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Summary: The catalytic aetivity of up to fifteen enzymes was investigated in the liver, heart, skeletal muscle,
kidney (medulla, cortex), brain, hing, duodenum, spieen and pancreas from man and animals. Human
specimens were obtained from autopsies and immediately post-mortem from dogs, rabbits, guinea pigs, rats
and mice. The differences between our results and previous reports of considerably lower activities for
structural enzymes (e. g. creatine kinase) and for enzymes partly of mitochondrial origin (e. g. glutamate
dehydrogenase, aspartate aminotransferase, malate dehydrogenase), is attributed to our use of a detergent
extraction technique. The superiority of the detergent technique with regard to enzyme yield is exemplified
by a comparison of various methods of extraction in rat liver, heart and skeletal muscle. Use of standardized
assays allows a qualitative inter-species comparison of results. The influence of autolysis on catalytic aetivity
of human autopsies is considered of minor importance.

Katalytische Enzymaktivitätskonzentration in Geweben von Mensch, Hund, Kaninchen, Meerschweinchen, Ratte
und Maus
Versuch der Begründung einer quantitativen Diagnostischen Enzymologie, III.
Zusammenfassung: Das katalytische Aktivitätsmuster von bis zu fünfzehn Enzymen wurde bei Mensch und
Tieren für Leber, Herz, Skelettmuskel, Niere (Mark, Rinde), Gehirn, Lunge, Duodenum, Milz und Pankreas
erstellt. Die Proben vom Menschen stammten aus Autopsien; Proben von Hund, Kaninbhen, Meerschwein-
chen, Ratte und Maus wurden unmittelbar post mortem gewonnen. Die verglichen mit früheren Ergebnissen
beträchtlich höheren Werte, besonders für Enzyme mit mitpchondrialen Anteilen (z. B. Glutamatdehydroge-
nase, Aspartataminotfansferase, Malatdehydrogenase) und für strukturinvölvierte Enzyme (z. B. Kreatinki-*
nase), gründen vorrangig auf eine .Extraktionstechnik unter Verwendung von Detergenz. Die Überlegenheit
der Detergenzanwendung auf die Enzymausbeute Wird in einem Vergleich verschiedener Extraktionstechniken
beispielhaft für Leber, Herz und Skelettmuskel der Ratte aufgezeigt. Die Verwendung standardisierter
Analysemethoden erlaubt einen qualitativen Interspezies-Vergleich. Der Einfluß der Autolyse auf die Ergeb-
nisse der Proben vom Menschen ist von untergeordneter Bedeutung.

Introduction The first reason is to obtain comprehensive data for
There are three reasons for investigating the tissue enzyme behaviour from the site of origin through the
catalytic aetivity distribution pattern in man and ani- interstitial space and lymph to the bloodstream (l,
mals. 2), where they are most commonly sampled for diag-
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nostic purposes. In order to compare and determine
the relationship of calalytic activity patterns between
the intracellular, interstitial, and intravascular spaces
identical conditions are required for all analyses. This
minimizes the effects of the catalytic changes enzymes
go through during their transition from their intra-
cellular origin to their appearance in plasma and
subsequent analysis (3).
In clinical enzymology a quantitative approach has
been developed over the years to quantify tissue da-
mage in different Organs by serial measurements of
plasma enzyme catalytic activity. Such quantitative
assessment of myocardial damage, for example, has
been proposed by several groups (4—6). Similarly,
such Systems have been devised for localization of
liver injury (7). A prerequisite to such an approach
is reliable data on tissue enzyme content.

A second reason to quantify tissue enzyme activity is
a more general one. The use of commercially avail-
able test combinations, which are only occasionally
optimized for human plasma conditions, has become
increasingly important in human diagnostic enzymol-
ogy, veterinary medicine, experimental medicine, and
also in catalytic activity determination of tissue speci-
mens from man and animals. This development ex-
ceeds the original motivation for the development of
such tests. The need to compare results from these
tests has led to the creation of test Standards. With
regard to tissue analysis, however, such standard-
ization has by no means led to more homogeneous
results. This is mainly due to different tissue prepara-
tion and extraction methods, which require further
attention and development. A more complete re-
covery of catalytic activity is obtainable through the
use of detergent.

