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ABSTRACT  

Oxidative stress and lipid peroxidation are considered key factors linking obesity with its 

associated complications. Epigallo catechin-3-gallate (EGCG) and oleoylethanolamide (OEA), 

together with its phospholipid precursor N-oleoyl-phosphatidylethanolamine (NOPE), are 

nutritional compounds that might improve the oxidative stress status of obese people. 

Unfortunately, the bioavailability of these compounds is low; however, the co-administration of 

NOPE with EGCG has been shown to ameliorates both the plasma availability of EGCG and the 

intestinal levels of NOPE in rats. 

This double-blind, placebo-controlled study investigated the effects of 2 months’ 

supplementation with EGCG complexed with NOPE, combined with moderate energy restriction, on 

plasma oxidative status of overweight and class I obese subjects. 138 subjects (BMI: 25 - 35 kg/m2) 

were recruited and randomized into two groups: the first (n = 67) received caps of placebo and the 

second (n = 71) caps of an oily dispersion of EGCG complexed with NOPE for two months. Subjects’ 

supplementation was combined with moderate energy restriction (-800 kcal/d). 

Plasma oxidative status was determined by measuring the levels of oxidized LDL (Ox-LDL), 

malondialdehyde and reactive oxygen metabolites, and by calculating the lag-time and the slope of 

Cu-induced lipid peroxidation kinetics. 116 subjects (27 M/89 F) completed the supplementation 

period, 49 in the placebo group and 67 in the treated group. Treatment induced a similar significant 

weight reduction in the two groups. Moreover, we found the mean changes of Ox-LDL significantly 

lower and the mean changes of antioxidant capacity (lag-time) significantly higher in NOPE-EGCG 

group than in placebo group (treatment effect mean difference : -3.15 UL, p<0.044 and +5.37 min, 

p<0.0347;  respectively). EGCG plasma levels were detectable only after two months of NOPE-EGCG-

diet. The NOPE-EGCG integration to a low energy diet seems therefore useful for ameliorating 

oxidative stress related markers, which are concomitant causes of obesity-induced disorders. 
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 INTRODUCTION 

Overweight and obesity are associated with an increased risk to develop cardiovascular 

diseases, the clinical manifestations of atherosclerosis. In addition, the accumulation of abdominal 

fat is a major contributor to the development of a series of metabolic disorders recognized as risk 

factors for atherosclerosis, such as inflammation, hypertension, dyslipidemia, and insulin resistance. 

Several lines of evidence show that oxidative stress and lipid peroxidation may be unifying 

mechanisms in the development of obesity-related metabolic disorders 1,2.  Oxidative stress is an 

imbalance between tissue oxidants [free radicals, reactive oxygen species, (ROS) and reactive 

nitrogen species (RNS)]  and antioxidants, which has been repeatedly demonstrated to be involved 

in atherogenesis 3 and several diseases 4. In this condition, ROS promote lipid peroxidation resulting 

in chain reactions that generate a sustained increase in reactive compounds able to oxidize 

macromolecules such as lipids, proteins and DNA. Of the many biological targets of oxidative stress, 

lipids, especially polyunsaturated fatty acids (PUFA), are the most involved class of biomolecules. 

PUFA peroxidation gives rise to several secondary toxic products that amplify oxidative damage, 

such as lipid peroxides and aldehydes like malondialdehyde (MDA). At blood level, the peroxidation 

of lipoproteins, and in particular LDL fraction, induces a number of changes in their physical-

chemical properties able to promote and exacerbate atherosclerosis 5.  

Because overeating is one of the major causes of body fat increase and consequently of 

plasma oxidative stress, a diet restricted in energy intake and rich in antioxidant is the basis for the 

treatment of overweight and obesity. Researchers have been recently focusing on specific 

nutritional compounds capable of increasing plasma antioxidant defenses and/or inducing a 

reduction in food intake. Two of these compounds are epigallo catechin-3-gallate (EGCG) and 

oleoylethanolamide (OEA), together with its phospholipid precursor N-oleoyl-

phosphatidylethanolamine (NOPE).  
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EGCG is the most abundant and strongest bioactive catechin of green tea. The potential 

health benefits ascribed to EGCG include antioxidant effects, enhancement of weight loss, 

improvement of insulin sensitivity and cardiovascular health, cancer chemoprevention, and others 

6. The role of EGCG in reducing lipid peroxidation, particularly LDL oxidation has been reported from 

several in vitro and animal, but limited clinical studies 7. NOPE and OEA are present in plant and 

animal foods 8 and are produced and metabolized by humans 9,10. NOPE is routinely metabolized “in 

vivo” by phospholipase D to phosphatidic acid and OEA 9. Both phosphatidic acid  11 and OEA 12,13 

possess antioxidant activity in vitro. Moreover, OEA can exert other beneficial effects on obese 

people, such as the modulation of lipid metabolism and energy intake 10,14. Previous studies 

demonstrated that the bioavailability of both these compounds is low when administered alone as 

an oral supplement 15,16; differently,  the co-administration of NOPE with EGCG has been shown to 

ameliorates both the plasma availability of EGCG and the intestinal levels of NOPE in rats 16 through 

mechanisms that  increase EGCG intestinal permeability and protect NOPE from the digestive 

enzyme-induced  hydrolysis 17. 

