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Summary

By means of neutron activation analysis, injured and adjacent

uninjured human heart tissue from 12 autopsy cases with myocardial

infarction are investigated with respect to the concentration of 23 trace

elements. The bulk elements K, Na and P are also determined.

A recently developed ion-exchange technique, combined with sub-

sequent y-spectrometry, is used. The following trace elements are de-

determined: Ag, As, Au, Ba, Br, Ca, Cd, Ce, Co, Cr, Cs, Cu, Fe,

Hg, La, Mo, Rb, Sb, Sc, Se, Sm, Zn and W.

In the injured tissue compared to the uninjured, calculation on

a wet weight basis showed a decrease in Co, Cs, K, Mo, P, Rb and Zn,

and an increase in Br, Ca, Ce, La, Na, Sb and Sm. The differences

in Ca, La, Mo, P and Zn are dependent on the age of the myocardial

infarction, and the regression lines for these elements are given.

The concentration of the trace elements in uninjured tissue from

infarcted hearts is compared to the concentration of these elements in

normal heart tissue, determined in a previous study. In the uninjured

tissue from infarcted hearts a decrease is found in Cu and Mo, and an

increase in As and Ce.
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Introduction

The biochemistry of myocardial infarction has attracted in-

creasing interest in recent years. Attention has been focused on the

possibility of achieving better understanding of certain of its clinical

manifestations, such as pain, arrhythmia and heart failure, by stu-

dies of biochemical events. From the biochemical point of view,

myocardial infarction has been, and still is, a wide field of investi-

gation. The role of the bulk elements, especially K, has been studi-

ed extensively from both the metabolic and aetiological" aspects.

Recently, the possibility that trace elements may constitute

an aetiological factor in coronary heart disease has become evident.

The reports of a negative correlation between the degree of hardness

of drinking water and the mortality from, coronary heart disease or

degenerative heart diseases may support this theory [4, 27, 43] .

Moreover, certain trace elements influence enzymic reactions in fat

metabolism. Chromium and manganese have been shown to stimulate

the synthesis of cholesterol, whereas vanadium has been reported to

counteract it [6] . Administration of CaNa-, EDTA has been stated to

reduce the serum cholesterol and to increase the urinary output of

certain trace elements, especially Zn [29].

Trace elements usually exert their action in enzymic reac-

tions. Some enzymic changes in the serum of patients with myocardial

infarction are well documented, and are used diagnostically in clinical

practice [3, 13, 22, 23]. Enzymic alterations have also been shown to

occur in the infarcted heart tissue [2, 3, 34, 49]. Some reports of

changes in the concentration of certain trace elements in the serum

of patients with myocardial infarction have also appeared. Thus, Valleo

[47] and Adelstein et al. [l] found an increase in serum Cu, Hanson

and Biorck [14] an increase in serum Cu and a decrease in serum Fe,

Kanabrocki et al. [20] an increase in serum Mn, Wacker et al. [50, 5l]

a decrease in serum Zn, and D'Alonzo et al. [7, 8J an increase in se-

rum Ni, Mo and B. In addition, investigations of certain bulk elements

in infarcted human heart tissue have been described. Thus, a decrease

has been shown in K [9, 16, 26] , Mg [25] and P [l6] and an increase in

Na [9, 16, 26], in infarcted tissue as compared to uninjured.
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Our knowledge of the concentration of trace elements in in-

farcted human hearts is limited. Meister and Schuman reported a

large increase in Ca in infarcted human myocardium as compared

to normal human heart tissue [25] , and Griffith reported a low

amount of Mn in heart muscle areas of recent infarction and a high

amount in older infarcts [ll] . Apart from these two reports, little

or no information on the trace element concentration in infarcted

human heart tissue seems to exist in the literature.

A recently developed ion-exchange technique based on neutron

activation analysis, combined with subsequent y-spectrometry, makes

it possible to determine simultaneously a large number of trace ele-

ments in the same sample [36 - 39, 53j.

The aim of the present study war to investigate the amount of

Ag, As, Au, Ba, Br, Ca, Cd, Ce, Co, Cr, Cs, Cu, Fe, Hg, K, La,

Mo, Na, P, Rb, Sb, Sc, Se, Sm, Zn and W in injured and uninjured

heart tissue from patients who died of rnyocardial infarction.

Material and methods

Heart tissue from 12 autopsy cases with myocardial infarction,

8 men and 4 women, ranging in age from 58 to 86 years, was investi-

gated. The bodies had been stored at + 4 C pending autopsy, and no

signs of autolysis were present. About 1. 5 g wet weight of injured and

adjacent uninjured heart tissue was dissected out with a glass knife.

Fat and connective tissue were removed. The tissue was transferred

to weighed quartz ampoules with a glass rod. The ampoules with con-

tent were weighed, dried and sealed as previously described [52] .

They were then ready for irradiation with thermal neutrons in an ato-

mic reactor. Heart tissue adjacent to the specimens was collected for

microscopical examination and nitrogen analysis. Nitrogen was deter-

mined accordingto Kjeldahl. The degree of fibrosis in the uninjured

heart tissue from the infarcted hearts was estimated microscopically

and graded from + to ++++ i according to an arbitrary scale (+ slight

perivascular fibrosis, ++ moderate perivascular fibrosis, +++ advanced

perivascular fibrosis, -H-++ advanced perivascular fibrosis and wide-

spread interstitial fibrosis).
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The diagnosis and estimation of the age of the myocardial in-

farctions were based on both clinical and patho-anatomical data. Par-

ticular attention was paid to the occurrence of hypertension (diastolic

pressure > 100 mm Hg) and the administration of diuretics and/or

digitalis.

Case reports

Case 1

Piano repairer, aged 66. Moderate hypertension had existed

for 7 years. He had been treated with digitalis and diuretics for the

past 3 years, owing to heart failure. During the last year, he had

mild angina of effort. Severe retrostemal pain, radiating into both

arms and not relieved by vasodilator agents, developed suddenly 18

days before hospitalization. On admission, the ECG showed signs of

a recently passed myocardial infarction. SGOT 22 units, SGPT 71

units. ESR 67 mm/hr. WBC 8. 600/mm . Blood sugar 205 mg/100

ml. His temperature was subfebrile. On the day he was to be dis-

charged he collapsed, and the ECG showed ventricular fibrillation.

External heart massage and defibrillation were ineffective, and he

died after one hour's treatment.

Autopsy findings. The heart weighed 660 g, with hypertrophy

of the left ventricle. The coronary arteries were highly atherosclero-

tic with several narrowings, and in places could not be cut. A fibrotic

scar was visible centrally in the anterior wall of the left ventricle. A

6 to 7-week-old myocardial infarction was observed in the posterior

wall of the left ventricle. There was also a fresh infarction in the

superior part of the anterior wall of the left ventricle, and in part of

the ventricular septum.

