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Abstract

Background—Angiotensin-(1-12) [Ang-(1-12)] is a chymase-dependent source for angiotensin 

II (Ang II) cardiac activity. The direct contractile effects of Ang-(1-12) in normal and heart failure 

(HF) remain to be demonstrated. We assessed the hypothesis that Ang-(1-12) may modulate 

[Ca2+]i regulation and alter cardiomyocyte contractility in normal and HF rats.

Methods and Results—We compared left ventricle (LV) myocyte contractile and calcium 

transient ([Ca2+]iT) responses to angiotensin peptides in 16 SD rats with isoproterenol-induced HF 

and 16 age-matched controls. In normal myocytes, versus baseline, Ang II (10−6 M) superfusion 

significantly increased myocyte contractility (dL/dtmax: 40%) and [Ca2+]iT (29%). Ang-(1-12) 
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(4×10−6 M) caused similar increases in dL/dtmax (34%) and [Ca2+]iT (25%). Compared with 

normal myocytes, superfusion of Ang II and Ang-(1-12) in myocytes obtained from rats with 

isoproterenol-induced HF caused similar but significantly attenuated positive inotropic actions 

with about 42% to 50% less increases in dL/dtmax and [Ca2+]iT. Chymostatin abolished Ang-

(1-12)-mediated effects in normal and HF myocytes. The presence of an inhibitory cAMP analog, 

Rp-cAMPS prevented Ang-(1-12)-induced inotropic effects in both normal and HF myocytes. 

Incubation of HF myocytes with pertussis toxin (PTX) further augmented Ang II-mediated 

contractility.

Conclusions—Ang-(1-12) stimulates cardiomyocyte contractile function and [Ca2+]iT in both 

normal and HF rats through a chymase mediated action. Altered inotropic responses to Ang-(1-12) 

and Ang II in HF myocytes are mediated through a cAMP-dependent mechanism that is coupled 

to both stimulatory G and inhibitory PTX-sensitive G proteins.
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1. Introduction

Angiotensin-(1-12) [Ang-(1-12)], a newly identified member of the renin-angiotensin 

system (RAS) [1], is a chymase-dependent tissue substrate for angiotensin II (Ang II) 

production. Recent observations suggest that activation of this non-canonical chymase/Ang-

(1-12) pathway may modulate cardiac function bypassing the inhibitory effects of RAS 

blockade with angiotensin converting enzyme (ACE) inhibitors and Ang II receptor blockers 

(ARBs).[2–4] However, the importance of this renin-independent mechanism as a source for 

Ang II paracrine/intracrine actions is not established, even though research from this 

laboratory has linked increased expression of a chymase-mediated Ang II formation from 

Ang-(1-12) to human left heart diseases [5] and the presence of resistant atrial fibrillation.[6] 

There are no previous studies of the direct cardiac effects of Ang-(1-12) independent of 

alterations in loading conditions and its role on intracellular Ca2+ mobilization in myocytes. 

There is a critical need to evaluate the role of a chymase-dependent Ang II action from Ang-

(1-12) since recent in-depth analysis of landmark clinical trials with angiotensin converting 

enzyme (ACE) inhibitors or Ang II receptor blockers demonstrates a residual risk of 

cardiovascular events proportionally greater than their benefit.[4, 7] As reported by us 

previously, [4, 7] the limited efficacy of RAS inhibitors in major clinical trials may be 

accounted for a failure of these agents to directly reach the intracellular sites at which Ang II 

is formed and the fact that chymase, rather than ACE, is the predominant cardiac tissue Ang 

II-forming enzyme in humans. Characterization of Ang-(1-12) direct cardiac effects will be 

critical in targeting intracellular RAS signaling as a novel therapeutic strategy for patients 

with cardiac arrhythmias and HF.[8–13]

With this in mind, we assessed the hypothesis that Ang-(1-12) may modulate [Ca2+]i 

regulation and alter cardiomyocytes contractile performance via a chymase-mediated 

conversion to Ang II. We extended this hypothesis to include the demonstration of reduced 

Ang-(1-12) inotropic action and altered [Ca2+]i regulation in the presence of HF. 

