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ABSTRACT Sesame oil has been used traditionally as an edible oil in selective parts in India particularly in states of
Tamil Nadu, Pondicherry, some parts of Jharkhand and Kerala. Incidence of Type 2 diabetes or Non-Insulin-
Dependent Diabetes (NIDDM) is alarmingly on the rise in India and parts of South-east Asia. The exact cause is
unknown but life-style and diet are the two important factors to be blamed. As health infrastructure in India lacks in
several dimensions, an appropriate neutraceutical or effective dietary formulations to control the situation are the
need of the hour. Sesame ail is effective to control Blood pressure and different other parameters of Insulin resistance
syndrome. Here a study is presented based on data showing effects of sesame oil in comparison with coconut oil on 40

Type 2 Diabetes Mellitus patients, some of the volunteers also having dyslipidaemia.

INTRODUCTION

The hyperinsulinemic/insulin resistant state
is a metabolic condition linked to such  wide-
spread and heterogenous clinical syndromes
like hypertension, obesity, NIDDM, athero-
sclerosis and dyslipidaemia. About 25% of the

The 1997 WHO report has shown that thereisa
marked increasein the number of people affected
with diabetes and thistrend is expected to grow
in geometric proportions in the next couple of
decades. Therewill bea42%increasefrom 51 to
72 million in the developed countries and 170%
increasefrom 84 to 228 million, inthe developing

SYNDROME OF INSULIN RESISTANCE

GENE D GENE L

| |

NIDDM DYSLIPIDAEMIA

non-diabetic popul ation shows abnormalities of
insulin sensitivity and compensatory
hyperinsulinaemia. The prevalence of type 2
Diabetes and obesity have been increasing at
epidemic proportionsworldwide (Table 1 showing
the leading countries in the Prevalence of
Diabetes) and has become a major global health
problem in economically developed aswell asin
countries undergoing rapid economic expansion.
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countries. The countrieswith thelargest number
of diabetic people are, and will be in the year
2025, India, China, Indonesiaand United States.

Table 1: List of the leading countries in the
prevalence of diabetes

Country/ Extrapolated Population

Region prevalence estimated used
China 76,402,799 1,298,847,6242
USA 17,273,847 293,655,405
India 62,651,210 1,065,070,6072
Indonesia 14,026,643 238,452,952

1.US Census Bureau, Population Estimates, 2004
2. US Census Bureau, International Data Base, 2004
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In India there appear to be more men than
women with diabetes and about 50% of diabetics
livein towns and cities, but in the west there are
almost twice as many women than men with
diabetes. Diabetes occurs at a younger age in
the devel oping countries. In the developed world,
most people with diabetes are over 65 years of
agewhilein developing countriesthemagjority is
inthe age group of 45 to 64 —another factor with
enormouspublic healthimplications. (King, 1998).
This rising trend predicts a significant health
burden dueto diabetesin India. The cause of the
diseaseisdueto nature and nurture effects (Enase
et a., 1992). The presence of a genetic factor
(nature) and environmental causes (nurture) such
as faulty dietary intake in excess, proneness to
infections, poverty, malnutrition, improper
concepts of hygiene and health and reduced
physical activities etc may lead to increased
incidence of the condition.

This problem started developing in the
childhood morein the urban areaswhere children
do not have any kind of physical exercise and
consequently thelife-style patternisaltered. The
only thing one does is to spend long hours on
the computer or the cell phone or watch television
(http://www.chennaionline.com/health/News/
2005/09di abetes.asp).

However, diabetes affects 10 percent of the
Asian American and Pacific 1slander American
population - making them almost two timesmore
likely than whites to have the disease. Diabetes
isasothefifthleading killer of Americansof Asian
or Pacific Islander descent between the ages of
45 to 64 (Fujimoto, 1995). Asian Americans are
eating amore Westernized diet that includesalot
higher calorie foods and animal fat than their
ancestors and relatives in Asia ate and they are
leading a more sedentary lifestyle (Carter et a.,
1996). Thediet that Chinese people eat in China,
for example, is much different from the
stereotypical diet one experiences in a typical
Chineserestaurant inthe US. In China, mealsare
rice-based with plenty of vegetables and fruit.
Mest istreated morelikeasidedishor for flavoring.
Just the opposite occurs in the United States,
with most American meals placing the heaviest
emphasis on the meat portion of the meal. This
emphasis results in meals that are significantly
higher in calories and fat. Most of the growth in
diabetes amongst Asian Americans is in type 2
diabetesand it devel ops primarily in people who
areover 40, overweight, and have afamily history
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of thedisease (Huang et .., 1996). Type 2 diabetes
is increasingly occurring in young people,
including children, due to obesity and sedentary
lifestyle (Rosenbloom et al., 2002).

