um is difficult, Normal human ventricular

‘myocardium would be ideal however, it 1is not readily

available. Autopsy material has been used but has

guestionable wviability (82). There are intér—species-

" differences in veﬁtricular morpholegy and functioh?-a list

of which yas prepared by Michael (83). Human right"atﬁial

' appendages. are availaLle in good supply from centers doing

open heart surgery. However, althbgghhphis eliminates the

inter-gpecies coﬁparison, atrial and ventriculaf muscle are

different in several Erespects despite there common
priﬁbrdial origin.

Atrial and ventricular myocardium have been

‘comPared in different mamma ls including man.. Atfial

e
myocytes are generally smaller. and have fewer T-tubules than

ventricular myocytes (84,85,86). Atrial cells have unique

granules which contain Atrial Natriuretic Féc%or ‘aﬁd are
important in fluid and electrolyte balance ({87). Atrial;
layers érg. much thinner compared to ve:;ricular with
connective tissue forming a gre;ter proéortion of total wa}l
th{fkness in the former (75).° Atrial_gﬁd ventricular muscle

differ in myosin heavy chain constituents although the

functional significance of this is not clear (88,89).

o -
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Atrial trabeculae are similar . to ventricular papillary
mosclés  in that. fibers are oriented in a longitudinal. axis
{90,91) thus créating a more’ uniférm lcontraction.ﬁ The,_
intercalated disc patterg in atria  demonstrates a

’ ' ‘

 side-to-side connection in addition to the end-to-end

arrangementjseen between ventricular cells'(aﬁ). Trabeculae

are superior to muscle strips as they have a larger relative
surface area permitting better = oxygenation similar to

papillary muscles (90).

v
- * !

Functionally, atrial musg}es have a greater
velocity of §hortening éompared to ventricular muscle
probably due to & higher ATPase content in atrial muscle
(89,92). Ventricular musclg creates a*greakgr fénsion than
atrial muscle (91,93,94). Ventricular | huséle is- algo ¥

’ f%\lbo;ght to be mofé'stable and results more reproduceable
. thaﬂi'those with _atrié& mUScle'(95,96). Histamine has al
simila;_'effect on bothfveﬁtpichlar a?d étrial mﬁscle (96) . .
_Béta—bloékade causes a greater developed force depression in®

atrial muscle combared to vgﬁtricular {97).

While accepting. these diéferences but tr;ing to
avoid inte?specieé .differences . in -both complement and
myocagéial function, a model using "human- fight atrial
frabeculée contracting isometrically in vitro was sélected‘ "f
to demonstrate. the effect ) of activated complement ‘on -(

myocardial performance.

. " -

- Bl
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5 ATEﬁENT. OF PURPOSE

The complement system has been shown to be

L]

actlvated by the process of cardlopulmonary bypass. Serious
disorders following GQPB such as the post-pump syndrome and
the sault resplratory distress syndrome have been 11nked to
sctivéted complement; In clincial practice, open-heart
.surgery is frequently followed by myocardial depression
which is probably ;multi-factorial in - origin. Activated

. complement can function nonspegificélly which leads to the

questioh: - -does activated complement affect myocardial

*function?
’ . -

r -

< " The -known effects of activated complement * are

sithes_ direct or indirect. Complement may cause cytolysis
acting by wgy of a .msmbrane attack complex (Céb—Q).
Indirect effscts. include the chemotaxis and activation of
poljﬁorphoﬁuclear -leukqutes which msy release toxic oxygen
radibals'nthat are damggibg to most tissues. Histamine may
be released from mast‘sells by anaphylatoxins (C3a and C5a)

whereas Kkinins are <feleased from indirect'.actioq on

|

‘ prekallikrien via Hageman factor. Any one of these actlions

£

could have detrimental effects on myocardial performance.‘

The ~ purpose of this project was to ' assess the ~

direct effects of activated complemént on human -‘right
atrial trabecuale contracting\isomefrically. in vitro, In
SR

. . , /
order to . identify a comp{;ment effect, -several test

-~

solutions were used. Firs;&&, jt was necessary.to establish

i

a control qithout comélémsnt in the system and to test the
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cohplementf activator (Zymosan) to assure .the absence of its
own negative effects. Human aqtdlogdus blood was used to

tesf the effects of complement on both cellula:'and ﬁymoral

compohents of blood. In order td identify whether an effect

was cell-medipted or not, autologous plasma ‘was tested.
:Finally, to assess the effécts_of other plasmé components

other"-thah complement s possible negative inotropes,

--'denatured plasma was tested. Each solution was ~assessed

a control.

Complement® may be activated in many ways. It

was therefore necessary to identify any complemenf

activating factofé“in the equipment used for the experiment.

™ . Py

Similarly, since man blood was taken from. patients
s ) ‘
undergoing oped ° heart surgery, the effects - of

drugs on complement activation had to be known. The only

such drug with possible effects on complément is

.dipyridamole, a platelet inhibitor. Complement levels:

were comsared between patients on the drug and control.

using Zymosan suspended in saline as welk}as saline alone as.
R N .

Gt
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‘ METHODS
: L o
1.8 Human right atrial trabeculae model. Human right

’ atrial ~tfabeculae have ‘been ‘used for the study of muscle

mechanics (90,98,99{, the effects of drugs- on myocardium

including moxphiﬁe (109), histémihe (lBlf, beta-blockers

(97,182), sympathomimetics ~~{1€3) and steroids'(lﬁ4). The
. - f - .

developmént of the human atrial trabeculae model used for
' T s .
the following experiments was described by 'Keon et al,

-(99).' A major problem with other models using humanaatriai

»

tissue is that the preparations lack wuniformity “in the

w3 -

variables which constitute the model. It was therefore the

initial undertaking of Keon .and his group to standardize the

L4

preparation in terms.of stimulation rate, temperature and

ionic composition of the bath solution so that maximum
developed  force would be produced consistently. Thé“rmodel

was then adapted for use in the féllowing experiments 'Qith

4

changes being identified in the description, of the

individual experiments.. K

/

1.1 Adapted model. - “Prior to.uhdergoing open heart suréery,

patiehts signed a consent to enable the procurement of right

atrial appendages at the time of cannulatiQn‘ for

cardiopulmonary bypaSs (Ottawa Civic Hospital Research,

¢

Ethics Committee, August 1984). Pedigtric 'patieﬁts and

those undergoing reogetation were excluded. Hemodynamic
monitoring. devices were placed at the time of surdgery and
patients wére given a general anesthetic (a combination of

high dose  narcotic analgesic, muscle« relaxant -+

6. —

g
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inhalational, apesthetié); CPB was established in the
usual manner (165). The right.atrial appéndagé was then
clamped below the ﬁhrsestring sgture';;d'then excised being
careful to hold it by its edges. At the same time a'syringe
containing 10 éc.oflhutologous arterial blood was Qfepared
| and the.apbendage was placed within it. _The appenéage was
then taken to the laboratory as quickly as possible (10
miﬂs)n
In the laboratory, the appendage was placed-on a
2 . .
piece , of gauze and- carefully inspeéted for suitable
trggeculge. 6nce identified, the_trabeéula was removed ' and
placed ,in a dish. of Tyrode's solution.” From past
exéerience, trabeculae shoyld .bé between 5 and lG' mm in
length to be viable. Each appendage pfovgdeé betﬁee; 1 to 4
trabeculae. . Patient data including identification numbers,
age, sex, type of operation and surgeon were recorded.

' fhe traﬁecula was ;hen 'suspended between two
stainless steel clips of tﬁe'muscle stand (figuke 2). The
upper clip "was attached to an i;ometric force transducer
(Gould-Statham; model ué-z, Oxnard, California, USA) whose
output was-v. amplified and displayed on a direct
writer-recorder (Grass driver amplifier model 7DA, low-leve1
éreamplifier model 7Pl and -pdlygraph model 7, Quincy,
‘Mass:,USA). The distance between the clips waswadﬁusted to
assure minimal tension of the muscle. The muscle was then
submerged into a glassfﬁath whiéh was especially ;designed

for this series of experiments. The average volume was 20
. €

“
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FIGURE 2: Human right atrial trabeculae contracting

isometrically in vitro.
l'i‘\ .

Schematic diagram of the muscle stand. :The muscle is -

mounted between two <¢clips (insert) and contraction is

elicited by fiéld stimulation at 1 Hz., The trabecula is._

placed in modified Tyrode's‘solution.which is maintained at

. F4 . .
34°C and aerated with a mixture of 95% 03/ 5% CO2.

.
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mls (range = 18 - 2@ mls) éo as to minimize the amount of

blood - that had -to be taken from individual patients.

Contained in thé bath was a modified Tyrodeé's solution with’

'pH of 7.48 (NaCl 148, KCl 4.8, Mgso4 3.1, KH2PO4 1.2, NaHCO3

28, cacl2 2.5, .glucose 1l mmole/l) which was maintained at

,34°C' by a tempefature regulated water jaciﬁpvﬂ The solution

was -aerated with a 95% 02/ 5% CO2 mixture.

Field stimulation was then - used . to. €licit

contractions using platinum eiectrodes,on either side of the
trabecula. Stimulation pulses of 5 msec duration were

produced by a Grass $88 stimulator . (Grass Instrument Co.,

Quincy, Mass,USA). Both muscle lerigth  -and shimulation'

voltage were ;ncreased alternat1vely {in 1ncrements of 6.03
mm and 2 volts, respectlvely) unt11 muscle contract1on began
fLo)» Stlmulatlon ‘was then contlnued at 9.1 Hz at a voltage
20% aHbve that requlred to el1c1t contraction for a period
of .30 minutes. Then st1mu1at1on rate was increased- to- 1.0

- Hz  for the duration.of the experiment. After 15 Tizgpes

‘allowed for_equilibration, the muscle was then progressively

stretched in @.02 mm increments until Lmax was achievgd'

{figure‘i). Lmax was defined as the leﬁgth at whfgp maxihum
force was ‘échieved Wthereby reaching the aaximdm of the
Frank-Starling 'response curve. The muscle was then allowed
to equilibrate "for 1@ minutes. ‘

) Durlng the second equ111brat10n perlod, muscle

acceptability was evaluated. Muscles -had to be contracting

consistently without an irregulax force/time.cdntour with a
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| , B @ Force-Length Relationship =~ .

Imax

Tyrodes solutlon
34°C

S 60 pulses per minute
7 a | l,= 745 mm -

| h11Etx1-P£;J()|11nn .

—_—

. ]
. FIGURE 3: Force-Length Relationshigg
) Muscle length is increased until contractile force s’
¢ . o
) max1m1zed (Lmax), 111ustrat1ng “the Frank-Starling prlnc1ple ?
7
4
_— - .
“~ “~ i
\ Y,
ay
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force greater than or equal“to' .8 gm. Muscleé; with
contraction” anomaliﬁs' (multiple peaﬁ contractions,
spontaneous electrical--activityf, low developed force or
high résting force (greater. than or egual to 1.0 g)- were
rejected. These restrictions were set arbitrarily based on
previous experience. ) . ‘ |

The. trabecula was then randomly assigned to one of
eight groups putfihed below in section 4. .

. ‘ - ' | e

2,8 Complement Activation. - In vitro activation of the

complement system fq either }brﬁod or plasma has been
cdmﬁonly performe& using one gf two methodsﬁ-Cob:a Venom
. r S .

Factor 'or‘ zymosan. Cobra Venom Factor (CQF) is a 14¢,000

Daitgn grotefn found in the venom of the Naja naja laoutha

or Naja haje snakes (3}. CVF is functionailly analogéds to.

C3b and on binding to ?actor B, forms an alternate pathway

e o

~C3 convertase. It cannot be inactivated and therefore the

unregulated C3 convertase cleaves all c3 coﬁponeﬂts until

completely. congémed. Soﬁe' CVF's are able to act as C5

convertases so that all components are éonsumed. - These

_,faétors have been used to deplete a given s§stem of

complement- or to produce activated components (C3b) for ig'
vitro or in gigg_;xperimehts (3,63,1@5,106) .

zymosan is a ‘complex' polysaccharide derived from

yeast cell wgils {187) . when  added to plasﬁa, the

complement syséem is activated via:thé alternate pathway

leqﬁqaﬁ* to the formation of C3a and CSaAanaphylatoxins_ and

-
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other components. The Zymosan ac;ivated plasmﬁ (ZAP) méy
.then be used to elicit various immune-related reactions.

Zymosan was chosen for the complement . activator
! .
. for its storability and ease of use. - -

2.1 Zymosan - preparation. Zymosan A-(from Saccharomyces

cerevisiae, Sigma _Chemical Co., St. Louis, Missouri, USA)
was weighed and thep'aadéd to 508 cc of distilled water. It

was sterilized by boiling for 1 hour with ‘constart stirring.

