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หลักการและวัตถุประสงค์: เคอร์คูมินเป็นสารสีเหลืองส้มจาก
ขมิน้ชนัมฤีทธิต้์านความดนัเลอืดสงู มฤีทธิต้์านอนมุลูอสิระ และ
มีฤทธิ์ต้านการอักเสบ การศึกษาน้ีมีวัตถุประสงค์เพื่อตรวจสอบ
ผลของเคอร์คูมินในการปรับเปลี่ยนโครงสร้างของหัวใจของหนู
แรทที่ได้รับสารแอลเนม
วิธีการศึกษา: หนูแรทเพศผู้น�้ำหนักตัว 220-240 กรัม ได้รับ
สารแอลเนม (50 มก./กก./วัน) ในน�้ำด่ืมร่วมกับการป้อน                  
เคอร์คูมิน (100 มก./กก./วัน) เป็นเวลา 5  สัปดาห์ (จ�ำนวน 8 
ตัวต่อกลุ่ม) โดยท�ำการวัดพารามิเตอร์ที่บ่งชี้การปรับเปลี่ยน
โครงสร้างของหัวใจ ได้แก่ ความหนา พื้นท่ีหน้าตัด พื้นที่ภายใน
ห้องหัวใจและพังผืดภายในหนังหัวใจห้องล่างข้างซ้าย
ผลการศึกษา: หนูแรททดลองท่ีได้รับสารแอลเนมมีผนังหัวใจ 
และ พื้นที่หน้าตัด และผังพืดของหัวใจห้องล่างข้างซ้ายเพิ่มขึ้น
ร่วมกับมีการลดลงของพื้นท่ีภายในห้องหัวใจเดียวกันนี้ เคอร์คู
มินสามารถป้องกันการปรับเปลี่ยนโครงสร้างของหัวใจในหนู
แรทที่ได้รับสารแอลเนมอย่างมีนัยส�ำคัญทางสถิติ (p<0.05)
สรุป: ข้อมูลจากการศึกษาน้ีแสดงว่าเคอร์คูมินมีผลในการ
ป้องกนัการปรบัเปลีย่นโครงสร้างของหวัใจในหนแูรททีถ่กูชักน�ำ
ให้มีความดันเลือดสูงจากสารแอลเนม

ค�ำส�ำคัญ: เคอร์คูมิน, การปรับเปลี่ยนโครงสร้างหัวใจ, แอลเนม

Background and Objectives: Curcumin (CUR), a yel-
low-orange dye obtained from turmeric, has anti-hy-
pertensive, antioxidant, and anti-inflammatory effects.  
The present study investigated the effect of curcum-
in on cardiac remodeling in L-NAME treated rats. 
Methods: Male Sprague-Dawley rats weighing 220-240 
g were treated with L-NAME (50 mg/kg/day) in drinking 
water and orally treated with CUR (100 mg/kg per day) 
for five weeks (n=8/group). Cardiac remodeling indi-
cators, including wall thickness, cross sectional area 
(CSA), luminal area and fibrosis of the left ventricle 
(LV) were measured.   
Results: L-NAME-treated rats showed increases in wall 
thickness, CSA, fibrosis of the LV and a reduction of 
ventricular luminal area. CUR significantly prevented 
the development of cardiac remodeling induced by 
L-NAME in rats (p<0.05).
Conclusion: These data suggested that CUR had car-
dioprotective effects in L-NAME hypertensive rats. 
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Introduction
	 N-nitro l-arginine methyl ester (L-NAME),                           
L-arginine analog, is a nitric oxide synthase inhibitor1.  
It is widely used to induce hypertension in animals to 
mimic pathophysiology of human hypertension2. It is 
well established that rats treated with L-NAME had 
high blood pressure associated with cardiac                                     
remodeling including, thickening of ventricular wall, 
increased cross sectional area, decreased ventricular 
luminal area, collagen deposition3. Recently, oxidative 
stress that is contributed to L-NAME induced cardiac 
alterations has been revealed3, 4. 
	 Curcumin (CUR) is a component of turmeric and 
responsible for its yellow color5. It has been used for 
centuries in traditional medicines. The biological              
effects of CUR including ant i - inflammatory,                                    
anti-oxidant, antihypertensive and anti-cancer effects 
have been reported6. Although a wide range of                    
potentially therapeutic effects of CUR have been 
reported, the effect of CUR on cardiac remodeling 
especially in hypertensive condition induced by 
L-NAME has not been clarified. Therefore, the aim of 
the present study was to investigate whether CUR 
could inhibit the cardiac remodeling process in this 
hypertensive rat model.  

Methods
Animal
	 Male Sprague-Dawley rats weighing 220-240 g were 
obtained from Animal Care Unit, Faculty of Medicine, 
Khon Kaen University, Thailand. All study animals were 
housed in stainless steel cages and maintained in an 
air-conditioned room (25.1±1 °C) with 12:12 h light/
dark cycle. They were fed with a standard chow diet 
(Chareon Pokapan Co. Ltd., Thailand) at Animal Care 
Unit, Faculty of Medicine, Khon Kaen University. This 
study was approved by the Institutional Animal Ethics 
Committee of Khon Kaen University, Khon Kaen,            
Thailand (AEKKU 30/2552).

