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Abstract
We investigated the effect of tissue kallikrein infusion on cardiac protection at acute and sub-acute
phases after myocardial infarction (MI). Immediately after MI, rats were infused with purified tissue
kallikrein, with or without icatibant (a kinin B2 receptor antagonist). Intramyocardial injection of
kallikrein reduced myocardial infarct size and inhibited cardiomyocyte apoptosis at 1 day after MI
associated with increased nitric oxide levels, Akt and glycogen synthase kinase-3β phosphorylation
and decreased caspase-3 activation. Kallikrein infusion for 7 days improved cardiac function,
normalized left ventricular wall thickness and decreased monocyte/macrophage infiltration in the
infarct heart. Kallikrein treatment reduced NADH oxidase expression and activity, superoxide
formation and malondialdehyde levels, and reduced MAPK and Iκ-Bα phosphorylation, NF-κB
activation and MCP-1 and VCAM-1 expression. Kallikrein’s effects were all blocked by icatibant.
These results indicate that kallikrein through kinin B2 receptor activation prevents apoptosis,
inflammation and ventricular remodeling by increased nitric oxide formation and suppression of
oxidative stress-mediated signaling pathways.
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1. Introduction
Evidence from both animal and human studies suggests that oxidative stress may play an
important role during the inflammatory phase of MI [1,2]. The lack of oxygen supply during
ischemia disrupts the mitochondrial electron transport chain in cardiomyocytes, resulting in
the generation and accumulation of reactive oxygen species (ROS) and thus cell death [3]. In
addition, activated inflammatory cells infiltrate into cardiac muscle after MI and release ROS
via NADH/NADPH oxidase [4]. Moreover, reduced function of cardiac anti-oxidant enzymes
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(such as glutathione peroxidase, catalase, and superoxide dismutase isoforms) has been
observed in animal models with cardiac disease, thus causing an imbalance between anti-
oxidant and oxidative enzymes [5]. Increased oxidative stress in ischemic cardiovascular
diseases has been shown to play a key role in activating nuclear factor-κB (NF-κB) [6]. NF-
κB is a ubiquitous rapid response transcription factor that modulates the expression of various
cytokine and adhesion molecules. Activation of NF-κB up-regulates the expression of pro-
inflammatory genes, such as vascular cell adhesion molecule 1 (VCAM-1) and monocyte
chemoattractant protein 1 (MCP-1), that play pivotal roles in inflammation after ischemia [7,
8]. These findings suggest that intervention with exogenous anti-oxidants may attenuate
myocardial damage by inhibiting cardiomyocyte apoptosis and blunting the inflammatory
response.

All components of the tissue kallikrein-kinin system have been identified in the cardiovascular
system [9]. Tissue kallikrein is a serine proteinase that cleaves kininogen to release the
vasoactive kinin peptide. Intact kinins bind to the kinin B2 receptor and activate second
messengers such as nitric oxide (NO), cGMP, prostacyclin and cAMP, to produce a broad
spectrum of biological effects [10]. A study using kallikrein- or kinin B2 receptor-deficient
mice showed that both tissue kallikrein and the B2 receptor play an important role in
cardioprotection during ischemic injury [11]. Moreover, a recent report demonstrated that
expression of tissue kallikrein in transgenic mice reduces intramyocardial inflammation and
oxidative stress in experimental diabetic cardiomyopathy [12]. In the present study, we
examined the potential roles of tissue kallikrein/kinin in myocardial infarction injury by
infusion of purified tissue kallikrein into rats after permanent coronary artery ligation. The
objective was to investigate the protective role of tissue kallikrein in preventing cardiomyocyte
apoptosis, inflammation and oxidative stress after acute myocardial infarction.

2. Materials and methods
2.1. Animals and treatments

Wistar rats (male, 250 to 280 g body weight, Harlan) were subjected to ligation of the left
coronary artery as previously described [13]. This study complied with the Guides for the Care
and Use of Laboratory Animals (Institute of Laboratory Resources, National Academy of
Sciences).

Study 1—Animals were randomly divided into four groups (n=7 in each group). Rat tissue
kallikrein was purified as previously described [14]. In two control groups, rats were subjected
to either sham surgery or left anterior descending (LAD) coronary ligation followed by saline
infusion. In the third group, tissue kallikrein (TK, 25 μg in 150 μl saline) was injected at 7
different sites into the border area of the left ventricle, immediately after LAD ligation. The
fourth group received TK together with co-injection of the kinin B2 receptor antagonist
(icatibant, obtained from Hoechst Marion Roussel, 15 μg/rat). One day after coronary artery
ligation, hemodynamic parameters were analyzed, animals were euthanized, and heart tissues
were harvested for morphological and biochemical analyses.