We previously evaluated 18 in a parallel-arm, double-blind, placebo-controlled design, the 

effects of 2-month administration of an oily NOPE-EGCG complex  in healthy, overweight or class I 

obese people (106 females and 32 males). Results indicated that the assumption of a NOPE-EGCG 

complex improved compliance with diet, insulin resistance, depressive symptoms and severity of 

binge eating 18. However, in this previous study we didn’t investigate the effects of this complex on 

oxidative stress. 

Therefore, the aim of this ancillary study was to evaluate in the same healthy overweight 

and class I obese subjects, the potential beneficial effects of 2 months’ co-supplementation with 

EGCG and NOPE, combined with moderate energy restriction, on plasma oxidative status. 
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SUBJECTS AND METHODS 

 Subjects 

Subject enrolment criteria has been previously described 18. Briefly, eligible participants 

were recruited from the local population and underwent medical screening according to the 

following inclusion criteria: body mass index between 25 kg/m2 and 35 kg/m2 (i.e.   overweight or 

class I obese people according with World Health Organization19) apparently health, not currently 

pregnant, normally menstruating, non-smokers, not taking medication, not being on a restricted 

diet, not drinking more than 1 cup of tea/day and not using dietary supplements during the three 

previous months. Patients were excluded from the study if they had a history or current diagnosis 

of major depressive disorder bulimia, panic disorder, obsessive compulsive disorder, post-traumatic 

stress disorder, bipolar I or II disorder, or schizophrenia. No psychoactive drugs, including anti-

obesity agents, were permitted throughout the study. All subjects had to give complete medical 

histories and undergo physical examination, anthropometric assessment and routine laboratory 

tests. The study protocol was approved by the Medical Ethics Committee of the Policlinico San 

Matteo in Pavia and each subject signed a consent form stating the purpose of the study and the 

sampling required. 

 

 Study design 

In this ancillary, double-blind and placebo-controlled study, subjects were randomly divided 

into 2 groups, as previously described 18: NOPE-EGCG complex group (71 subjects, 18 men, 53 

women, mean age 38 ± 10 years) and placebo group: (67 subjects, 14 men, 53 women, mean age 

41 ± 11 years). Subjects received randomly one capsule of PhosphoLEANTM orally twice daily ― 

before lunch and dinner ― or an identical placebo, for 2 months. The commercially available 
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supplement PhosphoLEANTM was a soft-gel capsule containing 85 mg of NOPE and 14 mg of N-

palmitoyl-phosphatidylethanolamine extracted from soy lecithin, and 121 mg of a dry green tea 

extract standardized at 50 mg of EGCG; the capsules were manufactured by GELFIPHARMA Lodi, 

Milan - Italy on behalf of CHEMI Cinisello Balsamo, Milan - Italy.  Placebo contained 200 mg of 

soybean lecithin in soybean oil. Compliance was assessed by counting leftover capsules.  

Subjects’ supplementation was combined with a 2-months’ period of moderate energy 

restriction (-800 kcal/d). Macronutrient content of hypo-caloric diet, expressed as percentage of 

ingested energy, was 25% fat, 60% carbohydrate, and 15% protein.  At the end of the nutritional 

intervention, detailed food records were kept by the subjects on three day non-consecutive (two 

weekdays and one weekend days). The energy and nutrient contents of these records were 

estimated using Italian National Research Institute for Food and Nutrition database 20. 

 

 Body composition 

Anthropometric measurements were taken between 9 and 11 a.m. after an overnight fast. 

Body weight (Kg) was measured on a standing balance and height (m) by using a standing upright 

scale. Body Mass Index (BMI) was calculated by dividing weight (Kg) by height squared (m2). Waist 

circumference was measured at the midway point between the lowest rib and the iliac crest to 

the nearest 0.1 cm.  

 

Blood collection and analyses 

Overnight fast blood was drawn from subjects (12 hours without food) in the morning at 

study entry and after the 8 weeks of treatment. Moreover, subjects refrained from participating in 

any form of exercise for 48 h before the study and were tested during the early follicular phase of 

their menstrual cycles (days 3-10). Blood was collected into EDTA tubes for hematological 
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procedures. Blood samples were also collected into tubes containing heparin or no anticoagulant 

for the determination of plasma oxidative status; the samples were processed and immediately 

centrifuged twice (1000 x g for 15 min) with refrigeration, and aliquots of the plasma and serum 

were immediately frozen in liquid nitrogen and stored under argon at - 80°C until use.  

Oxidized LDL (Ox-LDL) levels were determined by ELISA Kit accordingly with manufactures 

instruction (Mercodia, DBA, Italy). Plasma levels of malondialdehyde (MDA) and reactive oxygen 

metabolites (d-ROMs) were evaluated by means of commercially available colorimetric assay kits 

(OXIS International, Portland, OR, USA and Diacron International, Grosseto, Italy; respectively).  

