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ABSTRACT—Recent experimental studies have described protective effect of ischemic preconditioning (IPC) on isch-
emia–reperfusion (I/R) injury of the intestine. We hypothesize that to reach a new point of view on the effect of IPC in
intestinal barrier function, the relationship between I/R-induced mucosal injury and apoptosis must first be clarified. The
present study was undertaken to investigate the role of IPC on intestinal apoptosis and probable contributions of bcl-2
expression to this process. We also investigated the effect of intestinal IPC on ileal malondyaldihyde levels. Forty-four
male Wistar rats were randomized into four groups each consisting of 11 rats: sham-operated control, I/R group (30 min
of superior mesenteric artery occlusion), IPC-I/R group (10 min of temporary artery occlusion prior before an ischemic
insult of 30 min), and IPC alone group (10 min of preconditioning). Twenty-four hours later, ileum samples were obtained.
Ileal malondyaldihyde levels were increased in the I/R group (31.9 ± 18.8 vs. 106.8 ± 39.8) but not in the IPC alone and
IPC-I/R groups (38.1 ± 13.6 and 44.7 ± 12.7; P < 0.01). The number of apoptotic cells was significantly lower in IPC-I/R
group than that of I/R group, and these findings were further supported by DNA laddering and M30 findings. Diminished
bcl-2 expression observed in the ileal specimens of I/R group was prevented by IPC. Our results indicate that IPC may
provide a protective effect on ileal epithelium and that this effect is probably the result of a significant increase in the
expression of bcl-2 after the insult. The reversal of apoptosis by IPC might help preserving the vitality of intestinal
structures that have a critical function, cessation of which often leads to multiorgan dysfunction syndrome.
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INTRODUCTION

Organ dysfunction is the principal determinant of outcome
in critical illness states. Although apoptosis is known to be a
homeostatically regulated process that normally occurs in
healthy organisms, the role of apoptosis in multiorgan dysfunc-
tion syndrome (MODS) has been described but is a relatively
new concept (1). The pathophysiological conditions related to
the onset of MODS, such as ischemia–reperfusion (I/R) and/or
septic states, have been demonstrated to effect the rates of
apoptosis in parenchymal cells (1, 2). Intestinal epithelial apo-
ptosis appears to be the key phenomenon in gut barrier func-
tion, and it may trigger a vicious cycle from bacterial translo-
cation to MODS (1–4).

Reactive oxygen species (ROS) and reactive nitrogen
species have been recognized as common mediators or modu-
lators in not only I/R-induced injury but also in apoptosis (1).
Antioxidants can offer protection against ROS-mediated
injury, as shown in various cell types (5, 6). Bcl-2, which is a
constitutive protein that functions as an antioxidant, prevents
apoptotic cell death from a wide array of noxious stimuli,
including hypoxia, ionizing irradiation, and calcium iono-
spheres (7, 8).

Because of the original observation that repeated brief
episodes of I/R could trigger potent protective responses, ische-
mic preconditioning (IPC) has become a major focus of stud-

ies in myocardial and intestinal protection from I/R injury
(9–11). In studies associated with myocardium, down-
regulation of bcl-2 and upregulation of apoptosis reported
during I/R-induced injury in addition to the role of IPC in
reducing apoptosis by upregulating the antideath gene bcl-2
were previously demonstrated (12, 13). In concordance with
these results, in a recent study from our laboratory, we demon-
strated that IPC prevented intestinal mucosal integrity and
bacterial translocation associated with I/R (14). However, there
is little knowledge about the effect of IPC on intestinal apo-
ptosis in I/R phenomena. We hypothesized that IPC prevented
the expected injury with the same duration of I/R and that lipid
peroxidation and ileal epithelial apoptosis were the responsible
mechanisms in resultant injury. The present study was there-
fore designed to investigate the relation between IPC, and bcl-2
expression, DNA laddering, and apoptosis in the intestine.
Furthermore, the effect of intestinal IPC on ileal malondyaldi-
hyde (MDA) levels was also investigated.

