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Summary: The effect of hypoxia lasting one hour on the hind leg muscle of anaesthetised dogs was investigated. Ten
enzyme activities in plasma and leg lymph, and the lymphatic transport of these enzymes were investigated. Enzymes
with high activity in muscle, like creatme kinase, lactate dehydrogenase, malate dehydrogenase and adenylate kinase
only show an increase in the plasma, if lymph — propulsed by passive motion of the hind leg - can reach the intra-
vascular space. This effect is independent of transient hypoxia. Depending on the level of enzyme activity in the muscle,
the activity in leg lymph is up to 6-föld higher than in plasma. Enzymes from muscle have to be transported into the
blood by lymph flow and not via a direct interstitial-venous entry. The results are discussed especially with respect
to enzyme activity changes in plasma during physical exercise.

s

Einfluß einer kurzfristigen Hypoxie des Skelettmuskels auf Enzymaktivitäten in Lymphe und Plasma

Zusammenfassung: An anästhesierten Hunden wurde der Einfluß einer einstündigen Hypoxie der Hinterbeinmuskula-
tur auf die Höhe der Aktivitäten von 10 Enzymen im Plasma, der Beinlymphe und auf die Transportrate der Lymphe
für diese Enzyme untersucht. Enzyme mit hoher Aktivität im Muskel wie Kreatinkinase, Lactatdehydrogenase, Malat-
dehydrogenase und Adenylatkinase steigen im Plasma nur dann an, wenn Lymphe - durch passive Bewegung der
Gliedmaße getrieben — den Intravasalraum erreicht. Dieser Effekt ist unabhängig von vorausgegangener Hypoxie. Ab-
gestuft nach der Höhe der Enzymaktivität im Skelettmuskel findet sich in der Bemlymphe eine bis zu 6fach höhere
Aktivität gegenüber dem Plasma. Aus dem Skelettmuskel gelangen Enzyme überwiegend lymphatisch in den Intra-
vasalraum und nicht durch interstitiell-venösen Übertritt. Die Ergebnisse werden besonders unter dem Gesichtspunkt
von Änderungen der Enzymaktivitäten im Plasma bei körperlicher Belastung diskutiert.

Introduction

The mpst commorily used explanation for changes of
enzynfe activities in plasma during and after physical
exertion is an enzyme release from cells, due to a rela-
tive transient hypoxia, which is believed to lead to an
increased permeäbility of the cellular meriibrane for
macromolecules caused by a depletion of cellular energy
(1,2). Thereby enzyme release from musele cells should
contribute to the rnain part of elevated enzyme·activities
in plasma (2), whereas other authors attribute rnpre
impprtaijce to the liver (3,4). Further factors which
can contribute to changes of enzyme activities in plasma
are haemoconcentratjon (5), intravascular haemolysis
(6,7), and the type, intensity (8) duration (2) and
extent (9) of the work executed. All these studies per-
formed in humans, however, are phenomenplogical inter-
pretations from enzyme activities in plasma. The inteiv
vening interstitiäl space, however, has been given less
emphasis. There are, however, some experimental results
and cpnsiderations, which attribute an exceptional role

to the interstitial/lymphatic compartment in under-
standmg the pathpphysiplogical mechanism of enzyme
activity changes in plasma during and after exertion.
1. The interstitial/lymphatic fluid compartment is about
4 times larger than the intravascular space.
2. Even ünder physiological conditions enzyme activities
in the ductus thoracicus, and leg lymph are several fold
higher compared to plasma (10-13).
3. During physical exertion inflow of interstitiäl fluid
via ductus thoracicus into the blood rises several fold
(14,15).
4. There are indications that due to the extremely low
capillary permeäbility in skeletal muscle (16,17) macro-
molecules are transported predominantly via the lympha-
tics (18-20).
Hitherto, however, lymph seems to be a forgotten organ
and only a few grpups have paid attention to the effect
of physical activity on enzyme activities in this extra-
cellular fluid compartment (10, 21-27).
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The effect of transient hypoxia of skeletal muscle on
enzyme activities in leg-lymph and plasma and whether
these enzymcs reach the intravascular compartment
preferably via Iymph or by direct interstitial-venous
entry, are, however, controversial questions.