Study 2—Animals were randomly divided into four groups (n=7 in each group). In two control
groups, rats were subjected to either sham surgery or LAD ligation followed by saline infusion.
The third group received TK infusion by subcutaneous implantion of osmotic minipumps
(ALZET) immediately after LAD ligation at an infusion rate of 1μg/hr. The fourth group
received TK together with co-administration of icatibant at an infusion rate of 2 μg/hr. At 7
days after LAD ligation, hemodynamic parameters were analyzed, animals were euthanized,
and heart tissues were harvested for morphological and biochemical analyses.
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2.2. Hemodynamic parameters
At the end of the experiment, rats were anesthetized and cardiac function was measured. The
common carotid artery was cannulated using a 2.5 French micromanometer (Millar Instrument)
by advancement into the left ventricle. Mean arterial pressure (MAP), heart rate (HR) cardiac
contractility (dP/dt maximum and dP/dt minimum), and left ventricle end diastolic pressure
(LVEDP) were analyzed with a model 7E polygraph (Grass Instrument).

2.3. Myocardial infarct size determination
To measure infarct size at 24 hours after myocardial infarction, the middle part of the heart (1
mm) was sectioned transversely and incubated with 1.5% 2,3,5-triphenyltetrazolium chloride
(TTC) (Sigma) for 5 minutes at 37°C. Infarct area, which approximately equals the area at risk
in this setting, was then determined. The infarct area was distinguished by TTC staining using
computer-assisted planimetry (NIH Image 1.57).

2.4. Histological analysis
For histological analyses, the left ventricle was cut into 3 transversal slices on basal, middle
and apex levels. After fixation with 4% paraformaldehyde, the cardiac tissues were dehydrated
and embedded. Four-micron (4 μm) sections were obtained for morphological analyses.
Sections were subjected to Masson’s trichrome staining or immunohistochemical analysis
using a staining kit (Universal Elite ABC, Vector) according to the manufacturer’s instructions.
Primary antibody against ED-1 (Chemicon, 1:200) was used for immunostaining of monocytes/
macrophages. The number of ED-1-positive cells was counted in a double-blind fashion from
20 different fields of each section (n=6 or 7) at 400 x magnification.

2.5. Western Blot Analysis
The infarct area was separated from the non-infarct region at 1-day after MI according to tissue
color change due to lack of oxygen supply in the myocardium. Cardiac tissue from infarct area
was homogenized and the cytosolic fraction was collected. Protein concentrations were
measured by Bio-Rad Protein Assay kit (Bio-Rad). Western blot analysis was performed using
cytosolic fractions to detect the total and phosphorylated forms of Akt, GSK-3β, p38MAPK,
JNK, ERK1/2, IκB-α (Cell Signaling), as well as caspase-3, VCAM-1 (Santa Cruz) and
GAPDH (Advanced Immunochemical). Membranes were incubated with secondary antibody
conjugated to LumiGLO chemiluminescent reagent. Chemiluminescence was detected using
an ECL-Plus kit (Perkin Elmer Life Science) and visualized by Kodak X-ray film. The bands
were quantified by densitometry.

2.6. Nitrate/Nitrite, NADH oxidase and superoxide assays
Nitrate/nitrite (NOx) levels, an indicator of NO production, were measured by a fluorometric
assay as previously described [15]. NADH oxidase activity was measured by
chemiluminescent detection of superoxide using a luminometer (Turner Designs) [16].
Superoxide levels were measured by a spectrophotometric assay based on rapid reduction of
ferricytochrome c to ferrocytochrome c. Non-superoxide-dependent reduction of cytochrome
c was corrected for by deducting the activity not inhibited by superoxide dismutase [17].

2.7. Measurement of malondialdehyde levels
Lipid peroxidation, an indicator of oxidative stress, was determined by measurement of
malondialdehyde (MDA) levels. Cytosolic proteins (500 μg) were mixed with 2% butylated
hydroxytoluene and quintanilla reagent and boiled for 15 min. The reaction mixture was
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centrifuged at 3000 x g for 10 min. The soluble phase was measured with a spectrophotometer
at 535 nm using MDA standards (0 to 30 μmol/mL) (Sigma).