MATERIALS AND METHODS

The experiments described in this manuscript were performed in adherence to
the National Institutes of Health Guidelines on the Care and Use of Laboratory
Animals, and approval of the Ethic Committee of Mersin University School of
Medicine was obtained before the study was undertaken. Fourty-four male Wistar
rats (250–300 g) were used in the present study, and as a standard protocol, all the
rats were housed in a quiet nonstressful environment for 1 week before study.
However, to eliminate cyclic estrogen interference that might be expected in a
female rat, only male animals were used.

Experimental protocol
After fasting overnight, all animals were anesthetized with intramuscular keta-

mine 80 mg kg−1 and xylazine 7 mg kg−1 and were placed in supine position on a
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heating pad for maintenance of body temperature between 36 and 37°C. They were
randomly divided into four groups. In the first group, which served as sham-
operated control (C, n � 11), rats were subjected only to laparotomy. In the second
group, which served as I/R group (I/R, n � 11), laparotomy was performed, and the
superior mesenteric artery was occluded by an atraumatic microvascular clamp for
30 min followed by a reperfusion period of 24 h. In the third group, which served
as IPC-I/R (IPC-I/R, n � 11), rats were subjected to IPC with 10 min of ischemia
and 10 min of reperfusion immediately before the ischemic insult of 30 min followed
by a reperfusion period of 24 h (14, 15). In the fourth group, rats were subjected to 10
min of ischemia followed by a reperfusion period of 24 h; this group was the IPC-alone
group (n � 11). Abdomen was closed with 3/0 silk suture in all of the rats.

Twenty-four hours later, rats were reanesthetized with intramuscular ketamine of
80 mg kg−1 and xylazine 7 mg kg−1 at the time of sacrifice. Because the ileum was
found to be more sensitive to I/R injury than the proximal segments (16), for the
evaluation of I/R-induced intestinal apoptosis, three samples of 2.5 cm in length
each were collected from ileal part of the small intestine for biochemical, histo-
pathological, and immunohistochemical assessment.

Thiobarbituric acid assay for intestinal MDA concentrations—One of the
segments of ileum was removed and homogenized with cold 1.15% KCl to make a
10% homogenate at the end of experiment. An assay for tissue MDA concentration
as an index of lipid peroxidation was performed according to the method of Yagi
(17). Values expressed as nmol per gram wet tissue weight.

Evaluation of apoptosis by light microscopy, immunohistochemically, and DNA
agarose gel electrophoresis—In this study, three independent methods were used to
detect apoptosis: 1) conventional light microscopy, 2) immunohistochemical stain-
ing for cytokeratin 18, and 3) DNA agarose gel electrophoresis.

Conventional light microscopy—In conventional light microscopy, one of the
samples of ileum was fixed in 10% formaldehyde. The tissues had been dehydrated
and embedded in paraffin. Sections were cut in a microtome and adhered to glass
slides with polylysine. Hematoxylin and eosin-stained specimens were examined by
the author (L.C.) blinded to sample identity that identified apoptosis based on
characteristic cellular morphologic changes, including cell shrinkage with
compacted/condensed nuclei (pyknosis) and/or nuclear fragmentation (karyor-
rhexis). Apoptotic cells in the crypt epithelium were counted in 10 random fields
with a magnification of ×200, and the average number of these cells were calculated.

Immunohistochemical staining for cytokeratin 18—In immunohistochemical
staining for cytokeratin 18, a neo-epitope in cytokeratin 18 (CK18) becomes avail-
able at an early caspase cleavage event during apoptosis and is not detectable in vital
epithelial cell and necrotic cells (18). Immunohistochemistry for M30 CytoDeath
(monoclonal antibody, dilution 1:50, Roche, Mannheim, Germany) was performed
using a combination streptavidin–biotin–peroxidase method and microwave antigen
retrieval on formalin-fixed, paraffin-embedded tissues according to the manufac-
turers’ protocols. Omitting the primary antibody was considered the negative
control. The positive control was infiltrative ductal carcinoma of the breast for M30.
The slides were evaluated in a blinded fashion by the author (L.C.), and the posi-
tively stained cells were counted with the same technique as mentioned above used
for the hematoxylin and eosin-stained specimens.