Microscopical examination of tissue from the infarcted superior

part of the anterior wall of the left ventricle disclosed dissociated struc-

ture, poorly stainable nuclei, partial disappearance of striation and

several small haemorrhages.

Specimens were taken from the superior part of the anterior

wall of the left ventricle (injured) and from the ventricular septum (un-

injured).
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Case 2

Grinder, aged 58. Apart from a myocardial infarction 2 years

previously, he had been healthy. Severe chest pain, radiating into both

arms, as well as dyspnoea, appeared early in the morning of the day

he was hospitalized. During the preceding week, some chest pain had

occurred. On admission, he was pale, with severe dyspnoea, a faint

pulse and unmeasurable blood pressure. The ECG showed typical signs

of a fresh myocardial infarction, corresponding to the anterior wall of

the left ventricle. He died 1 1/2 hours after admission.

Autopsy findings. The heart weighed 550 g, with hypertrophy

of the left ventricle. The coronary arteries showed severe atheroscle-

rosis, with several narrowings. Two fibrotic scars were present, one

in the ventricular septum, and one in the posterior wall of the left vent-

ricle. The greater part of the anterior wall of the left ventricle and a

thin strip of the ventricular septum were freshly infarcted.

Microscopical examination of tissue from the freshly infarctad

anterior wall of the left ventricle showed disappearance of striation and

of stainable nuclei, as well as the presence of a few leukocytes.

Specimens were taken from the anterior (injured) and the poste-

rior (uninjured) wall of the left ventricle.

Case 3

Taxi driver, aged 61. Three years previously, he had throm-

bosis of the left internal carotid artery, with resulting hemiplegia.

Acute anxiety and vomiting, as well as dyspnoea and pain in the whole

body, developed suddenly 13 hours before hospitalization. On admission,

he was cyanotic, and pulmonary oedema was present. The pulse in the

radial arteries was impalpable. Systolic blood pressure 115 mm Hg.

The ECG showed suspected signs of a fresh myocardial infarction, cor-

responding to the posterior wall of the left ventricle. The patient died

2 hours after admission.

Autopsy findings. The heart was generally enlarged, with mode-

rate hypertrophy of the left ventricle. The coronary arteries showed se-

vere atherosclerosis. An occluding thrombus was present in the right

coronary artery, 4 - 5 cm distal to the aorta. The greater part of the



posterior wall of the left ventricle was infarcted. A few small fibro-

tic scars were observed in the border between the ventricular sep-

tum and the posterior wall of the left ventricle.

Microscopical examination o£ tissue from the infarcted pos-

terior wall of the left ventricle showed disappearance of striation and

of stainable nuclei, as well as some leukocytes and numerous small

haemorrhages.

Specimens were taken fro-.A the posterior -,vall of the left vent-

ricle (injured) and from the ventricular septum (uninjured).

Case_£

Pensioner, aged 79. He had no previous symptoms or signs

of heart disease. Nausea, vomiting and dyspnoea developed 1 l/2

days before hospitalization. On admission, he was cyanotic, and the

blood pressure was not measurable. The ECG showed typical signs

of a fresh myocardial infarction, c or re spending to the posterior wall

of the left ventricle. In addition, periodic ventricular fibrillation was

recorded. He died one day after admission.

Autopsy findings. The heart weighed 510 g, with hypertrophy

of the left ventricle. The coronary arteries, particularly the right,

were highly atherosclerotic, with several narrowings. The whole

posterior wall of the left ventricle was infarcted, A small fibrotic

scar was present in the centre of the wall.

Microscopical examination of tissue from the infarcted poste-

rior wall of the left ventricle showed disappearance of striation and

of stainable nuclei, and the presence of some leukocytes.

Specimens were taken from the posterior (injured) and the

anterior (uninjured) wall of the left ventricle.

Case 5

Former housekeeper, aged 86. She was demented, and had

been in a home for the aged for the last 11 years. Digitalis had been

given during the past year, because of some signs of heart failure.

She was examined by a surgeon, owing to the sudden onset of abdominal

pain. Her temperature was subfebrile. WBC 11,200/mm . Cholelithi-

asis was suspected. She died suddenly 3 days later.



Autopsy__findings. The heart weighed 350 g, with some hyper-

trophy of the left ventricle. The coronary arteries showed severe athe-

rosclerosis. The greater part of the anterior wall of the left ventricle

was infarctad. A rupture was present in the centre of the infarction.

The pericardium was filled with blood.

Microscopical examination of tissue from the infarcted anterior

wall of the left ventricle showed disappearance of striation and of stain-

able nuclei, as well as a sparse occurrei ce of leukocyte:.

Specimens were taken from the anterior (injured) and the poste-

rior (uninjured) wall of the left ventricle.

Case 6

Woman, kgcd 58. She had a history of rheumatic fever in youth.

At age 49, the diagnosis of mitral and aortic stenosis was confirmed

by heart catheterization. During the past 2 years, her condition had

been aggravated by heart failure. She was treated with digitalis and

diuretics. X-ray examination showed the relative heart volume to be

710 ml/m . On the day of admission, there was a sudden onset of se-

vere precordial pain, radiating into the left arm. The ECG showed signs

of a fresh myocardial infarction, corresponding to the anterior wall of the

left ventricle. Two days later, the SGOT and SGPT were 930 and 720

units, respectively. WBC 22,000/mm .• She died after 3 days'hospita-

lization.

Autopsy findings. The heart weighed 540 g, with hypertrophy

and dilatation of both ventricles and atria. The mitral and aortic valves

were severely stenosed. No signs of acute endocarditis were observed.

The coronary arteries were moderately atherosclerotic5 with some nar-

rowings. A recent myocardial infarction was present in the lateral part

of the anterior wall of the left ventricle.

Microscopical examination of tissue from the infarcted anterior

wall of the left ventricle showed disappearance of striation and of stain-

able nuclei, as well as a moderate number of leukocytes.

Specimens v/ere taken from the posterior (injured) and the anteri-

or (uninjured) wall of the left ventricle.
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Woman, aged 83. She was demented, and had a history of

moderate hypertension for 7 years, and atrial fibrillation for the

past 2 years. She had been treated with digitalis and diuretics for

the last 18 months. Two days after admission to a home for the

aged, her condition suddenly deteriorated. Her blood pressure,

which was 170/110 mm Hg on admission, fell to 110/60 mm. The

EGG showed atrial fibrillation, as well as typical signs of a fresh

myocardial infarction. She died 4 days later.