Copper-stimulated plasma lipid peroxidation was determined by fluorescent method 21–24. 

Briefly, peroxidation kinetics were determined by estimating protein lipofuscin-like fluorophores 

formed by the reaction of aldehydic lipid oxidation products with protein ( excitation = 360 nm;  

emission = 460 nm, T = 37 °C), every 15 min for 480 min. The length of the lag phase of inhibited 

lipid peroxidation was measured (lag-time), as well as the rate of lipid peroxidation during the 

propagation phase (slope). The lag-time value is an index of plasma total antioxidant capacity. 

Vitamin E (α-tocopherol) 25 and EGCG [31] were measured by reverse-phase high performance liquid 

chromatography methods. The ratio of vitamin E (mol/L) to total neutral lipid (cholesterol + 

triglycerides, mmol/L) was also calculated. 

All frozen samples were thawed only once, at the time of the assays, and, samples collected 

at baseline and at the end of the study from each subject were analyzed in duplicate in the same 

assay to eliminate inter-assay variability.  

 

Statistics 

Data are presented as mean and standard deviation (SD). Data were checked for normality 

and skewed parameters were mathematically transformed before statistical analysis. At baseline, 
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the differences between placebo and NOPE-EGCG groups were tested using Student’s t test. 

Mean changes over time and 95% CI were calculated in each group, as final value minus baseline 

value. Mean differences between changes were computed with their 95%CI to quantify the 

treatment effect. The treatment effect was analyzed by the Student’s t test.  Spearman’s 

correlation analysis was used to quantify the relationship between treatment-induced changes 

in the measured parameters. StatistiXL (version 1.9; StatistiXL, Western Australia) was used for 

computation. A 2-sided p-value<0.05 was considered statistically significant. 

 

RESULTS 

Table 1 showed demographic, anthropometric and biochemical characteristics of the NOPE-

EGCG and placebo group, at baseline (T0). Mean lipid panel parameters, glycemic and inflammatory 

status levels were substantially within the relevant reference interval or under/above cut-off value 

both in the NOPE-EGCG and in the placebo group and did not differ significantly. No significant 

differences in oxidative status parameters were found in both groups. 

The mean prescribed caloric intake, at T0, was 1475  28.6 kcal/d and 1487  24.2 kcal/d in 

the placebo and NOPE-EGCG group, respectively. 

Out of 138 participants entering the study, 116 (27 M/89 F) completed the 8-week 

supplementation period, forty-nine (73%) patients in the placebo group and sixty-seven (94%) in the 

treated group. The mean energy intake after 8 weeks of treatment was 1990  82.2 kcal/d and 1912 

 65.4 kcal/d in the placebo and NOPE-EGCG groups, respectively (p = 0.459). As designed, 

macronutrient distribution was similar in both diets, and no statistical differences were found in the 

energy provided by carbohydrates, lipids and proteins (data not shown). 
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As previously reported, the treatment induced a significant weight reduction in both groups 

(-2.3% ± 3.5% and -3.7% ± 3.3% placebo and NOPE-EGCG groups, respectively); but the weight 

changes were not significantly different between the groups 18. 

The ratio of vitamin E to total neutral lipid and MDA levels didn’t vary significantly in both 

groups (data not shown). In table 2 are reported the mean changes (final value minus baseline value) 

of plasma peroxidation kinetic parameters (lag-time and slope), d-ROMs and Ox-LDL. The mean 

changes of these parameters were similar in the NOPE-EGCG group and in the placebo group, except 

for lag-time and Ox-LDL. The administration of the NOPE-EGCG complex significantly improved 

plasma antioxidant capacity (lag-time) and reduced Ox-LDL levels with respect to the hypocaloric 

diet alone.  

EGCG plasma levels were not detectable after the placebo-diet treatment, while a 

substantial amount of this polyphenol is found in patient plasma treated with the NOPE-EGCG-diet 

(10.1 ± 3.4 nmol/L). The increase in EGCG was associated with changes in lag-time and oxidized LDL 

in the NOPE-EGCG group (rs = 0.48; p < 0.05 and rs = -0.58; p < 0.01, respectively). 
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DISCUSSION 

In a previous study we demonstrated that 2-month administration of an oily NOPE-EGCG 

complex improved compliance with hypocaloric-diet, insulin resistance, depressive symptoms and 

severity of binge eating in healthy overweight and class I obese people 18. The results of the ancillary 

present study indicate that the treatment with NOPE-EGCG complex ameliorates concomitantly 

plasma oxidative status too in these subjects.  

It is well known that oxidative stress is a factor linking obesity with its associated 

complications 1 and that oxidative stress-induced oxidation of low-density lipoprotein (LDL) to Ox-

LDL is one of the first steps of atherogenesis26.   Nowadays, according to the European Food Safety 

Authority (EFSA), Ox- LDL is considered a reliable marker for oxidative damage in vivo 27; however, 

over the last four decades, an extensive body of literature regarding oxidative stress-induced lipid 

peroxidation has shown its important role in the dysregulation of several biological processes 28. For 

this reason, we measured also  other oxidative stress markers to have supportive evidences. In 

particular, MDA 29 and d-ROMs 30–32, are widely used as markers of the extent of plasma lipid 

peroxidation, while the duration of latency phase (lag-time) of lipid peroxidation kinetics is 

considered an index of total plasma antioxidant capacity 21,22,33,34 . The supplementation with NOPE-

EGCG had significantly  decreased the Ox-LDL levels and increased antioxidant capacity with respect 

to hypocaloric diet alone. 