DNA agarose gel electrophoresis—In DNA agarose gel electrophoresis, one of
the segments of ileum was weighted, and 10 mg of tissue samples was separated.
The tissues were then incubated with an equal volume of binding/lysis buffer. After
incubation, the lysed samples were poured into a filter tube containing glass fiber
fleece. The DNA was separated from unbound lysate components by using centrifu-
gation. The abound DNA samples were washed twice. The purified DNA samples
were eluted from the filter tube and collected by centrifugation. The eluted DNA
samples were mixed with gel loading buffer. The samples were applied to a 1%
agarose gel that contained ethidium bromide. The gel were run in TBE (Tris-borate
EDTA) buffer at 75 V for 90 min at room temperature. The gel was then placed on
a UV light box to visualize the DNA ladder pattern (Apoptotic DNA ladder kit, Cat.
no 1 835 246, Roche Diagnostics, Mannheim, Germany).

Immunohistochemical analysis for bcl-2—Immunohistochemistry for bcl-2
(mouse antihuman monoclonal antibody; dilution 1:50; LabVision Corporation,
Fremont, CA) was performed using a combination streptavidin–biotin–peroxidase
method and microwave antigen retrieval on formalin-fixed, paraffin-embedded
tissues according to the manufacturers’ protocols. For the negative control, the
primary antibody was omitted. Tonsil was used as positive control for bcl-2 staining.
Sections were examined by the author (L.C.) blinded as to the sample identity. Immu-
nohistochemical evaluation was performed only in the epithelial component. The posi-
tive cells were counted in 100 adjacent epithelial cells and repeated in three high-power
fields, and the total number of positive cells was expressed as a percentage of 300.

Statistical analysis
Biochemical values are given as mean ± SD values. One-way ANOVA followed

by Student–Newman–Keuls test was used to evaluate the statistical significance of
the differences of ileal MDA values. Hematoxylin and eosin- and M30-stained
apoptotic cell counts and bcl-2-stained cells counts were analyzed using paired
samples t test. P values less than 0.05 were considered significant.

RESULTS

All animals survived the experimental protocol. Ileal MDA
levels were significantly increased in I/R group when
compared with sham-operated control and IPC alone groups
(106.8 ± 39.8 vs. 31.9 ± 18.8 and 38.1 ± 13.6; P < 0.01), whereas
IPC prevented the expected increase in ileal MDA levels (44.7 ±
12.7). Lipid peroxidation assay results are shown in Figure 1.

Although conventional light microscopy with hematoxylin
and eosin-stained specimens is one of the least sensitive meth-
ods for detection of apoptosis, it is highly specific if charac-
teristic morphologic changes are observed (4). Morphological
evaluation of hematoxylin-stained sections from I/R group
showed extensive apoptosis (P � 0.011); however, in the IPC-
I/R group. the number of apoptotic cells was reduced signifi-
cantly (P � 0.041; Fig. 2A and B). However, the immunohis-
tochemical examination with M30 demonstrated that the
number of apoptotic cells in sham-operated control, IPC-alone,
and IPC-I/R groups were significantly lower than the I/R group
(P � 0.007, P � 0.019, and P � 0.020, respectively). No signifi-
cant statistical difference between sham-operated control, IPC-
alone, and IPC-I/R groups was observed (Fig. 3A and B).

DNA agarose gel electrophoresis is highly specific for the
apoptosis (19). DNA agarose gel electrophoresis was
performed on 33 ileal specimens. In the sham-operated control
group, no specimen had DNA laddering. In the I/R group, six
of 11 specimens were found positive for DNA laddering,
whereas in the IPC-I/R and IPC alone groups, the ratio of
positive specimens decreased to 2:11 and 1:11, respectively, in
DNA agarose gel electrophoresis (Fig. 4).

