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Abstract

Background/Aims—The aim of this study was to determine which of the estrogen receptor (ER)
subtypes plays a predominant role in ameliorating hepatic damage following trauma-hemorrhage.

Methods—Adult male rats were subjected to hemorrhagic shock (40 mmHg for 90 min) and
resuscitation. ER-a agonist (PPT) or ER-f agonist (DPN) was administered during resuscitation; rats
were sacrificed 24 hrs thereafter.

Results—PPT or DPN decreased elevated plasma a-glutathione S-transferase levels; however, PPT
was more effective. PPT or DPN increased hepatic heat shock protein 32 (Hsp32) mRNA/protein
expressions above levels observed after trauma-hemorrhage. PPT reduced hepatic NF-xB and AP-1
activity and iNOS expression. Although DPN reduced hepatic NF-«B activity, AP-1 activity
remained higher than in shams; hepatic iINOS induction remained elevated. PPT/DPN reduced nitrate/
nitrite production and iNOS mRNA in Kupffer cells following trauma-hemorrhage; however, these
levels in DPN-treated animals remained higher than sham.

Conclusions—Although both PPT and DPN decreased hepatic injury following trauma-
hemorrhage, ER-o agonist PPT appears to be more effective in downregulating NF-kB and AP-1
activity, and iNOS induction. Thus, ER-a appears to play a predominant role in mediating the
salutatory effects of E2 in ameliorating hepatic damage following trauma-hemorrhage.
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INTRODUCTION

Trauma-hemorrhage impairs hepatic perfusion despite fluid resuscitation (1-4). Furthermore,
the hepatic dysfunction reflects the severity of injury and is associated with poor outcome after
traumatic injury or hemorrhagic shock (5). Several studies support the concept that
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maintenance of hepatic circulation following hemorrhagic shock is essential for preventing
hepatocellular dysfunction (6;7). Furthermore, nitric oxide (NO) plays a role in maintaining
hepatic circulation after hemorrhagic shock (3;8;9). Vodovotz et al., however, suggested that
inducible NO synthase (iNOS) can be either protective or damaging to the liver, they delineated
two distinct actions of NO: the stimulation of cyclic guanosine monophosphate and the
inhibition of caspases by S-nitrosation. In contrast, the iINOS promotes hepatocyte death
following hemorrhagic shock (10).

The heat shock response is induced during clinically relevant situations such as ischemia/
reperfusion and hemorrhagic shock. Heat shock proteins (Hsps) are implicated in protecting
cells and maintaining organ function during harmful conditions (11). Experimental studies
have demonstrated that Hsp32 contributes to maintenance of hepatic perfusion in vivo under
stressful conditions (12;13). Similarly Hsp70 has been shown to protect cells and organs from
harmful insults (14). In a previous study we found that preinduction of Hsp70 protects
cardiovascular and hepatocellular functions following trauma-hemorrhage (15).

Studies have shown gender dimorphism in hepatic response following hemorrhagic shock. The
mechanisms responsible for the gender dimorphic response include differences in pro-
inflammatory cytokine, reactive oxygen species, and vasoregulatory action (16;17). Our
previous studies have shown that administration of female sex steroid hormone, 17p-estradiol
(E2) (18;19), or androgen receptor antagonist, flutamide (20) protect hepatic function following
trauma-hemorrhage. Furthermore, recent studies have suggested that the salutary effects of E2
on organ function after trauma-hemorrhage are mediated in part via upregulation of Hsps
(18;18). There are two estrogen receptors (ERs), ER-a and ER-p, which are differentially
expressed in different tissues (21). A recent study reported that ER-a may be involved in the
reduction of liver ischemia and reperfusion injury in mice (22). Although E2 administration
ameliorates hepatic injury following trauma-hemorrhage, it remains unknown which subtype
of ER is predominantly responsible for the salutary effects of E2. Since studies have indicated
that that plasma a-GST is a more sensitive and specific marker of hepatocellular damage than
aminotransferase activity and it correlates better with histolopathological changes (23-25), we
measured plasma a-GST as an index of hepatocellular injury. In this regard, patient studies
have also advocated a-GST to be a superior maker of hepatocellular damage than the
aminotransferase or bilirubin concentrations (26). We therefore examined the effects of ER-
a.agonist, propyl pyrazole triol (PPT), and ER-J agonist, diarylpropiolnitrile (DPN), on hepatic
injury following trauma-hemorrhage. This was carried out by measuring hepatic nuclear factor-
kappaB (NF-xB) and activating protein 1 (AP-1) DNA binding activity, and mRNA/protein
expressions of Hsp32, Hsp70 and iNOS following trauma-hemorrhage. Moreover, NO has
been reported to play an important role in producing hepatic injury (27). Therefore, we also
examined the effect of PPT and DPN on NO production by isolated Kupffer cells following
trauma-hemorrhage.