[

»

The(:uspen$ion was then placed into tubes fog centrifugation
(2009 rpm) for 16 minutes. The sﬁperngtant was 'decanted and 
H'discarded. The Zymosan pellet was Fheh;washed with " saline
| and resuspended .w}th vortex »mixing. The washing rand
decahtfng‘was répeated five times.‘ The final -Zymosan pellet
‘was reéuspehdéd in a -known volume of saline to give a
concentration oI 28 mg)ml. This was kept_refrigerated in'é

. t ‘
sterile container (7,11,15). -

-

Ve

3.8 Complement Depletion. The removal of cbmplémen; ‘from

. ¥
blood or plasma may be done by one of two methods. As

»

_ méntioned ébove, cobra venom factor depletes complement By
.aéting' as an .unréjulatea éonveftase. Depending -on the
specific CVF, one factoi_of several could  be selectively
depleééq. Activated subcomponents would be present for a
short time. The plasma is usually kept for 3 days before
use to assure the absence of these activated fragments,
Since muscle and blood are brought together to the

laboratory in this protocol, the muscle would not survive
L' - .
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the thrée'day wait for éompiement deplétion.
Cdmplemen£ compohents are’ qgrptEins thch - are
sensitive to Theat. ‘The  common .method' fofl.bompliggnt
depletion is by heat inactivation- at 56 °C foi?'iﬂ hinutes
.(lB).. Although the proteins are ét}}l pfesenb;(ig..thEY may
'étill act as antigens for immune *cﬁmblexiné), their

biological function is destroyed. ,'” ' LV

-

"4,3 Experimental Protocols. The expeériments were divided

into four groups differing only by their bath solution in

“whic¢h the muscles would be stimulated to contract: modified
‘ ¢

Tyrode"s solution, autoiqgous blood, autologous plasma and

*denatured autologous plasma. Wwithin each group there was a
Zymosan and control subgroup. .In the Zymosan group, Zymosan
(sﬁspended in saline.-as discussed above) was added to

) aétivate cémplement whereas in the ,control group, salineg”

—

alone was added to the bath. The genéral.péﬁtocol followed
. . r . e
for the groups is outlined.in figure 4.

all groups . shared common steps in the protocol.

¢

Once the trabecula was deemad acceptable, measurements of

 musc1e mechanics (MMM) were then taken including debeloped

-

force (DF), resting force (RF) and mean rate of developed
force (MRDF) (see figure 5 for a description). The bath was.

then drained and refilled“with the test solution. Following

¢ B

a ten minute equilibration period, MMM were taken again.

Zymosan in saline (Zymosan group) or saline (Control group)

m

was -then injected into the bath. The amount of Zymosan

+




MUSCLE HARVESTED IN O.R.

EXPERIMENTAL PROTOCOL

10 MIN

MUSCLE MOUNTEDIN TVHODE'? SOLU_TION:
34°c, pH 7.4,0.1Hx stimulstion al voltsge 207
atove threshold, Lg.

A0MIN .

. STIMULATION FREOUfNCY INCREASED TO 1Hz

CONTROL: MMM .
, NEW SOLUTION: EQUILIBRATION

CONTROL: MMM 'iH NEW SOLUT'ON
INJECTION OF SALINE (C)
ZYMOSAN (Z)

- A2XS MIN MMM EVERY 5 MINUTES

¢ Z2 ¢ 2 ¢ 'z ¢ 2
TYRODE'S BLOOD PLASMA DENATURED

PLASMA.
{A

- 3

FIGURE 4: Diagramatic representation of the experimental

proteocel. ‘(sge'text'for details)

¢

" MUSCLE STRETCHED TO Lmax -
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FIGURE 5: Myocardial Muscle Twitch: Measured Parameters

.
Y

Developed force (DF) ='(as shown‘above) 1 q
Resting force (RF) = (as shown above) 0.13 g
Time to maximum tension {TMT): time from onset of

contraction to maximum DF = @.l1ll sec

Mean. rate of developed force (MRDF): DF/TMT = 9.89
oo

hs

g/sec

Other calculated parameters:

-‘Cross-sectionél area = Volume/length (mm2); where

B AN

weight and length of the trabecula are measured, and volume.

is calculated using the equation: Weight/Density (where

5

density is a constant' = 1.056 g/mm2)
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" _ _ . _ _ § ‘
injected varied depending on the size of the bath (18 to 22

-

ml)* so that a concentration of 2 mg/ml was achieved (ie. .

between .1.8 to 2.2 mls of .28 mg/ml stock. solution was
. e ;

injected) (15). Similarly between 1.8 to 2.2 ml of saline

was iﬁjected into the bath in the Control group. MMM were

~

taken every five minutes for a one hour period. At the

conclusion of the experiment, the muscle was weighed “(wet

weight) and  frozen ﬁor drying iater (dry weight) (see
section 6.@). In the blood, plasma and ‘denatured plasma
groups; samples “of the szlution were taken before it was
added to. the bath (herein t; be called thg PRE sample). At
the conclusion of the experiment, samples of solution were

takeh from the bath.and sent for analysis (herein to be

called the POST sample).

3

4.1 Tyrode's solﬁtion. Once the, muscle bath was“drained,
it. was refilled with Tyrode'g s8lution. Zymosan in saline
(Zymosan group) or saline'(Controllgroup) were added as
above.

4.2 Autologous Blood. At the time of harvesting the atrial

ﬁbpendage, 66 ml ofjhgparinizeﬂ arterial hlood (patients
were ‘given heparin 386 mg/kg body weight p:iér.to CPB) was
withdrawn from the same patient inte.a plastic syringe and
transported with the‘appendage to the laboratory. It was

kept at 37°% in a water bath until used in the expérimént.

W W

PRE samples were taken for blood chemistry, hematology and

immunology tests as described below (section 5.0).

L)

The ‘bloéd was used” to refill the bath after

L

-

L ]
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dfainaée. To prevent foamlng due to bubb11ng of gas through
the blood, 0.5 ml of a 1:38 Medlcal Ant1foam AF . Emulsion
(Dgw Cérning Corporatlon, Med1cdl Products, M1d1;nd, Mich,
USA) was added to the béth. ‘(NB: antifoam has been
tested in Tyrode's ;olution in.hnpubliﬁhed experiments and
has o direct effect on myocardial performance; In
addition, muscles contracting in blooq.without'Antifoam have
similar mechanical perférhance compared to those with
‘Antifoam. Antifoam‘was added to pre;ent'losé ofsblood and
plasma due to bubbling'spillage.) Muscies wera randomly
divided into zymosan and Control groups. At the end of the
experiment, the blood Wwas Eemqved from the bath and POST
sambles were :sent for | biochemistry, hemaﬁology and
immunology tests.

4.3 Autologous Plasma. Blood was taken from the patient

/
following heparinization for cardiopulmonary bypass. It was

taken to the laboratory where it was‘placed in 5¢ ml Falcon
tubes and centrifuged at 20600 rpm for 15 minutes. The

plasma was then placed in another tube and keépt at 372 in a
. . 3
water bath.  Plasma, PRE and POST samples ' were sent for -

v

chemistry and immunology testing..

"

4,4 Autologous Denatured Plasma. Arterial blood was taken

from the patient and sent with the appendage to ‘the
laboratory. The blood was centrifuged at 2000 rpm‘in Falcon
“tubes for 15 minugeg and the plasma was separated into
another tube. It was then placed in a water bath at 66

_for 45 minutes. FoXlowing the denaturation, PRE samples
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“a

~ -were sent for biochemistry and ;mmunoloéical testing.. The

plasma was cooled to 340C prior to use in the bath. At Ahe
end of the experiment, the denatiured plasma was recovered
from the bath and POST samples. were sent for  biochemistry

and immunological tests.

5.0 Blood analysis. - Samples of blbédj plasma and,éenatpred

plasma fog biochemistry and heﬁatoiogy were,cooled to 4
and taken to the - laboratories of' ghe Department of
Laboratory Medicine, 'Piyision_. of" Biochemistry  and
Hematology, at the Ottawa Civic Hospital fof analysis on-the

- .

day of the experiment. Sampleé for immunology testiqq were

‘taken to the JImmunology Laborétory at the Ottawa Civic

> o .

~

5.1 Biochemical tests. Heparinized plasmé was placed in 14

mi- Bectoh—Dickinéo&- Vacutainer tubes (without édditives).
All blood sa%plesi were éﬁélyzed by the _Technicén SMAC
autoanaiyzer '(Tarrytown,New YOIk,USA)‘ on the day of the
experiment. All tests ﬁad a coefficient of variance of 2 %

o;.lessﬁl

5.1.1 Sodium. The. method used by‘the autoanalyzer was a
difect poteatiometric measuremen; uéing a sgdium selectivg
glass electrode. The diluted.éerum ffom the sample éiser
was mixéd with tris-tetramethyl ammonium‘cholof?de"'bufﬁer
and ; heated to 55°C before the sodium concentration was
measured in the electrode flowcell. (normal (N) =.l35'- f35
mmol/1) ‘

S.1.2 Potasgium. -Analysis was performed by mixing diluted ’

Yoo
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seruffl with tris-potassium chloride buffer and measured in a
flow cell fitted with a valinomycin membrane potassium -

electrode, (N = 3.6 - 4.8 mmol/ﬂ) -

5.1.3 Chloride. The plasma was diluted and mixed with
dilute nitric acid followed by'dialysis. This was miged
with ferric :nitrate; and mercuric thiodyanatev with the:
resulting red ferric thiocyanate measured by colorimetry‘ék
480 nm. (N = 96 - 186 mmol/l) .

5.1.4 Carbon Dioxide. The sample was diluted and mixed with

- ;

sulphuric acid. The liberated carbon dioxide was dialyzed
across a silicone rubber membrane into carbonate "buffered
phehoiphthélefn. A colorometric analysis was then performed

at 556 nm. (N = 24 - 38 mmol/l)

\

. .
5,1,5 Calcium, Dilute hydrochloric acid ~and.

8-hydroxyquinoline were ‘mi¥ed‘ with diluted plasma. The
calcium was ‘dialyzed into cfesolphthaleine compléxone
reagent. Diethylaminer base was added ang the colored
complex read at 57¢ nm, (N = 2,10 - 2.60 mmol/i)

.5.2 Hematology analysis., Hgba;inized samples of whole

L .
blood were analyzed by the automated Coulter Counter Model

”

S-Plus IV (Coulter Electronics Inc., Hialeah, Florida,
USA).3 It counted and sized based on the detection and
measurement of changes in electrical registangg produced by
a “‘article which- is suspended iﬁ a conductive liquid,
traﬁersing a small aperture. Red blood cells (RBC} and

white blood cel}s (WBC) were counted independently, with the

latter being counted following erythroqyfe lysis. SV
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5.2.1 Hematocrit., Cells - that wvere greatér than 36 pm3  in

the RBC .bath were classified as RBC. (RBC count = n x 10E6
cells/mm3) . Hematocrit was _then calculated using the
formula Hct (8) = RBC x"MCV/18, where MCV was the mean

corbuscula: volume ‘calculated based on the total numher of

counted cells and size of each cell. ' L.

5.2.2 White biood cell count. Cells greater than 45 ‘um3
following RBC lysis‘were classified as WBC (WBC count = n x

10E3 cells/mm3)..

5,2.3 Hemoglobin, The . reference  and sample voltages

generated by the photocurrent circuitry_' to measure
transmittance (3T) were used in the .following formula:

Hemoglobin (Hdb) (gm/dl) = constant x log ref %T/ sample %T.

5.3 Complement assays.'\Heparinized plasma (1 mf)Jwas placed
—4 .

in three 5 ml Sarstedt plastic tubes‘énd with another 2 ml

.into a 18 my Becton-Dickinson vacutainer - tube (without

> L 7 :
additives). Although heparin is a known inhibitor of
.complehent acEivationg concentrations less than 6 meg/ml
" -t
have no effect (187). The coefficient of variance for these

tests was less than 10%.

5.3.f“C3 and C4 determination. These tests assess absolute

levels » of specific complement proteins in a sémple and do-

not determine biolog;cal’gctivity. The 2 ml of plasma was
[—=4

cooled to 4°%. A 1:36 dilution was made and anti-ﬁuman C3

antibody (goat)‘(Beckman Co., 'Toronto, Ontario) was added.

- Antibody (Ab) and éntigen {ag) weré allowed to react in

)

solution with formed Ab/Ag aggregates causing light



e
. L. o .
scattering which was detected by the Beckman ICS Analyzé .1l

autoanalyzer (Beckman Instruments, Toronto,_Ontarip).' (N =
G.é - 1.8 gm/1). - |

C4  was détermined in a similaf fashion, except
‘with ‘the addition'of anti-human C4 antibody (goat)‘(Beckmaﬁ
Co,. Toronto, Ontario) to éerum. (N = 6}15.;'0.45 gm/1)

5.3.2, CHS8 assay. The assay tests the ability of the

" complement .system to.inducé hehélysis of 50% of erythrocytes
sensitized with anti-erythrocyte antibodies. It was a
quantitative test for tﬁe biological activity of comblemeht
i {(1e8).

Sheep érythrdcytes were sensitized with‘ rabbit
antibody (ShhA{ and suspended in gelatin-veronal-buffered
séline. supplementég with maggesium (GvB+). The plésma was
then diluted to 1:5L with GVE+. Five further dilutions were
made and a known amount of ShEA was then added followed by

incubation and centrifugation. The optical densities of

" the 'solutiéns were measured (Beckman Model 25
Spectrophotometer, Palo Alto, California, USA) and plotted
for - a sigmoidal hemolytic'comple ent response curve, The

CH5@ was calculated based on the 5¢% lysis point. (N = 20 -

4¢ CHS@ units/ml) ' o ™.

