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EXPERIMENTAL STUDY

Warm liver ischemia in experiment and lysosomal markers
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Abstract: Background: The aim of the study is to perform a morphological analysis of certain lysosomal en-
zymes and parenchymal alterations during warm ischemia in the pig liver.

Methods: Standard hepatectomies were performed in a set of 24 pigs. Intra-operative intravenous (portal vein)
Pentoxiphylline and hydroxyl radical scavenger Stobadine was administered. Tissue specimens were removed
from the margo acutum in 10 minutes interval.

Result: In normal pig liver, the acid phosphatase (ACP) activity is in not numerous Kupffer cells and on the
biliary pole of hepatocytes, diffusely in the whole parenchyma. One hour after the beginning of warm ischemia,
there was an increase in ACP activity in the cytoplasm of hepatocytes. The activity in Kupffer cells could not
be detected. Lactate dehydrogenase (LDH) is localized exclusively in the cytoplasmic matrix of liver cells, so
only cytoplasmic enzymes leak into the blood plasma. LDH activity has remained low in areas around portal
and central veins.

Conclusion: Morphological findings of enzyme activities showed that zone 2 and 3 of the liver lobule are es-
sential for the organ survival and signs of diffusion of lysosomal enzymes into the cytoplasm of hepatocytes
indicate one of the possible explanations for the findings after liver reperfusion. The study showed that intra-
venous administration of Pentoxiphylline and Stobadine protects the liver from warm ischemia injury (Tab. 2,
Fig. 2, Ref. 37). Full Text (Free, PDF) www.bmyj.sk.

Key words: warm ischemia, pig liver, acid phosphatase, lactate dehydrogenase, Pentoxiphylline, antioxidant.

Warm ischemia of the liver occurs when blood perfusion of
the liver is reduced or stopped in an unchanged body tempera-
ture. This situation intentionally occurs in extensive liver resec-
tions, trying to reduce blood losses. Liver perfusion is reduced
by clamping the hepatic artery and the portal vein as well as the
infra- and supra-hepatic segment of the vena cava inferior. Us-
ing such procedures a complete elimination of liver blood circu-
lation is reached, generally known as the hepatic vascular ex-
clusion (1). Issuable remains the problem of determining the time
interval causing no serious and irreversible damage of liver func-
tion. The maximal recommended blood perfusion occlusion in-
terval is 60 minutes in healthy liver and 30 minutes in cirrhotic
liver respectively (2, 3). Some authors preconditionally adapt
the liver for ischemia using the interrupted blood flow technique,
allowing the ischemia interval to be doubled (4, 5). The warm
ischemia method is also associated with specific phases of the
liver transplant and in circulation disorder following a hemor-
rhagic shock (6).
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The aim of the experimental study was to clarify the nature
and principles of liver parenchyma changes after blood perfu-
sion stop with no hypothermic protection.

Methods

In our experiment in pigs, the applied methods of morpho-
logical analysis were concentrated on studying the activity of
enzymes, which are considered to be the markers of lysosomal
system function (acid phosphatase — AP, orthophosphoric-mo-
noester phosphohydrolase 3.1.3.2 ), as well as markers of cellu-
lar energetic metabolism state (lactate dehydrogenase — LDH,
(S)-lactate:NAD+ oxidoreductase 1.1.1.27) (7, 8, 9). Detected
changes in the control group were to the changes in the next two
groups. In the first group antioxidant pyridoindol (Stobadin.2
HCI, m.w: 275.2224, batch: STB/II - DH1011) was used for he-
patic tissue protection, because of its significant effect as a scav-
enger of hydroxyl, peroxyl and alcoxyl radicals and the singlet
oxygen quencher effect (10, 11). In the second group the hepatic
tissue was protected from ischemic injury by administering with
vasodilatating and rheologic effect — a methylxanthine-theobro-
mine derivate Pentoxiphylline (Agapurinr, Zentiva). Its effect is
generally explained as intracellular cyclic adenosin monophos-
phate phosphodiesterase decrease, followed by intracellular cy-
clic adenosin monophosphate levels increase (12, 13). Pento-
xiphylline detectably inhibits the synthesis and secretion of tu-
mor necrotizing factor alpha in several organs (14). Rudiger and
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Clavien (15) prove the inhibitive effect of Pentoxiphylline in
laboratory mice livers. The protective effect of Pentoxiphylline
in the cascade of pathological changes during the warm liver
ischemia has been described by more authors (16, 17, 18).