 Previous studies have shown that oxidative stress increases with increasing BMI 35 and that 

intentional weight loss mitigates oxidative stress in obese people 36 and reduces Ox-LDL levels in 

obese children and adolescents 37. Nevertheless, as mentioned above, we found no differences in 

body weight changes between the NOPE-EGCG group and the placebo group 18.  The absence of 

effect on weight loss of the treatment with NOPE-EGCG has been confirmed by Mangine et al. who 

conducted a study that assessed the effects of 8-weeks supplementation with a daily intake of 120 
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mg of NOPE and 105 mg of EGCG in combination with a low caloric diet on body composition and 

dietary compliance in healthy, overweight adults 38.  

The antioxidant activity of EGCG and other green tea polyphenols (GTPs) has been widely 

investigated both in vitro and in vivo 7.  EGCG has both direct and indirect antioxidant activities and 

its beneficial effects seem due to a combination of both mechanisms 39. In vitro and animal studies 

have shown that EGCG is able to chelate redox-active metal ions, such as iron and copper, to 

scavenge oxygen and nitrogen free radicals and reactive oxygen species (ROS), and, as a 

consequence,  to inhibit lipid, protein and DNA peroxidation, whereas it does not affect the 

propagation of peroxidation processes 40,41. The  indirect antioxidant activity of EGCG is related to 

inhibition of redox-sensitive transcription factors, inhibition of pro-oxidant enzymes, induction of 

Phase II enzymes and up-regulation of antioxidant enzymes 42–44 . All these EGCG activities may 

have contributed to the increased latency phase (lag-time) of plasma peroxidation kinetics in NOPE-

EGCG group.   

Furthermore, EGCG can bind to LDLs and this interaction reduces the susceptibility to 

oxidation of lipids and proteins of these particles 45.  It is well known that catechins and proteins 

have strong interactions through hydrogen bonding and/or hydrophobic attractions. In addition, 

gallated catechins interact also with the trimethylammonium group of phosphatidylcholine 46, which 

is the major phospholipid in human LDLs . Therefore, EGCG's interaction with LDL apolipoproteins 

and phosphatidylcholine, by promoting free radical neutralization and vitamin E regeneration from 

alpha- tocopherol radicals 47, might have contribute to the improvement of serum ox-LDL levels in 

NOPE-EGCG group.   

Despite the large body of evidence for the antioxidant effect of EGCG in vitro, the results of 

human intervention studies are contradictory and seem to be dependent on the dose ingested, the 

diet, the measured markers and the extent of oxidative stress in the subjects. 48. In particular, GTPs 
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and EGCG seems reduce lipid peroxidation processes 49, especially in subjects that exhibit oxidative 

stress-related risk factors.  In addition, the level of plasma lipid peroxidation markers have been 

associated with those of circulating lipids 50,51. In particular, it has been demonstrated that both 

MDA and d-ROMs  levels 50 correlated positively and significantly with triglyceridemia, likely because 

triglycerides are the main form of storage and transport of polyunsaturated fatty acids.  In this study 

we consider healthy, non-smokers, normo-triglyceridemic overweigh or class I obese subjects and, 

as for weigh, we found no differences in triglyceridemia changes between the NOPE-EGCG group 

and the placebo group 18;  therefore, both these factors could be contribute to the lack of effects of 

NOPE-EGCG on MDA and d-ROMs levels.  

Furthermore, also the NOPE present in the NOPE-EGCG complexes could have contribute to the 

increase of lag-time. These complexes are composed by a mixture of N-acyl-

phosphatidylethanolamines (NAPEs) constituted mostly by N-oleoyl-phosphatidylethanolamine 

(85%), and by N-palmitoyl-phosphatidylethanolamine (14%) and trace amounts of other NAPEs. 

NAPEs are hydrolyzed in the gut to phosphatidic acid and the corresponding acylethanolamides 

(AEAs); in our case OEA and in lesser extent palmitoylethanolamide (PEA). These AEAs are lipid 

mediators that regulate a plethora of physiological functions 52.  OEA and PEA are considered 

endocannabinoid‐like lipids because of their structural analogy with the endocannabinoid 

arachidonoylethanolamide (also referred as anandamide) which  is a full agonist of  cannabinoid 

receptor type 1 [CB1] and type 2 [CB2] 53. Contrary to anandamide OEA and PEA are well-known 

agonists of peroxisome proliferator-activated receptors (PPARs)-α52. The activation of these PPARs 

has been shown to exert a significant role in many physiological and pathological conditions such as 

oxidative stress54, inflammation55, pain56 and memory consolidation57.  In accord with these 

evidences, is the discovery that the levels of these AEAs are higher in several condition associated 

with redox homeostasis impairment, likely because this represents a sort of survival response 



