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By means of neutron activation analysis, samples of four beef

hearts taken from the bundle of His and adjacent ventricular muscle,

the AV node and adjacent atrial muscle 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

subsequent Y-spectrometry,' is used. The following trace elements are

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

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

In the conductive tissue compared to adjacent muscle tissue,

calculations on a wet weight basis show a lower concentration of Cs,

Cuj Fe, K, P, Rb and Zn in the former, and a higher concentration

of Ag, Au, Br, Ca and Na. The mean differences (jAg/g wet tissue), as

well as their degree of significance, between the bundle of His and ad-

jacent tissue from the ventricular septum, between the AV node and ad-

jacent atrial muscle, between the ventricular septum and the right

atrium, and between the bundle of His and the AV node are given for

the elements Cu, Fe, K, Na, P and Zn.
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.] . 0 Introduction

The anatomy and histology of the conducting system have been

thoroughly investigated in both the human heart and the hearts of various

animals fe.g. [1, 8, 9, 13, 19] }. Several studies of some chemical

components of this structure have also appeared (e.g. [2, 5, 7, 11, 12,

14-16, 18, 21, 25-27] ). The bulk elements K and Na in conductive

tissue have chiefly been studied in electrophysiological relations (e.g.

[6] ). The K and Na content of the conductive tissue of ox hearts has

been investigated by Davies et al. [4]. Information about the concentra-

tion of trace elements in the conductive tissue seems to be limited. Using

spectrographic methods, Helander has recently reported interesting semi-

quantitative values for Al, Ba, Cu, Fe, Li and Rb in conductive tissue

of beef hearts [10], 31 others trace element sought could not be detected

with the method used. Quantitative determinations of trace elements in

the conductive tissue seems, however, to be completely lacking.

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 elements

in a very small sample [20, 24].

The aim of the present study was to investigate the amount of Ag,

As, Au, Ba, Br, Ca, Cd, Ce, Co, Cr, Cs, Cu, Fe, Hgs K, La, Mo,

P, Rb, Sb, Sc, Se, Sm, W and Zn in the conductive tissue and adjacent

muscle tissue of the beef heart.

2. 0 Material and methods

2_, J Sam_ple_ p_reparatian_

Four hearts from healty cattle were obtained a few hours after

the animals' death. The atrioventricular node (AV node) and about 0.3 f*

wet weight of adjacent atrial muscle, the bundle of His and about 0. 3 g

wet weight of adjacent tissue from the ventricular septum were investi-

gated. The heart was opened with a glass knife, after which the AV node

and the macroscopically visible parts of the bundle were dissected out

with the aid of glass knives and plastic tweezers. The common trunk

and the right and left bundles were investigated together. The samples

were transferred to weighed quartz ampoules with a glass rod. The
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ampoules with content were dried by lyophilization until no further loss

of weight occurred (about 24 hours), and sealed as previously described

[22]. The ampoules were then ready for irradiation with thermal neu.-

trons in an atomic reactor. Standard samples were prepared as de-

scribed in an earlier paper [22]. Great care was taken to reduce the

risk of contamination of the samples. The ampoules and glass and

plastic instruments used in the sample preparation were thoroughly

cleaned by rinsing with 6 N HC1 and demineralized water.

2_.2_ _ _NetLtron_activation analy_si_s_

The samples and the standards were irradiated together in the

R2 reactor at Studsvik with a thermal neutron flux of 2 * 10 n/cxn /

/sec for 24 - 75 hours, A decay interval of one or two days elapsed

before chemical analysis. The ampoules containing the samples were

chilled before opening in fluid nitrogen, to reduce the pressure induced

during irradiation. Chemical separation was performed with a recently

developed ion-exchange technique, combined with subsequent Y~sPectro-

metry [20,24]. The y-spectrometric measurements were carried out

with a transitorized 512-channel pulse-height analyzer, attached to a

3" x 3" Na3s(Tl) well-type crystal. The elements were identified as

previously described [22]. Quantitative determinations were made

after normalization of the y-spectrograms obtained. In cases of strong

activity, the height of the photopeaks of the samples was compared, to

the height of the photopeaks of the standards. In the present study the

samples were small, and some of the activities obtained were faint. In

these cases, the areas of the photopeaks were calculated, and compared

to the areas of corresponding photopeaks of the standards. Chemical re-

covery corrections were made in accordance with the mean values de-

termined earlier [24].

