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Toxicity of polymorphonuclear neutrophils against hepatocytes: protective effect
of heparin

(Received 25 August, 1988; accepted 2 January 1989)

Heparin is a highly anionic and sulfated molecule [1} that
has been found to interact with many proteins. fn vitro, it
has been shown to bind to and to inhibit lysosomal enzymes
[2] including some neutral proteinases of polymorpho-
nuclear neutrophils (PMN)* [1,3]. Recently, we have
demonstrated that stimulated PMN were toxic to isolated
rat hepatocytes, and that this toxicity was mediated by
proteinases released from PMN [4]. The aim of this study
was therefore to investigate the effect of heparin on the
toxicity of PMN against hepatocytes,

Materials and methods

The Primaria 24-well plates and the RPMI 1640 medium
were obtained from Falcon (Div. of Becton Dickinson,
Oxnard, CA) and Gibco (Uxbridge, U.K.), respectively.
Glutamine and foetal calf serum were purchased from
Flow Laboratories (Irvine, U.K.). Sigma Chemical Co.
(St Louis, MO, U.S.A.} supplied bovine serum albumin,
zymosan, a,-proteinase inhibitor, soybean trypsin inhibitor
and heparin (from porcine intestinal mucosa). The 4-
methyl-umbelliferyl conjugates were obtained from Koch-
Light Laboratories (Colnbrook, U.K.}.

Effect of heparin on the cytotoxicity of PMN against
hepatocytes. Hepatocytes were isolated by collagenase
digestion from male Sprague-Dawley rats [5]. Cell viability,
estimated by a high membrane refractivity under light
microscope [5], was similar in all experiments and was
97 £1%. PMN were obtained from the citrated venous
blood of healthy volunteers according to Dallegri et al.
[6]. PMN-mediated cytotoxicity against hepatocytes was
quantified by the release of alanine aminotransferase
activity (ALT, EC 2.6.1.2) from hepatocytes, a reliable test
of hepatocyte alterations [4]. Briefly, 1 x 10% hepatocytes
were seeded into flat-bottomed wells of Primaria 24-well
plates. After plating, hepatocytes were incubated in the
presence of 2 x 10° PMN in a final volume of 400 ul RPMI
1640 containing 2 mM glutamine, 100 I.U./ml penicillin,
100 pg/mi streptomycin and 5 mg/ml bovine serum albumin
{culture medium). The toxicity of PMN was studied in
basal conditions or after stimulation with 1 mg/ml zymosan
opsonized with fresh human serum, as previously described
[7]. After a 18 hr incubation at 37° in the presence of 5%
CO3, an aliquot of the culture supernatant was removed to
determine the ALT activity released by hepatocytes and
cytotoxicity was expressed as the percentage of ALT
activity released [4]. The effect of heparin on PMN-
mediated toxicity was tested after addition of heparin to
the hepatocyte monolayer, 30 min before the addition of
PMN. Concentrations studied ranged from 2 to 50 ug/ml.

Effect of stimulated PMN on hepatocytes preincubated
with heparin. In these experiments, hepatocytes were pre-
incubated for 6 hr with or without heparin, and then washed
before the addition of PMN. Such a 6 hr preincubation time
was chosen because it has been shown to allow an optimum
binding of heparin to hepatocyte plasma membrane [8].
Cytotoxicity against hepatocytes was determined after a
further 18 hr incubation with PMN stimulated by opsonized
zymosan (OZ), as described above.

* Abbreviations used: PMN, polymorphonuclear neu-
trophils; ALT, alanine aminotransferase activity; OZ,
opsonized zymosan.

Effect of heparin on the cytotoxicity of PMN lysate and
granule proteins against hepatocytes. The PMN lysate was
prepared by freezing and thawing 25 % 10° cells in one ml
culture medium. The lysate was then diluted 1/1 with
culture medium. A crude PMN granule pellet was prepared
according to Connelly et a/. [9]. Granules were disrupted
by freezing, thawing and sonication, and then diluted with
culture medium. Four hundred microlitres of either lysate
or granule preparation were added to 1 x 10% hepatocytes,
in the absence or in the presence of heparin. Cytotoxicity
was quantified by the release of ALT activity in a 18 hr
assay.