Bcl-2-stained cell counts of villus epithelium for all four
groups are given in Figure 5. Bcl-2-stained cell counts in the
sham-operated control group were significantly lower in the
I/R group (P � 0.010). Bcl-2 staining in the IPC-alone and
IPC-I/R groups remained at similar levels as in sham-operated
control but were significantly different from I/R group (P �
0.019 and P � 0.033, respectively; Fig. 6 A–D).

DISCUSSION

To reach a new point of view on the effect of IPC in intes-
tinal barrier function, the relationship between I/R-induced
mucosal injury and apoptosis must be clarified. We herein
demonstrated that intestinal IPC reduces I/R-induced DNA

FIG. 1. Tissue MDA levels. Data expressed as mean ±SD nmol/g tissue.
*P < 0.01.
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laddering and apoptosis in ileum by a mechanism that might be
initiated by prevention of lipid peroxidation as shown by the
marked suppression of increased MDA levels. We also demon-
strated that intestinal IPC upregulates bcl-2 expression in the
rat small intestine.

ROS and/or reactive nitrogen species can cause significant
cell death by apoptosis that increases dramatically in the intes-
tinal mucosa after I/R, as shown in rats (2, 20). Additionally,
oxidative stress in intestinal preconditioning is reduced as a
consequence of the diminished conversion of xanthine dehy-
drogenase to xanthine oxidase (15). Similar to the effect of
oxidant–antioxidant equilibrium, the equilibrium variations
between apoptotic and anti-apoptotic genes also play a role in
the I/R injury. Coopersmith et al. (21) reported that forced
expression of bcl-2 suppresses I/R-induced apoptosis in intes-
tinal epithelium. Furthermore, the prolonged survival in septic
mice with overexpression of an antioxidant Bcl-2 gene high-
lights the interaction between apoptotic and anti-apoptotic
genes in apoptosis (22, 23). In this study, although IPC
increased bcl-2 expression in the intestinal epithelium and
prevented lipid peroxidation, it also caused a reduction in DNA

laddering and apoptosis triggered by I/R. Although the support
function of IPC for the antioxidant system by upregulation of
antioxidant enzymes and upregulation of bcl-2 has been shown
in cardiac tissues (13), the prevention of DNA laddering and
increase of bcl-2 expression in intestinal epithelium by IPC is
a totally new finding.

Oxido-inflammatory cascade-induced ileal injury is charac-
terized by enhanced lipid peroxidation and morphological
injury in ileal mucosa (24–26). The prevention of lipid peroxi-
dation and thus preservation of intestinal mucosa with IPC are
confirmed in this study as demonstrated by the prevention of
increase in MDA values. Vieira et al. (27) have also shown that
apoptosis by lipid peroxidation products, such as 4-hy-
droxynonenal, can also be inhibited by bcl-2, which may be
considered as a supporting finding for our results. However,
the documented capability of IPC to inhibit postischemic P-se-
lectin and NF�B expression in the intestine may be the very
initial step of the polymorphonuclear neutrophil adhesion, ROS
production, and finally lipid peroxidation cascade, which leads to
intestinal injury (28, 29). We believe that our data related to the
lipid peroxidation along with DNA laddering may be an impor-
tant protective factor against apoptotic intestinal injury.

FIG. 2. (A) Photomicrograph of hematoxylin and eosin-stained
sections of the small intestine showing a representative apoptotic cell
(arrow) ×400 and (B) hematoxylin and eosin-stained apoptotic cell
counts in all groups. I/R resulted in increased number of apoptotic cells
compared with sham-operated control and IPC alone group. IPC-I/R reduced
the number of apoptotic cells.

FIG. 3. (A) Photomicrograph of immunohistochemically stained with
M30 sections showing a representative apoptotic cell (arrow) ×400 and
(B) M30-stained apoptotic cell counts in all groups. I/R resulted in
increased number of apoptotic cells compared with sham-operated control
and IPC alone group. IPC-I/R reduced the number of apoptotic cells.