2_. 3_ Stat is t ical methods

The mean differences given in table V were calculated by Student1 s

t_ tes t . The significances obtained have been expressed as follows:

not significant 5 % < p

x a lmost significant 1 % < p £ 5 %



xx significant 0. 1 % < p <. 1 %

xxx highly significant p £ 0. 1 %

3.0 Results

The atrioventricular node (AV node), the bundle of His and ad-

jacent atrial and ventricular muscle tissue from four cattle hearts (1 -4

in tables I - IV) were investigated with respect to the concentration 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, W and Zn. The amounts of the elements

are listed in tables I - IV. Table I contains the bulk elements Na, K

and P, table II shows the trace elements with known biological function,

table III the trace elements with suspected biological function and table

IV the trace elements without known biological function. The amounts

are expressed in |i>g/g wet tissue. The mean dry weight as a percentage

of the wet weight was 21 . 4 ± 1.0% for ventricular muscle tissue. 1 9. 5

± 1.6% for the bundle of His. 1 9. 4 ± 2. 0 % for atrial muscle tissue and

1 6. 9 ± 1, 9 % for tlv, AV node.

The bulk elements (table I) showed different patterns of distribu-

tion in the comparison made between conductive tissue and adjacent

muscle tissue. The amount of Na was found to be enriched and the amount

of K and P reduced in the conductive tissue. In this tissue, most of the

trace elements with known biological function were present in low con-

centration (table II). Ca, however, was found to be enriched. Among

the elements without known biological function (table IV), a large amount

of Ag, Au and a somewhat increased concentration of Sb, Se and the

lanthanides Ce, La and Sm were noted in the conductive tissue, whereas

Cs and Hg occurred in low concentration. TabJe V shows the mean dif-

ferences (expressed in .̂g/g wet tissue) between.the ventricular septum

and the bundle of His, between the right atrium and the AV node, between

the ventricular septum and the right atrium, and between the AV node

and the bundle of His with'respect to the concentration of the elements

Cu, Fe, K, Na, P and Zn,

The significances of the differences obtained are denoted by

asterisks. Significant differences were noted for the majority of the ele-

ments in mostcomparisons. The comparison between the different parts

of the conducting system revealed.however, an almost significant dif-

ference only for Fe.
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4.0 Discussion

Most of the trace elements studied in the present work have pre-

viously been found to occur in skew distributions in human heart tissue.

Only the distribution of the bulk elements studied and of the trace elements

Cu, Fe, Se and Znhad a normal appearance [2Z]. The present study is

based on only a small number of cases and, in view of the presumed skew

distributions, statistical calculations have been limited to the elements

which were previously observed in normal distributions in human heart

tissue. The mean differences, with the relevant degree of significance,

between the different kinds of heart samples with respect to the concen-

tration of Cu, Fe, K, Na, P and Zn are presented in table V. The element

Se was omitted, since no significant differences were obtained for this

element.

Beef heart tissue was chosen for this study on the following

grounds: j(a) the simplicity of dissecting out the conductive tissue, (b)

the size and availability of beef hearts, and (c) the fact that a previous

study of. trace element concentrations in subcellular fractions was made

in beef heart tissue [23],

It is known that the conducting system is not a homogenoiis tissue,

but is a complex of muscle tissue, connective tissue and some nerve

fibres. Several investigators of conductive tissue have tried in various

ways to make corrections f.ov the connective tissue content (e.g. [15] ).

In the present study, however, no such corrections have been introduced.

The comparisons between the trace element concentrations in conductive

tissue and adjacent atrial and ventricular tissue were made on the grounds

of the functional differences existing between thes^ parts of the heart.

