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Summary 

Lymphatic and tissue fluid LDH activity increases 
significantly after 2 hr limb ischaemia but LDH 
content in tissue fluid is invariably higher than 
in lymph. The differences increase further after 4 hr 
ischaemia. The change of GOT concentration in the 
body fluids is a less sensitive indicator of tissue dam
age than the increase of LDH activity. A 2 or 4 hour 
ischaemia does not lead to rupture of lysosomes and 
to a marked activity increase of the lysosomal en
zymes acid phosphatase and beta glucuronidase in 
tissue fluid and lymph. The earliest biochemical signs 
of cellular injury can be detected in the interstitial 
fluid of the damaged tissue. 

During severe acute tissue injury there is an 
escape of intracellular electrolytes, metaboli-
tes and proteins from the damaged cells. Ma
ny or almost all of the escaped proteins are 
enzymes and can be detected by their speci-
fic activity in the extracellular fluids. The 
estimation of the activity of intracellular en
zymes in circulating blood has been developed 
into a diagnostic method (5 , 11 , 12, 20). Ac
tually cell constituents escape from the injured 
cells not into the circulating blood but into the 
interstitial fluid of the tissue. As the interstitial 
fluid itself is almost inaccessible th..: collection 
and examination of the ~~gional lymph drain
ing the interstitial space of the damaged tissue 
was proposed as a suitable approach (6 , 7). It 
was actually shown, that in cats, dogs and rab
bits the estimation of intracellular enzymes in 
the regional lymph after ischaemia, thermal or 
chemical injury of the limb, kidney or myo
ca.rdium affords indeed a valuable method of 
assessing the extent of cellular injury (2, 3 , 6 , 
7, 16, 18, 19). 

*Supported by Ministry of Health, Hungary : Grant 
No. 6-08-0301-1/Sz. 

More recently a simple method has been pro
posed for the collection of small amount of 
tissue fluid (1) and it was shown , that both 
under normal conditions and after injury ther1 
are substantial differences in the concentratiOt 
of various proteins in tissue fluid and lymph 
(15 , 17). 

Surgical interventions on the extremities, es
pecially on the hand are often done under iJ. 
chaemia during a temporary interruption of 
the blood flow to the limb by means of tour· 
niquet. The "ischaemia tolerance" of the tis· 
sues of the extremities is quite large. In rat· 
limb muscles irreversible changes appear only 
if total ischaemia lasts more than 4 hours (14 
It would be of interest, nevertheless, to delei 
the earliest signs of ischaemic tissue damage 
and to follow its progress. In the present ex· 
periments intracellular enzyme activities wert 
estimated in tissue fluid and regional lymph 
collected after complete limb ischaemia. As 
the intervention for tissue fluid collection pn 
voked in muscle tissue almost invariably sOfll! 
haemorrhage and the collected fluid was con· 
tarninated with blood only observations madt 
on subcutaneous tissue fluid and on lymph p 
dominantly of cutaneous origin are reporte~ 

Material and Methods 

The experiments were done on rabbits of 
both sexes with body weights of 2.5 to 
3.5 kg under pentobarbital anaesthesia 
(initial dose 30 mgfkg by intravenous in· 
jection). On botl1 hindlimbs polythen 
carmulas were introduced in one of the 
medial afferent lymph vessels of the pop· 
liteal node. Lymph was collected by 
manually bending the leg in the knee 
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joint with a frequency of about 30 min. 
• The afferent superficial lymph vessels 

of the popliteal node carry mainly cu
Janeous lymph {9). Cotton wicks, 4 to 
6 em long previously soaked in physio
logical saline were sewn into the sub
cutaneous tissue of the shanks. The 
wicks were pulled out after one hour 
and centrifuged under mineral oil. 
With this method about 0.02 to 0.05 
ml of tissue fluid could be gained from 
each limb. 

Leg ischaemia was produced by a broad elas
tic band fastened in the inguinal fold around 
the tigh. Only experiments were considered 
where the blood flow to the limb was totally 
stopped and during the 2 or 4 hour of ischae
mia swelling of the limb or other signs of ven
ous stasis were not observed . Lymph was col
lected in the 1st and 2nd and tissue fluid in 
the 2nd hour after the release of the tourni
quet. Blood samples were withdrawn before 
limb ischaemia and 2 hours after its end. Con
trol lymph and tissue fluid samples were ob
tained from the contralateral leg of the ani
mal before tourniquet application . 

