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1. SYNOPSIS 

 

Name of the company/ Sponsor: 

 

 

AP ORGANICS LTD. 

VILL. MALWALA, SARON ROAD, 

 CITY DHURI, PUNJAB 

 

Name of Product:  

 Rice bran oil,  

 Olive oil  

 Groundnut oil 

 

Protocol No.:   

 

          APO-RBO-1.0 

 

Title of Study : A Comparative Evaluation of Anti-hyperlipidemic efficacy of Rice bran 

oil, Olive oil and Groundnut oil. 

 

Principal Investigator:                      Dr. Debasish Hota 

Co-Principal Investigator:                Dr. Amitava Chakrabarti 

                                        Dr. Pinaki Dutta 

                                        Dr. Inderjeet Singh 

 

Study centre:                                               Single 

 

Centre Name: Departments of Pharmacology and Endocrinology,Postgraduate Institute of 

Medical education and Research, Chandigarh-160012 

 
 

Study period  

Date of First Enrolment 

 

24/9/2012 

 

Date of last Completed 

 

20/5/2013 

 

Objectives 

 

Change in LDL cholesterol from baseline 

Change in Total Cholesterol level from baseline 

 

Methodology 

 

Randomized Open label, clinical 3 arm 

observational clinical study 

 

Number of Patients / Subjects 

 

 116 
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Diagnosis and main criteria for 

inclusion:  

 

Patients with LDL cholesterol of  130 mg % 

 

Duration  of administration:  

 

3 MONTHS 

 

Duration of Study:  

 

9-10 MONTHS 

 

Statistical methods: To detect a change in LDL cholesterol from baseline.  

 

Results 

Efficacy Conclusions 

In the present study, physically refined Rice Bran Oil produced under special controlled 

conditions containing 1270 mg/ 100 gms of Oryzanol was used, which provided daily intake of 

317.5 mg of Oryzanol at the recommended level of visible fat intake i.e 25 gms per day. 

The % age decrease in LDL cholesterol, Total Cholesterol and Triglyceride level was 

maximum  and significant in physically refined Rice bran Oil group as compared to  

groundnut oil and extra virgin olive oil groups. Keeping the above results in view it can be 

concluded that physically refined Rice Bran oil is more effective for lipid profile 

management as compared to Olive oil and Groundnut Oil. 

Safety Conclusions 

Keeping hematological and Biochemical results in view, all the three edible oils were safe for 

consumption. Considering number of subjects dropped out during the study, Rice Bran Oil 

was found to be more acceptable than Olive oil and Groundnut Oil. 

Conclusion  

Rice Bran Oil consumption caused significant decrease in LDL cholesterol, Total cholesterol 

and triglyceride levels as compared to Groundnut oil and Extra virgin Olive oil in a 

randomized, open labled study even when no diet restriction and physical activity instruction 

were issued. 

 

Date of report: 26-8-2013 
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LIST OF ABBREVIATIONS 

 ADR-Adverse Drug Reaction 

 AE- Adverse Event 
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 BMI- Body Mass Index  
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 GNO: Ground Nut Oil 

 CRC- Clinical Research Coordinator 
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 IRB – Institutional Review Board 

 IEC- Institute Ethics Committee 
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The study was duly approved by Institutional Ethics Committee of Post Graduate Institute of 
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ETHICAL CONDUCT OF THE STUDY: 

The study was performed in compliance and accordance with ICH Guidelines for Good 

Clinical Practices (GCP), including the archiving of essential documents, and per 

international ethical standards guaranteed by the Declaration of Helsinki and its subsequent 

amendments. 

Patient confidentiality was maintained throughout the study. 

 

Patient Information and Consent:  

All subjects for the study were provided a consent form and provided sufficient information 

for subjects to make an informed decision about their participation in this study. This consent 

form was submitted with the protocol for review and approved by the IEC for the study. The 

formal consent of a subject, using the IEC-approved consent form, was obtained before the 

subject is submitted to any study procedure. Consent form was signed by the subject or 

legally accepted representative and the investigator-designated research professional obtained 

the consent. 
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INTRODUCTION 

Mortality due to cardiovascular disease is the leading cause of death worldwide. According to 

the World Health Organization estimates about 16 million deaths per year occur due to 

cardiovascular disease globally. In 1990, cardiovascular diseases (CVD) accounted for 63 per 

cent of all deaths and India contributed to 17 per cent to the worldwide mortality [1].  

Cardiovascular diseases are heterogeneous circulation disorders that include rheumatic, 

hypertensive, ischemic, cerebrovascular, and inflammatory heart diseases, based on the 

World Health Organization's classification. In 2008, there were an estimated 57 million 

global deaths, of which 30.5% were attributed to cardiovascular disease.  This fraction is 

greater than the proportion of combined deaths stemming from other diseases such as 

malignant neoplasms, other neoplasms, diabetes mellitus, nutritional/endocrine disorders, 

respiratory diseases, and digestive diseases. Death from cardiovascular diseases is 

preventable with accurate early-stage diagnosis and subsequent proper treatment [2]. 

Cardio Vascular Diseases & Its Prevalence In India 

Cardiovascular diseases have assumed epidemic proportions in India as well. The Global 

Burden of Diseases (GBD) study reported the estimated mortality from coronary heart 

disease (CHD) in India was 1.6 million in the year 2000 [3]. There is continuous increase in 

CVD and it is reported that a total of nearly 64 million cases of CVD are likely to be reported 

in the year 2015, of which nearly 61 million would be CHD cases (the remaining would 

include stroke, rheumatic heart disease and congenital heart diseases). Deaths from this group 

of diseases are likely to amount to be a staggering 3.4 million [4]. Coronary artery disease 

(CAD) is predicted to be  the most common cause of death globally, including  India, by 

2020 [5]. 

Epidemiological studies reported that sizeable portion of urban and rural population will be 

affected by CHD. The studies show a sizeable burden of CHD in adult rural (3–5%) and 

urban (7–10%) populations. Thus, of the 30 million patients with CHD in India, there would 

be 14 million of whom are in urban and 16 million in rural areas. In India about 50 per cent 

of CHD-related deaths occur in people younger than 70 yr compared with only 22 per cent in 

the West. Extrapolation of these numbers estimates the burden of CHD in India to be more 

than 32 million patients [6].
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This increase in CVDs could be attributable to (i) increase in the population size due to 

natural growth, (ii) ageing of the population which makes people more vulnerable to chronic 

diseases at older ages, and (iii) increased vulnerability due to lifestyle changes. 

Risk Factors for Cardio Vascular Diseases 

Cardiovascular diseases are usually diagnosed in middle-aged or elderly individuals 

regardless of gender. The underlying pathogenesis of cardiovascular diseases is 

atherosclerosis. The leading pathological process of atherosclerosis, however, begins 

asymptomatically early in life and progresses gradually through adolescence and early 

adulthood [7]. 

Despite continuous improvement in preventing and treating cardiovascular diseases, 

subclinical atherosclerosis in an asymptomatic population has long been overlooked. This 

leads to the loss of critical windows for prevention and to long-term delay between the initial 

development of atherosclerosis in young individuals and the sudden and fatal manifestation 

of heart disease several decades later. Therefore, it becomes urgent to identify reliable risk 

factors and possible remedies and changes in life style to prevent rise in Cardio vascular 

diseases [8]. 

Risk‟ is defined as a probability of an adverse health outcome, whereas „risk factor‟ refers to 

an attribute or characteristic or exposure of an individual whose presence or absence raises 

the probability of an adverse outcome Risk factors are present for a long period of time 

during the natural history of CVD. It is now well established that a cluster of major risk 

factors (tobacco, alcohol, inappropriate diet, physical inactivity, obesity, hypertension, 

diabetes and dyslipidaemias) govern the occurrence of CVDs much before these are firmly 

established as diseases. 

World Heart Foundation Identified Risk Factors Associated With CV And The Major 

Ones Are As Follows 

 Tobacco Use  

 Alcohol Use  

 High Blood Pressure (Hypertension)  

 Obesity  

 Physical Inactivity 

 High Cholesterol  

http://www.world-heart-federation.org/cardiovascular-health/cardiovascular-disease-risk-factors/hypertension/
http://www.world-heart-federation.org/cardiovascular-health/cardiovascular-disease-risk-factors/obesity/
http://www.world-heart-federation.org/cardiovascular-health/cardiovascular-disease-risk-factors/physical-inactivity/
http://www.world-heart-federation.org/cardiovascular-health/cardiovascular-disease-risk-factors/cholesterol/
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 Unhealthy Diet 

More are the risk factors and greater are the likelihood of  to developing  CVD unless one 

take action to modify your risk factors and work to prevent them compromising one‟s heart 

health [1]. 

Modifiable risk factors [9] 

Tobacco use, whether it is smoking or chewing tobacco, increases risks of cardiovascular 

disease.  The risk is especially high if you started smoking when young, smoke heavily or are 

a woman. Passive smoking is also a risk factor for cardiovascular disease.  Stopping tobacco 

use can reduce your risk of cardiovascular disease significantly, no matter how long you have 

smoked. 

Hypertension is the single biggest risk factor for stroke. It also plays a significant role in 

heart attacks. It can be prevented and successfully treated but only if you have it diagnosed 

and stick to your recommended management plan. 

Physical inactivity increases the risk of heart disease and stroke by 50%.  Obesity is a major 

risk for cardiovascular disease and predisposes you to diabetes. Diabetes is a risk factor for 

cardiovascular disease. 

Type 2 diabetes is a major risk factor for coronary heart disease and stroke. Having diabetes 

makes you twice as likely as someone who does not to develop cardiovascular disease. If you 

do not control diabetes then you are more likely to develop cardiovascular disease at an 

earlier age than other people and it will be more devastating. If you are a pre-menopausal 

woman, your diabetes cancels out the protective effect of estrogens and your risk of heart 

disease rises significantly. 

Abnormal blood lipid levels that is high total cholesterol, high levels of triglycerides, high 

levels of low-density lipoprotein or low levels of high-density lipoprotein (HDL) cholesterol 

all increase the risk of heart disease and stroke. Changing to a healthy diet, exercise and 

medication can modify your blood lipid profile. 

 

Role of diet  

Diet is crucial in the development and prevention of cardiovascular disease and it is one of 

the key things that one can change which will reduce other cardiovascular risk factors. 

Research  establishes  that abnormal blood lipid (fat) levels have a strong correlation with the 

risk of coronary artery disease, heart attack and coronary death. In turn, abnormal blood 

lipids are related to what we eat [10]. 

http://www.world-heart-federation.org/cardiovascular-health/cardiovascular-disease-risk-factors/diet/
http://www.world-heart-federation.org/cardiovascular-health/cardiovascular-disease-risk-factors/hypertension/
http://www.world-heart-federation.org/cardiovascular-health/cardiovascular-disease-risk-factors/physical-inactivity/
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Role of edible oils/fats in cardio vascular diseases 

Cooking oils (liquid) and solid fats together are referred to as fats. Fats are an important 

ingredient of balanced human diet. These help in mobilization and absorption of fat soluble 

vitamins such as Vitamin A, D, E & K. Vegetable Oils are the sources of Essential Fatty 

Acids (EFA‟s) known as Omega-6 and Omega-3, which cannot be synthesized by human 

body due to lack of desaturase enzyme required for their production. EFA‟s are precursors for 

a family of hormone-like substances called prostaglandins and assist in development and 

function of nervous system, regulating blood pressure, immune responses, helps with blood 

clotting, inflammation, breaking down cholesterol, etc. Fats are known to materially 

influence the lipid profile; hence, one has to be particular about the quantity and type of these 

fats. 

 

How much visible fat do we need? 

According to the latest guidelines issued by the National Institute of Nutrition, Hyderabad (a 

premier nutrition research Institute of Indian Council of Medical Research, Government of 

India), 15-30% of the total calories intake should be derived from Fats, both from „visible‟ 

and „invisible‟ sources. Fats that are used as such at the table or during cooking (vegetable 

oils, vanaspati, butter and ghee)  are termed as “visible” fats. Fats that are present as an 

integral component of various foods are referred to as “invisible” fats. Cereals contain only 2-

3% of invisible fat. However, their contribution to overall fat intake is significant as they 

contribute to bulk of our Indian diets. The small amounts of invisible fat present in various 

foods add up to a substantial level in our daily diet (about 15 g in rural population and 30g 

among urban middle-income and high-income groups).  