A third reason for this investigation is the paucity of
data concerning tissue distribution of enzymes in
man and animals, escpecially in regard to the above-
mentioned needs for standardization and more com-
plete extraction techniques.

Surprisingly few comprehensive data on tissue distri-
bution patterns are available for man. Such data is
scattered or applies only to a particular enzyme (e. g.
creatine kinase (8), lactate dehydrogenase (9)) or to
a specific organ. The most elaborate work on liver
enzymology to date has been done by the group of
£. & F. W. Schmidt, both in man (7, 10, 11) and in
animals (12 — 16).

In addition, to our knowledge, only these authors
have established extensive studies on the catalytic
activity pattern in human tissues other than the liver
(17-19). More or less comprehensive data on tissue

distribution of enzymes in animals are given for the
dog (20-24), the rabbit (20, 22, 25), the guinea pig
(20, 22, 26), the rat (20, 22, 26-29) and the mouse
(22, 26).
Different methods of tissue preparation and/or analy-
sis have led to diverging results wh'ifch need to be
clarified.
For these three reasons, therefore, the catalytic activ-
ity distribution pattern of up to fifteen enzymes in
nine tissues was established for man, dogs, rabbits,
guinea pigs, rats and mice.

Materials and Methods
Man

Twenty autopsies were obtained in patients who died from both
non cardiac (12 patients) and cardiac causes (8 patients).

Non cardiac causes were: histiocytoma, aneurysm of base of
the brain, dissecting aneurysm, brain infarction., ruptured aorta,
brain cancer, hypovolaemic shock, colon cancer, bronchial can-
cer, tongue cancer. Cardiac causes were: myocardial infarction
and acute circulatory and heart failure during surgery.

Patient age ranged from 36 to 79 years, χ = 60.2 ±11.4 SD,
17 males, 4 females. Autopsies were done at various times post-
mortem (17—42 h) and the following tissue samples were taken:
lung (Lobus superior sinister), heart (left ventricle), muscle
(M. psoas major), kidney (cortex and medulla), liver (Lobus
sinister), spieen, duodenum (cranial part), pancreas, brain (cere-
brum, Lobus temporalis).

Tissue samples were taken from areas, which revealed no abnor-
malities by visual inspection.

Animals

Dogs, rabbits, guinea pigs, rats and mice were used. Strahl,
housing conditions and diet were described in the first commu-
nication of this series (2). Prior to killing, the animals underwent
lymph or blood sampling experiments. Animals were sacrificed
in accordance with the recommendations of the Universities
Federation for Animal Weifare (UFAW) (30).

The following tissue samples were taken immediately:

Dogs

lung (Lobus caudalis sinister), heart (left ventricle), muscle (M.
sartorius), kidney (cortex and medulla), liver (Lobus sinister
medialis), spieen, duodenum (cranial part), pancreas

Rabbits

lung (Lobus caudalis sinister), heart (left ventricle), muscle (M.
sartorius), kidney (cortex and medulla), liver (Lobus sinister
medialis), spieen, duodenum (cranial part), panreas

Rats

lung (Lobus smister), heart (left ventricle), muscle (M. sarto-
rius), kidney, liver (Lobus sinister medialis), spieen, duodenum
(cranial part), pancreas, brain (cerebrum) · f
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Guinea pigs

lung (Lobus sinister), heart (left ventricle), muscle (M. sarto-
rius), kidney, liver (Lobus sinister medialis) spieen, duodenum
(cranial part), pancreas, brain (cerebrum)

Mice

lung (Lobus sinister), heart (right and left ventricle), muscle
(M. sartorius), kidney, liver (Lobus sinister medialis), spieen,
duodenum (cranial part), pancreas, brain (cerebrum)

Tissue samples of about 200 — 500 mg weight were plunged into
ice-cold 0.15 mol/1 sodium Chloride, freed from connective
tissue, carefully dried with soft tissues, and weighed. Until
assayed they were stored at — 70 °C in smail, capped, dry
Containers. Homogenisation was carried out in ice-cold Krebs-
Ringer buffer containing 10 ml/l of the detergent ethylenephe-
nylpolyethyleneglycol (Nonidet P 40, Fluka AG). This was
done three times for 30 s, with intervening intervals of 30 s, by
means of an Ultra-Turrax (JANKE + KUNKEL). The ratio
of tissue weight to homogenisation buffer volume was l : 10.
Suitable dilutions were prepared froni the 12 000 g supernatant
in Krebs-Ringer buffer containing detergent.