MATERIALS AND METHODS

Animals

Male (275-325 g) Sprague-Dawley rats (Charles River Laboratories, Wilmington, MA) were
used. All experiments were performed in adherence to National Institutes of Guide for the Care
and Use of Laboratory Animals and approved by the University of Alabama at Birmingham
Institutional Animal Care and Use Committee. After fasted overnight, rats were anesthetized
by isoflurane (Attane, Minrad Inc., Bethlehem, PA) inhalation prior to induction of soft tissue
trauma via 5-cm midline laparotomy (28). The abdomen was closed in layers, and catheters
were placed in both femoral arteries and right femoral vein (polyethylene [PE-50] tubing;
Becton Dickinson & Co., Sparks, MD). The wounds were bathed with 1% lidocaine (Elkins-
Sinn Inc., Cherry Hill, NJ) throughout the surgical procedure to reduce postoperative pain. The
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rats were then placed into a Plexiglas chamber (21x9x5 cm) in a prone position and allowed
to awaken after which they were bled rapidly within 10 min to a mean arterial pressure (MAP)
of 35-40 mmHg. This level of hypotension was maintained until the animals could no longer
maintain a MAP of 35 mmHg unless some fluid in the form of Ringer’s lactate solution was
administered. This time was defined as maximal bleed-out (MBO). Following the MBO, MAP
was maintained between 35 and 40 mmHg until 40% of the MBO volume was returned in the
form of Ringer’s lactate solution (~90 min from the onset of bleeding). The rats were then
resuscitated with four times the volume of MBO with Ringer’s lactate over 60 min, catheters
were removed, vessels ligated and skin incisions closed with sutures. Sham-operated animals
underwent the same surgical procedure, but the animals were neither hemorrhaged nor
resuscitated. The animals were returned to their cages, allowed food and water ad libitum, and
were sacrificed 24 hrs thereafter.

In the treatment group, ER-o agonist, propyl pyrazole triol (PPT, 5 pg/kg subcutaneously;
Sigma, St Louis, MO), and ER-p agonist, diarylpropiolnitrile (DPN, 5 pg/kg subcutaneously,
Sigma) was administered at the end of resuscitation. In the vehicle-treated group (control
group), rats received the same volume of vehicle (250 pl; 10% DMSO, 90% corn oil; Sigma)
at the middle of resuscitation (29).

Measurement of hepatic injury

Twenty-four hrs after resuscitation, blood was obtained and plasma was separated by
centrifugation and stored at —80°C until assayed. Hepatic injury was determined by measuring
plasma levels of a-glutathione S-transferase (a«GST) using a commercially available kit
(Biotrin, Dublin, Ireland).

Western blot analysis

Western blots were performed to measure liver Hsp32, Hsp70 and iNOS protein levels (30).
Samples were analyzed using electrophoresis on precasted gels (Nupage, Bis-Tris; Invitrogen,
Carlshad, CA). Proteins from the gels were transferred to nitrocellulose membranes. The
membranes were incubated with anti-Hsp32, HspSP70 and iNOS antibody (Santa Cruz
Biotechnology, Inc., CA) overnight at 4° C followed by horseradish peroxidase-conjugated
secondary anti-rabbit antibody for 1 hr at room temperature. Membranes were reblotted with
B-actin using mouse monoclonal antibody (Abcam Inc., Cambridge, MA) to confirm equal
protein loading in each lane. Signal densities were evaluated by Chemilmager 5500 software
(Alpha Inotech, San Leandro, CA). Protein levels were quantified by densitometric evaluation
and were corrected to the corresponding B-actin densities.

