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Abstract

Background—Tissue kallikrein is a serine proteinase that generates the vasoactive kinin
peptide, which produces vasodilatory, angiogenic and anti-apoptotic effects. In this study, we
investigated the effect of a stable supply of kallikrein/kinin on ventricular remodeling and blood
vessel growth in rats after myocardial infarction (MI).

Methods and Results—At 1 week after coronary artery ligation, tissue kallikrein or kinin was
infused via minipump for 4 weeks. At 5 weeks after Ml, kallikrein and kinin infusion significantly
improved cardiac contractility and reduced diastolic dysfunction without affecting systolic blood
pressure. Kallikrein and kinin significantly increased capillary density in the non-infarcted region.
Kallikrein and kinin also reduced heart weight/body weight ratio, cardiomyocyte size, and ANP
and BNP expression in the non-infarcted area. Moreover, kallikrein and kinin infusion inhibited
interstitial collagen deposition, collagen fraction volume, and collagen | and collagen Il mRNA
levels, TGF-B1 and PAI-1 expression and Smad2 phosphorylation. The effects of kallikrein and
kinin on cardiac remodeling were associated with increased NO levels and reduced NADPH
oxidase expression and activity, superoxide formation and malondialdehyde levels. Furthermore,
in cultured cardiac fibroblasts, kinin inhibited Ang II-stimulated TGF-1 production, and the
effect was blocked by icatibant.

Conclusion—These results indicate that a sub-depressor dose of kallikrein or Kinin can restore
impaired cardiac function in rats post-infarction heart failure by inhibiting hypertrophy and
fibrosis and promoting angiogenesis through increased NO formation and suppression of oxidative
stress and TGF- 1 expression.
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Introduction

Post myocardial infarction (MI) remodeling including left ventricular (LV) hypertrophy,
fibrosis and endothelial dysfunction, may contribute to cardiac dysfunction and lead to heart
failure. Mediators such as oxidative stress, angiotensin Il (Ang I1), transforming growth
factor (TGF-B1) and plasminogen activator inhibitor-1 (PAI-1) are the main stimulators of
cardiac hypertrophy, extracellular matrix deposition and loss of blood vessels after M1.1:2
Evidence from both animal and human studies showed that increased oxidative stress plays
an important role in the pathogenesis of heart failure after M1.3 Previous studies showed that
Ang ll-induced cardiac remodeling was mediated by reactive oxygen species (ROS)
formation and suppression of antioxidant defenses, suggesting that Ang I1-ROS signaling
may act as a potent stimulator of cardiomyocyte hypertrophy.* Furthermore, increased
oxidative stress along with activation of TGF- 1 may lead to endothelial dysfunction due to
decreased bioavailability of endothelium-derived nitric oxide (NO).> In addition,
overexpression of TGF-B1 in transgenic mice has been shown to result in interstitial fibrosis
and hypertrophy of cardiomyocytes.® These findings suggest that oxidative stress and TGF-
1 may underlie the development and progression of heart failure.

Tissue kallikrein is a serine proteinase that specifically processes low molecular weight
kininogen to produce the potent vasoactive kinin peptides bradykinin (BK) and Lys-BK
(kallidin).” Intact kinins bind to the kinin B2 receptor, and kinin metabolites, such as des-
Arg®-BK and des-Arg10-kallidin, bind to the B1 receptor. Activation of kinin receptors, with
subsequent stimulation of nitric oxide (NO)-cGMP and prostacyclin-cAMP pathways,
modulates a broad spectrum of biological functions. Kinin B2 receptor knockout mice
exhibit a gradual development of dilated cardiomyopathy, in association with peri-vascular
and reparative fibrosis.8 In contrast, transgenic rats overexpressing human tissue kallikrein
are more resistant to isoproterenol-induced cardiac hypertrophy and fibrosis compared to
normal rats, but these effects are abolished by icatibant, a kinin B2 receptor antagonist.?
Using somatic gene transfer approaches, we have shown that kallikrein gene delivery
reduces cardiac hypertrophy and fibrosis in pressure-induced hypertensive rats and in rats
after myocardial infarction.10- 11 We recently reported that tissue kallikrein infusion
through kinin B2 receptor activation protected against inflammatory cell accumulation
in the heart associated with reduced NF-xB activation and chemokine and adhesion
molecule expression at 1 week after myocardial infarction.1? In addition, we have
shown that kinin infusion reduced salt-induced inflammatory cell recruitment in the
kidney without affecting blood pressure in hypertensive Dahl-salt-sensitive rats.13 In
the present study, we examined the potential therapeutic effects of a stable supply of
kallikrein and kinin protein infusion at a sub-depressor dose on ventricular remodeling and
neovascularization in rats after MI. We found that kallikrein and Kinin can prevent cardiac
dysfunction in the failing myocardium by promoting blood vessel growth and inhibiting
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hypertrophy and fibrosis through increased NO formation and suppression of oxidative
stress and TGF-B1 expression.