In our study we analyzed morphologically liver tissue of 24
pigs (hybrid of Slovak White Meat Pig and German Landrasse,
SBM x LS), average weight 36 kg (26—48 kg), in which stan-
dard hepatectomy was performed.

In group A hepatic tissue samples were taken without any
tissue vitality influence. We applied 500 ml of normal saline
through a gravitational infusion cannula inserted into the portal
vein immediately after the hepatectomy. The saline was applied
continually during the interval 0—10 min after hepatectomy. We
took the first sample in the interval 0 minutes of warm ischemia,
before the saline application. Next samples were taken in time
intervals 10, 60, 80 and 100 minutes after blood flow interrup-
tion. Between the samplings livers were stored in a vessel with
saline kept in thermostat with a stable temperature of 37.6 °C

In group B (Stobadine) we applied the antioxidant Stobadine
using a portal vein inserted gravitational infusion set. Dissoluting
4.2 mg of the substance in 500 ml saline a 30 pmol.l"! otherwise
30 uM solution was made. The sample was taken in interval 0 of
the warm ischemia, before the infusion. Next samples were taken
analogically with the timetable in control group — group A.

Correspondingly we applied 100 mg Pentoxiphylline in 500 ml
of saline using a gravitational infusion set through a portal vein
inserted cannula immediately after hepatectomy in group C. Next
samples were taken analogically with the previous groups.

Acid phosphatase activity was detected using naphtol AS-BI
and hexose-p-rosaniline.

Standard method of tetrazolium salt detection of phormasane
deposits was used in lactate dehydrogenase activity detection (8, 9).

We evaluated each sample using Image Forge Version 1.1
software (PROVER LTD, Bratislava). Applying this software
we measured percentage of pre-measured activity levels of both
enzymes. We used the method of thresholding based on a pre-
sumption that different objects of the image differentiate from
the background by brightness of single points in the scanned
object. All same coloration intensity points were marked by
preselected color spectrum threshold level. The number of marked
points was compared to the total viewing field points number.
Each analyzed sample was assigned with numeric value, express-
ing the activity of studied enzymes. Afterwards, the results were
statistically analyzed. Our aim was to find out whether there were
any differences in enzymatic activities between the groups in
defined time intervals. To answer this question we used a gener-
alized linear model for repeated measurements which models
the bearing of a dependent variable in all groups during the whole
course.

In the next part of the analysis we compared 3 groups in
defined time periods. We used the simple dispersion analysis at
first; afterwards we applied the Bonferoni (19) otherwise Tamhan
test for multiple comparisons (20).

In the third part we investigated the dependence of compo-
nent values on the time interval in the three groups. We prima-
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Tab. 1. Average values of AP activity in defined time intervals.

Time (min)  Control (%) Stobadine (%)  Pentoxyphylline (%)
0 34.08 34.32 34.45
10 23.25 32.73 33.17
60 23.26 27.38 21.66
80 20.86 22.64 14.74
100 21.85 19.41 13.64

rily applied linear regression. We determined the curve of a func-
tion which optimally fits this dependence. The significance level
of our measured values was higher than the standard value a=0.05,
generally accepted in biological research.

Results

Acid Phosphatase

Group A: Acid phosphatase — control (Tab. 1)

AP activity in normal pig liver was uniform in not numerous
Kupffer cells, on the biliary poles of the hepatocytes and dif-
fusely in the whole parenchyma. The number of Kupffer cells
with AP activity increased after the 10 minutes warm ischemia
interval in the uninfluenced samples. We detected no changes at
the biliary poles of the hepatocytes. As the warm ischemia ad-
vanced, reduction of AP activity in zone 3 occurred. After 100
minutes of warm ischemia increase of AP activity in hepatic cells
cytoplasm was detected. Focal AP activity remained in Kupffer
cells, however we observed it also in whole lobules. Quantita-
tively, in AP activity rapidly sunk in the 10 minutes interval,
later remained around the same levels.

Group B: Acid phosphatase — Stobadin (Tab. 1)

After 10 minutes warm ischemia interval the number of
Kupffer cells with AP activity increased in Stobadine influenced
liver samples. No AP activity changes were detected at the bil-
iary pole of the hepatocytes. AP activity decreased in zone 3 of
the lobules in the later phases of warm ischemia. Focal AP ac-
tivity remained in Kupffer cells, but it was sporadically detected
in whole lobules. Quantitatively, Stobadine application during
warm ischemia resulted in slower AP activity decrease in com-
parison to the uninfluenced liver.