Material and Methods

Experimental procedure and sampling
Mongrel dogs of cither sex, weighing between 23 and 34 kg were
used. Anaesthesia was induced by intravenous injection of sodium
pentobarbital (30 mg/kg body weight) after intravenous premedi-
cation with phenotiazine (Combelen) and methadone hydrochlo-
ride (Polamivet). Additional doses were given äs needed under
reflex control. After endotracheal Intubation spontaneous respira-
tion continued. The left external jugular vein was cannulated for
obtaining central venous blood samples and for addition of drugs.
Local venous limb blood was obtained by cannulating the V. ili-
aca interna. Laparotomy was performed in the Linea alba. The
left truncus lumbalis joins the aorta dorsomedialy after forming a
unique vessel from several sources of the Ln. iliaci mediales (28).
Cannulation was performed by a Silastic tube (Dow Corning
Corporation) with an inner and outer diameter of 0.76 and
1.65 mm respectively. Lymph was collected in preweighed test
tubes under addition of heparin at intervals of 15 min and the
volume was determined gravimetrically. A corresponding blood
sample from the jugular yein and the V. iliaca interna (only in
the experimental groups l, 2, 3, 5, where surgical procedüres
were performed) was drawn at the end of each Iymph sampling.
Both heparinised blood and Iymph were centrifuged for 2 min
at 15000 g and the supernatants were stored at - 70 °C. Lymph
flow, which slows down nearly to zero in the immobile leg, was
induced by flexing and extending the limb manually with a
frequency of 60/min.
The experimental procedure was strongly time controlled for
all groups independent of the different time consuming pre-
parations for the particular group before starting the actual
experiment.
Skeletal muscle samples were obtained from the M. gastrocnemius
and M. sartorius. Samples were plunged into ice-cold 0.15 mol/1
sodium Chloride, freed from connective tissue, and weighed.
Until assayed they were stored at - 70 °C. Homogenisation was
carried out in ice-cold Krebs-Ringer buffer containing 10 ml/l
ethylphenylpolyethyleneglycol, NP 40 (FLUKA AG), three
times for 30 s with an interval of 30 s with an Ultra-Turrax
(Janke + Kunkel). Suitable dilutipns were prepared from the
15 000 g supernatant in Krebs-Ringer buffer.

Animal groups
The dogs were divided into 2 experimental (1-2) and 4 control
(3-6) groups.

Group l (n = 10)
After an initial 15 min period of Iymph collection from the
passively moved hind limb, the A. iliaca interna in the ümb with
the lymphatic cannula was clamped for 60 min and limb move-
ment was ceased. Blood sampling procedure was continued at
30 min intervals. After restoration of blood flow, Iymph and
blood specimens were sampled for a further 180 min at 15 min
intervals whilst Iymph flow was maintained by passive motion of
the particular limb.

Group 2 (n = 7)
Blood and Iymph sampling procedure were identicai to group l,
but no hypoxia was applied whilst leg movement was stopped
dunng this period. After this one hour of "rest", blood and
Iymph sampling continued with passive motion of the leg.
In the following groups, which served äs controls, no Iymph
was withdrawn from truncus lumbalis, but influences like
anaesthesia, surgery and passive motion were investigated.

Execpt for a first 15 min blood sample corresponding to group l
and 2, only 30 min blood samples were obtained further on.

Group 3 (n = 5)
This group is identicai to group 2, except for Iymph collection.
After the initial 15 min of passive motion the particular leg
"rested" for 60 min, followed by another 180 min of passive
motion in these sham operated dogs.

Group 4 (n = 5) - r
This group was oniy subject to passive motion in the usual
manner without any sham Operation. That means 15 min of
passive motion were followed by 60 min of "rest" and another
180 min passive motion.

