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Introduction
The pathophysiology of diabetic micro- and macroangiopathy 

may be associated with a hypercoaguable state driven by platelet 
hyperreactivity [1]. This hyperactivity includes increased platelet 
adhesion, aggregation, thromboxane production, increased plasma 
levels of platelet-specific proteins, and increase of platelet turnover [2]. 
This may lead to increased microembolism in the capillaries and local 
progression of pre-existing vascular lesions [3]. In diabetes, a vicious 
cycle is set up in which vascular disease may lead to platelet damage, 
and altered platelet function may contribute to vascular disease. The 
loss of sensitivity to the normal restraints generated by the vascular 
endothelium is the major defect in platelet function [4]. 

Several mechanisms have been proposed to contribute to the 
increased platelet reactivity caused by diabetes including the following: 
a) non-enzymatic glycation of platelet membrane proteins that
decreases membrane fluid ity, which may increase platelet adhesion; [5]
b) osmotic effect of glucose that activates platelet adhesion molecules
e.g. glycoprotein complex IIb/IIIa and P-selectin; [6] c) activation of
protein kinase C, a mediator of platelet activation; [7] d) glycation of
circu lating low-density lipoproteins (LDL) which increases calcium
-ATPase activity and intracellular calcium concentration [3] and e)
impairment in platelet signaling such as nitric oxide (NO) production
[8].

Calcium channel blockers work by blocking voltage-gated calcium 
channels in muscle cells of the heart and blood vessels. Nifedipine 
prevents calcium levels from increasing as much in the cells when 
stimulated, leading to less muscle contraction. In the heart, a decrease 
in calcium available for each beat results in a decrease in cardiac 

contractility. In blood vessels, a decrease in calcium results in less 
contraction of the vascular smooth muscle and therefore vasodilation. 
Vasodilation decreases total peripheral resistance, while a decrease in 
cardiac contractility decreases cardiac output. Since blood pressure is 
in part determined by cardiac output and peripheral resistance, blood 
pressure drops [9]. With a relatively low blood pressure, the after load 
on the heart decreases. This decreases the amount of oxygen required 
by the heart. This can help ameliorate symptoms of ischemic heart 
disease such as angina pectoris [10].

Calcium is required in platelets for many functions such as 
shape change, secretion, aggregation, and thromboxane formation 
[6]. Hyperglycemia changes platelet function by impairing calcium 
homeostasis and thereby alters aspects of platelet activation and 
aggregation, including platelet conformation and release of mediators 
[11]. The aim of this work was to determine platelet function in type 2 
diabetes and to assess the effect of calcium channel blocker (nifedipine) 
on platelet functions and cardiovascular complications associated with 
diabetes.
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Abstract
Background and Aim: Platelets play a role in the microvascular as well as macrovascular complications of 

diabetic patients with serious implications in the pathogenesis of vascular disease in patients with type 2 diabetes. 
Hyperglycemia changes platelet functions by impairing calcium homeostasis. So, it is important to study the effect of 
nifedipine on platelet functions and cardiovascular complications associated with diabetes.

Methods: There were 3 groups, i.e. healthy non diabetics (control), type 2 diabetics, and type 2 diabetics with 
nifedipine therapy (20 in each). For all, the following measurements were done: the cytoplasmic free Ca2+ concentration, 
platelet aggregation, lipid profiles, arterial blood pressure and heart rate.

Results: Using nifedipine significantly reduced resting and thrombin (0.5 u ⁄ml) phase 2 platelet cytosolic free 
calcium in the presence of (1 mM) external calcium compared with the diabetic group. Nifedipine showed no significant 
change in thrombin induced phase 2 platelet cytosolic free calcium in absence of external calcium compared with the 
diabetic group. There were no significant differences of peak platelet cytosolic free calcium (thrombin 0.5 u⁄ml) induced 
in the presence of 1 mM external calcium and in the absence of external calcium between all three groups. There was 
a significant reduction of lipid profiles except HDL in the diabetic group after nifedipine therapy compared with the 
diabetic group. HDL cholesterol showed significant increase after nifedipine therapy compared with the diabetic group. 

