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Abstract

Background: Obesity is associated with an increased risk of several 
diseases including Cardiovascular Disease (CVD) and metabolic syndrome 
(MetS). It has been shown that increased serum concentrations of some Cellular 
Adhesion Molecules (CAMs) indicate systemic inflammation, and is associated 
with an increased risk of atherosclerosis. The aim of this study was to assess 
the effect of curcumin supplements on serum CAMs in obese individuals.

Methods: A randomized double-blind crossover design was used. Obese 
participants (aged 36.18±12.88 years old) were enrolled from our previous work. 
All subjects received curcuminoids or placebo 1 g/day for a period of 30 days. 
After 2-weeks wash-out, participants were crossed over to the other regimen. 
Anthropometric measurements were determined using standard protocols. 
ELISA kits were used to measure serum soluble ICAM-1, VCAM-1, L- and 
P-selectin. SPSS software was used for the statistical analysis.

Results: The results showed that serum VCAM-1 concentrations were 
reduced by 1 g/day curcumin supplementation for a period of 30 days (p=0.05). 
However, there was no significant effect of the curcumin supplement on serum 
L-selectin, P-selectin or ICAM-1 (p>0.05 for all variables), and no carry-over 
effect between the trial periods in the studied groups (p>0.05 for all factors).

Conclusions: The results can suggest that curcumin supplementation at 
dose of 1 g/day can reduce serum VCAM-1 concentrations in obese subjects.
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it has strong anti-inflammatory and anti-oxidant properties [15]. 
Previous animal studies have shown the anti-atherosclerotic effect of 
curcumin and its effect on the expression of CAMs [16]. The purpose 
of this current study was to evaluate the effect of curcumin on CAMs 
that have been related to the pathogenesis of atherosclerosis, in 
obese subjects. To enhance the bioavailability of curcumin, piperin 
was co-administered. Piperin is an active ingredient present in black 
pepper, and a natural compound that increases the bioavailability of 
curcumin [17]. 

Methods
Study design

Twenty-one obese participants were recruited into this 
randomized double-blind crossover trial. They were aged 18-65 
years old having a BMI≥30 (kg/m2) [18]. All subjects received 
curcuminoids (n=5) or placebo (n=8) 1 g/day for a period of 30 days. 
After 2-weeks wash-out, they finally crossed over to the different 
regimen. Inclusion and exclusion criteria have been described in 
detail previously [18]. Curcuminoid capsules were purchased from 
Sami Labs LTD (Bangalore, India), and comprised 500mg as C3 
Complex® curcuminoids +5mg bioperine®. Placebo capsules were 
identical in appearance, and contained 5 mg piperine alone. 

Demographic and Anthropometric data
All volunteers were asked to complete a questionnaire to provide 

information on their socio-demographic status, smoking behavior 

Introduction
Obesity is a global problem and is associated with an increased 

risk of several diseases including CVD, MetS, cancers, diabetes 
mellitus and hypertension Obesity is associated with a chronic, low 
grade inflammation that has been called metabolic inflammation [1-
4]. Adipose tissue secrets bioactive proteins called adipokines that are 
pro-inflammatory [5] and may in part account for the increased risk 
of atherosclerosis [4].

Cellular Adhesion Molecules (CAMs) are proteins located 
on the cell surface and are up-regulated by inflammation. An 
increased expression of CAMs is associated with an increased risk of 
atherosclerosis and cancers. Soluble Intercellular Adhesion Molecule 
(ICAM), Vascular Cell Adhesion Molecule (VCAM), Endothelial 
Selectin (E-Selectin), Leukocyte Selectin (L-Selectin), Platelet Selectin 
(P-Selectin) are found in serum [6-9]. E and P-Selectin play a role 
in the pathogenesis of atherosclerosis as mediators of leukocytes 
migration to vascular endothelial cells. ICAM and VCAM play a 
role in the pathogenesis of atherosclerosis as mediators of leukocyte 
recruitment and platelet adhesion [10-12] Obesity is associated with 
an increase in serum CAMs, and a, reduction of CAMs may therefore 
indicate a lowering of risk of the diseases in the obese subjects [13,14].