Experimental designs
	 After a week of an acclimatization period, rats 
were randomly assigned to 4 groups (n=8/group) as 
following. 
	 1. Control group; rats received drinking water and 
were orally administrated propylene glycol (PG, 1.5 
ml/kg) as a vehicle.
	 2. Control + CUR group; rats received drinking 
water and were orally administrated CUR at a dose of 

100 mg/kg.
	 3.	 L-NAME group; rats treated with L-NAME (50 
mg/kg/day) in their drinking water were orally                         
administrated PG 1.5 ml/kg as a vehicle.
	 4.	 L-NAME + CUR group; rats treated with L-NAME 
(50 mg/kg/day) in their drinking water were orally 
administrated CUR at dose of 100 mg/kg.  

Morphometric analysis of heart tissue.
	 The left ventricles were removed and fixed for 
24 h in 4% paraformaldehyde then processed                       
routinely in paraffin and serial 5-µm thick sections 
were stained with hematoxylin and eosin (Bio-Optica 
Milano SpA., Milano, Italy) and the sections image were 
obtained DS-2Mv light microscope, a stereoscope 
(Nikon SMZ745T with NIS-elements D 3.2, Tokyo,                
Japan) for morphometric evaluation. The sections 
which stained by picro-sirius red (Polysciences,                      
Warrington, PA, USA) were captured by Eclipse LV100 
POL polarized light microscope (Nikon, Tokyo, Japan) 
for cardiac fibrosis evaluation. Morphometric and                   
fibrosis evaluations were analyzed with the ImageJ 
morphometric software (National Institutes of Health, 
Bethesda, MD, USA). All data were expressed as 
mean±SEM. Comparison between groups were                    
performed with one-way analysis of variance (ANOVA) 
and followed by Bonferroni post hoc test. A value of 
p <0.05 was considered to indicate statistically                         
significant differences. 

Results
Effect of CUR on wall thickness, cross sectional area and 

luminal area
	 L -NAME  admin i s t r a t i on  p roduced  the                                          
development of ventricular structural change as                   
indicated by a significant increase in wall thickness of 
left ventricle (3.28±0.05 mm) when compared to the 
control group (2.61±0.05 mm) (p<0.05). Interestingly, 
treatment with CUR showed a significant decrease in 
left ventricular wall thickness (2.64±0.10 mm) when 
compared to the L-NAME-induced hypertensive rats 
(p<0.05) (Figure 1A). The cross sectional area (CSA) in 
L-NAME-induced hypertensive rats showed a significant 
increase (65.22±1.59 mm2) when compared to the 
control rats (51.91±1.61 mm2) (p<0.05). Furthermore, 
L-NAME administration and treated with CUR showed 
to be effectively reduce in CSA of left ventricle 
(53 .07±2.30 mm2) when compared to the                                        
hypertensive rats (p<0.05) (Figure 1B). The values of 
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ventricular luminal area were not significantly different 
among experimental groups. However, the ventricular 
luminal area of L-NAME-induced hypertensive rats 
was lower than the normotensive control rats. In 
contrast,  administration of L-NAME and treated with 
CUR  trended to increase the ventricular luminal area 
when compared to L-NAME group (Figure 1C).

Effect of CUR on the cardiac fibrosis
	 Chronic administration of L-NAME produced the 

development of myocardial fibrosis in left ventricle 
as indicated by a significant enhance interstitial                        
fibrosis (5.90±0.73 %) when compared to the                           
normotensive control rats (1.46±0.23 %) (p<0.05). 
Interestingly, treatment with CUR showed to be an 
effective for decrease in myocardial fibrosis of left 
ventricle (1.93±0.30 %) when compared to the 
L-NAME-induced hypertensive rats (p<0.05) (Figure 2).

Figure 1 Effect of 5-week L-NAME and CUR on left ventricular wall thickness (A), cross sectional area (CSA) (B), and ventricular lumi-
nal area (C). The image on the top of the panel is the representative image of the left ventricular cross sections from each group 
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Discussion
	 The findings of this study show that rats treated 
with L-NAME for 5 weeks developed cardiac                               
remodeling. Our results were consistent with several 
previous studies that nitric oxide deficiency caused 
cardiac alterations including, cardiac morphology and 
functions7-9. Cardiac remodeling observed in L-NAME 
in this study was supported by thickening of                            
ventricular wall, increased CSA, decreased ventricular 
luminal area, collagen deposition. The underlying 
mechanisms involved in cardiac remodeling in L-NAME 
treated rats is still doubtful, however, two possible 
mechanisms related to hemodynamics and                               
non-hemodynamic aspects have been described10. 
	 Firstly, hemodynamic overload or high pressure 

load in hypertension can stimulate left ventricular 
remodeling since it is the adaptive response to                     
conserve cardiac output11. Secondly, NO deficiency is 
one of several non-hemodynamic factors contributed 
in cardiac remodeling12. 
	 This study found that CUR prevented the                                
development of cardiac remodeling in L-NAME rats. 
The possible mechanism might involve the biological 
effects of CUR since CUR and its derivatives can reduce 
blood pressure or pressure load on heart work in 
L-NAME hypertensive rats13. Furthermore, CUR has 
antioxidation that can increase NO bioavailability in 
this animal model13. 