Autopsy findings. The heart weighed 500 g, with hyper-

trophy of the left ventricle. Some coalescences between the aortic

cusps were observed, but no signs of acute endocarditis. The coro-

nary arteries showed severe atherosclerosis. The whole ventricu-

lar septum was infarcted.

Microscopical examination of tissue from the infarcted vent- .

ricular septum showed disappearance of striation and of stainable nuc

lei, as well as the presence of numerous leukocytes.

Specimens were taken from the ventricular septum (injured)

and the anterior wall of the left ventricle (uninjured).

Woman, aged 74. She had rheumatic fever at age 7. She had

suffered from anginal pain for more than 20 years, and had a 16-year

history of severe hypertension. Her first myocardial infarction occur-

red at age 69, and the second one 4 years later. During the past 2

years, her condition was aggravated by heart failure. She was treated

with digitalis and diuretics. X-ray examination showed a relative heart

volume of 700 ml/m . Two days before the last admission, severe

chest pain appeared; it radiated to the left side of her back and left

arm, and was not relieved by coronary dilators. The ECG showed

signs of a fresh myocardial infarction, corresponding to the anterior

wall of the left ventricle. SGOT 55 units. SGPT 22 units. WBC 15,700

/mm . Her temperature ranged from 38 to 39 °C. She died 3 days

after admission.

Autopsy findings. The heart weighed 570 g, with hypertrophy

of the left ventricle. No signs of valvular heart disease could be de-
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tected. The coronary arteries were highly atherosclerotic, with seve-

ral severe narrowings, especially in the left descending artery. A

fresh rnyocardial infarction was present in the anterior wall of the left

ventricle and part of the ventricular septum. A fibrotic scar was vi-

sible in the lower part of the posterior wall of the left ventricle.

Microscopical examination of tissue from the infarcted anteri-

or wall of the left ventricle showed disappearance of striation and of

stainable nuclei, as well as the presence of numerous leukocytes.

Specimens were taken from the anterior (injured) and the post-

erior (uninjured) wall of the left ventricle.

Former caretaker, aged 71. He had no previous symptoms

or signs of heart disease. On the day before admission, precordial

pain appeared, radiating into the left arm and the back. The ECG-on

admission showed typical signs of a fresh myocardial infarction, cor-

responding to the anterior wall of the left ventricle. The highest value

recorded for SGOT was 205 units and for SGPT 70 units. ESR 48 mm/

/hr. WBC 14,000/mm . Blood sugar 248 mg/100 ml. His tempera-

ture was around 38 C. He died suddenly 4 days after admission.

Autopsy findings. The heart weighed 600 g, with generalized

hypertrophy. The coronary arteries showed severe atherosclerosis.

A thrombus was present in the left descending coronary artery, about

1 cm distal to the bifurcation. The whole anterior wall of the left vent-

ricle and an adjacent part of the ventricular septum were infarcted. A

rupture was visible in the upper part of the infarcted anterior wall. The

pericardium was filled with blood.

Microscopical examination of tissue from the infarcted anterior

wall of the left ventricle showed disappearance of striation and of stain-

able nuclei, as well as a moderate number of leiikocytes.

Specimens were taken fromthe anterior (injured) and the poste-

rior (uninjured) wall of the left ventricle.

Case 10

Former tramway conductor', aged 78. Diabetes mellitus had

been present for 2 years. For the past 9 years he had moderate hyper-
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tension, treated with diuretics, and some heart failure, fairly well

compensated by digitalis. In the morning of the day of admission,

severe retrosternal pain suddenly developed; it radiated into both

arms, especially the left. The EGG showed atrial fibrillation and

signs of a fresh myocardial infarction, corresponding to the anteri-

or wall of the left ventricle. SGOT 300 units. SGPT 120 units. His

temperature ranged from 38 to 39 °C. He died 6 days after admis-

sion.

Autopsy findings. The heart weighed 630 g, with hypertrophy

of the left ventricle. The coronary arteries were highly atheroscle-

rotic, with several narrowings. A thrombus was observed in the de-

scending branch of the left coronary artery. A myocardial infarction

was present in the anterior wall of the left ventricle and adjacent part

of the ventricular septum.

Microscopical examination of tissue from the infarcted anterior

wall of the left ventricle showed disappearance of striation and of stain-

able nuclei, numerous leukocytes, as well as destruction of muscle

cells in patches.

Specimens were taken from the anterior (injured) and the poste-

rior (uninjured) wall of the left ventricle.

Case_H

Civil servant, aged 64. He had no previous symptoms or signs

of heart disease. Moderate hypertension had been known for 2 years,

and was treated with diuretics. On the day of admission, there was

a sudden onset of severe precordial pain, radiating into the left arm.

The ECG on admission showed suspected signs of a fresh myocardial

infarction, corresponding to the anterior wall of the left ventricle.

SGOT 35 units. SGPT 220 units. ESR 53 mm/hr. WBC 16, 600/mm3.

His temperature was subfebrile. He died suddenly 6 days after ad-

mission.

Autopsy findings. The heart weighed 330 g. The coronary ar-

teries showed moderate atherosclerosis. A thrombus was observed in

the main branch of the left coronary artery. A myocardial infarction

was present in the anterior wall of the left ventricle. The infarcted

myocardium had ruptured, and the pericardium was filled with blood.
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Microscopical examination of tissue from the infarcted anteri-

or wall of the left ventricle showed disappearance of striation and of

stainable nuclei, numerous leukocytes, as well as destruction of

muscle cells in patches.

Specimens were taken from the anterior (injured) and the poste-

rior (uninjured) wall of the left ventricle.

Case 12

Former clerk, aged'72. He had no previous symptoms or

signs of heart disease. On the day before admission, there was a

sudden onset of severe precordial pain, radiating into the throat and

the left shoulder-blade. The ECG on admission showed atrial fibrilla-

tion and typical signs of a fresh myocardial infarction, corresponding

to the anterior wall of the left ventricle. SGOT 46 units. SGPT 23

units. WBC 12, 000/mm . .Blood sugar 98 mg/lOO ml. His tempera-

ture was subfebrile. He died 13 days after admission.

Autopsy findings. The heart weighed 540 g, with hypertrophy

of the left ventricle. The coronary arteries, especially the left de-

scending artery, were severely atherosclerotic, with several narrow-

ings. A myocardial infarction was present in the lower part of the an-

terior wall of the left ventricle and adjacant part of the ventricular sep-

tum. A parietal thrombus was found on the endocardium, correspond-

ing to the infarcted area.

Microscopic examination of tissue from the infarcted anterior

wall of the left ventricle showed complete disappearance of striation and

of stainable nuclei, numerous leukocytes, as well as advanced destruc-

tion of muscle cells.