The visible fat intake in the diet can go up to 50g/person/day based on the level of physical 

activity and physiological status. Adults with sedentary lifestyle should consume about 25 g 

of visible fat, while individuals involved in hard physical work require 30-40g of visible fat. 

Visible fat intake should be increased during pregnancy and lactation to 30g. The higher fat 

and EFA requirements during pregnancy and lactation are to meet the requirements of fetus 

and young infants, in view of their crucial role in physical and neuronal growth and 

development. Diets of young children and adolescents should contain about 30-50g/day. 

However, ingestion of too much fat is not conducive to good health [11].  
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What type of fat one should consume? 

All fats in foods provide mixtures of three types of fatty acids, which are the “building 

blocks” of fats. Fatty acids are the primary constituents of all dietary fats. Based on their 

chemical nature, the fatty acids are broadly grouped as saturated, monounsaturated and 

polyunsaturated.  

 

Saturated Fatty Acids (SFA) 

It is a type of fat in the oils/fats which makes it thicker (more solid). Fats from animal sources 

such as butter and ghee are rich in Saturated Fatty Acids. Besides animal fats, some 

Vegetable Oils such as coconut oil and palm oil are also rich in Saturated Fatty Acids. 

However, unlike fats from animal sources, Vegetable Oils do not contain any cholesterol. 

High intake of saturated fatty acids is known to increase total cholesterols i.e. HDL, LDL and 

VLDL. Butter and desi ghee had been the conventional cooking medium of Indian 

households in the past. But in those days, the people used to be physically active and used to 

consume diet rich in fiber. Physical activity coupled with fiber-rich diet used to neutralize the 

negative effect of LDL and VLDL increase due to consumption of SFA-rich fats. But in the 

present sedentary lifestyle coupled with diet devoid of fiber, the use of Saturated-rich fats as a 

sole cooking medium is no longer recommended. The current recommendations restrict the 

use of Saturated Fatty Acids to one-third of the total fat intake. In view of the beneficial 

effect of Saturated Fatty Acids on HDL and its ability to impart oxidation stability to the fat, 

consumption of some amount of saturated fat is considered desirable along with other type of 

fats. . The current recommendations restrict the use of Saturated Fatty Acids to one-third of 

the total fat intake [12]. 

 

Poly-Unsaturated Fatty Acids (PUFA) 

It is another type of fat which remains liquid at room temperatures. Vegetable oils rich in 

polyunsaturated fats (PUFA) are Safflower Oil, Sunflower Oil, Soyabean Oil, Corn Oil, 

Cotton Seed Oil and Sesame Oil. When the fats rich in SFA started adversely affecting the 

lipid profiles in view of changes in lifestyle and eating habits, the search started for an 

alternative cooking medium. The short-term scientific studies indicated that Vegetable Oils 

rich in PUFA help prevent coronary heart diseases by lowering cholesterols (study reference). 

But in the long-run, evidence started accumulating showing that sole and prolonged use of 

Oils containing very high levels of PUFA such as Safflower Oil and Sunflower Oil may 
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adversely affect the levels of HDL cholesterols. It was also noticed that the poor oxidation 

stability of PUFA may cause lipid-peroxidation which is believed to be the root cause for 

initiation of coronary heart diseases. Further, the poor oxidation stability of such Oils may 

lead to production of free radicals in the body which may in turn lead to immune deficiency 

resulting in other health complications such as arthritis, cataract, parkinson‟s disease etc (ref. 

linked to oil oxidation and mentioned diseases). However, intake of some amount of PUFA, 

is still considered desirable as it contains essential fatty acids (EFA) commonly known as 

Omega6 and Omega3.  The current recommendations restrict the intake of poly-unsaturated 

fatty acids to about one-third of the total fat intake along with almost equal amounts of SFA. 

The World Health Organization (WHO) recommends polyunsaturated fatty acid 

(PUFA)/saturated fatty acids (SFA) ratio of 0.8 to 1.0 and linoleic acid (Omega6) alpha 

linolenic acid (Omega3) ratio of 5-10 in the diet. To achieve the WHO recommended ratio of 

Omega6 to Omega3, out of the recommended quantity of 33% of PUFA, 27 to 30% should be 

derived from Omega6 and 3 to 6% should be derived from Omega3. Although, the intake of 

Omega3 PUFA is also desirable along with Omega-6 PUFA, but it is advisable to derive 

Omega3 from other sources than from the cooking oil as this type of fat is prone to oxidation 

very fast, which is something undesirable. The other sources of Omega-3 are legumes, green 

leafy vegetables, fenugreek (methi), flaxseed (alsi ke beej), walnuts etc. 

 

Mono-Unsaturated Fatty Acids (MUFA) 

It is another type of unsaturated fat which also remains liquid at room temperatures. 

Vegetable oil rich in mono-unsaturated fatty acids are Mustard Oil, Canola Oil, Olive Oil, 

Groundnut Oil and Rice Bran Oil.  Mono-unsaturated Fatty Acids are known to lower bad 

cholesterols without adversely affecting the levels of good cholesterols besides having 

reasonable oxidation stability. However, the MUFA present in Indian variety of Mustard Oil 

is a long-chain Monounsaturated Fatty Acids, also known as Erucic acid, is one of the major 

causes of heart disease in mustard consuming region as erucic acid hampers the conduction of 

electrical impulses in the heart (ref). Although mono-unsaturated fatty acids are the best type 

of fat in view of its ideal effect on lipid profile, but an adequate intake of both Poly-

unsaturated (PUFA) and Saturated fats (SFA) is also considered desirable as PUFA provides 

essential fatty acids and SFA counters the poor oxidation stability of PUFA. The balance 

quantity left after the recommended quantity of SFA & PUFA intake is recommended to be 
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derived from MUFA. So the intake of MUFA could be one third of the total fat intake or little 

more than that. 

Besides the above referred three broad categories of fat i.e. SFA, PUFA & MUFA which are 

naturally present in the vegetable oils, there is another type of fat known as Trans Fatty 

Acids. This is an artificial fat produced as a side effect of hydrogenation of vegetable fat 

while making vanaspati or margarine. If hydrogenation is incomplete (partial hardening), the 

relatively high temperatures used in the hydrogenation process tend to flip some of the 

carbon-carbon double bonds into the "trans" form. If these particular bonds aren't 

hydrogenated during the process, they will still be present in the final product as trans-fatty 

acid. From the health stand-point, it is the worst type of fat and has been linked with 

development of CAD. A comprehensive review of studies on trans fats was published in 2006 

in the NEJM reports a strong and consistent relation between trans fat consumption and 

CAD, concluding that "On a per-calorie basis, trans fats appear to increase the risk of CHD 

more than any other macronutrient, conferring a substantially increased risk at low levels of 

consumption (1 to 3 % of total energy intake)" [13]. 

 

Fat Composition of Common Edible Oils / Fats Vis-À-Vis Recommended Proportion of 

Various Types of Fats:- 

The following chart shows the fatty acid profile of different edible oils vis-à-vis the 

recommended proportion of various types of fats [14] :- 

Recommended* Fatty Acids % by weight Essential Fatty 

]Acids 

Remarks 

Report of WHO-NIN 

workshop on Dietary 

Fats and Non - 

Communicable 

Diseases, July 7-8 

2005, held at NIN, 

Hyderabad 

Saturated 

Fat 

Poly-unsaturated 

Fat 

Mono-

unsaturated 

Fat 

 (PUFA) (MUFA) 

 27-33%  Omega6/Omega3 

27-33% Omega6 Omega3 33-40% 5 to 10  times 

 20-26 % 03-07%  

Desi 67 3 30 2 Very high SFA, 
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Ghee/Butter Fat 
2 1 

Contains undesirable 

cholestrols. 

Vanaspati Ghee 60 

0 

40 - 

Very high SFA 

Contains undesirable 

Trans-Fatty Acids 0 0 

Palm Oil 50 

10 

40 - 
High SFA & No 

Omega-3 
10 0 

Kardi 

Oil/Sunflower 

Oil 

9 

78 

13 - 
Very high PUFA & 

No Omega-3 
78 0 

Sunflower Oil 12 

69 

19 68 
Very high PUFA & 

High EFA ratio 
68 1 

Flaxseed Oil 10 

69 

21 2 
Richest source of 

Omega-3 
16 53 

Soyabean Oil 15 

61 

24 8 Very High PUFA 

54 7 

Corn Oil 13 

59 

28 58 
Very high PUFA & 

High EFA ratio 
58 1 

Walnut Oil 16 

56 

28 10 Very high PUFA 51 5 

Cottonseed Oil 26 

55 

19 54 
Very high PUFA & 

High EFA ratio 

54 1 

Sesame Oil 13 

46 

41 45 
High PUFA & High 

EFA ratio 

45 1 
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Olive Oil 16 

11 

73 10 

Low smoke point, 

hence not good for 

frying 
10 1 

Almond Oil 10 

29 

61 13.5 Ideal fat composition 27 2 

Mustard Oil 3 

29 

68 1 

High levels of 

undesirable Erucic 

acid 
15 14 

Canola Oil 6 

32 

62 2 

Very high Omega-3, 

hence not good for 

frying 
22 10 

Groundnut Oil 22 

33 

45 32 Ideal fat composition 

32 1 

Rice Bran Oil 24 

34 

42 22 

Most ideal fat 

composition, better 

frying stability and 

rich in health 

beneficial nutrients 
32.5 1.5 

Note :- Value of Fat composition of different oils (other than Rice Bran Oil) are based upon literature 

values as mentioned in technical paper titled as “Chemical Composition & Nutritional Significance of 

Dietary Fats”, presented in WHO-NIN Workshop on Dietary Fats & Non-Communicable Diseases, July 7-

8, 2005, by Dr. A.Vajreshwari, Deputy Director NIN Hyderabad. However the fat composition of Rice 

Bran Oil given in this chart is based upon average value of various lots of Rice Bran Oil produced in the 

factory of the sponsors of this study. 

A perusal of the above chart reveals that the majority of the edibles oils commonly used by 

the consumers do not provide ideal proportion of various types of fats as per the current 

recommendations. That is why it is recommended these days to switch between oils in a 

manner that ensures intake of ideal proportion of various types of fats. 
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RATIONALE FOR CHOOSING REFINED GROUNDNUT OIL, EXTRA-VIRGIN 

OLIVE OIL AND PHYSICALLY REFINED RICE BRAN OIL IN THE STUDY 

Refined Groundnut Oil has been taken in the study as a control to know as to whether mere 

ideally balanced fat composition is sufficient for lowering cholesterol as Groundnut Oil has 

ideally balanced fat composition even as a single oil. A popular brand of Refined Groundnut 

Oil produced by a reputed Company based in Punjab was used in the study. 

Olive Oil has been taken in the study as it is being claimed to be effective in lowering 

cholesterol because of Polyphenols present in it. Olive oil varieties include extra-virgin, 

virgin, refined olive oil and refined olive-pomace oil.  

Extra-virgin is the highest quality of olive oil. This oil has the highest polyphenol content. It 

has a very low smoke point of 180C hence not ideal for use as cooking oil. It may be used 

for salad dressings.  

Virgin olive oil, has slightly lower polyphenol levels as compared to extra-virgin olive oil.  

Refined olive oil is obtained by refining virgin olive oils that have some taste defects, which 

are eliminated after refining. It is low on polyphenols and lacks taste or odour. It can be used 

for frying and cooking.  

Refined olive-pomace oil is obtained by refining olive-pomace oil which is extracted from 

the seed pulp or paste that is left over after pressing. It has low level of nutrients and 

polyphenols, and is cheaper. It can be used for frying and cooking. This is the variety of olive 

oil which is mainly sold in Indian Markets. However extra-virgin olive oil has been taken in 

the study as olive oil is known to lower cholesterol because of polyphenols present in it and 

the extra-virgin variety has the highest polyphenol content as compared to the refined 

varieties. 

A renowned international brand of Extra-virgin Olive Oil was used in the study. 

Rice Bran Oil has been taken into the study as this oil besides having an ideally balanced fat 

composition contains a unique nutrient known as “Oryzanol” which is well known in the 

literature for its cholesterol lowering properties besides many other health benefits.  