Group 5 (n = 5)
Only sham Operation without passive motion of one leg was
performed. In two of these animals the Standard time course of
the experiment was followed on over a total of 13 hours. The
results of this subgroup are not shown in the figüre, but de-
scribed under results.

Group 6 (n - 2)
In this groüp the influence of 60 min of isolated hypoxia without
any passive motion was monitored'over a total öf 13 hours. The
results of this group are also not shown in the figüre, but de-
scribed under results.

Enzyme deteiminatiöri
The activities of the following enzymes were determined in
plasma, Iymph and skeletal muscle:
lactate dehydrogenase (EC 1.1.1.27); malate dehydrogenase
(EC 1.1.1.37); aspartate aminptransferase (EC 2.6.1.1); alanine
aminotransferase (EC 2.6.1.2); cieatine kmase (EC 2.7,3,2);
adenylate kinase (EC 2.7.4,3); choline esterase (EC 3.1.1.8);
alkaline phosphatäse (EC 3.1.3.1); leücine aiylamidase
(EC 3.4.11.1); aldolase (EC 4.1.2.13).
Enzyme assays were carried out using ulträviolet- Or cplorimetric
tests on a micrpliter scale at 25 °C. Aldolase was measured at
37 °C and conected for 25 °C with a factor 0.4 L Lactate de-
hydrogenase, aspartate aminotransferase, alanine aminotrans-
ferase, creatine kinase, alkaline phosphatase and leucine aiyl-
amidase were determined with optimised tests aecprding to the
Recommeridätions of the German Society of Clinical Chemistry
(29). For creatine kinase determinations the revised Standard
method with addition of EDTA was used (30), For malate de-
hydrogenase, aldolase and choline esterase (substrate: butyryl-
thiocholine iodide) commercial test kits (Bpehringer Mann-
heim, respeetively Merck Darmstadt) were used. The assay cpn-
ditions for adenylate kinase were: triethanolamine buffer
pH 7.6,70 mmpl/1; Mg 0.7 mmol/l; K 120 mniol/1; NADH
0.54 mmol/l; phosphoenolpytüvate 0.4 mmoi/1; AMP
1.3 mmol/l; ATP 1.1 mmol/l; lactate dehydrogenase 22 kÜ/1;
pyruvate kinase 8 kU/1.
All measurements were performed in duplicate. Internal quality
control was assured by pooled plasma samples, whieft had been
stored at - 70 °C. Each three specimens were accompanied by a
pool sample. Thereby the long-term precision (31) expressed äs
coefficient of Variation (%) was äs follows:
lactate dehydrogenase 5.9j malate dehydrogenase 5.7^ aspartate
aminotransferase 6.2, alanine aminotransferase 7.3, creatine
kinase 5.0, adenylate kinase 7.0, alkaline phosphatase 6.3, leucine
arylamidase 7.4, aldolase 6.0, choline esterase 7.6.
Enzyme activities in plasma are given in U/l and fpr skeletal
muscle in U/g wet weight. Lymphatic transport of enzymes is
expressed äs mU/15 inin.

Statistics
Statistical analyses were dpne by Student** t-test for sigriificant
mean differences between experimental groups and by the two-
tailed Student"s t-test on individual paired differences within the
group (32).
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Fig. 2. Changes in enzyme activities in Iymph (U/l) and lymphatic transport of enzymes (mU/15 min) in the experiment l groups
l and 2.

Group 1:15 min Iymph collection, 60 min hypoxia, 180 min Iymph collection.
^ Iymph enzyme activity, lymphatic enzyme transport.

Group 2: 15 min Iymph collection, 60 min "rest", 180 min Iymph collection.
Iymph enzyme activity, lymphatic enzyme transport.

