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Abstract

Objective: The threefold aim of this experimental
study was to test the correlation of cardiac troponin I
released to myocardial infarction size and
myocardial fixation of anticardiac troponin I
antibody and to determine how long after
myocardial infarction the measure of cardiac
troponin [ concentration can evaluate myocardial
infarction size.

Experimental design: Forty rabbits were assigned
cither to a control group or to an experimental
preconditioned group. Infarction was obtained by
tightening a snare around the left anterior descending
artery. Serial venous blood samples were drawn for
measurement of cardiac troponin 1. The rabbits were
sacrificed at 72 hours and a histological study was
performed to determine the infarct size and the size of
the area void of fixation of anticardiac troponin I
antibody.

INTRODUCTION

Cardiac troponin I (CTn I) is a sensitive and specific
marker of myocardial injury [1-3]. It is useful for
early detection of myocardial infarction in cardiology
[4.5) and ischemic insult in cardiac surgery [6-10].
Mair [5], in a study involving 15 patients, showed
that CTn I correlates with myocardial infarction size
estimated 5 weeks after myocardial infarction by
single photon emission computed tomography with
99m Technetium-isonitrile Itc-sestamibil. This study
showed CTn I to have important properties which
needed to be confirmed by 1) a larger number of
cases, and 2) more accurate measurement of
myocardial infarction size. The only way to measure

Results: There was a linear correlation between the
total amount of CTn I released and both infarct size
(=0.45, p<0.02) and the size of the area void of anti-
cardiac troponin I antibody (r=0.47, p<0.02). These
two sizes were strongly correlated (1=0.95, p<0.02).
The hour 9 CTn I sample was the best correlated with
both the infarct size (r=0.47, p<0.02) and the size of
area void of anticardiac troponin I antibody (r=0.45,
p<0.02).

Conclusions: Our study shows that: 1) cardiac
troponin 1 release is correlated to both myocardial
infarction size and the size of area void of fixation of
anticardiac troponin I antibody, 2) the area void of
anticardiac troponin I antibody fixation includes the
whole ischemic area, and 3) evaluation of myocardial
infarction size can be obtained by CTn 1
concentration as early as the ninth hour.

myocardial infarction size accurately was to perform
an experimental study in which the infarction size
was determined by two methods. The first method,
using hematoxylin-eosin-safran  coloration. has
already been validated. The second one, unknown to
date and evaluated in our study, is anticardiac
troponin I antibody fixation. The threefold aim of
this experimental study was to test the correlation of
CTn I released to myocardial infarction size and to
myocardial fixation of anticardiac troponin 1
antibody, and to determine how long after
myocardial infarction the measurement of cardiac
troponin 1 concentration can evaluate myocardial
infarction size.
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Experimental preparation

Experimentation was performed on healthy New
Zealand white rabbits weighing between 3000g and
4000g. A training sample of five rabbits was used to
perfect the anaesthetic and surgical approaches.
Premedication was done 30 minutes before anesthesia
with acepi (10mg ) to
anesthesia was done with ketamine (20mg kg’
intramuscular) and atropin (1 mg subcutaneous).
After endotracheal intubation, the ear vein was
cannulated. Analgesia was maintained with alfentanil
chloride (10 mgkg" intranous), muscle relaxation
with atracurium besylate (0.3 mg.kg' intravenous)
and anesthesia with a volatile anesthetic agent
(desflurane 3%). The ear artery was cannulated to
measure arterial pressure. Precordial
electrocardiography was monitored using bipolar
leads across the chest. The heart was exposed through
a median sternotomy.

Experimental protocol

A small curved needle with a 3-0 silk suture was
inserted through the myocardium at the junction of
the one-third proximal and two-third distal part of the
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Figure 1. Graph showing the experimental protocol. In the
control group, rabbits underwent 40-minute coroyyry occlusion
without preconditioning. In the preconditioned group a cycle of 5-
minute coronary occlusion followed by 10-minute reperfusion
preceded the 40-minute coronary occlusion

Measurements of cardiac troponin I

Serial venous blood samples were drawn just after
median sternotomy and after snare removal at 1, 3, 6.
9, 12, 24, 48, and 72 hours. Cardiac troponin I
concentrations were measured by a  specific

ic assay loped by ERIA

left anterior d d artery. The ion was
then left to stabilize for 15 minutes and 300 [U/kg of
intravenous heparin was injected. Rabbits were
assigned either to a control group or an experimental
group to be preconditioned. In the control group, the
hearts were observed for 15 minutes, then the snare
was tightened for 40 minutes before being
definitively released. In the preconditioned group, the
snare was tightened for 5 minutes, then released for
10 minutes to allow reperfusion. It was then tightened
again for 40 minutes before being definitively
released (figure 1). The appearance of cyanosis and
bulging of the anterior left ventricle associated to ST
segment elevation attested the success of the coronary
occlusion. Reperfusion was manifested by the
disappearance of cyanosis, the return of myocardial
contraction and the gradual reduction in the ST
elevation. Blood gases were controlled 15 minutes
after the median sternotomy, before the definitive
release of the snare and 10 minutes afterwards. All
instrumentation was then removed, the pericardium
was drained and the slemum and skin were Llosed
The rabbits were 1! d, weaned from T
ventilation and, put iu a Buich; Seveuty:two hours
later, they were sacrificed after a 300 IU/kg dose of
intravenous heparin and an overdose of pentobarbital
The hearts were excised, washed, and fixed with 10%
buffered formalin for histological study. Rabbits
deceased within the first postoperative day were
excluded from R1 study. Rabbits deceased during the
second postoperative day were excluded from the
histological study but remained included in CTn 1
assays.