Effect of heparin on PMN stimulation. PMN were sus-
pended at a concentration of 5 x 10° cells/ml in Hanks
balanced salt solution, pH 7.4, and preincubated 30 min in
the absence or in the presence of heparin. Control buffer
or OZ were then added and PMN were incubated during
an additional 1 hr at 37°. At the end of the incubation
period, the tubes were centrifuged at 400 g for 10 min and
the supernatant was decanted. The activities of N-acetyl-
B-glucosaminidase (EC 3.2.1.30) and f-glucuronidase (EC
3.2.1.31) released in the supernatant were measured by the
fluorometric method of Peters er al. [10] using 4-methyl-
umbelliferyl conjugates. The determination of N-acetyl-§-
glucosaminidase was performed at pH 5.8 and that of -
glucuronidase at pH 5.0. At these pH, it was checked that
heparin did not inhibit these enzyme activities. The results
were expressed as the percentage of the total activity
obtained by lysing PMN with 0.1% Triton X 100 (v/v).

Statistical analysis. Results were analysed with a mat-
ched-pairs test adapted to small samples [11]. Results were
expressed as mean = ] SE.

Results and discussion

As shown in Fig. 1, OZ-stimulated PMN induced a
38.0 = 5.9% ALT release from hepatocytes, and this tox-
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Fig. 1. Effects of heparin on the toxicity of PMN against
hepatocytes. Each reaction mixture contained 2 x 10°
unstimulated (opened bars) or opsonized zymosan-stimu-
lated (hatched bars) PMN, 1 x 10° hepatocytes and varied
concentrations of heparin. The toxicity of PMN against
hepatocytes was studied after a 18 hr incubation and was
expressed as the percentage of ALT activity released from
hepatocytes. Results are expressed as mean = 1 SE of 4
experiments. * P < 0.05 when compared to hepatocytes
incubated without heparin.
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icity was markedly reduced by heparin. Indeed, the toxicity
was decreased by 32% (P < 0.05) at a concentration as low
as 2 ug/ml and by 55% (P < 0.05) at 50 ug/ml. By contrast,
unstimulated PMN exhibited mild toxic effects (8.7 = 2.3%
ALT release) that were not significantly modified by hep-
arin (Fig. 1). At the concentrations used in this study,
heparin alone had no toxic effect to hepatocytes. In
addition, it did not interfere with the determination of ALT
activity.

We have previously shown that the toxicity of OZ-stimu-
lated PMN against hepatocytes was mediated by the release
of proteinases from stimulated PMN [4]. The effect of
heparin that we observed in the present work could theor-
etically be due either to an inhibition of PMN degranulation
or to a protection of hepatocytes against the toxicity of
PMN-secreted proteinases. The first hypothesis seems
unlikely, since concentrations of heparin ranging from 2 to
50 ug/ml did not significantly reduce the release of two
PMN lysosomal enzymes, i.e. N-acetyl-f-glucosaminidase
and $-glucuronidase (Fig. 2). This result contrasts with that
of Brestel and McClain [12], who showed that heparin was
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able to reduce by nearly 50% the release of myelo-
peroxidase (another lysosomal enzyme) from OZ-stimu-
lated PMN. The apparent discrepancy between the two
studies might be related to the use of a 20-fold higher
concentration of heparin by Brestel and McClain {12]. The
second hypothesis, i.e. a protection of hepatocytes against
the toxicity of proteinases, is favored by the results of
experiments using PMN lysate as a source of neutrophil
proteinases. As shown in Fig. 3, PMN lysate induced a
23.7 + 3.5% ALT release that was significantly decreased
by about 60% by 2, 10 and 50 ug/ml heparin (P < 0.02). It
was checked that the toxicity of PMN lysate, as that of
intact stimulated PMN [4], was essentially mediated by
proteinases. Indeed, a-proteinase inhibitor, soybean tryp-
sin inhibitor as well as foetal calf serum, which contains
naturally occurring antiproteinases, decreased the ALT
release by 70, 76 and 46%, respectively (Fig. 3). Moreover,
toxicity to hepatocytes was also observed after addition of
a crude preparation of PMN granule proteins (25 pg/well),
and again this toxicity was reduced by heparin.