Specimens were taken from the anterior (injured) and the poste-

rior (uninjured) wall of the left ventricle.

Neutron activation analysis

The samples were irradiated together with standards in the R-2

reactor at Studsvik with a thermal neutron flux of 2 * 10 n/cm /sec

for 24 to 75 hours. A decay interval of 2 or 3 days elapsed before che-

mical processing. The ampoules containing the samples were chilled
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before opening in fluid nitrogen, to reduce the pressure induced du-

ring irradiation. Chemical separation was performed with a recent-

ly developed ion-exchange technique, combined with subsequent y-

spectrometry [36 - 38] . In order to separate K-42 from the Na-24

activity, a slight modification of the chemical separation system was

applied in some determinations [39]. The ^-spectrometric measure-

ments were carried out with a transistorized 512-channel pulse-height

analyzer, attached to a 3" x 3" Nal(Tl) well-type crystal. The ele-

ments were identified and quantitatively determined as previously de-

scribed [52] . Chemical recovery corrections were made in accordance

with the mean values determined earlier [53] .

Statistical methods

The following statistical methods were used in the comparison

between normal heart tissue and uninjured tissue from infarcted hearts.

The median values in the two materials were compared by Wilcoxon's

test [lO] . The mean values of Zn were compared by Student's test.

In the comparison between injured and uninjured tissue from

infarcted hearts, the following statistical methods were used. The dif-

ferences obtained were tested by the sign test. The dependence of the

differences on the age of the myocardial infarction was studied graphi-

cally. In the case of trace elements where a linear dependence could

be discerned, the regression line and its significance were calculated.

Wilcoxon's test was also used to ascertain whether hypertension or

treatment with diuretics or digitalis had influenced the trace element

concentration in the uninjured heart tissue of patients who died of myo-

cardial infarction. In this analysis, Student's test was used for the ele-

ments Na, P and Zn.

The significances obtained have been expressed as follows:

not significant 5 % < p

* almost significant 1 %< p< 5 %

&& significant 0. 1 % < p < 1 %

highly significant p < 0. 1 %
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Results

Injured and adjacent uninjured human heart tissue from 12

autopsy cases with myocardial infarction was investigated with re-

spect to the concentration of Ag, As, Au, Ba, Br, Ca, Cd, Ce, Co,

Cr, Cs, Cu, Fe, Hg, La, Mo, Na, P, Rb, Sb3 Sc, Se, Sm, W and

Zn, K was determined in 5 cases. The amounts ,of the elements are

listed in tables I - V. Table I shows the bulk elements K, Na and P.

Table II lists the trace elements with known biological function, table

III the trace elements with suspected biological function and tables IV

and V the trace elements without known biological function. The con-

centration is given in /*g/g wet tissue. In the uninjured tissue, the

mean dry weight was ZO. 1 + 0. 3 % of the wet weight. The correspond-

ing figure for the injured tissue was 19. 4 + 0. 4 %. The mean nitrogen

content of the uninjured tissue was 37. 3 t 0. 8 mg N/g wet tissue, and

of the uninjured tissue 35. 3 1 0. 8 mg N/g wet tissue. These figures,

when converted to express the percentage of protein in wet tissue are

2 3 "i 0. 5 and 22. 1 t 0. 5, respectively.

The degree of fibrosis in the uninjured heart tissue from the

infarcted hearts was as follows: + in cases 4, 6, 10, ++ in cases 2,

9, 11, 12, +++ in cases 3, 5, 7 and -H-++ in cases 1 and 8.

A comparison between the conce, tration in U-g/g wet tissue of

the elements in normal human heart tissue from autopsy of 20 victims

of traumatic accidents determined in a previous study [52J and the

corresponding concentration in uninjured heart tissue from autopsy

of the 12 cases with myocardial infarction is seen in table VI. No sig-

nificant difference between these groups was observed with respect to

most of the elements. Cu and Mo were, however, somewhat lower in

the group with myocardial infarction, and As and Ce somewhat higher.

A test was made to ascertain whether the concentration of these four

elements was dependent on the grade of fibrosis in the uninjured heart

tissue. No correlation was obtained between the grade of fibrosis and

the concentration of As, Ce or Cu. The concentration of Mo seemed,

however, to decrease with an increasing grade of fibrosis. The re-

gression line was almost significant (fig. 6).

A comparison between the concentration of the elements in in-

jured and adjacent uninjured heart tissue from the 12 autopsied cases
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with myocardial infarction is given in table VII. Columns 2 and 3 show

the median and the range in the uninjured and injured tissue, respecti-

vely. In column 4 are seen the differences between the concentration

of the elements in uninjured and in injured tissue. Each difference is

expressed as the median of the differences. Column 5 lists the degree

of significance of the difference, tested by the sign test. The signs +

and - in the last column denote whether or not the difference varies

with the age of the myocardial infarction.

It is evident from this table that consideable differences were

found between injured and uninjured tissue with respect to several ele-

ments. A large increase in Ca was found in the injured heart tissue

compared to the uninjured. An increase was also recorded for Ba, Br,

Na, Sb and the elements belonging to the lanthanide group, Ce, La

and Sm, whereas the amount of Co, Cs, P, Rb and Zn was decreased.

The difference in concentration of certain elements, i. e. , Ca, L.a, Mo,

P, and Zn, increased with increasing age of the myocardial infarction

(figs. 1 - 5).

Five of the 12 autopsy cases with myocardial infarction had a

history of hypertension; 6 had been treated with diuretics for 1 year

or longer, and 6 had been treated with digitalis for 1 year or longer.

The trace element concentrations in the uninjured heart tissue from

these three groups was compared to those in the uninjured tissue from

the autopsy cases which had been normetensive, or had not been treated

with diuretics or digitalis for any long period, respectively. A compari-

son between the hypertensive and the normotensive group revealed an al-

most significant decrease in Br, Co and Sc (p = 0. 04; 0. 05 and 0. 05, re-

spectively) and a low amount (but insignificantly decreased) of Fe, Mo

and Se (p = 0. 07; 0. 07 and 0. 06, respectively) in the hypertensive group.

In the group treated with diuretics, which coincides with the hypertensive

group except for one case, an almost significant decrease in Br (p = 0. 03)

and low amounts (but insignificantly decreased) of Ca and Fe (p = 0. 09

and 0.07, respectively) were obtained in comparison with those cases

which had not been treated with diuretics for any long period. The trace

element concentration in the groups with and without digitalis therapy did

not differ significantly.



- 1 6 - •

Discussion

Several investigators of trace elements in biological materi-

al p.5, 30, 45J have observed that most elements are not normally

distributed, and the use of the median as central value has been re-

garded as more accurate than the mean. In a previous study [_52j , I

found that most trace elements occurring in normal human heart

tissue had a positively skew distribution. Only the distribution of Cu,

Fe, Se and Zn appeared normal.