Lymph was collected at 15 min ihtervals. Lymph propulsion was maintained by passive mption of the paiticular leg. From the
immobile leg during hypoxia and "rest" no Iymph flow occurred. Statistical analyses were done by Student'* t-test for significant
mean differences between both experiment l groups and by the two tailed Student^ t-test on individual paired dififerences within
the groups in comparjson with the first 15 min Iymph sample.
Group l (within the group): ® Lymphatic enzyme transport

O Lymph enzyme activity.
Group 2 (within the group): O Lymphatic enzyme transport

* Lymph enzyme activity.
Between group l and 2: O Lymphatic enzyme transport, £ Lymph enzyme activity.
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Results

Plasma enzyme activities
The results of group l to 5 are summarised in figure l.
Since there were no significant differences between
central venous blood and local venous hind limb blood
from the V. iliaca interna we present only the results
obtained from the jugular vein.
Significant changes of the various enzymes are restricted
to creatine kinase, lactate dehydrogenase, malate de-
hydrogenase and adenylate kinase with a different onset
during the time course.
If at all, these changes are restricted to group l to 4,
which had been subject to passive motion.
The time course of enzyme activity of each two animals
in the experirnental groups 5 and 6 respectively, in which
enzyme activity was followed for 14 hours, showed a
similar pattern. Enzyme activity in both groups in-
dependent of hypoxia, remained unchanged until 7
hours after starting the experiments. Afterwards a slight
increase for creatine kinase, lactate dehydrogenase,
malate dehydrogenase, adenylate kinase and alkaline
phosphatase was seen, which after 11 hours becarne
steeper. After 13h the following rounded off values
were measured for group 5 (group 6 in parantheses):
creatine kinase 600 (500); lactate dehydrogenase 70
(60); malate dehydrogenase 180 (80); adenylate kinase
30 (40), and alkaline phosphatase 120 (120) U/l.

Lymph enzyme activity
The results of the experimental groups l and 2, which
had been subject to lymph collection, are summarised in
figure 2.
Except for leucine arylamidase, choline esterase and
alkaline phosphatase, enzyme activity in lymph incfeases
significantly.

Lymphatic enzyme transport
Lymphatic enzyme transport for the particular enzymes
tending in the same direction, independent of hypoxia.
For creatine kinase a uniform increase is seen, whereas
the transport rate for all other enzymes decreases. In the
hypoxic group an early steep decrease is followed by
only slight variations and a tendency to rise again at the
end of the observation period for lactate dehydrogenase,
aspartate aminotransferase and malate dehydrogenase.
In group 2 the first 15 min period after "rest" for most
enzymes reveals a significantly higher transport. Though
only significant at very few Steps, enzyme transport
proceeds at a higher level in the hypoxic group, with the
exception of alanine aminotransferase, leucine aryl-
amidase, choline esterase, and alkaline phosphatase.

Lymph flow
Generally lymph flow decreased. In the hypoxic group
a biphasic slope with a steep decline from the initial
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Fig. 3. Changes in lymph flow (ml/15 min) in the experimental
group l and group 2 . For explanation of
groups and probabilities of significance see legend flg. 2.

15 min sample to the following sample after restoration
of blood supply is seen. Thereafter, only a moderate
further decrease occurred. In group 2, however, the very
same sample period reveals a new peak after "rest",
from which a nearly identical slope of the lymph flow
decline happened äs compared to the hypoxic group.
Generally, lymph flow rate is lower in the hypoxic
group.

Lymph-plasma enzyme activity ratio

For each enzyme the activity of the initial sample with
the corresponding activity in plasma, from which lymph-
plasma quotients are calculated, are listed in table 1. For
the majority of the enzymes the activity in lymph is
higher compared to plasma. Quotients less than l are
observed for alkaline phosphatase, alanine aminotrans-
feräse, leucine .arylamidase and choline esterase. Com-
parison of the lymph-plasma quotients with the quotient
for choline esterase of 0.21 revealed statistical differences
for all enzymes with 2 p at least < 0.001 (see Discus-
sion).