Determination of catalytic enzyme activity concen-
tration and protein concentration

The catalytic activities of the following enzymes were deter-
mined in the tissues:

lactate dehydrogenase (EC 1.1.1.27)
-hydroxybutyrate dehydrogenase

malate dehydrogenase (EC 1.1.1.37)
isociträte dehydrogenase (EC 1.1.1.42)
glutamate dehydrogenase (EC 1.4.1.3)
aspartate aminotransferase (EC 2.6.1.1)
alanine aminotransferase (EC 2.6.1.2)
creatine kinase (EC 2.7.3.2)
adenylate kinase (EC 2.7.4.3)
cholinesterase (EC 3.1.1.8)
alkaline phosphatase (EC 3.1.3.1)
a-amylase(EC 3.2.1.1)
amino acid arylamidase (EC 3.4.11.2)
aldolase(EC 4.1.2.13)
phosphohexose isomerase (EC 5.3.1.9)

Analytical methods for catalytic enzyme activity concentration
and concurrent quality control have been described (2).

a^Hydroxybutyrate dehydrogenase was determined in human
tissues according to the Recommendations of the German
Society of Clinical Chemistry (31) using a test kit (Boehringer,
Mannheim).

Aspartate and alanine aminotransferase were determined in
hiunan tissues both with and without supplementary pyridoxal-
5'-phosphate (0.1 mmol/1 final concentration) and Tris buffer
(80 mmol/1, pH 7.8 for aspartate aminotransferase; 100 mmol/1,
pH 7.3 for alanine aminotransferase) instead of phosphate
buffer, after l h incubation. Pyridoxal-5'-phosphate works äs
a coenzyme and becomes limited in autolysed tissues. Phosphate
inhibits the recombination pf the apoenzyme with pyridoxal-
5^-phosphate (32).

Creatine kinase MB isoenzyme was determined in human heart
muscle with the immuno-inhibition method (33) using a test
kit (Boehringer, Mannheim).

Soluble protein was determined with the Folin-Ciocalteau re-
agent (35).

In the literature, catalytic activity of tissues is expressed in
various ways: catalytic activity per gram wet weight, per dry
weight, per DNA, per protein, per nitrogen etc. Several of these
methods have been compared by Hermens et al. (34). They
recommended relation to wet weight of tissues to minimize
experimental error. Schmidt et al. (10, 12, 17) propose relation
to protein concentration äs well äs wet weight. In the present
study catalytic activity was expressed äs U/g wet weight and
protein concentration äs mg/g wet weight. This allows for a
rough estimate of specific activity (U/g protein).

Results

The tables l a to l i summarize the catalytic activities
in each tissue for the species investigated. Due to the
large number of tables and individual results, we will
not attempt to give here a detailed description of all
of our finding.

Despite occasional distinct inter-species differences,
some general comments äs to the tissue distribution
of enzymes can be made. Lactate dehydrogenase,
malate dehydrogenase, and phosphohexose isomerase
are ubiquitously distributed. The highest catalytic
activities for -hydroxybutyrate dehydrogenase are
found in heart and striated muscle, followed by the
kidney. Significant amounts of isocitrate dehydroge-
nase are found in the liver and in heart muscle.
Glutamate dehydrogenase and alanine aminotrans-
ferase were preferentially detected in liver. The latter
enzyme was found in the kidney äs well. Aspartate
aminotransferase exhibited its highest catalytic activi-
ties in the heart. Creatine kinase showed the well
known spectrum of catalytic activities from skeletal
muscle at one end through cardiac muscle and brain
to intestine at the other end. Adenylate kinase activi-
ties were highest in skeletal muscle. Significant
amounts öf cholinesterase, alkaline phosphatase, and
amino acid arylamidase were found in liver and kid-
ney. Aldolase was mainly found in skeletal muscle.

