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Differing Attenuation Coefficients of Normal

and Infarcted Myocardium

Abstract. There are significant differences in attenuation coefficients between nor-
mal and infarcted myocardium measurable with a computerized transaxial tomo-
graphic scanner. Additionally, iodinated contrast material administered prior to kill-
ing the test animals resulted in excellent visualization of the blood-myocardial inter-
fauce at a time when standard radiographs detected no differences between the
ventricular cavity and the myocardial wall. These natural and induced changes in
attenuation coefficients offer a new approach to evaluating and understanding the
processes of tissue injury and death. Their clinical relevance lies in application to the
twin problems of myocardial infarction and the structure and function of the cardiac

wall.

The accurate detection and sizing of in-
farcted myocardium is of major experi-
mental and clinical importance. It repre-
sents an essential step in developing an
in vivo approach to the study of tissue in-
farction and necrosis. In the clinical set-
ting. it not only permits the diagnosis of
acute infarction but also is vital in eval-
uating interventions designed to limit the
degree to which ischemic heart muscle
goes on to cellular death (/).

At present, the most useful approach
to visualizing the volume of infarcted tis-
sue employs radionuclides (2, 3). This
method is limited by both image resolu-
tion and heterogeneous tissue uptake of
the isotope. Current methods of delineat-
ing the cardiac chambers generally em-
ploy invasive intracardiac catheteriza-
tion and the rapid delivery of an iodi-
nated contrast agent. recorded serially
on cine or large film. Noninvasive meth-
ods. such as radionuclide imaging and
echocardiography, have significant limi-
tations of resolution and extent of visual-
ization.

The delineation of normal and abnor-
mal myocardium and visualization of the
cardiac chambers could be readily accom-
plished by noninvasive means if there
were detectable differences in x-ray ab-
sorption by normal myocardium, ischem-
ic or dead myocardium, and the intra-
cavitary blood pool. In this study we
evaluated whether the differing tissue
compositions were adequate to register
altered images on computerized trans-
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axial tomograms (CTT) and the degree to
which physiologic doses of contrast
agent might enhance visualization of the
myocardial wall.

Five normal mongrel dogs weighing 14
to 20 kg were killed immediately after re-
ceiving, intravenously, 5000 units of
aqueous heparin. In addition. one of
these animals had received 1.0 ml/kg of a
mixture of meglumine and sodium diatro-
zoate (37 percent iodine) (Renografin-76,
E. R. Squibb & Sons. Princeton. N.J.) 5
minutes prior to death. Acute myocar-
dial infarctions were created in four sim-
ilar dogs by embolization of a radiopaque
polyethylene plug into the left anterior
descending coronary artery under fluo-

Fig. 1. Normal heart with no contrast agent
given. Section at ventricular level showing uni-
form absorption with a value for myocardium of
26.0 = 0.6 EMI units and for blood of 26.2 +
1.0 EMI units.

roscopic control (2). Two days later,
5000 units of aqueous heparin were ad-
ministered intravenously and the animals
were Killed immediately. The hearts of
all nine dogs were excised after liga-
tion of the venae cavae. the hilar pulmo-
nary arteries and veins, and the aorta.
The excised hearts were shaken and
placed in a divided plastic container
(Tupperware Corp.. Orlando. Fla.)
which was filled with 0.9 percent sodium
chloride and fitted snugly into the head
cap of the EMI (EMI Medical Inc..
Northbrook, Il1.) CTT scanner. The spec-
imens were scanned at 120 or 140 kv; the
scan thickness was either 8 or 13 mm. At-
tenuation coefficients were measured
with the EMI scanner. which has a 160
by 160 matrix and has previously been
described in detail (¢-7).

Scans of representative areas of myo-
cardial wall in normal hearts had uni-
form EMI values of 26.0 = 0.6 EMI
units (mean * standard error of the
mean). In these animals the intracavitary
blood values were 26.2 = 1.0 EMI units.
[One EMI unit corresponds to approxi-
mately a 0.2 percent difference in x-ray
attenuation coefficient compared to wa-
ter (7)]. There was no consistent visual-
ization of the myocardial-blood interface
(Fig. 1). When the hearts were allowed
to stand for a protracted interval. the red
blood cells settled to the lower portion of
the ventricular cavity, which became
denser than the myocardial wall. while
the plasma in the upper portion of the
cavity was less dense.