Methods

Animals and Treatments

Wistar rats (male, 220 to 250 g body weight, Harlan) were employed in this study. The study
complied with the Guides for the Care and Use of Laboratory Animals (Institute of
Laboratory Resources, National Academy of Sciences, Bethesda, MD). Myocardial
infarction was established by ligation of the left coronary artery as previously described.
Briefly, a thoracotomy was performed via the fourth intercostal space, the heart was exposed
and ECG was then monitored. A 6-0 polypropylene suture (Ethicon) was passed loosely
around the left anterior descending (LAD) coronary artery near its origin. Once
hemodynamics was stabilized, LAD coronary artery occlusion was performed by
irreversible tightening of the suture loop. Acute myocardial ischemia was deemed successful
on the basis of regional cyanosis of the myocardial surface distal to the suture, accompanied
by elevation of the ST segment on ECG. After one week, rats with MI were randomly
divided into three groups, and received infusion of saline (n=7), purified tissue kallikrein
(1pg/h) (n=8) or bradykinin (0.5 pg/h, Sigma) (n=6) by osmotic minipumps (ALZET)
implanted subcutaneously in the back.

Hemodynamic Parameters

At 5 weeks after infarction, cardiac function and physiological parameters were measured by
carotid cannulation!! using a 2.5 French micro-manometer (Millar Instrument, Houston,
TX) by advancement into the left ventricle. Heart rate (HR), mean arterial pressure (MAP),
left ventricular end diastolic pressure (LVEDP), cardiac contractility (dP/dt maximum and
dP/dt minimum) were recorded and analyzed by a model 7E polygraph (BIOPAC).

Histological Analysis

At the end of the procedure, cardiac tissues were fixed in 4% paraformaldehyde and
embedded. The left ventricle was cut into 3 transversal slices on basal, middle and apex
levels. Four-micron (4 pm) sections were obtained for morphological analyses. Masson’s
Trichrome staining was performed to determine the percentage of scar length to total LV
circumference. Cardiomyocyte size was determined by Gordon and Sweet silver staining.
One hundred cardiomyocytes were chosen randomly per slide and traced with the use of
NIH Image software (version 1.61). Myocardial fibrosis was observed by Sirius red staining
and analyzed by Adobe PhotoShop software. Collagen fraction volume was calculated as the
percentage of staining to total LV tissue.

Immunohistochemical analyses were performed to visualize capillaries and collagen
deposition in non-infarcted myocardium using an immunostaining kit according to the
manufacturer’s instructions (Universal Elite ABC, Vector). Primary antibodies against
CD-31, factor VIII (endothelial cell antigen, Santa Cruz, 1:200 dilution), collagen I, collagen
I11 (Sigma,1:200) were used. To determine capillary density, the number of positive staining
was counted in a double blind fashion from 20 different fields of each section (n=6 or 7).
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Actual neovascularization was derived from an increased capillary-to-myocyte ratio, which
was calculated as capillary density divided by myocyte density.

Western Blot Analysis

Left ventricular tissue in the non-infarct region (0.2 grams) was homogenized (Polytron,
Brinkmann Instruments) in | ml protein lysis buffer and centrifuged at 12 000 x g for 30 min
at 4°C. The supernatant (the cytosolic fraction) was removed and protein concentrations
were measured by a protein assay kit (Bio-Rad). Western blot analysis was performed using
cytosolic fraction to detect the total and/or phosphorylated forms of Smad2 (Cell Signaling),
TGF-B1 and PAI-1 (Santa Cruz). GAPDH (Advanced Immunochemical) was employed as
internal control. 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.