Similar skew distributions were noted in the present study of

trace elements in tissue from infarcted human hearts. The distribu-

tion of Zn was the only one - apart from that of the bulk elements Na

and P - which appeared normal. Consequently, the mean has been

given only for Na, P and Zn, whereas the median has been used as

the central value for all the other elements.

In reporting the amounts of trace elements in biological mate-

rial, different investigators have used different bases of reference,

e. g. wet weight, dry weight, ash weight and nitrogen content. The

use of different bases of reference has made it difficult to compare

the results of different investigations. In the present study, the con-

centrations have been expressed on a wet weight basis. To facilitate

comparison with other investigations, the mean dry weight and the

mean nitrogen content are given as well. The content of DNA as a ba-

sis of reference, although not determined in the present study, might

be of some interest.

The elements investigated were divided into 4 groups: bulk ele-

ments, trace elements with known biological function, trace elements

with suspected biological function and trace elements without known

biological function. Obviously, there are no definite borderlines be-

tween these groups. With increasing knowledge of trace elements in

biological material, the group with known biological function will pro-

bably increase to the detriment of the other two groups. Even classifi-

cation of an element as a bulk or a trace element may involve certain

difficulties, Ca in bone and Fe in blood, for example, occur in amounts

comparable with the bulk elements. However, the amount of these ele-

ments in other biological tissues is within the range of the trace ele-
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ments. In the present study, a concentration of 100 p. p. m. was used

as the borderline between bulk and trace elements.

Some variables, e. g. age, sex, occupation and geographical

location, may influence the concentration of trace elements in tissues.

The comparison made in table VI between trace element concentration

in normal heart tissue and in uninjured tissue from infarcted hearts

is based on one autopsy material consisting of 20 victims of accidents

(15 males and 5 females aged from 4/lZ to 65 years) and on one mate-

rial consisting of 12 autopsy cases with myocardial infarction (8 males

and 4 females aged from 58 to 86 years). The age distribution in these

two materials differs considerably, the mean age being 22. 8 years in

the former and 71. 7 years in the latter. The sex distribution also dif-

fers somewhat (25 % females in the former and 33 % in the latter mate-

rial}. However, no significant differences in the trace element concent-

ration with age or sex could be detected in either material. Although a

positive correlation between As concentration and age seemed to be pre-

sent in the normal material, it was not significant (p = 0. 2). This will

be discussed in the following.

It is known that some trace elements may accumulate in the

tissues of certain industrial workers. The normal material includes

two industrial workers. One of them had not been employed longer than

a year, but the other had been a cement worker for a long time. The

heart tissue of this case contained large amounts of As and lanthanides.

In the present material of cases with myocardial infarction, no indust-

rial worker is represented. From a geographical point of view, there

are no differences between the two materials. All cases came from

Stockholm with surroundings.

Most of the trace element concentrations investigated did not

differ significantly in the two materials. The concentration of As and

Ce was, however, higher in the uninjured tissue from infarcted hearts

than in the normal heart tissue. The difference in As is possibly to be

ascribed to the age difference between the two materials. In the normal

material, none of the elements studied varied significantly with age.

The concentration of As was, however, somewhat higher in the oldest

cases than in the youngest ones. This suggests that a significant corre-

lation between As concentration and age might be obtained in a larger
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normal material. Cu and Mo occurred in significantly lower concent-

ration in the uninjured tissue from infarcted hearts than in normal

heart tissue.

The age of the myocardial infarctions was estimated on the

basis of both clinical and patho-anatomical data. In most cases, there

was an exact agreement between the clinical and the histological age.

However, in a few cases, microscopica.>. estimation gave a slightly

higher age than that suggested by the clinical data.

It is known that infarctions with, a homogeneous appearance on

gross examination may exhibit a varying degree of damage when exa-

mined microscopically [l9» 35] . This may imply some difficulties

when estimating the age histologically. Some variation in the degree

of damage was, in fact, observed at microscopical examination of the

present material.

The comparison between the concentration of the elements in

injured and adjacent uninjured tissue from infarcfced hearts (table VII)

discloses significant differences for many elements. It seems reason-

able to presume that a damaged tissue, such as infarcted myocardium,

will release many of its constituents. This did, in fact, apply to some

of the elements investigated. Other elements were, on the contrary,

found in raised concentration in the injxired tissue.

In animals with experimental myocardial infarction, a low K

concentration in the injured tissue has been reported by several workers

\_5, 17 - 19, 32, 35j . In electrolyte-steroid cardiopathy, the necrosed

heart tissue has been stated to have a low K content [28, 45] . Several

workers have been able to produce myocardial necrosis in experimental

animals by feeding them on a diet low in K and rich in Na [24, 31, 33,

44, 45j . The injured tissue of infarcted human hearts has also been re-

ported to have a high Na content and a low K content [9, 26] . In the pre-

sent investigation, the Na content of injured cardiac tissue was found to

be significantly increased. K was determined in only 5 cases. In two of

them with an infarction less than one day old, there was no difference

between the K concentration in the injured and the uninjured tissue. In

the other three cases, in which the infarction was 3 l/2 and 6 1/2

days old, respectively, the concentration of K was, however, marked-

ly decreased in the injured tissue.
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The third bulk element investigated, P, has been reported to

decrease in myocardial necrosis produced in experimental animals;

this applies to both acid-soluble P [Z l] and total tissue P [19] . In the

present investigation,' the P concentration was found to be significant-

ly lower in injured than in adjacent uninjured tissue. It is seen in fig.

1 that this decrease in P was enhanced with increasing age of the myo-

cardial infarction (significance ***).

In the group of trace elements with known biological function,

Ca was found to be highly enriched in the injured tissue. Thus, the

median value of Ca in injured tissue was 2 l/2 times that in uninjured

tissue. Meister and Schumann [25] , who investigated the Ca content

of infarcted human hearts, also found a large increase in injured

tissue but, in addition, some increase in uninjured tissue compared

to normal heart tissue. On the other hand, Van Peenen and Patel found

that Ca was slightly decreased in the heart of patients with arteriosclero-

tic heart disease [48] .

The increase in Ca recorded in infarcted tissue varied with the

age of the infarction, as seen in fig. 2 (significance 3fe*). Some enrich-

ment was seen in the cases with early myocardial infarction, and then

a further increase with increasing age of the infarction. Using histo-

chemical methods, Yokoyama et al [55] showed that dystrophic calci-

fication occurred in the cytoplasm of the early infarcted myocardial

fibres of dog hearts. As pointed out by Jennings and Wartman [l9] ,

such early calcification is remarkable, in view of the fact that calci-

fication of injured tissue is usually considered to be a late event.

