
166

http://journals.tubitak.gov.tr/medical/

Turkish Journal of Medical Sciences Turk J Med Sci
(2016) 46: 166-173
© TÜBİTAK
doi:10.3906/sag-1410-131

Effects and mechanisms of curcumin on the hemodynamic variables
of isolated perfused rat hearts

Erkan KILINÇ1,*, Ziya KAYGISIZ2, Bedri Selim BENEK1, Kenan GÜMÜŞTEKİN1

1Department of Physiology, Faculty of Medicine, Abant İzzet Baysal University, Bolu, Turkey
2Department of Physiology, Faculty of Medicine, Eskişehir Osmangazi University, Eskişehir, Turkey

* Correspondence: e_kilinc_27@hotmail.com

1. Introduction
Curcumin is a polyphenol extracted from turmeric 
(Curcuma longa L.), responsible for the yellow color 
of turmeric (1,2). In traditional Chinese and Indian 
medicine, curcumin has been used to treat a variety of 
diseases, and recent scientific research has demonstrated 
its antiinflammatory, antioxidant, anticarcinogenic, and 
antithrombotic effects (3). 

Earlier preclinical studies have showed that curcumin 
has properties such as anticancer, antihypertrophic, 
cardioprotective, antithrombotic, and antiatherosclerotic 
qualities (4). Swamy et al. (4) revealed the cardioprotective 
effect of curcumin against doxorubicin-induced 
cardiotoxicity in rats. It has been reported that curcumin 
protects the heart from ischemia/reperfusion (I/R) injury 
(5). Additionally, it protects animals against decreases in 
the heart rate and blood pressure following ischemia (6). 

In an in vitro study, it was shown that curcumin 
blocked phenylephrine-induced cardiac hypertrophy (7). 

Furthermore, earlier studies reported that curcumin had a 
protective role against isoproterenol-induced myocardial 
infarction (8) and also decreased acute adriamycin-
induced myocardial toxicity in rats (9). It has also been 
suggested that the antiinflammatory effects of curcumin 
may prevent atrial arrhythmias (10). Curcumin attenuates 
the development of aortic fatty streaks in rabbits fed a high 
cholesterol diet (11). Thereby, it can exhibit a potential 
effect against atherosclerosis. Moreover, it has also been 
proposed in the treatment of idiopathic pulmonary arterial 
hypertension (12).

In phase I clinical trials of oral curcumin in patients 
with advanced colorectal cancer, diarrhea and nausea 
were reported in relationship with doses of curcumin 
(13). However, the adverse effects and dose–response 
relationship of the effects of curcumin when used as a 
drug need to be studied further. In the past decade, many 
studies were carried out to research the cardiac therapeutic 
effects of curcumin, but in the preliminary studies, there 
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is no information about the dose–response relationship of 
the effects of curcumin on the hemodynamic variables of 
the heart (2). 

Therefore, in the present study, we aimed to investigate 
the effects and mechanisms of curcumin on the 
hemodynamic variables of isolated perfused rat hearts.

2. Materials and methods
2.1. Isolated heart preparation and perfusion
All procedures applied were approved by the local research 
ethics committee (Eskişehir Osmangazi University Ethical 
Animal Care and Use Committee). Sprague Dawley male 
rats were fed a standard diet and were housed in their cages 
with a 12-h light/dark cycle at a temperature of 20–25 °C. 
A total of 63 male rats weighing 300–400 g were used. The 
animals (n = 63) were divided into 9 groups. Rat hearts in 
group 1 (n = 7) were treated with only curcumin at a dose 
of 0.2 µM. Rat hearts in group 2 (n = 7) were treated with 
only curcumin at a dose of 1 µM. Rat hearts in group 3 (n = 
7) were treated with only curcumin at a dose of 5 µM. Rat 
hearts in group 4 (n = 7) were treated with only atropine 
(an antagonist for the muscarinic acetylcholine receptors) 
at a dose of 1 µM. Rat hearts in group 5 (n = 7) were treated 
with atropine (at a dose of 1 µM) and curcumin (at a dose 
of 1 µM). Rat hearts in group 6 (n = 7) were treated with 
only L-NAME (NG-nitro-L-arginine methyl ester, a nitric 
oxide synthase inhibitor) at a dose of 100 µM. Rat hearts 
in group 7 (n = 7) were treated with L-NAME (at a dose of 
100 µM) and curcumin (at a dose of 1 µM). Rat hearts in 
group 8 (n = 7) were treated with only saline and rat hearts 
in group 9 (n = 7) were treated with dimethyl sulfoxide 
(DMSO with working concentration of 0.05%), for the 
control. 