2.8. Electrophoretic mobility shift assay (EMSA) for NF-κB activation
Nuclear proteins were isolated from cardiac extracts as previously described [18]. NF-κB DNA
binding site oligonucleotides (AGTTGAGGGGACTTTCCCAGGC, Integrated DNA
Technologies) were labeled using the Biotin 3' End DNA Labeling kit (Pierce) according to
the manufacturer’s protocol. The gel shift assay was performed using the Light Shift
Chemiluminescent electrophoretic mobility shift analysis kit (Pierce) following the
manufacturer’s instructions. The relative nuclear NF-κB DNA binding activities were
quantified by scanning densitometry.

2.9. Quantitative real-Time PCR
Total RNA was extracted from myocardium using Trizol reagent (Invitrogen). cDNA was
transcribed using a cDNA Archive Kit (Applied Biosystems). The quantitative real-time PCR
reaction was carried out using the Gene Expression Assay Rn01456716_gl for MCP-1,
Rn00570921_ml for VCAM-1 and Rn00577357_ml for NADH/NADPH p22phox subunit
(Applied Biosystems) running on a 7300 real time PCR system (Applied Biosystems).
Transcription of the housekeeping gene GAPDH was determined by specific primer/probe mix
(Applied Biosystems). The final quantification was determined by Relative Quantification
software (Applied Biosystems).

2.10. Statistical analysis
Data were compared among experimental groups using ANOVA followed by Fisher’s PLSD.
Data are expressed as mean ± SEM. Differences were considered statistically significant at a
value of P<0.05.

3. Results
3.1. Kallikrein reduces infarct size and cardiomyocyte apoptosis

Intramyocardial injection of tissue kallikrein for 1 day significantly reduced infarct size in the
left ventricle compared with the MI control group, as determined by TTC staining and
quantitative analysis (Figure 1A and B). Icatibant, however, abrogated kallikrein’s effect.
Icatibant alone had no effect on myocardial infarct size as compared to the MI control (data
not shown).

Apoptotic cardiomyocytes were detected by TUNEL staining in the infarcted myocardium 1
day after MI (Figure 2A). The ratio of TUNEL-positive cardiomyocytes to total number of
cardiomyocytes in the kallikrein group was significantly reduced as compared to the control
group (Figure 2B). However, kallikrein’s protective effect was blocked by icatibant. The effect
of kallikrein on inhibiting cardiomyocyte apoptosis was further verified by Western blot of
cleaved caspase-3 (Figure 2D). Moreover, kallikrein treatment resulted in a significant increase
in cardiac NOx production compared with the MI control group, and this effect was abrogated
by icatibant (Figure 2C). Kallikrein also caused increased phosphorylation of Akt and
GSK-3β in the infarcted region as compared to the control (Figure 2D). Kallikrein’s effects on
these signaling effectors were blocked by icatibant. The combined data indicate that activation
of Akt and inactivation of GSK-3β and caspase-3 mediate the protective effect of tissue
kallikrein in MI-induced myocardial apoptosis.
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3.2. Kallikrein improves cardiac function and prevents remodeling
At 7 days after kallikrein infusion, we detected about 45% elevation of circulating tissue
kallikrein levels measured by enzyme-linked immunosorbant assay (5.1 ± 0.2 ng/ml, n=6) in
rats as compared to sham and control MI groups (3.4 ± 0.5 and 3.6 ± 0.5 ng/ml, n=6), suggesting
that subcutaneous osmotic minipump implantation is sufficient in delivering tissue kallikrein
into the bloodstream. However, it is impossible to determine whether tissue kallikrein injected
in the border zone of the infarcted hearts is located there or diffuses to the peri-infarcted zone
since the rat tissue kallikrein antibody can not distinguish between infused and endogenous rat
tissue kallikrein. Table 1 shows the effect of kallikrein infusion on the physiological and
hemodynamic parameters 7 days after MI. There were no significant differences in heart
weight/body weight ratio or heart rate (HR) among the groups. MI resulted in reduced MAP
as compared to the sham, kallikrein prevented the reduction as compared to the MI control
group. MI induced a 5-fold increase of LVEDP compared to the sham group, whereas kallikrein
significantly reduced LVEDP. Cardiac contractility was markedly reduced after MI, but was
significantly increased by kallikrein. At 7 days after of MI, the survival rates of rats in MI, MI/
kalikrein and MI/kallikrein/icartibant groups were 66.7%, 72.7% and 63.7%, respectively.
Kallikrein’s cardioprotective effects were blocked by icatibant, indicating that kallikrein,
through kinin B2 receptor activation, improves cardiac function.