Among the other trace elements with known biological function,

Co and Zn showed a decrease in injured tissue. The reduction of Zn

is represented graphically in fig. 3. With increasing age of the myo-

cardial infarction, less Zn was present in the injured tissue. However,

the two cases with the earliest infarctions did, in fact, have an increased

amount of Zn in the injured tissue. A reduction of Zn in injured tissue is

in agreement with the fact that lactic dehydrogenase, a Zn enzyme, dis-

appears from infarcted heart tissue [2, 34] . An increase in lactic de-

hydrogenase activity in the serum of patients with myocardial infarction

is well documented, and is used in the diagnosis of this disease [3, 54].

The serum Zn concentration, however, has been reported both as ele-
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vated [50, 51J and as reduced [l, 8J in patients with myocardial infarc-

tion. An elevated Cu concentration has been reported in the serum of

patients with myocardial infarction \l, 14, 47] , and a reduced activity

of cytochrome oxidase, a Cu enzyme, has been demonstrated in the

infarcted rat and dog heart \Z, 34] . In the present investigation, no

significant difference was, however, found between the Cu content of

injured and uninjured heart tissue*

Histochernically, it has been shown that Fe is deposited in the

infarcted myocardium of dogs [55] . On the other hand, the activity of

the Fe enzymes cytochrome c [34j and succinie dehydrogenase [2, 34,

49], has been stated to decrease in infarcted human heart tissue. More-

over, a definite but inconstant decrease in Fe has been reported in the

serum of patients with myocardial infarction [l4j . In the present in-

vestigation, no significant difference was found between the concentra-

tion of Fe in injured and in uninjured tissue. However, as far as Fe

is concerned, a possible source of error in the present study is the

varying contribution of blood to the specimens examined.

Among the elements with suspected biological, function, an in-

creased amount of Ba and Br and a reduced amount of Rb were noted

in the injured tissue as compared to the uninjured. The close physico-

chemical relation between Cs, K and Rt. is well known. These three

elements were reduced in the injured tissue. The concentration of Cs

and Rb ran parallel, with an average decrease of 36 % in the injured

tissue. In one case (no 2), the concentration of both Cs and Rb was

somewhat increased in the infarcted tissue.

In the case of Mo. the sign test disclosed no significant diffe-

rence between injured and uninjured tissue. This was because the Mo

concentration in injured tissue was increased in three cases (those

with an infarct less than 1 day old) and reduced in the others., How-

ever, when the difference between the Mo concentration in injured

and uninjured tissue was plotted against the age of the myocardial in-

farction, a linear relation was found, as shown in fig. 4. No signifi-

cant difference was present between the concentration of Cd, Cr and

Se in injured and in uninjured tissue.

Among the trace elements without known biological function,

an increased amount of Sb and the lanth^nides Ce, La and Sm was> ob-
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tained in the injured tissue. The La enrichment va.ried with the age of

the myocardial infarction, as seen in fig. 5. The reduced Cs content

has been disc\xsscd in the aforegoing. As regards the concentration of

Ag, As, Au, Hg, Sc and W, no significant difference was recorded

between infarcted and adjacent uninjured tissue.

The possibility of a trace metal imbalance in patients with ar-

terial hypertension has been pointed out by Schroeder [40 - 42] . His

statement was based partly on a study of the trace elements in human

hypertensive urine, which he found to have a raised content of some

trace elements, e. g. Cd and Zn. In the present investigation, the

concentration of certain trace elements in uninjured heart tissue from

autopsy cases of myocardial infarction was, in fact, found to differ in

the cases with a history of hypertension from that in the cases that

had been normotensive. However, the concentration of Cd and Zn did

not differ significantly between these groups, although the mean value

of Zn was somewhat lower (22. 6 t 2, 1 /<g/g wet tissue) in the hyper-

tensive group than in the normotensive one (26. 2 t 2. 6 /tg/g). An al-

most significantly decreased amount of Br, Co and Sc and a low con-

centration of Fe, Mo and Se were obtained in the hypertensive group.

All the hypertensive cases and one case with a history of heart failure

had been, treated with diuretics for 1 year or longer. A comparison be-

tween the trace element content, of the uninjured heart tissue in these

two groups - i. e: a the group treated with diuretics for a long period

and the untreated group - revealed an almost significantly decreased

amount of Br and low amounts of Ca and Fe in the treated group. Two

of the 12 autopsy cases (nos. 6 and 9) had been treated with mercurial

diuretics. In this connexion, it is interesting to observe the high amounts

of Hg in the heart tissue of these cases. An accumulation of Hg in tissue

of cases treated with mercurial agents has previously been reported by

Griffith et al. [l2] .
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Table I.

The i

Case

no.

11

2
3
4

5
6
7

8
9

10
11

12

>ulk elements

Age of
myocardiai

miarction

2 h
5 h

15 h
2.5 d
3 d
3.5 d
4 d
5 d
5 d
6.5 d
6.5 d

14 d

K, :Na and

K

uninjured
tissue

2010
2450

2020

2500
2170

1 . Amounts in «g/

injured
tissue

1990
2470

1680

950
1280

Na

uninjured
tissue

1320
1150
1480
J220
1110
1390
JOO0

950
1290
1130
1650
1450

g wet t issue.

injured
tissue

3 660
1460
1430
1450
1510
1760
1710
1730
1840
1890 •
1700
1510

P

uninjured
tissue

1080

noo
1640
1230
2280
1470
1900
2290
2340
)260
1900
2460

injured
tissue

840
1140
1450
1080
1570
1180
1420
1800
1040
550

1350
890

Table IS.

Trace elements with known biological function. Amounts in y.%1% wet tissue.

Case
no.

1

2
3
4
5
6
7
8
9

10
11
12

Age of

myocardiai

2 h
5 h

15 h
2.5 d
3 d
3.5 d
4 d
5 d
5 d
6.5 d
6.5 d

14 d

Ca

uninjured
tissue

35.1
29.2
63.3
49.7
46.2
27.5
66.4
38.6
57.3
29.6
27.3
64.6

injured
tissue

71.9
55.9
67.1
84.0

105
110
149
121
131
113
56.6

192

Co

uninjured
tissue

0.0057
0.0109
0.0152
0.0163
0.0333
0.0267
0.0121
0.0108
0.0193
0.0095
0.0120
0.0087

injured
tissue

0.0032
0.0126
0.0147
0.0151
0.0J89
0.03 94
0.0057
0.0075
0.0147
0.0072
0.0048
0.0052

Cu

uninjured
tissue

1.84
2.52
2.44
2.54
2.78
2.58
3.52
4.18
2.74
2.63
3.24
2.96

injured
tissue

2.11
2.54
2.39
2.58
3.58
3.05
3.64
1.20
2.96
2.99
2.16
3.10

Fe

uninjured
tissue

33.0
21.3
60.9
71.3
,19.4
29.1
20.3
34.0
64.8
23.6
22.5
28.5

injured
tissue

23.7
40.9
44.3
40.8
62.0
66.1
14.7
26.6
46.1
20.7
25.0
66.5

Zn

uninjured
tissue

16.8
14.4
37.3
27.7
26.1
24.3
20.6
29.4
30.2
21.9
24.1
23.6.

injured
tissue

19.6
21.4
26.1
20.3
16.5
17.6
12.0
18-5
12.6
10.4
10.2
11.0



Tabie HI.
Trace elements with suspected biological function. Amounts in ̂ g / g wet tissue.