One hour after the intraperitoneal administration of 
1000 IU heparin, the thorax of the rat was opened under 
sodium pentothal anesthesia (50 mg/kg i.p.). The heart 
was rapidly excised and was placed into ice-cold modified 
Krebs–Henseleit solution until contractions ceased. 
After the surrounding tissue was removed, the aorta was 
rapidly secured to a stainless steel cannula of the perfusion 
system, and the heart was retrogradely perfused using a 
noncirculating Langendorff technique. The pulmonary 
artery was incised to facilitate complete coronary drainage 
in the ventricles. The modified Krebs–Henseleit solution 
used for perfusion was prepared daily with the following 
composition (mM): NaCl 118, KCl 4.7, CaCl2 2.5, MgSO4 
1.2, KH2PO4 1.2, NaHCO3 25, and glucose 11. The solution 
was continuously oxygenated with 95% O2 and 5% CO2 
(pH 7.4) and was maintained at 37 °C. The hearts were 
perfused under a constant pressure (60 mmHg) and under 
constant flow conditions (16 mL/min) using a peristaltic 
pump (Ismatec Reglo, Hugo Sachs Electronic, Germany).

2.2. Measurement of hemodynamic variables
Myocardial contractile force was determined by using the 
method described by Kaygısız et al. (14). To measure the 
left ventricular peak systolic and end diastolic pressure, 
a liquid-filled latex balloon was connected to a pressure 
transducer (Isotec, Germany) and was inserted into the 
left ventricle of the heart via the mitral valve. Diastolic 
balloon pressure was maintained at 7 mmHg. Left 
ventricular developed pressure (LVDP; an index of cardiac 
contractility) was calculated as the difference between the 
systolic and diastolic pressures and was accepted as the 
contractile force. Left ventricular end-diastolic pressure 
(LVEDP) was also measured by data acquisition software 
(Isoheart Software, Version 1.5 for Microsoft Windows 
NT/2000/XP, Hugo Sachs Electronic) via the liquid-filled 
latex balloon.

Heart rate (HR) was calculated from the signals of the 
left ventricular pressure. The left ventricular pressure was 
processed with data acquisition software and then +dP/
dtmax (maximum rate of increase in the left ventricular 
pressure, used as another index of cardiac contractility) 
and –dP/dtmin (a valuable index) were determined. +dP/
dtmax was used as an additional contractility index. On 
the other hand, –dP/dtmin, which is the maximum rate of 
pressure decrease in the left ventricle, served as an index 
of relaxation in the evaluation of diastolic function of the 
left ventricle. Rate pressure product (RPP) was calculated 
by using the formula RPP = HR × systolic blood pressure 
(SBP). 