Rice Bran Oil is unique edible oil produced from the oily layer of brown rice, which is 

separated as rice bran, while producing white rice. For the last few decades this oil is being 

used as premium edible oil in countries like Japan, Korea, Taiwan & Thailand. In Japan, it is 

popularly known as “Heart Oil” because of its scientifically proven cholesterol lowering 

properties. It has acquired the status of “Health Food” in US Markets. Recently Indian 

Markets too have witnessed some of the good brands of refined rice bran oil. 
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Rice Bran Oil is perhaps one of the most balanced oils containing an ideal range of fats (42% 

MUFA, 34% PUFA, and 24% SFA). Rice Bran Oil is also rich in phytosterols (compounds 

believed to help lower cholesterol absorption), which may provide associated health benefits. 

Among the many sterols present in the unsaponifiable fraction of rice bran oil, oryzanols and 

tocotrienols are two distinctly different component groups that have been intensively studied 

for their health benefits [15, 16] 

Rice Bran Oil is the only edible oil, other than palm, that contains significant levels 

(approximately 500 ppm) of tocotrienols [17]. These occur in at least four known forms and 

are similar to the tocopherols in chemical structure. They belong to the vitamin E family and 

are powerful natural antioxidants [18]. The protective benefits of dietary antioxidants in the 

prevention of cardiovascular disease and some forms of cancer have been widely publicized 

[19]. 

Oryzanol (a powerful antioxidant) is another unique nutrient found in Rice Bran Oil only. 

Oryzanol is known to help reduce the risk of coronary heart disease by ensuring ideal lipid 

profile. Rice Bran Oil is notable for its very high smoke point of 254C thus most ideal for 

Indian kitchen as compared to extra-virgin olive oil which has a low smoke point and is 

suitable for salad dressings only. 

Reported Health Benefits of Oryzanol 

A number of research studies conducted internationally have found Oryzanol present in Rice 

Bran Oil as a nutritious element with a number of reported health benefits. Some of these 

areas under: 

i. Helps Reduce Cholesterol 

a) Human clinical studies conducted in the University of Lowell, USA found that Rice Bran 

Oil has significantly better cholesterol lowering properties than popular Olive Oil. 

Scientists have attributed this to presence of Oryzanol in the oil [20]. 

b) In a Study conducted by National Institute of Nutrition, Hyderabad, Rice Bran Oil 

showed greater reduction in bad cholesterols in comparison to Groundnut oil which has 

similar fatty acid profile. Scientists have attributed this to Oryzanol [21]. 

c) A scientific study conducted by Tufts University, Boston and University of Massachusetts 

Lowell, USA has revealed that oryzanol significantly helps in lowering down bad 

cholesterol and increasing good cholesterol at the same time [16].  

d) A scientific study conducted by scientists of Tufts university and University of Lowell, on 

cholesterol lowering properties of Physically refined Rice Bran Oil relative to Coco and 
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Canola Oil, found out Physically Refined (Richest source of Oryzanol) to be the best 

among three in cholesterol lowering. It also reduced early atherosclerosis (fatty streak 

formation) significantly [22].  

e) In a Human Clinical study by Division of Nutrition AIIMS, India, Rice Bran Oil 

(containing Oryzanol) was found to have significantly reduced bad cholesterol in 

comparison to Sunflower oil a PUFA rich oil. Other PUFA rich oils are Safflower, 

Soyabean [23] and Corn. 

f) A human clinical study was conducted by National Institute of Nutrition, Hyderabad, to 

prove the hypolipidemic effect of RBO. The subjects consisting of twelve hyperlipidemic 

patients were asked to replace their usual oil (any oil used  previously) with Rice Bran 

Oil. A significant decrease in bad cholesterol was noticed after a period of 15 days in all 

twelve patients [23].  

ii. Helps Reduce Hypertension 

a) A recent human Clinical Study by Indian Council of Medical Research has found the 

blend of Rice Bran Oil and Sesame Oil in the ratio 80:20 to be really effective in reducing 

Hypertension. The researchers believe this effect is mainly due to antioxidants present in 

sesame oil, and Oryzanol in Rice Bran Oil [24]. 

iii. Helpful in blood sugar management  

a) A study conducted in Taiwan found out that Rice Bran Oil, containing Oryzanol, may 

improve lipid abnormalities, reduce the atherogenic index, and suppress the 

hyperinsulinemic response in rats with streptozotocin/nicotinamide-induced T2DM [25].  

b) In a Study conducted by Nirma University, India Oryzanol has been found to have 

protective effect on hyperalgesia and oxidative stress which might be responsible for 

diabetes induced nerve damage or the disease called Diabetes Neuropathy [26]. 

c) A Study by Kyungpook National University, Republic of Korea illustrated protective 

effect of Oryzanol and ferulic acid on high fat diet induced hyperglycemia via regulation 

of insulin Secretion and hepatic glucose regulating enzyme activities [27]. 

d) A Study conducted at Department of Biochemistry, Hamdard University, New Delhi, it 

was found that RBO enriched with Oryzanol & tocotrienol significantly improved the 

glycemic status and renal function in type 1 diabetic rats [28]. 
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iv. Protects Liver: 

a) Studies conducted by Nagasaki university, Japan found that Oryzanol is very effective 

against liver cirrhosis. Studies have attributed this to the effective antioxidant property of 

Oryzanol [29].  

b) A Study by Tokyo university, Japan revealed that Oryzanol has a protective effect against 

alcohol-induced liver damage. It inhibited the oxidative stress which is a prime reason for 

liver damage [30].) 

v. Relief from Gastrointestinal distress 

a) A Study conducted in Japan found that an 8-day treatment with gamma-oryzanol, showed 

a significant inhibition of fasting ulcer and a 10-day treatment with the same dose of 

gamma-oyzanol in acetic acid ulcers lowered the serum level of gastrin [31]. 

b) Another Study conducted in Japan reported that Oryzanol is effective against the stress 

induced ulcers [32].  

c) Another Study in Japan indicates that Gamma-oryzanol has an antiulcerative action on 

gastric lesions  induced by CES and REM sleep deprivation, and it has a suppressive 

action on the facilitation of intestinal propulsion induced by Conditioned Emotional 

Stimuli [33]. 

vi. Anti-Inflammatory 

a) A Study by Department of Food Science and Technology, Tokyo found that treatment 

with Oryzanol during the entire time course of treatment of colitis (swelling of the 

Intestine), suppressed the pathological conditions, including body weight loss, intestinal 

bleeding and diarrhoea, resulting in significant amelioration of intestinal inflammation 

[34].  

b) A study conducted by Department of Pharmaceutical Sciences, Thailand yet again 

confirmed the anti inflammatory properties of Oryzanol. [35]  

vii. Treats menopausal symptoms 

a) Clinical trials involving menopausal women and women who had their ovaries surgically 

removed, have revealed that 67-85 percent of women treated with gamma-oryzanol have 

experienced a significant reduction in menopausal symptoms [36].  

b) At menopause the pituitary gland secretes excess amount of Follicle Stimulating 

Hormone and leutinizing Hormone (FSH & LH). A study in Japan has reported that 

Supplementation with oryzanol reduces the over- secretion of these hormones [37].  
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viii. Helps patients of Osteoporosis 

A Study conducted on Ovariectomized rats (who typically lose substantial bone mineral 

density after the ovariectomy) were used as a model for postmenopausal osteoporosis. It 

was found that the addition of a 7% oryzanol Rice Bran oil (RBO) concentrate to the diets 

of ovariectomized rats resulted in less bone loss at several bone sites than control rats 

[38].  

ix. Helps lighten Skin, hydrates and is anti-ageing 

a) A study in Chiang Mai University,Thailand has found Oryzanol as a potential cosmetic 

raw material. According to the study oryzanol helps in skin whitening, skin hydration and 

is anti ageing [39]. 

b) A study by Natural Product Research and Development Center, Chiang Mai University 

Thailand has again confirmed skin hydration effect of oryzanol [40]. 

x. Helpful for patients of hypothyroid 

a) A study conducted in Japan has found a single oral dose (300 mg) of gamma-oryzanol 

extracted from Rice Bran Oil to be effective, in significantly reducing elevated serum 

TSH levels in hypothyroid patients [41]. 

b) In yet another study conducted in Japan Oryzanol reduced LH Hormone secreted by the 

Pituitary gland [42]. 

xi. Neuro Protective 

Several studies have shown gamma oryzanol to be effective as many drugs in reducing 

objective, systematic effects of stress. 

A joint Study by the University of Kentucky, USA and University of Catania Italy has 

revealed that Oryzanol (which is a Ferulic Acid Ethyl Ester) has therapeutic ability to 

protect body from oxidative stress-related neurodegenerative disorders like Alzheimer 

[43].  

 

xii. Testosterone booster, helpful in body building 

a) An unpublished study by Bucci, L., Stiles, J., Sparks, W., and DeLuca,D.,1987, compared 

anabolic steroid users to those athletes supplemented with gamma oryzanol. Initially, the 

anabolic steroid users showed greater gains in girth measurements, but by 16 weeks, the 

gamma oryzanol users exhibited greater girth measurement increases that all steroid 

users, without ANY side effects! And the dose for gamma oryzanol is low. 
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The antioxidant property of Oryzanol is believed to be responsible for this favourable 

effect. Very preliminary evidence suggests that γ-oryzanol may increase endorphin 

release (a feel good hormone) and aid muscle development. These findings have created 

an interest in using γ-oryzanol as a sports supplement, companies in U.S are selling 

Oryzanol based Health Supplements for Body building. 

xiii. Cancer protection effect 

a) Scientific study by Ajou University Suwon, Republic of Korea found out that Oryzanol 

inhibit tumor growth in tumor bearing Mice [31].    

b) A study studied by Alabama A and M University, U.S.A on Soya, corn and Rice Bran Oil 

found out that inhibition of tumor growth only by rats fed on Rice Bran Oil [33].  

c) A study conducted by Taipei Medical University, Taiwan confirmed that rice bran oil 

significantly reduced colon tumour formation. The hepatic antioxidant status was superior 

(such as Oryzanol) which might contribute to the potential of rice bran oil with respect to 

delaying colon carcinogenesis[44].  

d) Another study by Chun- Kuang Shih.et al. Food Chemistry. 2011, 126(2): 562-567. 

Reports significant reduction of colon tumor formation. The hepatic antioxidant status 

was superior which might contribute to the potential of RBO with respect to delay colon 

carcinogenesis [44]. 

xiv. Immune Modulation 

(a) A study conducted in 2005 on mice showed that RBO enriched diets could be useful in 

situations where a potentiation of the immune response was required. The study showed 

increased immune response in mice consuming Rice Bran Oil. Scientists have attributed 

this to Oryzanol present in Rice Bran Oil [45].  
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AIMS AND OBJECTIVES 

Aim of the Study 

To evaluate the effect of cooking oil substitution with either physically refined Rice Bran Oil 

or extra virgin Olive Oil or Groundnut Oil on the lipid profile in patients with raised LDL 

cholesterol levels. 

Objectives 

1. Change in LDL cholesterol from baseline 

2. Change in HDL cholesterol from baseline 

3. Change in triglyceride levels from baseline 

4. Plasma Oxidative stress marker evaluation  

5. Primary End Points  

To see the change from baseline values on TC, LDLC, HDLC, and TG after the 12 weeks 

of oil substitution 

Secondary End Points 

1. To see the change from baseline values on AST, ALT, ALP and Bilirubin. 

2. To see the change from baseline values on renal function test. 

 

INVESTIGATIONAL PLAN 

Study Design  

This study was Randomized Open label, clinical 3 arm observational clinical comparative 

study of Rice Bran Oil (physically refined), Olive Oil (extra virgin Olive oil) and Groundnut 

Oil in individuals with hypercholesterolemia. The study was conducted at single center. The 

study was completed in Departments of Pharmacology and Endocrinology at Postgraduate 

Institute of Medical education and Research, Chandigarh-160012. 

Randomization 

The patients was randomized with computer generated list .The randomized patients were 

received either Rice Bran Oil or Olive oil or Groundnut Oil. Randomization was done by the 

co-principal investigator and he is responsible for decoding of the codes.  
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Study Population 

Eligibility 

 Ages Eligible for study: Between 25 to 65  

 Genders Eligible for Study: Both 

 Accepts Healthy Volunteers: No 

 

Criteria 

Inclusion Criteria  

1. Patients of either sex. 

2. Age > 25 years and < 65 years. 

3. Patients with LDL cholesterol of  130 mg % with (receiving equivalent doses of statins) 

or without lipid lowering therapy.  

