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The involvement of protein kinase C in nitric oxide-induced damage

to rat isolated colonic mucosal cells

*!B.L. Tepperman, 'Q. Chang & 'B.D. Soper

"Department of Physiology, University of Western Ontario, London Ontario, Canada, N6A 5Cl1

1 The role of protein kinase C (PKC) in colonic cellular injury in response to high concentrations
of nitric oxide (NO) released from the donor, S-nitroso-N-acetyl-DL-penicillamine (SNAP) was
investigated.

2 Addition of SNAP (0.1-1000 uM) to the cellular suspension resulted in a dose-dependent
increase in the extent of damage to isolated colonic mucosal cells as assessed by Trypan blue dye
uptake and release of the lysosmal enzyme, N-acetyl-f-glucosaminidase. SNAP treatment also
resulted in an increase in cellular total PKC activity. These increases were reduced or eliminated by
pretreatment of the cells with the PKC antagonists staurosporine or GF 109203X or the NO
scavenger, phenyl-4,4,5,5,-tetramethylimidazoline-1-oxyl 3-oxide (PTIO).

3 PKC-o, PKC-9, PKC-¢ and PKC-{ were detected in colonic cellular lysates by immunoblotting.
However, only PKC-¢ protein was increased in response to SNAP treatment. Furthermore, SNAP
treatment resulted in activation of PKC-¢ by causing translocation of the enzyme from the cytosolic
to membrane fraction of the cell. This effect was eliminated if cells were preincubated with the NO
scavenger, PTIO.

4 The extent of cellular damage in response to addition of SNAP to the incubation medium was
enhanced by coincubation with the PKC activator, phorbol 12-myristate 13-acetate (PMA; 1 and
10 um).

5 PKC activity and the extent of cell damage in response to SNAP were reduced by preincubation
of the cells with the peroxyl scavenger, ebselen (0.01—10 um).

6 These data suggest that the PKC-¢ isoform of the enzyme mediates NO-induced damage to
colonic mucosal cells. This response may occur, at least in part, due to peroxynitrite formation.
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Introduction

Recent evidence has suggested that generation of high levels of
NO can lead to induction of cell death by the processes of
necrosis and apoptosis in a number of cell types including
adenocarcinoma cells, smooth muscle cells and colonic
epithelial cells (Nishio & Watanabe, 1997; O’Connor &
Moncada, 1991; Tepperman et al., 1994). The mechanism by
which this occurs remains undefined although NO is known to
interact with various target molecules such as oxygen, thiol
groups and metals within the prosthetic groups of various
enzymes resulting in activation or inactivation, production of
peroxynitrite and lipid peroxidation as well as via the
potentiation of oxygen radicals. Indeed, oxidant scavengers
can ameliorate the cytotoxic actions of NO donors.
Furthermore, NO donors have been shown to exacerbate the
cytotoxic effect of hydrogen peroxide in gastric mucosal cells
(Hata et al., 1996).

NO might cause cell injury through the production of cyclic
GMP (cGMP). Inhibition of guanylate cyclase activity have
been shown to reduce the extent of NO-mediated intestinal
epithelial cell damage (Tepperman et al., 1998). However, the

* Author for correspondence: Department of Physiology, Medical
Sciences Building, Room M?226, University of Western Ontario,
London Ontario, Canada, N6A 5CI;
E-mail: btepper@physiology.uwo.ca

results of that study also indicated that inhibition of guanylate
cyclase activity did not appear to account for the complete
cytotoxic actions of NO. Alternatively NO may act through
different mechanisms and toxicity may be regulated by the
activity of the signal transduction system involving protein
kinase C. The evidence for the involvement of such a pathway
includes findings that NO can activate PKC activity in a
number of cell types (Loweth et al., 1997; Maiese et al., 1993;
Nishio & Watanabe, 1997; Sharma et al., 1995). Furthermore,
PKC activity has been shown to be elevated in a variety of cell
types in response to inflammatory challenges and increases in
PKC activity have been associated with cellular injury or death
(Brawn et al., 1995; Jones et al., 1997; Phelps et al., 1995).
Within the gastrointestinal tract, PKC activity is increased in
inflamed segments of the colonic mucosa (Sakanoue et al.,
1992) and PKC activators such as phorbol ester can reduce the
integrity of colonic epithelial cells (Brown et al., 1999).