Group C: Acid phosphatase — Pentoxiphylline (Tab. 1)

Number of Kupffer cells with AP activity increased after the
10 minutes warm ischemia interval in Pentoxiphylline influenced
liver samples. No AP activity changes occurred at biliary poles.

Tab. 2. Average LDH activity levels in the studied time intervals.

Time (min)  Control (%)  Stobadine (%)  Pentoxyphylline (%)
0 24.17 24.27 24.41
10 26.25 26.09 18.48
60 29.37 24.74 24.58
80 30.50 25.34 24.65
100 32.41 26.18 26.36
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Fig. 1. Correlation between AP activity and warm ischemia dura-
tion interval.

As the warm ischemia time advanced, AP activity decrease in
zone 3 of the hepatic lobules was detected. They were minor in
the beginning, later rapidly sinking. AP was not focally active in
Kupffer cells; however it sporadically remained active in whole
lobules. In 10 minutes AP activity rapidly sunk, afterwards re-
mained about the same levels. Quantitatively, more significant
AP activity decrease occurred after Pentoxiphylline application
compared to the uninfluenced as well as Stobadine protected liver.

Lactate Dehydrogenase

Group A: Lactate dehydrogenase — control (Tab. 2)

In comparison to the 0 min. interval, in 10 min. interval the
LDH activity in hepatocytic cytoplasm increased, more in zone
1 of the hepatic lobules. In the following intervals, focal, lobular
zone independent changes developed. Quantitatively LDH lev-
els rose.

Group B: Lactate dehydrogenase — Stobadin (Tab. 2)

In the 10 minutes interval LDH activity in the liver cells cy-
toplasm slightly increased, afterwards it descended almost to
earlier values, particularly in zone 3 of the hepatic lobules. Only
focal, zone independent changes were detected in later phases.
Quantitatively, LDH activity was steady.

Group C: Lactate dehydrogenase — Pentoxiphylline (Tab. 2)

In the 10 minutes interval LDH activity decreased, later re-
turned to original values. It was found positive in cytoplasm,
more in zone 3. Only focal and zone independent changes oc-
curred in the following intervals. In subjective evaluation LDH
reaction intensity after Pentoxiphylline application was lower
than in uninfluenced and Stobadine influenced samples. Quanti-
tatively, LDH levels showed practically no changes.

Statistical analysis

Acid Phosphatase (Fig. 1)

1. AP values decreased as the warm ischemia time advanced.
Comparing changes of activity values between the measurements
all three groups showed statistically significant differences in
each time interval (p<0.001).
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Fig. 2. Correlation between LDH activity and warm ischemia dura-
tion interval.

2. AP activities at 10 minutes time in uninfluenced control
group were significantly lower than the ones in Stobadine and
Pentoxiphylline influenced groups (p<0.001). In 60, 80 a 100
min warm ischemia time AP activity values in Pentoxiphylline
influenced group were significantly lower than in the next two
groups (p=0.006).

3. Linear regression was used to determine the trend of AP
activity progression in component groups. This model fitted the
values detected in all three groups, however it fitted the
Pentoxiphylline influenced liver group best (R>=0.808), in con-
trast to the Stobadine and control group (R?=0.582 a R*=0.379
otherwise).

Lactate Dehydrogenase (Fig. 2)

1. As the warm ischemia progressed LDH activity values
increased and there were statistically significant differences be-
tween all 3 groups in 0—10 minutes interval and 10—60 minutes
intervals in two after each other subsequent measurements
(p<0.001).

2. We found that LDH activity levels were significantly lower
in Pentoxiphylline group than in Stobadine and control group
after 10 minutes warm ischemia interval (p<0.001). In 60, 80
and 100 minutes time LDH values in control group were signifi-
cantly higher than in the next two groups (p<0.001).

3. Interesting is the trend of LDH activity values progres-
sion in component groups. The applied model of linear regres-
sion suited all three groups, mostly the control group (R*=0.756),
in contrast to Stobadine influenced group with function R?=0.015
and Pentoxiphylline influenced group with function R?>=0.208.

Discussion

Acid Phosphatase

Group A: Acid phosphatase — control (Tab. 1, Fig. 1)

AP activity is generally accepted as a marker of lysosomal
stability (21, 22). This is why we used it in our experiment with
warm ischemia of liver. Already in 10 minutes time was the num-
ber of Kupffer cells with AP activity increased. That indicates
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the possibility of ischemia induced Kupffer cells activation.
However, image analysis results suggested AP activity reduc-
tion. AP activity rose diffusely in hepatocytic cytoplasm only
from the 100 minutes warm ischemia time. Quantitatively, in 10
minutes interval AP activity rapidly sunk and remained about
the same level during the next intervals. Decomposition of
Kupffer cells lysosomal membranes as well as AP diffusion to
cytoplasm of surrounding hepatocytes might be the cause of dif-
fuse AP activity, likewise Henell or Vokurka (23, 24) published.