Electrophoretic mobility shift assays (EMSA)

NF-kB and AP-1 DNA binding activities were determined in liver nuclear extractsf (30).
Oligonucleotide probes corresponding either to NF-xB or AP-1 consensus sequences (Santa
Cruz Biotechnology, Inc.) were labeled with y-32P-ATP (>6000 Ci/mmol, Amersham,
Piscataway, NJ). Nuclear extracts, >20,000 cpm of radiolabeled double-stranded target
oligonucleotide, poly(dI-dC), and incubation buffer (Promega, Madison, WI) were mixed and
incubated. After 30 min incubation on RT, each of the samples was loaded onto 6% DNA
retardation gel (Novex, Carlsbad, CA) and run at 10-15 mA for 90 min. Following
electrophoresis, band intensities were quantified using autoradiography. Signal densities were
evaluated by Chemilmager 5500 software (Alpha Inotech).

NO production by Kupffer cells

For Kupffer cell isolation (31), liver was perfused with 0.03% collagenase (Sigma, St. Louis,
MO), and cell suspension obtained was filtered through a sieve and centrifuged at 50 x g for
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3 min to separate parenchymal cells and non-parenchymal cells. Non-parenchymal cells were
centrifuged over 16% Histodenz (Sigma) for 45 min (2000 x g; 4° C).The cells appearing at
the interface were collected, washed with HBSS (450 x g, 10 min, 4° C) and resuspended in
William's E medium (GIBCO-BRL) supplemented with 10% heat-inactivated fetal bovine
serum (GIBCO-BRL). After assessing the cell viability by Trypan blue exclusion (average
viability >95%), the concentration was adjusted to 1x108 cells/mL in William's E medium and
1.0 mL of cell suspension was added per well to a 24-well culture dish. Plates were washed
with warm HBSS to remove non-adherent cells and 1.0 mL of William's E medium was added.
The adherent Kupffer cells were incubated with or without LPS (1 pg/mL) for 24 hrs. LPS was
used to stimulate macrophages. Cell-free supernatants were collected, cells removed and placed
in Trizol reagent (Invitrogen) for RNA isolation. NO production in Kupffer cell culture
supernatants was evaluated by measuring total nitrate/nitrite using a colorimetric assay kit
(Cayman Chemical, Ann Arbor, Ml).

MRNA expression in liver and Kupffer cells

Hsp32, Hsp70, and iNOS in liver, as well as iNOS in Kupffer cells were determined by real-
time PCR using ABI Prism 7900HT (Applied Biosystems, Foster City, CA) as previously
described (30). RNA was isolated from whole liver using TRIzol Reagent (Invitrogen)
according to the manufacturer's protocol. cDNA was generated from the total RNA samples
using TagMan Reverse Transcription Reagents (Applied Biosystems). TagMan Gene
Expression Assays (Applied Biosystems) for those target genes were purchased as probe and
primer sets. All samples were tested in triplicate, and average values were used for
quantification. 18S rRNA was used as endogenous control. The comparative CT method
(AACT, cycle threshold) was used for quantification of gene expression. Analysis was
performed using SDS v2.2 software (Applied Biosystems) according to the manufacturer’s
instructions.

Statistical analysis

Data are presented as mean + SEM. Statistical differences among groups were determined by
one way analysis of variance (ANOVA) followed by Fisher’s LSD as a post hoc test.
Differences were considered significant if p<0.05.

RESULTS

Plasma aGST levels

Trauma-hemorrhage significantly increased plasma aGST levels (Fig. 1); PPT treatment
attenuated the increase in plasma aGST but the levels remained higher than shams. DPN
treatment also significantly decreased trauma-hemorrhage-induced increase in plasma aGST
compared to vehicle-treated group.

Hepatic Hsps and iNOS mRNA/protein expression

Following trauma-hemorrhage, liver Hsp32 mRNA and protein expressions were increased
compared to shams. PPT and DPN administration further increased hepatic Hsp32 expressions
following trauma-hemorrhage. There was no significant difference in hepatic Hsp32 mRNA
and protein expressions between PPT- and DPN-treated trauma-hemorrhage animals (Fig. 2).
No significant difference was observed in hepatic Hsp70 mRNA and protein expressions in
sham and vehicle-treated trauma-hemorrhage groups. PPT and DPN administration following
trauma-hemorrhage significantly increased hepatic Hsp70 mRNA expression compared to
sham and vehicle-treated groups. However, Hsp70 protein expression was increased only in
the DPN-treated trauma-hemorrhage animals (Fig. 3). Trauma-hemorrhage induced a
significant elevation in hepatic INOS mRNA/protein levels; PPT treatment significantly
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attenuated the increase in hepatic iNOS mRNA/protein. However, the hepatic iNOS expression
in DPN-treated group remained at the same level as in vehicle-treated animals (Fig. 4).