Evidence also suggests that PKC may be one of the
pathways activated within cells in response to oxidative stress
and that this may be linked to oxidative-mediated cell damage.
In vitro studies have shown that hydrogen peroxide treatment,
which results in the induction of epithelial cellular damage and
lipid peroxidation, also increases PKC activity (Brawn et al.,
1995). This oxidant-induced damage to these cells can be
reversed by pretreatment with a PKC inhibitor.
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Therefore, in the present study, we have examined the role
of PKC in the mediation of NO-induced cell injury to rat
isolated colonic epithelial cells. We have also investigated the
role of NO-induced production of reactive oxidants in this
response as well as the specific isoform(s) of PKC which most
likely mediate the injurious effects of NO on colonic cells.

Methods

Isolation of colonic epithelial cells

Non-fasted male Sprague Dawley rats (250300 g) were killed
by cervical dislocation and epithelial cells were isolated from
the colonic mucosa as described by Butler et al. (1988). Briefly,
the colon was excised, everted and rinsed in ice-cold saline and
distended with Dulbecco’s phosphate buffer (DFB; pH 7.2;
GIBCO, Burlington Ontario, Canada). The colon was
incubated for 60 min at 37°C in 0.2% trypsin (type 1A, Sigma,
St Louis, U.S.A.) in 50 ml DFB in a water bath that shook at
50 oscillations per min. Epithelial cells were then removed by
scraping with a glass slide and were suspended in 5 ml of DFB
containing 0.5% bovine serum albumin and 0.5 mM dithio-
threitol. Cells were washed twice with DFB by centrifugation
at 2000 x g for 2 min, resuspended and dispersed using a
Potter-Elverjheim mortar with a Teflon pestle to reduce the
number of cell aggregates and crypts. The dispersed cells were
filtered through 100 um polypropylene mesh. The cells were
centrifuged again and resuspended in a buffer containing
10 mM HEPES, 320 mM sucrose, 1 mM dithiothreitol and (in
mg ml™") 0.01 soybean trypsin inhibitor, 0.01 leupeptin and
0.002 aprotinin (pH 7.4).

Treatments

Cells harvested from the rat colon were incubated (total
incubation volume, 1 ml) with the NO donor, S-nitroso-N-
acetyl-DL-penicillamine (SNAP, 1-1000 uM; Sigma, St.
Louis, U.S.A). The cells were incubated in the presence of
SNAP for 20 min at 37°C under 95% O,, 5% CO,. All agents
were added to the cells in volumes of 10 ul or less. In some
experiments, SNAP was incubated in the absence of cells at
37°C for 1 h. This procedure caused the inactivation of the
SNAP by the release of NO. After this time, the inactivated
SNAP was added to the cell suspension. Control cells were
incubated with the vehicle for SNAP (100% ethanol, 10 yul). In
some experiments, cells were co-incubated with SNAP and one
of the following: the protein kinase C inhibitors, staurosporine
(10 uM, Biomol, Plymouth Meeting, PA, U.S.A.), bisindoly-
maleimide I (GF 109302X; 10 uM, Biomol), the nitric oxide
scavenger phenyl-4,4,5,5 -tetramethylimidazoline-1-oxyl = 3-
oxide (PTIO, 1 mM; Sigma) or the peroxynitrite scavenger 2-
phenyl-1,2-benzisoselenazol-3-(2H)-one (ebselen, 0.01—10 um,
Alexis Biochemicals, San Diego, CA, U.S.A.). In some
experiments, SNAP in the concentration range of 1-1000 um
was co-incubated with phorbol 12-myristate 13-acetate (PMA,
1 and 10 uM, Precision Biochemicals, Vancouver, Canada).

Determination of cell viability

Trypan blue dye uptake More than 90% of the cells harvested
from each colonic segment were identified as epithelial cells by
light microscopy. In all experiments, an aliquot of cells was
examined for viability as determined by Trypan blue dye
uptake (0.5% Trypan blue in phosphate-buffered saline) which
has previously been shown to be a reliable index of

gastrointestinal epithelial cell injury (Tepperman et al., 1991).
Cells were counted in a random manner by a naive observer
using a hemocytometer and the number of non-viable cells was
determined by light microscopy (x200 magnification) by
counting those cells that took up the dye and a proportion of
the total number of cells within the field.