4. Willing to consent 

5. Number of adult family members < 5. 

 

Exclusion Criteria  

1. BMI  30 kg/m
2
 

2. Patients consuming laxatives for more than twice a month  

3. Consuming more  20g alcohol per day and more than 10 cigarettes per day  

4. Lactating or pregnant mothers 

5. Regular users of rice bran oil, olive oil or groundnut oil for last 3 months 

6. Those who take more than 2 meals per week outside home or frequent travelers. 

 

Accountability Procedures 

Allocation of the product was done by the site staffs, which depend upon the consumption of 

oil in last three months by their family before the trial started. Distribution of the oil is 

maintained in the IP accountability log provided by the sponsor, to the site staff. Each entry 

was maintained separately with the date/signature of the principal investigator & study 

coordinator.  

The person responsible for the distribution of the product had also sign on the IP 

accountability log. The accountability log must be produced by principal investigator or study 

coordinator at the time of audit. 
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Stopping Rules 

The criteria for the “stopping” of trial or “discontinuation criteria” only in case of SAE‟s (as 

defined in safety assessments clause) 

Screening and treatment of the subjects 

The subjects were screened for the clinical study on the basis of above inclusion/exclusion 

criteria. The allocation of the product was done after screening and then randomized to either 

to the Rice Bran Oil, Olive Oil and Groundnut Oil, based on randomization codes. Cooking 

oil consumed by the patient was replaced by Rice Bran Oil, Groundnut Oil or Olive Oil for 

three months. The quantity of oil provided was equal to the average amount consumed by the 

family in the previous 3 months. 
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INVESTIGATIONAL PRODUCTS 

 
 Rice Bran Oil Extra Virgin Olive 

Oil 

Groundnut Oil 

Brand Name Ricela NOT DISCLOSED NOT 

DISCLOSED 

Batch No. 98 102482 GN-01 

Oryzanol Content 12700 ppm Not present/reported Not present/ 

reported 

Date Of Packaging Sept 12 20-April, 2012 July -12 

Manufacturer AP ORGANICS 

LTD. DHURI 

PUNJAB. 

XXXX XXXX 

Procurement Supplied  By  

AP ORGANICS . 

LTD. DHURI, 

PUNJAB. 

Procured from the 

market  

Procured from 

the market 
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EFFICACY EVALUTATION 

Assessments of Efficacy 

The following laboratory investigations will be done after intervals as listed below: 

 At Baseline 

 Clinical Examination 

 Laboratory Evaluations 

 Fasting lipid profile (TC, LDLC, HDLC, TG),  

 Liver function test (AST, ALT, ALP and Bilirubin), 

 Renal function test (urea and Creatinine) 

 Haemogram (Using routine methods). 

 Oxidative stress markers (Malondialdehyde (MDA), Hydro peroxides and 8-isoprostane 

in plasma using ELISA kits) 

 

Every Month (1 and 2) 

Fasting Lipid Profile 

TC, LDLC, HDLC, TG 

End of Study (3rd Month) 

Clinical Examination 

Laboratory Evaluations  

 Fasting lipid profile (TC, LDLC, HDLC, TG),  

 Liver function test (AST, ALT, ALP and Bilirubin), 

 Renal function test (urea and Creatinine) 

 Haemogram (Using routine methods). 

 Oxidative stress markers (Malondialdehyde (MDA), Hydro peroxides and 8-isoprostane 

in plasma using ELISA kits) 
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SAFETY EVALUATION 

Assessments of Safety 

Safety will be assessed at each follow-up visit. Trial product will be discontinued in case of 

any serious adverse reaction and patient will be managed according to the clinical condition. 

 

Definitions 

Adverse Reaction 

WHO technical report no 498(1972) “a response to a drug which is noxious and unintended, 

and which occurs at normal doses normally used in man for prophylaxis, diagnosis, or 

therapy of a diseases, or for the modification of physiological function”  

“All noxious and unintended responses to a medicinal product related to any dose should be 

considered adverse drug reactions”  

Adverse Events / Adverse Experience  

Any untoward medical occurrence that may present during the clinical study with the product 

at the same time does not necessarily have a causal relationship with this treatment. 

“Any untoward medical occurrence in a patient or clinical investigation subject administered 

a pharmaceutical product and which does not necessarily have to have a causal relationship 

with this treatment”  

 

Serious Adverse Event or Reaction 

A serious adverse event or reaction is any untoward medical occurrence that at any dose:
 
  

 Results in death 

 Requires inpatient hospitalization or prolongation of existing hospitalization 

 Results in persistent or significant disability/incapacity 

 Is life-threatening 

 Congenital anomaly/birth defect. 

 

Reporting of Adverse Events 

At the time of screening of subjects any clinical abnormality should be noted as All Ready 

Exist (ARE) condition in the CRF‟s. The adverse event will be considered only if it matches 

the above defined criteria or any new clinical finding in the subjects or abnormal laboratory 

values, not to ARE conditions. 
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All the adverse events should be reported as mentioned in the schedule Y of the drug and 

cosmetics act, and rules 1940. 

Reporting to Sponsor 

All the serious adverse events will be reported by the principle investigator to the sponsor via 

phone call with in 24hrs and details of clinical findings at the time of SAE‟s will be sent to 

sponsor via fax within 24hrs 

Reporting to EC 

All the serious adverse events will be reported by the principle investigator to the EC within 7 

working Days.  

Ethical Justification 

The three types of cooking oils to be used in this study are already available in the market and 

have been used by Indian consumers for several years. The Investigators do not foresee any 

safety issues related to the study intervention as the same amount of cooking oil will be 

replaced. Moreover there was no additional financial burden on the study participants as the 

cost of the study and procedures will be borne by the sponsor. In case of development of 

untoward medical incident related to the cooking oil the investigators and the sponsor will 

take responsibility for the management. 
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Fig. 1. Flow of study participants 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*Subjects who have missed follow up visits were not considered for evaluation. 

* Lab Investigation reports of 1 patient in Groundnut Oil, 1 in Rice Bran Oil and 2 in Olive 

Oil group were clinically non justifiable and these patients  were also considered non 

evaluable. 

 

 

 

 

 

 

 

 

Number of subjects Screened =334 

Number of subjects Included 

 

 =136 

Number of subjects 

Excluded 

LDL < 130 and BMI> 

30kg/m2- 199 

 
Number of subjects randomized -136 

 

Group A 

N=47 

Group B 

N= 46 

Group C 

N=43 

 

Evaluable Subjects 
n=40 

 

 

Evaluable Subjects 
n=43 

 

 

Evaluable Subjects 
n=33 
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RESULTS 

Study population and demography 

All the three groups had similar demographic distribution and study population consisted of 

subjects of either sex.  

Total Population had 64.65% males and 35.35% females respectively as subjects. The group 

wise subject population was also similar there was no significant difference in distribution of 

subjects among various groups. 

Fig 2. Study population and demography 

 

 

 

Diet 

There were no diet restrictions on the enrolled subjects except the cooking of the regular 

meals in the allocated category of Oil. Enrolled patients were not subjected to any kind of 

diet reduction or Diet alteration. 

Physical activity Instructions 

No instructions were issued to enrolled subjects to change their routine physical activity 

schedules.  

Age 

The study population consisted of subject ranging from 25-65years. Most of the study 

population was between 41-60 years. 
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There was no significant difference in mean age among all the three groups 

Fig. 3.  Study population age  

 

 

 

Table 1. Study population Age 

  
N Mean Std. Deviation p-value 

AGE 

(years) 

Groundnut Oil 40 49.70 9.27 .503 

Rice Bran Oil 43 49.72 7.54  

Olive Oil  

(Extra Virgin) 
33 47.72 7.60  

Total  
116 49.14 8.17  

 

 

Body Weight 

There was no significant difference in mean body weight , that means each study group had 

similar body weights. 
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Fig. 4.  Groupwise body weights of the study subjects  

 

 

Table 2. Groupwise body weights of the study subjects 

 

  
      N Mean Std. Deviation p-value 

Body 

Weight 

Groundnut Oil 40 70.7137 10.03 .820 

Rice Bran Oil 43 70.0512 10.62  

Olive Oil  

(Extra Virgin) 
33 69.1964 9.96  

Total Total       116 70.0365 10.16  

 

Body Mass Index 

There was no significant difference in Body mass index of population among all the three 

groups. 
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Fig. 5.  Groupwise Body Mass index (BMI) of the study subjects 

 

 

Table 3. Groupwise Body Mass index (BMI) of the study subjects 

 

  
          N Mean Std. Deviation p-value 

BMI Groundnut Oil 40 25.7020 2.35 .472 

Rice Bran Oil 43 25.1023 2.66  

Olive Oil  

(Extra Virgin) 
33 25.0842 2.55  

Total           116 25.3040 2.52  
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EFFICACY EVALUATION 

Effect on LDL Cholesterol level 

Subjects consuming Rice Bran Oil showed maximum decrease in LDL cholesterol levels at 

the end of the study. 

A significant decrease in LDL cholesterol levels observed in Rice Bran Oil group as 

compared to baseline value, where as decrease in Groundnut Oil and extra virgin Olive Oil 

was lower with the respective baseline LDL Cholesterol levels. 

Rice Bran oil group showed approximately two times more decrease in LDL cholesterol 

levels as compared to Groundnut Oil group and 1.4 times more than extra virgin Olive oil. 

Fig. 6a.  Change in mean LDL cholesterol levels (mg/dl) 

 

 

In Rice Bran Oil group, maximum number of subjects (74.4%) showed decrease in LDL 

cholesterol levels, where as 52.5% and 60.6 % subjects in groundnut oil and Olive oil group 

showed decrease in LDL cholesterol levels. 
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Fig. 6b.  % of Patients showing decrease in LDL cholesterol levels 

 

Table 4. Change in mean LDL cholesterol levels (mg/dl) 

Groundnut Oil Group 

Paired Samples Statistics 

  Mean N Std. Deviation Std. Error Mean 

Pair 1 LDL Baseline 146.96 40 13.51 2.137 

 LDL  After 

12 weeks 
142.02 40 29.17 4.612 

 

Rice Bran Oil Group 

Paired Samples Statistics 

  Mean N Std. Deviation Std. Error Mean 

Pair 1 LDL Baseline 156.40 43 25.90 3.95 

 LDL  After 

12 weeks 
145.99 43 27.46 4.18 
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Olive Oil Group 

Paired Samples Statistics 

  Mean N Std. Deviation Std. Error Mean 

Pair 1 LDL 

Baseline 
150.41 33 16.33 2.84 

 LDL  

After 12 

weeks 

143.03 33 24.99 4.35 

 

Effect on Total Cholesterol levels 

Subjects consuming Rice Bran Oil showed maximum decrease in Serum Total Cholesterol 

levels at the end of the study Rice Bran Oil group showed nearly 1.64 times more decrease in 

total cholesterol levels as compared to Groundnut Oil and 1.32 times more than extra virgin 

Olive Oil groups. 

Fig. 7.  Change in mean total cholesterol levels 
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Table 5. Change in mean total cholesterol levels  

Groundnut Oil Group  

Paired Samples Statistics 

  Mean N Std. Deviation Std. Error Mean 

Pair 1 Total Cholesterol-

Baseline 
228.55 40 23.28 3.68 

 Total Cholesterol-

after 12 weeks 
220.76 40 36.52 5.77 

 

Rice Bran Oil Group 

Paired Samples Statistics 

  Mean N Std. Deviation Std. Error Mean 

Pair 1 Total Cholesterol-

Baseline 
242.98 43 37.13 5.66 

 Total Cholesterol-

after 12 weeks 
229.42 43 33.10 5.04 

 

Extra Virgin Olive Oil Group  

Paired Samples Statistics 

  Mean N Std. Deviation Std. Error Mean 

Pair 1 Total Cholesterol-

Baseline 
235.10 33 23.74 4.13 

 Total Cholesterol-

after 12 weeks 
225.12 33 33.66 5.86 
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Effect on Triglyceride levels 

Triglyceride levels were also maximum reduced in subjects on Rice Bran Oil as compared to 

Olive Oil and Groundnut Oil groups. 