Conclusion: Nifedipine therapy is useful for patients with diabetes mellitus type 2 from its effects on platelet 
aggregation, lipid metabolism and cardiovascular functions.
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Subjects and Methods
Study design

A total of a well matched-age (between 25-45years), sex (males), 
general health and medication (no other medications for other 
diseases) 40 type 2 diabetics and 20 non-diabetics were selected for this 
study. There were 3 groups: A control group composed of non diabetic 
non hypertensive persons with glycosylated hemoglobin (HbA1c) 
levels in the normal range (3.4-5.4 %), the second group included 
20 type 2 diabetic patients, and the third group included 20 diabetic 
patients after nifedipine administration (40 mg once daily for 4 weeks). 
Diabetic patients were obtained from the diabetic clinic, department 
of medicine, Tanta university hospital. Informed written consent was 
obtained from every study subject. HbA1c was used as an index of the 
metabolic control. No participants had taken any anti platelet or lipid 
–lowering drugs in the previous two weeks. 

Body mass indices, body temperature, heart rate, systolic (SBP) 
and diastolic blood pressure (DBP) were measured. All anthropometric 
measurements and blood sampling were conducted in a temperature-
controlled room maintained at 22±2°C. Heart rate was measured 
centrally and peripherally. Blood pressure was measured after at least 5 
min of rest, with a monitor sphygmomanometer with the optimal cuff-
size for the subjects’ arm circumferences. The first and fifth Korotkoff 
sounds were recorded to determine the SBP and DBP, respectively. 
Three blood pressure measurements will be taken and the mean of the 
last two measurements were used in the analysis [12]. 

Biochemical measurements

Determination of blood glucose level: Venous blood samples were 
obtained under conditions of metabolic stability after at least 8 hours of 
fasting. Diabetes mellitus was defined as a fasting blood glucose level of 
≥126 mg/dL [13]. The blood glucose level was done by glucose oxidase 
method [14].

Hemoglobin A1C measurements: It was measured by enzymatic 
calorimetric method using commercial kit [15].

Platelet function tests

Platelet isolation: Blood samples for platelet function assays 
were collected from an antecubital vein. The first 2 to 4 ml of blood 
was discarded to avoid spontaneous platelet activation. Venous blood 
was drawn into vacutainer tubes containing acid-citrate-dextrose 
(0.8% citric acid, 2.2% sodium citrate, and 2.45% dextrose; 6:1 vol/
vol). Platelet function tests were performed in within 2 h after blood 
collection. Platelet-rich plasma (PRP) was obtained by centrifugation 
at 600 rpm for 15 min at 18°C and was then centrifuged at 2,000 rpm 
for 15 min at 18°C. The supernatant (platelet-poor plasma = PPP) was 
aspirated, leaving the sedimented pellets which were re-suspended in 
500 ml of plasma and then loaded with fluorescent dyes [11].

Measurement of platelet free Ca2+ concentration [16]: The 
cytoplasmic free Ca2+ concentration [Ca2+]i of platelets was determined 
by Ca2+-sensitive fluorescent indicators. Platelet [Ca2+]i was measured 
by use of the resultant PRP. The PRP was incubated with 3 fimolfh fura-
2-acetoxymethyl ester “fura-2AM- Molecular Probes, Eugene” (diluted 
in 0.02% pluronic in anhydrous dimethyl sulfoxide) at 37°C for 30 
minutes. Extraneous dye was removed by washing the loaded platelets 
in a buffer containing (mmol/L) NaCl, 145; KC1, 5; MgSO4, 1; Na2HPO4, 
0.5; glucose, 5; and HEPES (4-(2-hydroxyethyl)-1-piperazine ethane 
sulfonic acid), 10, pH 7.4 at 25°C. The platelets were washed twice by 
centrifugation at 450 g for 10 minutes at 25°C and then were diluted 