The coronary flow, which is an index of the coronary 
vascular tone, was measured via the timed collection of 
the coronary effluent in a graduated cylinder. Thereby, 
the hemodynamic parameters were analyzed by a data 
acquisition and analysis system (Isoheart Software). The 
hearts were equilibrated for 30 min to establish a stable 
baseline. The criteria for determining stability were LVDP 
> 60 mmHg, +dP/dtmax > 2800 mmHg s–1, heart rate > 200 
beats/min, and normal sinus rhythm. After stabilization, 
drugs were administered to the hearts for 25 min.
2.3. Infusion of drugs and experimental protocols
Curcumin, DMSO, atropine, and L-NAME were 
purchased from Sigma-Aldrich. Curcumin was dissolved 
in a saline solution containing 0.1% DMSO to obtain a 
stock solution of 10 mM; it was then diluted with saline. 
After the stabilization period, the curcumin doses (0.2 
µM, 1 µM, and 5 µM) were administered using an infusion 
pump (Model 3400, Graseby Medical, UK) for 25 min, and 
readings were obtained every 5 min. The infusion rate was 
0.2 mL/min for all of the experiments. Each heart group 
was treated with a different dose. Then atropine at 1 µM 
(15,16), atropine at 1 µM + curcumin at 1 µM, L-NAME at 
100 µM (17), and L-NAME at 100 µM + curcumin at 1 µM 
were administered to the hearts for 25 min and readings 
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were obtained every 5 min. For 20 min after the final 
reading, the vitality of the hearts was observed.
2.4. Statistical analysis
In addition to the control group, the values obtained prior 
to the addition of the drugs were considered as control 
values. The values are given as mean ± SEM. Statistical 
analysis was performed using SPSS 17.0 for Windows 
(SPSS Inc., USA). Data were analyzed by two-way analysis 
of variance (ANOVA) followed by Tukey HSD multiple 
comparisons test. P < 0.05 was considered to be statistically 
significant.

3. Results
Saline and DMSO (0.05%) did not affect any hemodynamic 
variables of the heart. On the other hand, 25 min after 
infusion, the 3 doses of curcumin, 0.2 µM (n = 7), 1 µM 
(n = 7), and 5 µM (n = 7), decreased the heart rate from 
271.8 ± 19.4 to 257.6 ± 19.9 beats/min, from 271 ± 11.1 to 
200.4 ± 14.3 beats/min (P < 0.05), and from 250 ± 21.5 to 
196.6 ± 22.3 beats/min, respectively (Figure 1). Although 
an infusion of curcumin at doses of 0.2 and 5 µM induced 
decreases in heart rate, they were not found statistically 
significant. On the other hand, curcumin at a dose of 1 
µM induced statistically significant decreases in heart rate 
(P < 0.05) (Figure 1). None of the doses (0.2, 1, and 5 µM) 
of curcumin caused significant alterations in the RPP or 
coronary flow. Neither the 0.2 dose nor the 1 µM dose of 
curcumin altered the LVDP; however, the 5 µM dose of 
curcumin caused a decrease in the LVDP (from 87.58 ± 9.0 
to 65.40 ± 7.0 mmHg, P < 0.05) (Figure 2).

Curcumin at a dose of 0.2 µM decreased –dP/dtmin 
(from 2559 ± 124 to 2239 ± 145 mmHg, P < 0.05), but 
it did not affect the other hemodynamic variables of the 

heart. Curcumin at a dose of 1 µM significantly increased 
LVEDP (from 7.0 ± 0.4 to 54.6 ± 7.9 mmHg, P < 0.001) 
(Figure 3). Curcumin at a dose of 5 µM caused a decrease 
in +dP/dtmax (from 3255 ± 351 to 2436 ± 253 mmHg s–1, P 
< 0.05) (Figure 4) and –dP/dtmin (from 1965 ± 232 to 1209 
± 128 mmHg s–1, P < 0.05); on the other hand, it caused a 
significant increase in the LVEDP (from 6.8 ± 0.6 to 48.9 
± 7.7 mmHg, P < 0.01) (Figure 3). Moreover, it stopped 
the heart 40 min after infusion at a dose of 5 µM. The 
maximum effect of curcumin occurred 25 min after the 
initial exposure (Table 1).