Muscle tissue enzyme activity
The enzyme activities of the M. sartorius and M. gastro-
cnemius äs examples of muscle tissue of the fast and slow
type are cömpared in table 2. The sartorius muscle con-
tains higher activities of creatine kinase, malate dehydro-
genase, and lower activities of lactate dehydrogenase and
aldolase, whereas the other enzymes have similar activ-
ities.

Discussion

Recent research in dogs on the changes in serum enzyme
activities during or following various types of muscle
Stimulation have assigned to the interstitial/lymphatic
space an exceptional role in explaining enzyme activity
changes in plasma. It was further shown that the plasma
enzyme response to spontaneous running exercise in
conscious dogs is quantitatively similar to the plasma

J. Clin. Chem. Clin. Biochem. / Vol. 20,1982 / No. 2
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Tab, l. Enzyme activities in Iymph and plasma (U/l; x ± SEM) and lymph-plasma activity ratio (x ± SEM) in order of dimishing
lymph-plasma activity ratio.

Creatine kinasc
Malate dehydrogenase
Lactate dchydrogenase
AJkaline phosphatase
Aspartate aminotransferase
Aldolasc
Adenylate kinase
Alanine aminotransferase
Leucine arylamidase
Choline esterase

Lymph

110 ± 13.8
197 ± 14.4
98.1 ± 7.7
85.5 ± 9.9

. 19.4 ± 1.7
15.3 ± 1.2
28.8 ± 3.6
15.1 ± 1.3

6.3 ± 0.5
408 ± 32.0

Plasma

19.6 ±
38.8 ±
27.9 ±
20.4 ±

9.3 ±
8.2 ±

47.8 ±
29.4 ±
11.9 ±

1965 ±

2.4
1.7
1.3
1.2
0.5
0.7
4.9
3.0
0.7

107

Ratio

6.5 ± 1:0
5.3 ±0.5
4.0 ±0.4
3.8 ±0.5

f 2.4 ±0.3
2.3 ±0.2
0.6 ±0.1
0.54 ± 0.04
0.53 ± 0.05
0.21 ± 0.02

The preliminary 15 min Iymph samples of both experimental groüps (n
plasma samples prior to Iymph sampling.

: 17) were taken for calculatiori together with the respeetive

Tab. 2. Enzyme activities (U/g wet vveight) of M. sartorius and
M. gastrocnemius (x ± SEM, n = 10).

Creatine kinase
Malate
dehydrogenase
Lactate
dehydrogenase
Adenylate kinase
Aspartate
aminotransferase
Aldolase
Alkaline
phosphatase
Alanine
aminotransferase
Leucine arylamidase
Choline esterase

M. sartorius

4148 ± 128

781 ± 35.9> \

276 ± 17.8
404 ± 34.6

130 ± 4.7
58.3 ± 3.1

0.63 ± 0.05

7.5 ± 0.18
0.10 ± 0.01
0.35 ± 0.03

M. gastrocnemius

3720 ± 212 *

681 ± 42.4 *

548 ± 27.5 ***
391 ± 28.4

150 ± 10.9
99.1 ± 11.6***

0.63 ± 0.07

6.29 ± 0.75
0.10 ± 0.01
0.32 ± 0.03

Probabilities of significance between the muscles:
* 2p < 0.05

*** 2p < 0.001

enzyme response evoked by passive movement of the
hind limb in anaesthetised dogs (10, 33, 34, 35,36).
Hind limb movement with sampling of propulsing Iymph
from hypoxic muscle may provide us then with a model
for examining the mechanism of the exercise induced
increases in plasma enzyme activity. The main intention
of this study was to find an answer to the following
questions:

1. Does a transient hypoxia of skeletal muscle induce a
release of cellular enzymes and affect enzyme activity in
plasma?