Nitrite/Nitrate (NOx), NADPH Oxidase Activity and Superoxide Assays

Nitrite/nitrate levels in the non-infarct region of cardiac extracts were measured by a
fluorometric assay as previously described.1> NADPH oxidase activities were measured by
chemiluminescent detection of superoxide using a luminometer (Turner Designs).
Superoxide was measured by a spectrophotometric assay based on rapid reduction of
ferricytochrome c to ferrocytochrome c. Non-superoxide-dependent reduction of
cytochrome ¢ was corrected for by deducting the activity not inhibited by superoxide
dismutase.

Measurement of Malondialdehyde Levels

Lipid peroxidation was determined as an indicator of oxidative stress by measurement of
malondialdehyde (MDA) levels. Cytosolic protein (500 pg) was mixed with 2% butylated
hydroxytoluene and quintanilla reagent and boiled for 15 min. The reaction mixture was
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 umol/mL) (Sigma).

Quantitative Real-time PCR (qRT-PCR)

Cell Culture

Total RNA was extracted from myocardium using Trizol reagent (Invitrogen). cDNA was
transcribed using a cDNA Archive Kit (Applied Biosystems). The gRT-PCR reaction was
carried out using the Gene Expression Assay Rn005616661_ml for ANP, Rn00580641 ml
for BNP, Rn00561717_ml for PAI-1, Rn01475962_ml for TGF-p1, Rn00801649_gl for
collagen I, and Rn01437650_gl for collagen 111 (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).

Cardiac ventricular fibroblasts were obtained from hearts of adult male Sprague-Dawley rats
by using a modification of published methods.1® The purity of cardiac fibroblasts was
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estimated to be >95% as identified by positive immunostaining with vimentin and negative
staining with desmin (myocytes), a-smooth muscle actin (vascular smooth muscle cells),
and von Willebrand factor (endothelial cells). The cells were then seeded in six-well plates
(1 x 10° cells/well) and incubated overnight in growth medium. After 48 h serum free
medium starvation, kinin and/or Ang Il (Sigma) was added to the medium at a final
concentration of 1 uM, 0.1uM. For blocking kinin B2 receptor, icatibant (1.0 pM) was added
to the medium 30 min before the treatment. After 24 h of incubation, TGF- levels the
cultured medium were measured by a quantitative sandwich enzyme immunoassay
technique, using commercial kits (R&D Systems).

Statistical Analysis

Results

Data were expressed as mean £ SEM and were compared between experimental groups with
the use of ANOVA followed by Fisher’s PLSD. Probability values of P<0.05 were
considered statistically significant.

Kallikrein and Kinin Infusion Improves Cardiac Function at 5 Weeks after Ml

Effects of kallikrein and kinin on hemodynamic parameters were measured at 5 weeks after
MI (Table 1). Initiation of kallikrein and kinin infusion at 1 week after permanent coronary
artery ligation had no apparent effect on myocardial infarct size at 5 week after MI. Mean
arterial pressure (MAP) and heart rate were markedly reduced after Ml, but was partially
restored by kallikrein and kinin treatment. Moreover, kallikrein and kinin infusion had no
significant effect on systolic blood pressure measured by the indirect tail cuff method at 2 to
5 weeks after MI (data not shown). Characteristic impairments in contractility (dP/dt max)
and diastolic function (LVEDP, dP/dt min) after M1 were significantly improved after
kallikrein or kinin infusion. Heart weight/body weight and lung weight/body weight ratios
were increased 5 weeks after MI, but were reduced by kallikrein and kinin infusion.
Similarly, the LV long axis, a measure of LV enlargement, was also significantly reduced in
rats receiving kallikrein or kinin infusion. Successful kallikrein infusion was determined by
observing elevated circulating tissue kallikrein levels at 1 and 5 weeks after M1 (data not
shown). In addition, we observed a marked increase of kinin B1 and B2 receptor mMRNA
levels (5 and 7 fold, respectively) in the non-infarct region of the myocardium at 5 weeks
after MI (data not shown).