590 SHOCK VOL. 19, NO. 6 CINEL ET AL.



Tissue protective effect of IPC is partly related to its ability
to inhibit apoptosis, which is also important for functional
recovery of the preconditioned organ. Brocheriou et al. (30)
found that improved cardiac function has been correlated with
a reduction of cardiomyocyte apoptosis. Because apoptotic
cells retain their membrane integrity, they are excluded during

FIG. 4. Apoptotic DNA ladder assay. A representative ethidium
bromide-stained 2% agarose gel containing DNA ladder assayed with apop-
totic DNA Ladder Kit is shown. The samples were loaded in the following
manner: marker (lane 1), positive control from the kit (lane 2), control
samples (lanes 3, 4), I/R sample (lane 5), and IPC-I/R sample (lane 6). The
lane 1 shows a 100-bp DNA size marker.

FIG. 5. Bcl-2-stained cell counts in all groups. I/R resulted in
decreased number of bcl-2-stained cells compared with sham-operated
control and IPC alone group. IPC-I/R prevented the bcl-2 staining.

FIG. 6. Photomicrographs of immunohistochemical staining of bcl-2 in ileal villus epithelium ×200. (A) Strong staining for bcl-2 in sham-operated
control group, (B) Weak staining for bcl-2 and massive epithelial denudation in I/R group, (C) In IPC+I/R group bcl-2 also strongly stained, and (D) IPC alone
group showing bcl-2 staining similar to the sham-operated control group.
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the routine histopathologic diagnosis of ischemic necrosis.
This leads to underestimation of tissue injury unless apoptosis
is evaluated by specific methods. The functional importance of
apoptosis in the small intestine is an associated increase in
bacterial translocation, which may trigger the vicious circle
leading to MODS (3). In this study, prevention of intestinal
apoptosis is in parallel direction with our previous data demon-
strating the prevention of ileal morphology and bacterial trans-
location by the IPC (14).

There is increasing evidence of anesthetic agent-induced
detrimental effects on I/R. The role of ketamine, which we
used as an anesthetic agent, was previously investigated in few
I/R and IPC studies. Ketamine was found to block KATP chan-
nels, and this influence was found to be most likely enantiomer
specific (31). Other anesthetics, such as thiopental and
midazolam, in addition to ketamine, were also shown to reduce
postischemic adhesion of neutrophils (32). Nevertheless, keta-
mine may seem as a poor choice of anesthetic in an I/R setting
because it has been shown to stimulate the release of endog-
enous catecholamines, further inducing ischemia of the intes-
tine. Because ketamine was the common denominator for all
groups in our study, we were satisfied with the analysis of other
parameters. Liu et al. (33) only recently have shown that keta-
mine/xylazine combination when compared with isoflurane anes-
thesia did not have any depressant or stimulating effect on gut
I/R-induced changes, and Piriou et al. (34) have pointed the
pharmacological preconditioning by halogenated anesthetics.

Our results indicate that IPC may provide a protective effect
on ileal epithelium and that this effect is probably the result of
a significant increase in the expression of bcl-2 after the insult.
The reversal of apoptosis by IPC might help preserving the
vitality of intestinal structures that have a critical function,
cessation of which often leads to multiorgan dysfunction
syndrome. In the future, the use of agents causing bcl-2
upregulation against spontaneous I/R attacks as a preservative
measure in critically ill patients could be seriously considered.

ACKNOWLEDGMENT
The authors thank Handan Camdeviren, PhD, for statistical analysis.

REFERENCES
1. Papathanassoglou ED, Moynihan J, Ackerman MH: Does programmed cell

death (apoptosis) play a role in the development of multiple organ dysfunction
in critically ill patients? A review and a theoretical framework. Crit Care Med
28:537–549, 2000.

2. Noda T, Iwakiri R, Fujimoto K, Matsuo S, Aw TY: Programmed cell death
induced by I/R in rat intestinal mucosa. Am J Physiol 274:270–276, 1998.