Curcumin is a polyphenol and effective ingredient of Curcuma 
Longa (turmeric). Curcumin has been reported to have many health 
and therapeutic properties and previous evidence has shown that 
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and medical history. Anthropometric indices including weight, 
height, waist circumference, and fat percentage were determined 
using standard protocols. BMI was defined as weight (kg) to height 
(m2) ratio.

Serum biochemical factors
Fasted blood samples (12h) were taken 4 times from all participants 

before and after every period. Serum fasting blood glucose, lipid 
profile [triglycerides, total cholesterol, High-Density Lipoprotein 
Cholesterol (HDL-C) and low-density Lipoprotein Cholesterol 
(LDL-C)] were determined enzymatically using commercial kits 
(Pars Azmoon, Tehran, Iran) in all samples.

Human ELISA kits were used to measure ICAM-1, VCAM-
1(ORIGENE, Rockville, USA), L- and P-selectin (Sigma Aldrich, 
Saint Louis, USA) in all samples. 

Statistical analysis
The data analysis was done with the Statistical Analysis Software 

(SPSS version 20). The Student’s t test used for normally distributed 

variables. For 2_2 cross-over study was used to assess the effect of 
carry over, treatment and period. A two-sided p value of <0.05 was 
considered statistically significant. Data were assessed for normality 
using the Kolmogorov-Smirnov test, and were expressed as means±SD 
(for normally distributed data) or median and interquartile range (for 
non-normally distributed data). 

Results
General features of participants in the study

Anthropometric indices and serum levels of lipids profile of the 
participants (aged 36.18±12.88 years old) are described in Table 1. 
The mean values of age, height, weight, LDL-C, HDL-C, triglyceride, 
PAB, hs-CRP and BMI are mentioned in participants in details (Table 
1). 

Baseline and post-trial values for L-selectin, P-selectin, ICAM-
1 and VCAM-1 in each study period are presented in Tables 2, 
respectively. The results showed that serum concentration of VCAM-
1 is reduced by 1 g/day curcumin supplementation over a period 
of 30 days (p=0.05, power 53%). There was no significant effect of 
curcumin supplement on serum L-selectin, P-selectin and ICAM-1 
concentrations (p>0.05 for all biochemical factors) as well as carry-
over effect between the trial periods in studied groups (p>0.05 for all 
variable). 

Discussion
This study conducted to evaluate the effect of curcuminoids (1 

g/day for 30 days) on cell adhesion molecules of ICAM-1, VCAM-
1, L-Selectin and P-Selectin among obese subjects in a randomized 
double-blind, placebo-controlled crossover trial. The results showed 
that curcumin supplementation (1 g/day) can improve the serum 
VCAM-1 during 30 days (p=0.05). But there were no significant effect 

Figure 1: Anti-atherosclerotic properties of curcumin.