The catalytic activity fraction of total lactate dehy-
drogenase catalytic activity in man that was due to
-hydroxybutyrate dehydrogenase was calculated for

different areas. These values ( ± Standard error
mean) were äs follows:

liver: 27.4% ± 0.32%;
heart muscle: 78.5% ± 1.8%;
skeletal muscle: 24.6 ± 1.1%;
kidney-cortex: 73.0% ± 2.4%;
kidney-medulla: 68.0% ± 1.9%;
brain: 63.8% ± 0.61%;
lung: 51.8% ± 2.1%;
duodenum: 47.6% ± 1.5%;
spieen: 50.8% ± 2.4%.
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The degree to which addition of pyridoxal-5'-phos-
phate increased aspartate aminotransferase activity in
human autopsy specimens is given below for different
organs. Results are reported äs fractional increases
(x ± Standard error mean); significance values for
paired t-tests are also reported:

liver: 107% ± 11.8%, p < 0.01;
heart muscle: 62.8% ± 9.3%, p < 0.05;
skeletal muscle: 143% ± 12.6%, p < 0.01;
kidney-cortex: 170% ± 29.3%, p < 0.01;
kidney-medulla: 154% ± 22.6%, p < 0.01;
brain: 158% ± 13.0%, p < 0.01;
hing: 95.2% ± 9.1%, p < 0.05;
duodenum: 155% ± 15.9%, p < 0.01;
spieen: 314% ± 60.1%, p < 0.001.

For alanine aminotransferase the fractional increases
or decreases from pyridoxal-5'-phosphate were äs
follows:
liver: + 35.2% ± 5.1%, n. s.;
heart muscle: -12.8% ± 4.9%, n. s.;
skeletal muscle: + 14.4% ± 5.7%, n. s.;
kidney-cortex: + 21.4% ± 10.8%, n. s.;
kidney-medulla: + 8.4% ± 3.4%, n. s.;
brain: + 63.2% ±25.1%, n. s.;
lung: -h 12.7% ± 12.2%, n. s.;
duodenum: + 39.4% ± 14.7%, n. s.;
spieen: -19.5% ± 12.8%, n. s.

The catalytic äetivity fraction of creatine kinase MB
isoenzyme to total creatine kinase catalytic activity
in human heart muscle, calculated from individual
values was 30.7% + 2.9% (x + Standard error
mean):
As erizymes from the tissues preferentially reach the
inträVascular space via lymphatic transport (1), one
can argue that the catalytic activity pattern in the
isolated organ lymph from liver and intestine corfe-
late with the fespectivö tissue activity pattern in these
organs. Howevef, a comparison of the activity patterii
of intestinal lymph with the activity pattern itself
froiiijhe dog, the rabbit and the rat yield correlation
cofcfficients of 0.179, 0.893 and 0.280, respectively. A
siiriilar comparison of liver lytflph and liver tissue
patterns in the dog arid the rabbit gave correlation
coefficients of 0.161 and 0.403, respectively. Lymph
catalytic activity däta were taken from part II of this
series (1).

Discussion

The gradual improvement and standardization of as-
say conditions in the last 10-20 years has resulted
in a steadily increasing homogeneity and comparabil-
ity of results, at least for human plasma.

Absolute values for tissue enzyme content äs reported
by different authors, however, paint a confusing pic-
ture and differ from one another sometimes by äs
much äs a factor of 10.

There are three main aspects which contribute to
these large differences: ' '

(1) Effect of various methods of tissue disintegration
on extraction of enzymes and protein. This is es-'
pecially true, äs will be shown, when detergent is
used.
(2) Effect of the enzyme test conditions employed.
Finally, äs human tissue samples are öften obtained
at autopsy (äs in our present study) we have to
consider:

(3) The degree of comparability of autopsy vs. biopsy
samples.

These are discussed in the fpllöwing.

