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Porcine Lactic Dehydrogenase in the Serum of Patients Treated by
Extracorporeal Porcine Liver Perfusion
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Siummary: Porcine lactic dehydrogenase (L.D.HI) has
been found in the serum of four patients in hepatic

coma treated by extracorporeal porcine liver perfusion. A
comparison between the porcine L.D.H. isoenzyme pattern
in the patients' serum and that in porcine serum and liver
extract indicates that the porcine L.D.H. is derived from
the pig liver. This finding reflects damage to the pig liver
cells sustained during porcine hepatectomy and subse-
queat perfusion. Possibly patients might develop iune
reactions against porcine substances when these entered
the circulation, especially if perfusion was repeated after
an interval of some time.

Introduction
Porcine albumin and globulins have been found in the serum
of patients in hepatic coma treated by extracorporeal porcine
liver perfusion (Norman, Saravis, Brown, and McDermott,
1966; Norman, Hardison, and McDermott, 1967; Watts,
Douglas, Dudley, Gurr, and Owen, 1967). This observation
has been interpreted as evidence of the normal functioning of
the pig liver, with synthesis occurring during the perfusion.
The purpose of this communication is to report the detection
of porcine lactic dehydrogenases in the serum of patients treated
by extracorporeal pig liver perfusion. Evidence is presented
that this observation reflects cell damage in the perfused pig
liver rather than physiological function.

Patients and Methods

Four patients in hepatic coma have been studied. Liver
failure was due to fulminating viral hepatitis in two zases, to
alcoholic cirrhosis aggravated by a two-week alcoholic " binge "
in one case, and to a massive bleed from oesophageal varices in
the other. All the patients were jaundiced and had raised blood
ammonia levels. Extracorporeal porcine liver perfusion was
carried out according to the method described by Liem,
Waltuch, and Eiseman (1964). The pig liver was exsanguin-
ated and then rinsed free of porcine blood with iced Ringer-
lactate solution before being connected to the patient. Per-
fusion was carried out for periods ranging from three and a
half to six hours. Blood was taken from the patients before
beginning the perfusion and at intervals varying from 15 to 60
minutes throughout the procedure. Two of the patients died
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during or shortly after the perfusion. In the surviving patients
blood was taken daily after completion of the perfusion.

Horizontal starch-gel electrophoresis was used to fractionate
pig serum, an extract of fresh pig liver, and sera from the
patients. Electrophoresis was performed in an ice-cooled
Shandon tank. The gel buffer used was O-076 M tris
(tri-(hydroxymethyl) methylamine) and 0 005 M citric acid
pH 8-65, and the Bridge buffer was 0 3 M boric acid and
0.05 M sodium hydroxide pH 8. After a three-hour run
(7-5 volt/cm. length and 5 mA/2-5 cm. width, the power pack
on constant current) the gel was incubated at 370 C. in the
dark in a reaction mixture containing: sodium lactate, 2(p-
iodophenyl)-3-(p-nitrophenyl)-5-phenyl tetrazolium chloride,
N-methyl phenazonium methosulphate, and beta-nicotinamide
adenine dinucleotide in 0-06 M potassium phosphate buffer
pH 7-S for one hour. After incubation the gel was rinsed with
10% glacial acetic acid to stop the reaction, rinsed with
Elgastat-prepared deionized water, placed in 80% glycerol, and
photographed the following day.

Results
With starch-gel electrophoresis five isoenzymes of lactic

dehydrogenase (L.D.H.) can be recognized in the serum of man
and pig, L.D.H. 1 being the fastest-moving fraction. In porcine
serum L.D.H. 1 is present in greatest concentration. Each
porcine isoenzyme occupies a position slightly anodic to the
corresponding human fraction (Fig. 1). Owing to this differ-
ence in mobility, L.D.H. from pig serum can be distinguished
from human L.D.H. isoenzymes.