Hepatic NF-kB and AP-1 DNA binding activities

Trauma-hemorrhage significantly increased NF-kB DNA binding activity (Fig 5, lanes 4-5)
compared to shams. PPT treatment significantly normalized the NF-xB DNA binding activity
to shams (lanes 6-7). DPN administration significantly reduced the increase in hepatic NF-
kB DNA binding activity compared to vehicle administration; however, the levels remained
higher than shams and PPT-treated rats (lanes 8-9). DNA binding activity was completely
abolished in the presence of specific oligonucleotide cold probe (lane 10). Trauma-hemorrhage
also produced a significant increase in AP-1 DNA binding activity (Fig 6) (lanes 4-5). PPT
administration following trauma-hemorrhage prevented the increase in AP-1 DNA binding
activity (lanes 6-7). However, DPN treatment further increased AP-1 DNA binding activity
compared to vehicle-treated animals (lanes 8-9).

Kupffer cells NO production

No significant alteration in nitrate/nitrite production was observed among experimental groups
without LPS stimulation. Trauma-hemorrhage significantly increased the levels of nitrate/
nitrite in the supernatants of Kupffer cells culture. PPT treatment prevented the increase in
Kupffer cells nitrate/nitrite production. DPN administration significantly reduced the increase
in nitrate/nitrite production compared to vehicle-treatment; however, these levels remained
higher than shams and PPT-treated rats (Fig. 7A). Kupffer cells iINOS mRNA expression
increased significantly following trauma-hemorrhage. Although both PPT and DPN treatment
significantly reduced the increase in iNOS mRNA expression, the levels remained significantly
higher in the DPN-treated animals than shams (Fig. 7B).

DISCUSSION

The present study showed that both PPT and DPN significantly improved hepatic injury
following trauma-hemorrhage; however, the salutary effects of ER-o agonist, PPT, are more
significant than those of ER-f agonist, DPN. Our findings suggest that as compared to ER-j,
ER-a agonist may predominantly downregulate pro-inflammatory cascade by reducing hepatic
NF-kB and AP-1 DNA binding activity following trauma-hemorrhage. Furthermore, the
elevated iNOS mRNA levels and NO production in Kupffer cells were reduced by both PPT
and DPN administration; however, these reductions are more effective in the PPT-treated group
than those in the DPN-treated group.

Several studies have supported the concept that maintenance of hepatic circulation following
hemorrhagic shock is essential for preventing hepatocellular dysfunction (4;6;30). Studies have
shown that Hsp32 contributes to maintenance of hepatic perfusion under stressful conditions
(12). Our findings suggest that the maintenance of liver function in proestrus females and in
males treated with E2 following trauma-hemorrhage is due in part to Hsp32 upregulation (2;
6). Furthermore, both ER-a- and ER-f are likely to play roles in estrogen-mediated Hsp32
upregulation following trauma-hemorrhage.

Hsp70 is shown to protect myocardial depression associated with ischemia-reperfusion or
sepsis (32). It has also been shown that either Hsp70 upregulation or iNOS downregulation
can limit tissue injury caused by ischemia/reperfusion or hemorrhage/resuscitation (14). We
have shown that preinduction of Hsp70 protects cardiovascular/hepatocellular functions
following trauma-hemorrhage (19). Furthermore, estrogen has been reported to upregulate
Hsp70 in the heart and endothelium (33;34). We found that E2 administration in males further
increased hepatic Hsp70 mRNA levels and prevented hepatic damage at 5 hrs after trauma-
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hemorrhage (18). In this study, we did not find any increase in Hsp70 mRNA/protein
expression at 24 hrs after trauma-hemorrhage. It is likely that the peak Hsp70 expression may
occur at a time point earlier than 24 hrs. Nonetheless, administration of ER-3 agonist, DPN,
following trauma-hemorrhage increased both Hsp70 mRNA/protein expression in liver. ER-
a agonist, PPT on the other hand was able to increase Hsp70 mRNA expression only. Further
studies are needed to clarify the precise mechanisms of ER-a and ER-f3 agonist-mediated
induction of Hsps following trauma-hemorrhage.