to 1 to 2x108 cells per milliliter in the HEPES buffer. Extracellular 
calcium was adjusted with 1 mmol/L CaCl2. The platelets were stirred 
continuously with a magnetic stirrer at 1000 rpm in thermostated 
(37°C) 1-mL cuvettes. After the cells were prewarmed at 37°C for 10 
minutes, fluorescence was recorded at an emission wavelength of 510 
nm, and excitation wavelengths of 340 and 380 nm were recorded on a 
dual excitation wavelength fluorometer. Maximum [Ca2+]i was achieved 
by addition of Triton X-100 (C14H22O(C2H4O)n) (final concentration of 
0.1%). This corresponded to complete complexation of fura 2 with Ca2+. 
Minimal [Ca2+]i was obtained in the presence of EGTA (ethylene glycol 
tetraacetic acid) (final concentration, 3 mmol/L). [Ca2+]i was calculated 
according to the formula of [17]. Ca2+]i=Kd (R - Rmin/ Rmax-R)b 
where Kd represented the dissociation constant of fura 2 for Ca2+ taken 
as 224 nmol/L at 37°C, and where R was the ratio of fluorescence of the 
sample at 340 and 380 nm; and Rmax and Rmin were the ratios for fura 
2-free acid at these wavelengths in the presence of saturating Ca2+ (with 
Triton X-100) and EGTA, respectively. b was the ratio of fluorescence 
at 380 nm in the presence of EGTA to the fluorescence at 380 nm in the 
presence of Triton X-100. 

Assessment of platelet aggregation [18]: Aggregation was 
assessed in siliconized tubes at 37°C in constant stirring conditions. 
Platelet aggregation was determined as the maximal percent change 
in light transmittance from baseline using PPP as a reference. Pipette 
0.45 ml of PRP and 0.45 ml of PPP into different cuvettes and the 
specimens were incubated at 37°C for 5 minutes. The PPP specimen 
were inserted into the appropriate channel and set instrument to 100%. 
The tube containing PRP was placed in the aggregometer cuvette and 
basal (resting) platelet aggregation was measured. Platelet aggregation 
induced by adding thrombin as an agonist was also measured. A light 
beam passing through the PRP was measured and as platelets aggregate, 
more light passed. This determined the percentage of aggregation.

Lipid profiles measurements: Serum total cholesterol, triglyceride, 
HDL (high density lipoprotein) and LDL were measured by enzymatic 
calorimetric method using commercial kits [19,20].

Statistical analysis

It was done using the computer program (prism). The quantitative 
data were presented in the form of mean ± standard error (S.E). One 
way analysis of variance (ANOVA) was done to compare between the 
studied groups, followed by Students t-test to compare between each 
two means. Also, correlation coefficients were done. A P<0.05 was 
considered significant for all analyses. All results were shown as mean 
± standard deviation (mean ± SD). All data were analysed by Statistical 
Package for Social Science (SPSS) version 13.0 for Windows (2004) 
(SPSS® Chicago, IL, USA) software program.

Results
Platelet function tests

A- Platelet parameters: Platelet count was significantly lower in 
the diabetic group compared with the control group. There was no 
significant change of the platelet count in the diabetic group after 
nifedipine therapy compared with the diabetic group alone.

Mean platelet volume (MPV) was significantly higher in the 
diabetic group compared with the control group. There was no 
significant change of the MPV in the diabetic group nifedipine therapy 
compared with the diabetic group alone (Table 1).

B- Platelet aggregation: Resting and agonist (thrombin 0.5u/ml 
and 1u/ml) platelet aggregation showed significant elevation in the 
diabetic group compared with control group. There was a significant 
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reduction of resting and agonist (thrombin 0.5u/ml and 1u/ml) platelet 
aggregation after nifedipine therapy compared with the diabetic group 
(Table 2).

Platelet Ca2+ homeostasis in normal and diabetic subjects

The resting platelet [Ca2+]i in a diabetic group was higher 
(110.15±13.30) than in nondiabetic control group (27.10±6.02). This 
difference was statistically significant (P < 0.05) in an unpaired two-
sided t-test. In the presence of 1 mM extracellular Ca2+, the addition 
of thrombin (0.5 and 1.0 U/ml) increased [Ca2+]i in platelets from all 
study groups. The typical thrombin response was divided into two 
phases (Table 3): a rapid immediate [Ca2+]i increase after thrombin 
addition (peak 1) and a sustained [Ca2+]i level (phase 2). The obtained 
data showed a significant increase of thrombin induced phase 2 
platelet cytosolic free calcium in absence of external calcium in the 
diabetic group (162.450±23.302) compared with control group (72.550 
±12.626). 

Using of nifedipine significantly reduced resting platelet cytosolic 

free calcium and phase 2 (plateau) in the presence of (1 mM) external 
calcium compared with the diabetic group. While, using nifedipine 
showed no significant change in thrombin induced phase 2 platelet 
cytosolic free calcium in absence of external calcium compared with 
the diabetic group. As regard peak 1 in the absence of external calcium, 
no significant difference was present between all three groups. 