 14 

toward oxidative damage58. Indeed, it has been shown that OEA and PEA exert protective effects in 

many diseases by the inhibition of lipid peroxidation,. In particular, a previous paper demonstrated 

an involvement of these AEAs in inhibiting the lipid peroxidation in liver mitochondrial membranes 

of acute hypoxic animal models60, a pathological condition associated with an increase in ROS; the 

authors suggested that the inhibitory effect of AEAs on lipid peroxidation depends on their ability 

to protect the membranes. Moreover, OEA and PEA appeared to inhibit Cu2+-induced in vitro lipid 

peroxidation of plasma lipoproteins12  and cardiac mitochondria61. All these evidences could 

contribute to explain the increase of lag-time and the decrease of ox-LDL found in this clinical trial. 

Finally, has been suggest an association between obesity and metabolic endotoxemia 62,63 

characterized by increased serum levels of lipopolysaccharide (LPS) coming from the walls of gram-

negative bacteria of the intestinal microbiota and probably deriving from alterations of the intestinal 

epithelium promoted by dysbiosis . LPS is an antigen that after its binding to toll-like receptor (TLR)-

4 activates the inflammatory nuclear factor-kB pathway and consequently enhances oxidative stress 

64. Interestingly, both GTPs and OEA have been shown to prevent LPS-induced inflammation. Wang 

et al. have demonstrated that GTPs reduced LPS-induced hepatic NF-κB signaling and inflammasome 

activation in mice 65.  Moreover, it has been recently found that OEA pre-treatment counteract the 

elevation in circulating LPS in a murine model of intestinal barrier dysfunction and that this 

reduction is only partial under intraperitoneal treatment and almost total under oral OEA 

administration 66, such as in the present study. The origin of this decrease in endotoxemia could be 

a direct action of OEA in intestinal barrier, modulating gut inflammation, bacterial toxin 

translocation from the intestinal lumen to the systemic circulation and, consequently, oxidative 

stress 66. 

In conclusion, considering that oxidative stress plays a crucial role as a critical factor linking 

obesity with its related complications, the evidences shown in this parallel-arm, double-blind, 
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placebo-controlled study demonstrate that NOPE-EGCG supplementation might enhance the 

preventive effect of weight loss against obesity’s co-morbidities. Further studies in this area are 

justified and, in particular, long-term studies  on subjects with higher BMI and/or exposed to 

cardiovascular risk factors and/or affected by oxidative stress-related pathologies are needed to 

reach definitive conclusions.  

Conflicts of interest 

None of the authors had a financial or personal interest in any company or organization 

sponsoring this study (CHEMI S.p.A. (Italfarmaco Group, Italy). 

 

Acknowledgements  

The dedicated assistance and supervision of Prof. Benvenuto Cestaro in the preparation and 

development of the study are gratefully acknowledged. 

 

  



 16 

REFERENCES 

1.  Manna P, Jain SK: Obesity, Oxidative Stress, Adipose Tissue Dysfunction, and the Associated 

Health Risks: Causes and Therapeutic Strategies. Metab Syndr Relat Disord 2015;13:423–44. 

2.  Murdolo G, Piroddi M, Luchetti F, et al.: Oxidative stress and lipid peroxidation by-products 

at the crossroad between adipose organ dysregulation and obesity-linked insulin resistance. 

Biochimie 2013;95:585–94. 

3.  Kattoor AJ, Pothineni NVK, Palagiri D, et al.: Oxidative Stress in Atherosclerosis. Curr 

Atheroscler Rep 2017;19:42. 

4.  Kruk J, Aboul-Enein HY, Kładna A, et al.: Oxidative stress in biological systems and its 

relation with pathophysiological functions: the effect of physical activity on cellular redox 

homeostasis. Free Radic Res https://doi.org/10.1080/10715762.2019.1612059. 

5.  Hartley A, Haskard D, Khamis R: Oxidized LDL and anti-oxidized LDL antibodies in 

atherosclerosis – Novel insights and future directions in diagnosis and therapy,. Trends 

Cardiovasc Med 2019;29:22–6. 

6.  Suzuki T, Pervin M, Goto S, et al.: Beneficial Effects of Tea and the Green Tea Catechin 

Epigallocatechin-3-gallate on Obesity. Molecules 2016;21:1305. 

7.  Yiannakopoulou EC.: Targeting oxidative stress response by green tea polyphenols: clinical 

implications. Free Radic Res 2013;47:667–71. 

8.  Chapman KD: Occurrence, metabolism, and prospective functions of N-acylethanolamines 

in plants. Prog Lipid Res 2004;43:302–27. 

9.  Tsuboi K, Uyama T, Okamoto Y, et al.: Endocannabinoids and related N-acylethanolamines: 

biological activities and metabolism. Inflamm Regen 2018;38:28. 

10.  Bowen KJ, Kris-Etherton PM, Shearer GC, et al.: Oleic acid-derived oleoylethanolamide: A 

nutritional science perspective. Prog Lipid Res 2017;67:1–15. 