2. If cell enzymes are released, do they reach the blood
via Iymph or by direct interstitial-verious entry? ·
As to the first question our results prove that enzyme
activities especially those of the "muscle specific" type,
like creatine kinase, lactate dehydrogenase, malate de-
hydrogenase and adenylate kinase show an increase in

plasma in group l to 4, which had been subject to pas-
sive motion; this was independent of hyppxia, which
was only applied in group l. In the resting or immöbilized
leg muscle Iymph flow is negligible äs cpnfirmed by
others (37,38). Truncus lumbalis Iymph, which at least
drains the total hind limb, contains enzyme activities,
which corripared to plasma are several times higher for
the "muscle specific" type (tab. 1). During periöds of
physical activity or passive motiöri these activities reach
the blood via ductus thoracicus in considerable amount.
Recent investigations on changes in the flow of duptus
thoracicus Iymph, evoked by passive motion pf the hind
limb in äriaesthetised dogs, have shown that these changes
in fact can traced back nearly exclusively to Iymph
propulsion from the passively moved muscle by action
of the tissue pump (10,15). These observations then
simply point to the importance of alterations of Iymph
flow from muscle for the adjustment of the level pf
cellular enzymes of musculär prigin in plasma. Therefore
enzyme activities in plasma in dogs pf gröüp 5, whose
leg "rested" the entire period, remai-n unchanged, be-
cause erizyme-containing muscle Iymph does not reach '
the circülating blood.
Recently it was argued that the late onset (8 h) of
enzyme activity rise in plasma aftef Interruption of
blood supply to resting leg is caused simply by hypoxic
conditions (39), We cannot confinn these conclusions,
because the enzyme pattefn from the particular dogs in
groüps 5 and 6 was identical independent pf hypoxia. It
is suggested, that during long term anaesthesia the effects
pf shock allow inflow Pf enzymes from various tissues,
but mainly from the viscera (25).
The results from the controls show that the influence of
long lasting anaesthesia and surgery can be excluded äs
possible factors contributing to changes in plasma enzyme
activity.
CompärisPri Pf enzyme patterns in Iymph and plasma in
groüps l and 2 suggests that enzymes are released in the
hypoxic group; both activities and transport of enzymes
differ significantly in these two groups, especially for
creatine ̂ kinase. This may partly be explained by condi-

J. din. Chem. Clin. Biochem. / Vo£ 20,1982 / No. 2



Lindena, Küpper and Trautsohold: Skeletal muscle hypoxia and enzyme activities in lymph and plasma 101

tions in the interstitial matrix, äs the distribution space
for enzymes. Proteins in the extraeellular space for
example normally are distributed in only a fractipn of
total matrix volume, simply because the matrix subunit
density is extremely high in certain parts of the mesh-
work and consequently the albumin molecule cannot
"fit" into these excluding domains. As the gel dehydrates,
matrix density rises, the number of excluding domains
rises, and the fractional distribution volume for albumin
decreases (40). The protein exclusion on matrix dehydra-
tion counteracts the effects of decreasing lymph flow äs
occurred during our experiments, so that, in an extreme
case, an increasing activity transport results for creatine
kinase. Further support to this exclusion effect on
enzymes is given by the fact that the contiriuously
released cell enzymes, even under physiological condi-
tions, are released into this compartment of the inter-
stitial space, which is excluded from rapid exchange.
These effects may explain the increasing enzyme activ-
ities in lymph despite decreasing lymph flow. These
facts concerning the interstitial space are the cornmon
and main underlying mechanism for increasing enzyme
activities in lymph independent of hypoxia. The partly
higher lymphatic enzyme activities of the "muscle
specific" type in the hypoxic group may in addition be
explained by a limited swelling of muscle fibers by in-
flow of water from the interstitial space into the cells
due to hypoxia, i.e. a supplementary amplified concen-
tration effect äs indicated by lower lymph flow in
group 1.

Although an acute enzyme release frorn cells due to
hypoxia cannot definitely be excluded it is suggested to
be of secondary importance for the increasing enzyme
activities in lymph.