[ \

6.0 'Wet ard bry Weights. Following the~muscle experimént,

the -trabecyla was removed Eer the muscle stand clips by
sharp dissection and weighed (ie. Gsing muscle between the
clips which had been responsible for contractile ‘force

L >

s
\ -

.
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" generation) on a precision balance (Roller—smith, Bethlehem,’

-~

" Pa, USA) rbksulting in a wet weight. The muscles wéreL then
frazen for drying at a later date.
All muscles were then dried at 60°C for 24 hrs and

then weighed on a Mettler AEl66 precision balance (Héttler

Instrﬁments, Grief9nsee, Switzerland)., The drx/wet weight

' - b]
was then calculated as a percentage.

-

A control group was established for wet and dry

Eight trabeculae which were unsuitable fo:

f
|
, weights.

mounting were removed from appendages. They were weighed,
dried and reweighed in a similér fashion to those above.
| . . :

)

s

7.8 The effects of bubble oxygenation om comblemeht. It is

necessary to see- how the muscle bath: itself affects

complement"since it has been shown that artificial surfaces

~

_.and gas bubbling cause aétivation of the complement ,System

(46). . ' o S

7.1 Bubble oxygenatién (I). Heparinized arterial blood

A

-was taken from patients undgrgoing

open heart surgery

following anesthetic'indhctiqﬁ. The blood -was Senkt to the.

‘muscle lab where samples were érepared for éomplement assay.
: . ; -

Blood was then placed in the muscle bath (18 - 22 ml) and
. 6.5 ml of antifcam was added. The bath was then oxygenated
by bubbling 95% 02/ 5% CO2 through the blood. : Blood samples

wére taken at the end of 1.5 hours of bubbling.

- . _
{ 7.2 Bubble oxygenation (II). Blood was obtained as. above

and placed in the muscle bath. "Field stimulation



(4V) wdé'maintained'at 1 pulse/sec;‘.G.S ml of antifoam was

"

added. “ CHS5@ measuremehts were then tagen at time @, 1, 30
and 60 minutes to follow the change in biologic complement

activity with time.

.

8.8 The effects of dipyridamole on complemént. Dipyridamole

(Peréantine, _Bdghringgr Ingelheim, Toronto, Ontario) is a
=~ :

~

platelet aggregation inhibiting agent which acts by reducing
the phosphodiesterase breakdown’ - of prostagyclin in

platelets. It is routinely given to coronary arte;y'nbypass

patients one day prior to surgery (109}. The}e is some

question that dipyridamole: mayi dffect the inﬁbammator} .

response ofg which the céhplemént,system plays a'part. As

there 1is little im the literature ‘to clarify the situationy,.

the effeets of dipyridamole on.complemenﬁ were rested.

-  Twenty -patients ‘who wére schéduled for- coronatry

bypass surgery . (CABG) and ten patienté who were to -have
non-CABG surgery' were studied. Veno@s‘ blood .was taken

preoperatively (herein known as the PREOP sample) fﬂa

\ . _
analysis including biochemistry, hematolegy and immpnoloqy.
The CABG patients (Drug group) were then  started on

dipyridamole (5¢ mg three ' times‘déily) one day .jgfgre

surgery. On the day of operation, the -patients wera

aneéthetized- and ~ hemodynamic monitoring devices inserted.
Arterial blood samples (herein known as the PERIOP sample)
were then drawn prior to actual surgéry*.and; sent for

testing. The non-CABG patients did not receive dipyrimadole



.

(Control group): but underwgnt the same blood testing ‘and

perioperative prepération for surgery as the CABG patients

L] “ .
- -

did.

At the time of anesthesia, pat;énts are. vblume
loaded which would reduce the hematocrit. Correction forl
this dilution was necessary based on relative changes oﬁ;y
hematocrit. ' _?ﬁg complemént values obtaineg_;from the
second. part 'df the experiment were muitiplied byl this
correction factor. Cohplement levels'betweén arterial and

venous blood have been found to be the same (26,110)..

9.0 Statistical Analysis. Muscle data including 1length

(measured as the distance between the two.stéipless steel
clips of. . :Bhe ;muscle stand, -rie the working length of the
muscle), weight (measured on“tﬁEJ RoIler—Smith: precision
balance) and cross-sectional areal(calculatedggy converting
the weight into volume wusing a dénsity ofmi££056, " then

dividing the voiume of the muscle by  the length) {(figure 5)

- .. .
were compiled within each group. A 1l-way analysis of

variance (ANOVAJ was performed to assess differences between
groups. A p value of less than #.05 was considered to be

gignificant./'

.ot

Muscle mechanical measurements included developed

force, resting force and mean rate of developed force for

[

each 'muécle. There were 14 separate measurements for each

-wr

muscle. * A l-way ANOVAr;;: perfofued on the means of_thé_DF,

RF and MRDF for all muscles in each group contracting in the

»
a,
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ifyrode's solution -iCONTROL) to assess whether or not the
musclés ~Qere similar ét the beginniné of the  experiment.
‘_following change of the-mus&le batg solutioﬁ “(TIME @),
ébéolﬁte DF, RF and MRDF were again checked for any change
by a l-way ,ANQVA; Unpaired t—~tests were then 'bgrformed

between Control and Zymosan groups for each solution.

The MMM for each mus¢le were then. cogyé?ted to.

relative fo;ces as a percentage of force measured at TIME 0.
A l-wiy ANOVA waéﬂperformed using all.B groups at each time
inter&al (TIME @ to TIME 6G) for relative DF, RF ?nd‘ MROLF
(ie. a total of 39 ANOVA's were performed) . To test the

‘decay of <+the DF with time, a. least sguares regression

analysis was performed for héch-muscle. " The mean slopes and

intercepts for _each group were then compared with a Ll-way

ANOVA, Finallf} pé@bentage decay was calculated by,

expressing the ffnal DF of each experiment'in terms of the
DF at time 6. A l-wayHANOVAiwas-used to compare groups.
. o . . :

For the 'b{oéhemical, hematological and

immunological daté, paired t-tests were used to compage the-

values before (PRE) and after (POST)  ‘each experiment.
Unpaired t-tests :were used ‘to compare the means of
POST samples between Control and Zymosan groups.

The resulté of the wet/dry weight measurements

were expressed as % wet weight. (ie, ‘(dry weight/ wet weight)

x 108): A 1-way ANOVA was used to test for differences

between the groups.

-

*For the oxygendtion experiments, unpaired t—tests

A\

<
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. -

_were used to bom;aré meaﬁs of values at each'time_intérval.
Results of the, dipyridamole ‘experiments were
compared using "a' 'p%ired t-test between the  same
_paﬁient's PREOP and PERIOP resultsf, An unpaired t-test was
used - to compare _tﬁe EEBIQP values .between patients in

the Control and Drug groups. _ . o

an
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"RESULTS
. » i -
1.8 Trabeculae results.'There was a total of 128 trabeculae

that‘were successfully moun§pd, alépough numerous appendages
we?e rejected priﬁr to trabeculae dissection. O0f these,
only' 65- trabe;ulae were accebted based on the criteria
describeé in tﬁe Methods séction. The mean‘patiént age was
55.5 with a¢ radge of 33 ﬁo 71 years. Males represented
76.5% of the total number of muscle donors. Some appeandages
proﬁiaed multiple trabeculae accounting for the discrepancy
between -éppendage and trabeculae number ({51 versus 65,
respectively) (table .l). Cofonary artecy bypass grafting
was the most common procedure performed (92.2%), with mitral
valve replacements (E.G%), atrial septal defect repairs

(Z.G%j énd open mitral’ commisuroéomies (3'8%}. being
performed less often. Previous statistical analysis
(unpublished data) éuggest that age and type of operation

’ 4
are not predictors of acceptibility or performance of

muscles. i

The ..@éég&»gfgabeculae length, weigﬁt' and
cross-sectional areas (meam * SEM) for all muscles were 5.79
+ @.24 mm, 5.88 £ ?.28 mg and #.95 + 0.6¢3 mm2 regpectivefy.
Group means are shown in table'1l, ‘A l-way ANbVA revealed
that there was no statistically significant differeﬁte

e M

between the griolups.
N

. o
The first control muscle mechanical meaurement

{MMM) - was made 1in Tyrode's solution. The average

developed force (DF), resting force (RF) and mean rate of

-~
+
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. TABLE 1

e PATIENT DAJA (n = 51)

(mean *+ SEM)

sex: 39 nmales
.12 females
age = 55.5 *+ 1.4 years
age range = 33 - 71 years

operations: 47 coronary artery bypass procedures
‘ 1 mitral valve replacement
1 atrial septal defect repair
2 open mitral commissurotomies

- 1L
Y

TRABECULAE DATA (n = 65)
(mean + SEM)

. wet.-weight = 5.9 + 6.3 mg
’ ‘length = 5.8 + 6.2 mm
cross-sectional area = €.95 + @.03 mm2

L .

developed force = 1.66 + 0,02 g
resting force = 0.29 + 08.63 g _
mean rate Of developed force = 11.31 + ©.30 g/sec

i t

EXPERIMENT n " WEIGHT LENGTH X~-SECTIONAL AREA
(mean + SEM) mg mm : a2
Tyrode's control 8 6.1 + 6.9 6.3 + 4.6 .91 + 0.07
Zymosan 8 6.4 + 1.1 6.1 + 9,7 ° #.98 + 0.@9
Blood ~ control 9 5.1 + 0.6, 5.8 + 0.6 @.98 + @.@7
: Zymosan 8 5.6 + 1.0 6.0 + 0.6 0.87 + ¢.08
Plasma  control 8 5.3 + 0.7 5.9 + 0.7 .89 + @.11
Zymosan 8 5.6 + 8.6 5.2 + 0.4 1.00 + 6.05
D~Plasma*control °8 > 7.8 + 0.9 6.6 + 0.9 1.00 + 6.03
8 6.1 + 0.8 6.0 + 0.6 .97 + 6.99

. Zymosan

[N

-



tagvélopéé force (MRDF) for all ﬁuscles together are shown in’
TaEIe' 1. Tables 2, 3 and 4 givé the mean absolute ,valde{
for DF, RF and MRDF for each gtohp{ Atl-way ANOVA .showed
.Ehat there was no statistically significantl difference
betweén the groupé.
Following . the_ change in bath solution, a second
MMM control was -peﬂformed.' When . replaced by Tytrode's:
solution, there was a mihim;l change in DF (1.5% drop.in‘the
Control.group and 3.6% drop in the Zymosan group).‘ However,
ip the autologous blood, plasma and denatured plasma, there
were decreases in DF of 29_to 44% (table 5, figure 6).
‘ Although‘ the l;way ANOVA showed an overall difference in
ﬁgrcentage_ déc;ease in DF, .individual unpairea t-tests
'Eéiled to show any differehces between Control and Zymosan
groups among the different solutions. A l-way ANOVA between
the six blood/plasma groups showed no statistically
significant difference in_lfall'of DF. In an attempt to-
determine . - the. reason fof the drop, the total calciu&
" copcentrations in Tyrode‘s SOIQtiqp, blood, ~plasma and
denatured plasma Qére compared to-the pé?éen;age_decréase_?n
DF .following solutigpLghgnge. fhere was a higﬁ:deérééﬂﬂaf
correlation .bétween calcium and fall in DF (r = -0.94, p <
0.091).
The next analysis used ;elative DF, RF and MRDF as
a percentage of the value at Time &. _A- l-way ANOVA

between groups at each different time from 5 mins to 60 mins

(at 5 minute intervals) was performed for relative DF, RF

1



MEAN VARIANCE
' 3.56 E-02

. TABLE 2

CONTROL: TYRODE'S SOLUTION

' DEVELOEED FORCE_ (absolutg values)

_ TYRODE'S BLOOD
CONTROL ZYMOSAN CONTROL ZYMOSAN
' = 8) {n = B) in = 9) ..hn = B)
_ mean (g)- 1.04 1. 04 1.18 @.95
Var 3.983 6.01 6.65 9.0l
: * 8D (*¢J @.16 @.12 G.22 8.09
SE . 8.06 -8.04 . g.67 ¢.083
r - 3. ' .
PLASMA DENATURED PLASMA
CONTROL ZYMOSAN , CONTROL ZYMOSAN
= 8)- - (n = 8) ' (n = 8) (n = 8)
mean (9g) 1.10 l1.91 1.08 1.08
Var @.06 6.02 - 9.08 - g.a3
SD @.24 g.15 @.28 @.18
” SE g.08 8.05 .10 6.06
ANOVA TABLE
. F df N df D . TOTAL SS  TRTMT S§ ERROR S§
1.85 57 2.31 ' 2.04

@.26

®

VARIANCE OF MEANS
.. 4,46 E-03

p ;éth
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TABLE 3

CONTROL: TYRODE'S'SOLUTION
RESTING FORCE (absolute values)