Figure 2 Effect of 5-week L-NAME and CUR on myocardial fibrosis in interstitial regions of the left ventricle. The image histological 
image is the representative area of the fibrosis from each group. The upper row images are the section stained by picro-sirius red 
whereas the lower row images are the corresponding area captured under polarized light microscopy (10x). Results are expressed 
as mean ± SEM. *p<0.05 vs. control group, #p<0.05 vs. L-NAME group. 
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Conclusion
	 The results of this study indicated that CUR has 
cardioprotective effect in L-NAME hypertensive rats. 
These findings provide the additional beneficial effect 
of CUR on heart in animal model of hypertension.

Acknowledgments
	 This   study    was   supported by Invitation Re-
search Fund (I52232), Faculty of Medicine, Khon    Kaen 
University, Thailand.

References

1. Pakdeechote P, Prachaney P, Berkban W, Kukongviriya-
pan U, Kukongviriyapan V, Khrisanapant W, et al. Vascu-
lar and antioxidant effects of an aqueous mentha cor-
difolia extract in experimental NG-nitro-L-arginine 
methyl ester-induced hypertension. Z Naturforsch C 
2014; 69: 35-45.

2. Berkban T, Boonprom P, Bunbupha S, Welbat JU, Ku-
kongviriyapan U, Kukongviriyapan V, et al. Ellagic acid 
prevents L-NAME-induced hypertension via restoration 
of eNOS and p47phox expression in rats. Nutrients 2015; 
7: 5265-80.

3. Boonprom P, Boonla O, Chayaburakul K, Welbat JU, 
Pannangpetch P, Kukongviriyapan U, et al. Garcinia 
mangostana pericarp extract protects against oxidative 
stress and cardiovascular remodeling via suppression of 
p47phox and iNOS in nitric oxide deficient rats. Ann Anat. 
2017; 212: 27-36.

4. Maneesai P, Prasarttong P, Bunbupha S, Kukongviriyapan 
U, Kukongviriyapan V, Tangsucharit P, et al. Synergistic 
antihypertensive effect of Carthamus tinctorius L. extract 
and captopril in L-NAME-induced hypertensive rats via 
restoration of eNOS and AT1R expression. Nutrients 2016; 
8: 122.

5. Akram M, Shahab-Uddin AA, Usmanghani K, Hannan A, 
Mohiuddin E, Asif M. Curcuma longa and curcumin: a 
review article. Rom J Biol Plant Biol 2010; 55: 65-70.

6. Araujo C, Leon L. Biological activities of Curcuma longa 
L. Memórias do Instituto Oswaldo Cruz 2001; 96: 723-8.

7. Afkir S, Nguelefack TB, Aziz M, Zoheir J, Cuisinaud G, 
Bnouham M, et al. Arbutus unedo prevents cardiovas-
cular and morphological alterations in L-NAME-induced 
hypertensive rats: Part I: Cardiovascular and renal he-
modynamic effects of Arbutus unedo in L-NAME-induced 
hypertensive rats. J Ethnopharmacol. 2008; 116: 288-95.

8. Mitsuhata H, Saitoh J, Hasome N, Takeuchi H, Horiguchi 
Y, Shimizu R. Nitric oxide synthase inhibition is detrimen-
tal to cardiac function and promotes bronchospasm in 
anaphylaxis in rabbits. Shock (Augusta, Ga.) 1995; 4: 
143-8.

9. Pechánová O, Bernátová I, Babál P, Martínez MC, Kyselá 
S, Stvrtina S, et al. Red wine polyphenols prevent car-
diovascular alterations in L-NAME-induced hypertension. 
J Hypertens. 2004; 22: 1551-9.

10. Simko F, Simko J. The potential role of nitric oxide in 
the hypertrophic growth of the left ventricle. Physiol 
Res. 2000; 49: 37-46.

11. Simko F. Physiologic and pathologic myocardial hyper-
trophy–physiologic and pathologic regression of hyper-
trophy? Med Hypotheses. 2002; 58: 11-4.

12. Lee DI, Kass DA. Phosphodiesterases and cyclic GMP 
regulation in heart muscle. Physiology. 2012; 27: 248-58.

13. Nakmareong S, Kukongviriyapan U, Pakdeechote P, 
Donpunha W, Kukongviriyapan V, Kongyingyoes B, et al. 
Antioxidant and vascular protective effects of curcumin 
and tetrahydrocurcumin in rats with L-NAME-induced 
hypertension. Naunyn Schmiedebergs Arch Pharmacol. 
2011; 383: 519.


