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Abstract
Background 

Cardiorenal complications are common in patients with dysmetabolism and diabetes. The present study
aimed to examine if a nonhuman primate (NHP) model with spontaneously developed metabolic disorder
and diabetes develops similar complications to humans, such as proteinuria and cardiac dysfunction at
resting condition or diminished cardiac functional reserve following dobutamine stress echocardiography
(DSE).

Methods and Results        

A total of 66 dysmetabolic and diabetic cynomolgus (Macaca fascicularis) NHPs were enrolled to select
19 NHPs (MetS) with marked metabolic disorders and diabetes (fasting blood glucose: 178+18 vs. 61+3
mg/dL) accompanied by proteinuria (ACR: 134+34 vs. 1.5+0.4 mg/mmol) compared to 8 normal NHPs
(CTRL). Under resting condition, MetS NHPs showed mild left ventricular (LV) diastolic dysfunction (E/A:
1+0.06 vs. 1.5+0.13), but with preserved ejection fraction (EF: 65+2 vs. 71+3%) compared to CTRL. DSE
with an intravenous infusion of dobutamine at ascending doses (5, 10, 20, 30 and 40 μg/kg/min, 7 min
for each dose) resulted in a dose-dependent increase in cardiac function, however, with a signi�cantly
diminished magnitude at the highest dose of dobutamine infusion (40 μg/kg/min) in both diastole (E/A:
-12+3 vs. -38+5%) and systole (EF: 25+3 vs. 33+5%) as well as ~42% reduced cardiac output reserve
(COR: 63+8 vs. 105+18%, p<0.02) in the MetS compared to CTRL NHPs.

Conclusion 

These data demonstrate that MetS NHPs with cardiorenal complications: proteinuria, LV diastolic
dysfunction and preserved LV systolic function under resting conditions displayed compromised cardiac
functional reserve under dobutamine stress. Based on these phenotypes, this NHP model of diabetes with
cardiorenal complications can be used as a highly translational model mimic human disease for
pharmaceutical research.

Background
Echocardiography is commonly used in the clinic as an essential diagnostic tool to noninvasively
examine parameters such as cardiac structure, ventricular function and non-perfused myocardium since
it is convenient, rapid, economical, and radiation free [1, 2]. Among the echocardiography indices, ejection
fraction (EF) represents a marker of left ventricular (LV) systolic function, while the ratio of LV early (LVE)
and late (LVA) trans-mitral Doppler in�ow velocity (E/A) is a marker of LV diastolic function, both of
which are commonly used to evaluate LV function in risk assessment of cardiac death in patients with
heart failure. It is well known that EF is a major determinant of long-term survival in patients with
coronary artery disease [3]. Doppler �ow propagation velocity has also been proposed to assess LV
compliance and the severity of diastolic dysfunction [4, 5].



Page 4/22

In some patients with heart disease at early stage, cardiac dysfunction may be mild and di�cult to detect
under resting condition [6-8]. Stress tests, such as treadmill exercise, can be used to assess cardiac
functional reserve by pushing the heart to work more intensively. However, since not every patient is able
to exercise at an adequate intensity (heart rate response), therefore, a pharmacological stress test is often
used to assess cardiac functional reserve [6-8]. Among the pharmacological stress agents with positive
inotropic and chronotropic effects, dobutamine stress echocardiography (DSE), a reliable cardiac risk
stratify, is commonly used in the clinic because of its excellent safety pro�le, clinical accuracy and cost
effectiveness, with clinical results superior to regular exercise electrocardiography [6-8]. Dobutamine is an
adrenergic receptor (AR) agonist with its b1 activity mediating the inotropic effect to increase LV
contractility and a1 activity mediating the chronotropic effects to increase heart rate (HR), both of which
enhance the heart functional performance by increasing cardiac output (CO). Thus, DSE is commonly
used in the clinic to examine the cardiac functional reserve in patients with mild cardiac dysfunction in
the early stages of disease progression that may not be detectable under resting conditions. Clinical
studies are now available re�ning the common use of DSE preoperatively in patients with valvar disease,
as well as in emergency cardiac situations [9-11]. Recently available long-term results from several
independent clinical trials, combined with image enhancements, have improved the ability to detect signs
of subtle coronary artery disease and determine myocardial viability [12, 13].