In India population is vast and there is
hetrogenicity of origin or race, geography and
habit, socio-economic status, dietary habits,
methods of cooking and preservation, use of
pesticides. These factors, along with known
variableslike age, sex etc. influencelipid profile
of individuals. The South Asian population is
known to beat risk of atherosclerosiseven though
the subject does not have the clinical evidence
of Coronary Artery Disease (CAD). The lipid
profilein Indians may appear benign but the high
triglyceridesand low HDL levelsactually increase
therate of CAD. Personswith high Low Density
Lipoprotine(LDL), hightriglycerideand low High
Density Lipoprotine (HDL) have a3-fold higher
rate of CAD (Krishnaswamy, 1989).

Mustard oil, sesameoil, sunflower oil etc. can
be used for deep frying while flax oil, due to its
more number of double bonds and propensity to
more degradation on heating, is solely used as
salad oil and daily consumption of about 15- 20 g
issufficient. Linoleic acid containing oil can be
used for deep-frying, but the process is not so
safe unless the oil is protected by adequate
quantity of anti-oxidants (Raheja, 1999). The per
capitaoil consumptionin Indiais30-35g per day
(Roy, 2000).

METHOD

40 newly diagnosed Type 2 Diabetes patients,
inwhom diabeteswaslessthan 1 year of duration,
living nearby Kharagpur whichisasmall townin
Midnapur (West) District of West Bengal, were
randomly selected for the experiment based on
initial data from different hospitals and health
centers and written questionnaire responses. The
patients so screened were randomly divided into
2 groups of 20 patients each- onefor experimen-
tation and the other for control. The experiment
was so designed that it maintained identical
conditions in both groups particularly in dietary
intake patterns and life-styles. The patients with
known renal and hepatic dysfunction and those
onlipid, blood pressure and blood sugar lowering
therapies were excluded from the study. The
patients underwent clinical, anthropometrical
evaluation before and after the study. Initial
biochemical evaluation, presented in the tables
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below, was also conducted before the study. The
oil was used for 2 months and effects observed.
Inthe control group the oil medium is coconut ail
asit isone of the most consumed oilsin India.

Sesame oil obtained by cold processextraction
(Ghani at Balarampur Avoy Ashrama) was
collected and stored in amber coloured container
filled up to brimand kept inadark placeto prevent
oxidation. Patients were asked to take about 35
ml of the oil per day as cooking medium (Roy,
2000). Theail could be used for cooking and did
not undergo destructive changes while cooking
(Chow, 1992). Sesame oil was subjected to
controlled heating for 15 minutes at 140°C to
simulate maximum hesat induced effectsin Indian
cooking conditions. The volume of the oil and
thefatty acid compositions of the oil and the diet
were measured (AOAC, 1996; Rangana, 1986;
Swaminathan, 1990). Sesame oil 35ml/day was
givento the volunteersto seethe effects (Sankar
eta., 2003).

In order to see the effect of sesame oil on the
NIDDM patients, blood samples were taken by
an indwelling catheter into ante-cubital vein and
analyzed for fasting blood glucose (FBS),
triglyceride (TG), total cholesterol (TLC), high-
density lipoprotein cholesterol (HDLC), low-
density lipoprotein cholesterol (LDLC), and very
low-density lipoprotein cholesterol (VLDLC).
Boehringer Mannheim Limited supplied the
reagents that were necessary for the tests and
the tests were conducted as per standard
technique (Mannheim, 1983).

RESULTS

The patients underwent clinical, anthropo-
metrical evaluation before the study. The
observations were:

Age-45.16+ 2.20years,

Sex: males- 20, females-20,

Weight - 66.4618.16 kg,

Body MassIndex (BMI) - 22.46+ 1.78.

At the end of study anthropometrical
evaluation remains more or |ess the same. Body
weight changes by 0.3kg in the group receiving
sesame oil and BMI changes by -0.06. In other

groups no significant changes were observed.
The patientsdid not show any changesinclinical
parameters during the study. Regarding other bio-
chemic markers serum uric acid value increased
by 0.2 mg/dl during the study.