Variables  

Group Total populatioon Curcumin & Placebo Placebo & Curcumin p-value

Age, years 38.37±11.51 38.84±11.12 37.81±12.31 0.09

Demispan (cm) 80.67±5.88 79.48±4.91 82.63±5.58 0.79

Height (cm) 160.54±8.17 158.5±6.36 159.94±9.63 0.6

Weight (Kg) 81.48±12.09 85.57±12.95 83.83±17.43 0.74

Waist circumference (cm) 106.31±10.72 110.34±10.41 106.53±10.42 0.29

Hip circumference (cm) 113.32±7.10 117.97±9.84 115.07±9.31 0.38

Arm circumference (cm) 33.71±2.82 34.46±2.64 33.47±3.15 0.32

Fat % 38.06±6.27 41.25±5.49 36.48±5.82 0.02

Body Mass Index 31.61±3.78 33.95±3.80 32.65±4.69 0.37

Systolic Blood Pressure (mmHg) 116.69±10.15 118.84±13.29 117.62±10.99 0.77

Diastolic Blood Pressure (mmHg) 78.15±7.76 79.63±10.21 80.44±8.41 0.8

HDL-C (mg/dl) 47.54±9.63 46.8±9.55 46.12±7.77 0.8

LDL-C (mg/dl) 118.23±30.18 119.79±23.15 118.75±27.72 0.9

Cholesterol (mg/dl) 194.77±35.84 193.10±29.16 188.94±27.63 0.67

Triglyceride (mg/dl) 124.92±53.17 105.05±30.22 124.94±55.44 0.19

Hs-CRP (mg/dl) 9.14±2.72 8.44±3.19 8.35±2.62 0.93

Table 1: Demographic variables and baseline clinical features.

*Mean ± standard deviation for continuous variables; Frequency (%) for categorical variables. HDL-C: High-Density Lipoprotein Cholesterol; LDL-C: Low-Density 
Lipoprotein Cholesterol. AB: First Curcumin Second Placebo. BA; First Placebo Second Curcumin.
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of the intervention on the reduction of the cellular adhesion molecules 
of ICAM-1, E-Selectin and P-Selectin in the obese participants.

Obesity is associated with some underlying causes of 
atherosclerosis including oxidative stress, inflammation and 
endothelial dysfunction [19,20]. Obesity increases insulin resistance 
and oxidized LDL, and subsequently predisposes obese people to 
inflammation and atherosclerosis [21]. In the process of developing 
atherosclerosis; cell adhesion molecules produced by endothelial 
and reduction of them can be indicator of a reduction in the risk of 
atherosclerosis in the obese people [20]. 

Some previous human and animal studies have shown anti-
oxidant, anti-inflammatory and anti-atherosclerotic properties of 
curcumin [22]. Figure 1 shows the major proposed mechanisms for 
anti-atherosclerotic properties of curcumin. In this regard, in the 
current study the CAMs used as an indicator of anti-atherosclerotic 
effect of curcumin. 

Gangali et al., in a crossover clinical trial investigated effect of 
curcumin (1 g/day for 4 weeks) on inflammatory factors of interleukin 
1B, IL-4 and vascular endothelial growth factor in obese subjects. 
The results of their study indicated a significant decrease in the 
inflammatory factors [23]. Franco‐Robles et al., found that curcuimin 
at dose of 500 mg/day for 12 week associated with significant decrease 
in the lipid and protein oxidation [24]. The mentioned studies have 
shown the anti-inflammatory and anti-atherosclerotic effects of 
curcumin in similar dose of current study [22-24], but significant 
decrease in CAMs, which is expected to be associated with a reduction 
in inflammation, was not observed in our study. However, the change 
in CAMs is not the first approach of predisposing obese subjects to 
atherosclerosis, and earlier there is an increase in the LDL-oxidized 
and inflammatory factors which the previous studies have shown the 
effect of curcumin on reduction of them.

As far as we know before this study, no human studies conducted 
on the effect of curcmin on the cell adhesion molecules in the obese 
subjects. The main limitations of this study are the low sample size 
and short duration of the intervention, and the main advantage of 
this study is its cross-over method. Increasing the duration of the 
intervention, changing the dosage or formulation of the drug and 
increasing the sample size suggested for subsequent studies.

Conclusion
In this crossover clinical trial, curcumin at dose of 1 g/day for 

4 weeks improved the serum VCAM-1 levels in the obese subjects 
whereas, did not result in significant reduction of other cell adhesion 
molecules. Changes in duration of intervention, and drug formulation 
and increase sample size suggested for further studies.

Acknowledgement 
Dr. Maryam Saberi-Karimian is a post-doctoral fellow of Mashhad 

University of Medical Sciences (MUMS), which her fellowship being 
granted by MUMS, Iran.

References
1. Zhang S, Zou J, Li P, Zheng X, Feng D. Curcumin Protects against 

Atherosclerosis in Apolipoprotein E-Knockout Mice by Inhibiting Toll-like 
Receptor 4 Expression. Journal of agricultural and food chemistry. 2018; 66: 
449-456.