Nonhuman primate (NHP) models of spontaneously developed obesity, dysmetabolism and diabetes are
used as the most translatable animal model in basic research to investigate the pathophysiological
mechanisms, as well as pharmaceutical testing of novel therapies [14-16]. Similar to human patients,
dysmetabolic and diabetic NHPs also develop complications such as nephropathy [17] , nonalcoholic
fatty liver disease (NAFLD) / steatohepatitis (NASH) [18], and cardiac dysfunction [19]. In a previous
study, we reported that when using noninvasive echocardiography, dysmetabolic and diabetic NHPs also
presented mild cardiac dysfunctions under resting conditions [19]. However, in some NHPs in the early
stages of disease progression, cardiac function may still be normal or only present mild changes under
resting conditions that might not be easily detectable, thus, the stress test may be able to detect the
subtle changes in diminished cardiac functional reserve. However, the exercise stress test is not practical
in preclinical studies in animal models, therefore, pharmacological stress tests are the most practical
choice. Indeed, Wang et al. reported that resting cardiac function was preserved in atherosclerotic
apolipoprotein E de�cient mice [20] and hyperglycemic minipigs [21] at early stages of disease; however,
following the pharmacological stress test, cardiac functional reserve was detected to be signi�cantly
diminished in both models.

The aim of the present study was to use DSE to detect if the cardiac functional reserve is compromised in
a NHP model of spontaneously developed dysmetabolism, diabetes and proteinuria with subtle or mild
cardiac dysfunction that may not be detectable at resting conditions in the early stages of disease
progression.

Methods
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Animal care and selections

Animal care and use were conducted in accordance with applicable AAALAC regulations and guidelines.
All experimental protocols and procedures were approved by Crown Bioscience’s institutional animal care
and use committee (IACUC).

The NHPs were individually housed at Crown Bioscience Inc., Taicang, China in species appropriate
cages, kept in temperature-controlled rooms maintained at 23±3°C on a 12-hour light-dark cycle, with free
access to water, twice daily feeding with a nutritionally balanced normal primate chow (Beijing Keao Xieli
Feed Co., LTD, Beijing, China) containing ~52% carbohydrate, ≥ 16% crude protein, ≥ 4% crude fat, ≤ 7%
ash, ≤ 4% �ber, 0.8~1.2% calcium, and ≤ 10% moisture, enriched with seasonal fruits and vegetables. All
animals were weight stable during the study and monitored closely for mobility, feces and any other
abnormal behavior and activities. 

A cohort of 60 male and female cynomolgus monkeys (Macaca fascicularis) with various degrees of
dysmetabolism were screened with measurements of blood and urine chemistry and echocardiogram.
From this screen, 20 NHPs with marked dysmetabolic pro�les and proteinuria (MetS) were selected for
DSE along with 8 normal NHPs as a control group (CTRL).

Blood and urine sample collection and bioanalysis

Blood samples After overnight fasting for ~16 hours, NHPs, which were previously trained to sit
consciously and calmly in monkey chair, had ~3 mL blood samples taken from the cephalic or
saphenous vein. The samples were kept in K2 EDTA tubes on ice, and centrifuged at 3,500 rpm for 10
minutes at 4°C. The resulting plasma was transferred into pre-labeled polypropylene screw-cap vial(s)
and stored in a freezer at -80oC until assays were performed.

Urine collection On a different day than blood sampling, the NHPs were housed individually in a stainless-
steel metabolic cage with a net placed between the cage and the urine collection tray (Suzhou Houhuang
Animal Laboratory Equipment Technology Co. Ltd, China) to prevent the feces and residual food from
contaminating the collected urine. 24-hour urine (10:00AM-10:00AM next day) was collected with the
total volume being mixed together, from which ~30 ml urine samples were transferred to a 50 ml tube for
centrifugation (4,500 rpm for 10 min at 4°C), from which, ~2 ml supernatant was taken for biochemical
analysis for speci�c gravity, pH, ketones, bilirubin, creatinine, cystatin C, glucose, sodium, albumin and
protein concentrations by Siemens ADVIA 2400. The 24-hour urinary excretion of total protein (Upro),
albumin (Ualb), glucose (Uglu) and creatinine (Ucre) were calculated by the urinary volume (Uvol) and
respective concentrations. The ratio of urinary albumin and creatinine (ACR) was calculated by the ratio
of urinary concentrations of albumin and creatinine. The estimated glomerular �ltration rate (eGFR) was
calculated as creatinine clearance with the equation below.