While atropine at the dose of 1 µM (n = 7) significantly 
increased both LVDP (from 74.0 ± 3.8 to 88.3 ± 3.9 
mmHg, P < 0.05) and +dP/dtmax (from 2177 ± 77.6 to 2608 
± 174 mmHg s–1, P < 0.05) (Figure 5) in the heart, there 
was no significant increase in HR. It did not alter the other 
hemodynamic variables of the heart. When atropine (1 
µM) and curcumin (1 µM) were administered together to 
the heart, no significant effect was observed on HR (Figure 
6) or the other hemodynamic variables of the heart (n = 
7). L-NAME alone, at a dose of 100 µM (n = 7), increased 
both LVEDP (from 7.1 ± 0.7 to 15.1 ± 1.7 mmHg, P < 
0.05) (Figure 7) and +dP/dtmax (from 3205 ± 237 to 3828 
± 236 mmHg s–1, P < 0.05) (Figure 5). On the other hand, 
the combination of L-NAME (100 µM) with curcumin (1 
µM) (n = 7) increased LVEDP (from 7.6 ± 0.5 to 13.8 ± 1.9 
mmHg, P < 0.05) (Figure 7). However, the combination 
reduced +dP/dtmax (from 3692 ± 257 to 2964 ± 185, P < 
0.05) (Figure 5). The HR, RPP, and coronary flow were 
not significantly altered by atropine, atropine + curcumin, 
L-NAME, or L-NAME + curcumin (Table 2). The effects 
of the drugs on HR, LVDP, LVEDP, coronary flow, +dP/
dtmax, –dP/dtmin, and RPP are shown in Table 2.
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Figure 1. Time-dependent effects of saline, DMSO, and different 
doses of curcumin infusion on heart rate. a: P < 0.05, denoting 
significant differences compared to control values. N = 7 for each 
group.

Figure 2. Time-dependent effects of saline, DMSO, and different 
doses of curcumin infusion on left ventricular developed pressure 
(LVDP). a: P < 0.05, denoting significant differences compared to 
control values. N = 7 for each group.
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4. Discussion
There are several studies about therapeutic effects of 
curcumin (6,18); however there are only a few studies about 
the dose–response relationship of the effects of curcumin 
(13). The adverse effects and dose–response relationship 
of the effects of curcumin when it is used as a drug need 
to be studied further. Therefore, for the first time, in the 
present study, we observed the effects and dose–response 
relationship of curcumin on the hemodynamic variables 
of the heart in isolated perfused rat hearts.

In the present study, we found that the efficacious dose 
of curcumin was 1 µM. This information can contribute to 
future studies on the effects of curcumin on the heart. It 
has been extensively studied, particularly the therapeutic 
effects of curcumin in the treatment of cancer and 
inflammatory disorders (4,13,18). In addition, it was also 
widely reported that curcumin protected a wide variety of 
cell types against oxidative damage (19).

However, very little is known regarding the effect 
of curcumin on cardiovascular disease (2). There is a 
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Figure 3. Time-dependent effects of saline, DMSO, and different 
doses of curcumin infusion on left ventricular end-diastolic 
pressure (LVEDP). b: P < 0.01, c: P < 0.001, denoting significant 
differences compared to control values. N = 7 for each group.

Figure 4. Time-dependent effects of saline, DMSO, and different 
doses of curcumin infusion on +dP/dtmax (maximum rate of 
increase in the left ventricular pressure). a: P < 0.05, denoting 
significant differences compared to control values. N = 7 for all 
doses.

Table 1. Maximal changes in heart rate, LVDP, +dP/dtmax, LVEDP, and RPP induced by different doses of the drugs 
and their combinations.

Drugs Doses (µM) Heart rate 
∆ % max 

LVDP
∆ % max 

+dP/dtmax 
∆ % max 

LVEDP
∆ % max 

RPP
∆ % max 

Curcumin 

0.2 µM –4.4 ± 0.1 –6.2 ± 0.2 +0.04 ± 0.1 +11.6 ± 0.4 –8.2 ± 0.4 

1 µM –16 ± 0.6a –5.9 ± 0.2 –11.4 ± 0.3 +283.1 ± 5.3c –4.6 ± 0.2 

5 µM –10.6 ± 0.3 –25.3 ± 0.7a –25.1 ± 0.7a +432.8 ± 6.7b –5.4 ± 0.3 

Atropine 1 µM –14.4 ± 0.5 +19.3 ± 0.6a +19.8 ± 0.6a +12.0 ± 0.4 +1.5 ± 0.4 

Atropine + curcumin 1 µM + 1 µM +0.3 ± 0.2 –12 ± 0.3 –7.4 ± 0.2 +57.2 ± 3.1 –10.3 ± 0.3 