RBO group showed nearly 4 times more decrease in Triglyceride levels as compared to Olive 

Oil groups and 1.64 times more decrease than Groundnut Oil  

 

Fig. 7.  Decrease in serum triglyceride levels 

 

 

Table 6. Decrease in serum triglyceride levels 

Groundnut Oil Group 

Paired Samples Statistics 

  Mean N Std. Deviation Std. Error Mean 

Pair 1 Triglycerides- 

Baseline 
171.13 40 68.77 10.87 

 Triglycerides- 

after 12 weeks 
165.98 40 65.74 10.39 
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Rice Bran Oil Group 

Paired Samples Statistics 

  Mean N Std. Deviation Std. Error Mean 

Pair 1 Triglycerides- 

Baseline 
185.28 43 83.13 12.67 

 Triglycerides- 

after 12 weeks 
176.13 43 79.26 12.08 

Extra virgin Olive Oil Group 

Paired Samples Statistics 

  Mean N Std. Deviation Std. Error Mean 

Pair 1 Triglycerides- 

Baseline 
155.17 33 67.16 11.69 

  Triglycerides- 

after 12 weeks 
153.33 33 68.37 11.90 

 

Effect on HDL cholesterol level 

No abnormal alteration in HDL Cholesterol levels was observed in all the groups and it 

remained within the normal range. 

Table 7. Change in HDL cholesterol levels 

Groundnut Oil Group 

Paired Samples Statistics 

  Mean N Std. Deviation Std. Error Mean 

Pair 1 HDL Base 

Line 
47.7300 40 11.89010 1.87999 

 HDL after 12 

weeks 
43.8320 40 9.96323 1.57533 
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Rice Bran Oil Group  

Paired Samples Statistics 

  Mean N Std. Deviation Std. Error Mean 

Pair 1 HDL Base 

Line 
47.9640 43 12.99739 1.98208 

 HDL after 12 

weeks 
44.8419 43 10.70869 1.63306 

 

Extra Virgin Olive Oil Group 

Paired Samples Statistics 

  Mean N Std. Deviation Std. Error Mean 

Pair 1 HDL Base 

Line 
51.5633 33 10.79428 1.87904 

 HDL after 12 

weeks 
47.4539 33 8.80786 1.53325 

 

Effect on Oxidative stress parameters 

Lipid peroxidation 

No significant alteration in lipid peroxidation levels were observed in all the groups as 

compared to their respective baseline values. 

MDA levels 

No Significant alteration in MDA levels were observed in all the groups as compared to their 

respective baseline values  

Isoprostane 

No Significant alteration in Isoprostane levels were observed in all the groups as compared to 

their respective baseline values. 

 

EFFICACY CONCLUSIONS 

The % age decrease in LDL cholesterol, Total Cholesterol and Triglyceride level was 

maximum and significant in Rice bran Oil group as compared to Groundnut oil and Extra 

virgin olive oil groups. Keeping the above results in view it can be concluded that rice bran 
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oil is more effective for lipid profile management as compared to Oilve oil and groundnut 

Oil. 

In the present study, physically refined rice bran oil produced under special controlled conditions 

containing 1270 mg/ 100 gms of Oryzanol was used, which provided daily intake of 317.5 mg of 
Oryzanol at the recommended level of visible fat intake i.e 25 gms per day. 

Keeping results of present study in view as well as published literature, it can be stated that  

Oryzanol content of the  physically refined rice bran oil is important for the rice bran oil to be 

effective in management of lipid profile in humans. The rice bran oil to be effective in 

management of lipid profile should ideally contain  minimum 1250 mg of Oryzanol  per 100 

grams of Oil so that it provides optimum dosage of Oryzanol i.e 300 mgs per day at the 

recommended level of visible fat intake. 

 

Fig 8. Percentage decrease in LDL Cholesterol, Triglycerides and Total cholesterol 

levels 
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SAFETY EVALUATION 

Serum Creatinine levels  

No significant change in serum creatinine levels were observed in all the three groups. 

 

Table 8. Effect on Serum Creatinine levels 

 Baseline Final 

Groundnut Oil 0.8808±0.133 0.8903±0.176 

Rice Bran Oil 0.8726±0.175 0.8677±0.169 

Olive Oil  

(Extra Virgin) 
0.8645±0.164 

0.8677±0.170 

 

Urea 

No Significant Change in Serum Urea levels were observed in all the three groups 

Table 9. Effect on Serum Urea levels 

 Baseline Final 

Groundnut Oil 26.6039±8.99669 27.1050±7.59010 

Rice Bran Oil 26.5323±5.841 28.0154±7.935 

Olive Oil  

(Extra Virgin) 

23.7658 ±5.816 24.7333 ±6.60 

 

Serum AST activity 

No Significant Change in Serum AST activity were observed in all the three groups 

Serum ALT activity 

No Significant Change in Serum AST activity were observed in all the three groups 

Serum ALP activity 

No Significant Change in Serum ALP activity were observed in all the three groups 

Bilirubin 

No Significant Change in Serum Bilirubin were observed in all the three groups 

Hemoglobin 

No Significant Change in hemoglobin levels were observed in all the three groups 
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Dropouts 

Maximum percentage of patients drop out was observed in the Olive oil group (23.35%) and 

Minimum percentage was observed in Rice bran oil group (6.52%). In-case of groundnut oil 

percentage of dropouts was 14.89%. 

Fig. 9. Percentage of dropouts in each group 

 

SAFETY CONCLUSIONS 

Keeping hematological and Biochemical results in view, all the three edible oils were safe for 

consumption. Considering number of subjects dropped out during the study, Physically 

refined Rice bran Oils was found to be more acceptable than Olive oil and ground nut Oil. 

 

DISCUSSION AND OVERALL CONCLUSIONS: 

Rice Bran Oil has been taken into the study as this oil besides having an ideally balanced fat 

composition contains a unique nutrient known as “Oryzanol” which is well known in the 

literature for its cholesterol lowering properties besides many other health benefits.  

Oryzanol (a powerful antioxidant) is another unique nutrient found in Rice Bran Oil only. 

Oryzanol is known to help reduce the risk of coronary heart disease by ensuring ideal lipid 

profile. Rice Bran Oil is notable for its very high smoke point of 254 C thus most ideal for 

Indian kitchen as compared to extra-virgin olive oil which has a low smoke point and is 

suitable for salad dressings only. 
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Composition and Structure of Oryzanol 

Oryzanol is a group of ferulate esters of triterpene alcohols and phytosterols. Gamma  

Oryzanol was earlier presumed to be a single component , but later it was determined to 

consist of four major components 1 (P1)-Cycloartenol ferulate , 2 (P2)-24-

methylenecycloartnyl ferulate , 3 (P3)- Campesterol ferulate , 4 (P4)- Beta –sitosterol ferulate 

[46 ].  Chemical structures of   major components of oryzanol are as under:-   

 

 

Endorsement of health benefits of Oryzanol by the National Institute of Nutrition, 

Hyderabad :-  

National Institute of Nutrition (The Apex body of Nutrition in India) in its recently released 

Dietary guidelines (2
nd

 edition, 2011) has mentioned that Oryzanol found in Rice Bran Oil is 

helpful in reducing cholesterol and oxidative damage due to ageing, inflammation which 

occur in chronic diseases [47]. 

 

Mechanism of action of Oryzanol 

One of the most important properties of Oryzanol is its cholesterol lowering property. There 

are several studies on humans and animals showing that the rice bran oil (RBO) has the 

property of lowering low density lipoprotein cholesterol (LDL) and total serum cholesterol 

and increasing the high density lipoprotein cholesterol (HDL) to some extent by influencing 
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absorption of dietary cholesterol. This effect is because Oryzanol (particularly Beta- 

Sitosterol - one of four main components of oryzanol) having  similar structure with 

cholesterol  takes the place of dietary and biliary cholesterol for its uptake 

in micelles produced in the intestinal lumen [48].This effect is further complemented by 

enhancing the conversion of cholesterol to fecal bile acids and sterols . The role of Bile acids 

is to make digestion happen and absorption of fats in small intestine. Moreover bile is natural 

eliminator where waste products are secreted into bile and eliminated from body through 

stool. Bile acids break down cholesterol forming an insoluble complex which is not dissolved 

in body and leaves it through stool. 

As such triterpene alcohols and sterols present in oryzanol significantly lowers the circulating 

levels of cholesterol and triglycerides [21] .In addition to this it is found that oryzanol also 

inhibits 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase activity, the rate 

controlling enzyme that produces cholesterol in the body. [49]  

Apart from unbalanced cholesterol profile which can be taken care of by oryzanol‟s 

cholesterol lowering effect, oxidative stress and lipid peroxidation are strongly linked to 

cardiovascular diseases. Supplementation of rice bran oil alleviates oxidative stress [50] and 

decreases the level of lipid peroxides [51]. Oryzanol an antioxidant is responsible for 

controlling this damage. Of the four major components of Oryzanol, 24 – 

methylenecycloartenylferulate was found for the highest antioxidant activity against 

cholesterol oxidation [52]. 
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Effective dosage of Oryzanol 

Clinical trials conducted in Japan have shown that 300 mg per day is the effective dosage of 

Oryzanol. 

Clinical Trials to study the Pharmacological effects of ‘ORYZANOL’ 

Study 

Compon

ent 

Daily 

Dose 

Study 

Design(Study 

Duration) 

Number of 

Subjects 

Pharmacological 

effect 

Ref. 

Oryzanol 300 

mg 

RCT*(8 

weeks) 

40 Post- 

menopausal 

women 

↓ TC, LDL-C, 

TG, Lipid 

peroxides,  

↑ HDL-C 

[53] Ishihara M, Ito , 

Nakakita T, Maehama T, 

Hieda S, Yamamoto K 

and Ueno N 

Nippon 

SankaFujinkaGokkaiZass

hi, 34 (1982) 243-251 

 

  300 

mg 

RCT*(8 

weeks) 

80 Post- 

menopausal 

women 

↓ TC, LDL-C, 

TG, Lipid 

peroxides,  

↑ HDL-C 

[54]Ishihara, 1984 Asia 

Oceania J Obstet Gynecol 

1984;10:317 

 

  300 

mg 

RCT*(13 

weeks) 

80 Hyper- 

cholesterolemics 

↓ TC, LDL-C, 

TG, 

[55] Yoshino G, Kazumi 

T, Amano M, Tateiwa M, 

Yamasaki T, Takashima 

S, Iwai M, Hatanaka H & 

Baba S, CurrTher Res, 45 

(1989) 975 

  300 

mg 

RCT*(8 

weeks) 

20 Hyper- 

cholesterolemics 

↓ TC, LDL-C, 

TG, 

Apolipoprotein B, 

[56] Sasaki J, Takada Y 

&Handa K 1990 

ClinTherap, 12 (1990) 

263-268 

 

  300 

mg 

RCT*(8 

weeks) 

8 Hypothyroid 

Patients 

↓ TSH [41] Shimomura Y, 

Kobayashi I, Maruto S, 

Ohshima K, Mori M, 

Kamio N, Fukuda 

Endocrinologia Japonica 

[1980, 27(1):83-86] 

 

TC - Total Cholesterol, LDL - Low Density lipoprotein, TG – Triglycerides, HDL- High 

Density Lipoprotein, TSH- Thyroid Stimulating Hormone 
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Keeping results of present study in view as well as published literature, it can be stated that 

Oryzanol content of the  physically refined rice bran oil is important for the rice bran oil to be 

effective in management of lipid profile in humans. The rice bran oil to be effective in 

management of lipid profile should ideally contain  minimum 1250 mg of Oryzanol  per 100 

grams of Oil so that it provides optimum dosage of Oryzanol i.e 300 mgs per day at the 

recommended level of visible fat intake. 

Keeping results of present study in view as well as published literature, it can be stated that 

high content of Oryzanol is must in physically refined rice bran oil to be effective in 

management of lipid profile in humans.  