Ucre/Scre × 1.73 / body weight2/3/ 0.118
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Echocardiography and dobutamine stress test

On the experimental day, NHPs were fasted overnight (16 hours) and received an intramuscular injection
of ketamine (Fujian Gutian Pharmaceutical Co. Ltd., Fujian, China) at an initial dose of 10 mg/kg
followed by supplementary doses of 5 mg/kg as needed. Body temperature was maintained at ∼37 °C by
a thermostatically controlled warm water-circulating pad placed underneath the animal. Throughout the
experimental period, animals were monitored for vital signs which may trigger intervention (supportive
and/or emergent care) and/or study termination if: oxygen saturations <90 %; body temperature <35 °C;
heart rate <100 or >200 beats/min; respiratory rate < 20 or > 60/min, serious arrhythmia or respiratory
artifacts.

The animals underwent transthoracic echocardiographic scanning with 2-dimentional (2-D) and pulsed-
wave Doppler mode by a clinical ultrasound instrument (SSD-3500, Hitachi Aloka, Japan). The standard
images of the parasternal long axis, apical 3 and 4-chambers were acquired and stored at baseline for
measuring cardiac function under resting condition. Dobutamine (Shanghai NO.1 Biochemical &
Pharmaceutical CO. LTD, Lot number: H31021904) at a concentration of 200 μg/mL in physiological
saline was then infused into a catheter pre-implanted in the femoral vein at escalating doses of 0 (saline
only, for baseline at the resting condition), 5, 10, 20, 30, and 40 µg /kg/min for 7 minutes each dose while
the echocardiographic scanning was performed at the plateau of each dose for measuring cardiac
functional reserve under dobutamine stress. The mean cardiac output (CO), stroke volume (SV), heart rate
(HR), left ventricular (LV) ejection fraction (EF), fraction shortening (FS), end diastolic volume (EDV), early
(LVE) and late (LVA) diastolic peak velocity of mitral annulus, velocity-time-integration (VTI LVIT) and ∆
pressure (∆PLVIT) of LV in�ow trace were captured by the software preinstalled in the ultrasound
instrument. Cardiac output reserve (COR) was de�ned as CO increment under dobutamine at 40
mm/kg/min from the resting condition at time 0. After completion of echocardiographic examination,
animals were returned to their home cages and closely monitored by well-trained personnel until the
animals recovered completely from anesthesia.

Statistical analysis

All the data are expressed as mean ± standard error (SE). The mean values were compared between
control and MetS animals using the Wilcoxon rank-sum test. Correlation between parameters was
assessed and visualized using Spearman’s rho. Differences for the various cardiac parameters between
control and MetS animals were assessed using estimated marginal means obtained from a linear mixed
effects model with a random intercept for each individual and dobutamine levels as a factorial covariate.
P-values were corrected for multiple testing using Tukey’s method. All analyses were performed using the
software R 3.6.1, lmerTest and Emmeans packages (R Core Team 2019).

The probability distribution function (PDF) is presented in the supplement data section as the
correlogram along with each individual pair of the corresponding correlation coe�cient (Figs. S1-6). From
the random comparison among all the parameters, several pairs of physiologically meaningful
correlation analyses were further conducted using Statistical Analysis System (SAS institute Inc., NC, US)
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to examine the relationships between the prevalence of different relevant parameters with 95 %
con�dence intervals (CI) being used to examine the associations in animals with certain risk factors as
presented in the results section. A p-value <0.05 was used to determine if differences were statistically
signi�cant.

Results
General characterization of dysmetabolic NHPs

A total of 8 normal and 66 NHPs with various degree of dysmetabolism and hyperglycemia were used to
measure blood and urine chemistry as well as echocardiography. The correlation analysis was conducted
with each pair of the parameters as presented in the supplement Figs. S1-6. Certain pairs of signi�cant
correlation were highlighted in Figs S7&8. The waist circumference (WCU) highly correlated with the
degree of obesity measured by total body fat, whilst compromised liver function measured by an
elevation of ALT, a liver injury biomarker, highly correlated with higher HbA1c (Fig. S7). Different cardiac
functional parameters measured by echocardiography also correlated with each other, e.g., the LV end
diastolic volume (EDV), representing diastolic function, positively correlated with LV end systolic volume
(ESV), representing systolic function (top), stroke volume (SV) and cardiac output (CO); both representing
general cardiac functional performance (Fig. S8). In particular, glycemia not only highly correlated with
glucosuria (Fig. 1, top), but also with estimated glomerular �ltration rate (eGFR, Fig. 1, bottom).