N-Acetyl-f-glucosaminidase The appearance of this lysoso-
mal enzyme in the supernatant was taken to indicate cell lysis.
Enzyme activity was determined by incubating 100 ul of
supernatant with 100 pul of 0.1 M citrate-phosphate buffer (pH
4.5) containing 1.5 mg ml~! p-nitrophenyl-N-acetyl-g-gluco-
saminide for 2 h at 37°C. The reaction was terminated with
100 ul of 1 M NaOH-glycine and the absorbance was measured
at 405 nm. A unit of enzyme activity was defined as that
activity which liberates 1 umol of p-nitrophenol from the
substrate per h at 37°C.

To determine the total enzyme content, the cells in an
aliquot (1 ml) of the incubation suspension were lysed by rapid
freezing on dry ice followed by re-warming to 37°C (three
times). The cell debris was removed by centrifugation
(10,000 x g, 1 min) and the maximal enzyme release into the
supernatant was determined as described above. Enzyme
release was expressed as a percentage of the total enzyme
content.

Measurement of protein kinase C activity

Cells were centrifuged at 2000 x g for 10 min (4°C) and were
then resuspended in 50 mM Tris-HCI buffer (pH 7.4) contain-
ing EDTA (10 mM), phenylmethylsulphonyl fluoride (PMSF;
50 ug ml—'), benzamide (10 mMm), soybean trypsin inhibitor
(10 ug m1="), leupeptin (10 pug ml~"), aprotinin (10 ug mi="),
B-mercaptoethanol (0.3% w v™') and okadaic acid (10 nm).
The cells were lysed by sonification for 10 s. A 25 ul aliquot of
the sonicate was removed for determination of PKC activity
using a commercially available kit (Amersham) which
measures the transfer of [y-*P]-ATP to a peptide specific for
PKC. Results are expressed as pmol min~"' 10° cells~".

Measurement of PKC protein content

Materials  Affinity-purified rabbit polyclonal anti-PK C-o, anti-
PKC-0, anti-PK C-¢ and anti-PK C-{ were purchased from Santa
Cruz Biotechnology (Santa Cruz, CA, U.S.A.). The secondary
antibody was a goat anti-rabbit antibody conjugated to horse-
radish peroxidase (HRP) purchased from Amersham. Rainbow
electrophoresis molecular weight marker, the enhanced chemi-
luminescence (ECL) kit, Hybond ECL nitrocellulose membrane
and Hyperfilm ECL were also purchased from Amersham.

Preparation of cytosolic and particulate fractions Cell samples
were resuspended in buffer and sonicated for 15 s on ice. The
buffer consisted of 50 mm Tris-HCI (pH 7.5), 0.25 M sucrose,
2mM EDTA, 1 mM EGTA, 25 ug ml~' each of aprotinin,
leupeptin and pepstatin, 1 ug ml~' soybean trypsin inhibitor,
50 ug ml~' PMSF and 10 mM S-mercaptoethanol. The samples
were centrifuged at 100,000 x g for 60 min. The supernatant was
taken as the cytosolic fraction. The pellet was resuspened in the
bufferdescribed above to whichwasadded 10% Triton X-100and
centrifuged at 25,000 x g for 20 min. The protein concentration
of each sample was subsequently determined.

Immunoblotting of cellular samples Each sample of 10—15 ug
protein was boiled for 10 min in an equal volume of SDS
sample buffer (125 mMm, pH 6.8, 20% glycerol and 10%
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mercaptoethanol) before subjecting to 10% SDS—-PAGE gel.
After electrophoresis, the gel was soaked for 30 min in transfer
buffer and electroblotted onto nitrocellulose membranes using
Mini Trans-blot. The membranes were blocked for 1 h with
10% nonfat dry milk in phosphate-buffered saline (80 mm
Na,PO,, 20 mm NaH,PO,, 10 mM NaCl and 0.05% Tween-20
(pH 7.5). The blots were then incubated for 3 h with specific
PKC-a antibody (1:1000). PKC-§ antibody (1:800), PKC-¢
antibody (1:800) or PKC-{ antibody (1:800) at room
temperature. Following washes with PBS (three times for
10 min), a 1:5000 dilution of HRP-linked secondary antibody
was added for 2 h at room temperature. The ECL kit was used
to visualize the immunoreactive bands according to the
manufacturer’s protocol. The density of the immunoreactive
bands on the autoradiogram was quantified by measurement
of the absolute integrated optical density (IOD) which
estimates the volume of the band in the lane profile as
calculated by Image Master VDS software (Pharmacia
Biotech).