2. Hotamisligil GS, Erbay E. Nutrient sensing and inflammation in metabolic 
diseases. Nature reviews Immunology. 2008; 8: 923-934.

3. Medzhitov R. Origin and physiological roles of inflammation. Nature. 2008; 
454: 428-435.

4. Cox AJ, West NP, Cripps AW. Obesity, inflammation, and the gut microbiota. 
The lancet Diabetes & endocrinology. 2015; 3: 207-215.

5. Shoelson SE, Lee J, Goldfine AB. Inflammation and insulin resistance. The 
Journal of clinical investigation. 2006; 116: 1793-1801.

6. Blankenberg S, Barbaux S, Tiret L. Adhesion molecules and atherosclerosis. 
Atherosclerosis. 2003; 170: 191-203.

7. Koh TW, DeSouza AC, Pepper JR. The adhesion molecule P-selectin and 
cardiovascular disease--cardiac surgical implications. European heart 
journal. 2004; 25: 993.

8. Galkina E, Ley K. Vascular adhesion molecules in atherosclerosis. 
Arteriosclerosis, thrombosis, and vascular biology. 2007; 27: 2292-2301.

9. Makrilia N, Kollias A, Manolopoulos L, Syrigos K. Cell adhesion molecules: 
role and clinical significance in cancer. Cancer investigation. 2009; 27: 1023-
1037.

10. Chi Z, Melendez AJ. Role of cell adhesion molecules and immune-cell 
migration in the initiation, onset and development of atherosclerosis. Cell 
adhesion & migration. 2007; 1: 171-175.

11. Takahashi K, Takeya M, Sakashita N. Multifunctional roles of macrophages 
in the development and progression of atherosclerosis in humans and 
experimental animals. Medical electron microscopy: official journal of the 
Clinical Electron Microscopy Society of Japan. 2002; 35: 179-203.

12. Collins RG, Velji R, Guevara NV, Hicks MJ, Chan L, Beaudet AL. P-Selectin 

Variable Stydy group First priod Second priod P.value

  Pre- treatment Post- treatment Pre-treatment Post- treatment Period 
effect

Treatment 
effect

First effect 
of carry over

Second 
effect of 

carry over

L-selectin 
(ng/ml)

Curcumin & Placebo 9.08±10.82 13.65±5.06 10.16±6.8 2.12±6.54
P=0.006 P=0.09 P=0.46 P=0.63

Placebo & Curcumin 7.24±4.95 12.85±10.14 14.23±10.83 9.4±12.39

P-selectin 
(ng/ml)

Curcumin & Placebo 0.94±0.69 0.93±0.68 1.05±0.98 0.51±0.64
P=0.89 P=0.84 P=0.77 P=0.65

Placebo & Curcumin 1.21±0.91 1.17±1.56 1.05±0.89 0.57±0.38

ICAM-1 
(ng/ml)

Curcumin & Placebo 48.14±18.49 61.40±18.38 57.67±55.23 11.06±33.82
P<0.001 P=0.73 P=0.88 P=0.18

Placebo & Curcumin 84.90±68.27 48.64±4.85 79.32±4.97 77.93±6.15

VCAM-1 
(ng/ml)

Curcumin & Placebo 10.38±4.88 6.69±2.67 4.22±1.02 3.42±1.40
P<0.001 P=0.054 P=0.11 P=0.16

Placebo & Curcumin 4.34±3.32 4.17±2.35 2.88±1.69 3.33±2.82

Table 2: Effect of curcumin supplementation on serum level of L-selectin, P-selectin, ICAM-1 and VCAM-1 in population study.