TYRODE'S

. MEAN.VARIANCE

4.39 E-0@2

6.51 E-03

BLOOD
CONTROL %YMOSAN CONTROL ZYMOSAN
(n = 8) (n = 8} {n = 92) (n = 8)
6.47 6.21 .29 6.27
3.06 7.02 6.03 @.03
g.25 2.16 - 9.18 2.18
6.089 g.06 ; 9.06 v.06
PLASMA DENATURED. PLASMA
CONTROL 7 YMOSAN CONTROL ZYMOSAN
.{n = 8) (n = 8) in = 8) (n = B)
.24 §.35 g.28 g.26
g.02 ¢.08 ¢.06 9.04
8.15 .28 g.24 ¢.20
9.5 3.10 2.9 @.07
ANOVA TABLE
N. df D TOTAL SS  TRTMT 8S  ERROR SS
57 2.86 .36 2.49
VARJANCE OF MEANS p VALUE -

g.32
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. TABLE 4

t .,
CONTROL: TYRODE'S SOLUTION
MEAN RATE OF DEVELOPED FORCE (absolute valueg)

g
4

TYRODE'S ~ BLOOD

CONTROL ZYMOSAN CONTROL ZYMOSAN

(n = 8) {n = 8) (n = 9) {n = 8)

mean (g/sec) 18.77  10.69 13.31 9.86"
Var 2,34 1.93 16.51 “2,08 .
SD 1.53 1.92 3.24 1:44 "

SE ' 6.54 .36 : 1.15 .51

- _— PLASMA ' DENATURED PLASMA

N CONTROL - ' ZYMOSAN CONTROL ZYMOSAN

N (n = 8) {n = 8) - (n = 8) An = 8)

. .
mean {(g/sec) 11,94 18.12 11.83 11.48
Var 4,69 - 2.27 . 13.00 6.43
sD 2.17 1.49 3.61 2.5%
SE - 8.77 g.53 1.27 - 8.99
BT .
g _ ANOVA TABLE
F af N dafp TOTAL SS TRTMT SS  ERROR S§
1.99 7 57 381.64 74.92 306.72
' MEAN VARIANCE VARIANCE OF MEANS " p VALUE

5.29 - 1.26 .. eJer

[
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TABLE 5

4 - CONTROL #2: TEST SOLUTION

$ DROP IN DEVELOPED FORCE FROM CONTROL #1

. TYRODE'S BLOOD
‘ : CONTROL ZYMOSAN CONTROL Z2YMOSAN
, (in = 8) (n =°8) g (n = 9) ‘(n = 8)
mean (%) 1.51 3.63 38.39 1 29.49
var 29.13 .708.93 265.20 990,16
SD 5,40 - 8,42 16.28 31.47
SE 1.91 " 2.98. 5.43 11.13,
. "PLASMA - DENATURED PLASMA
CONTROL ZYMOSAN CONTROL ZYMOSAN
. {n = 8) {n = 8) (n 8) {n0 = 8)
mean (%), 36,78 39.33 44,25 43,17
Var 30096 92,44 790.89 187.27
SD 17.35-~ 9.61 28,12 13.68
SE 6.13 3.40 9.94 . 4.84
ANOVA - TABLE #1: TYRODE'S, BLOOD, PLASMA, DENATURED PLASMA
F df N df D TOTAL S§ , TRTMT SS ERROR SS§
6.71 7 57 35297.87 ' 15943.86 19354, 01
MEAN VARIANCE VARIANCE OF MEANS p VALUE
340. 282.97 8.23 E-06

. F
g.71

"4 MEAN VARIANCE

87

ANOVA-TABLE #2: BLOOD, PLASMA, DENATURED PLASMA

"df
>

‘N

df D
) 43

437.82

TOTAL S5
2¢0203.94

VARIANCE OF

38.72

TRTMT SS ERROR SS

1550.34 18653.59

MEANS p VALUE
.62
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THE EFFECTS OF ﬁwqm COMPLEMENT ON MYOCARDIAL mm
DECREASE IN DEVELOPED FORCE

7 FOLLOV{ING BATH SOLUTION CHANGE
l ! TYRODE'S (n=8)
N ———=— OO0 (a*9)
1.04 - i —0——0- PLASMA (w=8) °
. —— ——DENATURED PLAIMA (a=8)
g O.I- (3
g . 1
) ] [T &
3 ."-\. -
i I
) l”— 20 0 40 a0 @ 1;0
, - Tymoot’s I TEST SOLUTION

TIME (Mmg.) ot

FIGURE 6: _ Decrease in relative developed force following

solution change. Control measurements are‘taken”éﬁrtime 2

in Tyrode's solution. Following drainage at 1@ mindées,

either Tyrodé's, bloéd, plasma or denatured plasma (s placed

"into the 'bath._ This diagrém'shows developed force before

and after solution change for the control (saline injécted'

bath) muscles, < . : ': ‘ -

" an
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and MRDF. There were no statistially significant

.differences between any of. the groups. A total of 39 ANOVA )
. - . . ’/

analyses were performed, however for the sake of brevitybxv/ : '
‘ . Lol - —

the results for the -analysis at 60 minutes is shown xfo;
relative DF. (table 6), REF (table 7) and MRBE {table 8)

including the ANOVA tables.as a representative of the total

body of the results.
o To calculate the rate of decay of the preparation‘*,

in each; soluﬁion, a léést squares regression ﬁnalysis\ was

. performed. on each set. of data proauéed by individual

trabeculae. The slopes and y-intercepts were then averaged

fof each group and are presented in tables 9 and 10
respectively. Th? mean slopes and . y-intercepts are shown in
tables 9 and 1@. The 'nean and ‘range of correlation

coefficients are presented as well. A l-way ANOVA between
= ¥

the slopes showed no statistiéally s{gnificant difference.
The lines produced are shown in”figures 7 to 1@. The decay
was also expressed as a percenéage using the final value for
DF relative to #itial DF (table 11).° By a 1l-way ANOVA,
there were no staEistically sigéi}icant.differeﬁces begween

i IR ¢
the 8 groups. . - ol
. , . ,1 -

-—

2.8 Biochemistry, Hematology and meunology results,

2.1 Blood Control and Z2ymosan.‘ In both groups, there was

‘no significant difference in hemoglobin concentration, so

.
.~

correction for dilution was not applied.” Using a paired

t-test  between PRE and POST values (as described in the

)

rs

' ' . ' . -



mean (g)
Var
SD z

mean (g)
Var
sD
SE

e MEAN VARIANCE

=t

RELATIVE DEVELOPED FORCE: 68 MINS

TYRODE'S
CONTROL  ZYMOSAN
(= 8) (n = 8)
.74 g.74-
0.6 0.61
.25 0.1
8.89 9.03
PLASMA
CONTROL ZYMOSAN
(n =8) . (n=8)
8.71 | B.674 4
2.02 g.06
6.16 g.25
8.d6 0.09
ﬁ
ANOVA TABLE'
df N df D TOTAL SS
7 57 4.15

g.0%»

6.11 E-03

BLOOD

CONTROL ZYMOSAN
(n-= 9) (n = 8)

- B.63 3.66
@.das5 o.e8
.21 9.28
0.a7 6.10

DENATURED PLASMA

CONTROL

(n = 8)

1 0.84
8.09
6.30
.11

L]

TRTMT 55

@.35

VARIANCE OF MEANS

S

_ZYMOSAN
(n = B),

.84
.16
.40
g.14

ERROR 55
- 3.79

p VALUE -
8.63

v
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_ —)TABLE 7
RELATIVE RESTING FORCE: 68 MIN
. . | ) o
TYRODE'S . BLOOD
" CONTROL ZYMOSAN _CONTROL ., ZYMOSAN
- {n 38) {(n = 8) (n =“ﬂe, . (n =.8)
mean +(g) .84 1.31 6.87 ‘8.76
var g.061 2,28 .05 6.4
sD G.11 -~ 1,51 .23 @.20
SE .9.04 @.53 - @.08 ¢.07
PLASMA. . . DENATURED PLASMA
" CONTROL 2YMOSAN CONTROL _ ZYMOSAN
' (n.= 8) (n = 8) (n = 8) {n = 8)
mean (g) .96 §.92 4,49 1.64
Var .12 0.01 92.89 . 1.7¢
SD - $8.34 __8.10 9.63 . 1.3L
SE @.12 QT -4 x NG ©3.41 G.46
. - “a,
ANOVA TABLE !

. F df N df D TOTAL S8 TRTMT SS ERROR S§
1.06 7 ,57} 768.26 . 88.46 " 679.81
MEAN VARIANCE VAR:Aqsi OF MEANS p VALUE
12.14 71,57 ‘ B.48

( A
r'g

.
o



TABLE 8

e

RELATIVE MEAN RATE OF DEVELOPED FORCE: - 68 MIN
o ‘ o
_~ TYRODE'S : ' BLOOD
CONTROL  ZYMOSAN CONTROL ° ZYMOSAN
(n =8) “(n=8) . (n=9) (n = 8)
mean (g/sec) 6.76 .73 © 8.69 .74
var 2.96 6.01 g.06 @.29
SD . @.25 g.11 2.24 6.29
SE .89 . 0.084 2.08. g.10
? .
' " PLASMA . " DENATURED PLASHA
* CONTROL  .ZYMOSAN - CONTROL ZYMOSAN
(n =8) ' (n=8) (n 7 8) {(n = 8)
mean {g/sec) g.71 P.69 3.89 g.8v
Var ' ' ! ‘GOGZ P G.GG B.:‘.G G'c 17
SD @.16 6.24 g.32 9.42
SE 6.96 - @.29 @.11 @.15
ANOVA TABLE w
- ’ ) -
F df N 4 D  TOTAL SS TRTMT SS ERROR SS
0.69 ¢ 7 57 4,44 g.34 4,10
MEAN VARIANCE VARIANCE OF MEANS - p VALUE =
.07 - '6.07 E-83 6.68 ~
-
{
)
'l _/—-/N"'“'. [
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o TABLE 9 .
DEVELOPED FORCE: SLOPES
" TYRODE'S BLOOD
CONTROL _  ZYMOSAN CONTROL ZYMOSAN
(n =8) . (n=8) (n = 9) (n = 8)
(%/mip) - 0.683 - 6.004 - 0.005 , - 6.806
: 6.00084 .000002 - 0.60081 " ©.00002
6.006 6.002 ¢.003 9,904
2.9 E-63 5.34 E-04 1.07 E-63  1.47 E-03
r + - 6.66 - 9.89 - 0.64 - 9.79
PLASMA I)l‘JNA-'l'UHEU‘ \PLASMA
CONTROL  .-ZYMOSAN CONTHOL  'ZYMOSAN
(n = 8) {n = 8) (n = 8) (n = 8)
hY : . -
(3/min) / - €.065 - 0.005 Zp.e2 - 0.083
/. 0.00002 - 9.080002 080802 0.02004
@.004 0.004 . 0.085 .006
1.44 E-@3 1.48 E-03 | 1.74 E-03 2.12 E-@3
r - 0.75 - 0.7¢ - .28 - 0.08
ANOVA TABLE -
Qf N ° df D TOTAL SS  TRTMT SS  ERROR S5
1 7 57 1.22 E-€3 9.78 E-05 1.12 E-@3
MEAN VARIANCE - . VARIANCE OF MEANS p VALUE
1.99 E-05 1.72 E-@6 .67
- :

©
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vy et
-t . . .  TABLE 10
©
DEVELOPED FORCE: INTERCEPTS
TYRODE'S BLOOD
CONTROL . ZYMOSAN " CONTROL ZYMOSAN
(n = 8) (n = 8) (n =9) < {n = 8)
mean (%) l.84 g.98 1.96 1.82
var g.01 6.002 6.982 .0.063
‘SD 6.07 ¢.05 g.15 2. @6
SE ¢.03 6.02 g.85 3.02
PLASMA DENATURED PLASMA
CONTROL 7 YMOSAN CONTROL ZYMOSAN
(n = 8) {n = 8) _(n = 8) (n = 8)
mean (%) 1,82 0.94 3.96 1.61
Var 6.01 ‘§.004 ¢.02 .41 -
SD * g.14 2.97 0.13 .18
SE .05 . - 6.02 ¢.05 g.04
: ANOVA TABLE
F df N df D TOTAL SS TRTMT SS ERROR.SS
.69 7 57 0.66 g.05 g.61
MEAN VARIANCE VARIANCE OF MEANS p VALUE
R G.810 0.66

9.25 E-04

bl

s



61

“

TME EFFECTS OF ACTIVATED COMPLEMENT ON MYOCARDIAL PERFORMANCE

TYRODE'S SOLUTION = - i
; 7 1_0: ---5""‘6-- - l . ’ . - )
‘?' ) ? * h__%‘ ‘I"'l‘;'-—g-_g .
= 0.8 ‘ ‘
' g 0.8-

, ! — ——0-— - CONTROL (n=8) ‘ o
g ye 1030008 / S

0.4- ——8—— ZYMOSAN (n=8)} -
u y*0.98-0.004x *
’q_ - -
-
e o

1 s
- 10 20 30 40 50 & .
TIME (MINS}
FIGURE 7: ‘Shown are the resultant lines from regression

\

analysis of the change in relative develoqed force with time

of ‘muscles cqntract&hg in Tyrode's. Open and closed#symbols

-

represent mean * SEM at those given times.