Kallikrein and Kinin Increases Capillary Density

Representative photomicrograph images show that kallikrein and kinin infusion increased
capillary number in the non-infarct area and arteriole number in peri-infarct area at 5 weeks
after Ml as identified by immunostaining with antibodies to CD-31 (Fig. 1A). Quantitative
analysis indicated that the capillary density was significantly reduced in the MI group
compared to the sham group, and kallikrein and Kinin prevented this decrease (Fig. 1B).
Furthermore, a 21% and 19% increase in capillary-to-myocyte ratio was observed in the
kallikrein and kinin groups, respectively (Fig. 1C). These results indicate that kallikrein and
kinin are capable of promoting capillary growth after MI.
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Kallikrein and Kinin Inhibits Cardiac Hypertrophy and Collagen Accumulation

Representative micrograph images of cardiomyocyte surface stained with Gordon & Sweet
silver and quantitative analysis showed that kallikrein and kinin infusion reduced
cardiomyocyte size as compared to the MI control in the non-infarct area (Fig. 2A & B). In
addition, Kallikrein and kinin significantly reduced MI-induced ANP and BNP expression
(Fig. 2C & D). These results indicate that both kallikrein and kinin significantly inhibited
MI-induced cardiac hypertrophy.

Sirius red staining showed that cardiac collagen accumulation increased markedly after Ml
and the effect was markedly reduced by kallikrein and kinin treatment (Fig. 3A). Collagen |
and collagen Il immunohistochemical staining further verified the collagen deposition.
Kallikrein and kinin treatment reduced MI-induced collagen | and collagen 111 accretion in
the non-infarcted area (Fig. 3A). Quantitative analysis showed that kallikrein and kinin
significantly reduced collagen fraction volume after MI (Fig. 3B). Increased collagen type |
and type 11l mRNA levels after MI, as measured by real-time PCR, were also significantly
reduced by kallikrein and kinin (Fig. 3 C & D).

Kallikrein and Kinin Increases Cardiac NOx Levels and Reduces Oxidative Stress

Kallikrein and kinin infusion significantly increased cardiac NOXx levels compared to the Ml
group (Fig.4A). NADPH oxidase activities and malondialdehyde-bis (MDA) levels were
measured in the no-infarct myocardium to evaluate oxidative stress after MI. As shown in
Fig. 4B, NADPH oxidase activities were significantly increased after MI compared to sham,
and kallikrein and kinin blocked the increase. Similarly, Ml induced p22Ph% (a subunit of
NADPH oxidase) mRNA levels compared to the sham, whereas kallikrein and kinin reduced
p22Pox expression (Fig. 4C). Moreover, kallikrein and kinin completely prevented the
increase in cardiac MDA levels induced by MI damage (Fig. 4D). In addition, Ml
significantly induced superoxide formation compared to the sham group, but was suppressed
significantly in the animals receiving kallikrein or kinin infusion (Fig. 4E).

Kallikrein/kinin reduces TGF-B1, PAI-1 and Smad-2 levels. Western blot analysis showed
that Ml induced elevated TGF-B1 and plasminogen activator inhibitor (PAI-1) levels of
these pro-fibrotic mediators (Fig. 5A). Kallikrein and kinin also decreased TGF-B1 and
PAI-1 mRNA levels, as determined by real-time PCR (Fig. 5B & C).

Kinin Decreases TGF-B Levels in Stimulated Adult Cardiac Fibroblasts

In cultured rat cardiac fibroblasts, TGF-f levels were elevated by Ang Il treatment, and the
increase was significantly reduced by kinin administration (Fig. 5D). Co-treatment with the
kinin B2 receptor antagonist icatibant significantly blocked kinin’s effect.

Discussion

This study demonstrates that kallikrein and kinin protein infusion can rescue cardiac
dysfunction after chronic myocardial infarction by inhibiting hypertrophy and fibrosis and
promoting angiogenesis. At 5 weeks after MI, kallikrein or kinin infusion had no effect on
myocardial infarct size. A constant supply of kallikrein and kinin improved cardiac
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remodeling in the non-infarct area after M| through inhibition of extracellular matrix
accumulation and cardiomyocyte hypertrophy independent of its blood pressure-lowering
effect. Kallikrein and kinin also improved neovascularization and limited ventricular
remodeling through suppression of oxidative stress, TGF-f1 and PAI-1 expression as well as
increased NO formation and VEGF expression.