Accordingly, we measured LV myocyte functional and [Ca2+]i transient ([Ca2+]iT) responses 
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to Ang-(1-12) superfusion in normal and age-matched rats in which HF was induced by two 

subcutaneous injections of isoproterenol (ISO). This experimental HF model mimics many 

of the structural, functional, and hormonal changes of clinical HF. [12, 13]

2. Methods

2.1. Animal Model and Experimental Protocol

A detailed Methods section is available in the Online Supplement Materials.

This study was approved by the Wake Forest University School of Medicine Animal Care 

and Use Committee and conforms to the Guide for the Care and Use of Laboratory Animals 

published by the US National Institutes of Health (NIH Publication 8th edition, updated 

2011).

Thirty-two male Sprague–Dawley rats weighing 200 ~ 250 g were randomly divided into 

normal control (n=16) and HF (n=16) groups. HF was induced by two subcutaneous 

injections of isoproterenol (ISO) spaced 24 h apart at a dose of 170 mg/kg. Rats injected 

with ISO were studied 2 months after the initial injection.

Briefly, calcium-tolerant, high-yield myocytes were obtained from both normal and HF rats 

as reported previously.[14–16] We simultaneously measured left ventricle (LV) myocyte 

systolic and diastolic function, and [Ca2+]i transient ([Ca2+]iT) responses before and after 

angiotensin peptides administration. The importance of a chymase-mediated pathway and 

cAMP-dependent mechanism on the modulation of cardiac functional response to Ang-

(1-12) stimulation were determined using specific inhibitors (see below).

Functional performance and [Ca2+]i regulation was evaluated in myocytes randomly exposed 

to ISO (10−8 M), Ang II (10−6 M), Ang-(1-12) (4×10−6 M) alone or generated through 

incubation of the substrate (2×10−6 mol/L) with human recombinant chymase (Mixture; 10 

μg/mL, incubated for 1 h at 37°C). The mixture solution served as an internal control; Ang II 

formation from Ang-(1-12) in the reaction mixture by chymase was analyzed by reverse-

phase high-performance liquid chromatography (HPLC).[17] The Ang II product formation 

was identified by comparison of the retention time of synthetic Ang II standard peptide. The 

percent of Ang II formation from Ang-(1-12) substrate were analyzed with Shimadzu LC 

Solution (Kyoto, Japan) acquisition software. Nearly 85% of Ang-(1-12) parent substrate 

converted into Ang II by chymase (details presented in Supplemental Online Figure 1).

To gain an insight as to the mechanism associated with the inotropic effects of Ang-(1-12) in 

normal and HF, in a second series of experiments, myocytes were pretreated to inhibit either 

Ang II AT1 receptor with losartan (10−5 M, 30 min), chymase with chymostatin (8×10−5 M, 

30 min), inhibitory G protein (Gi) with pertussis toxin (PTX) (2 μg/ml, 36°C, 5 h) or 

stimulatory G protein (Gs) with an inhibitory cAMP analog Rp-cAMPS (10−4 M, 36°C, 2 

h), then followed by Ang-(1-12) or Ang II superfusion. Experimental conditions, such as the 

duration of incubation and peptide concentrations, were based on our pilot concentration-

response studies and past reports by others and us. Percent shortening (SA), the maximum 
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rate of shortening (dL/dtmax), and re-lengthening (dR/dtmax) were obtained as previously 

reported.[13, 14]

2.2. Statistical Analysis

All data are presented as mean ± SE or mean ± SD as indicated. Multiple comparisons were 

performed using analysis of variance. When a significant overall effect was present, 

intergroup comparisons were performed using a Bonferroni correction for multiple 

comparisons. Measurements of myocyte contraction and [Ca2+]iT were averaged from each 

animal and treated as a single data point. The mean differences in cell dynamics and indo-1-

AM fluorescence ratios between groups were calculated. Significance was established as 

p<0.05.