Some values for the trace element content of the left ventricle

(not the septum) of beef hearts have been presented in a previous study

[233- The values obtained in the ventricular septum of beef hearts in

the present study conform well with those reported earlier. Thus, no

obvious differences were recorded between the trace element concen-

tration in different parts of the left ventricle of beef heart.

In the following, a comparison is made between the concentration

of each element in the ventricular septum, the bundle of His, the right

atrium and the AV node.



'Ag. The highest amount of Ag was found in conductive tissue. The

AV node contained as much as the bundle of His. Somewhat

higher Ag values were obtained in the right atrium than in the

ventricular septum.

As. In three of the four cases investigated, the conductive tissue

had a somewhat lower As content than adjacent muscle tissue.

In the fourth case, however, the reverse applied.

Au. The bundle of His was found to be most rich in Au and then, in

declining order, the AV node, the right atrium and the ventric-

ular septum.

Ba. A high amount of Ba was noted in the conductive tissue. The con-

centration of Ba in the AV node and the bundle of His was about

the same. Nor was any large difference found between the ven-

tricular septum and the right atrium.

Br. The Br content of the conductive tissue was somewhat larger

than that of adjacent muscle tissue. The highest Br values were

recorded in the AV node. Twice as much Br was present in

tissue from the right atrium as in tissue from the ventricular

septum.

Ca. The concentration of Ca was about twice as high in the conductive

tissue as in adjacent muscle tissue, and somewhat higher in the

AV node than in the bundle of His. The figures for the right

atrium were somewhat larger than those for the ventricular sep-

tum. Mazel and Holland reported in turtle hearts, but not in frog

hearts, twice as high Ca values in the atrium and sinus venosus

as in the ventricle [17].

Cd. Some enrichment of Cd was observed in the conductive tissue.

The atrial valties were as large as the ventricular values or

slightly larger,

Ce. Ce, like the other lanthanides determined, was found to occur in

the same concentration, or a slightly higher one, in the conduc-

tive tissue as in adjacent muscle tissue. The right atrium con-
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tained the same amount of Ce as the ventricular septum, or a

little more. .

Co. The lowest concentration of Co was obtained in the bundle o£ His.

No large differences were present between the ventricular sep-

tum, the right atrium and the AV node,

Cr. In some cases, a large enrichment of Cr was observed in the

conductive tissue. In case 2, however, the AV node contained

less Cr than adjacent atrial muscle, and in case 4 the Cr con-

centration in the conductive tissue and adjacent muscle tissue

was the same.

Cs. The differences obtained between the concentration of Cs in the

conductive tissue and adjacent muscle tissue ran parallel to

those obtained in K and Rb. About 50 % reduction of Cs was

noted in the bundle of His as compared to adjacent ventricular

muscle, and a somewhat smaller difference between the AV node

and atrial muscle. The Cs content of the AV node was slightly

higher than that of the bundle of His. In three cases a lower Cs

value was recorded in atrial muscle than in ventricular muscle.

In the fourth case, however, the reverse relation applied.

Cu. The Cu values obtained were analyzed statistically (table V). In

the conductive tissue, the concentration of Cu was found to be

largely reduced. The values in the bundle of His were about 4

times smaller than those in the ventx-icular septum, the mean

difference being 2.4 jig/g wet tissue (significance ). The dif-

ference between the Cu content of the AV node and that of the

atrial muscle was about half the difference between the bundle

and the ventricle. No significant difference was present bet-

ween the Cu concentration in the AV node and the bundle of His.

The ventricular septum was found to have the highest concentra-

tion of Cu, with a mean difference of 1 . 2 p-g/g wet tissue as

compared to the concentration in the right atrium.

Fe. The highest concentration of Fe was obtained in the ventricular

septum and the lowest in the bundle of His. The mean difference,
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29 y.g/g wet tissue, is significant. A smaller but almost sig-

nificant difference was present between the atrial muscle and

the AV node. The Fe values in atrial muscle were slightly

lower than in the ventricular septum. This difference is not,

however, significant.