Quantitative analysis of Masson’s trichrome staining showed that kallikrein infusion for 7 days
reserved infarct size. Also, kallikrein preserved ventricular wall thickness, in contrast,
significant thinning of the wall occurred in the MI and icatibant-treated animals. (Figure 1C
and Table 1).

3.3. Kallikrein attenuates intramyocardial inflammation
Inflammatory cell accumulation in the infarcted region of the heart was identified by ED-1
immunostaining 7 days after MI (Figure 3A). ED-1 positive cells were counted for
quantification of monocyte/macrophage number (Figure 3B). Increased inflammatory cell
infiltration was detected in the infarct area of the heart after MI, but kallikrein infusion
significantly decreased ED-1 positive cells compared with the control. Icatibant, however,
blocked kallikrein’s effect. The protective effect of kallkrein on inflammatory cell
accumulation was associated with decreased expression of the pro-inflammatory mediators
VCAM-1 and MCP-1. Western blot (Figure 3C) and real-time PCR (Figure 3D) demonstrated
that MI up-regulated VCAM-1 protein and mRNA levels, respectively, compared to the sham
group. Kallikrein, however, reduced VCAM-1 levels, and this effect was reversed by icatibant.
Similarly, a significant increase in MCP-1 mRNA expression was detected in the MI control
group, which was attenuated by treatment of kallikrein, and icatibant blocked kallikrein’s effect
(Figure 3E).

3.4. Kallikrein reduces oxidative stress
NADH oxidase activity and superoxide levels were measured in the infarcted myocardium in
order to evaluate the role of oxidative stress 7 days after MI injury. Figures 4A show that
increases in NADH oxidative activity was significantly reduced by kallikrein. However,
kallikrein’s effects were reversed by icatibant. The inhibitory effect of kallikein on NADH
oxidase activity was further confirmed by reduced expression of p22phox, a subunit of NADH/
NADPH oxidase. Real-time PCR showed that p22phox mRNA levels increased after MI and
kallikein reduced the expression of p22phox, while icatibant blocked kallikrein’s effect (Figure
4C). Superoxide formation paralleled NADH oxidase activity. Superoxide levels were elevated
in the MI group compared to the sham group. Kallikrein infusion significantly lowered MI-
induced superoxide formation and icatibant diminished kallikrein’s effect (Figure 4D).
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Moreover, kallikrein completely prevented the increase in cardiac MDA levels induced by MI
damage, and icatibant blocked the effect of kallikrein (Figure 4B).

3.5. Kallikrein inhibits JNK, p38MAPK and ERK1/2 phosphorylation
Phosphorylation of JNK, p38MAPK and ERK1/2 increased significantly 7 days after MI, as
determined by Western blot analyses. However, kallikrein infusion prevented MI-induced
MAPK activation, and icatibant abrogated kallikrein’s effects (Figure 5A). These results
indicate that kallikrein inhibits MAPK activation during post-infarct remodeling through kinin
B2 receptor activation.

3.6. Kallikrein reduces MI-Induced IκB-α phosphorylation and inhibits nuclear translocation
and activation of NF-κB

Western blot analysis showed that MI induced IκB-α (Ser32) phosphorylation and reduced
non-phosphorylated IκB-α levels at 7 days after MI, whereas kallikrein treatment reversed this
effect (Figure 5B). Gel mobility shift assay indicated that nuclear NF-κB-DNA binding activity
was increased in the infarcted heart after MI compared with the sham group. Administration
of kallikrein markedly reduced NF-κB-DNA binding activity, but icatibant abolished this effect
(Figure 5C). Quantitative analysis further confirmed the results from gel mobility shift assay
(Figure 5D). These combined results indicate that kallikrein inhibits NF-κB activation by
suppressing IκB-α phosphorylation and its degradation. These events in turn lead to the
prevention of NF-κ B release from the I3B-3/NF-3B complex and its translocation to the
nucleus.