3. Results

3.1. Verification of Experimental HF

The rat model of ISO-induced HF has been validated previously.[13, 18] The histological 

changes in the heart of ISO-treated rats resemble those of myocardial infarction in humans. 

[12] Consistently, all ISO-treated animals had unmistakable evidence of HF (anorexia, 

edema and pulmonary congestion). Although body weight was equivalent in control and HF 

rats (462 g versus 458 g), ISO-injected rats had significant increases in heart weight (1.87 g 

versus 1.56 g), calculated heart-to-body weight, and wet-lung-to-body weight ratios. 

Compared with normal controls, rats with ISO-induced HF showed decreases in stroke 

volume (SV), ejection fraction, and LV dP/dtmax and LV dP/dtmin while LV end-diastolic 

pressure increased 2.6-fold. The rate of LV relaxation slowed as indicated by a significant 

increase in the time constant of isovolumic LV pressure decay (τ, 61%; p <0.01). LV 

contractility decreased more than 40% as measured by the slopes of P-V relations of EES 

and MSW. The time constant of LV relaxation (τ, 13.9 vs. 9.2 msec) was increased by 51%. 

These findings documented the existence of established HF in this model.

In isolated cardiac myocytes, these abnormalities were accompanied by decreased myocyte 

contraction and relaxation, as indicated by decreased peak velocity of shortening (dL/dtmax) 

(43%) and peak velocity of re-lengthening (dR/dtmax) (42%). Peak systolic [Ca2+]iT was 

reduced (0.16 vs. 0.21), and the decline of [Ca2+]i was slower. The length of HF myocyte 

(HF: 147.7 ±9.5 μm vs Normal: 110.7 ±8.6 μm, p<0.01) and the length-width ratio (HF: 6.1 

± 0.9 % vs Normal: 4.3 ± 0.8%, p<0.01) were significantly increased, which suggests a 

remodeling of myocyte shape in HF rats. The depression in basal myocyte contraction and 

relaxation found in rats with ISO-induced HF was associated with a marked reduction in the 

ability of ISO to increase myocyte contractility (detailed changes on myocyte functional 

performance are presented as supplemental data of online Tables 1–2).

3.2. Effects of Ang II, Mixture and Ang-(1-12) on Myocyte Functional and [Ca2+]iT 

Responses

Freshly isolated myocytes from the LV of normal and HF rats responded with an increase in 

their contractile activity when the superfusion media contained either Ang II (10−6 mol/L), 

the solution in which Ang-(1-12) (2×10−6 mol/L) was incubated with human recombinant 
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chymase (Mixture), or Ang-(1-12) alone. As illustrated in Figures 1 and 2, and online Table 

2, exposure to Ang II, the Mixture, or Ang-(1-12), were characteristically associated with 

increases in myocyte contraction and relaxation accompanied with significant increases in 

[Ca2+]iT in both normal and HF LV myocytes (detailed changes are presented in online 

Table 2).

In normal myocytes, the changes in the contractile responses induced by Ang II, the mixture, 

and Ang-(1-12) were essentially equivalent in terms of dL/dtmax (Ang II: 185 ± 5 μm/sec; 

Mixture: 182 ± 5 μm/sec; Ang-(1-12): 174 ± 5 μm/sec) and dR/dtmax (Ang II: 141 ± 7 μm/

sec; Mixture:142 ± 5 μm/sec; Ang-(1-12):136 ± 2 μm/sec). Peak systolic [Ca2+]iT changes in 

myocytes from normal rats averaged 0.31 ± 0.01 during superfusion with Ang II, 0.30 ± 0.01 

following exposure to the Mixture, and 0.30 ± 0.01 after Ang-(1-12) application (p > 0.05).