Group B: AP — Stobadine (Tab. 1, Fig. 1)

Detected AP activities in Stobadine protected liver were simi-
lar to normal pig liver findings. Image analysis showed lower
AP activity decrease after Stobadine application. Considering
the membrane stabilizing effect of Stobadine, our finding is ac-
ceptable. Voss and Stolc (25, 26) explain the effect by its anti-
oxidative activity. We did not recognize any lysosomal mem-
brane stability differences in pig liver however we should admit
this possibility. That is the reason of quantitative evaluation of
findings requires cautious procedures Leader (27).

Group C: AP — Pentoxiphylline (Tab. 1, Fig. 1)

Compared to control, more significant AP activity decrease
occurred in Pentoxiphylline protected liver than after Stobadine
application. That indicates that antioxidant Stobadine was more
efficient on lysosomal membranes protection in liver during warm
ischemia than Petoxiphylline. The advantage of Pentoxiphylline
is reduction of synthesis and secretion of TNF-alpha and above
all reduction of its release from Kupffer cells (28). Moreover,
other authors present findings of Pentoxiphylline mediated ef-
fective inhibition of Kupffer cells activation; these findings were
confirmed in a cold ischemia model (18).

Lactate Dehydrogenase

Group A: Lactate dehydrogenase — control (Tab. 2, Fig. 2)

Biochemical and histochemical proof of LDH activity is of-
ten used for studying ischemia in miscellaneous tissues and or-
gans (29, 30). That is why its localisation is described in our
experiments as well.

In contrast to findings from ischemic-reperfusion injury of
rat liver (31), in our experiment of simple warm ischemia in pig
liver cytoplasmatic LDH activity quantitatively rose, although
focal activity loses occurred. The exploration might be found in
interspecies differences (rat, pig), or in the fact, that LDH levels
in cytoplasm and plasma do not correlate (32). Under normal
circumstances, LDH presence in rat liver lobules is typically most
concentrated in zone 1 (periportal area), less in the around cen-
tral vein located zone 3 (33). To our knowledge there is no infor-
mation in PubMed database about its distribution in pig liver.
LDH activity after 10 minutes rose universally in our experi-
ment. It is present in cytoplasm, more in zone 3 of the lobules.
Only focal, lobule zone independent changes were detected in
the next time intervals.

Group B: LDH — Stobadine (Tab. 2, Fig. 2)

Comparison between uninfluenced warm ischemic liver and
Stobadine influenced warm ischemic liver shows a situation in
which LDH levels stagnate. Guzy (34) refer about a cardiopro-
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tective effect of Stobadine on isoproterenole damaged myocar-
dium accompanied by serum LDH level decrease. In our case
LDH level in liver slightly increases or does not change. That
indicates that different organs and tissues may show different
reactions to Stobadine. Findings of LDH level increase in rat
hypothalamus sections after Stobadine application (10, 35) af-
firm this theory.

Group C: LDH — Pentoxiphylline (Tab. 2, Fig. 2)

The effects of Pentoxiphylline and Stobadine are similar. This
is supported, apart from others, by the information of Terry (36)
and Yildirim (37) who refer about hepatocytes viability improve-
ment from Pentoxiphylline protection and reduction of LDH re-
lease in rats and human.

Conclusion

Having studied morphological changes of liver parenchyma
after blood flow interruption without hypothermic protection of
the organ we conclude these results:

1) Detected enzymatic activity values showed statistically
significance in component groups compared to control group.

2) We prove that antioxidant Stobadine and methylxanthine
derivate Pentoxiphylline can protect pig liver during warm is-
chemia, especially in metabolic processes in which the studied
enzymes participate.

3) Values of studied variables can be considered as linear
time dependent. Application of other usual mathematical func-
tion is more exact in individual cases. It is usually a cubic func-
tion.

4) The results allow us to suggest that single administration
of an antioxidant — Stobadine and methylxanthine derivate
Pentoxiphylline into the portal circulation of warm ischemia ex-
posed liver may provide protective effect also in human medi-
cine during extensive liver resections, liver transplantations or
in cases of organ hypoperfusion caused by other circulation dis-
orders, such as haemorrhagic shock.
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