3. Nadler EP, Ford HR: Regulation bacterial translocation by nitric oxide. Pediatr
Surg Int 16:165–168, 2000.

4. Hotchkiss RS, Schmieg RE, Swanson PE, Freeman BD, Tinsley KW, Cobb JP,
Karl IE, Buchman TG: Rapid onset of intestinal epithelial and lymphocyte
apoptotic cell death in patients with trauma and shock. Crit Care Med 28:3207–
3217, 2000.

5. Buttke JM, Sandrtrom PA: Oxidative stress as a mediator of apoptosis. Immunol
Today 15:7–10, 1994.

6. Kamata H, Hirata H: Redox regulation of cellular signaling. Cell Signal 11:1–
14, 1999.

7. Hockenbery DM, Oltvai ZN, Yin XM, Milliman CL, Korsmeyer SJ: Bcl-2 func-
tions in an antioxidant pathway to prevent apoptosis. Cell 75:241–251, 1993.

8. Zong LT, Sarafian T, Kane DJ, Charles AC, Mah SP, Edwards RH, Bredesen
DE: Bcl-2 inhibits death of central neural cells induced by multiple agents. Proc
Natl Acad Sci USA 90:4533–4537, 1993.

9. Murray CE, Jennings RB, Reimer KA: Preconditioning with ischemia: a delay
of lethal cell injury in ischemic myocardium. Circulation 74:1124–1136, 1996.

10. McCallion K, Wattanasirichaigoon S, Gardiner KR, Fink MP: Ischemic precon-
ditioning ameliorates ischemia- and reperfusion-induced hyperpermeability in
rats. Shock 14:429–434, 2000.

11. Cinel I, Oral U: Nitric oxide synthase, poly (ADP-ribose) synthetase and ische-
mic preconditioning. Crit Care Med 30:2167–2168, 2002.

12. Maulik N, Yoshida T, Engelman RM, Rousou JA, Flack JE, Deaton D, Das DK:
Oxidative stress developed during reperfusion of ischemic myocardium down-
regulates Bcl-2 gene and induces apoptosis and DNA laddering. Surg Forum
48:245–249, 1997.

13. Maulik N, Engelman RM, Rousou JA, Flack JE, Deaton D, Das DK: Ischemic
preconditioning reduces apoptosis by upregulating anti-death gene Bcl-2.
Circulation 100(Suppl II):11-369–11-375, 1999.

14. Aksöyek S, Cinel I, Avlan D, Cinel L, Oztürk C, Polat G, Nayci A, Oral U:
Intestinal ischemic preconditioning protects the intestine and reduces bacterial
translocation. Shock 18:476–480, 2002.

15. Sola A, Hotter G, Prats N, Xaus C, Gelpi E, Rosello-Catafau J: Modification of
oxidative stress in response to intestinal preconditioning. Transplantation
69:767–772, 2000.

16. Walkinshaw M, Downey D, Gottlieb JR, Engrav LH: Ischemic injury to enteric
free flaps: an experimental study in the dog. Plast Reconstr Surg 81:939–944, 1988.

17. Yagi K: Simple procedure for specific enzyme of lipid hydroperoxides in serum
or plasma. Methods Mol Biol 108:107–110, 1998.

18. Leers MP, Kolgen W, Bjorklund V, Bergman T, Tribbick G, Persson B, Bjork-
lund P, Ramaekers FC, Bjorklund B, Nap M, Jornvall H, Schutte B: Immuno-
cytochemical detection and mapping of a cytokeratin 18 neo-epitope exposed
during early apoptosis. J Pathol 187:567–572, 1999.

19. Bortner CD, Oldenburg NB, Cidlowski JA: The role of DNA fragmentation in
apoptosis. Trends Cell Biol 5:21–26, 1995.

20. Fukuyama K, Iwakiri R, Noda T, Kojima M, Utsumi H, Tsunada S, Sakata H,
Ootani A, Fujimoto K: Apoptosis induced by ischemia-reperfusion and fasting
in gastric mucosa compared to small intestinal mucosa in rats. Dig Dis Sci
46:545–549, 2001.