Importantly, the magnitude of the responses to the three agents in HF myocytes was 

significantly reduced (Figure 1B and Supplemental Tables 2). In ISO-treated rats, peak Ang 

II-mediated increases in dL/dtmax averaged 91 ± 2 μm/sec, 89 ± 4 μm/sec in response to the 

addition of the Mixture, and 88 ± 1 μm/sec following Ang-(1-12) superfusion. The similar 

reductions in dR/dtmax found in HF myocytes during exposure to Ang II, the Mixture or 

Ang-(1-12) superfusion were associated with statistically significant decreases in peak 

systolic [Ca2+]iT when compared with the responses recorded in normal myocytes (Figure 

2). In all conditions, the response induced by Ang-(1-12) began within 6 – 8 minutes after 

the addition of the peptide to the perfusate bathing isolated myocytes, whereas a 

comparative response to Ang II application was found within 3 – 4 minutes. These findings 

are consistent with a time-dependent conversion of Ang-(1-12) into Ang II.

3.3. Ang-(1-12)-Mediated Signal Pathways on Myocyte Functional Responses

To gain an insight as to the mechanism associated with the inotropic effects of Ang-(1-12), 

in four subsets series-studies, myocytes were pretreated with losartan, chymostatin or 

specific inhibitors to Gi or Gs proteins as described above.

As shown in Figure 3, Ang-(1-12) inotropic responses were eliminated after pretreating 

myocytes with chymostatin. Similar observations were made following blockade of the AT1 

receptor with losartan (data not shown) in both normal and HF myocytes. As displayed in 

Figure 4, pretreatment of myocytes with an inhibitory cAMP analog, Rp-cAMPS caused a 

slight, but not significant decrease in basal dL/dtMax and dR/dtMax. Ang-(1-12)-induced 

inotropic effects were nearly prevented in normal myocytes and markedly reduced in HF 

myocytes. Moreover, myocytes incubated with PTX showed no significant changes in basal 

dL/dtMax and dR/dtMax in normal and HF hearts. However, under this condition, both Ang-

(1-12) and Ang II induced increases of dL/dtMax and dR/dtMax were augmented only in HF 

myocytes. As exhibited in Figure 4B, compared with HF and Ang-(1-12), in the presence of 

PTX, Ang-(1-12) increased dL/dt from 13% to 38% and dR/dt increased from 10% to 27%. 

Similar observations were obtained on Ang II (HFPTX Ang II: dL/dtMax, 41% vs HF Ang 

II: 19%, dR/dtMax, 29% vs 16%) (Figure 4).
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4. Discussion

We show Ang-(1-12) as a chymase-dependent substrate for generating Ang II inotropic 

activity in both normal and HF rats. The responses mediated by direct application of Ang-

(1-12) to isolated myocytes are not different than those induced by Ang II and both are 

consistently similarly blunted in myocytes from rats with ISO-induced HF. Inhibition of 

Ang-(1-12) hydrolysis with chymostatin prevents Ang-(1-12) inotropic actions, a finding 

that denotes the presence of chymase in myocytes. Blockade of the Ang-(1-12) inotropic 

activity and intracellular Ca2+ mobilization with the AT1 receptor antagonist suggest that the 

substrate is converted into Ang II prior to exerting its activity. In keeping with a critical role 

of Ang II in modulating cardiac function, impaired contractility was documented for both 

Ang-(1-12) and Ang II in myocytes from rats with ISO-induced HF. The altered inotropic 

responses to Ang II and Ang-(1-12) in HF myocytes are likely mediated through a cAMP-

dependent mechanism that is coupled to both stimulatory G and inhibitory PTX-sensitive G 

proteins.