Diagnostics Pasteur (Marne-la-Coquette, France).
Each standard CTn [ or test sample was incubated
with MAb 8E1 for 15 minutes. After washing,
enzyme activity was measured following the addition
of a substrate (tetramethylbenzydine). The reaction
was stopped by adding H, SO, and absorbency was
read at 450 nm on a status spectrophotometer.
Histological study
After excision, the hearts were fixed with 10%
buffered formalin for 48 hours. The ventricles were
sectioned from the apex to the base on a plane
parallel to the atrioventricular groove. Between
twelve and fifteen 1.5 mm thick slices were obtamed
from each heart.
Each slide was embedded in paraffin. Three 5-um
sections were cut from each paraffin block for light
microscopy; one was stained with hematoxylin-eosin-
safran  (HES) and  the  others,  in
i h h y with the phosph alcalin
procedure. The first antibody used was a mouse
monoclonal anti-cardiac troponin I antibody with a
concentration of 3.3 mg/mL (ERIA Diagnostics
Pasteur, Marne-la-Coquette, France). This antibody
gives optimal staining at a 1/100 dilution. The second
antibody was a biotinylated, affinity-isolated goat
b with a of
1.4 mg/mL. Optimal staining was obtained at a 1/200
dilution. Finally, each slide was incubated with
streptavidin t hosph

d with alkaline ina
trisaminoethanol buffered saline solution (TBS)
Staining was completed after a 20-minute incubation
period with a fast red substrate system (Dako Inc..
Glostrup, Denmark). All slides were counterstained
with Mayer’s hematoxylin. For the negative controls,
we used incubation in bovine serum albumin-TBS
during the first incubation period, but otherwise
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was performed with Cyberview 2.5 software
(Bioblock Lab, Strasbourg, France).The same
contourage procedure was used for all slides. In slides
treated with HES, infarct size was measured. In slides
treated in immunohistochemistry, the area void of
anti-cardiac troponin I antibody was measured.
Statistical analysis

The statistical analysis was performed with BMDP
statistical software (BMDP Corp. Los Angeles,
California). One-way analysis of variance with
repeated measures (BMDP 5V) was performed to test
the effect of preconditioning and time on CTn I
release. Non-parametric statistics (Wilcoxon test)
were used to compare the total amount of CTn 1
released and the infarct size between the two groups
Correlation statistics (non-parametric Spearman test)
were performed between the total amount of CTn I
released, the CTn I concentration for each sample
drawn and the infarct size. A p value less than 0.05
was considered statistically significant. Values are
expressed as mean + standard error of the mean.

RESULTS

Experimentation included 22 rabbits in the control
group and 21n the preconditioned group. Two rabbits
in the control group and one in the preconditioned
group died of cardiac tamponade on the first post-
operative day, and were excluded from analysis.
Three rabbits in the control group and one in the
preconditioned group died between the second and
the third postoperative day. Measurements of CTn 1
were complete in 36 cases; in 4 cases, the last sample
was missing. A technical problem during preparation
precluded the histological study of one rabbit in the
control group. Histological study was therefore
performed in 19 rabbits in the preconditioned group
and 16 in the control group. Rabbit weight (3547 +
44 ¢ in the control group, 3595 + 58 g in the
preconditioned group, p=NS), heart weight (8.7 £ 0.3
g in the control group, 87 + 02 g in the
preconditioned group, p=NS), and ventricle volume
(2393 + 116 mm’ in the control group, 2384 + 125
mm' in the preconditioned group, p=NS) were
equivalent in both groups. Analysis of blood gases
showed the same range in PH, PO, PCO), and base
excess (data not shown).

Fig 2 shows the time course of CTn I concentration
according to the group. On the whole, the two curves
differ significantly (p<0.05). The total amount of CTn
I released within the first two postoperative days was
significantly higher in the control group than in the
preconditioned group (18.2 + 1.9 pg versus 13.0 +
12 pg, p<005). With regard to the CTn 1
concentration of each sample, it was significantly
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higher in the control group than in the preconditioned
group in the sample drawn at hour 3 (3.81 + 0.7 pg/L.
versus 221 + 0.2 pg/L, p<0.02). Histological study
showed a greater infarct volume in the control group
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than in the preconditioned group (68 + 10 mm”

versus 44 + 10 mm3. p<0.05). The area void of anti-
cardiac tronin I antibody was also greater in the
control group than in the preconditioned group (131 =