Statistical calculations

The statistical significance of the differences within groups was
determined using analysis of variance and Duncan’s multiple
range test. Statistical differences between groups treated with
different agents was determined by the -test for paired data.
P <0.05wastheaccepted level of significance. Data are expressed
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Figure 1 The effect of increasing concentrations of SNAP (1-
1000 pum) in the incubation medium on the extent of colonic cellular
injury as assessed by (A) Trypan blue dye uptake and (B) N-acetyl-f-
glucosaminidase release. In some experiments, SNAP (1000 um) was
incubated at 37°C for 1 h to release NO prior to commencing the
experiment. The inactivated form of SNAP was used to assess
cellular integrity. Values are displayed as means+s.e.mean of 5—7
independent experiments. *Indicates significant increases over un-
treated cells as determined by Duncan’s multiple range test.

asmeans +s.e.mean with n being the number of cell preparations,
each from a different rat.

Results

Increasing concentrations of SNAP in the incubation medium
(1-1000 M) resulted in an increase in the extent of cell injury as
assessed by both Trypan blue dye uptake and N-acetyl f
glucosaminidase release into the medium (Figure 1A,B).
Inactivation of the SNAP by preincubation for 1 h at 37°C
resulted in a loss of the molecule’s ability to injure the epithelial
cells as assessed by either dye uptake (Figure 1A) or lysosomal
enzyme release (Figure 1B). Furthermore, addition of SNAP to
the incubation medium resulted in a dose-dependent increase in
PKC activity within the colonic epithelial cells (Figure 2).
Significant increases in PKC activity were observed at SNAP
concentrations of 10 uM and greater. Inactivation of SNAP
(1000 pM) resulted in a loss of the PKC activation previously
observed in this study.

Figure 3 demonstrates the effects of SNAP on PKC isoform
proteinlevelsincolonicepithelial cells. Proteins for PK C-o,, PK C-
J, PKC-¢ and PKC-{ were each demonstrated in unstimulated
cells. Addition of SNAP resulted in a significant increase in the
protein for PKC-¢ only. Although immunoblot analysis revealed
that, in untreated cells, the protein levels for the other PKC
isoforms were expressed in greater abundance than that observed
for PKC-¢, these isoforms were not significantly affected by NO
donor treatment (Figure 3A,B).

PKC-¢ protein levels in cytosolic and membrane fractions of
cellular lysates are shown in Figure 4. A significant increase in
PKC-¢ was observed in the membrane fraction in response to
SNAP treatment. Addition of the NO scavenger, PTIO,
significantly reduced the PKC-¢ protein expression in the
membrane fraction.
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Figure 2 The effect of SNAP (1-1000 uMm) on mean+s.e.mean
cellular PKC activity in six independent experiments. *Indicate
significant increases compared to untreated cells by Duncan’s
multiple range test.
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Figure 3 The effect of SNAP (100 um) on PKC isoforms in lysates
of colonic epithelial cells. (A) Displays of representative Western
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Displays the mean +s.e.mean protein band intensity for each isoform
from six independent experiments. *Indicates a significant increase
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Figure 4 The mean+s.e.mean protein band intensity for PKC-¢ in
the cytosolic and membrane fractions of colonic cells treated with
SNAP (100 um) alone or SNAP in combination with the NO
scavenger, PTIO (1 mMm). Values are derived from five independent
experiments and represent PKC-¢ protein band intensity determined
in the cytosolic and membrane particulate fractions of lysates of
colonic epithelial cells. *Indicates significant increases in the protein
band intensity in the membrane fraction in comparison to the
membrane function of untreated cells whereas + indicates significant
decreases in the band intensity in comparison to the response to
SNAP alone as determined by Duncan’s multiple range test.

and thisincrease wasreduced by addition of the PK Cantagonists,
staurosporine or GF 109203 X to the incubation medium (Figure
5). Furthermore, cellular PKC activity in response to SNAP
treatment was reduced by addition of the NO scavenger, PTIO to
the cell suspension (Figure 5).

The increase in cell injury as assessed by either Trypan blue
dye uptake (Figure 6A) or release into the medium of the
lysosomal enzyme, N-acetyl-f-glucosaminidase (Figure 6B),
was increased in response to SNAP treatment (1000 pMm). This
injury was significantly reduced when staurosporine, GF
109203X or PTIO were added to the cellular incubation
medium.

Addition of the PKC activator, phorbol 12-myristate 13-
acetate (PMA; 1 and 10 uM) to the incubation medium
augmented the extent of cellular injury in response to SNAP
treatment (1—1000 uMm). The lower concentration of PMA
(1 um) significantly increased the extent of cell damage in
response to the lowest concentrations of SNAP (1 and 10 um)
whereas the high concentration of PMA (10 uM) significantly
increased cell injury at all concentrations of SNAP used in the
present study (Figure 7).