The current study provides functional evidence for Ang-(1-12) as a key component of the 

cardiac RAS and as a source for direct Ang II formation in isolated cardiac myocytes. This 

interpretation is derived by the observed inotropic actions of Ang-(1-12), comparable to 

those produced by Ang II, and the blockade of the contractile response in the presence of 

either a chymase inhibitor or the AT1 receptor antagonist. The present data complements the 

finding that intracellular Ang-(1-12) increases the duration of the action potential followed 

by the generation of early after depolarizations in adult cardiac myocytes.[19] Previous 

studies demonstrate that Ang-(1-12) effects require conversion into Ang II.[6, 17, 20, 21] 

This conclusion derives from studies performed in the coronary vasculature [22] and the 

systemic circulation [1, 23] and in COS-7 or CHO cells transfected with AT1 receptors.[24] 

Extensive studies in human and rodent hearts demonstrate that chymase can directly 

generate Ang II from Ang-(1-12).[17, 21, 25] Chymase is found in cardiac interstitial spaces 

and the content of Ang II in LV interstitial fluid is suppressed in the presence of a chymase 

inhibitor. [20, 21, 26, 27]

What will happen when systemic Ang-(1-12) arrives at cardiac tissue? The inotropic activity 

of Ang-(1-12) in isolated myocytes perfused with a buffer solution implicates the presence 

in these freshly isolated myocytes of chymase and functional AT1 receptors in the plasma 

membrane, intracellular spaces or both. Previous studies suggested that mast cells and 

cardiac fibroblasts are the predominant source for chymase expression.[2, 26–28] On the 

other hand, chymase gene transcripts, chymase protein and enzymatic activity were reported 

in human and rodents cardiac myocytes.[2, 6, 10, 21, 28–31] The demonstration that Ang-

(1-12) inotropic responses were blocked by chymostatin suggests the myocytes are a source 

for the conversion of Ang-(1-12) into Ang II. In keeping with this interpretation, we showed 

that intracellular delivery of chymostatin abolished the effect of intracellular Ang-(1-12) on 

the potassium current from rat cardiomyocytes. [19] It is possible that Ang-(1-12) interacts 

with membrane-bound chymase, leading to Ang II production. The Ang II generated from 

this alternate processing pathway may travel out of cell membrane and interact with AT1 

receptors via autocrine/paracrine mechanism. [32]
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Ang II is a cause of or a major contributor to the pathogenesis of heart disease. In the heart, 

increased Ang II activity from interstitial formation contributes to cardiac remodeling, 

arrhythmias, and fibrosis.[33–35]) We studied cardiomyocyte functional performance in 

freshly-isolated single myocytes from the LV in normal and HF rats, thereby removing 

potentially confounding effects of extra-cardiac factors that may influence contractility. 

Superfusion of Ang II produced direct inotropic effects on LV myocyte contractility and 

relaxation associated with increased peak systolic [Ca2+]iT. Compared with normal control 

myocytes, myocytes from HF rats demonstrated reduced basal myocyte contraction, 

relaxation and peak systolic [Ca2+]iT. Importantly, Ang II-stimulated myocyte functional and 

[Ca2+]iT response were significantly attenuated. The mechanism of Ang II inotropic effects 

have not been resolved and may be species dependent. Most investigators believe that 

inotropy is modulated by changes in intracellular calcium transients, which mediates 

excitation-contraction coupling.[36, 37] Others have suggested that an important effect of 

Ang II (in rabbit myocardium) is to increase the calcium-sensitivity of the myofilament, 

possibly by changing intracellular pH. [38] Ang II, through AT2 receptor stimulation and 

activation of protein tyrosine phosphatase, decreases T-type Ca2+ current, whereas in adrenal 

glomerulosa cells, Ang II, through AT1 receptor stimulation and activation of a Gi protein, 

increases T-type Ca2+ channel current.[39] Our findings indicate that Ang II-induced 

changes in [Ca2+]i regulation may be the primary driver of the altered cardiomyocyte force-

generating capacity and relaxation changes of LV myocytes in both groups.