Somewhat lower Hg values were found in the conductive tissue

than in adjacent muscle tissue. The lowest Hg concentration was

noted in the bundle of His.

K^ The ventricular septum was found to contain the largest amount

of K. The bundle of His contained half this amoimt. The mean

difference was 1220 y,g/g wet tissue (significance ). The con-

centration of K in the right atrium was smaller than in the ven-

tricular septum (mean difference 840 .̂g/g wet tissue; signifi-

cance ). No significant difference was present between the K

concentration in the right atrium the AV node, nor between the

AV node and the bundle of His-.

Most of my results are in conformity with those of Davies et a.l.

in the ox heart [4], They reported the highest value in the ven-

tricle, a lower value in the right atrium and no difference bet-

ween the right atrium and the AV node. In the bundle of His,

however, they reported a higher K value than that in the present

investigation.

My results can also be compared to those of Daniels son with

respect to the K concentration in toad hearts. He found the

highest K value in the ventricle, a lower value in the atrium and

the lowest value in the sinus venosus [3].

La. The values obtained in the conductive tissue were the same as

those in adjacent muscle tissue or slightly higher.

Mo. No obvious differences were recorded between the Mo concentra-

tion in the ventricular, atrial and conductive tissue.

Na. Contrary to Ks the lowest concentration of Na was found in the

ventricular septum, a higher concentration in the atrium, and the



highest in the conductive tissue. The-mean difference between

the ventricular septum and the bundle of His was 680 p.g/g wet

tissue (significance ), and that between the right atrium and

the AV node 360 jig/g wet tissue (significance ). The mean dif-

ference between the ventricular septum and the right atrium was

670 jig/g wet tissue (significance ). No significant difference

was present between the AV node and the bundle of His.

The difference obtained agree well with those reported by Davies

et al. in the ox heart [4]. Comparable results have also been

reported in toad hearts [3] and in frog and turtle hearts [17].

P. The concentration of P ran, on the whole, parallel to that of

K. Thus, it was highest in the ventricular septum, lower in the

right atrium, and lowest in the conductive tissue. The differ-

ence between the P concentration in the ventricular septum and

the bundle of His was significant, as was the difference bet-

ween the right atrium and the AV node. The difference between

the ventricular septum and the right atrium was almost signif-

icant (table V).

Rb. The low Rb content of the conductive tissue as compared to ad-

jacent muscle tissue ran, as pointed out in the aforegoing, par-

allel to that of Cs and K.

Sb. A somewhat low concentration of Sb was obtained in the ventric-

ular septum as compared to the right atrium and the conductive

tissue.

Sc. The concentration of Sc was found to be slightly higher in the

conductive tissue than in adjacent muscle tissue.

Se. No obvious differences were observed between the Se content of

the different kinds of heart samples. Slightly lower values could

perhaps be discerned in the bundle of His than in the ventricular

septum.

Sm. The Sm values obtained were - like those of the other rare earths

determined - the same in the conductive tissue as in adjacent
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muscle tissue, or somewhat higher.

W. The lowest W concentration was recorded in the ventricular

septum. Practically the same value was obtained in the AV

node as in the bundle of His.

Zn. The conductive tissue was found to contain an almost signif-

icantly lower concentration of Zn than adjacent muscle tissue,

(table V), The values for the right atrium were lower than

those for the ventricular septum (significance ). The Zn con-

centration in the AV node did not differ significantly from that

in the bundle of His.