Incubation of cells with the peroxyl scavenger, ebselen
(0.1-10 um) resulted in a dose-dependent reduction in the
extent of cell damage in response to 1 mM SNAP (Figure 8A).
Treatment with 1 or 10 uM doses of the scavenger resulted in
cellular injury which was not significantly different than that
observed in untreated cells. Similarly ebselen resulted in a
dose-dependent reduction in the cellular PKC activity in
response to SNAP treatment (Figure 8B).

Discussion

In the present study, the nitric oxide donor, S-nitroso-N-
acetyl-DL-penicillamine (SNAP) resulted in a dose-dependent
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Figure 6 The effect of the NO scavenger, PTIO (1 mm) and the
PKC antagonists, staurosporine (St; 10 uM) and GF 109203X (GFX;
10 uM) on the mean +s.e.mean extent of cellular injury as assessed by
(A) Trypan blue dye uptake and (B) N-acetyl-f-glucosaminidase
release in six independent experiments. *Indicates significant increases
in the extent of cell damage in response to SNAP whereas +
indicates significant reductions in cellular injury when compared to
the response to 1000 uM SNAP alone as determined by Duncan’s
multiple range test.

increase in the extent of cellular injury in isolated colonic
mucosal cell. This phenomenon has been observed previously
in isolated cells from the gastrointestinal mucosa as well as
endothelial cells, pancreatic B cells, smooth muscle cells and
neurons (Loweth et al., 1997; Maiese et al., 1993; Nishio &
Watanabe, 1997; O’Connor & Moncada, 1991; Palmer et al.,
1992; Tepperman et al., 1993; 1994). The present study also
indicates that SNAP treatment of these cells resulted in an
increase in total PKC activity of these cells. Similar increases in
PKC activity in response to NO donors have also been shown
in a variety of cell types (Maiese et al., 1993; Nishio &
Watanabe, 1997). Furthermore, this increase in PKC activity
appears to be causally related to the increase in cellular injury.
This is confirmed by the demonstration that the cytotoxic
effects of SNAP could be reduced by inactivation of the
compound and overcome by addition, not only of NO and
peroxyl scavengers such as PTIO, but also by PKC antagonists
such as staurosporine and GF 109203X. Furthermore, the
damaging actions of SNAP could be augmented by incubating
cells with the PKC activator, phorbol myristate acetate. This
enhancement of cell death in response to a NO challenge and
PKC activation via phorbol ester treatment has been
demonstrated previously in other cell types (Jun et al., 1997).

The role of PKC in cytotoxicity has been complicated by
contradictory reports. PKC activation has been shown to
result in cell death in a variety of cell types including colonic
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Figure 7 The effect of co-incubation of colonic epithelial cells with
SNAP (1-1000 M) and the PKC activator phorbol 12-myristate 13-
acetate (PMA; 1 and 10 um) on the mean change in cellular integrity
as assessed by Trypan blue dye uptake in 5-7 independent
experiments. *Indicates significant increases over the respective
SNAP control group as determined by Duncan’s multiple range test.

mucosal cells (Brown et al., 1999; Jones et al., 1997; Ye et al.,
1993). Furthermore inhibition of PKC activity have been
shown to prevent or reduce cellular injury in response to a
number of challenges (Brown et al., 1999; Shaposhnikova et
al., 1994). However, in contrast to these findings, PKC
activation has also been associated with a reduction in
lymphocyte damage and to prevent radiation-induced apop-
tosis in vitro (McConkey et al., 1992; Tomei et al., 1988).
Furthermore, inhibition of PKC has been shown to induce cell
death in human myeloid leukemic cells and down-regulation of
PKC was found to suppress the induction of apoptosis in
human prostatic carcinoma cells (Freemerman et al., 1996;
Rusnak & Lazo, 1996). It is conceivable that the conflicting
observations regarding the apparent role of protein kinase C in
the regulation of cellular integrity may reflect cell type-specific
responses to triggering agents (Jarvis et al., 1994; Lucas &
Sanchez-Margalet, 1995).