Conclusions 

Physically Rice Bran Oil consumption caused significant decrease in LDL cholesterol, 

Total cholesterol and triglyceride levels as compared to Groundnut oil and Extra virgin 

olive oil in a randomized, open labelled study even when no diet restriction and physical 

activity instruction were issued. 
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Annexure I-Test Report 

 

 

 

 



 

Page 56 of 84 

 

Annexure II-HPLC analysis 
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Annexure III STATISTICAL ANALYSIS 

T-Test  

Group Statistics 

 

SEX N Mean Std. Deviation t-value 
p-value 

AGE Male 
75 48.2000 8.48528 1.700 .092 

Female 41 50.8780 7.37291   

WT Male 
75 73.0757 9.20619 4.745 .000** 

Female 41 64.4768 9.55567   

BMI Male 
75 25.4963 2.29043 1.035 .304 

Female 41 24.9522 2.90738   

SBP Male 
75 137.3867 18.24969 .392 .696 

Female 41 136.0488 16.30943   

DBP Male 
75 85.0133 11.19422 .836 .405 

Female 41 83.2439 10.33871   

HR Male 
72 76.0278 8.02807 .043 .966 

Female 38 76.1053 10.80988   
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Mann-Whitney Test 

SEX DOT Quantity Since 

Male N 75 75 75 

Mean 91.7733 3.2000 6.9200 

Std. Deviation 6.26784 .56949 4.94773 

Female N 41 41 41 

Mean 90.8537 3.2927 7.1805 

Std. Deviation 4.52527 .78243 4.41652 

Total N 116 116 116 

Mean 91.4483 3.2328 7.0121 

Std. Deviation 5.70940 .65086 4.74895 

 

Ranks 

 

SEX N Mean Rank Sum of Ranks 

Mann-Whitney 

U 

p-value 

DOT Male 75 59.57 4467.50 1457.500 .641 

Female 41 56.55 2318.50   

Total 116     

Quantity Male 75 57.04 4278.00 1428.000 .442 

Female 41 61.17 2508.00   

Total 116     

Since  Male 75 56.58 4243.50 1393.500 .393 

Female 41 62.01 2542.50   

Total 116     
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ANOVA 

  

N Mean Std. Deviation Std. Error F-value 

p-

value 

AGE A 40 49.7000 9.27694 1.46681 .691 .503 

B 43 49.7209 7.54771 1.15101   

C 33 47.7273 7.60457 1.32379   

Total 116 49.1466 8.17872 .75937   

WT A 40 70.7137 10.03107 1.58605 .199 .820 

B 43 70.0512 10.62538 1.62036   

C 33 69.1964 9.96342 1.73441   

Total 116 70.0365 10.16572 .94386   

BMI A 40 25.7020 2.35630 .37256 .755 .472 

B 43 25.1023 2.66919 .40705   

C 33 25.0842 2.55396 .44459   

Total 116 25.3040 2.52667 .23460   

SBP A 40 138.3500 13.28301 2.10023 .220 .803 

B 43 136.4884 17.04668 2.59959   

C 33 135.7273 22.43779 3.90592   

Total 116 136.9138 17.52840 1.62747   

DBP A 40 85.0500 9.77162 1.54503 .132 .876 

B 43 83.8140 11.26786 1.71833   

C 33 84.3333 11.91550 2.07422   

Total 116 84.3879 10.88739 1.01087   

HR A 40 76.1750 9.45133 1.49439 .025 .976 

B 39 75.7949 9.46511 1.51563   
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C 31 76.2258 8.18010 1.46919   

Total 110 76.0545 9.03595 .86154   

 

Kruskal-Wallis Test 

Group 
DOT Quantity Since  

A N 40 40 40 

Mean 91.9750 3.2250 7.3350 

Std. Deviation 7.20928 .53048 5.33751 

B N 43 43 43 

Mean 91.8372 3.3256 6.7209 

Std. Deviation 5.73598 .68037 4.58946 

C N 33 33 33 

Mean 90.3030 3.1212 7.0000 

Std. Deviation 2.95259 .73983 4.29389 

Total N 116 116 116 

Mean 91.4483 3.2328 7.0121 

Std. Deviation 5.70940 .65086 4.74895 

 

Ranks 

 

Group N Mean Rank 

Kruskal-

wallis Test 

p-value 

DOT A 40 58.36 1.217 .544 

B 43 62.27   

C 33 53.76   

Total 116    
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Quantity A 40 58.75 2.118 .347 

B 43 62.41   

C 33 53.11   

Total 116    

Since  A 40 61.58 .900 .638 

B 43 54.91   

C 33 59.45   

Total 116    

 

GROUP- A 

Paired Samples Statistics 

  Mean N Std. Deviation Std. Error Mean 

Pair 1 S CREATININE1 .8808 38 .13359 .02167 

S CREATINE2 .8903 38 .17647 .02863 

Pair 2 UREA1 26.6039 38 8.99669 1.45946 

UREA2 27.1050 38 7.59010 1.23128 

Pair 3 AST1 27.2582 38 10.55099 1.71160 

AST2 25.3571 38 6.92735 1.12376 

Pair 4 ALT1 37.2900 38 19.50445 3.16404 

ALT2 29.9539 38 11.76266 1.90816 

Pair 5 ALP1 103.8551 39 35.60644 5.70159 

ALP2 89.3079 39 17.92392 2.87012 

Pair 6 S BILIRUBIN1 .5794 35 .27413 .04634 

S BILI2 .5609 35 .27761 .04692 
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Paired Samples Test 

  Paired Differences 

t-test df p-value 

  

Mean 

Std. 

Deviatio

n 

Std. 

Error 

Mean 

95% Confidence 

Interval of the 

Difference 

  Lower Upper 

Pair 

1 

S 

CREATININE

1 - S 

CREATINE2 

-

.0094

7 

.11463 .01860 -.04715 .02820 -.509 37 .613 

Pair 

2 

UREA1 - 

UREA2 

-

.5010

5 

7.52530 1.22076 -2.97456 1.97245 -.410 37 .684 

Pair 

3 

AST1 - AST2 1.901

05 
11.48532 1.86316 -1.87408 5.67618 1.020 37 .314 

Pair 

4 

ALT1 - ALT2 7.336

05 
14.45087 2.34424 2.58617 12.08594 3.129 37 .003** 

Pair 

5 

ALP1 - ALP2 1.454

72E1 
30.22039 4.83914 4.75086 24.34350 3.006 38 .005** 

Pair 

6 

S BILIRUBIN1 

- S BILI2 

.0185

7 
.24135 .04079 -.06433 .10148 .455 34 .652 

 

Wilcoxon Signed Ranks Test 

Ranks 

  

N 

Mean 

Rank 

Sum of 

Ranks 

Wilcoxon 

Signed rank 

test 

p-value 

HB2 - HB1 Negative 

Ranks 
7 11.93 83.50 

-2.738 .006** 

Positive Ranks 21 15.36 322.50   

Ties 12     
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Total 40     

FBS2 - 

FBS1 

Negative 

Ranks 
21 15.74 330.50 

-3.937 .000** 

Positive Ranks 5 4.10 20.50   

Ties 2     

Total 28     

 

GROUP-B 

Paired Samples Statistics 

  Mean N Std. Deviation Std. Error Mean 

Pair 1 S CREATININE1 .8726 39 .17591 .02817 

S CREATINE2 .8677 39 .16981 .02719 

Pair 2 UREA1 26.5323 39 5.84148 .93539 

UREA2 28.0154 39 7.93575 1.27074 

Pair 3 AST1 29.0654 41 9.24407 1.44368 

AST2 27.0212 41 8.63919 1.34921 

Pair 4 ALT1 40.4900 41 23.65504 3.69430 

ALT2 34.7354 41 15.47661 2.41704 

Pair 5 S BILIRUBIN1 .5903 38 .31391 .05092 

S BILI2 .5550 38 .32681 .05302 

Pair 6 HB1 13.4163 43 .89760 .13688 

HB2 13.4814 43 .90928 .13866 
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Paired Samples Test 

  
Paired Differences 

t-test df 

p-

value 

  

Mean 

Std. 

Deviation 

Std. 

Error 

Mean 

95% Confidence 

Interval of the 

Difference 

  
Lower Upper 

Pair 1 S 

CREATININE

1 - S 

CREATINE2 

.00487 .13477 .02158 -.03882 .04856 .226 38 .823 

Pair 2 UREA1 - 

UREA2 
-1.48308 6.47046 1.03610 

-

3.58056 
.61440 -1.431 38 .160 

Pair 3 AST1 - AST2 
2.04415 9.41306 1.47007 -.92698 5.01527 1.391 40 .172 

Pair 4 ALT1 - ALT2 
5.75463 17.43077 2.72223 .25281 11.25646 2.114 40 .041* 

Pair 5 S 

BILIRUBIN1 

- S BILI2 

.03526 .28221 .04578 -.05750 .12802 .770 37 .446 

Pair 6 HB1 - HB2 

-.06512 .22979 .03504 -.13583 .00560 -1.858 42 .070 
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Wilcoxon Signed Ranks Test 

Ranks 

  

N 

Mean 

Rank 

Sum of 

Ranks 

Wilcoxon 

Signed rank 

test 

p-value 

FBS2 - 

FBS1 

Negative 

Ranks 
28 18.82 527.00 

-4.405 .000** 

Positive Ranks 5 6.80 34.00   

Ties 0     

Total 33     

ALP2 - 

ALP1 

Negative 

Ranks 
24 18.65 447.50 

-1.117 .264 

Positive Ranks 14 20.96 293.50   

Ties 3     

Total 41     

 

GROUP-C 

Paired Samples Statistics 

  Mean N Std. Deviation Std. Error Mean 

Pair 1 S CREATININE1 .8645 31 .16496 .02963 

S CREATINE2 .8677 31 .17025 .03058 

Pair 2 UREA1 23.7658 33 5.81612 1.01246 

UREA2 24.7333 33 6.60581 1.14992 

Pair 3 ALP1 96.3766 32 27.86887 4.92657 

ALP2 83.7500 32 25.88436 4.57575 

Paired Samples Test 

  Paired Differences t-test df p-value 
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Mean 

Std. 

Deviatio

n 

Std. 

Error 

Mean 

95% Confidence 

Interval of the 

Difference 

  Lower Upper 

Pair 

1 

S 

CREATININE

1 - S 

CREATINE2 

-

.0032

3 

.12496 .02244 -.04906 .04261 -.144 30 .887 

Pair 

2 

UREA1 - 

UREA2 

-

.9675

8 

5.34378 .93023 -2.86240 .92725 -1.040 32 .306 

Pair 

3 

ALP1 - ALP2 

1.262

66E1 
29.91022 5.28743 1.84278 23.41035 2.388 31 .023* 

 

Wilcoxon Signed Ranks Test 

Ranks 

  

N 

Mean 

Rank 

Sum of 

Ranks 

Wilcoxon 

Signed rank 

test 

p-value 

FBS2 - FBS1 Negative 

Ranks 
20 14.52 290.50 

-3.445 .001 

Positive 

Ranks 
5 6.90 34.50 

  

Ties 0     

Total 25     

HB2 - HB1 Negative 

Ranks 
7 12.86 90.00 

-1.741 .082 
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Positive 

Ranks 
17 12.35 210.00 

  

Ties 9     

Total 33     

AST2 - AST1 Negative 

Ranks 
17 13.76 234.00 

            -

.274 

.784 

Positive 

Ranks 
14 18.71 262.00 

  

Ties 1     

Total 32     

ALT2 - ALT1 Negative 

Ranks 
16 17.66 282.50 

-.346 .729 

Positive 

Ranks 
16 15.34 245.50 

  

Ties 0     

Total 32     

S BILI2 - S 

BILIRUBIN1 

Negative 

Ranks 
17 11.71 199.00 

-.982 .326 

Positive 

Ranks 
8 15.75 126.00 

  

Ties 1     

Total 26     

 

GROUP-A 

Paired Samples Statistics 

  Mean N Std. Deviation Std. Error Mean 

Pair 1 LDL1 147.2586 39 13.56504 2.17214 
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LDL2 147.2772 39 27.02503 4.32747 

Pair 2 LDL1 147.2288 37 13.81463 2.27111 

LDL3 147.1243 37 32.77221 5.38772 

Pair 3 LDL1 146.9651 40 13.51802 2.13739 

LDL4 142.0215 40 29.17064 4.61228 

Pair 4 HDL1 47.8564 39 12.01827 1.92446 

HDL2 45.0344 39 11.35239 1.81784 

Pair 5 HDL1 48.3616 37 12.13361 1.99475 

HDL3 46.2997 37 11.18514 1.83883 

Pair 6 HDL1 47.7300 40 11.89010 1.87999 

HDL4 43.8320 40 9.96323 1.57533 

Pair 7 TGL1 172.7603 39 68.88560 11.03052 

TGL2 167.4972 39 79.17233 12.67772 

Pair 8 TGL1 170.0500 37 67.69318 11.12869 

TGL3 164.8573 37 66.28510 10.89720 

Pair 9 TGL1 171.1318 40 68.77234 10.87386 

TGL4 165.9830 40 65.74842 10.39574 

Pair 10 TC1 229.3241 39 23.06383 3.69317 

TC2 226.5000 39 34.17991 5.47317 

Pair 11 TC1 229.2173 37 23.65805 3.88936 

TC3 230.8973 37 41.52120 6.82604 

Pair 12 TC1 228.5510 40 23.28537 3.68174 

TC4 220.7672 40 36.52032 5.77437 
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Paired Samples Test 

  Paired Differences 

t-test df p-value 

  

Mean 

Std. 