Most of the trace elements of biological significance are known

to exert their effect on enzymes or enzyme systems. The differences

found in the present study between the trace element concentration in

the conducting system and in adjacent common myocardium may there-

fore reflect metabolic differences. .The small amount of some trace

elements, e. g. Cu and Fe, obtained in the conductive tissue can be

compared to the small number of cytoplasmic organelles. known to be

present in this tissue'. The mitochondria contain, among other enzymes,

those of Krebs cycle and the electron transport enzymes, some of which

are known to be metalloenzymes, e.g. various cytochromes and succinic

dehydrogenase containing Fe, and cytochrome oxidase containing Cu. On

the other hand, certain trace elements were found in high concentration

in the conductive tissue. This may indicate that some enzymes are pre-

sent in large amounts in the conducting system. Cholinesterase, which

is associated with Ca, has been reported to occur in high amounts in

the conducting system [18, 26~\. The amount of Ca obtained in the pre-

sent study was, in fact, twice as high in the conductive tissue as in ad-

jacent heart tissue. A more complete understanding of the physiological

significance of trace element concentration in the conducting system

must, however, await further investigations on the biochemistry of this

tissue.
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Table I. The bulk e lements K, Na and P . Amounts in l*g/g wet t i s s u e .

Element
Case no

Ventr icular septurr

Bundle of His

Right a t r ium

AV node

1

2100

1220

1380

1360

K
2

2140

790

J3 4O

1250

3

2300

980

1890

1480

4

2580

1270

1360

840

1

1050

2030

1830

2040

2

1560

2050

2060

2450

Na
3

1060

1840

J760

2170

4

1220

1680

1900

2330

1

1

1

1

\

890

090

650

080

2

2170

700

15)0

690

P
3

2650

1090

3 700

1050

4

2520

1020

1460

890

Table II . T r a c e e lements with known biological function. Amounts in wet t i s sue .

Element
Case no

Ventr icular septun

Bundle of His

Right a t r ium

AV node

1

16

58

110

2

55

no
65

130

Ca
3

29

66

100

4

37

99

72

1 17

1

0.0056

0.0024

0.0055

0.0055

Co
2

0.0060

0.0015

0.0029

0.0020

3

0.0066

0.0023

0.0057

0.0049

0

4

.0088

0.0044

0

0

.0092

.0036

2

0

1

1

1

. 7

. 5 7

. 8

. 0

Cu
2

3 . 7

0.52

1.5

0.63

3

0

2

1

3

. 2

. 9 8

.6

. 2

4

3 . 3

1.2

2.1

1. 1

Element
Case no

Ventricular septum

Bundle of His

Right atrium

AV node

1

31

I?

24

14

2

44

8.?

26

18

Fe
3

33

9.1

28

17

4

49

14

23

19

1

12

5 . 5

9 . 8

8 . 0

Zn
2

21

2 . 6

12

9 . 3

3

18

5 . 4

14

10

4

18

6.6

14

5.6



Table III. Trace elements with suspected biological function. Amount in |ig/g wet t issue.

Element
Case no

Ventricular septurr

Bundle of His
Right atrium

AV node

1

0.005

0.02

0.004
0.02

Ba
2

0.006

0 . 2

0.02
0.03

3

0.004

0.03

0.02

0.03

4

0.03
0. 1

0.04
0.05

1

3

3

3

1

.6

. 0

. 5

. 9

B r
2

1.9

2 . 3

3 .5

3 . 6

3

1.5

3.1

3 . 3

3 . 7

4

3 . 4

3 . 8

4. 1

6 .4

0

0

1

.0008

.01

C
2

0.002
0.008

0.002

0.009

d
3

0.0009
0.003

0.003
0.004

4

0.001
0.004
0,002

0.009

Element
Case no

Ventricular septum

Bundle of His

Right atrium
AV node

0

1

0028

0.032

0

0

.0025

.0092

Cr
2

0.0018

0.038

0.0036
0.0022

0

0

0

0

3

,0010

.012

,0021
.0094

0

0

0

0

4

.015

.015

.0084

.0035

0

0

0

0

1

.040

.076

.053

.14

Mo
2

0,096

0.042

0.061
0.067

0

0

0

0

3

.040

.023

.070

.060

4

0.12

0.13
0.090
0.14

1

2.

1.

1.

1.

1

3

5

4

Rb
2

2 . 2

0 . 8

1.7

1.2

3

5 . 3

2 . 7

5.3

3.9

4.