 17 

11.  Cervato G, Viani P, Cestaro B: Studies on peroxidation processes of model membranes: role 

of pyrophosphate. Chem Phys Lipids 1990;56:91–9. 

12.  Zolese G, Bacchetti T, Masciangelo S, et al.: Effect of acylethanolamides on lipid 

peroxidation and paraoxonase activity. Biofactors 2008;33:201–9. 

13.  Jin P, Yu H-L, Tian-Lan, et al.: Antidepressant-like effects of oleoylethanolamide in a mouse 

model of chronic unpredictable mild stress. Pharmacol Biochem Behav 2015;133:146–54. 

14.  Sarro-Ramirez A, Sanchez-Lopez D, Tejeda-Padron A, et al.: Brain molecules and appetite: 

the case of oleoylethanolamide. Cent Nerv Syst Agents Med Chem 2013;13:88–91. 

15.  Cai Z-Y, Li X-M, Liang J-P, et al.: Bioavailability of Tea Catechins and Its Improvement. 

Molecules 2018;23:2346. 

16.  Broccali G, Berti M, Pistolesi E, et al.: N-oleoyl-phosphatidylethanolamine reduces food 

intake and body weight of dietary obese rats ameliorating their antioxidant status. Gazz 

Medica Ital Arch per le Sci Mediche 2005;164:101–7. 

17.  Unno T, Osada C, Motoo Y, et al.: Dietary tea catechins increase fecal energy in rats. J Nutr 

Sci Vitaminol (Tokyo) 2009;55:447–51. 

18.  Rondanelli M, Opizzi A, Solerte SB, et al.: Administration of a dietary supplement (N-oleyl-

phosphatidylethanolamine and epigallocatechin-3-gallate formula) enhances compliance 

with diet in healthy overweight subjects: A randomized controlled trial. Br J Nutr 2009;101. 

19.  World Health Organization. BMI classification. Pharmacotherapy 

https://doi.org/10.1001/archinte.1996.00440040101011. 

20.  Gnagnarella P, Parpinel M, Salvini S, et al.: The update of the Italian Food Composition 

Database. J Food Compos Anal 2004;17:509–22. 

21.  Cervato G, Viani P, Cazzola R, et al.: A fluorescence method for the determination of plasma 

susceptibility to lipid peroxidation. Clin Biochem 1999;32. 



 18 

22.  Scacchi M, Valassi E, Pincelli AI, et al.: Increased lipid peroxidation in adult GH-deficient 

patients: Effects of short-term GH administration. J Endocrinol Invest 2006;29. 

23.  Cazzola R, Russo-Volpe S, Miles EA, et al.: Age- and dose-dependent effects of an 

eicosapentaenoic acid-rich oil on cardiovascular risk factors in healthy male subjects. 

Atherosclerosis 2007;193. 

24.  Cazzola R, Russo-Volpe S, Cervato G, et al.: Biochemical assessments of oxidative stress, 

erythrocyte membrane fluidity and antioxidant status in professional soccer players and 

sedentary controls. Eur J Clin Invest 2003;33. 

25.  Cazzola R, Rondanelli M, Faliva M, et al.: Effects of DHA-phospholipids, melatonin and 

tryptophan supplementation on erythrocyte membrane physico-chemical properties in 

elderly patients suffering from mild cognitive impairment. Exp Gerontol 2012;47. 

26.  Rafieian-Kopaei M, Setorki M, Doudi M, et al.: Atherosclerosis: process, indicators, risk 

factors and new hopes. Int J Prev Med 2014;5:927–46. 

27.  Guidance on the scientific requirements for health claims related to antioxidants, oxidative 

damage and cardiovascular health. EFSA J 2011;9:2474. 

28.  Ayala A, Muñoz MF, Argüelles S.: Lipid peroxidation: production, metabolism, and signaling 

mechanisms of malondialdehyde and 4-hydroxy-2-nonenal. Oxid Med Cell Longev 

2014;2014:360438. 

29.  Del Rio D, Stewart AJ, Pellegrini N. A: review of recent studies on malondialdehyde as toxic 

molecule and biological marker of oxidative stress. Nutr Metab Cardiovasc Dis 2005;15:316–

28. 

30.  Kilk K, Meitern R, Harmson O, et al.: Assessment of oxidative stress in serum by d-ROMs 

test. Free Radic Res 2014;48:883–9. 

31.  Faienza MF, Francavilla R, Goffredo R, et al.: Oxidative Stress in Obesity and Metabolic 



 19 

Syndrome in Children and Adolescents. Horm Res Paediatr 2012;78:158–64. 

32.  Xuan Y, Bobak M, Anusruti A, et al.: Association of serum markers of oxidative stress with 

myocardial infarction and stroke: pooled results from four large European cohort studies. 

Eur J Epidemiol 2019;34:471–81. 

33.  Cazzola R, Cestaro B: Red wine polyphenols protect n-3 more than n-6 polyunsaturated 

fatty acid from lipid peroxidation. Food Res Int 2011;44. 