Deviation 

Std. Error 

Mean 

95% Confidence 

Interval of the 

Difference 

  Lower Upper 

Pair 1 LDL1 - 

LDL2 

-

.01862 
24.00964 3.84462 -7.80164 7.76441 -.005 38 .996 

Pair 2 LDL1 - 

LDL3 
.10443 29.02691 4.77199 -9.57362 9.78249 .022 36 .983 

Pair 3 LDL1 - 

LDL4 

4.9436

0 
26.19551 4.14187 -3.43413 13.32133 1.194 39 .240 

Pair 4 HDL1 - 

HDL2 

2.8220

5 
5.85726 .93791 .92335 4.72076 3.009 38 .005** 

Pair 5 HDL1 - 

HDL3 

2.0618

9 
7.97042 1.31033 -.59558 4.71936 1.574 36 .124 

Pair 6 HDL1 - 

HDL4 

3.8980

0 
7.66709 1.21227 1.44595 6.35005 3.215 39 .003** 

Pair 7 TGL1 - 

TGL2 

5.2630

8 
55.28090 8.85203 -12.65692 23.18307 .595 38 .556 

Pair 8 TGL1 - 

TGL3 

5.1927

0 
47.95515 7.88378 -10.79634 21.18174 .659 36 .514 

Pair 9 TGL1 - 

TGL4 

5.1487

5 
51.42006 8.13023 -11.29618 21.59368 .633 39 .530 

Pair 

10 

TC1 - 

TC2 

2.8241

0 
32.16325 5.15024 -7.60202 13.25022 .548 38 .587 

Pair 

11 

TC1 - 

TC3 

-

1.6800

0 

38.37962 6.30957 -14.47640 11.11640 -.266 36 .792 

Pair 

12 

TC1 - 

TC4 

7.7837

5 
39.27873 6.21051 -4.77820 20.34570 1.253 39 .218 
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GROUP-B 

Paired Samples Statistics 

  Mean N Std. Deviation Std. Error Mean 

Pair 1 LDL1 155.8236 42 25.92917 4.00096 

LDL2 136.2676 42 22.03829 3.40058 

Pair 2 LDL1 156.3393 41 26.44895 4.13063 

LDL3 137.7851 41 27.49427 4.29388 

Pair 3 LDL1 156.4079 43 25.90360 3.95026 

LDL4 145.9998 43 27.46801 4.18883 

Pair 4 HDL1 47.7857 42 13.10165 2.02163 

HDL2 44.5924 42 10.25964 1.58310 

Pair 5 HDL1 48.1944 41 13.18853 2.05970 

HDL3 45.1649 41 11.63393 1.81691 

Pair 6 HDL1 47.9640 43 12.99739 1.98208 

HDL4 44.8419 43 10.70869 1.63306 

Pair 7 TGL1 184.3617 41 85.01883 13.27771 

TGL2 169.6137 41 82.89106 12.94541 

Pair 8 TGL1 185.7098 41 84.72529 13.23187 

TGL3 170.2539 41 81.14425 12.67260 

Pair 9 TGL1 185.2844 43 83.13941 12.67864 

TGL4 176.1388 43 79.26846 12.08833 

Pair 10 TC1 242.2462 42 37.26749 5.75050 

TC2 213.2324 42 25.31691 3.90648 
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Pair 11 TC1 242.7571 41 37.94854 5.92657 

TC3 222.9637 41 33.68146 5.26016 

Pair 12 TC1 242.9823 43 37.13623 5.66322 

TC4 229.4233 43 33.10654 5.04870 

 

Paired Samples Test 

  Paired Differences 

t-test df p-value 

  

Mean 

Std. 

Deviatio

n 

Std. Error 

Mean 

95% Confidence 

Interval of the 

Difference 

  Lower Upper 

Pair 1 LDL1 - 

LDL2 
1.95560E1 28.66968 4.42383 10.62185 28.49005 4.421 41 .000** 

Pair 2 LDL1 - 

LDL3 
1.85541E1 32.66446 5.10133 8.24397 28.86432 3.637 40 .001** 

Pair 3 LDL1 - 

LDL4 
1.04081E1 27.81108 4.24115 1.84915 18.96713 2.454 42 .018* 

Pair 4 HDL1 - 

HDL2 
3.19333 10.40918 1.60617 -.05040 6.43706 1.988 41 .053 

Pair 5 HDL1 - 

HDL3 
3.02951 8.40683 1.31293 .37599 5.68303 2.307 40 .026* 

Pair 6 HDL1 - 

HDL4 
3.12209 8.35966 1.27484 .54937 5.69482 2.449 42 .019* 

Pair 7 TGL1 - 

TGL2 
1.47480E1 80.59228 12.58640 -10.69001 40.18611 1.172 40 .248 

Pair 8 TGL1 - 

TGL3 
1.54559E1 72.00154 11.24475 -7.27064 38.18234 1.374 40 .177 

Pair 9 TGL1 - 

TGL4 
9.14558 78.61115 11.98809 -15.04736 33.33852 .763 42 .450 
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Pair 

10 

TC1 - 

TC2 
2.90138E1 37.50191 5.78667 17.32739 40.70023 5.014 41 .000** 

Pair 

11 

TC1 - 

TC3 
1.97934E1 43.47509 6.78967 6.07098 33.51585 2.915 40 .006** 

Pair 

12 

TC1 - 

TC4 
1.35591E1 37.22507 5.67677 2.10289 25.01525 2.389 42 .021* 

 

GROUP-C 

Paired Samples Statistics 

  Mean N Std. Deviation Std. Error Mean 

Pair 1 LDL1 150.4575 32 16.59393 2.93342 

LDL2 144.6800 32 24.03949 4.24962 

Pair 2 LDL1 150.9117 30 17.02085 3.10757 

LDL3 147.0597 30 29.53834 5.39294 

Pair 3 LDL1 150.4136 33 16.33453 2.84348 

LDL4 143.0394 33 24.99893 4.35175 

Pair 4 HDL1 51.5653 32 10.96699 1.93871 

HDL2 57.0938 32 30.50960 5.39339 

Pair 5 HDL1 51.1150 30 11.09830 2.02626 

HDL3 46.4720 30 11.84174 2.16200 

Pair 6 HDL1 51.5633 33 10.79428 1.87904 

HDL4 47.4539 33 8.80786 1.53325 

Pair 7 TGL1 155.0237 32 68.23137 12.06172 

TGL2 143.1756 32 62.53666 11.05502 

Pair 8 TGL1 152.5453 30 69.73712 12.73220 

TGL3 139.4173 30 61.46742 11.22236 
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Pair 9 TGL1 155.1791 33 67.16273 11.69153 

TGL4 153.3312 33 68.37419 11.90242 

Pair 10 TC1 233.2509 32 21.57781 3.81445 

TC2 226.9500 32 26.51426 4.68710 

Pair 11 TC1 233.5343 30 22.27569 4.06697 

TC3 227.4017 30 34.60450 6.31789 

Pair 12 TC1 235.1009 33 23.74849 4.13408 

TC4 225.1227 33 33.66315 5.86000 

 

 

Paired Samples Test 

  Paired Differences 

t-test df p-value 

  

Mean 

Std. 

Deviati

on 

Std. Error 

Mean 

95% Confidence 

Interval of the 

Difference 

  Lower Upper 

Pair 1 LDL1 - 

LDL2 
5.77750 

21.5574

9 
3.81086 -1.99480 13.54980 1.516 31 .140 

Pair 2 LDL1 - 

LDL3 
3.85200 

24.0869

9 
4.39766 -5.14223 12.84623 .876 29 .388 

Pair 3 LDL1 - 

LDL4 
7.37424 

20.8230

2 
3.62482 -.00928 14.75776 2.034 32 .050* 

Pair 4 HDL1 - 

HDL2 

-

5.52844 

32.9678

5 
5.82795 -17.41462 6.35774 -.949 31 .350 

Pair 5 HDL1 - 

HDL3 
4.64300 9.28546 1.69529 1.17575 8.11025 2.739 29 .010** 
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Pair 6 HDL1 - 

HDL4 
4.10939 6.42312 1.11812 1.83186 6.38693 3.675 32 .001** 

Pair 7 TGL1 - 

TGL2 

1.18481

E1 

51.4489

6 
9.09498 -6.70120 30.39745 1.303 31 .202 

Pair 8 TGL1 - 

TGL3 

1.31280

E1 

55.1676

1 
10.07218 -7.47192 33.72792 1.303 29 .203 

Pair 9 TGL1 - 

TGL4 
1.84788 

54.1821

7 
9.43190 -17.36428 21.06004 .196 32 .846 

Pair 

10 

TC1 - 

TC2 
6.30094 

23.3344

3 
4.12498 -2.11202 14.71389 1.528 31 .137 

Pair 

11 

TC1 - 

TC3 
6.13267 

32.1208

8 
5.86444 -5.86147 18.12680 1.046 29 .304 

Pair 

12 

TC1 - 

TC4 
9.97818 

29.3632

3 
5.11148 -.43357 20.38993 1.952 32 .060 

 

Report 

Group 

before 

ISOP(ng/ml) 

after 

ISOP(ng/ml) 

before LPO 

(nM) 

 after LPO 

(nM) 

before 

MDA(µM) after MDA(µM) 

GNO N 29 29 29 29 29 29 

Mean .2598 .2620 1.7686 1.4593 .1595 .1638 

Std. Deviation .05145 .07160 .60991 .86708 .00431 .02891 

OLO N 30 30 30 30 30 30 

Mean .2496 .2626 1.9687 1.4790 .1598 .1580 

Std. Deviation .03945 .05070 .51241 .81790 .00331 .00336 

RBO N 31 31 31 31 31 31 

Mean .2576 .2535 1.9303 1.6590 .1605 .1644 

Std. Deviation .05829 .06894 .55903 .78083 .00535 .02343 

Total N 90 90 90 90 90 90 

Mean .2556 .2593 1.8910 1.5347 .1599 .1621 

Std. Deviation .05005 .06380 .56158 .81750 .00439 .02145 
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One-Sample Kolmogorov-Smirnov Test 

  before 

ISOP(ng/ml) 

after 

ISOP(ng/ml) 

before LPO 

(nM) 

 after LPO 

(nM) 

before 

MDA(µM) 

after 

MDA(µM) 

N 29 29 29 29 29 29 

Kolmogorov-Smirnov Z .901 .570 .397 .905 .570 2.343 

Asymp. Sig. (2-tailed) .391 .901 .997 .385 .901 .000** 

 

Paired Samples Statistics 

  Mean N Std. Deviation t-value p-value 

Pair 1 before ISOP(ng/ml) .2598 29 .05145 -.208 .837 

after ISOP(ng/ml) .2620 29 .07160   

Pair 2 before LPO (nM) 1.7686 29 .60991 1.679 .104 

 after LPO (nM) 1.4593 29 .86708   

 

Ranks 

  

N Mean Rank Sum of Ranks 

Wilcoxon 

Signed Ranks 

Test 

p-value 

after MDA(µM) - before 

MDA(µM) 

Negative Ranks 17
a
 12.76 217.00 -.675 .499 

Positive Ranks 10
b
 16.10 161.00   

Ties 2
c
     

Total 29     

 

One-Sample Kolmogorov-Smirnov Test 

  before 

ISOP(ng/ml) 

after 

ISOP(ng/ml) 

before LPO 

(nM) 

 after LPO 

(nM) 

before 

MDA(µM) 

after 

MDA(µM) 

N 30 30 30 30 30 30 

Kolmogorov-Smirnov Z .620 .499 .563 1.119 .867 .679 

Asymp. Sig. (2-tailed) .837 .964 .910 .163 .440 .746 
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Paired Samples Statistics 

  