It is well recognized that kinins exert their effects via kinin B2 and B1 receptors. Consistent
with other studies, we showed that both B2 and B1 receptors are up-regulated in the non-
infarcted hearts after MI. In our previous reports, we have demonstrated that cardiac
protective effects of tissue kallikrein can be blocked by the kinin B2R antagonist, indicating
an effect mediated by the kinin B2 receptor.1# On the other hand, the role of kinin B1
receptor in cardiac function is controversial. A detrimental effect of the B1 receptor in
myocardial ischemia was observed using both pharmacological blockade and gene knockout
mice.1” However, a recent study indicated that kinin B1 receptor knockout mice have a
larger left ventricular diastolic chamber dimension after myocardial infarction, and blockade
of kinin B2 receptors worsened this condition, suggesting that the kinin B1 receptor may
serve a protective role in cardiac dysfunction.18 Our recent studies showed that myocardial
hypertrophy induced by aortic occlusion is worsened in B2R knockout mice, but not in BIR
knockout mice.1® These combined results indicate a protective role of the kinin B2 receptor
against cardiac injury.

It has been established that increased NADH/NADPH oxidase activity and superoxide
formation play a critical role in functional and structural damage of cardiac myocytes after
myocardial ischemia. In contrast, NO has been shown to act as a potent antioxidant by
abolishing mitochondrial oxidant damage in adult rat cardiomyocytes.2? Moreover, NO is
capable of inhibiting neutrophil superoxide anion production via a direct action on the
membrane components of the NADPH oxidase and the assembly of NADPH oxidase
subunits.2! NO has also been shown to attenuate cardiac remodeling and oxidative stress
after myocardial infarction.22 Our present study showed that kallikrein and kinin treatment
protects against cardiac dysfunction by increased NO levels in conjunction with reduced
NADPH oxidase activity and expression, superoxide anion formation and MDA levels. In
this study, co-infusion of kallikrein with icatibant was not performed, as our recent study
showd that the cardiac protective effect of tissue kallikrein by inhibiting apoptosis and
inflammation after kallikrein infusion was blocked by icatibant.12 Taken together, these
results suggest that kallikrein and kinin, through NO formation, limits cardiac remodeling
via suppression of oxidative stress-mediated signaling pathways.

Increased capillary density is especially important for cardiac repair after MI due to the
increase demand of oxygen and nutrition. A previous study showed that reduced capillary
density in the non-infarcted area occurs after M1 and a kinin B2 receptor antagonist
abolished the protective effect of ACE inhibition, indicating a role of kinin in promoting
capillary growth.23 ACE inhibition was first shown to improve survival after Ml in a rat
model 24 and was further shown to have beneficial effects in reduction of morbidity
and mortality rates and improvement in the quality of life in patients with M1 and
chronic heart failure.?> The beneficial effect of ACE inhibition can be partially blocked
by icaticant, a kinin B2 receptor antagonist, suggesting a role of kinin in
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cardioprotection exerted by ACE inhibition.28 In this study, we further demonstrate
that a stable supply of tissue kallikrein/kinin has direct cardioprotective effects in
hemodynamics and cardiac remodeling post-ischemic heart failure. Kinin has also been
shown to stimulate capillary tube formation by transactivation of the VEGF receptor through
NO formation in cultured endothelial cells.?” This is consistent with the finding that kinin
can promote NO release and proliferation in cultured endothelial cells.?8 Furthermore, a
recent study reported that downregulation of cardiac PAI-1 activity augments
neovascularization and improves functional recovery.29 In the current study, kallikrein and
kinin infusion increased capillary density in the ischemic myocardium in association with
elevated cardiac NO content and reduced PAI-1 levels. These combined results indicate that
the angiogenic effect of kallikrein/kinin may be due to increased NO levels and decreased
PAI-1 expression.

Cardiac hypertrophy after Ml is accompanied by the expression of a “fetal” gene program,
including the up-regulation of genes such as atrial natriuretic peptide (ANP) and brain
natriuretic peptide (BNP).39 We showed that infusion of tissue kallikrein/kinin was able to
block hypertrophy in rats with Ml, as evidenced by reduction of the ratio of left ventricle
weights and heart weights, cardiomyocyte size and the expression of ANP and BNP. In adult
rat cardiomyocytes co-cultured with bovine aortic endothelial cells, kinin was shown to
prevent Ang ll-induced hypertrophy by increasing NO levels.3! Therefore, the beneficial
effect of kallikrein/kinin on MI-induced cardiac fibrosis and hypertrophy may be contributed
to increased nitric oxide bioavailability.