16 m::n3 versus 86 + 18 mm3. p<0.05). The following
correlations were performed independently in all
animals  whether they were controls or
preconditioned. The results showed a linear
correlation between the total amount of CTn I
released and both infarct size (r=0.45, p<0.02) and
the size of the area void of anti-cardiac troponin |
antibody (r=0.47, p<0.02). These sizes were strongly
correlated  (r=0.95, p<0.02). Table I gives the
regression lines and the correlation coefficients
between CTn I concentration and infarct size and
between CTn I concentration and the size of the area
void of anti CTn I antibody. The best correlation was
obtained for the sample drawn at hour 9 (r=0.47,
p<0.02 for infarct size, r=0.43, p<0.02 for the size of
the area void of anticardiac troponin I antibody)
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Figure 2: Time course of cardiac troponin | concentration in the
control group and in the preconditioned group. The total amount
of cardiac roponin | released within the first two postoperative
days was significantly higher in the control group than in the
preconditioned group (p<0.05). Cardiac troponin | concentration
at hour 3 was significantly higher in the control group than in the
preconditioned group (p < 0.02).
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Table I. Correlation between CTn I concentrationand infarct size and between CTn I concentration and size of the

area void of anti CTn I antibody.
Infarct size (V)

Anti CTn | antibody size (Z)

CTnl concentration  Regression line, T value p value Regression linc Tvalue P value
X
Before stemotomy 0,06 074 Z=11051X 20.07 0.68
Hour | 0.13 0.46 0.16 036
Hour 3 017 032 011 053
Hour 6 031 0.08 035 *0.04
Hour 9 047 *0.005 045 0007
Hour 12 036 *0.04 025 015
Hour 24 028 0.10 027 011
Hour 48 0.05 077 3 001 092
Hour 72 Y=60. 005 080 147X 006 075

Cardiac troponin 1 (CTn 1) concentrations are expressed in ug/L, and sizes in mm’. *: p < 0.05.

DISCUSSION

Validation of Diagnostics Pasteur cardiac troponin
1 assay in rabbits

To the best of our knowledge, this is the first report to
use the Diagnostic Pasteur assay in an experimental
study on CTn I release in rabbits. Thus, the use of this
particular cardiac troponin I assay has not yet been
validated. However, two arguments show this assay
to be valid in rabbits. First, the comparison of the
peptides at which the two monoclonal antibodies
were directed showed that the peptide which
corresponds to MAb 11E12 is identical in rabbits and
in human beings [11], whereas the peptide which
corresponds to MAb 8E1 differs from one to the other
by only one amino acid. As mentioned earlier, the
colored reaction occurs only if both monoclonal
antibodies are bound to the protein. Secondly, we
asked Diagnostic Pasteur Laboratories to verify the
recognition of both human and rabbit sequences by
their monoclonal antibody. They synthesized 2
peptides, one corresponding to the human sequence
and the other to the rabbit sequence. They tested both
peptides with their monoclonal antibodies. Identical
recognition was obtained for both peptides.
Correlation between infarct size and the area void
of anti-cardiac troponin I antibody.

We noted that the area which was void after CTn 1
antibody coloration was systematically greater than
the infarct size. Observation by optic microscopy
showed that this void area includeyboth the infarction
area and the ischemic area surrounding the infarcted
zone. One hypothesis for this is that modifications in
cell membrane structure induced by ischemia and/or
infarction prohibit CTn I antibody penetration. The
infarct size was strongly correlated to the area void of
anti-cardiac troponin 1 antibody (r=0.95, p<0.01).
This stong corrclation explains the  similar
correlation between the total amount of CTn I
released and both the infarct size and the area void of
anti-cardiac troponin I antibody. As the area void of
anti-cardiac troponin 1 antibody includes infarcted
and ischemic cells, its strong correlation with infarct

size shows that the size of ischemic area surrounding
an infarct zone is proportional to the infarct size
Cardiac troponin I and preconditioning.
Mair [5] showed that cardiac troponin I
correlates with ial infarction size
5 weeks after myocardial infarction by single photon

release

emission computed tomography  with  99m
Te ium-isonitrile T (r=0.53,
p<0.05). In our study, although the correlation

coefficient is slightly lower (r=0.45), the significant
level is higher (p <0.02) because of the sample sizes
(40 cases versus 15). There is one restriction
regarding our results for CTn I and preconditioning.
We did not determine the area at risk because we
assumed that since the occlusion of the LAD was
always performed at the same level, the area at risk
was the same.

Correlation between CTn I release and the infarct
size.

The modest but significant linear correlation between
the cumulative amount of CTn 1, the concentration of
CTn I at hour 9 and the infarct size established in our
study is of considerable importance. In addition to the
sensitivity and the specificity of CTn 1 previously
reported [2,3], we show CTn I concentration at hour 9
to provide a reliable evaluation of myocardial
infarction size. This additional property of CTn I may
present an appreciable contribution in clinical
practice.

Conclusions

Our study shows that: 1) cardiac troponin I release is
correlated to both myocardial infarction and the size
of the area void of fixation of anticardiac troponin 1
antibody, 2) the area void of anticardiac troponin I
antibody fixation includes the whole ischemic area,
and 3) evaluation of myocardial infarction size can be
obtained by CTn I concentration as carly as the ninth
hour.
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