The iNOS is significantly upregulated after hemorrhagic shock in liver and is thought to be
one of the major contributors of hepatic injury following hemorrhagic shock or sepsis (30;
35-37). Our present study also corroborates that there is a positive correlation between hepatic
injury and iNOS expression. Estrogen is reported to modulate iINOS expression in various
tissues; however, the results of those studies are somewhat controversial. For instance, estrogen
attenuates NF-«kB activation and iNOS over-expression by transient cerebral ischemia (38) and
reduces NO production or iNOS expression induced by various conditions in macrophage
(39) and in smooth muscle cells (40). In contrast others have demonstrated that estrogen induces
iNOS expression or increases NO release in macrophages (41) and in the ovine coronary artery
(42). Thus the effects of E2 on NO and iNOS are tissue- or cell-specific. Baker et al.
demonstrated that estrogen modulates NO production from iNOS via interactions with ER-
in microglial cells (43). Furthermore ER- is reported to activate eNOS and iNOS transcription
in cardiac myocyte (44). The present study demonstrated that ER-o agonist downregulated
hepatic iINOS levels, especially NO production from Kupffer cells. A recent study also reported
tissue-specific action of PPT and DPN on neutrophil accumulation following trauma-
hemorrhage (45). Therefore, the regulation in iNOS induction and NO production by PPT and
DPN may also be tissue- or cell-specific. Furthermore, the protective effect afforded in female
mice after hepatic ischemia-reperfusion injury has been reported to be due to the activation of
hepatic eNOS activity (46). Thus, eNOS may also play a role in ER-a-mediated attenuation of
hepatic injury following trauma-hemorrhage. Additional studies are, however, needed to
clarify the role of eNOS following trauma-hemorrhage.

The production of proinflammatory mediators is regulated by NF-xB and AP-1 (36;47). The
activation of NF-«xB plays a pivotal role in the expression of proinflammatory mediators (48).
One recent study demonstrated cross-talk between ER and NF-«B activity at several levels
(49;50). AP-1 is also activated by hemorrhagic shock (30) via. ER activates transcription at
alternative elements such as AP-1 sites (51). Our present study demonstrated that while PPT
attenuated liver AP-1 activity, DPN, further increased hepatic AP-1 DNA binding activity
following trauma-hemorrhage. However, studies have reported that ER-a stimulates AP-1 in
various cancer cell transfected with ER-a.and ER-f (52). ER-0. and ER-p have different effects
on cellular AP-1 activity (53) and NF-kB activity (54), in some cases producing opposite effects
even within the same cell line (44). The responses of PPT and DPN on hepatic AP-1 activity
remains controversial and further studies are needed to resolve this controversy.

We have recently found that ER-a mRNA expression was highest in the liver, whereas ER-f3
MRNA expression was greatest in the lung (41). Other investigators have also shown tissue
specific ER expression (55). Thus, it is also likely that the predominant expression of ER-a in
the liver may contribute to the selective action of ER-a agonist and thereby to the different
regulation of the mechanism observed in response to PPT and DPN following trauma-
hemorrhage.

It could be argued that the present study utilized measurement at a single time point, i.e., at 24
hours after treatment and thus it remains unclear whether the salutary effects of E2 or PPT are
evident at time periods earlier than 24 hours or the salutary effects are sustained for periods of
time longer than 24 hours after treatment. However, our previous studies have shown that if
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the improvement in organ functions by any pharmacological agent is evident at 2, 5 or 24 hours
after treatment that those effects are sustained for prolonged intervals and also improve the
survival of animals (56). Thus, although a time point other than 24 hours was not examined in
this study, it would appear that the salutary effects of E2 or PPT on the measured parameters
in different organs would be evident even if one measured those effects at another time point
following trauma-hemorrhage.

In conclusion, since PPT and DPN improve hepatic injury following trauma-hemorrhage, both
ER-o and ER-B may be responsible for the E2-mediated reduction in hepatic injury. However
as compared to DPN, PPT appeared to be more effective in reducing hepatic injury as well as
in normalizing other parameters such as NF-xB/AP-1 DNA binding activity, iNOS induction
and nitrate/nitrite production. Nonetheless, additional studies utilizing ER-o. and ER-f3
knockouts are needed to further delineate the role of ER-a and ER-f in ameliorating liver
damage following trauma-hemorrhage.
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Figure 1.

Effect of PPT and DPN on plasma aGST levels at 24 hrs after trauma-hemorrhage (T-H). Data
are presented as mean + SEM (n = 6-7 animals/group). *p<0.05 vs. sham, tp<0.05 vs. T-H.
S; sham, T-H; trauma-hemorrhage, PPT; PPT-treated T-H, DPN; DPN-treated T-H.
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Figure 2.