L-NAME 100 µM –2.4 ± 0.1 –1.4 ± 0.09 +19.4 ± 0.5a +71.8 ± 4.1a –3.7 ± 0.1 

L-NAME + curcumin 100 µM + 1 µM –7.4 ± 0.2 –16.4 ± 0.6 –19.7 ± 0.6a +82.2 ± 4.8a –22.9 ± 0.7 

RPP Δ % max, heart rate Δ % max, LVDP Δ % max, +dP/dtmax Δ % max, and LVEDP Δ % max are maximal changes in 
RPP, heart rate, LVDP, +dP/dtmax, and LVEDP as percentage of baseline values, respectively. RPP: rate pressure product, 
LVDP: left ventricular developed pressure, +dP/dtmax: maximum rate of increase in the left ventricular pressure, LVEDP: 
left ventricular end-diastolic pressure, and L-NAME: NG-nitro-L-arginine methyl ester. a: P < 0.05, b: P < 0.01, and c: P 
< 0.001, denoting significant differences compared to control values.
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shortage of information about the effects of curcumin on 
the hemodynamic parameters of the heart in the literature. 
Therefore, the results obtained from the present study 
may be important in terms of the effects of curcumin on 
hemodynamic parameters of the heart. Swamy et al. (4) 
reported on the cardioprotective effect of curcumin against 
doxorubicin-induced cardiotoxicity in rats. Furthermore, 
Ansari et al. (18) also showed that curcumin had a 
protective role in myocardial oxidative damage induced 

by isoproterenol in rats. Curcumin represses hypertrophic 
responses in cardiomyocytes (20).

We found the optimum dose of curcumin on the 
hemodynamic variables of the heart before exploring 
the effect mechanisms of curcumin on the variables. The 
concentration of 1 µM was the optimum dose of curcumin. 
At a dose of 0.2 µM, curcumin had no effect on most of the 
hemodynamic variables of the heart, and curcumin at a 
dose of 5 µM adversely affected almost all of the variables. 
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Figure 5. Time-dependent effects of saline, DMSO, and drug 
combinations infusion on +dP/dtmax (maximum rate of increase 
in the left ventricular pressure). Atr: atropine, CURC: curcumin, 
LN: L-NAME (NG-nitro-L-arginine methyl ester). a: P < 0.05, 
denoting significant differences compared to control values. N 
= 7 for all groups.

Figure 6. Time-dependent effects of saline, DMSO, and drug 
combinations infusions on heart rate. Atr: atropine, CURC: 
curcumin, LN: L-NAME (NG-nitro-L-arginine methyl ester). N 
= 7 for all groups.
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Figure 7. Time-dependent effects of saline, DMSO, and drug 
combinations infusions on left ventricular end-diastolic pressure 
(LVEDP). Atr: atropine, CURC: curcumin, LN: L-NAME (NG-
nitro-L-arginine methyl ester). a: P < 0.05, denoting significant 
differences compared to control values. N = 7 for all groups.
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Additionally, the dose of 5 µM stopped the heart 40 min 
after infusion.

We found that curcumin produced dose-dependent 
decreases in HR. However, none of the doses of curcumin 
caused significant alterations in the RPP. RPP is an index 
of myocardial work load, and increased RPP is reported as 
a risk for the cardiovascular system (21). Thus, we can say 
that there is neither a therapeutic nor an adverse effect of 
curcumin on the mechanical workings of the heart. 

Curcumin at 5 µM did not affect coronary flow; on the 
other hand, while it decreased the heart rate, LVDP, +dP/
dtmax, and –dP/dtmin, it increased LVEDP. Thus, we can 
conclude that curcumin at high doses has adverse effects 
on the hemodynamic variables of the heart.