34.  Massaccesi L, Galliera E, Galimberti D, et al.: Lag-time in Alzheimer’s disease patients: a 

potential plasmatic oxidative stress marker associated with ApoE4 isoform. Immun Ageing 

2019;16:7. 

35.  Wonisch W, Falk A, Sundl I, et al.: Oxidative stress increases continuously with BMI and age 

with unfavourable profiles in males. Aging Male 2012;15:159–65. 

36.  Himbert C, Thompson H, Ulrich CM: Effects of Intentional Weight Loss on Markers of 

Oxidative Stress, DNA Repair and Telomere Length - a Systematic Review. Obes Facts 

2017;10:648–65. 

37.  Morell-Azanza L, García-Calzón S, Rendo-Urteaga T, et al.: Serum oxidized low-density 

lipoprotein levels are related to cardiometabolic risk and decreased after a weight loss 

treatment in obese children and adolescents. Pediatr Diabetes 2017;18:392–8. 

38.  Mangine GT, Gonzalez AM, Wells AJ, et al.: The effect of a dietary supplement (N-oleyl-

phosphatidyl-ethanolamine and epigallocatechin gallate) on dietary compliance and body 

fat loss in adults who are overweight: A double-blind, randomized control trial. Lipids Heal 

Dis 2012;11:127. 

39.  Braicu C, Ladomery MR, Chedea VS, et al.: The relationship between the structure and 

biological actions of green tea catechins. Food Chem 2013;141:3282–9. 

40.  Ferreira MA, Silva DM, de Morais AC, et al.: Therapeutic potential of green tea on risk 



 20 

factors for type 2 diabetes in obese adults - a review. Obes Rev 2016;17:1316–28. 

41.  Higdon J V., Frei B: Tea Catechins and Polyphenols: Health Effects, Metabolism, and 

Antioxidant Functions. Crit Rev Food Sci Nutr 2003;43:89–143. 

42.  Bernatoniene J, Kopustinskiene DM: The Role of Catechins in Cellular Responses to 

Oxidative Stress. Mol  A J Synth Chem Nat Prod Chem 2018;23. 

43.  Lambert JD, Elias RJ: The antioxidant and pro-oxidant activities of green tea polyphenols: a 

role in cancer prevention. Arch Biochem Biophys 2010;501:65–72. 

44.  Frei B, Higdon J V: Antioxidant Activity of Tea Polyphenols In Vivo: Evidence from Animal 

Studies. J Nutr 2003;133:3275S-3284S. 

45.  Suzuki-Sugihara N, Kishimoto Y, Saita E, et al: Green tea catechins prevent low-density 

lipoprotein oxidation via their accumulation in low-density lipoprotein particles in humans. 

Nutr Res 2016;36:16–23. 

46.  Kobayashi M, Nishizawa M, Inoue N, et al.: Epigallocatechin Gallate Decreases the Micellar 

Solubility of Cholesterol via Specific Interaction with Phosphatidylcholine. J Agric Food Chem 

2014;62:2881–90. 

47.  Zhu QY, Huang Y, Tsang D, et al.: Regeneration of α-Tocopherol in Human Low-Density 

Lipoprotein by Green Tea Catechin. J Agric Food Chem 1999;47:2020–5. 

48.  Peluso I, Serafini M: Antioxidants from black and green tea: from dietary modulation of 

oxidative stress to pharmacological mechanisms. Br J Pharmacol 2017;174:1195–208. 

49.  Ellinger S, Müller N, Stehle P, et al.: Consumption of green tea or green tea products: Is 

there an evidence for antioxidant effects from controlled interventional studies? 

Phytomedicine 2011;18:903–15. 

50.  Pérez-Rodríguez L, Romero-Haro AA, Sternalski A, et al.: Measuring Oxidative Stress: The 

Confounding Effect of Lipid Concentration in Measures of Lipid Peroxidation. Physiol 



 21 

Biochem Zool 2015;88:345–51. 

51.  Halliwell B, Lee CYJ: Using Isoprostanes as Biomarkers of Oxidative Stress: Some Rarely 

Considered Issues. Antioxid Redox Signal 2010;13:145–56. 

52.  Ueda N, Tsuboi K, Uyama T: Metabolism of endocannabinoids and related N -

acylethanolamines: Canonical and alternative pathways. FEBS J 2013;280:1874–94. 

53.  Zou S, Kumar U, Zou S, et al.: Cannabinoid Receptors and the Endocannabinoid System: 

Signaling and Function in the Central Nervous System. Int J Mol Sci 2018;19:833. 

54.  Gallelli CA, Calcagnini S, Romano A, et al: Modulation of the Oxidative Stress and Lipid 

Peroxidation by Endocannabinoids and Their Lipid Analogues. Antioxidants (Basel, 

Switzerland) 2018;7. 

55.  Pontis S, Ribeiro A, Sasso O, et al.: Macrophage-derived lipid agonists of PPAR- α as intrinsic 

controllers of inflammation. Crit Rev Biochem Mol Biol 2016;51:7–14. 

56.  Artukoglu BB, Beyer C, Zuloff-Shani A, et al.: Efficacy of Palmitoylethanolamide for Pain: A 

Meta-Analysis. Pain Physician 2017;20:353–62. 