The administration of contrast agent to
the animals before they were killed re-
sulted in a cavitary (blood pool) attenua-
tion coefficient of 43 = 1 EMI units,
compared to a myocardial attenuation
coefficient of 33 = [ EMI units. with con-
sequent clear visualization of the blood—
myocardial wall interface (Fig. 2). This
difference of 10 EMI units corresponds
to about 2 percent difference in the atten-
uation coefficients of intracavitary blood
and myocardial wall. Despite the measur-
able difference in attenuation coefficient.
high-quality . low-kilovoltage standard ra-
diographs taken immediately after scan-
ning failed to demonstrate any detectable
difference in radiographic density be-
tween the myocardial wall and intra-
cavitary blood.

The animals with myocardial in-
farctions showed three different scan pat-
terns. In two animals the site of histo-
logically confirmed infarction displayed
attenuation coefficients 1 percent lower
than in the surrounding normal myocar-
dium (for example, infarct, 21.7 = 1.2
EMI units compared to normal myocar-
dium, 26.8 *= 1.0 EMI units) (Fig. 3a). In
a third animal the attenuation coefficient
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Fig. 2. (a) Computerized transaxial tomographic
scan of normal heart at the level of the left
ventricle (LV) and right ventricle (RV) after in-
jection of 1 ml of Renografin-76 per kilogram 5
minutes before the animal was killed. Myocar-
dial wall values, 33 = 1 EMI units; ventricular
cavity blood pool values, 43 = 1 EMI units. (b)
Slice of myocardial tissue taken at the same
level. Note trabecular (arrows) detail on both
scan and specimen.

of the infarcted tissue was 1 percent
greater than that of the surrounding nor-
mal myocardium (infarct, 30.8 * 1.7
EMI  units; normal myocardium,
25.7 = 1.4 EMI units) (Fig. 3b). By using
multiple overlapping scans of known
thickness, the localization and extent of
infarction could be assessed in these ani-
mals. The fourth animal, whose histo-
logic sections showed only a small sub-
endocardial infarct, had no change (to
within = 0.2 percent) in attenuation
coefficient in the affected area.

The infarctions with a reduced attenua-
tion coefficient were grossly edematous,
and the infarction with an increased at-
tenuation coefficient was in the retrac-
tion stage of infarction with gross thin-
ning of the wall readily apparent both on
inspection of the specimen and on the
CTT scan.

Since the original descriptions of com-
puterized transaxial tomography ¢, 5),
this technique has been widely applied to
the study of intracranial abnormalities
8). Recently there has been consid-
erable interest in applying CTT to the
thorax and abdomen (9). We have dem-
onstrated differences in attenuation
coefficients between normal and in-
farcted myocardium which are most like-
ly related to the known changes in intra-
cellular ion concentrations and the size
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of the intercellular fluid compartment in
infarcted hearts (10).

These measurable changes open up an
entire new dimension for the sequential,
in vivo evaluation of experimental mod-
els of ischemia and infarction. The spec-
trum of attenuation coefficient changes
seen with acute infarctions, including
lower values with edematous areas of in-
farction, higher values with thin retracted
infarcts, and no detectable change when
only a small subendocardial infarct is
present, may provide a clinically useful
approach to detecting and sizing trans-
mural infarctions. The level and direction
of change in attenuation coefficient prob-
ably relates to the different stages of
infarction as seen on pathologic exam-
ination. This may prove helpful in dating
acute infarctions. While the naturally
occurring differences in attenuation
coefficients of normal and infarcted mus-
cle can be visualized, the utility of
scanning may well be increased by en-
hancing these differences by prior intra-
venous administration of contrast mate-
rial.