2 .

3 .

2 .

4

8

7

5

0

Element
Case no

Se
1 4

Ventricular septumO

Bundle of His

Right atrium

AV node

.061 0.047 0.14 0.097

0.051 0.010 0.070 0.073

0.043 0.032 0.14 0.063

0.042 0.13 0.092'



Table IV. Trace elements without known biological function. Amounts in p,g/g wet t issue.

Element
Case no

Ventricular septum

Bundle of His

Right atrium

AV node

0

0

0

0

1

.0005

.003

.0006

.002

0

0

0

0

Ag
2 3

.0002 0.0003

.001 • 0.002

.0008 0.002

.002 0.003

4

0.003

0.009

0.002

0.01

1

0.0020

0.0005

0.0019

0.0012

0

0

0

As
2

.0020

.0014

.0008

0

0

3

.0048

.0033

0

0

0

0

4

.002*

.0015

.002C

1

0.000015

O.GQCED

0.000054

0.0)14

Au
2 3

O.00GO18

O.000056

O.G0GQ09

0.03304)

0.000003

0.000048

O.0G0G13

G.0GGQ38

4

0.00)003

0.00030

0.000055

O.O00G8S

1

0.003
0.008

0.006
0.03

0.01
0.01
0.01
0.02

3

0.002
0.004
0.01
0.01

0.

-

0 .

4

01

01

05

Element
Case no

Ventricular septum
Bundle of His

Right atrium
AV node

1

0.0076
0.0040

0.0045

0.0043

0

0

G

0

C
2

.0093

.0032

.0068

.0044

s
3

0.022
0.013

0.040
0.021

4

0.022

0.006S
0.016
0.012

1

0.18
0.067

0.092
0.082

H?
2

0.23 .
0.035

0.062
0.047

I
3

0.01
0-01
0.01
0.01

9

4

8

6

0

0

4

.044

.040
0.016
0 .014

0

0

1

.0003

.0008

La
2 3

0.0003
0.0003

0.0003
0.0006

0.0002

0.0003
0.0002
0.0006

4

0.0006

0.001
0.001
0.004

1

0.0007
0.003

0.003
0.005

Sb
2

0.002
0.006

0.002
0.005

0

0

0

3

s001

.004

.008

0.007

4

0.001
0.01
0.008

0.01

Element
Case no

Ventricular septum

Bundle of His
Right atrium

AV node

1

0.00001

0.00002

0.000009

0.00002

Sc
2

O.C0QG1

0.00002

G.GG0Q03

0.00001

3

0.000009

0.00002

0.00002

0.00004

4

O.000O5

O.G002

0.00003

O.00O3

1

0.0006

0.001

0.0004

0.002

Srn
2 3

0.001

0.001

0.002

0.001

0.0003

0.0009

0.0005

0.0008

4

OJ3O2

0

0

0

.005

.001

.004

1

0.001

0.008

0.01

2

0.001
0.005
0.005

0.007

w
3

0.002

0.005

0.01

0.005

0

0

0

4

-

.009

.005

.01



Table V. Mean differences expressed in p-g/g wet tissue.

Element

Ventricular septum -
Bundle of His

Right atrium -
AV node

Ventricular septum -
Right atrium

AV node -
3undle of His

C u

2.4 ± 0.3**

1.0 ± 0 , 1 * *

1.2 ± 0 , 3 *

0.2 ± 0 . I

F e

29 - ± 4 . 0 * *

8.3 ± 1.6*

13 ± 4 . 3

6.5 ± 1.5*

K

1220 ± 112**

210 ± 151

840 ± 150*

170 i 215

Na

-680 ± 124**

-360 ± 51**

-670 ± 5 9 * *

350 ± 132

1330 ± 179**

650 ±

730 ± 183*

-50 ± 2 8 3 .2 ± 1

Zn

12 ± 2 . 4 *

3 .5 ± 0 , 8 *

5 . 6 ± 1 . 5 *
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