In blood plasma, lymph and tissue fluid sam
ples lactic acid dehydrogenase (LDH) activity 
was estin1ated according to Wroblewsky and 
LaDue (21) glutamic-oxalacetic acid trans
aminase (GOT by the method of Reitmand 
and Frankel (2), acid phosphatase (AcP) ac
cording to Richterich et a!. (11) and {3-glucu
ronidase by the method of Fishman (4). The 
results presented in the text and the table are 
averages with ± S.E.M. The statistical analysis 
is made with the paired t test. 

Results 

As is was shown previously (6, 7, 2, 13 , 18) 
the increase: of LDH activity in the biological 
Ouids is the most sensitive indicator of cell in
jury. Already 2 hours after a 2 hr limb ischae
mia there is a significant increase of LDH ac
tivity both in tissue fluid and lymph (s.Table). 
The change is greater in tissue fluid than in 
lymph and this difference is even more pro
nounced after a 4 hr ischaemia. At this time 
tissue fluid LDH activity exceeds about J 0 

times lymphatic activity. The other cytoplas
matic enzyme, GOT is a much Jess sensitive 
indicator of tissue damage. lts activity increas
ed significantly only 2 hr after a 4 hr limb 
ischaemia, but the enzyme level was again sen
sibly higher in tissue fluid than in lymph. The 
lack of a marked rise in the lymphatic and tis
sue fluid levels of the two lysosomal enzymes 
AcP and {3-glucuronidase shows that 2 or 4 hr 
ischaemic trauma is not so severe to pruvoke 
the rupture of an appreciable number of lyso
somes in the affected tissues. A statistically 
significant minor rise of AcP activity was ob
served only in the tissue fluid after 4 hr ischae
mia. 

ln blood plasma a significant rise of LDH ac
tivity was observed already after 2 hr. GOT 
activity in blood plasma rose only after a 4 hr 
ischaemia , but GOT plasma levels remained in
variably below the enzyme levels observed in 
tissue fluid and lymph. There was no change 
in the concentration of the lysosomal enzymes 
in blood plasma. 

Discussion 

The degree of tissue injury depends obviously 
on the severity and duration of the trauma . 
The estimation of intracellular enzymes in the 
body fluids affords a method for the detection 
and for assessing the extent of cellular injury 
(2, 3, 6 , 7, 16, 18, 19). One hour limb ischae
mia seems to be only a mild trauma. In the 
cat, J -2 hr after the release of the tourniquet 
only a moderate , non significant increase of 
LDH and GOT concentrations was observed 
in the regional lymph (6). Neither did the 
lymphatic concentration of lysosomal enzymes 
rise after a moderate thermal trauma (burning 
of the extremity at 50°, 60°, and 80 °C) or in 
the rabbit at various intervals after a 4 hr 
limb ischaemia (3). Actually after the release 
of tourniquet , during the process of degenera
tion and regeneration lysosomal enzyme acti· 
vities increased considerably in muscle tissue 
but their activity levels in the lymph from 
the paw were normal or below normal . A 
marked increase in the lymphatic activity of 
the lysosomal enzymes was observed only af. 
ter the most severe injury , i.e. freezing the 
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limb solid (6). Ln the present study after 2 
and 4 hr ischaemia there was in tissue fluid 
and lymph an activity increase of the cyto· 
plasmatic enzymes, especially of that of LDH 
The concentration of the lysosomal enzymes ... did change but little and the increase was sig· ::l ., 
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severity of injury and on the other hand ly
sosomal enzymes accumulate in the extracel
lular fluids only after massive tissue damage 
(6, 16 and the present study). 

The recent observations corroborate the ear
lier findings (I 7) that there are marked diffe
rences in the biochemical composition of tis
sue Ouid and of lymph provening from the 
same region. On the other hand, the estima
tion of cellular enzymes in circulating blood 
is a well established method for the diagnosis 
of accute tissue injury ( 12, 15, 20). The pre
sent and earlier findings have shown that in 
respect of the time of appearance of the bio
chemical changes in the body fluids there is 
a defmite sequence. The cellular enzymes ac
cumulate first in tissue fluid, than appear in 
regional lymph and last comes the rise of 
their concentration in circulating blood. ln 
the severity of the changes the same order of 
succession can be observed. Accordingly, the 
signs of cell damage should be, whenever pos
Sible, sought for first in the tissue fluid of 
the injured organ. 
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