Case
no.

1
2
3
4
5
6

1 7
8
9

10.
11
12

Age of

myocardial
xuisrctioix

2 h
5 h

IS h
2.5 d
3d
3.5 d
4 d
5 d
5d
6.5 d
6.5 d

12 d

Ba

uninjured
tissue

0.015
0.011
0.020
0.010'
0.015
0.003
0.027
0.019
0.027
0.008
0.020
0.012

injured
tissue

0.016
0.012
0.023
0.023
0.010
0.009
0.049
0.026
0.031
0.032
0.019
0,025

Br

uninjured
tissue

1.72
2.31
1.45
1.02
1.90
1.35
1.31
1.38
1.82
1.01
1.23
1.85

injured
tissue

1,51
1.44
L55
1.80
3.51
2.43
1.35
2.50
2.36
1.58
1.40
2.02

Cd

uninjured
tissue

0.006
0.010
0.014
0.013
0.015
0.015
0.016
0,006
0.013
0.005 "
0.014
0.009

injured
tissue

0.006
0.010
0.010
0.020
0.017
0.016
0.010
0.005
0.008
0.005
0.013
0.018

Cr

uninjured
tissue

0.0109
0.0089
0.0073
0,0116
0.0067
0,0084
0.0054
0.0200
0.0214
0.0047
0.0109
0.0060

injured
tissue

0.0130
0.0059
0.0051
0.0278
0.0031
0.0078
0.0132
0.0322
0.0321
0.0031
0.0057
0.0115

Mo

uninjured
tissue

0.0276
0.0307
0.0470
0.0471
0.0305
0.0740
0.0291
0.0307
0.0446
0.0421
0.0457
0.0383

injured
tissue

0.0381
0.0338
0.0519
0.0422
0,0215
0.0362
0.0154
0.0248
0.0158
0.026S
0.0314
0.0083

Rb

uninjured
tissue

3.06
0.80
3,19
0.80
2.26
1.23
2.44
2.75
•5.11
1.06
3-23
4.99

injured
tissue

1.35
0.90
2.50
0.65
1.86
0.98
1.33
1.89
1.42
0.44
1,78
2.38

Se

uninjured
tissue

0.108

0.167
0.197
0.107
0.212
0.064
0.186
0.179
0.165
0.153
0.232

injured
tissue

0.149

0.195
0.226
0.157
0.225
0.055
0.274
0.217
0.193
0.121
0.243

Table iV.

Some trace elements without known biological function. Amounts in jig/g wet tissue.

Case
no.

1
2
3

4
5
6
7

8
9

10
11
12

Age of

myocardial

2 h
5 h

15 h
2.5 d
3d
3.5 d
4 d
5d
5d
6.5 d
6.5 d

14 d

uninjured
tissue

0.0015
0.0014
0.0010
0.0009
0.0017
0.0011
0.0010
0.0013

0.0033
0.0010

Ag

injured
tissue

0.0008
0.0010
0.0025
0.0021
0.0009
0.0039
0.0012
0,0009
0.0015

0.0059
0.0011

uninjured
tissue

0.00642

0.00338
0.00352
0.00446
0.00968
0:00254
0.0353
0.00932
0.00166
0.00599
0.0153

As

injured
tissue

0.00624

0.00298
0.00561
0.00498
0.0114
0.00104
0.0546
0.00553
0.00172
0.00562
0.0124

Au

uninjured injured
tissue tissue

0.0000297 0.0000306
0.0000931 0.0000828
0.0000394 0.0000820
0.0000105 0.0000379
0.0000148 0.0000116
0.0000328 0.000143
0.0000082 0.0000106
0.0000380 0.0000314
0.0000325 0.0000282
0.0000101 0.0000554
0.0000796 0.000111
0.0000254 0.0000404

Ce

uninjured
tissue

0.015
0.0038
0.0047
0.0039
0.0039
0.0050
0.0065
0.0032
0.0073
0.0036
0.0077
0,0075

injured
tissue

0.021
0.0029
0.0033
0.015
0.0098
0.0055
0.013
0.0066
0.014
0.0089
0.0081
0.015

Cs

uninjured
tissue

0.0188
0.0045
0.0085
0.0046
0.0076
0.0100
0.0086
0.0133
0.0180
0.0049
0.0143
0.0182

injured
tissue

0.0071
0.0048
0.0073
0.0041
0.0061
0.0060
0.0053
0.0112
0.0049
0,0019
0.0074
0.0081

Hg

uninjured
tissue

0.0456
0.0174
0.0360
0.0513
0.0232
0.114

0.0392
0.133
0.0258
0.0678
0.0820

injured
tissue

0.0370
0.0148
0.0423
0.0486
0.0222
0.120
0.0238
0.0909
0.540
0.0279
0.0579
0.0542

I



Table V.

Additional trace elements without known biological function. Amounts in ug/g wet tissue.

Case
no.