21. Coopersmith CM, O’Donnell D, Gordon JI: Bcl-2 inhibits I/R induced apoptosis in
the intestinal epithelium of transgenic mice. Am J Physiol 276:677–686, 1999.

22. Hotchkiss RS, Swanson HE, Knudson CM, Chang KC, Cobb JP, Osborne DF,
Zollner KM, Buchman TG, Korsmeyer SJ, Karl IE: Overexpression of Bcl-2 in
trangenic mice decreases apoptosis and improves survival in sepsis. J Immunol
162:4148–4156, 1999.

23. Coopersmith CM, Chang KC, Swanson PE, Tinsley KW, Stromberg PE, Buch-
man TG, Karl IE, Hotchkiss RS: Overexpression of Bcl-2 in the intestinal
epithelium improves survival in septic mice. Crit Care Med 30:195–201, 2002.

24. Ford HR, Watkins SC, Reblock KK, Rowe MI: The role of inflammatory
cytokines and nitric oxide in the pathogenesis of necrotizing enterocolitis.
J Pediatr Surg 32:275–282, 1992.

25. Koksoy A, Koksoy C, Kuzu A, Demirpence E, Cinel I, Kesenci M, Yavuzer S:
Intestinal ischemia-reperfusion leads to platelet dysfunction. Thromb Res
94:395–400, 1999.

26. Cuzzocrea S, Chatterjee PK, Mazzon E, Dugo L, De Sarro A, Van de Loo FA,
Caputi AP, Thiemermann C: Role of induced nitric oxide in the initiation of the
inflammatory response after postischemic injury. Shock 18:169–176, 2002.

27. Vieira HL, Belzacq AS, Haouzi D, Bernassola F, Cohen I, Jacotot E, Ferri KF,
El Hamel C, Bartle LM, Melino G, Brenner C, Goldmacher V, Kroemer G: The
adenine nucleotide translocator: a target of nitric oxide, peroxynitrite, and 4-hy-
droxynonenal. Oncogene 20:4305–4316, 2001.

28. Davis JM, Gute DC, Jones S, Krsmanovic A, Korthuis RJ: Ischemic precon-
ditioning prevents postischemic P-selectin expression in the rat small intestine.
Am J Physiol 277:H2476–H2481, 1999.

29. Maulik N, Goswami S, Galang N, Das DK: Differential regulation of Bcl-2,
AP-1, and NF�B on cardiomyocyte apoptosis during myocardial ischemic
stress response. FEBS Lett 443:331–336, 1999.

30. Brocheriou V, Hagege AA, Oubenaissa A, Lambert M, Mallet VO, Duriez M,
Wassef M, Kahn A, Menasche P, Gilgenkrantz H: Cardiac functional improve-
ment by a human Bcl-2 transgene in a mouse model of ischemia/reperfusion
injury. J Gene Med 2:326–333, 2000.

31. Mullenheim J, Frassdorf J, Preckel B, Thamer V, Schlack W: Ketamine, but not
S(+)-ketamine, blocks ischemic preconditioning in rabbit hearts in vivo. Anes-
thesiology 94:630–636, 2001.

32. Szekely A, Heindl B, Zahler S, Conzen PF, Becker BF: Nonuniform behavior
of intravenous anesthetics on postischemic adhesion of neutrophils in the guinea
pig heart. Anesth Analg 90:1293–1300, 2000.

33. Liu TH, Robinson EK, Helmer KS, West SD, Castaneda AA, Chang L, Mercer
DW: Does upregulation of inducible nitric oxide synthase play a role in hepatic
injury? Shock 18:549–554, 2002.

34. Piriou V, Chiari P, Lhuillier F, Bastien O, Loufoua J, Raisky O, David JS,
Ovize M, Lehot JJ: Pharmacological preconditioning: comparison of desflu-
rane, sevoflurane, isoflurane and halothane in rabbit myocardium. Br J Anaesth
89:486–491, 2002.

592 SHOCK VOL. 19, NO. 6 CINEL ET AL.