The difference between the attenua-
tion coefficient of blood and myocardium
seen after administration of the contrast
agent in doses comparable to those used
in man for intravenous urography in-
dicates that computerized scanning may
be a low-risk method of visualizing ven-
tricular wall motion in vivo. Further-
more, the differences in attenuation
coefficient between plasma and packed
red cells suggest that the ventricular wall
may be seen on CTT scans without con-
trast agent in patients with either very
high or very low hematocrits.

On the basis of these data, an effective
and reproducible method will require a
CTT scanner capable of measuring and
displaying differences in the attenuation
coefficients of tissue of about 1 percent.
A spatial resolution comparable to that
of the EMI scanner (a few millimeters) is
desirable. To achieve these character-
istics, precise gating to the dynamic
events of the heart cycle and acquisition
of a series of images corresponding to dif-
ferent phases of that cycle may be re-
quired. These objectives are thought to
be well within currently available tech-
nologic capabilities and should be pur-
sued.

In the broadest view, such a scanner
would be of considerable and immediate
interest for its low-risk, noninvasive ap-
plication to the following areas: (i) a new
approach to experimental study of tissue
ischemia, infarction, and necrosis; (ii) de-
tection, sizing, and dating of acute myo-
cardial infarctions and the evaluation of
the effectiveness of mechanical and phar-

Fig. 3. (a) Computerized transaxial tomographic
scan 2 days after infarction showing rim of
tissue extending into the region of interventric-
ular septum (arrows) with attenuation coeffi-
cients 5.1 EMI units less than the normal myo-
cardium. This distribution of infarcted tissue
was confirmed on the sectioned specimen. (b)
Computerized transaxial tomographic scans 2
days after infarction showing a thinned rim of
tissue with attenuation coefficients 5.1 EMI
units higher than normal myocardium along the
anterior left ventricular wall (arrows). This
corresponded on the sectioned specimen to the
region of infarction.

macologic interventions designed to limit
infarct size (/); (iii) evaluation of regional
ventricular wall motion and thickness in
acute and chronic myocardial ischemia;
and (iv) overall assessment of ventricular
function through measurement of ven-
tricular volumes. ejection fractions, and
other physiologic parameters.
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Antibodies to Histones and Histone-Histone Complexes:

Immunochemical Evidence for Secondary Structure in Histone 1

Abstract. Highly specific antibodies were raised to histone 1 (H1) and the histone
complexes H3,~H4, and H2A-H2B, isolated by salt extraction. Antibody to HI could
detect irreversible conformational changes in acid- or urea-treated H1. The antibodies
showed different reactivities with chromosomes as compared to antibodies in acid-ex-
tracted histones and should be useful in studies of native chromatin and chromosome

Structure.

Evidence for the existence of sec-
ondary structure in histones has been ob-
tained from studies of circular dichroism,
infrared and nuclear magnetic resonance
(7). fluorescence anisotropy (2). and opti-
cal rotatory dispersion (3). The con-
sensus is that histone fractions exist
largely as random coils in solutions of
low ionic strength. However, small in-
creases in ionic strength or the addition
of DNA gives rise to considerable hel-
icity in all histones with the exception of
histone 1 (H1), which is thought to as-
sume an extended B-conformation ¢). All
these studies have been carried out with
histones isolated from chromatin by acid
extraction procedures, the assumption
being that acid-induced conformational
changes are largely reversible. Although
acid-treated histones do assume a-hel-
ical conformation in salt solutions, there
is no evidence that this is the same a-hel-
ical structure found in native histones.
Moreover, evidence is growing (5, 6) that
the conformational changes of histones
exposed to acids are irreversible. The
question of whether histones revert to
their respective native configurations af-
ter exposure to denaturing conditions
must be answered if meaningful inter-
pretations are to be derived from studies
in vitro relating to nucleohistone func-
tion and structure and to histone-histone
interactions (7).

Problems dealing with secondary
structure are amenable to investigation
by immunochemical methods (8). Al-
though antibodies have been produced to
calf thymus histone fractions (9-11).
here. too. the histones used as antigens
were isolated by procedures that includ-
ed denaturing agents such as urea, guani-
dinium chloride. and dilute mineral
acids. Inasmuch as the HI monomer, the
H3,-H4, tetramer and the H2A-H2B
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oligomers can now be isolated by mild
salt extraction procedures (5, 12), we at-
tempted to produce antibodies to such
preparations and to determine whether
they can be used to provide insight on
the conformational characteristics of his-
tones.