From reports in the literature on energy rieh Substrates
and glycogen in muscle after tourniquet application of
up to 2 h duration (41 -44), it is suggested that the
muscle cell is sufficiently protected against "blebbing"
äs the underlying mechanism for enzyme release of an
energetically imbalanced cell (45,46).

The conclusiön on the flrst qüestion is that inactive
muscle cells are much less affected by a cut-off of
external energy supply than had been expected. This
Statement definitely does not irhply that active muscle
also is resistant to hypoxia. It calls into qüestion, how-
ever, the assumption which is often rnade that even a
short-lasting relative hypoxia, äs during strenuous exer-

• cise, can be the eause for an enzyme release from muscle.
During passive motion or physical exertion an increase !
in lymph flow and thereby an increasing transport of
enzymes from the interstitial to the intravascular com-
partment occurs, which especially for enzymes of the
"muscle specific type" leads to considerable elevations
in plasma in the initial phäse. Clinical considerations,
based on changes in enzyme activities in plasma alone
would overestimate the actual release.

Some of the above conelusions, however, are based on
the assumption that the predominant pathway for
enzymes from muscle interstitium to blood is via the
lymphatic systern. Whereas an exclusively lymphatic
pathway for macromolecules from interstitium to
blood is unchallenged (18-20, 37), this pathway is
called in qüestion for enzymes by Boiler & Critz (26,
27), and'Szabo et al. (23,24,25). This is somewhat
surprising, all the more since the extremely low capillary
permeability in skeletal muscle due to continuous
capillaries has been considered (16,47). The experimen-
tal design of the above mentioned groups, however, who
provoked active motion of muscle by electrical Stimula-
tion, seems to be far beyond any physiological condi-
tion, in particular because of the high frequency (8-
10 s"1) and amplitude (50-70 V) of stimula they used
(23, 27). After 3.5 h of hypoxia to hind limb Szabo et
al. (24) also found a significant arterio-venous difference
in enzyme activity from which a direct interstitial-venous
entry is concluded. Considering the massive metabolic
and circulatory changes after long-term tourniquet
ischaemia (44), it is highly probable, that a direct venous
entry occurs. We, however, failed to find any significant
differences between central venous blood and local
venous blood: Recently we showed (10) that quantitative
withdrawal of lymph from ductus thoracicus (which
collects the lymph from nearly the whole body) after
l h of hypoxia to one leg, revealed a tendency for plasma
enzyme activities to decrease, rather than increase, a
finding, which contradicts a direct entry of enzyme. In
this study, however, enzyme activites in plasma of
group l and 2 increased, despite lymph collection. The
technique of lymph collection from truncus lumbalis,
however, was not quantitative, and some lymph escaped
the drainäge through several cross anastomoses with the
other side, and reached the intravascular compartment
via ductus thoracicus.

Lymph^plasma quotients are useful in estimating origin
and fate of a particular molecule in lymph and plasma.
Lymph-plasma ratios in excess of unity indicate that the
molecule derives primarily from the interstitial space.
We recently introduced choline esterase äs a more
reliable marker than plasma prpteins (21). Choline
esterase is exclusively synthesised in liver. It has a molec-
ular weight of 350000 and so defines the upper limit of
the size of molecules we measured and which may get
into the lymph only by a limited escape in the capillary
area. Our results in table l prove that the cell enzymes
we measured have significantly higher lymph-plasma
quotients than that of choline esterase. So we can con-
clude that not only the group of enzymes with higher
lymph-plasma quotient than l are of interstitial origin
(e.g. creatine kinase, malate dehydrogenase, lactate de-
hydrogenase, adenylate kinase, aspartate aminotrans-
ferase and aldolase), but also those enzymes, which have
a quotient exceeding that of choline esterase, like
alkaline phosphatase, alanine aminotransferase and

J. Clin. Chem, Clin, Biochem. / Vol. 20,1982 / No. 2
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leucine arylamidase. We conclude therefrom that the
cellular enzymes we found in lymph are primarily
released from muscle into the interstitial space and
reach the intravasal space preferably via the lymphatic
System.
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