Mean N Std. Deviation Std. Error Mean 

Wilcoxon 

Signed Ranks 

Test 

p-value 

Pair 1 before ISOP(ng/ml) .2496 30 .03945 .00720 -1.231 .228 

after ISOP(ng/ml) .2626 30 .05070 .00926   

Pair 2 before LPO (nM) 1.9687 30 .51241 .09355 2.598 .015* 

 after LPO (nM) 1.4790 30 .81790 .14933   

Pair 3 before MDA(µM) .1598 30 .00331 .00060 3.074 .005** 

after MDA(µM) .1580 30 .00336 .00061   

 

One-Sample Kolmogorov-Smirnov Test 

  before 

ISOP(ng/ml) 

after 

ISOP(ng/ml) 

before LPO 

(nM) 

 after LPO 

(nM) 

before 

MDA(µM) 

after 

MDA(µM) 

N 31 31 31 31 31 31 

Kolmogorov-Smirnov Z .557 .489 .727 .539 .924 2.275 

Asymp. Sig. (2-tailed) .916 .971 .667 .933 .361 .000** 

 

 

Paired Samples Statistics 

  Mean N Std. Deviation t-value p-value 

Pair 1 before ISOP(ng/ml) .2576 31 .05829 .279 .782 

after ISOP(ng/ml) .2535 31 .06894   

Pair 2 before LPO (nM) 1.9303 31 .55903 1.488 .147 

 after LPO (nM) 1.6590 31 .78083   
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Ranks 

  

N Mean Rank Sum of Ranks 

Wilcoxon 

Signed Ranks 

Test 

p-value 

after MDA(µM) - before 

MDA(µM) 

Negative Ranks 17
a
 17.62 299.50 -1.383 .167 

Positive Ranks 13
b
 12.73 165.50   

Ties 1
c
     

Total 31     
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Annexure IV 

WORLD MEDICAL ASSOCIATION DECLARATION OF HELSINKI 

Ethical Principles for Medical Research Involving Human Subjects 

 

Adopted by the 18th WMA General Assembly, Helsinki, Finland, June 1964, and amended 

by the: 

29th WMA General Assembly, Tokyo, Japan, October 1975 

35th WMA General Assembly, Venice, Italy, October 1983 

41st WMA General Assembly, Hong Kong, September 1989 

48th WMA General Assembly, Somerset West, Republic of South Africa, October 1996 

52nd WMA General Assembly, Edinburgh, Scotland, October 2000  

53th WMA General Assembly, Washington 2002 (Note of Clarification on paragraph 29 

added) 

55th WMA General Assembly, Tokyo 2004 (Note of Clarification on Paragraph 30 added) 

59th WMA General Assembly, Seoul, October 2008 

 

A.       INTRODUCTION 

 

1. The World Medical Association (WMA) has developed the Declaration of Helsinki as a 

statement of ethical principles for medical research involving human subjects, including 

research on identifiable human material and data. 

 The Declaration is intended to be read as a whole and each of its constituent paragraphs 

should not be applied without consideration of all other relevant paragraphs. 

2. Although the Declaration is addressed primarily to physicians, the WMA encourages 

other participants in medical research involving human subjects to adopt these 

principles.  

3. It is the duty of the physician to promote and safeguard the health of patients, including 

those who are involved in medical research. The physician's knowledge and conscience 

are dedicated to the fulfilment of this duty.  

4. The Declaration of Geneva of the WMA binds the physician with the words, “The 

health of my patient will be my first consideration,” and the International Code of 

Medical Ethics declares that, “A physician shall act in the patient's best interest when 

providing medical care.” 
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5. Medical progress is based on research that ultimately must include studies involving 

human subjects. Populations that are underrepresented in medical research should be 

provided appropriate access to participation in research. 

6. In medical research involving human subjects, the well-being of the individual research 

subject must take precedence over all other interests. 

7. The primary purpose of medical research involving human subjects is to understand the 

causes, development and effects of diseases and improve preventive, diagnostic and 

therapeutic interventions (methods, procedures and treatments). Even the best current 

interventions must be evaluated continually through research for their safety, 

effectiveness, efficiency, accessibility and quality. 

8. In medical practice and in medical research, most interventions involve risks and 

burdens. 

9. Medical research is subject to ethical standards that promote respect for all human 

subjects and protect their health and rights. Some research populations are particularly 

vulnerable and need special protection. These include those who cannot give or refuse 

consent for themselves and those who may be vulnerable to coercion or undue 

influence.  

10. Physicians should consider the ethical, legal and regulatory norms and standards for 

research involving human subjects in their own countries as well as applicable 

international norms and standards. No national or international ethical, legal or 

regulatory requirement should reduce or eliminate any of the protections for research 

subjects set forth in this Declaration.  

 

B. PRINCIPLES FOR ALL MEDICAL RESEARCH 

 

[1] It is the duty of physicians who participate in medical research to protect the life, health, 

dignity, integrity, right to self-determination, privacy, and confidentiality of personal 

information of research subjects. 

[2] Medical research involving human subjects must conform to generally accepted 

scientific principles, be based on a thorough knowledge of the scientific literature, other 

relevant sources of information, and adequate laboratory and, as appropriate, animal 

experimentation. The welfare of animals used for research must be respected.  
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[3] Appropriate caution must be exercised in the conduct of medical research that may 

harm the environment. 

[4] The design and performance of each research study involving human subjects must be 

clearly described in a research protocol. The protocol should contain a statement of the 

ethical considerations involved and should indicate how the principles in this 

Declaration have been addressed. The protocol should include information regarding 

funding, sponsors, institutional affiliations, other potential conflicts of interest, 

incentives for subjects and provisions for treating and/or compensating subjects who are 

harmed as a consequence of participation in the research study. The protocol should 

describe arrangements for post-study access by study subjects to interventions identified 

as beneficial in the study or access to other appropriate care or benefits.  

[5] The research protocol must be submitted for consideration, comment, guidance and 

approval to a research ethics committee before the study begins. This committee must 

be independent of the researcher, the sponsor and any other undue influence. It must 

take into consideration the laws and regulations of the country or countries in which the 

research is to be performed as well as applicable international norms and standards but 

these must not be allowed to reduce or eliminate any of the protections for research 

subjects set forth in this Declaration. The committee must have the right to monitor 

ongoing studies. The researcher must provide monitoring information to the committee, 

especially information about any serious adverse events. No change to the protocol may 

be made without consideration and approval by the committee. 

[6] Medical research involving human subjects must be conducted only by individuals with 

the appropriate scientific training and qualifications. Research on patients or healthy 

volunteers requires the supervision of a competent and appropriately qualified physician 

or other health care professional. The responsibility for the protection of research 

subjects must always rest with the physician or other health care professional and never 

the research subjects, even though they have given consent. 

[7] Medical research involving a disadvantaged or vulnerable population or community is 

only justified if the research is responsive to the health needs and priorities of this 

population or community and if there is a reasonable likelihood that this population or 

community stands to benefit from the results of the research.  

[8] Every medical research study involving human subjects must be preceded by careful 

assessment of predictable risks and burdens to the individuals and communities 
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involved in the research in comparison with foreseeable benefits to them and to other 

individuals or communities affected by the condition under investigation. 

[9] Every clinical trial must be registered in a publicly accessible database before 

recruitment of the first subject. 

[10] Physicians may not participate in a research study involving human subjects unless they 

are confident that the risks involved have been adequately assessed and can be 

satisfactorily managed. Physicians must immediately stop a study when the risks are 

found to outweigh the potential benefits or when there is conclusive proof of positive 

and beneficial results.  

[11] Medical research involving human subjects may only be conducted if the importance of 

the objective outweighs the inherent risks and burdens to the research subjects. 

[12] Participation by competent individuals as subjects in medical research must be 

voluntary. Although it may be appropriate to consult family members or community 

leaders, no competent individual may be enrolled in a research study unless he or she 

freely agrees.  

[13] Every precaution must be taken to protect the privacy of research subjects and the 

confidentiality of their personal information and to minimize the impact of the study on 

their physical, mental and social integrity.  

[14] In medical research involving competent human subjects, each potential subject must be 

adequately informed of the aims, methods, sources of funding, any possible conflicts of 

interest, institutional affiliations of the researcher, the anticipated benefits and potential 

risks of the study and the discomfort it may entail, and any other relevant aspects of the 

study. The potential subject must be informed of the right to refuse to participate in the 

study or to withdraw consent to participate at any time without reprisal. Special 

attention should be given to the specific information needs of individual potential 

subjects as well as to the methods used to deliver the information. After ensuring that 

the potential subject has understood the information, the physician or another 

appropriately qualified individual must then seek the potential subject‟s freely-given 

informed consent, preferably in writing. If the consent cannot be expressed in writing, 

the non-written consent must be formally documented and witnessed. 

[15] For medical research using identifiable human material or data, physicians must 

normally seek consent for the collection, analysis, storage and/or reuse. There may be 

situations where consent would be impossible or impractical to obtain for such research 
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or would pose a threat to the validity of the research. In such situations the research may 

be done only after consideration and approval of a research ethics committee.  

[16] When seeking informed consent for participation in a research study the physician 

should be particularly cautious if the potential subject is in a dependent relationship 

with the physician or may consent under duress. In such situations the informed consent 

should be sought by an appropriately qualified individual who is completely 

independent of this relationship.  

[17] For a potential research subject who is incompetent, the physician must seek informed 

consent from the legally authorized representative. These individuals must not be 

included in a research study that has no likelihood of benefit for them unless it is 

intended to promote the health of the population represented by the potential subject, 

the research cannot instead be performed with competent persons, and the research 

entails only minimal risk and minimal burden.  

[18] When a potential research subject who is deemed incompetent is able to give assent to 

decisions about participation in research, the physician must seek that assent in addition 

to the consent of the legally authorized representative. The potential subject‟s dissent 

should be respected.  

[19] Research involving subjects who are physically or mentally incapable of giving 

consent, for example, unconscious patients, may be done only if the physical or mental 

condition that prevents giving informed consent is a necessary characteristic of the 

research population. In such circumstances the physician should seek informed consent 

from the legally authorized representative. If no such representative is available and if 

the research cannot be delayed, the study may proceed without informed consent 

provided that the specific reasons for involving subjects with a condition that renders 

them unable to give informed consent have been stated in the research protocol and the 

study has been approved by a research ethics committee. Consent to remain in the 

research should be obtained as soon as possible from the subject or a legally authorized 

representative. 

[20] Authors, editors and publishers all have ethical obligations with regard to the 

publication of the results of research. Authors have a duty to make publicly available 

the results of their research on human subjects and are accountable for the completeness 

and accuracy of their reports. They should adhere to accepted guidelines for ethical 

reporting. Negative and inconclusive as well as positive results should be published or 
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otherwise made publicly available. Sources of funding, institutional affiliations and 

conflicts of interest should be declared in the publication. Reports of research not in 

accordance with the principles of this Declaration should not be accepted for 

publication. 

C. ADDITIONAL PRINCIPLES FOR MEDICAL RESEARCH COMBINED WITH 

MEDICAL CARE 

 

[1] The physician may combine medical research with medical care only to the extent that 

the research is justified by its potential preventive, diagnostic or therapeutic value and if 

the physician has good reason to believe that participation in the research study will not 

adversely affect the health of the patients who serve as research subjects.  

[2] The benefits, risks, burdens and effectiveness of a new intervention must be tested 

against those of the best current proven intervention, except in the following 

circumstances: 

 The use of placebo, or no treatment, is acceptable in studies where no current 

proven intervention exists; or 

 Where for compelling and scientifically sound methodological reasons the use of 

placebo is necessary to determine the efficacy or safety of an intervention and the 

patients who receive placebo or no treatment will not be subject to any risk of 

serious or irreversible harm.  Extreme care must be taken to avoid abuse of this 

option. 

[3] At the conclusion of the study, patients entered into the study are entitled to be 

informed about the outcome of the study and to share any benefits that result from it, for 

example, access to interventions identified as beneficial in the study or to other 

appropriate care or benefits.  

[4] The physician must fully inform the patient which aspects of the care are related to the 

research. The refusal of a patient to participate in a study or the patient‟s decision to 

withdraw from the study must never interfere with the patient-physician relationship. 

[5] In the treatment of a patient, where proven interventions do not exist or have been 

ineffective, the physician, after seeking expert advice, with informed consent from the 

patient or a legally authorized representative, may use an unproven intervention if in the 

physician's judgement it offers hope of saving life, re-establishing health or alleviating 

suffering. Where possible, this intervention should be made the object of research, 
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designed to evaluate its safety and efficacy. In all cases, new information should be 

recorded and, where appropriate, made publicly available.  