= ~
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THE EFFECTS OF ACTATED COMPLEMENT ON MYQCARDIAL PERFORMANCE:

....BLOOD )
8
.
+
2«
¥
]
u ‘ '- .
§ ‘ . ; $
044 -— —0— — CONTROL (n=9)
.8 ¥+1.00-0.008x ) . -
5. . —e— ZYMOSAN (n=B) _ «
w y*1.02-0.006x , .
x ,, ;,_.’ ‘ .
£ 10 ) 40 ) 80
TINE (MINS)
\

i .

- PIGURE B: Shown are the resultant lines from regression
analysis of the change in relative developed‘force with time -
of muscles contracting-in blood. Open and closed symbols

represent mean + SEM at those given times.
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THE EFFECTS OF ACTIVATED COMPLEMENT ON MYOCARDIAL PERFORMANCE
PLASMA '

i.q-=;l.__l_ 1 ' | - ‘ L

- —-0-—-CONTROL (n=8} .

o4 y=102-0008z : .

' | —8—ZYMOSAN (neB) '
¥*0.84-0.005x

} ~ 0.34-0.008x

L] 1 Y T T

o ‘ 10 20 30 €0 50 80 -

RELATVE DEVELOPED FORCE (MEAN tSEM)

TIME (MINS)

r

t

FIGURE 9: Shown are the resdltant lines from- regression

analysis‘of the change in relative developed”force with time

of musciles contragting in plasma. Open and closed symbols

represent mean + SEM at those given'times.
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THE EFFECTS OF ACTIVATED COMPLEMENT * ON MYOCARDIAL PERFORMANCE !

- A . | | DENATUBED PLASMA
/(' ’
- /// .
— g
i
w
:
. g 0.6
o <= =<0 —-CONTROL {ne8)
E y=0.96-0.002x
Sy c.4 ————ZYMOSAN (n=B}
£ ' y=1.01- 0.003x
3 = ‘ -
¥ B
, ‘ 0 - 20 30 40 50 . 80
v TIME OMINS)
FIGURE 19: Shown are the resultant lines from regression

ax

analysis of the change in relative developed force with time
. 1 0
of muscles contracting in denatured plasma. Open and- closed

symbols represent mean * SEM at those given times. .



mean (%)

va
sD
SE

meanp (%}

r

Var

'SP
SE

MEAN ' VARIANCE
"569.43

% DECAY
. TYRODE'S ,
CONTROL 2 YMOSAN
(n 8) {(n = 8)
25.88 26.25
615.55 96,50
24.81 9.51
8.77 3.36
‘PLASMA
CONTROL ZYMOSAN
(n 2) (n = 8}~
29.25 32,63
244,79 662.27
15.65 25.54
5.53 8.68
A

DEVELOPED FORCE:

N

"85

TABLE 11

ANOVA TABLE

-

df D
57.

TOTAL SS
41468.06

61,15

VARIANCE OF MEANS

IN 1 HOUR
BLOOD ,
CONTROL ZYMOSAN -
(n =+9) {n = 8)
37.44 34.25
454,53 783.93
21.32 28.60.
7.11 9.90
DENATURED PLASMA
CONTROL  ZYMOSAN
(n = B) {n = 8)
16.5¢ - . 16,13
925,71 °° 615.55™~
39.43 40.47
10.76 14,31
TRTMT SS ERROR §S
3525,72 37942, 35
p VALUE
2.63
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JMéthods séétion), there were_signifi@gnt. differences inr
total CO2 {23.5 PRE and 21.5 POST, p < 0.85) and in. CH58
{(16.3 PRE and 7.9 POST, p < 8.0681) for the Control (séLgney
group. In the ZymOSanl group, there"w-ere~ significant
differences in sodium (137.3 PRE and 144.5 POST, p < 0.@61),
potassium (4.7 PRE and 5,1 POST, p < 8.85), chloride (111.6
PRE and 126.3 POST, p < 0.861);, total CO2 (23.1 PRE and 20.1

POST, p < 6.61) and CH56 (14.6 PRE and 3.5 POST, p < 0.061)..

Comparing the Control and Zymosan groups POST

values by “an ~unpaired ‘ t-test, there werg no
sta;isticaily_\sighificaﬁt differenées_in any'valge except
fgn white blood count which was siénificéntiy hiéhér:in the
_Zymosan group (p < 8.05) (tabies 12 and 13).

2.2 Plasma Control and Zymosan., PRE and POST values.

. ey

were égainlcompaped-in both Control and Zymoéan groups. In
'the contrgl group, there were significanq differences din
mean sodiums (140.@ PRE and 145.4 POST, p < 0.85), chlorides
(112.8 PRE and 117.1 POST, p < @.95), total C02's (23.6 PRE
aid 25.6 POST, p < 0.881), C3 levels (8.5 PRE and 0.6 POST, -
p < 6.5) and CH58's (16.8 PRE and 7.8 POST, p < @.01). The
‘Zymogén 'éroup . had significant differences in mean sodium
(138.9 PRE and 147.3 POST, p < 0.0@1), chloride (11@.4 PRE
-and '12¢.6 POST, p < 8.001), and CHS5@ (15.9 PRE and 0.0 PbST,
b < 9.001). ‘ ' i

The POST vélués for both Control and Zymosan were

compared and no statistically significant.-differences were



GROUP:

TEST:

mean
SD
SE

GROUP:
TEST:

mean
SD
SE

GROUP:
TEST:

mean
sD
SE

GROUP:
- TEST:

mean

sD
SE

UNITS

C3, C4

Ccl, €p2, Ca

BIOCHEMISTRY,

L,

CONTROL PRE

Na K Cl
137 4.5 109
4.6 6.5 2.2
1.7 6.2 @.9

CONTROL POST
Na K. Cl

141 4.9
8.6 @.7 7.7
3.5 ©.3 3,2

ZYMOSAN PRE
Na * K Cl

137 4.7 111
5.8 6.4 2.1
1.8 ‘0.1 0.8

ZYMOSAN POST
Na K Cl

145 5.1 120
7.9 0.4 3.3
2.8 @.1 1l.2°

g/}

CHS58 = CH50 units/1}
Hb = g/L '

Hct
WBC

E3 cells/mm3

= mmole/I

67.

TABLE 12
BLOOD
(n = 9)
co2 Ca C3
23.5 1.8l 0.67
2.6 0.06 @©.1l4-
1.1 6.62 06.85
(n = 9) ,
co2 <Cca ' C3
21.5 1.96 0.68
1.6 6.20 ©.15
9.7 0.88 6.85
{n = 8) .
C02 Ca L3
23,1 1,77 ‘.56
2.1 ¢.08 . 0.11
.7 ©.63 0.084
{n = 8) .
co2. Ca. c3
26.1 1.85. 6.58
1.3 @0.19 .13
@.4 @.9¢7 ©.085

C4.

@.12

@.04
0.01

c4.

g.12
- 9.85

g.02

c4
g.11

G.04
.01

. C4

.12

0.03
0.21

IMMUNOLOGY AND HEMATOLOGY RESULTS:

CH58

= Lo i
1) L ] *

S S I )

CH56 -
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t-TESTS: BIOCHEMISTRY,

Al

PAIRED ‘¢-TEST: (CONTROL: PRE.AND

TEST: Na K Cl1 Co2 . ca
t -1.7'-1.9 -2.1 3.2 -2.,0
df 5 .5 5 S .5
p g.2 @:1 0.1 8,83 a.1
PAIRED t-TEST: (ZYMOSAN: PRE AND
TEST: Na K Cl €02 Ca
t -5.6 2.7 .-5.9 5,0° -1,3
af 7 6 7 7 7
p 0.061 0,04 0.001 0.602 6.2

UNPAIRED t-TEST:

TEST: Na K Cl Co02 Ca
t -¢.3 -0.3 -8.8 ' 9.7 0.4
af 12 11 12 12 12 -
p 6.8 0.8 0.4 ©.5 0.7

- 68

TABLE 13

Aar——

POST)
C3

-—9-6

POST)

C3

2.6

c4

-@.081

8.6

(CONTROL VS ZYMOSAN POST)

c4

CHS@  Hb
4.83 0.6 .
8 5
¢.001 0.6
CH56  ‘Hb
7.3 -0.5
6 3
' g.gel 0.4
CH58 . Hb
8.7 0.5
15 16
“’G.S G.G

oy

IMMUNOLOGY AND HEMATOLOGY RESULTS
. - BLOOD

Het

6.3

6.8

WBC
-2.5

6.1
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found by unpaired t-tests (tables 14 and 151;\+ﬁ€27y/f
2.3 @enatured plasma Control- and Zymosan. nefe were

significant differences between most PRE andAPOST valoes in.

-

the Control groups These included sodium'(14l.4 "PRE and
'149.6 POST, p < 8.001), potassium (4.6 PRE and 4.8 POST, p <

8.91), chloride (113.7 PRE and 119.6 POST, p < 0.@l), total

J'c02 (23.1 PRE end 24.1 PQST, p < 0.05), -and calcium (1.8 PRE

and 2.0 POST, p < 8.65). -In the Zyfiosan group significant'

.differences occurred between sodium (141.9 PRE and - 152.3

,POST, p < G.Gﬂl);'potassiuq (4.0 PRE -and 3.9 POST, p "<
$.05), and chloride (111.8 PRE and 122.5 POST, p < e;ﬂelj.

N A cémparison by unpaired t-tests between the. two
grogp‘s POST values sﬁowed no statistically signif{cant
diéferences (table 16 ;éd 17). :

-

L

3.8 Wet and Dry weights. Dry. weight‘ is expféssed as a .

percentage of wet weight. A l-way ANOVA between all eight
groups and control showed no stétisticarly sigﬁificanb

difference (taplerla).

4.8 Effects of oxygen bubbling on complement, In the first

series of ;experiments, bubbling through blood took .biace
over 1.5 hours. C3 and C4 levels were not sfbnifjcantly
changed but CH52 decteased significantly from 15.1 to 10.4

(p < @.85) (table 19).

In the second series of experiments, CHSB's were .

LY

measured over a 1 hour period. Tﬁey decreased significantly

.

il



GROUP: ~
_TEST:

mean
sD
S5E

GROtB:

TEST:

‘mean
SD
SE

GROUP:
TEST:

mean
sD
SE

GRQUP+
TEST:

mean

SD
SE

UNITS'

-~

TABLE 14

BIOCHEMISTRY AND IMMUNOLOGY RESULTS:

PLASMA
CONTROL PRE (n = 8).
Na K~ €l Co2 Ca
140 4.5 112 23.6 1.82
5.0 ©.6 3.6 1.1 0.12
1.8 ¢.2 1.3 0.4 @.064
CONTROL POST (n = 8)

Na© K ClL C02 Ca
145 4.7 117 25.6 1.93
2.8 8.5 2.9 1.1 @.22
I.U 062‘. ]'-oB 5.4 G-BB
ZYMOSAN PRE (n = 8)

Na K Cl” C02 Ca.
138 4.3 116 22.9 1.78
4.7 6.7 4.1 1.3 g@l.@7
1.8 @.3 1.6 6.5 ¢.03
ZYMOSAN POST (n = 8) -

Na K. Cl C02 cCa
147 4.1 1206 22.3 1.90
4,9 .6.7.4.3 2.6 @.21
1.8 6.3 1.6 @.8

Na, K, Cl, CO2, Ca = mmole/l

C3, Cc4 =
‘CH58 = C

g/1 -
H56 units/1 R

g

6.51

.10
0.04

C3

g.61
g.11
.64

c3-

.55
@.14
@.a5

c3

@.58
@.15
.85

c4

CH5@
6.10 16.8
#.62 2.8
.81 1.1
C4  CH50
g.le 7.8
.63 4.8
9.01 1.8
c4 CH5@
.11 15.9
.84 4.1
.62- 1.5
C4  CH5@
g.14 7}
2.08 @
.93 '@
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L | TABLE, 15

' t—TESTS:.;BIOCHEMISTRY AND IMMUNOLOGY RESULTS

PLASMA

PAIRED t-TESTS:

p - 0.7 ©.6 0.5 @.3 8.9

1

(CONTROL PRE AND POST)

-

TEST: Na K CL €02 Ca. C3 C4& _CHS0
£ -2.6 -1.7 -2.9-5.2 -1.5 -3.1 8.3 4.6
ar 7 7 77 7 7 7 7
p 0.03 @.1 0.02 6.00l 0.2 .02 ¢.8 ©6.003
éAgRED t-TESTS: (ZYMOSAN PRE ANd POST)
TedT: Na K Cl  C02 Ca C3  C4°  CHS50
£ ° -14.82 1.6 -6.8 0.8 -2.2 0.5 -0.7 -7.8
af 7 7 L7 1 7. 7 7

- p ¢.801 6.2 ©.001 6.5 ©.06 0.6 2.5 9,001
UNFAIRED t—TESTS: - (CONTROL VS ZYMOSAN POST). .
TEST: Na K Cl CO02, Ca C3 C4 CHSB
t -6.3 0.6 -0.7 1.2 0.1 8.6 -8.4"" 1.6
df 14 14 14 14 14 14 14 14