Effects of PPT and DPN on hepatic Hsp32 mRNA and protein expression at 24 hrs after trauma-
hemorrhage (T-H). [A] hepatic Hsp32 mRNA expression, [B] hepatic Hsp32 protein
expression, [C] folds induction of hepatic Hsp32 protein expression compared to sham. Data
are presented as mean £ SEM (n = 3-5 animals/group). *p<0.05 vs. sham, 1p<0.05 vs. T-H,
S; sham, T-H; trauma-hemorrhage, PPT; PPT-treated T-H, DPN; DPN-treated T-H, RQ:
relative quantity.
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Figure 3.

Effects of PPT and DPN on hepatic Hsp70 mRNA and protein expression at 24 hrs after trauma-
hemorrhage (T-H). [A] hepatic Hsp70 mRNA expression, [B] hepatic Hsp70 protein
expression, [C] folds induction of hepatic Hsp70 protein expression compared to sham. Data
are presented as mean £ SEM (n = 3-5 animals/group). *p<0.05 vs. sham, S; sham, T-H;
trauma-hemorrhage, PPT; PPT-treated T-H, DPN; DPN-treated T-H, RQ: relative quantity.
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Figure 4.

Effects of PPT and DPN on hepatic mRNA and protein expression of iNOS at 24 hrs after
trauma-hemorrhage (T-H). [A] hepatic INOS mRNA expression, [B] hepatic iNOS protein
expression, [C] folds induction of hepatic iNOS protein expression compared to sham. Data
are presented as mean + SEM (n = 3-5 animals/group). *p<0.05 vs. sham, tp<0.05 vs. T-H,
S; sham, T-H; trauma-hemorrhage, PPT; PPT-treated T-H, DPN; DPN-treated T-H, RQ:
relative quantity.
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Figure 5.

Effects of PPT and DPN on hepatic NF-kB DNA binding activity at 24 hrs after sham operation
or trauma-hemorrhage (T-H). [A] NF-xB DNA binding activity, lane 1: negative (Neg. probe
only), lanes 2 and 3: S (sham), lanes 4 and 5: T-H, lanes 6 and 7: PPT-treated T-H (PPT), lanes
8 and 9: DPN-treated T-H (DPN), lane 10: competitive assay (C) using 100 times higher
concentration of excessive probe. [B] The index of NF-kB DNA binding activity. Data are
presented as mean £ SEM (n = 3-5 animals/group): *p<0.05 vs. sham, 1p<0.05 vs. T-H,
#p<0.05 vs. PPT, S; sham, T-H; trauma-hemorrhage, PPT; PPT-treated T-H, DPN; DPN-
treated T-H.
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Figure 6.

Effects of PPT and DPN on hepatic AP-1 DNA binding activity at 24 hrs after sham operation
or trauma-hemorrhage (T-H). [A] AP-1 DNA binding activity, lane 1: negative (Neg. probe
only), lanes 2 and 3: S (sham), lanes 4 and 5: T-H, lanes 6 and 7: PPT-treated T-H (PPT), lanes
8 and 9: DPN-treated T-H (DPN), lane 10: competitive assay (C) using 100 times higher
concentration of excessive probe. [B] The index of AP-1 DNA binding activity. Data are
presented as mean £ SEM (n = 3-5 animals/group): *p<0.05 vs. sham, 1p<0.05 vs. T-H. S;
sham, T-H; trauma-hemorrhage, PPT; PPT-treated T-H, DPN; DPN-treated T-H.
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Figure 7.

Effects of PPT and DPN on nitric oxide production from Kupffer cells at 24 hrs after sham
operation or trauma-hemorrhage (T-H). [A] Nitrate/nitrite production in the supernatant from
Kupffer cells. Kupffer cells were cultured without or with LPS (1 pg/mL) for 24 h. The white
and black bar graphs indicate without and with LPS stimulation, respectively. [B] iNOS gene
protein expression in the Kupffer cells. Data are presented as mean + SEM (n = 3-6 animals/
group). *p<0.05 vs. sham, tp<0.05 vs. T-H, #p<0.05 vs. PPT. S; sham, T-H; trauma-
hemorrhage, PPT; PPT-treated T-H, DPN; DPN-treated T-H, RQ: relative quantity.
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