57.  Scuderi C, Bronzuoli MR, Facchinetti R, et al.: Ultramicronized palmitoylethanolamide 

rescues learning and memory impairments in a triple transgenic mouse model of 

Alzheimer’s disease by exerting anti-inflammatory and neuroprotective effects. Transl 

Psychiatry 2018;8:32. 

58.  Hansen HS, Moesgaard B, Hansen HH, et al.: N-Acylethanolamines and precursor 

phospholipids — relation to cell injury. Chem Phys Lipids 2000;108:135–50. 

59.  Liu X, Li J, Wang Y, et al.: Green tea polyphenols function as prooxidants to inhibit 

Pseudomonas aeruginosa and induce the expression of oxidative stress-related genes. Folia 

Microbiol (Praha) 2013;58:211–7. 

60.  Gulaya NM, Kuzmenko AI, Margitich VM, et al.: Long-chain N-acylethanolamines inhibit lipid 



 22 

peroxidation in rat liver mitochondria under acute hypoxic hypoxia. Chem Phys Lipids 

1998;97:49–54. 

61.  Parinandi NL, Schmid HH: Effects of long-chain N-acylethanolamines on lipid peroxidation in 

cardiac mitochondria. FEBS Lett 1988;237:49–52. 

62.  Lassenius MI, Pietiläinen KH, Kaartinen K, et al.: Bacterial Endotoxin Activity in Human 

Serum Is Associated With Dyslipidemia, Insulin Resistance, Obesity, and Chronic 

Inflammation. Diabetes Care 2011;34:1809–15. 

63.  Hersoug LG, Møller P, Loft S: Gut microbiota-derived lipopolysaccharide uptake and 

trafficking to adipose tissue: Implications for inflammation and obesity. Obes Rev 

2016;17:297–312. 

64.  Carrillo-Sepulveda MA, Spitler K, Pandey D, et al.: Inhibition of TLR4 attenuates vascular 

dysfunction and oxidative stress in diabetic rats. J Mol Med 2015;93:1341–54. 

65.  Wang D, Zhang M, Wang T, et al.: Green tea polyphenols prevent lipopolysaccharide-

induced inflammatory liver injury in mice by inhibiting NLRP3 inflammasome activation. 

Food Funct https://doi.org/10.1039/C9FO00572B. 

66.  Antón M, Rodríguez-González A, Ballesta A, et al.: Alcohol binge disrupts the rat intestinal 

barrier: the partial protective role of oleoylethanolamide. Br J Pharmacol 2018;175:4464–

79. 

 

  



 23 

 

Table 1. Baseline characteristics of NOPE-EGCG and placebo groups. 

 (i) NOPE-EGCG  

(n = 71) 

(ii) Placebo 

(n = 67) 

Females/ males 53/18 53/14 

Age (y) 38 ±10 41 ±11 

BMI (Kg/mq) 30.5 ± 3.2 30.0 ± 3.7 

Cholesterol  (mmol/L) 5.31 ± 0.81 5.18 ± 0.98 

HDL cholesterol (mmol/L) 1.13 ± 0.38 1.61 ± 0.38 

Triacylglycerols (mmol/L)  1.15 ± 0.59 1.05 ± 0.60 

Glucose (mmol/L) 5.0 ± 0.5 4.9 ± 0.6 

CRP (mg/dl) 0.4 ± 0.4 0.4 ± 0.7 

Lag-time of plasma peroxidation 

kinetic (min) 

137.5 ± 18.1 138.4 ± 13.7 

Slope of plasma peroxidation 

kinetic (F.U./min) 

1.3 ± 0.2 1.4 ± 0.3 

d-ROMs (mg/dL) 33.1 ± 6.7 30.5 ± 4.7 

Ox-LDL (U/L) 106.4 ± 13.3 106.5 ± 15.2 

Values are means ± SD. BMI: body mass index; CRP:  C-reactive protein; d-ROMs: reactive 

oxygen metabolites; Ox-LDL: oxidized LDL. 
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Table 2. Treatment effects on plasma lipid peroxidation kinetic parameters (Lag-time and slope) 

and oxidative stress markers. 

 

Variable Δ NOPE-EGCG complex 

mean change (95% CI)* 

Placebo 

mean change (95% CI) 

Treatment Effect 

mean difference (95% CI) 

Lag-time (min) 5.38 (8.85  1.90) 0.01 (-3.56  3.55) 5.37 (0.39  10.35) 

Slope (F.U./min) 0.006 (-0.05  0.04) 0.04 (-0.01  0.08) 0.03 (0.03  0.09) 

d-ROMs (mg/dL) -0.23 (-1.02  0.55) -0.36 (-1.09  0.38) -0.12 (-1.20  0.96) 

Ox-LDL (U/L) -4.86 (-6.57  -3.14) -1.71 (-4.29  0.88) 3.15 (0.12  6.18) 

*Mean changes over time and 95% CI were calculated as final value minus baseline value 

d-ROMs: reactive oxygen metabolites; Ox-LDL: oxidized LDL. 

 

 

 