Lipid profiles changes: Total cholesterol, triglyceride and LDL 
were significantly higher in the diabetic group compared with the 
control group. There was significant reduction of the total cholesterol, 
triglyceride and LDL in the diabetic group after nifedipine therapy 
compared with the diabetic group.

HDL showed significant decrease in the diabetic group compared 
with control group. There was significant elevation of HDL after 
nifedipine therapy compared with the diabetic group (Table 4).

Hemodynamic changes: Arterial blood pressure was significantly 
higher in the diabetic group compared with the control group. There 
was a significant reduction of the arterial blood pressure in the diabetic 

Groups
Parameters Control group Diabetic group Diabetic group with nifedipine

Platelet count (thousand platelets per cubic millimetre) 268.500±48.015 229.900±56.870 235.850±55.821
t. test 2.319 1.123
P. Value 0.026* 0.276
MPV (fl femtoliters) 9.103±1.676 11.686±2.230 11.638±2.210
t. test - 4.140 1.551
P. Value <0.05 0.137

Table 1: Platelet parameters in all studied groups (Mean±SD).

Table 2: Platelet aggregation (%) in all studied groups (Mean±SD).

Groups
Parameters Control group Diabetic group Diabetic group with nifedipine

Resting platelet aggregation ( % ) 19.950±3.831 35.600±7.755 29.65± 6.96
t. test -8.091 6.536
P. Value P < 0.05 P < 0.05
Agonist (Thrombin 0.5 u / ml) induced platelet aggregation (% ) 45.25±9.17 65.45±11.00 55.30+13.86
t. test - 6.303 6.683
P. Value P < 0.05 P < 0.05
Agonist (Thrombin 1 u / ml) induced platelet aggregation (% ) 68.45±10.11 76.05±10.99 68.60±9.86
t. test -2.275 4.967
P. Value P < 0.029 P < 0.05

Table 3: Platelet cytosolic free calcium (nM) in all studied groups (Mean±SD).

Groups
Parameters Control group Diabetic group Diabetic group with nifedipine

Resting 27.10±6.02 110.15±13.30 59.65± 7.583
t. test 22.292 16.77
P. Value P < 0.05 P < 0.05
Peak 1 (n M) in the presence of (1 mM) external calcium 428.650±106.173 456.950±114.466 448.500±103.977
t. test -0.722 1.101
P. Value P > 0.475 P > 0.285
Phase 2 in the presence of external calcium 290.750±31.595 874.100±111.098 600.550±145.055
t. test 2.586 9.018
P. Value P < 0.05 P < 0.05
Peak 1 in the absence of external calcium 252.750±40.804 258.050±42.297 254.200±43.534
t. test - 0.403 1.980
P. Value P 0.689 P 0.062
 Phase 2 in the absence of external calcium 72.550±12.626 162.450±23.302 161.500±22.441
t. test 15.170 0.903
P. Value P < 0.05 P > 0.378
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group after nifedipine therapy compared with the diabetic group alone.

There were no significant changes in the heart rate between the 
diabetic and control groups. However, there was a significant increase 
of the heart rate in the diabetic group after nifedipine therapy compared 
with the diabetic group (Table 5).

Discussion
In the present study, the platelet count in diabetic patients is 

significantly lower than control non diabetic group and no significant 
change with nifedipine therapy. These results were in agreement with 
finding of [21].

Data of the present study revealed a significant increase in the MPV 
in diabetic group as compared with control group and no significant 
change with nifedipine therapy. The same was mentioned by [21-23]. 

In the present study, resting platelet aggregation (%) was 
significantly higher in diabetic group compared with control group 
and significant reduction with nifedipine therapy. Agonist induced 
platelet aggregation was also significantly higher in diabetic group 
compared with healthy control group and significant reduction after 
administration of nifedipine. These results were in agreement with 
finding of [24].