The significant increases induced by Ang-(1-12) or Ang II superfusion in dL/dtmax, dR/

dtmax and [Ca2+]iT in freshly isolated myocytes from the heart of normal rats were markedly 

blunted in myocytes collected from HF rats. These findings demonstrated, for the first time, 

that HF alters cardiac contractile behavior to Ang-(1-12) and Ang II stimulation.

In this study, HF is associated with reduced inotropic responses to Ang II and Ang-(1-12). 

Why were the cardiac contractile responses to Ang II stimulation altered after HF? Factors 

such as a different Ang II AT1-mediated [Ca2+]i regulation, altered numbers of AT1 

receptors, and changes in signal transductions might contribute to these changes. Past 

observations from cardiac structural changes showed that AT1 receptors are associate with 

the Gq and Gi families of GTP-binding proteins (G protein), leading to the activation of 

phospholipase C. Ang II cross-talks with several tyrosine kinases via AT1 receptors, 

including receptor tyrosine kinases. It is well known that Ang II–evoked signal transduction 

pathways differ among cell types. [18, 39, 40] We now report that Ang II and Ang-(1-12)–

mediated contractile action couples to Gs in normal myocytes. In HF, Ang II and Ang-

(1-12)-mediated contractile action couples to both Gs and Gi because pretreatment with 

PTX significantly enhanced Ang-(1-12)-mediated action in HF myocytes. In HF, the cAMP-

dependent intracellular signal transduction system is disrupted and both Gs and Gi proteins 

are critically involved in ISO-induced HF.[18] There is an increase in the number and 

functional activity of inhibitory G protein, Gi. [41, 42] AT1 receptors and Gq may be down 

regulated, which may lead to a change for Ang II AT1 receptor coupling from Gs to Gi. This 

may exacerbate the dysfunctional Ca2+ homeostasis, which might account for the altered 

inotropic effect on myocardial contraction and relaxation that we observed after HF. Further 

studies are needed to characterize intracellular pathway coupling Ang II and Ang-(1-12) 

medicated myocardial functional performance.
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In summary, direct assessment of contractile Ang-(1-12) actions in isolated myocytes in 

terms of both inotropism and intracellular Ca2+ fluxes show that its biological activity is 

primarily due to its conversion to Ang II via a chymase-mediated mechanism present in the 

membrane or the intracellular environment of these freshly isolated myocytes. ISO-induced 

HF is associated with blunting of the inotropic mechanisms in response to both Ang II and 

Ang-(1-12). The existence of a cellular system for the processing of Ang-(1-12) via chymase 

and the apparently rapid conversion of this alternate substrate to Ang II adds weight to our 

hypothesis that Ang-(1-12) is the functional source for intracellular Ang II actions.

5. Study limitations

Although pathologic changes in ISO-treated rats resemble those of myocardial infarction 

and ISO-induced HF mimics many structural, functional, and neurohormonal changes of 

clinical HF,[12, 43, 44] we cannot ascertain that these results would apply to clinical HF or 

HF from other causes, such as hypertrophic cardiomyopathy or volume overload. The Ang-

(1-12) and Ang II doses used in these experiments are based on previous concentration-

response studies.[36, 38, 45, 46] While it may be argued that these doses are higher than 

those reported in the circulation, it is now recognized that hormones in the tissue interstitium 

are present in the nanomolar range. Because Ang-(1-12) and Ang II are generated in rat 

myocardium [20, 47] and in the intact and failing human heart, [5, 6, 21] Ang-(1-12) tissue 

levels may exceed Ang-(1-12) plasma levels, in analogy to the situation with Ang II.

6. Conclusions

Ang-(1-12) stimulates LV myocyte contractile function and [Ca2+]iT in both normal and HF 

rats through a chymase mediated action. HF is associated with a reduced action of Ang-

(1-12) and Ang II on myocyte contractility and [Ca2+]i regulation. Altered inotropic 

responses to Ang-(1-12) and Ang II in HF myocytes are mediated through a cAMP-

dependent mechanism that is coupled to both stimulatory G and inhibitory PTX-sensitive G 

proteins.