1

2
3
4
5
6
7
8
9

10
11
12

Age of

myocardial

2 h
5 h

15 h
2.5 d
3 d
3.5 d
4 d
5 d
5 d
6.5 d
6.5 d

14 d

La

uninjured
tissue

0.00014
0.00010
0.00028
0.00008
0.00026
0.00026
0.00012
0.00014
0.00013
0.00015
0.00056
0.00037

injured
tissue

0.00014
0.00011
0.00018
0.00035
0.O0038
0.00033
0.00013
0.00015
0.00018
0.00020
0.00066
0.0011

Sb

uninjured
tissue

0.0014
0.0004
0.012
0.0044
0.0Ci4

• 0.0037
0.0023
0.0014
0.0019
0.0025
0.022
0.0017

injured
tissue

0.0036
0.0004
0.031
0.011
0.0033
0.022
0.0033
0.0022
0.0021
0.0037
0.023
0.0019

Sc

uninjured
tissue

0.000006
0.000021
0.000019
0.000031
0.000028
0.000025
0.000009
0.000011
0.000016
0.000009
0.000038
0.000022

injured
tissue

0.000006
0.000039
0.000028
0.00010
0.000018
0.000025
0.000012
0.000012
0.000013
0.000006
0.000018
0.000015

Sm

uninjured
tissue

0.0010
0.00085
0.00072
0.00014
0.0011
0.00073
0.00035
0.00077
0.0013
0.00054
0.0021
0.0048

injured
tissue

0.0022
0.0017
0.00075
0.00065
0.0010
0.0011
0.00049
0.0020
0.0011
0.00069
0.0037
0.0067

W

uninjured
tissue

0.0016
0.0014
0.0034
0.0026
U.0049
0.014
0.0013
0.0007
0.0011
0.0046
0.0021
0.0009

injured
tissue

0.0041
0.0006
0.0022
0.0038
0.0052
0.0065
0.0021
0.0018
0.0002
0.0066
0.0023
0.0004

I

o



- 31 -

Table VI.
Comparison between the concentration of the elements in normal heart tissue and uninjured tissue from infarcted
hearts. Amounts in ^g /g wet tissue.

Comp

C
VS

J«
cc

2 2 §

1 g g
•s I*3

•£"«

» o

1-2
S "̂

o o

B3 W j -

•w °
3 **

II
1 '<»

o S

£ J

. = • • = •

1-2 g

1 « |S o __,

S |

^3
S"° °
E -» o
« O C

oc
-̂  .2

II

Element

Ca
Co
Cu
Fe
Zn

Normal heart tissue

Median

46
0.012
3.8

35
25

Mean 25.5 + 0.83

Ba
Br
Cd
Cr
Mo
Rb
Se

Ag
As
Au
Ce
Cs
Hg
La
Sb
Sc
Sm
W

0.020
2.0
0.012
0.0062
0.051
2.5
0.18

0.0025
0.0024
0.000034
0.0016
0.011
0.043
0.00029
0.0015
0.000014
0.0025
0.0012

arison between the concentration of the e

Ele-
ment

Na

P

Ca
Co
Cu
Fe
Zn

Ba
Br
Cd
Cr
Mo
Rh
Se

Ag
As
Au
Ce
Cs
Hg
La
Sb
Sc
Sin

W

Uninjured tissue

Median

1250

Mean
1262±6
1770 ]
Mean
1729+14

42
0.012
2.7

31
24

0.015
1.4
0.013
0.0087
0.040
2.6
0.17

0.0012
0.0060
0.000031
0.0049
0.0093
0.046
0.00017
0.0024
0.000020
0.00081
0.0018

Range

950-1650

1080-2460

27-66
0.0057-0.033
1.8-4.2

20-71
14-37

0.003-0.03
1.0-2.3
0.005-0.02
0.0047-0.021
0.028-0.074
0.80-5.4
0.064-0.23

0.0009-0.0033
0.0017-0.035

Range

24-96
0.0009-0.018
2.0-5.2

21-53
18-33

0.007-0.05
1.0-4.6
0.009-0.03
0.0017-0.020
0.026-0.13
1.7-5.6
0.097-0.25

0.0006-0.025
0.00097-0.012

Uninjured tissue

Median

42
0.012
2.7

31
24

Mean 24.7±1.77

0.015
1.4
0.013
0.0087
0.040
2.6
0.17

0.0012
0.0060

0.0000008-0.00011 0.000031
0.001-0.008
0.0066-0.022
0.000-0.096
0.0001-0.003
0.0006-0.004
0.000003-0.0001
0.0002-0.02
0.0007-0.002

Table
Jements in injured

0.0049
0.0093
0.046
0.00017
0.0024
0.000020
0.00081
0.0018

VI i.

from infarcted hearts

Range

27-66
0.0057-0.033
1.8-4.2

20-71
14-37

0.003-0.03
1.0-2.3
0.005-0.02
0.0047-0.021
0.028-0.074
0.80-5.4
0.064-0.23

0.0009-0.0033
0.0017-0.035

Signi-
ficance

_
*

—

_
*

-

0.0000082-0.000093 -
0.003-0.015
0.0045-0.019
0.017-0.13
0.00008-0.0006
0.0004-0.002
0.000006-0.00004
0.0001-0.005
0.0007-0.01

*
—

-

and uninjured tissue from infarcted hearts. Amounts in jx%/% wet tissue.

MyocardiaJ infarction

Injured tissue

Median

1680

1160

107
0.010
2.8

41
17

0.023
1.7
0.010
0.0097
0.029
1.4
0.20

0.0012
0.0056

0.0000082-0.000093 0.000048
0.003-0.015
0.0045-0.019
0.017-0.13
0.00008-0.0006
0.0004-0.02

0.0094
0.0061
0.046
0.00018
0.0035

0.000006-0.00004 0.000016
0.0001-0.005
0.0007-0.01

0.0011
0.0023

Range

1430-1890

549-1800

56-192
0.0032-0.019
1.2-3.6

15-67
10-26

0.009-0.05
1.4-3.5
0.005-0.02
0.0031-0.032
0.008-0.052
0.44-2.5
0.055-0.27

0.0008-0.0059
0.0010-0.055
0.000010-0.00011
0.003-0.021
0.0019-0.013
0.015-0.54
0.0001-0.001
0.0004-0.03
0.00006-0.0001
0.0005-0.007
0.0003-0.007

Median of

differences

+ 356

-490

+ 66.2
- 0.0034
+ 0.13
- 4.3
- 10.3

+ 0.005
+ 0.36
t 0
+ 0.0008
- 0.114
- 0.78
+ 0.028

+ 0.0002
- 0.00018
+ 0.0000087
+ 0.0056
- 0.0033
+ 0.0021
+ 0.00005
+ 0.0009
+ 0.0000002
+ 0.0005
+ 0.0003

•Signi- Age de-

ficance pendence

** _

** +

• * * * +

* * _

- -

* +

* +

_ —

— +

-

**
- *

** +
* • ' —

— —

* —

-



p.g/g wet tissue
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Fig. 1. Regression line of the differences in P in injured and uninjured
infarcted heart tissue (y) on the age of the myocardial infarc-
tion (x).

tissue

Calcium
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days

Fig. 2, Regression line of the differences in Ca in injured and uninjured
infarcted heart tissue (y) on the age of the myocardial infarc-
tion (x).



wet tissue
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Fig. 3 ' Regression line of the differences in Zn in injured and uninjured
infarcted heart tissue (y) on the age of the nryocardial infarc-
tion (x)

wet tissue
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tissue from infarcted hearts (y) on the grade of fibrosis (x).
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