For the preparation of the histones,
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Fig. 1. Salt-extracted histones were subjected
to electrophoresis for 3.5 hours in 15 percent
acrylamide, 2.5M urea. 0.9N acetic acid, pH
2.7 (24). Histone 1 (25 ug) was added as a
marker in each gel 1 hour before termination
of electrophoresis (top band of each gel is the
marker). Gel A, 25 ug of H2A-H2B; gel B, 50
ug of total histone; gel C. 50 ug of H1; gel D,
50 pg of H3~H4,; gel E, 50 ug of H3~H4,,
from the second extraction with 2.0M NaCl.
(Gel E was not processed at the same time as
gels A, B, C, and D. The two extra bands
immediately below the H1 marker in gel E
represent degradation products of H1 result-
ing from storage at 4°C for 2 weeks. Freshly
dissolved H1 was used as marker for gels A to
D.) For immunization and complement fix-
ation, histone antigens represented by gels A,
C. and E were used. Histone complexes dis-
sociate into their respective monomers under
the electrophoretic conditions used.

30 g of frozen calf thymus was homoge-
nized at 700 rev/min for 4 minutes (/3)
with the use of the grinding medium of
Panyim et al. (14). Nuclei were washed
once with grinding medium containing
0.5 percent (weight to volume) Triton X-
100 and sedimented (SW 25.1 rotor)
through a grinding medium that was
1.62M in sucrose (/5). The pellets were
washed again as above. Electron micros-
copy revealed mostly intact nuclei
stripped of their outer nuclear membrane
and attached ribosomes. Purified
chromatin was obtained from two such
preparations of nuclei by freeze-thawing
and Dounce homogenization in hypoton-
ic buffer containing ethylenediaminetet-
raacetate (EDTA) (/4). followed by three
washings with 0.25M NaCl-0.01M tris-
HCI (pH 8.0). The H1 was extracted with
310 ml of 0.6M NaCl-0.05M sodium ace-
tate buffer (pH 5.0), and the deoxyri-
bonucleoprotein, from which most of the
H1 had been removed, was sedimented
by ultracentrifugation (36 hours at 2°C)
in polycarbonate tubes (/6). The deoxyri-
bonucleoprotein was extracted further
with 2.0M NaCl-0.05M sodium acetate
(pH 5.0). sedimented and reextracted
with 2.0M NaCl to give a mixture of
H3.,-H4, tetramer and H2A-H2B oligo-
mer. Histone solutions were desalted at
4°C by ultrafiltration through a UMIO0
membrane (Amicon) and lyophilized.
About 1.4 g of total histone was recov-
ered from 60 g of calf thymus, a yield
that compared favorably with yields
from direct extraction of washed calf
thymus homogenates with acid (/7). His-
tone 1 was purified by chromatography
through a Sephadex G-100 column (2.5
by 95 c¢cm) at S5°C; the other histones,
present as complexes. were also purified
(12). All solutions contained 0.05M NaH-
SO, as protease inhibitor (/8).

Histone 1. H3,H4, tetramer [accord-
ing to (5)], and H2A-H2B oligomer were
pure as shown by polyacrylamide gel
electrophoretic patterns (Fig. 1). For im-
munization, they were dissolved in sa-
line (2 mg/ml) and emulsified with equal
volumes of Freund’'s complete adjuvant
(Difco) before each immunization. New
Zealand white rabbits were injected with
0.1 ml every 7 days in each of four toe-
pads. The 7§ globulins were routinely ob-
tained from all serums by fractionation
on DEAE-cellulose (/9); neutral 7S
globulins were tested by a quantitative
micro complement fixation technique in
a total volume of 1.4 ml (9).

Specific antibodies were produced to
H1, to the H3,-H4, tetramer, and to the
H2A-H2B oligomer. Antibodies to HI
had the highest serum titer at 80 percent
complement fixation (1 : 9870, based on
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