Atropine is a competitive antagonist for the muscarinic 
acetylcholine receptor types M1, M2, M3, M4, and M5. Thus, 
atropine is an anticholinergic drug (parasympatholytic) 
and blocks binding sites of acetylcholine on the 
muscarinic acetylcholine receptors. It is known that 
atropine reverses the effects of acetylcholine on the heart. 
Atropine causes increases in the firing of the sinoatrial 
node and in conduction through the atrioventricular 
node of the heart. Atropine also has a positive inotropic 
effect on the myocardium (15,22). We used atropine at 
the concentration of 1 µM because atropine produces its 
optimum effects at this dose (15,16). On the other hand, 

the intent behind the use of atropine and L-NAME (nitric 
oxide-synthase inhibitor NG-nitro-L-arginine methyl 
ester) in the present study was to detect the mechanisms of 
curcumin’s effect on isolated perfused rat hearts.

The expected effects of atropine when administered 
alone were increases in the HR, LVDP, and +dP/dtmax. 
However, while there was an increase both in LVDP and 
+dP/dtmax, a significant increase in HR did not occur. 
When atropine and curcumin were administered in the 
heart together, effects of the curcumin (1 µM) were not 
observed. Thus, we concluded that curcumin might act like 
acetylcholine on the muscarinic acetylcholine receptors, 
directly activate K+ channels, or cause leakage of K+ ions 
out from the cells via intracellular second messengers in 
cardiac myocytes and the autorhythmic cells of the heart. 

Cheng et al. (23) reported that curcumin could activate 
muscarinic M1 cholinoceptors (M1-mAChR) through 
the PLC-PKC pathway in urinary bladder isolated from 
rats. Based on the results of these studies, we suggest 
that curcumin may directly activate K+ channels or cause 
leaking of K+ ions from the cells by triggering intracellular 
second messengers in cardiac myocytes and the cells of the 
electrical conduction system of the heart. 

The bradycardic effect of curcumin at the dose of 1 
µM showed that curcumin may be effective for treatment 
of pathologic tachycardia. On the other hand, it must be 

Table 2. Effects of the drugs on heart rate, LVDP, LVEDP, coronary flow, + dP/dtmax, −dP/dtmin, and RPP.

                                  Curcumin Atropine Atr + Curc L-NAME L-N + Curc

0.2 µM 1 µM 5 µM 1 µM 1 µM + 1 µM 100 µM 100 µM + 1 µM 

Heart rate 
(beats/min)          

a

 

LVDP 
(mmHg)           

a

           

a

 

RPP 
(bpm mmHg) 

LVEDP 
(mmHg)             

c

           

b

             

a

            

a

  

Coronary flow 
(mL/min) 

+dP/dtmax 
(mmHg/s)         

a

           

a

            

a

            

a

 

–dP/dtmin 
(mmHg/s)          

a

          

a

 

Atr: atropine, LN: L-NAME (NG-nitro-L-arginine methyl ester), Curc: curcumin, ↑: increase, ↓: decrease, LVDP: left ventricular 
developed pressure, RPP: rate pressure product, LVEDP: left ventricular end-diastolic pressure, +dP/dtmax: maximum rate of increase in 
the left ventricular pressure, and –dP/dtmin: maximum rate of pressure decrease in left ventricle. a: P < 0.05, b: P < 0.01, and c: P < 0.001, 
denoting significant differences compared to control values. N = 7 for all doses.
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taken into consideration that curcumin (1 µM) caused 
a significant increase in left ventricular end-diastolic 
pressure (P < 0.001), which is a risk factor in cardiac diseases 
since an increase in the LVEDP may lead to pulmonary 
congestion and edema. However, it may be significant that 
curcumin decreased the heart rate without adverse changes 
in vitality of the heart. Thus, curcumin may be used as a 
specific bradycardic agent with its other efficacious effects 
in the treatment of pathologic tachycardia. Impairment 
of cardiac contractility alters the diastolic pressure–
volume relationship and leads to an increase in LVEDP. 
Furthermore, the increase in LVEDP is associated with 
decreased coronary flow (24). Our study indicated that 
curcumin did not significantly alter the coronary flow (P 
> 0.05) under constant coronary perfusion pressure (60 
mmHg) and constant flow condition (16 mL/min). In our 
study, the increase in LVEDP observed may have been due 
to the decrease in LVDP.