The mechanism by which heparin protects hepatocytes
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Fig. 2. Effects of heparin on the release of N-acetyl-g-glucosaminidase and f-glucuronidase from
stimulated PMN. After a 30 min preincubation with varied concentrations of heparin, PMN were
incubated with 1 mg/ml opsonized zymosan for 1 hr. The concentrations of N-acetyl-f-glucosaminidase
and PB-glucuronidase present in the cell-free supernatant were measured according to the method
described in Materials and Methods. Results were expressed as the percentage of the total activity
obtained by lysing PMN with 0.1% Triton X 100 (v/v) (mean * 1 SE of 4 experiments).
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Fig. 3. Effects of heparin on the toxicity of PMN lysate against hepatocytes. The PMN lysate was

prepared by freezing and thawing 25 % 10° cells/ml. The lysate was added to 1 x 10° hepatocytes that

were incubated for 18 hr in the absence or in the presence of varied concentrations of heparin, ay-

proteinase inhibitor (ay-PI), soybean trypsin inhibitor (SBTI) or foetal calf serum (FCS). The toxicity

of lysate against hepatocytes was expressed as the percentage of ALT activity released from hepatocytes.
Results are expressed as mean = 1 SE of 4 experiments.
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is not known. One explanation could be that heparin
inhibits the toxicity of stimulated PMN by its binding to
receptors present on hepatocyte plasma membrane [8].
This explanation seems unlikely since we observed that,
when hepatocytes were preincubated with heparin, and
then washed before the addition of PMN, they were not
protected from PMN toxicity (45.2 £ 2.9% ALT release
after preincubation without heparin vs 42.0 £ 7.1% after
preincubation with 50 ug/ml heparin). The likely expla-
nation is that the protective effect of heparin is due to
its binding to proteinases released by stimulated PMN.
Actually, it is well established that heparin is able to bind
to and to inactivate proteinases released from human PMN,
e.g. chymotrypsin- and elastase-like enzymes [1, 3].

PMN are known to play a major role in acute inflam-
matory reaction [13], and it has been suggested that
heparin, besides its anticoagulant effect, had anti-inflam-
matory properties [12]. It is tempting to speculate that
this effect of heparin might be in part explained by the
inactivation of mediators released by PMN.

In summary, the effect of heparin was studied on the
proteinase-mediated toxicity of human PMN against iso-
lated rat hepatocytes. Opsonized zymosan-stimulated PMN
were markedly toxic to hepatocytes and this cytotoxicity
was inhibited by 32 to 55% by concentrations of heparin
ranging from 2 pg/ml to 50 pg/ml. This effect was not due
to an inhibition of the stimulation of PMN since heparin
did not decrease the release of two neutrophil lysosomal
enzymes, N-acetyl-g-glucosaminidase and S-glucuronidase.
It was explained by the inhibition of the post-secretory step
of PMN toxicity since heparin reduced by 60% the toxicity
of a proteinase-containing PMN lysate and by 69% that of
a preparation of PMN granule proteins.
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Metabolism of diethylnitrosamine by microsomes of human respiratory nasal
mucosa and liver

{Received 12 October 1988; accepted 2 January 1989)

Although the incidence of nasal tumors in the human
population is low, certain individuals such as the workers
in the leather or wood industry experience a higher risk of
nasal cancer [1].

Nitrosamines can cause tumors in different tissues includ-
ing the nasal cavity of experimental rodents [2-4]. They
may also have a role in inducing cancer in the human nose
as well as other respiratory tracts. The volatile diethyl-
nitrosamine (DEN) present in air, water, foods and tobacco
smoke [5] can be inhaled or absorbed from other tissues
and readily passed to the nose. In rodents DEN, in addition
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to other nitrosamines administered i.p., reaches the nose
in a few minutes [4] and is metabolically activated via
the cytochrome P-450 dependent monooxygenases system
[4, 6,7] in the nasal mucosa.

‘We have recently described the presence of drug-metab-
olizing enzymes in human respiratory nasal mucosa [8]. In
the present study we have investigated whether DEN can be
deethylated by human nasal mucosa microsomal enzymes.
The results have been compared with those obtained with
microsomal preparations from human liver.