Ad l There exist a great variety of extraction tech-
niques. The most frequently used are: Potter-Elvehjem
homogenizer (glass-teflon), blade homogenizers (e. g.
Ultra-Turrax), and fractionated extraction (Bücher).
All have been thoroughly compared with respect to
human liver disintegration (36). Stabilizing reagents
and activators like mercaptoethanol, dithioerythritol
and pyridoxal-S'-phosphate were introduced later.
Various detergents have been used (37—43), but the
claim that these impröve the extraction of initochon-
drial enzymes is poorly documented. In blood cells
systematic studies ön the varying cell-disruption tech-
niques and application of detergent have been carried
out (for review see: 1. c. (44)). To our knowledge
such studies for parenchymatous tissues are largely
lacking. Mühlhaus (45) has shown the advantageous
properties of detergent on recovery of nine enzymes
from rat heart, but studies of other tissues have not
yet been done. This relative paucity of data led us to
investigate more elaborately the different combina-
tions of extraction techniques and their effect on the
yield of currently investigated enzymes and on protein
in rat skeletal muscle, heart and liver. The results are
shown for some enzymes in figure l, where catalytic
activity and mass concentration fractions are com-
pared with a reference or "gold-standard" procedure.
In evety case tissues were disintegrated by means of
an Ultra-Turrax (3 times for 30 s, see Materials and
Methods) in Krebs-Ringer buffer with and without
addition of 10 ml/l detergent Nonidet (NP 40). Soni-
fication was performed at 30 W (2 times for 2 min
in the same tube, cooled in ice-water). Appropriate
dilutions for assays were prepared with Krebs-Ringer
buffer with and without the addition of detergent (10
ml/l). The results can be summarizedias follows:

J. Clin. Chem. Clin. Biochem. / Vol. 24,1986 / No. l



Ltndena et al.: Catalytic enzyme activity concentration in tissues of different species 43

160

140

120

100

60

H 18°
8
g» 160

l

- α

. ι Ι Γ
- b

140

120

100

160

140

120

100

·
s·Mi«i If

- c

l
Safi

ιπα

£ ,

. <υΟ -σ

« ιο ι Φ ...
h SS ~
S-E 2 ° ~< O £ Σ XJ

ο Φ α>_j τ? σ>
ο

GL

Sample preparation

Sample Desintegration by Ultra-Turrax

Subsequent dilution

w

S
C

1̂
,C

100% reference X

I *
sss
i

1
*l
Ototyr

'£*
| "§
^ ^-S +

X
X
X
X

Cfe .2
5|

Soo Ξ

11
li

*§

X

X

X

1
1̂
i2
6'5

X
X
X
X

i
ti•i -i
ί 1
·£; Z•5 +

X
X

Fig. 1. Catalytic activity of enzymes and protein concentration in rat skeletal muscle (a), liver (b) and heart (c) by different
combinations of extraction techniques s compared to a reference procedure set s 100%. Mean values of four animals;
parallel.estimates of the same specimens.
In every case tissues were disintegrated by means of an Ultra-Turrax (3 times for 30 s, see Material and Methods) in
Krebs^Rin^er buffer with and without addition of 10 ml/l detergent Nonidet, NP 40. Sonification was performed at 30 W
(2 times for 2min in the same tube, cooled in ice-water). Appropriate dilutions for assays were prepared with Krebs-
Ringer buffer with and without the addition of detergent (10 ml/l).
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a) The usc of detergent äs a Supplement to both
homogenisation and dilution media yields the highest
activity for every enzyme investigated äs well äs for
protein. This recommended procedure results in the
following values (enzyme fractions) for enzymes not
shown in the graph. Results are given for muscle,
liver, and heart, respectively:
isocitrate dehydrogenase 138%, 112%, 146%;
alanine aminotransferase 114%, 105%, 101%;
adenylate kinase 158%, 166%, 158%;
aldolase 102%, 101%, 101%;
phosphohexose isomerase 103%, 108%, 117%.

Not investigated were cholinesterase, alkaline phos-
phatase, and amino acid arylamidase.

b) Sonification alone results in only a small fractional
increase, whereas addition of detergent to the extrac-
tion and/or dilution buffer increases enzyme yield.
This points to the desorbing effect of detergent, which
prevents reassociation of solubilized enzyme with cell
debris.
c) The increase in extractable catalytic activity is
positively correlated with the degree to which the
particular enzyme is localized in the mitochondria.

The catalytic activity fraction of mitochondrial gluta-
mate dehydrogenase with respect to total catalytic
activity in rat liver, heart and skeletal muscle has
been reported äs 80-100%, 13-65%, and 50%,
respectively (13, 20, 41, 46).

The values for aspartate aminotransferase were
59-84% for the liver, 37% for the cardiac muscle,
and 10% for skeletal muscle (13, 20, 46-48). For
malate dehydrogenase the values were 21—45%,
35%, 63%, respectively (13, 45-47, 49).