AB: First Curcumin Second Placebo. BA; First Placebo Second Curcumin.

https://pubs.acs.org/doi/10.1021/acs.jafc.7b04260
https://pubs.acs.org/doi/10.1021/acs.jafc.7b04260
https://pubs.acs.org/doi/10.1021/acs.jafc.7b04260
https://pubs.acs.org/doi/10.1021/acs.jafc.7b04260
https://pubmed.ncbi.nlm.nih.gov/19029988/
https://pubmed.ncbi.nlm.nih.gov/19029988/
https://www.nature.com/articles/nature07201
https://www.nature.com/articles/nature07201
https://pubmed.ncbi.nlm.nih.gov/25066177/
https://pubmed.ncbi.nlm.nih.gov/25066177/
https://pubmed.ncbi.nlm.nih.gov/16823477/
https://pubmed.ncbi.nlm.nih.gov/16823477/
https://academic.oup.com/eurheartj/article/25/11/993/422966
https://academic.oup.com/eurheartj/article/25/11/993/422966
https://academic.oup.com/eurheartj/article/25/11/993/422966
Vascular adhesion molecules in atherosclerosis. Arteriosclerosis, thrombosis, and vascular biology. 2007;
Vascular adhesion molecules in atherosclerosis. Arteriosclerosis, thrombosis, and vascular biology. 2007;
https://pubmed.ncbi.nlm.nih.gov/19909018/
https://pubmed.ncbi.nlm.nih.gov/19909018/
https://pubmed.ncbi.nlm.nih.gov/19909018/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2634102/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2634102/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2634102/
https://pubmed.ncbi.nlm.nih.gov/12658354/
https://pubmed.ncbi.nlm.nih.gov/12658354/
https://pubmed.ncbi.nlm.nih.gov/12658354/
https://pubmed.ncbi.nlm.nih.gov/12658354/
https://pubmed.ncbi.nlm.nih.gov/10620617/


Austin J Obes & Metab Synd 4(1): id1014 (2020)  - Page - 04

Falesoleiman H Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

or Intercellular Adhesion Molecule (ICAM)-1 deficiency substantially protects 
against atherosclerosis in apolipoprotein E-deficient mice. The Journal of 
experimental medicine. 2000; 191: 189-194.

13. Ito H, Ohshima A, Inoue M, Ohto N, Nakasuga K, Kaji Y, et al. Weight 
reduction decreases soluble cellular adhesion molecules in obese women. 
Clin Exp Pharmacol Physiol. 2002; 29: 399-404.

14. Glowinska B, Urban M, Peczynska J, Florys B. Soluble adhesion molecules 
(sICAM-1, sVCAM-1) and selectins (sE selectin, sP selectin, sL selectin) 
levels in children and adolescents with obesity, hypertension, and diabetes. 
Metabolism: clinical and experimental. 2005; 54: 1020-1026.

15. Mirzaei H, Shakeri A, Rashidi B, Jalili A, Banikazemi Z, Sahebkar A. 
Phytosomal curcumin: A review of pharmacokinetic, experimental and 
clinical studies. Biomedicine & pharmacotherapy = Biomedecine & 
pharmacotherapie. 2017; 85: 102-112.

16. Um MY, Hwang KH, Choi WH, Ahn J, Jung CH, Ha TY. Curcumin 
attenuates adhesion molecules and matrix metalloproteinase expression in 
hypercholesterolemic rabbits. Nutrition research. 2014; 34: 886-893.

17. Prasad S, Tyagi AK, Aggarwal BB. Recent developments in delivery, 
bioavailability, absorption and metabolism of curcumin: the golden pigment 
from golden spice. Cancer Res Treat. 2014; 46: 2-18.

18. Mohammadi A, Sahebkar A, Iranshahi M, Amini M, Khojasteh R, Ghayour-
Mobarhan M, Ferns GA. Effects of supplementation with curcuminoids on 
dyslipidemia in obese patients: a randomized crossover trial. Phytotherapy 
Research. 2013; 27: 374-379.

19. Jones B, Kenward MG. Design and analysis of cross-over trials. Chapman 
and Hall/CRC; 2014.

20. Couillard C, Ruel G, Archer WR, Pomerleau S, Bergeron J, Couture P, et 
al. Circulating levels of oxidative stress markers and endothelial adhesion 
molecules in men with abdominal obesity. J Clin Endocrinol Metab. 2005; 
90: 6454-6459.