The presence of multiple PKC isozymes have previously
been demonstrated in the colonic epithelium of the rat (Jiang et
al., 1995). In other cell types including hepatocytes and
promyeloid cells, cell injury was associated with differential
expression of some isozymes of PKC (Jones et al., 1994;
Pongracz et al., 1996). In the present study, while the proteins
of a number of PKC isoforms were detected by immunoblot-
ting, only PKC-¢ was increased in response to addition of
SNAP to the incubation medium. Nishio & Watanabe (1997)
have similarly observed a selective increase in PKC-¢ in smooth
muscle cells in response to challenge with SNAP and PKC-¢
activation has been shown to be selectively mediated by NO in
heart tissue (Ping et al., 1999). Furthermore, we have
demonstrated that the addition of the NO donor resulted in
the translocation of the enzyme from cytosol to membrane.
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Figure 8 The effect of the peroxyl scavenger ebselen (0.01—10 um)
on the extent of (A) cell damage as assessed by Trypan blue dye
uptake and (B) cellular PKC activity in response to addition of
SNAP (1 mM) to the incubation medium. Values represent the
means +s.e.mean of six independent experiments. *Indicate signifi-
cant increases in response to SNAP in comparison to untreated cells.
+ Indicates significant decreases from the response to SNAP alone
as determined by Duncan’s multiple range test.

Activation of PKC is associated with its translocation from the
cell soluble to the particulate fraction. Activation of a
particular PKC isozyme can be assayed by determining its
relative distribution between cell fractions by Western blot

References

BECKMAN, J.S., BECKMAN, T.W., CHEN, J., MARSHALL, P.A. &
FREEMAN, B.A. (1990). Apparent hydroxyl radical production
by peroxynitrite: Implications for endothelial injury from nitric
oxide and superoxide. Proc. Natl. Acad. Sci. U.S.A., 87, 1620—
1674.

BRAWN, M K., CHIOU, W.J. & LEACH, K.L. (1995). Oxidant-induced
activation of protein kinase C in UC11MG cells. Free Rad. Res.,
22, 23-37.

BROWN, J.F., WAKULICH, C.A., SOPER, B.D. & TEPPERMAN, B.L.
(1999). The effect of protein kinase C activation on colonic
epithelial cellular injury. Gastroenterology, 116, A674.

BUTLER, R.N., LAWSON, N.H., GOLAND, G.J., JARRETT, 1L.G. &
ROBERTS-THOMASON, I.C. (1988). Proliferative activity in the
proximal and distal colon of the rat after fasting and refeeding.
Immunol. Cell. Biol., 66, 193 —198.

FREEMERMAN, A.J., TURNER, A.J., FIRRER, M.., SZABO, E.,
VALERIE, K. & GRANT, S. (1996). Role of c-jun in human
myeloid leukemia cell apoptosis induced by pharmacological
inhibitors of protein kinase C. Mol. Pharmacol., 49, 788 —795.

analysis. Therefore, the results of the present study suggest that
addition of NO to isolated colonic epithelial cells caused the
activation of protein kinase C-¢ and that the increase in
cytotoxic reaction is linked to the increase in this isoform of
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may be involved in the regulation of colonic cellular integrity,
these were not observed under the conditions of the present
study.

The mechanism of NO-induced cell damage is thought to
result from direct cytoxicity of the NO radical. Furthermore, it
has been shown that interaction between NO and the
superoxide anion can lead to the formation of the highly
cytotoxic peroxynitrite radical with subsequent liberation of
the hydroxyl radical (Beckman et al., 1990). Oxidants such as
peroxynitrite have been shown to increase PKC activity in
epidermal cells, endothelial cells, ventricular myocytes and
astrocytes (Brawn er al., 1995; Larsson & Cerutti, 1989;
Siflinger-Birnboim ez al., 1992; Ward & Moffat, 1995). We
have investigated the extent of oxidant formation via
peroxynitrite production on PKC-mediated cell injury by the
use of the peroxyl scavenger, ebselen. In the present study,
ebselen reduced both the extent of cell injury and PKC activity.
Assuming a selective action of ebselen as a peroxyl scavenger,
these results suggest that peroxynitrite formation, at least in
part, is responsible for the effect of SNAP on the parameters
examined in this study. This confirms previous studies in which
NO-mediated formation of reactive oxidants produce their
biological actions via changes in PKC activity (Sheehy et al.,
1998).

In conclusion, the present study has demonstrated that NO-
induced damage to colonic mucosal cells is mediated via an
increase in cellular PKC activity and that the primary isoform
involved is PKC-¢. Furthermore, the activation of PKC
appears to be mediated, to some extent, by peroxynitrite
formation.
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