8.7 6.1

a4
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TABLE 16

BIOCHEMISTR& AND IMMUNOLOGY ‘RESULTS:
DENATURED PLASMA

' CONTRQL PRE (n = 8) -
TEST: Na K Ly Cco2 Ca Cc3 c4
mean 141 4.6 113 23,1 1.78 6.30 6.10
SD 3.4 @.5 1.8 ©.9 0.08 @.16 0.04
SE 1.3 8.2 6.7 6.3 0.83 0.06 .0.01
GROUP: CONTROL POST (n = B8). °
TEST! “Na K Cl CO02 Ca C3 ' cC4
‘mean , 150 4.8 ' 120 -24.1 2.64 @.36 0.11
SD 5.2 9.5-3.6 0.7 ©.19 0.16 .03
SE 2.8 8.2 1.3 0.3 ©.07 0.66 0.91
" GROUP: ZYMOSAN PRE (n =_84;3'?>;w#‘ vt
TEST: -Na K CL -C02 Ca.” sC3 = C&~
: - e .
mean 142 4.8 112 23.9 1.81 ©.37 0,10
8D . . 4.2 4B.4 3.2 1.3 0.99 ©.24 6.03
SE 1.5 0.1 1.2 8.4 0.03 0.09 0.0l
GROUP: 2ZYMOSAN POST - (n-= 8) L
TEST: Na K _ Cl' CO2_ Ca .C3  C4
. e . N ' * . -
mean 152 3.9 123 23,5 1.92 ©.39 6,10
5D 4.8 @.3 3.3 1,2 6,16 6.27 9.03
‘SE- - 1.5 @.1L 1.2 8.4 ©.06 ©.1¢ 0.0l
© UNITS . . ‘
Na, K, C1, CO2, Ca = mmole}i”fﬁﬁf_ )
C3 r C'4 = g/l - B ’ . ‘ . .
" CHS@ = CHS5¥ units/1”

.“‘
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TABLE 17

—

-

_- - . . .
t-TESTS: BIOCHEMISTRY AND IMMUNOLOGY RESULTS

DENATURED PLASMA

~—

“PAIRED t-TESTS: (CONTROL PRE AND POST)

- TEST: Na K cl “"co2 ca. €3 . C4a’
£t -5.6 -2.9 -4.2 '-3,2 -3.,5 0.8 -0.23
af 6 6, 6 ——/’ElA 6 6 5
p - ©.861 0.003 0.066 6.02 9.91 1.0 9.8

‘PAIRED'&—TESTS( (ZYMOSAN PRE AND POST)

TEST:_ Na K Cl coz2 Ca .C3 C4
t -26.8 3.1 =21.9 1.4 -2.5 ~—8.6 0.0
af 7 7 77 7. 6 6

P, .00l 6.02 0.601 6.2%0.1 ‘0.6, -1.0

UNPAIRED t-TESTS: (CONTROL VS ZYMOSAN POST)

TEST: {_Na.-K -Cl €02 Ca c3 . C4
£ -8.4 1.5 -8%6. 0.4 . 8.5 -0.3. 0.2
af 13-+-13 13 13 13 12 11

p ‘9.7 6.2 0.6 8.7 0.6 .8 ‘0.8
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\) TABLE 18
WET AND DRY WEIGHT: DRY/WET %
 TYRODE'S . BLOOD
CONTROL ZYMOSAN CONTROL ZYMOSAN
(n =-8) {(n = 8) {n = 9) (n = 8)
mean {%) 28.30 20.96 25.73 32.95
Var 246.83 79.34 26,21 499,04
SD 15.71 +8.91 " 5.12 22,34
SE 5.55 '3.37 1.71 7.90
) PLASMA DENATURED PLASMA
o - CONTROL ZYMOSAN CONTROL . ZYMOSAN
) {(n = 8) (n = 8) ’ (n = 8) (n = 8)
mean (%) 24.79 23.76 25.10 - ,20.83
Var . 87.52- 50.36 78.97 4.59
D 9.36 7.18 8.89 L 2,14
SE 3.54 2.68 3.14 9.76
UNMOUNTED CONTROLS
. -(n = 8) ¥ 4
‘mean (%) 22,38 -
Var .5.50 '—\
sD 2.34 .
SE @.83.
ANOVA TABLE
F df N df D  TOTAL $S TRTMT SS ERROR SS
@.95. 8 61 8275.06. 917.48 ,° .7357.58
MEAN VARIANCE VARIANCE OF MEANS glprALUE
© 119.82 14.61 - - @.48
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TABLE 19 ' | -
EFFECT OF OXYGEN BUBBLING ON COMPLEMENT

C3 c4

PRE @2 POST 62 PRE @2 POST 02
. (n = 8) (n = 8)
mean {g/l) @.06 6.06 g.11 @.11
SD - g.14 @.13 : ¢.03 6.03
SE @.95 . ¢.05 ¢.01 6.01
t @.0 ‘ @.0
df 7 7 -
p L 1
CH50 i )
PRE 02 . POST 02
: {n = 8)
mean (CHS@u/1) 15.14 10.39 -
SD 4,26 4,42
SE 1.56 " 1.56 .
t - 2.65
df 7
p ' ) g.62
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from a mean of 14.3 at ‘time @ to 12.6 at 1 min (p.< 8.61),

1.1 ‘at 30 mins.!(p < @.001) and 9.5 at 6& mins (p < 0.601).

. The decrease in CH50 with time is shown. in figure M.

5.8 Clinical Dipyridamole Study. - There were 7 females and

\

3 males in the control group compared to 5 females and 15

males in the experimentél.group. The_average_ége of control

patients was 46.8 whereas patients in the drug group had a
. . . -

' mean age of 57.1 (p-< ©.865).

At the time  of surgery, 'tﬂé patients_‘aJe
hemodiluted prior to CPB. ThelPERIOP samples-were ;aken at
this time and Eherefore there is a sigﬁifécaqt' dilution
compared td pre-operative vglugs. All PERIOP ‘complement‘

values were corrected appropriately for dilution based  on
et )
individual - change in~ hemoglobin between PREOP and

PERIOP measurements’

4

. . : .. ‘
Using an unpaired ‘t-test, ‘complement levels were
compared ‘- between the Drug group (those who received

dipyridamole) .and the Control gtodp (those, who did not

' receive the drug). There were nho significant differences in
. . . <+

SR “CH58, C3 and C4 levels between the two groups.

- . -

d’ However} paired t-tests within the Drug or Control
: ; « . . )

-groups showed a significant difference ‘-between PREOP and

3

-PERIOP complement devels, In the Drug group”® C3 differed

- (1.4 . PREOP and 1,3 PERIOP, p*< 0.881), as-did C4 (8,29

"PREOP and @.26 PERIOP, p < 6.001) and CHS5@ (27.1 PREOP and
N : - -

24.8 PERIOP, p < @.81): 'The corrfected C3.(1.3 PREOP and t.1

k1

.
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THE EFFECTS OF COHF.'LEHEﬁT ON MYOCARDIAL PEH'ORMNCé'

15 +  OXYGENATION AND COMPLEMENT i
ACTIVATION T
g' 13 . : =
A - 3
o n 3 .
£ ¥ ’
5 g N
£y 1
g 0 )
]
10 . 20 30 40 50 60

TIME (MINS}

FIQE 11: "Oxygenation and complement activation, The

. i ' ~ ) .

ch¥nge’ in CH58 (indicative of Yhe biological activity .of
complement) with time is shown. ¢ .gpcreases -following

exposurce td-the_muscle bath sySgem (glésé and metal sutfaces N

Al .

v

and oxygen bubbles). (see text for discussion)
v, . .
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“RF  and MRDF, there' were no . statistically significant

PERIOP, p < 0.05) and CH58 (29.0 PREOR and 24.7 PERIOP, p < .

a. BS) dlffered 51gn1f1cant1y (table 20).

~

-
-

6.8 Summary. The follow1ng is a brief review of the major -

2
. .

findings of the study.,

: 1. “on ¢t ) conparing‘ the iniﬁiall .physical
charadterfspies effneiéht, 1enbth and crosséeeckionéifwgkea
of the 'mgeclesi; there nere;mg statistically .signfficant
differenceS\QEEf?en ény égnup. : ; .

2.'  Assessing the initial cohtrol values for DF,

‘differences between the mhseles in any of the eight groups.

3. Following. the addition of the test solution,

. there was a 29.5 to 44.3% drop in DF¥ for muscles'contracting

in blood, plasma and denatured‘plasma compaégn'to those in
Tyrode's solution. This drop was inversely related to the
calcium concentration in the nath“{r.= G;94). B f \

¥

4, ‘The muscles were allowed to contract in the

- test solution and the mdsClefbarameEers were followed evefy

'S m1nutes for 1 hour 'A 1-ﬁ3y ANOVA was used tofcompere,the

.data 'at each t1me 1nterva1 between groups and showed no’

stat1st10ally 51gn1f1cant dlfference. . N ' -

5. The muscles have a natural ‘decay wlthln the

solution as - seen in the Tyrode'§ control group.. The déta

for each - muscle was trﬂnsformedl;nﬁo a line by linear’
regression analysis. The slopes and intercépt were compared

by a l-way.ANOVA which showed no.StagisticeLly=rstgnifice&ti-j;

- .
’ o

&
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3 . TABLE 20
' ;"blp&nloauons AND COMPLEMENT
GROUP: CONTROL (n = 10) . - L
. TEST: . . PREOP PERIOP (corrected) . . |
A Hb  C3 C4 CHS@ Hb C3 c4 CH5@
mean 137 1.3  @.25 .29.0 118 1.1 +8.24 24.7
SD | 1¢.6 0.3 @.088 5.9 7.9 8.3 0.85 3.9
S " 3.,4,6.1 0,02 1.7 2.4 6.1 ©.02 1.3
_ | AR _ .
' PAIRED t-TEST: - '
t A\_;/;;z 2.8 ) @.55 2.4
df . {9 9 -9 8 :
“p .  5.2BE-5.4.02 "@.6 0.05 . '
GROUP: DRUG" (n = 2@). , T
TEST: _ PREOP PERIOP (corrected) -
: ' Hb €3 C4 . - CHSU Hb c3 . c4 Ciise
mean 139 1.4 @.29 . 27.1. 126 1.2 ¢.24  22.7
SD ~ 5.2 9.3 .87 ~ 5.8 20,4- 0.2 U7 " 5.8
SE 3.4 0.1 6.02 1.3 ‘4.6;-'ﬂ;l:_h2§3%\ 1.3,
" PAIRED t-TEST: e
\ Hb C3 G4  CHSG ! N
t - 3.7 4.1 5.06 3.3
df . 19, 19 ‘19 . 19
P 0.002 6.001 0.001 .eeﬂm4
. . ' . ‘ ' . K : ) = 4 .
. . - o~ Tan -
UNPAIRED t-TEST: (CONTROL VS DRUYG) . S
Loo— PREQP ' ~ PERIOP
c3 . cd . CHS56 . '« 3 % C4 ' .  CH50
ot . g.4 0 6.4 0.20 9.1 80 . 0 8.22
df- " 28 . 28 27 28 - . 28 . .27~
P 9.7 e.7 ¢.84 6.9 1.8 . @.83
. - L] - 4 . *
' : - N . 1 ’
i . L) o . : LS
. . - " .- l_“?‘c L) b N
LNITS , - s e -
_“Hb, C3, C4 = g/1 - - L
. "CH5@ & CH58 units/l /‘,‘;\ __\ _\
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difference between the groups. ’ . . L ¢ ‘
6. Immunological tests . on samples . of blood,

;'plasma"and denatured plasma before the solution was placed

1n'€2he bath (the PRE sample) and at the conc1051on of the

"experimedg ;(the POST sample)'showed that the levels of (3

and C4 [remained -fairly constant” between PRE- and POST,

samples,",However,' CHS50 decreased in blood and plasma for

both Control and Zymosan groups indicating that complement

had;oeen activated to a simiiar extent in both preparations.

There was no complement activity in either PRE or POST

sample of the denatured plasma..
7. The wet to'dE§§qsi§ht :atio was determined for

all  muscles and compared to a control group. There was no

statistically significant weight gain in any of the groups.
8. The muscle bath systemjs ability to activate
complement waé assessed. - CHS50 levels were Eollowed over a 1l

hour period whlch showed a 51gn1f1cant drﬁ"\ln ‘complement .
activity from control (p < 8. GBI) suggestlng that complemeut
’ ) r . P

had been activated by the system itself.
.9, The muscles and bloo .were-takén-from patients -

undergoing cardiac 'surgery. . Dlpyr1damole - is an
. ’ ‘ .
anti-platelet agent whlch ‘is . glven to some cardlac _patients

»

' preoperat1ve1y. 'It may-lnterfere wath complement act1v1ty -\“‘J.