In our study, we showed that kallikrein/kinin infusion inhibited MI-induced oxidative stress,
the expression of TGF-p1 and PAI-1, and deposition of collagen types I and Il in the
myocardial interstitium. Oxidative stress initiates a series of signaling cascades leading to
cardiac fibroblast proliferation and progressive accumulation of ECM proteins via activation
of transcription and production of TGF-f1.32 TGF-B1 plays a crucial role in promoting
hypertrophy and fibrosis in several cardiac diseases. The elevation of TGF-B1 could directly
stimulate fibroblast proliferation and ECM protein accumulation, resulting in interstitial
fibrosis. TGF-p1 acts as an important profibrotic cytokine by signaling through
phosphorylation (activation) of Smad2 and Smad3, which translocate to the nucleus to
modulate cell synthesis of most matrix proteins.33 In cultured cardiac fibroblasts, kinin has
been observed to down-regulate ECM protein production via NO-related signaling molecule
cGMP.34 ECM degradation may also be due to kinin’s ability to stimulate plasminogen
activator release from endothelial cells.3> Moreover, kinin has been shown to decrease TGF-
B1-induced PAI-1 expression in cultured proximal tubular cells, thereby facilitating matrix
degradation and inducing interstitial fibrosis.3¢ Our present study also shows that kinin
inhibits Ang Il-induced TGF-B1 production in the cardiac fibroblasts and the effect is
blocked by icatibant. Therefore, these combined studies indicate that kallikrein/kinin
through kinin B2 receptor activation inhibits MI-induced cardiac fibrosis by suppression of
oxidative stress and TGF-B1-mediated signaling mechanisms.

Our study shows that a stable supply of purified tissue kallikrein or kinin infusion can
improve cardiac remodeling after chronic myocardial infarction. The infusion rates were
based on the results of previous published and unpublished studies. For example, infusion of
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kinin at a rate of 500 ng/h caused a more pronounced protective effect against salt-induced
renal injury in rats than kinin at 100 ng/h.13 In addition, tissue kallikrein was delivered at 1
pg/h based on the dose used in an ischemic stroke model. Protein infusion has several
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 5 days. In addition, local injection of
adenovirus can possibly produce an inflammatory response and is therefore no longer
effective after a second injection. In conclusion, the present study provides important new
insights that a sub-depressor dose of kallikrein/kinin can rescue failing myocardium by
promoting angiogenesis and inhibiting hypertrophy and fibrosis through increased NO
formation, and suppression of oxidative stress and TGF-1 expression
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Kallikrein and kinin promote neovascularization 5 weeks after MI. (A) Representative
micrograph images of heart sections stained with antibodies against CD31 (400x
magnification). (B) Capillary density in number of capillaries per mm?2. (C) Quantification
of capillary-to-myocyte ratio. Data are expressed as mean + SEM (n=6-8).
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Fig. 2.

Ef?‘ect of kallikrein and kinin on cardiac hypertrophy in the non-infarcted region. (A)
Representative histological left ventricular sections stained with Gordon and Sweet’s silver
(400x magnification). (B) Quantification of cardiomyocyte area. Real-time PCR analysis of
(C) ANP and (D) BNP mRNA levels. Data are expressed as mean + SEM (n=6-8).
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Fig. 3.
Effect of kallikrein and kinin on cardiac fibrosis in the non-infarcted region. (A) Sirius Red

staining and immunohistochemical staining of collagens I and 111 (200x magnification). (B)
Collagen fraction volume was quantified from Sirius Red staining using Adobe Photoshop.
Real-time PCR analysis of (C) collagen | and (D) collagen 111 mRNA levels. Data are
expressed as mean + SEM (n=6-8).
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Fig. 4.

Effect of kallikrein and kinin on (A) cardiac NO levels, (B) NADPH oxidase activity, (C)
p22PNoX MRNA levels, (D) MDA in the non-infarct myocardium and (E) superoxide
formation. Data are expressed as mean £ SEM (n=6-7).
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Fig. 5.

Effect of kallikrein and kinin on the expression of pro-fibrotic molecules. (A) Representative
Western blots of myocardial TGF-$1, PAI-1 and Smad2 levels. Real-time PCR analysis of
(B) TGF-B1 and (C) PAI-1 mRNA levels. Data are expressed as mean + SEM (n=6). (D)
Effect of Angll and kinin on TGF-B1 levels in adult rat cardiac fibroblasts. Data are
expressed as mean = SEM (n=3). The data are representative of 3 independent experiments.
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