Unfortunately extraction techniques differ. Except
for the techniques proposed by McDaniel at al. (41)
and Mühlhaus (45), detergent is not routinely used.
Reported values probably, therefore, rather under-
estimate mitochondrial enzyme contributions. It is
not surprising then that the greatest differences in
total catalytic activity between our results and those
in the literature are for enzymes with mitochondrial
contributions. These catalytic activity differences are
2 to 3-fold in studies of animal tissues where no
autolysis has occurred and in which identical analyti-
cal methods to ours were used (20, 21, 26, 50, 51).

Creatine kinase has been found in the mitochondria
of the heart, skeletal muscle and brain of vertebrates.
The relative proportions vary considerably from spe-
cies to species and with the extraction procedure
employed. These ranges are 3-10%, and 3-30%
for skeletal muscle and heart, respectively (20, 38, 52).

In the rat heart, especially, creatine kinase catalytie
activity seems to be associated with various fine struc-
tures of the cell and no catalytic activity can be
detected in the cytoplasm (53). Consistent with this
localization is our finding that creatine kinase activity
in muscle tissue and brain of various ranimals is 2 to
4-fold higher than reported previously (20, 21).

For such a comparison the "old", glutathione-acti-
vated creatine kinase assay, was transformed by a
coefficient of 1.49 and/or a temperature coefficient
(25-37°C)of2.32(54).

These differences can hardly be attributed to the
different fibre type composition (55 — 57), nor to dif-
ferent muscles (58), nor to different sites of the heart
or transmural gradients (59). There was a difference
even for lactate dehydrogenase (20, 21), commonly
referred to äs a soluble enzyme. This could be due to
the fact that isoenzymes lactate dehydrogenase l and
2 are attached to the mitochondria (60).

d) Detergent supplementation of extraction and dilu-
tion buffer at the discribed concentration did not alter
catalytic enzyme activity in and of itself. Addition of
detergent to particle-free tissue supernatants of heart,
liver or skeletal muscle (170000g, 15 min, Airfuge,
Beckman Instruments) disintegrated in buffer only,
did not affect catalytic activity in either direction.
The same held true for the addition of detergent to
plasma and comparative catalytic activity detenriina-
tions (results not shown).

e) We are aware that disintegration with an Ultra-
Turrax may lead to partial Inhibition of cytosolic
enzymes. This has been documented in comparison
with a Potter-Elvehjem homogenate (36). This phe-
nomenon, however, may also be explained by partial
reassociation of soluble enzyme with subcellular par-
ticles. Such reassociation depends on the ionic
strength and osmolarity of the medium (61). Such
reassociation should be avoided by dilution of super-
natant, which is by no means particle-free, with deter-
gent containing buffer for the assay.

Ad 2 Enzymes exist in genetically distinct molecular
forms in mammalian tissues. These isoenzymes differ
in their catalytic and immunological properties,
amino acid composition, and physical characteristics
in different tissues of the same species and between
species. A fixed assay can therefore never fulfill the
impossible demand of always being optimized. This
is true even.for measurements in human plasma or
serum, for which these so-called optimized methods
have been developed. The term "optimized" can only
be interpreted to apply to a general set of conditions,
such äs Substrate concentrations, buffer composition,

J. Clin. Chem. Clin. Biochem. / Vol. 24,1986 / No. l



Lindena et al.: Catalytic enzyme activity concentration in tissues of different species 45

pH, temperature, coenzymes, activators etc. which
describes the most satisfactory conditions for the
measurement of catalytic activity in a variety of
human plasma/serum specimens. These conditions
were developed largely with the diagnosis of liver
and cardiac disease in mind. It is reasonable to use
optimization techniques for lactate dehydrogenase,
aspartate aminotransferase, and other enzymes (62,
63), in order to study different tissues of different
species, with the caveat that strict quantitative com-
parisons are not always valid.

In the present study, the currently available "opti-
mized" tests äs recommended by the Deutsche Ge-
sellschaft für Klinische Chemie (64) were applied.
Additionally, for aspartate and alanine aminotrans-
ferase detennination we followed äs closely äs pos-
sible provisional IFCC reference methods (65, 66) by
using pyridoxal-5'-phosphate and Tris buffer instead
of phosphate buffer in the recommended concentra-
tion. Pyridoxal-S'-phosphate-induced Stimulation of
aspartate aminotransferase has been shown to be
26% in myocardial biopsies and 112% in myocardial
autopsy specimens (32). Our study reveals an even
higher Stimulation for some other tissues. It has been
argued that the underlying mechanism of this pyrid-
oxal-5'-phosphate effect is a deficiency of pyridoxal-
5'-phosphate in autolysing tissues (32). This theory
does not explain, however, why alanine aminotrans-
ferase, which, like aspartate aminotransferase re-
quires pyridoxal-S'^phosphate äs coenzyme, did not
show any significant Stimulation in our study.