S0 complement levels. (C3 C4 and.CHSG) were compared between::>. ,
"Q

card;ac patients who were rece1v1ng the drug and those who

wefe not. ‘There  were no - statlstlcalLy significant’

differences between the two groups. ‘

- ™
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(see Introduction section 1l.1). There has been considerable .

is also .fréquenfly seen postoperat

‘was the 'goal of this pIGJECt to assess the eEEects -of 1 _ i

‘81
2 DISCUSSION . - e .
: r A
1.6. Complement in .perspective. The complement system is a ‘ -.‘3E

- ’ A

. . ¢ * ’ i
part of the non-spécific immune system which is important

in inflammatory and infectious processes.' It is linked with
other systems including the thrombotic,. 'fibrinolytic and

kalllkre1n cascades {3, 6) whlch together serve as protective

-

mechanbsms against either phy51ca1, chem1cal or infective '

injury. It is not unexpected that the com lement system ma '
. p \Y

be - activated by many mechanisms as outlined previously

F IO 'n‘.!.\‘

interest in complement'dptivation and its effects on body

" function. The cardiopulmonary bypass machinefhas been one _ a

device thajf:)as been' shown to activate complement

-

(26, 32,33,37, 38, 39,43) . This' activation has been imblicatéd oo

in the med&atlon of varlous post—pump syndromes whlch haVe a-

@
L

prgpensity for af\ﬁectlng the long. ‘yocardlal | dysfunctmn
ely which relates. to
ﬁuitiple factors. since complement activity is non;

speéific, it lS reasonable to pose thé questxon whether some

of .. the myocard1a1 problems can be related ‘td. compleqent,

. - RS

'induCed reactions, either hy dlrect or 1nd1rect means. . It .

N - . . s

1 - . . ' * . -

complement. activation ¢n myocardial mechanical performance.

< : ST . : e
' ) ! B ‘ - , . lf'

2.0 Methodology. o v

2.1- The Model - As previously utlined in_ the Ihtroduction

.
-

- . X - t . N L '. 5

TC-... - Le . ' N~ . L oe



(eectigns j.Gjhand 3 3), en'isolated"ﬁhman- right atrialne

i

trabeculae model has numerous advantages. In general _an

1solated ‘preparation ailows man1pulat1ons of condltlons not.
p0551b1e in cher merls. In partlcular, the complement
system is -difficult - to isolate and ie probably only
biologically  .active in blocd or nlasma. The expetimeutdf“
system desgtited‘ previously permits the ectiﬁation .qf,
complement ana subsequent.qpsertation,of its effects. The

. ttabecula itself provides a simple,-relieble tool for . the
assessment of myocardial function with eese of prepétation
and availability (90,99}.

The use of a numan‘p;eparation is attractive in
that it avoids tne:problems of interspeciesrdifferences 'ip
botn compiement and myocardial structute and function. The

,sdn;ce of most-human myccardial tissue nust be‘petients who
undergo. cpen heart surgery. The major1ty of these patlents
require eurgery Ear ischem1c heart dlsease. Despltef/,

intrinsic .disease, the rlght atrlal muscle is llkely the
least affected compared to left and r;ght ventrlcular muscle
since its oxygen supply is relatlvely less_'compromléed.
Previous egperiments (nnpublisned deta) have shcwn thet

f' {nitial..detelcbed_ Epgse'does-not'vary greatly with age :or
;type ot disease. fn eﬁdition, the crlterla for acceptance

of trabeculaé oqtllned preV1ously are ‘more str1ngent than’

" for cthe;s'USlng either an1ma1 or4human preparct1ons. ‘This

may reduce the 11ke11hopd of " using diseased -tissue.

Tew y

Accepting this end'-the d1fferences between “atrial and _



_vénéricular ‘ muscle diécqgséd previbugiy (Inérqdhetiﬁn
séctiqn' 3.4), the human right atrial tfabebuiae moée} is a
'reasonabie apprbximatign of human ventricle for théipu:poges
‘of this Stﬁdy.  - o -

~

2.2 Muscle Oxygenation. The. trabeculae which were

accepted into’ the pfopocol were similar in weight, length

and cross-sectional area. The cross-sectional area is of.
"“" ‘ ‘ y LS N .

extreme :importance' siice ~ the muscle. is depeqding ~on
@iffusion for. its ox gen.suﬁply. bonfrbversy sur}ounds
the question of whit is the critical diameter éor the
adequate -oxygenatibn of isolafed muscles (75,111): The
oxyéen consumption of theimuscle depen@s.oﬁ its thickness

and frequency Of'contractidn$ Blinks and Koch-Weser (759)

_stfess _that. the musclé be as thih as possible.to allow for

adequate oxygen -supply. They suggest that unless the
‘musclgs are less than the critical diaméter‘%or 'diffusiqn,
small variations in p02 at the surface of the muscle will be

reflected in changés in the mechanicgal performance.
L F ‘ . '
Unfortunately, critical diameter is difficult ‘to calculate

and 'sgbject' to many’ assumpticns., Approximatiéns are

.

~ available, in the literature which yary from @.64 to 1.1 mm

CERTITA L

.. Tge' muscles used in thé experiments for this

1 ¢ *

thesis , had a. mean cross-sectional area of @.95 , mm2..

This is less than 1 mh2 whigh is generally cdnsidered to be
the critical cross-sectional area - for adequate muscle

oxygenation. = ., B

'_!"( (G ' S
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2 3 Model Controls.'; R P .

2 3.1 Oxygenation ‘and Forezgn surfaces. These ste ies were
designed to‘assess cbmplement aptivation by the experimental
equipment itself. Clearly, there was complement activation

. ) . ) ) b - . )
which. appeared to be greatest within the first minute of

placing the . blood _1n thq\muscle bath (f1gure 11). The

 ffactors .b0551b1y respons1ble for this 1nclude the. foreién:

L
[

surfaee;,of' the bath4 bubble oxygenatlon‘and_ the.4antifoam

Y
b

solutions This accounts for the obserdation that-complement

was ‘activated to almost the same extert in ‘both Control and
. . |

Zymosan groups. However, the~ two other solut1ons, Tyrode's

and denatured plasma, acted as cont“BTs f_i blood and

plasma. Complement is not present in Tyrodes solution and

o, - . '/""' . co.
is present but not functlona1 in denatured plasda.' It does

s

not seem poss1b1e to 1solate complement wlthout aqt1vat1n93

_it.' ‘Therefore with the ‘use oE theﬁe add1t10na1 groups both
with and w1th0ut the addltlon of Zymosan, adequate controls

‘were assured.. ' : A

aQ

2,3.2 Dipytidamole experiments. ' Dipyridamole is the only
: med1cat10n ‘that preoperat1ve cardlac patients "take which has

ant1—1nf1ammatozy propert:es that ) could lnterﬁere thh
Co \ ¢
complement act1vat10n (see Methods sect1on 8. G) ﬂsince the

1
1

-

blood of . these patients was used in- these experlments, it

was impottant to assess any effeet that dipyridamole might»

. ’ ‘ Y
* have. had on_complement activation. '
ag o

The patient .age and sex distribution were

e - .
different which reflects the tymke of patients hav;ng CABG
-—4"l

+

L KN
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L Y}

- and nop-CAEG‘Cardiac suigery.  Alihouéh the patients in the

,Cpht_r'ol -and. Drug groups are 'npt v}eﬁmqtched for 'sex and

age, ' there is mno evidence to suggest that the differences.

should interfé:e with idtetp%étatign»of cohplement resylts.

~On _ comparing complement -  values hetween

.preopérative and perioperative samples, both aroups showed a

L -

°a

decrease in C3 levels and CHS@ (aftér correckion for fﬁ\\\\:
'dilution}. There was a small but.statistically siynificant ’.,_

decrease in C4 for the Drug gioup which was not evident'fn{s
the Controls, There, were . no differences -hetween’
pgrﬁgbetativelc3, C4 and CH5@ levels between the two Qroups.

These data.sqggeét that there was consumption of édmplepcnt‘

as a result of perioperative mahipulationsé{f?ﬁt!udinj
insertion of hemodynami~ monitoring devices via venipuncturae
and ' anesthetic induction) which. occured before the actual

’

y 4 ' .
_surgery. Complement consumption (sh9wh by a fall:'in CH3Y)

‘was - accompanied hy a drop .in {3 and/or C4 which v indicated

: RO T
)tﬁiff”gﬂﬁﬁléhent protein fragments probably disappeared from
N oo " L ! . o =~ .
the circulation. A fall in C3 and C4 was not seen n, 1N

vitro experimentsfbecause there was no scavepger system ftor

the removal of protein frayments. Thu;e'has ‘no’ dppﬂ}cnt-

+

- effect exerted , by the .drug on comﬁ!cment' Astiv;;y_ anl

therefore blood: taken from patients taking this druy may: be
PR Tl e '

used for‘theae experiments.

. ¢ S . o

;Z;Mg - Choice. of Solutions. To assess the  etlecks  of

. .
e

. S ' ; I o
complement\\S:_..myocardtal » performance, Eij}\/gggtu:ent
solutdons wdre used.. This, particular trabeculie model  was

..
-
. .
A
'



developed using Tytode's. solution. Therefore, muscles
contracting in the’ latter were &sed as the standard égainsh
which others .could be compared. It was necessary to test
the effééts of Zymosan alone on muscle performance in the
absence of complement, FA éontrol group (using .saline) was
established for omﬁﬁrisdn to the Zymosan éroup in Tyrode‘s
solution {(see Methods section 4).

Complement is present in the plasma phase of whole

N

blood.’ whole blood waé used to determine whether or’ not™®

the cellular components of blood were necessary to cause any
change in muscle performance. PLasmaf "the acellula?
 fraction of whole blood, was used to compare Qith whole
Slood"_so as-’to clarify the role of the individual
gomponents in causing any complement mediated effect. As
iiicribed ‘in the Resylts (tables 12-15), both the bloqq and
‘plasma Céntrol and Zymosan groups showed similar activation

[
of complement.  This demonstrates that complement activation

is sensitive and would probably occur in aﬁyf in wvitro
system, . It is unlikely that functional complement could be
isolated without caséing its activation.

Denatured plasma however, ébntainslthe complement
proteiné (as ind;caﬁéd by the C3 and C4.le§els in table 16)
but fhe' complement activity is‘lost whén the plasma is,
heaﬁéd. Thegefore, along with the T}bo@e's solution groupé,
tﬁe denatured plasma Control and z¥mosa5?agoups act as the

true controls for these experiments. -
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3.0 Results, The possibjle ‘mechanisms  of action of

complemenE on myocardial tissue are discussed in the
Introduction fsection‘ 1.2). _'It.yas posfulated for this
#tudy that complement would eifher have an eaily'-or late
effect. Compiement could afféct the muscle immediately
‘after it was glécgéiin the blogd or plasma solutidns. This
was expeéted to ménifest itself as either a fall in DF or
MRDF or a rise in RF. Alternatively, the effect may have
taken time to develop and so the muscle would be allowed to
COntraét in the solution with mechanical parametérs measufed

every S5 minutes for 1 hour.

3.1 Early Muscle results. Followiqg..'acceptahce >of

muscles into the érotocol,-there were no differenééé ?etweeﬁ
. ’

groups in control DF, RF, or MRDF. When the bath solutions

were changed, there was a mininfal drop in DF when Tyrode's

solution was added to the bath. However, there was “a

dramatic drop in DF of most muscles whe& blood, piasma and

denatured plasma' were added. The response was immediate and

' did .not affect the decay of the muscle performance later in

the experiment. The total calcium levels in these solutions.

{
(1.77 - 1.82 mmole/l) differed from Tyrode's solution (2.5
mmole/l). = There was a high correlation between total

calcium concentration and the percentage drop in DF (r = -

8.94, p < 8.001). ~Although this is the most likely reason

for the fall in DF, other factors may be involved.
It 1is  unlikely that complemenf had any role to

play in. the acute fall in DF. Denatured plasma showed the

€
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largest fall in DF howevik, it had no complement activity.
All patients were anesthetized (essentially with narcotics
alone) at the time of muscle harvesting. However, these
agents at clinical levels have been shown not to interfere
with muscle performance (unpublished data for morphine and
fentanyli usiné this model. Blood, plasma and denatured
plasma were anticoagulated, with heparin however, -clinical
doses of the drug have been shown not to alter myocardial
contractility (unpubl%Shéd results). The pH of solutions
varied .SOmewhat from 7.4 in }yrode's solution to as high as
- 7.8 in plasma. The higher pH in blood and plas&a is the
result of loss of CO2 caused by bubbling the solutions with
95% 02/ 5% C02. This simulates a respiratory alkalosis and
leads to a relative increase in.bicarbonate concentration,
A rise in pH up to 7.9 does not severely affect muscle
performance (99). Thus the main reé;on for the fall in DOF
is probably second;ry to a change in calcium concentration.
3.2 Late muscle results, |

' Ll
3.2.1 DF Décay. The data collected over the coutse of the

one ‘hour observation per?od was analyzed in several ways to
assess differences between muscles contracting in the four
solutions, Firstly, the values of MMM observed at each 5

minute interval were compared using a l-way  ANOVA.

Secondly,. the natural decay of fhe preparation was assessed’

in each group. As demonstrated by the muscles contracting
in Tyrode's solution, DF slowly falls off with- time. It

does this with  an apparently uniform linear ' pattern. A

-

-

M
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Jlinear régréssion' analysis was then used on the data  for

each muscle., The slopes and intercepts were then . averaged

within each group. They were then compared bétween groups

by a l-way ANOVA to establish significant differences. A

longterm effect on.DF could then be assessed by aifferences
in‘”slopél values. Finally, the maximum drop in DF was
calculated using the values observed at 68 minutes relative
to ‘the initial control values. Again differegées were
assessed by a l-wéy ANOVA,

" There were no significant diﬁferenées between
the groups in MMM taken »ét any 5 minute interval.
Similarly, the slopes of the lines indicating DF decay were

all “similar. The drop. in DF after 68 minutes in the

- solutions showed no statistically significant difference.