Pig liver extract contains only L.D.H. 1 to 4 isoenzymes,
arid L.D.H. 2 and 3 are present in the greatest concentration
(Fig. 2). The pattern therefore differs from that in porcine
serum.
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FIG.1 FIG. 2
FIG. 1.-Serum lactic dehydrogenase isoenzymes of the patient and the
pig before perfusion. Top= Anode. Bottoni = Cathode. Left= Patient's
serum. Right=Pig's serum. FIG. 2.-Lactic dehydrogenase isoenzymes

of pig liver extract.
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Porcine L.D.H. could be demonstrated in the serum of each
of the four patients (Fig. 3). The isoenzymes appeared within
a few minutes of the beginning of perfusion and increased
progressively in concentration, reaching a maximum at the end
of the procedure (Fig. 3). Porcine fractions 1 to 4 were present,
L.D.H. 2 and 3 being in greatest concentration (Fig. 3). In
the two surviving patients the porcine isoenzymes persisted in
the human serum in decreasing concentrations for 48 to 72
hours.
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FIG. 3. Lactic dehydrogenase isoenzymes in
patient's serum. A, five minutes after beginning of
perfusion. B, two hours after beginning of perfu-
sion. C, six hours after beginning of perfusion.
D, two days after perfusion. Eacl porcine iso-
enzyme occupies a position slightly anodic to the

corresponding human isoenzyme.

Discussion

The L.D.H. in human serum originates in several tissues,
including the liver. In man all five fractions are found in the
liver, but L.D.H. 5 is predominant (Vesell, 1961). The serum
concentration of L.D.H. 5 in particular is greatly increased
when liver cell damage occurs (Wieme and Van Maercke, 1961).
In the pig, however, only L.D.H. 1 to 4 are found in the liver,
though L.D.H. 5 is present in the serum. L.D.H. 2 and 3
are the predominant hepatic isoenzymes. The detection of
porcine L.D.H. 1 to 4 in the serum of the patients during the

perfusion and the fact that L.D.H. 2 and 3 were present in
greatest concentration therefore indicates that the porcine iso-
enzymes originated from the liver cells and not merely from
porcine plasma which had not been adequately removed from
the liver. This conclusion is supported by the observation
that the concentration of porcine L.D.H. increased progressively
during the perfusion. It is apparent that some damage to the
porcine liver cells had occurred and was responsible for the
leakage of L.D.H. into the patient's serum. The process of
porcine hepatectomy and subsequent flushing to remove tres
of porcine blood is probably responsible for the initial injury,
which would be ischaemic in origin. This initial damage is
reflected by the early appearance of porcine L.D.H. in the
patients serum. The progressive increase in the concentration
of the enzyme is probably due to damage incurred during the
course of the perfusion, over and above the original injury.
Other enzymes present in large quantities in pig liver cells will
enter the patient's circulation for the same reasons.
Our observations re-emphasize the possibility of immune

reactions, developing against porcine substances entering the
patients circulation (Norman et al., 1966, 1967; British
Medical 7aurnal, 1967). So far no anaphylactic or other
unfavourable immunolocal reactions have been reported in
patients having repeated perfusions (Norman et al., 1966,
1967; van Wyk and Eiseman, 1966; Watts et al.; 1967).
Nevertheless, these have been performed over relatively short
periods of time (up to 18 days) and reactions may well develop
when perfusions are repeated after longer intervals
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Assessment of Size of Small Volume Foeto-maternal Bleeds. A New
Method of Quantification of the Kleihauer Technique
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ummary: The risk of Rh-isoimm nization is probably
related to the volume of foeto-maternal bleeding.

With the Klelhauer technique foetal cells may be detected
in maternal blood, but estmation of the size of foetal
bleed the cells represent is at present difficult and open
to serious error.
A new method of quantifying the technique by using a

standard volume of maternal blood, and a simple chine
for the preparation of comparable blood films, Is
described. The new method elimite many of the
errors of previous techniques, and should be capable of
automation for large-scale screening programmes
D

Introduction

Small foetmat bleeds occur in nearly all pregnancies, but
only rarely is the bleeding sufficient to cause severe anemia of
the newborn. "Small bleeds " represent a dilution factor of
1 foetal cell to 10,000-100,000 maternal red cells, and as little
as 0-25 ml. (1: 20,000) of rhesus-positive cells (Woodrow et al.,
1965), or postibly les (Zipursky, 1966), may stimulate antibody
formation in a rhesus-negative individuaL Because the risk of
rhesus isoimmunization is related to the size of foeto-maternal
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