The characteristics of 8 normal control (CTRL) and 66 Mets NHPs grouped according to 24 hours urinary
albumin excretion (Ualb) ≤ or >25 mg are shown in Table 1. As expected, the MetS NHPs with Ualb > 25
mg were older with hyperglycemic, hyperlipidemic, polyuria, glucosuria, proteinuria with signi�cantly
elevated ACR and ALT, as well as ~ 63% higher eGFR, compared to CTRL. Based on these pro�les, 19
MetS with Ualb > 25 mg along with 8 CTRL NHPs were selected for DSE tests.

Cardiac functional reserve following dobutamine stress echocardiography (DSE)

As shown in Table 2, the basal LV diastolic function measured by E/A ratio was signi�cantly lower in the
MetS than CTRL NHPs, while the LV systolic function measured by EF and FS as well as cardiac output
(CO) were largely preserved under resting condition. Fig. 2 are the original echocardiography images from
a CTRL (top) and a MetS (bottom) NHP, showing that the resting peak LV in�ow velocity prior to
dobutamine administration was slightly lower in the MetS compared to CTRL NHP, while the LVE was
much lower, LVA elevated, hence the E/A ratio increased in the MetS compared to CONT NHP, indicating
compromised LV diastolic function under resting condition in MetS NHP. Following DSE with dobutamine
infusion at the dose of 40 mg/kg/min, the increment of LV in�ow velocity was markedly smaller in the
MetS than CTRL NHP.

Left ventricular diastolic function Under resting condition prior to dobutamine administration, the E/A
ratio, a clinical marker of LV diastolic function, was signi�cantly lower in the MetS compared to CTRL
NHPs, with signi�cant increase in LVA but not LVE and EDV between the 2 groups (Table 2). Dobutamine
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dose-dependently increased both LVE and LVA, however, the increments were ~2.5 fold smaller in the
MetS (LVE: 20% and LVA: 40%) than CTRL (LVE: 50% and LVA: 100%) NHPs (Fig. 3). Therefore, the E/A
ratio dose-dependently decreased in response to dobutamine only in CTRL but not signi�cantly in MetS
NHPs, with the peak change ~26% smaller in the MetS (-12 + 3%) than CTRL (-38 + 5%) NHPs. There was
no signi�cant difference in EDV under resting condition and following dobutamine administration in both
groups. Thus, LV �lling patterns regarding LVA were evidently compromised, indicating reduced LV
diastolic functional in the MetS NHPs.

Left ventricular systolic function There were no signi�cant differences in the resting LV systolic functional
indices (EF, FS and ESV) between the MetS and CTRL NHPs (Table 2 and Fig 4). Dobutamine dose-
dependently increased EF (25 + 3% vs. 33 + 5%) and FS (44 + 5% vs. 75 + 11%) and decreased ESV (-44 +
7% vs. -74 + 5%) in both groups, however, with a much smaller degree in the MetS vs. CTRL NHPs.

General cardiac function The resting CO, SV and HR prior to dobutamine infusion were similar between
the 2 groups (Table 2 & Fig. 5). DSE dose-dependently increased all 3 parameters but with a signi�cantly
smaller increment in the CO in the MetS (63 + 8%) compared to CTRL (105 + 18%) NHPs following
dobutamine infusion at high dose (40 mg/kg/min). Thus, the general cardiac function at resting
condition was largely preserved but the cardiac output reserve (COR) following dobutamine infusion
diminished by ~42% (p<0.02) in the MetS compared to CTRL NHPs.

Discussion
Like human diabetic patients, the present data demonstrate that in NHPs with spontaneously developed
dysmetabolism, diabetes and proteinuria, echocardiography can detect LV diastolic dysfunction
measured by lower E/A ratio, while the LV systolic function measured by EF and FS as well as cardiac
output are largely preserved under resting condition. Dobutamine stress echography (DSE) dose-
dependently enhanced LV functions in both systole and diastole in CTRL and MetS NHPs. However, the
MetS NHPs had a ~42% reduction of cardiac output reserve (COR) compared to CTRL NHPs. 