The first mechanism explaining increased platelet reactivity is 
increased MPV. The second mechanism explaining increased platelet 
reactivity could be due to reduced production of factors that inhibit 
platelet activation, in particular NO· [25]. In platelets from diabetic 
patients, platelet NO· synthases (NOS) activity is significantly lower 
than that measured in platelets from healthy subjects which leads 
to reduced platelet activation, suggesting that the decreased NOS 
activity might play a role in the pathogenesis of diabetic vascular 
complications [8]. NO inhibits platelet activation and aggregation by 

increased cytoplasmic cGMP [26]. Excessive production of reactive 
oxygen species (ROS) represents the third mechanism explaining 
increased platelet reactivity in diabetes mellitus [27]. ROS inhibit 
protein tyrosine phosphatases (PTP), increase cytosolic Ca2+ levels and 
activate protein tyrosine kinase (PTK) which lead to activation of Ca2+ 
influx and synthesis of thromboxane A2 (TxA2). ROS inactivate the 
inhibitory NO·/cGMP pathway [28]. Nifedipine significantly reduces 
platelet aggregation. These results were also compatible with John et al. 
[29] who reported that significant decrease of platelet aggregation and 
platelet intracellular calcium is achieved by calcium channel blocker 
administration. He also, reported increased NO· production after 
administration of calcium channel blocker.

Data of the present study revealed a significant increase of basal 
[Ca2+]i compared with platelets from healthy control subjects. In the 
diabetic group administration of nifidipine reduce the basal [Ca2+]i 
significantly increase compared with diabetic group These results are 
in agreement with finding of [30-32,11].

Diabetic patients have reduced Na+/K+ ATP ase activity resulting 
in elevated intracellular Ca2+concentration and platelet hyperactivity. 
Hyperglycemia is associated with increased PKC activity [11], 
and superoxide anion production as well as reduced antioxidant 
(glutathione) levels and NOS activity [33].

Data in this study revealed that no significant difference in the peak 
1  of the 0.5  U/ml thrombin-evoked cytosolic Ca2+ transient between 
platelets from the diabetic and non diabetic groups. Nifedipine therapy 
caused insignificant change compared with diabetic group. Phase 2 of 
the thrombin-stimulated [Ca2+]i response was greater in diabetic group 
compared with control group. Phase 2 platelet cytosolic free calcium 
was significantly reduced after administration of nifedipine compared 
with diabetic group. The thrombin-induced initial and transient [Ca2+]i 

Table 4: Lipid profiles in all studied groups (Mean±SD).

Groups
Parameters Control group Diabetic group Diabetic group with nifedipine

Total cholesterol mg/dl 175.200±9.704 223.200±29.489 195.400±17.129
t. test 6.914 6.479
P. Value P <0.05 P <0.05
Triglyceride content mg/ dl 94.300±26.766 184.550±23.170 126.00±36.040
t. test 11.401 7.252
P. Value P < 0.05 P < 0.05
LDL mg /dl 111.850±10.053 159.200±31.917 130.750±15.535
t. test - 6.328 4.980
P. Value P < 0.05 P < 0.05
HDL mg/dl 43.600±6.730 27.450±6.082 36.800±6.245
t. test 7.961 5.089
P. Value P < 0.05 P < 0.05

Table 5: Hemodynamic changes in all studied groups (Mean±SD).

Groups
Parameters Control group Diabetic group Diabetic group with nifedipine

Systolic blood pressure “mmHg” 113.25±16.957 134.00±19.973 120.50±14.225
t. test -3.542 3.857
P. Value P <0.05 P <0.05
Diastolic blood pressure “mmHg” 73.250±11.035 87.000±12.182 77.750±9.662
t. test - 3.741 5.663
P. Value P <0.05 P <0.05
Heart rate (beat/minute): 77.700±11.466 79.600±11.268 86.750±8.302
t. test - .529 - 4.530
P. Value P > 0.600 P < 0.05
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spike (peak 1) reflects the discharge of Ca2+ from intracellular stores 
such as the DTS, whereas the sustained plateau (phase 2) reflects Ca2+ 
transport across the plasma membrane. These results are in agreement 
with finding of Li et al. and Dai H et al. [11,34].

The peak platelet cytosolic free calcium showed no significant 
change in diabetic group compared with healthy controls and no 
significant change in diabetic group compared with diabetic group 
with nifedipine. This suggested that, in platelets from diabetic subjects, 
the amount of releasable Ca2+ in the intracellular Ca2+ store was not 
different from that of normal subjects, so indicating that thrombin-
releasable Ca2+ in the DTS is also not changed in diabetes. Phase 
2 platelet free calcium in the absence of external calcium showed 
significant increase in diabetic group compared with healthy controls 
and no significant change after administration of nifedipine compared 
with diabetic group. Fall of phase 2 platelet cytosolic free calcium 
indicated either removal of Ca2+ from the cytosol into internal stores 
or the extrusion of Ca2+ across the plasma membrane. This result thus 
indicated that the rate of Ca2+ removal was slower and the extrusion 
and/or sequestration mechanisms were impaired. There were two 
mechanisms for Ca2+ extrusion in platelets: Ca2+-ATPase and the Na+/
Ca2+ exchanger.The same was recorded by Li et al. [11]. 