4. Discussion
In the present study, we employed a rat model of myocardial infarction to investigate the
protective effects and signaling mechanisms of tissue kallikrein in the ischemic myocardium
at 24 hours and 7 days after coronary artery occlusion. Our results provides several novel
findings. First, this is the first study to demonstrate that tissue kallikrein protein infusion
protects against myocardial ischemia injury by inhibiting apoptosis and inflammation. The
advantage of kallikrein protein infusion via osmotic milipumps is to provide a stable supply
of the therapeutic protein or peptide without potential side effects. Second, in this study,
kallikrein was administrated after coronary ligation rather than a prophylactic effect of local
injection of the kallikrein gene several days prior to myocardial infarction. Third, this is the
first study to demonstrated that kallikrein attenuated intramyocardial inflammation by
inhibition of nuclear translocation and activation of NF-κB after MI. These findings provide
significant insights regarding the role of tissue kallikrein in eliciting anti-oxidative, anti-
apoptotic and anti-inflammatory effects to protect against myocardial damage.

Our previous study showed that local injection of adenovirus carrying the human tissue
kallikrein into the heart protects against cardiomyocyte apoptosis after acute myocardial
ischemia/reperfusion [19]. However, kallikrein protein infusion has advantages over
adenovirus-mediated delivery. For example, protein infusion provides a stable supply of the
therapeutic product and can be terminated at any time during the experiment, whereas the
expression of recombinant gene product after adenovirus-mediated gene delivery is transient
with highest levels around 3–5 days [20]. In addition, local injection of adenovirus can possibly
produce an inflammatory response and is therefore no longer effective after a second injection.

Our present study showed that kallikrein treatment prevents cardiomyocyte apoptosis and
increased Akt and GSK-3β phosphorylation at 1 day after MI. Akt is a key effector of in the
survival pathway against apoptosis. Akt inactivates GSK-3β by phosphorylation, thereby
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blocking cytochrome c release and caspase-3 activation [21]. Akt-GSK-3β signaling also
participates in the development of cardiac hypertrophy [22]. Active GSK-3β is a negative
regulator of hypertrophy as decreased active GSK-3β or increased GSK-3β phosphorylation
led to hypertrophy and active GSK-3β blunted hypertrophy. Indeed, our recent study showed
that kallikrein gene delivery inhibited pressure overload-induced cardiac hypertrophy
associated with increased GSK-3β activity and reduced Akt/GSK-3β phosphorylation [23]. In
contrast to its role in hypertrophy, increased Akt/GSK-3β phosphorylation/GSK-3β
inactivation plays a positive role in promoting cell survival. Our present results showed that
kallikrein treatment significantly promotes cardiomyocyte survival at 1 day after MI in
conjunction with increased Akt/GSK-3β phosphorylation and reduced GSK-3β activity.
Prevention of cardiomyocyte apoptosis after acute MI would result in improving impaired
cardiac function, reducing myocardial infarct size and preventing ventricular remodeling.

Nitric oxide, a potent anti-oxidant, has been shown to abolish mitochondrial oxidant damage
in adult rat cardiomyocytes [24]. Nitric oxide is capable of inhibiting neutrophil superoxide
anion production via a direct action on the membrane components of NADPH oxidase and the
assembly of NADH/NADPH oxidase subunits [25]. However, NO has been considered to be
a double-edged sword [26,27]. It is well known that NO in the presence of superoxide can form
the toxic peroxynitrite. The cofactor BH4 is highly sensitive to oxidation by peroxynitrite.
Diminished levels of BH4 result in eNOS uncoupling and promote superoxide production by
eNOS. Our results show that kallikrein protein infusion protects against MI-induced cardiac
dysfunction in conjunction with increased NO formation in the infarcted heart. Kallikrein also
significantly reduced oxidative stress by decreasing p22phox expression and NADH oxidase
activity, superoxide production and MDA activity. However, all of kallikrein’s effects were
blocked by icatibant. These results suggest that kallikrein through kinin B2 receptor activation
acts as an anti-oxidant capable of improving cardiac function and limiting remodeling.

Sustained inflammatory responses after MI could contribute to ventricular remodeling and the
development of heart failure. Kallikrein infusion reduced inflammatory cell accumulation in
association with decreased MCP-1 and VCAM-1 expression. These combined results indicate
kallikrein/kinin has a beneficial role in cardiac repair after MI by significantly reducing the
inflammatory response in the infarcted myocardium.