Results obtained from the present study have shown 
that curcumin produces a negative inotropic and 
chronotropic effect with a decrease in HR and LVDP and 
an increase in LVEDP. In accordance with our results, prior 
studies (25,26) investigated the effect of turmeric extract 
on the arterial pressure and HR in nonanesthetized rats. In 
conclusion, they revealed the hypotensive and bradycardic 
effects of the extract, as well as its dose-dependency.

In an I/R and ischemic preconditioning study by 
Sato et al., isolated rat hearts were perfused with 100 µM 
curcumin (27). They reported that curcumin blocked 
the I/R- and preconditioning-mediated increase in c-Jun 
NH2-terminal kinase 1 and c-Jun protein levels and 
reduced the I/R-mediated increased myocardial infarction. 
However, when we applied a 5 µM curcumin to the hearts, 
the curcumin stopped the hearts 40 min after the infusion. 
Such a difference between the results from the applied 
doses of curcumin is interesting. We also suggest that a 
high dose of curcumin, such as 5 µM, may be toxic for the 
heart, based on the results of our study.

Nitric oxide (NO) is a ubiquitous intercellular 
messenger found in a wide variety of cell types, tissues, 
and organ systems (28). NO is involved in a substantial 
reduction in cardiac myocyte contraction via a cGMP-
dependent mechanism (29). L-NAME blocks formation 
of NO in the cells. In the present study, L-NAME 
administered alone induced an increase in LVEDP and 

+dP/dtmax. It was expected that L-NAME would induce 
an increase in LVEDP, but it was very surprising that it 
also increased +dP/dtmax. When L-NAME and curcumin 
were administered in the heart together, there was an 
increase in LVEDP. However, there was also a decrease 
in +dP/dtmax. Thus, L-NAME did not block the effects of 
curcumin. These observations suggest that curcumin may 
probably affect the heart differently than NO.

Brouet and Ohshima (30) demonstrated that 
curcumin could interfere with the formation of NO by 
inhibiting induction of nitric oxide synthase in activated 
macrophages. Some authors suggested that curcumin 
might prevent the intracellular Ca2+ release channels 
(31). However, Bilmen et al. (32) reported that curcumin 
inhibited the ATPase activity of sarcoendoplasmic 
reticulum Ca-ATPase (SERCA) in the skeletal and cardiac 
myocytes. Several authors also reported that, while 
curcumin at a concentration between 1 and 10 mM (33) 
or 1 and 3 µM (34) increased Ca2+ transport, the ATPase 
activity was inhibited by higher curcumin concentrations 
in the sarcoplasmic reticulum of skeletal and cardiac 
muscle. Lee et al. (35) reported the first case of a complete 
atrioventricular (AV) block associated with overdose 
of curcumin intake. In the conditions of the complete 
AV block, the impulse generated in the sinoatrial node 
in the atrium could not propagate to the ventricles. M2-
mAChR receptors, located in the heart, reduce the HR 
and conduction velocity of the AV node by slowing the 
speed of depolarization after a cholinergic agonist such 
as acetylcholine binds to it. The receptors also attenuate 
contractile forces of the atrial and ventricular cardiac 
muscles. Additionally, our results with L-NAME indicate 
that curcumin acts through a different mechanism than 
NO on the heart cells. Taken together, curcumin may not 
only cause K+ ions to leak out of the autorhythmic cells and 
myocytes in the heart but also may increase Ca2+ transport 
by triggering the ATPase activity of SERCA. Both of these 
also cause a decrease in contractility and HR in the heart. 
Therefore, we think that further studies are needed to 
clarify the molecular mechanisms of curcumin.
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