Therefore, activated complement does not seem to ,affect
muscle function. In addition, thére wére‘no differences in
muscle functign between .blood and plasma groups. Since
whole Dblood contains a cellular fraction, it may be
concluded that these cells (PMN's in particular) (see
Introduction section 1.2.3) do not give rise to an indirect
effect on myocardial performance resulting from complemént

activation.

3.2.2 .Complement Activation, In order £9 make the above
conclusion, it must be determined whetheéjii not complement
was: actually activated., Tyrode's solution dogs not contain
any complehent and wéé used as the control. Zymosan was

added to Tyrode's to.assess its effects on the trabeculae,
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There were no changes in MMM which suggests that Zymosan has

‘no direct effect itself on myocardial contraction.

Both the CHS50 of blood Control (16.3 u/ml) and

Zymosan groups (14.6 u/ml) were below normal (N = 20 - 49

CH58 u/ml) because of perioperative dilution. A similar

dilution was seen in plasma (Control = 16.8 CHS58 u/ml,

Zymosan = 15.9 CH5@0 'u/ml). In both Control groups, CH5{

ecreased significantly during the experimént. This is
probably a result of activation due to contact with foreign

_ surfaces (glass, metal electrodes) and gas bubbles passed

through the solutions. 1In the experimental groups ij{ﬁpich

Zymosan had been addeé to the bath, complement was bonsumed
to a greater extent (completely in the plasma experiments).
Due to the moderate variability, there were no statistically

significant differences between Zymosaﬁ and Control: CHS5¢

levels at the end of -the experiments. - '
‘ Y - .
Complement byproducts such as C3a,sgia, C5a can be

determined wusing radioimmunoassay. However, 'since other

groups have shown conclusively that.the cascade is activated
]

by the methods outlined above, it is assumed that they
follow the same pattern in these'experiments. C3 and C4
levels remained unchanged before and after the experiments

suggesting- that theﬂprotein fragﬁents are still present and
able to react with the _antibody reagents for the
nephelometry .tesﬁs. Aithough complement was.activaéed to a
similar extent in Eoth Control and Zyﬁbsgn groups of - blood

and plasma, there were no differences in muscle performance

.\_;—.
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compared to Tyrode's éolution.

Denatured plasma served as ahéthen control whereby
complement was inactivated by heat but the proteins and
other constituents of plasma were present. Again, muscle
performance in this solutiop was not different from that in
the other three solutions, Complement was completely
deactivated as shown' by absence of hemolytic aciivity.

The fall in CHS8® levels seen in the blood and
plasma experiments following the use of recognized
complement activators are evidence for the presence of
activated cpmplement fragments. Despite this, no effecF on
muscle ) pecformance could be demonstrated ,using
human right atrial trabeculae contracting isometrically .ig
vitro.

3.3 Biochemistry and Héﬁatology results, Although there

were some §tatistically significant differences in some of

the electrolyte concentrations between PRE and POST sampleé,
R

_the differendgg“\ugiib:ét large when absolute values were

assessed. Changes in chntfation of sodium, potaésium and—
bicarﬁonater a;e known to'inE}Uence myocardial contractions
(75) which may explain some of the variability in mecﬂanYEal
parameters -be£WEen' mdscles in each group. Aside from the
dramatic drop in DF with the initﬁal change of bath solution
which CQérelated with calcium concentration, there Were no
other major changés that could be attributed to changes in
ionic composition of the bath solution.

” Hematology results for the blood experiments
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revealed similar hemoglobin concentration and hematocrit

between Control and Zymosan groups. However, the WBC for
the POST sample in the blood Zymosan group was significantly
higher than .the PRE sample. Due to incompléte-data (some [

WBC results were not performed in some ‘experiments), the

-’-'
significance of these results cannot be properly assessed.

*

3.4 Weight results, The purpose of this determination was

-to assess whether there was any appreciable weight gain by
, . - »
the muscles following exposure to activated complement. If

muscle function was adversely affected, edema due to

increase membrane permeability might serve as an explanation

-

" for the deterioration. However, there were no differences

in dry to wet weight ratios between any of the groups .

including a control»group.' This suppbrts the conclusion
that activated complement does not affect myocardial

performance directly.

4,0 A Critical Appraisal of the Model: Why is there no

effect? . Upon accepting the above conclusion, why were
there no changes in‘'myocardial contractile performance? It
does .not seem likely that myocardium should be immune Erom

the effects of activated complement as have been shown in

the 1lung and other organs. Indeed, complement seems to be -
important in myocardial infarction, the si;e oé which can be

reduced by complement depletigh (61,62,63).

4.1 Time for t.he Complement Reaction. A consi‘eration is . ’

that the damage created by complement in these experiments

LY
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may  take .Qénger than .1 hour to occpf:.hThis is unlikely
Qiﬁce other groups have shown thHat the mechanisms described
previously t;ke minute; to occur, _'Hamﬁerschmidt- et al
showed. that PMN'% are activated and'aggregate immediately
(1¢,112). Similarly, cgllular neérésis takes only 15
minuteé to occur when cdmp%ement is ibcally injected (74).
with such a rapid-onset of_action, dysfunction should “have
: » "

been demonstrated within an hour period.

4.2. Complement Survival in vitro, Activated camplement

fragmeﬁts have a' very short lifespan .in vivo as do
by-products of complement activity such* as PMN—pfoduced.‘
“toxic oxygen radicais: .These may have been depleted guickly
in this proﬁocol by enzymes and scavendgers in the bfood ;nd
_;plasma and therefore did not have time to accumulate ‘in the
myocardium.  The in vitro moddT ¥s limited in that there is
only a finige quuhp of complement in the 26 ml of blood
used for the experiment. fhe muscle occupied a 'ielatively
small volume in a large pool of solution so that the
complement fragments may -hot have been physicaliy close
enough to the muscle to affedt itlggfore their decay. With
a constant ana\;B;é localized blood flow present in vivo, a
continuous ‘supply of c;hplement may be provided to enhance
the inflammatory reaction. |
With - this in mind, two additional models may be
suggested. Firstly, following control measureﬁents in
Tyrode's solution,  oxygenation éould be witQPeld for a

‘ F
period of time to render the muscle hypoxic. The solutions

T -
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could then be tesﬁéd in a controlled hypoxic model’ whicﬁ
would  simulate the pést—peffusion‘heart Jr ischemic‘ Zone=
about a m&ocardial infarction. Seconde,-an in vivo model
“Suld be developed whereby a coronary artery is igo;atéd‘and-' ‘
bérfused 'with'acﬁivatedhblood or plasma. .A larger qpiume

of acpfvéted' complement would be available to perfuse the

, ~ . . . .

myocardihm. . Myocardial performance‘QOuld be asseésgé by

wall motion and regional flow studies.

4.3 vVascular Role. This in !iggg.ﬁodbl did not -assess the
possible role the vasculature might . play.
Leukosequestration and embolization (12) may ca&ée reduced

. blood flow and tissue iséhemia-reéhlting' in deleterious
effects on myocardial activity; 'Similarly, 63mpiement
aétivation leaas- to kinin-and histahi&e release from mast
cells, basophils, etc. which would culminate ip=changes ig_
vascular toneoaﬁd'permeability both locally .and éy%temically
which .might alter ﬁyocardial functiqn. These indirect

effects of complement- activation could only be studied using

an intact circulatory system which was not possible in our

model. - ‘ . | ‘ RS

"

4.4 Electrical Stimulation. Muscle contraction was elicited
by .field stimulétion. The two platinum‘electrodes were in
close broximity to the muscle. 1In the blood experiments, a
small buildup ©of blood cells and protein was seen on one
elec?rode in each experiment., It may be that as a protein;.

complemént factors could be d;verted away from the musgle

and attracted to either plate. However, this was not

'pe-
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observed in the ?ther solutions. "'; L

o Y : N,

4.5 Effects of Hepgrin. -,The.'thféﬁbotjé mechaniém “was

blockgﬂ by the éddition of hepérin prior to pfocuremgnt. of

the blood. Heparin acts:to gdgéntiaté antithfombiﬁ?'lir;‘

which prevents the action of thrombin on fibrinogen.
Although heparin is known to -activate ‘bomplément, " this
occurs at plasma concentrations in excess of lﬁ'u/ml. The

normal plasma level of - heparin in patients dndergoing

cardiopulmonary bypass (from whom-we took the blood for

these experiments) is 6 u/ml (167). "The pathways for
.clottihg, fibrinolysis, kinin;,production and complement

activation are linked via Hageman factor and plasmin (6).

" They all share common means of activation and ma??eaqh act
to amplify one anothers reactions. " The blockage of

thrombotic: arm may reduce the madnitudé of the complement
¥ - . . T s :

reaction. Fibrin, kinins and other byfprqdhctél‘may have-

additive effects though this- -is not well wunderstood.
Compiement seems to have been activated'adequately in this

system as indicatéd}by.the‘significant'drop in CH5@. -

4.6 Defects in Complemen% Regulation., Although most

. yl . .. . . .
patients wundergoing .. cardiopulmonary bypass show some
* _
complement activation, it is di;ficult to predict who will

develop the severe comélications described previqusly. -

Assuming that qpmplemenf activatioq’fé‘responsible for these

problems, then  there must be a reason for the variability

I

among patients. Some may have defective inflammatory -

’

control mechanisms such as C1 eéterasé"ﬁnhibitor'deficiency
- < )
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or have cirgu ting anti- tissue antibodies which could help,

mediate dﬁmage (1e antﬁ/ﬁeart antibodies seen in EnIS_.or‘u

J_PPS). If these abnormalities are necessary ., for an adverse

-fcomplementwmediated response, then the patients. - used in

}phese_ experiments may not have been affeo}ed. Therefore

reactions would not be seen in vitro or in vivo.

4.7"~S£e£istical Vérfaﬁiiitzfip Results. The last aree‘of
concern -is the variability ih'the results. Some of- the
results showed a high degree of scatter, espec1ally 1n_‘the
series ’ utllizing denatursg_plasma in which correlation was
spoor -(xr < 6.30 and. standard errors high. Thls may be due to
factors which. include pprmone_1e¢51sﬁ medlcatlons, -etc;

Although uniformit§ of sampling was attempted, each clinical

situatiop would have been unigué. For instance, at the time

-

of saﬁpiipg the patient_may'have jdst had a dose of narcotic

" or ~other drug thus creating a blood level that would be

different from other patients being studied. As a response |

" to the ttadgé‘offﬁnrgery, levels of adrenaline, glucégon and

cortisol would be increased to varyiog extents in different .
pafients (il33. These differences in patiente would be
difficult to control. Concerning the denatured plasma in.
particular, if would have contained proteins thh
conformationalw'changes which. may have lead to the reiease'
of hormones and other bound substances that would affect the
results. Although human blood is a complex suspeﬁETS§~;; a
myriad of componeotei a more: constant soldtion may have

. ', . T
decreased wvariability. Blood taken from only one donor
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would not  be practlcal as there might be immune - reactlons

between blood and t1ssqe of dlfferent subjects._ Also, the
o

problems of ma1nta1n1ng a supply of . the same blood would be

N .

numerous. There are also 1ntr1n51c dlfﬁerences between
individual muscles from the same or dlfferent 1ndlv1duals
The complement system is a dlfflcult one with whlch to work
because it capnot be isolated by itself and it is actlvated
56 easily.' A ' . ' - '

. i )
5, 0 Conclu51ons and Relevance._ ‘Activateq complement does

not appear to have any direct  or indirect' effect on
. . 3
) . ' . ) N ~J
. myocardial performance in vitro,. I1f these effects are not

important, then the“post-CPB‘effecfe seen cllhically'may be
due to complement.mediated reactions which'eere not tested
by this model, 'These‘ihclude the'role that the coronary

géasculature. in vivo might play in myocardial eysfen ion.
associated with' conditions yhich may activéteﬂ eoméleﬁent.
Complement "could mediate  the’ arelease of{ vasoactive
substances -whlch might act locally to alter blood flow to
the hea;q dlrectly, cau51ng a change in contract111ty or
systemically by changing peripheral re51stance. Both of
these effects could lead to an eiteration in cardiac Output;

PMN sequestration and embolizatioe is affected Sy activated
complement and may have 'a role in myocardial dysfunction in

S

"terms of creating a physical obstruction to ‘blood flow

and/or a release of destructive enzymes and toxic oxygen

radicals, -
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- . Bubble oxygenation and foreign surfaces activate

’ . ° ’ . . ! ’ * )
- complement and emphasize the difficulty of isolating and
using complement in vitro. Dipyridamole does not affect ‘

& complement activation’ in vivo. , %

Complement functions as part of the body's defense
system.  This may'be activated in'numérqus ways including
cardiopulmonary bypass which may léad £o organ dysfunctign.

. This study .has shown that the -myocardium is not directly
affected by ‘aCtivated _céﬁplémeht. Other mechanisms for

_alterations ‘in' heart function may be the focus for  future

reseagch, . \
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