The LVE is mainly generated by the LV dilation and LVA by left atrium (LA) contraction. The E/A ratio is
commonly used as a clinical marker of LV diastolic function. Under resting condition, LVA was
signi�cantly higher indicating an increase in LA contraction, which could partially result from
compensatory LA hypotrophy and/or reduced LV distensibility and relaxation capacity as a consequence
of cardiomyopathy in the MetS NHPs. As anticipated, infusion of dobutamine dose-dependently
enhanced LV dilation measured by elevated LVE as well as LA contraction measured by elevated LVA.
However, the degree of the enhancement of LVE and LVA was signi�cantly smaller in the MetS compared
to CTRL NHPs. As a result, dobutamine dose-dependently decreased E/A ratio, but the response was
much less in the MetS than CTRL NHPs. Thus, DSE elucidated diminished LV diastolic functional reserve
in the MetS NHPs with albuminuria.

The basal LV systolic function measured by EF, FS and ESV was largely preserved in the MetS compared
to CTRL NHPs under resting condition. However, DSE dose-dependently increased EF and FS and reduced
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ESV with a much smaller response in the MetS than CTRL NHPs. Elevation of ESV represents reduced LV
contractility, leading to incapability of pumping adequate blood out of the heart to the circulation at the
end of the systolic phase. Thus, MetS NHPs with proteinuria had preserved LV systolic function, but
compromised LV systolic functional reserve in response to DSE.

There was no signi�cant difference in the basal CO, SV and HR under resting conditions between the
MetS and CTRL NHPs. Dobutamine dose-dependently increased all 3 parameters, but to a lesser degree in
the MetS than CTRL NHPs. Therefore, similar to what was seen in the systolic parameters, the MetS
NHPs with proteinuria had preserved global cardiac function under rest condition, but DSE unmasked the
compromised cardiac output reserve.

Dobutamine is mainly a sympathetic activator with b1-adrenoreceptor (AR) activity on myocytes
mediating inotropic effect, b2-AR activity on vascular smooth muscle cells causing vasorelaxation, thus
reducing peripheral vascular resistance, and a1-AR activity mediating chronotropic effect [22-24]. It is
used in the clinic for decompensated congestive heart failure. In healthy volunteers, dobutamine dose-
dependently increased cardiac output, which is linearly correlated to its plasma concentrations [25, 26]. In
patients with different forms of cardiac failure, however, the effects of dobutamine are not the same [27].
The inotropic effect of dobutamine increases LV contractility, leading to a decrease in ESV, enabling the
heart to pump more blood out from the LV to the circulation with a larger stroke volume. The increases in
both the SV and HR contribute to the increase in total cardiac output, which then allows for the
baroreceptor mediated response to decrease the systemic vascular resistance, thus maintaining blood
pressure homeostasis. With these pharmacological properties of dobutamine in mind, dobutamine stress
echocardiography (DSE) does have some limitations in discriminating particular regions of ischemia
when multiple ventricular segments are involved [28]. The general performance of the heart is determined
by the intrinsic cardiomyocyte contractility, which is also in�uenced by the preload and afterload of the
heart. As mentioned above, dobutamine possesses multiple functions, inotropic effects to stimulate
cardiomyocyte contractility, chronotropic effects to increase heart rate, and vasodilatory effects to
decrease afterload, all of which are integrated to in�uence global cardiac performance. Therefore, DSE
may not be able to differentiate which exact mechanism contributes to reduced cardiac functional
reserve in the MetS NHPs. Regardless of this limitation, the independence of DSE from the effects of LV
hypertrophy and hypertension is still used in patients with renal disease [29] to document resting LV
function as well as it’s functional reserve, both of which are prognostically important factors in end-stage
renal failure [30]. 