21. Lteif AA, Han K, Mather KJ. Obesity, insulin resistance, and the metabolic 
syndrome: determinants of endothelial dysfunction in whites and blacks. 
Circulation. 2005; 112: 32-38.

22. Hewlings SJ, Kalman DS. Curcumin: A Review of Its’ Effects on Human 
Health. Foods. 2017; 6.

23. Ganjali S, Sahebkar A, Mahdipour E, Jamialahmadi K, Torabi S, Akhlaghi S, 
et al. Investigation of the effects of curcumin on serum cytokines in obese 
individuals: a randomized controlled trial. Scientific World Journal. 2014; 
2014: 898361.

24. Franco-Robles E, Campos-Cervantes A, Murillo-Ortiz BO, Segovia J, Lopez-
Briones S, Vergara P, et al. Effects of curcumin on brain-derived neurotrophic 
factor levels and oxidative damage in obesity and diabetes. Appl Physiol Nutr 
Metab. 2014; 39: 211-218.

https://pubmed.ncbi.nlm.nih.gov/10620617/
https://pubmed.ncbi.nlm.nih.gov/10620617/
https://pubmed.ncbi.nlm.nih.gov/10620617/
https://pubmed.ncbi.nlm.nih.gov/12010183/
https://pubmed.ncbi.nlm.nih.gov/12010183/
https://pubmed.ncbi.nlm.nih.gov/12010183/
https://pubmed.ncbi.nlm.nih.gov/16092051/
https://pubmed.ncbi.nlm.nih.gov/16092051/
https://pubmed.ncbi.nlm.nih.gov/16092051/
https://pubmed.ncbi.nlm.nih.gov/16092051/
https://pubmed.ncbi.nlm.nih.gov/27930973/
https://pubmed.ncbi.nlm.nih.gov/27930973/
https://pubmed.ncbi.nlm.nih.gov/27930973/
https://pubmed.ncbi.nlm.nih.gov/27930973/
https://pubmed.ncbi.nlm.nih.gov/25282128/
https://pubmed.ncbi.nlm.nih.gov/25282128/
https://pubmed.ncbi.nlm.nih.gov/25282128/
https://pubmed.ncbi.nlm.nih.gov/24520218/
https://pubmed.ncbi.nlm.nih.gov/24520218/
https://pubmed.ncbi.nlm.nih.gov/24520218/
https://pubmed.ncbi.nlm.nih.gov/22610853/
https://pubmed.ncbi.nlm.nih.gov/22610853/
https://pubmed.ncbi.nlm.nih.gov/22610853/
https://pubmed.ncbi.nlm.nih.gov/22610853/
https://pubmed.ncbi.nlm.nih.gov/16189262/
https://pubmed.ncbi.nlm.nih.gov/16189262/
https://pubmed.ncbi.nlm.nih.gov/16189262/
https://pubmed.ncbi.nlm.nih.gov/16189262/
https://pubmed.ncbi.nlm.nih.gov/15983246/
https://pubmed.ncbi.nlm.nih.gov/15983246/
https://pubmed.ncbi.nlm.nih.gov/15983246/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5664031/#:~:text=Research suggests that curcumin can,subsequent performance in active people.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5664031/#:~:text=Research suggests that curcumin can,subsequent performance in active people.
https://pubmed.ncbi.nlm.nih.gov/24678280/
https://pubmed.ncbi.nlm.nih.gov/24678280/
https://pubmed.ncbi.nlm.nih.gov/24678280/
https://pubmed.ncbi.nlm.nih.gov/24678280/
https://pubmed.ncbi.nlm.nih.gov/24476477/
https://pubmed.ncbi.nlm.nih.gov/24476477/
https://pubmed.ncbi.nlm.nih.gov/24476477/
https://pubmed.ncbi.nlm.nih.gov/24476477/

	Title
	Abstract
	Introduction
	Methods
	Study design
	Demographic and Anthropometric data
	Serum biochemical factors
	Statistical analysis

	Results
	General features of participants in the study

	Discussion
	Conclusion
	Acknowledgement
	References
	Figure 1
	Table 1
	Table 2