JNK and p38MAPK play vital roles in cardiomyocyte apoptosis, inflammation, and may be
activated by different cellular stress signals, such as oxidative stress and inflammatory
cytokines [28]. Cardiac remodeling induced by isoproterenol infusion in rats has been shown
to provoke cardiac oxidative stress, leading to phosphorylation of MAPKs [29]. Furthermore,
ERK1/2 activation has been shown to mediate signaling events involved in cellular
proliferation, differentiation and left ventricular remodeling [30]. Since cardiomyocyte
hypertrophy and cardiac fibroblast proliferation contribute to ventricular remodeling, ERK1/2
activation may be vital to its progression after MI. We showed that kallikrein through the kinin
B2 receptor inhibited IκB-α phosphorylation and degradation, and prevented NF-κB activation,
leading to the down-regulation of MCP-1 and VCAM-1 and thus inhibition of inflammatory
responses in the infarcted heart. It is likely that the anti-inflammatory effect produced by
kallikrein involves initial NO formation, which in turn suppresses oxidative stress, NF-κB and
MAPK activation, consequently reducing the monocyte infiltration in the infarcted area.

Although we found that kallikrein inhibited the inflammatory response after MI through kinin
B2 receptor activation, kinins are well-known inducers of pro-inflammatory actions [31]. This
may be due to distinctive roles of B1 and B2 receptors in different phase after MI, respectively.
Up-regulation of the B1 receptor expression has been observed to reach its maximum at 24
hours and quickly reduced to a barely detectable level at 6 days after MI. However, expression
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of the B2 receptor in the left ventricle after MI reaches a peak at 24 hours and remains high
for at least 6 days, suggesting the main role of the B2 receptor at the sub-acute remodeling
phase after MI [32]. Neutrophil migration in inflamed tissues is reduced in kinin B1 knockout
mice, indicating that the pro-inflammatory effect of kinin is mediated by the B1 receptor
[33]. Furthermore, the inflammatory response after ischemia/reperfusion injury is significantly
reduced in B1 receptor-deficient mice, and pretreatment with icatibant reverses this anti-
inflammatory effect [34]. These combined results suggest that the B1 receptor is pro-
inflammatory whereas the B2 receptor protects against tissue injury.
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Figure 1.
Tissue kallikrein treatment reduces infarct size after MI (A) Representative TTC staining of
heart sections, magnification is 10×. (B) Quantitative analysis of infarct size. Infarct size is
expressed as percentage of the infarct area vs. area at risk. (C) Representative Masson’s
trichrome staining. Original magnification is 10×. Values are expressed as mean ± SEM (n=6–
7, *P<0.01 vs. MI & MI/TK+Icatibant).
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Figure 2.
Kallikrein treatment reduces cardiomyocyte apoptosis after acute MI. (A) Representative
photomicrographs show TUNEL-positive apoptotic cardiomyocytes from the infarcted region
of rat hearts. Original magnification is 200×. (B) Quantitative analysis of apoptotic
cardiomyocytes expressed as percentage of TUNEL-positive nuclei in cardiomyocytes.
TUNEL-positive non-cardiomyocytes were excluded. (C) NOx levels. (D) Representative
Western blots of phosphorylated and total Akt and GSK-3β, and cleaved caspase-3. Values are
expressed as mean ± SEM (n=6–7, *P<0.05 vs. MI & MI/TK+Icatibant).
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Figure 3.
Kallikrein infusion reduces monocyte/macrophage accumulation and the expression of pro-
inflammatory mediators in the infarcted myocardium. (A) Representative images of ED-1
immunostaining in the infarcted area. Original magnification is 200×. (B) Quantitative analysis
of ED-1-positive cells. (C) Representative Western blots of cardiac VCAM-1 levels. (D)
Relative VCAM-1 and (E) MCP-1 mRNA levels determined by real-time PCR. Values are
expressed as mean ± SEM (n=6–7, *P<0.05 vs. MI & MI/TK+Icatibant).
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Figure 4.
Effect of kallikrein infusion on (A) NADH oxidase activity, (B) MDA levels (C) relative
p22phox mRNA levels, (D) superoxide formation. Values are expressed as mean ± SEM (n=6–
7, *P<0.05 vs. MI & MI/TK+Icatibant).
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Figure 5.
Kallikrein infusion reduces (A) JNK, p38MAPK and ERK phosphorylation. (B)
Representative Western blot of phospho-IκB-α and IκB-α. GAPDH was used as an internal
control. (C) Representative EMSA and (D) quantitative analyses of NF-κB DNA-binding
activity. Values are expressed as mean ± SEM (n=6, *P<0.05 vs. MI & MI/TK+Icatibant).
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