There were two mechanisms for Ca2+ extrusion in platelets: Ca2+-
ATPase and the Na+/Ca2+ exchanger. In the DTS, Ca2+ pumps moved 
Ca2+ against its concentration gradient, and saturation may limit the 
uptake by this compartment despite increased [Ca2+]i in diabetes. 
Cytosolic Ca2+ extrusion by the plasma membrane Ca2+-ATPase and 
the Na+/Ca2+ exchanger was necessary for maintaining a low [Ca2+]
i in non-diabetics; hence, in diabetes, a problem with one of these 
pathways will result in increased [Ca2+]i [30]. The Na+/Ca2+ exchanger 
was a reversible carrier that can mediate the transport of Ca2+ across 
the plasma membrane in both directions. In most cells and situations 
the role of the Na+/Ca2+ exchanger was to remove Ca2+ from the cell 
(forward mode). However, under some conditions, the exchanger can 
mediate the net influx of Ca2+ (reverse mode). The net driving force for 
the exchange was the difference between the membrane potential and 
the reversal potential of the exchanger. Thus, the activity of the Na+/
Ca2+ exchanger is determined by the Na+ gradient, the Ca2+ gradient, 
and the membrane potential [11]. 

Diabetes impairs the normal insulin mediated suppression of FFA 
release from visceral adipose tissue. There was an increased flow of FFA 
to the liver, which resulted in the overproduction of very low density 
lipoprotein (VLDL) and led to increased plasma triglycerides .This 
situation was exacerbated by the reductions in lipoprotein lipase activity 
and decreases in triglyceride metabolism that occurred in an insulin –
resistant state. In turn, the increased level of plasma triglycerides causes 
lowered HDL and increased LDL levels [35]. Moreover, a significant 
reduction of LDL catabolism was also noted in type 2 diabetic patients. 
This defect in VLDL and LDL catabolism reflects mainly the reduced 
activity of lipoprotein lipase, which is in charge of the degradation of 
triglycerides within VLDL and IDL particles [36]. 

In this study, administration of nifedipine modified lipid profiles 
by producing significant reduction of total cholesterol, LDL and 
triglyceride levels and elevation of HDL. John et al. [29] concluded that 
nifedipine increases acetyl LDL-mediated cholesterol influx, abolishes 
the increase in HDL binding induced by cholesterol accumulation, 
enhances apolipoprotein E synthesis and promotes cholesterol efflux 
from macrophages. The authors suggest that the nifedipine may increase 
insulin sensitivity so contributing in protection against atherosclerosis 
in diabetes. Circulating LDL was protected by the presence of abundant 
antioxidants in the blood stream. 

Type 2 diabetes mellitus is characterized by insulin resistance. 

Insulin stimulates NO· production from endothelial cells by increasing 

the activity of NOS via activation of phosphatidylinositol-3 kinase and 
Akt kinase [8]. Thus, in healthy subjects, insulin increases endothelium-
dependent (NO·-mediated) vasodilatation. In insulin-resistant subjects, 
endothelium-dependent vasodilatation is reduced [37].

John et al. [29] observed that the hypotensive effects of calcium 
channel blockers are mediated primarily by inhibition of calcium flux 
into smooth muscle cells. Nifedipine increases forearm blood flow 
with little effect on venous pooling. This indicates selective dilatation 
of arterial resistance vessels. The decrease in arterial blood pressure 
elicits sympathetic reflexes with resultant tachycardia and positive 
inotropy. Nifedipine also has direct negative inotropic effects in vitro. 
However, nifedipine relaxes vascular smooth muscle at significantly 
lower concentrations than those required for prominent direct effects 
on the heart. Thus, arteriolar resistance and blood pressure are lowered, 
contractility and segmental ventricular function are improved, and 
heart rate and cardiac output are increased [38].
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