This study confirms the importance of a chymase/Ang-(1-12) pathway on the modulation of 

cardiac function. These findings have important clinical implications because the current 

acceptance of ACE inhibitors as the foundation for HF management may need revision as 

new research including the one described here denotes the primacy of chymase as an Ang II 

tissue-generating hormone. Future therapeutic targets that block tissue or cellular Ang II 

synthesis via chymase-mediated pathway may be necessary to fully interrupt the effects of 

Ang II.
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Highlights

• Ang-(1-12) as a chymase-dependent substrate for generating Ang II inotropic 

activity.

• Ang-(1-12) stimulates myocyte contractile function and [Ca2+]iT in both 

normal and HF.

• HF reduces Ang-(1-12) actions on myocyte contractility and [Ca2+]i 

regulation.

• Altered Ang-(1-12) response in HF is mediated through a cAMP-dependent 

mechanism.

• Attenuated cardiac effect of Ang-(1-12) in HF is coupled to both Gs and Gi 

proteins.
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Figure 1. 
Examples of LV myocyte functional responses to angiotensin peptides in normal (A) and HF 

(B). Fig 1A. Representative of superimposed traces of analog recordings from freshly-

isolated LV myocytes obtained from one normal rat at baselines and after superfusion of 

Ang II, Mixture, and Ang-(1-12), respectively. Shown are myocyte percent of shortening 

(SA), peak velocity of shortening (dL/dtmax) and relengthening (dR/dtmax), and the peak 

[Ca2+]iT. Fig 1B. Representative of superimposed traces of analog recordings from freshly 

isolated LV myocytes obtained from one ISO-induced HF rat at baselines and after 

superfusion of Ang II, Mixture and Ang-(1-12), respectively.
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Figure 2. 
Group means (± SD) of Ang-(1-12), Ang II, and Mixture-induced changes of myocyte 

contraction and relaxation (measured as SA, dL/dtmax, dR/dtmax) and [Ca2+]iT in normal 

control and HF rats. Compared with normal control at baselines, after HF, the basal myocyte 

contraction and relaxation and [Ca2+]iT all markedly reduced. Compared with normal 

myocytes in responses to angiotensin peptides, superfusions of Ang-(1-12), Ang II, and 

Mixture caused similar, but much less increases in SA, dL/dtmax, dR/dtmax and [Ca2+]iT in 

HF myocytes.

 Normal,  HF. * p<0.05, Ang peptides vs corresponding baselines; ** p<0.05, changes 

in HF vs changes in normals.
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Figure 3. 
Effects of chymostatin on LV myocyte functional responses to Ang-(1-12). Panel A: 

Examples of superimposed tracings of analog recordings of normal myocyte contractile 

function at baseline and after superfusion of Ang-(1-12) without and with incubation of 

chymostatin. Panel B: Group means of chymostatin on Ang-(1-12)-induced changes of LV 

myocyte contractility, dL/dtMax in normal and HF myocytes. Inhibition of chymase 

abolished myocyte Ang-(1-12)-stimulated contractile functional responses.
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Figure 4. 
Examples (Fig 4A) and group means (Fig 4B) of effects of Rp-cAMP and PTX on Ang-

(1-12) induced changes to LV myocyte contractile functional performance in normal and HF. 

The Ang-(1-12)-induced inotropic effects were completely prevented in the presence of an 

inhibitory cAMP analog, Rp-cAMPS (10−4 M 2 h) in both normal and HF myocytes, but 

were further augmented only in HF after the incubation of myocytes with the Gi inhibitor, 

pertussis toxin (PTX, 2 μg/mL, 36°C, 5h). * p<0.05, Ang-(1-12) vs corresponding baselines. 

** p<0.05, Ang-(1-12)-caused changes in pretreated myocytes vs Control Ang-(1-12)-

resulted changes.
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