Cardiorenal dysfunctions are common diabetic complications on both end-organs that may interact with
each other. Heart failure with reduced ejection fraction (HFrEF) causes renal dysfunction via kidney
hypoperfusion; conversely, renal impairment is observed in a great number of heart failure patients with
preserved ejection fraction (HFpEF) and is associated with an increased risk of mortality via uremic
toxins, increased �uid afterload, etc. [31-35]. Combined heart and kidney failure in patients pose several
clinical challenges, including diagnostic di�culties and therapeutic dilemmas, since some heart failure
medications may cause, or are contraindicated, in the presence of renal failure [38].
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Indeed, the present NHP model with metabolic disorders and diabetes also accompanied with signi�cant
proteinuria, is similar to diabetic patients with cardiorenal complications. Proteinuria is an early sign and
sensitive biomarker for diabetic nephropathy [36-38], which is strongly correlated with increased risk of
cardiovascular and cerebrovascular diseases [33, 39, 40]. In patients with metabolic disorders and
diabetes, the initial histopathology change is tubular injury that leads to protein leakage in early stages of
diabetic nephropathy before the global glomerular �ltration function is compromised [41, 42]. Instead,
hyperglycemia could even change kidney hemodynamics, leading to glomerular hyper�ltration in early
stages of diabetes which further contributes to the progression of kidney injury [43]. Indeed, in the present
study, the eGFR in the MetS NHPs with proteinuria was ~50% higher than that in CTRL, indicating the
MetS NHPs used in this study are still at an early stage of diabetic nephropathy with kidney function at
the hyper�ltration stage without signi�cant increase in BUN and serum creatinine.

Conclusion
This study demonstrates that similar to that observed in human diabetic patients with albuminuria, NHPs
with spontaneously developed dysmetabolism, diabetes and proteinuria show compromised diastolic
function and preserved LV systolic function under resting condition. Dobutamine dose-dependently
enhanced LV function in both systole and diastole and cardiac output, however, to a much lesser degree
in the MetS than CTRL NHPs, indicating a compromised cardiac functional reserve, demonstrating the
importance of stress tests to fully elucidate the disease phenotype and to capture treatment effects in
intervention studies. Since NHPs have phylogenetic proximity to humans, the NHP model of
dysmetabolism and diabetes with cardiorenal complications, along with the established DSE protocol,
can be used as a model with expected high translational value for preclinical researches in testing and
pro�ling the safety and e�cacy of novel therapeutics.
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Tables
Table 1.           Blood and urine chemistry measurements in the normal (CTRL) and dysmetabolic (MetS)
NHPs

Data presented as Mean + SE
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Table 2. Resting cardiac functional measurements in the normal (CTRL) and dysmetabolic (MetS) NHPs

Data presented as Mean + SE
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Figure 1

Correlation of blood glucose concentration vs. urinary glucose excretion (top); or estimated glomerular
�ltration rate (eGFR, bottom) in 8 normal control NHPs and 66 dysmetabolic NHPs with different degree
of proteinuria
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Figure 2

Left ventricle in�ow velocity at resting condition before (left) and after (right) dobutamine infusion at the
dose of 40 g/kg/min in a representative normal control NHP (CTRL, top) and dysmetabolic NHP with
proteinuria (MetS, bottom) The horizontal line represents the average peak level of LV in�ow, and the
vertical arrow is the increment of in LV in�ow following dobutamine stress echocardiography.
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Figure 3

Left ventricular diastolic functional reserve following dobutamine stress echocardiography (DSE) in the
normal NHPs and (CTRL) and dysmetabolic NHPs with proteinuria (MetS) Left: Dose-response curves of
left ventricular early (LVE) and late (LVA) �lling velocity; LVE/LVA ratio (E/A); and end diastolic volume
(EDV). Middle: Percent changes of the dose-response curves. Right: Area under the dose-response curves.
*, p<0.05 between the 2 groups at the corresponding time points by t-test. Data presented as Mean + SE
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Figure 4

Left ventricular systolic functional reserve following dobutamine stress echocardiography (DSE) in the
normal NHPs (CTRL) and dysmetabolic NHPs with proteinuria (MetS) Left: Dose-response curves of left
ventricular ejection fraction (EF), fractional shortening (FS), and end systolic volume (ESV). Middle:
Percent changes of the dose-response curves. Right: Area under the dose-response curves. *, p<0.05
between the 2 groups at the corresponding time points by t-test. Data presented as Mean + SE
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Figure 5

General cardiac functional reserve following dobutamine stress echocardiography (DSE) in the normal
NHPs (CTRL) and dysmetabolic NHPs with proteinuria (MetS) Left: Dose-response curves of cardiac
output (CO), stroke volume (SV) and heart rate (HR). Middle: Percent changes of the dose-response
curves. Right: Area under the dose-response curves. *, p<0.05 between the 2 groups at the corresponding
time points by t-test. Data presented as Mean + SE
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