Ad 3 Autolytic alterations affect different catalytic
activities differently, depending on the particular
tissue, the species, and the analytical method (10, 17,
32, 67). Generally, human heart and skeletal muscle
can sustain autolysis for up to 50 h without significant
deterioration of the enzyme pattern. This is true for
lactate dehydrogenase, c^hydroxybutyrate dehydro-
genase, malate dehydrogenase, alanine aminotrans-
ferase and phosphohexose isoinerase (17, 34, 68). The
loss in catalytic activity of aspartate aminotransferase
(34) was prevented by the addition of pyridoxal-5'-
phosphate to the extractiön (69) or incubation buffer
(32).
The introduction of the N-acetylcysteine-activated
creatine kinase assay also seems to avoid inactivation
to a greater extent than seen with the glutathione-
activated method (34, 69). The absolute creatine ki-
nase values for autopsy specimens from our study
are generally higher äs compared to former studies
using biopsies (54, 58, 70—73), a finding arguing
indirectly against a marked autolytic change for this
enzyme in heart and skeletal muscle. Higher values

have been reported only by Haralambie & Uy (74)
for human left papillary muscle. This is probably due
to the well known differences between the various
functional areas of the heart (73). The use of deter-
gent in the present study also contributed, to an
unknown degree, to the finding of such high catalytic
activities.
Liver and pancreas, in contrast, would be expected
to undergo more significant autolytic changes due to
their high proteolytic capäcity. Unfortunately, the
catalytic activities of surgically obtained human liver
biopsies and autopsy specimens have only rarely been
directly compared (10). A thorough review of the few
studies concerning this problem reveals a wide variety
of results obtained -by different authors (10). Never-
theless, we found similar results for both autopsy
samples and biopsy samples for lactate dehydroge-
nase, isocitrate dehydrogenase, aspartate aminotrans-
ferase, alanine aminotransferase and creatine kinase.
For aldolase our autopsy values were lower, and for
malate dehydrogenase and glutamate dehydrogenase
our autopsy values were higher (10, 18, 19, 43, 75).

Our attempt to relate the established catalytic activity
patterns of liver and intestine of the dog, the rabbit
and the rat with patterns in the lymph was not conclu-
sive. Correlation coefficients varied widely. Friedel et
al. (76) also failed to find in rats any relation between
intestinal lymph and the duodenum, jejunum or me-
senteric lymph nodes. He gave several possible expla-
nations for this lack of correlation.

He postulated that enzymes could alter their catalytic
activity during the release from the intracellular into
the interstitial space by means of a "sudden effect"
(3, 77). He also theorized that perhaps enzymes could
originate from distinct cell types which are masked
by the activity pattern of the whole organ and that
enzymes could undergo various proteolytic cleavages
before entering a lymph vessel.
The poor correlation between catalytic activity pat-
tern of lymph and the respective tissue, however, is
markedly improved if only cytosolic enzymes are
considered. It is well known that mitochondrial and
cytosolic (iso)enzymes are released in different
amounts under physiological and certain pathological
conditions.
The release pattern of all cytosolic enzymes from the
perfused heart is strongly related to their respective
intracellular amount (78). The underproportional re-
lease of mitochondrial enzymes, however, may be
explained by an "accident": mitochondrial enzymes,
synthesized in the cytosolic compartment are released
like cytosolic enzymes until they have reached the
mitochondrial compartment.
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After myocardial infarction, liver damage and several
in vitro injury conditions, mitochondrial isoenzymes
are not released to the same extent äs their cytosolic
isoenzymes (43, 63, 79-82).
Methods have been reported for the estimation of
infarct size (4-6) and for the intralobular localiza-
tion of liver injury (7, 83) by serial measurement of

plasma catalytic activity. Nevertheless, reliable data
on tissue enzyme content are a prerequisite for such
a quantitative approach.
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