The analysis of sesame oil showed that the
fatty acid composition of the oil was not altered
much by heating and contains palmitic acid 12%,
palmitoleic acid 0.3%, stearic acid 7%, oleic acid
40%, linoleic acid 41%. Thevolumeof theoil was
reduced by 7%. Coconut oil showed no changes
infatty acid proportionson identical heating and
volume was reduced only by 2%.

Therura diet did not differ much in both the
groups and composed of 70-80% of carbo-
hydrates, 10-15% of protein and 10% of fats. In
the sesame-using group, the ratio of saturated
fat and unsaturated fat was 1: 1 whilein the control
group it was 1.5:1 respectively.

The initial blood pressure measurements
showed Systolic Blood Pressure (SBP) wasin the
rangeof 136+12 mm of Hg and the Diastolic Blood
Pressure (DBP) was 84+8 mm of Hg. The SBP
reading after first month showed 122+9 mm of Hg
and second month 116+7 mm of Hg (p<0.050).
DBPvaluesshow avaueof 76£6inthefirst month
and 72+6 in the second month (p<0.025).

Values of blood parameters of 20 Type 2
diabetes patients who were on coconut oil as
being showninTable 2 showed, TLC wasinitialy
162+8 mg/dl and it increased t0168+8 mg/dl
(p=0.075). HDLC wasinitially 4626 mg/dl and it
increased to 48+4 mg/dl (p<0.05). LDL C showing
anincreasefrominitial valuesof 104+6 mg/dl to
112+8 mg/dl (p<0.25). TG show anincreasefrom
9647 mg/dl t0100+8 mg/dl (p<0.025). FBS shows
changesfrominitial vauesof 162+6 mg/dl to165+5
mg/dl (p<0.025).

Values of blood parameters of 20 NIDDM
patients who were on sesame oil as being shown
in Table 3 showed, clearly that TLC, LDLC and
FBSweresignificantly reduced whereasreduction
in TG was not so appreciable. Values of HDLC
are increased considerably. TLC values were
reduced from172+ 8 mg/dl to166+ 8 mg/dl
(p<0.075). HDL C valueswereincreased from 40+ 7
mg/dl to 45+ 9 mg/dl (p<0.025). LDLC values

Table 2: Values of blood parameters of 20 Type 2 diabetes patients who were on coconut oil.

Time(months) TLC(mg/dl) HDLC(mg/dl) LDLC(mg/dl) VLDLC(mg/dl)  TG(mg/dl) FBS(mg/dl)
0 162+8 46+6 10416 18+5 96+7 162+6
1 162+8 47+5 106+7 18+4 9617 1657
2 16848 48+4 11248 20+3 100+8 165+5
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Table 3: Values of blood parameters of 20 NIDDM patients who were on sesame oil.

Time (month) TLC (mg/dl)  HDLC(mg/dl) LDLC(mg/dl) VLDLC(mg/dl)  TG(mg/dl) FBS(mg/dl)
0 172 + 8 0+7 106 + 6 27+5 133+ 6 153+ 8
1 167 £ 9 43+ 5 9 +7 26+ 7 129+ 5 147 £ 6
2 166 + 8 45+ 9 95+ 9 23+ 7 130 + 6 144 + 7

reduced from106+6 mg/dl to 959 mg/dl (p<0.075).
VLDL Cvaluesdecreased from 27+5mg/dl to 23+ 7
mg/dl (p<0.025). TG vauesreduced from133+6
mg/dl to 130+6 mg/dl (p<0.025). FBS values
reduced from 153+8 mg/dl to 144+ 7 mg/dl (p<0.005).

Onthebasisof Analysisof Varience (ANOVA)
the means of the different blood parameterswere
listed to see whether there is any significant
difference between the values before applying
the sesame oil and after applying the oil. This
hypothesis got rejected. Then on the basis of
Tukey’s multiple comparison test which isbased
on at-statistic the blood parameter(s) for which
the hypothesis of ANOVA got rejected was
looked. Thisresulted inthe conclusionthat fasting
blood glucose levelsin the groups over the study
period show asignificant declinein fasting blood
glucose levels, and the decline was dependent
on intake of sesame oil. Cholesterol and various
lipoprotein cholesterol levels at baseline and at
follow-up were also measured. It was found that
sesame oil produced significant beneficial
changes in terms of increment of HDL and
reductionof TLC, LDL, VLDL and TG valuesin
comparison to intake of coconut oil.

DISCUSSION

Rural Indian diet is diabetogenic (Mitra and
Bhattacharya, 2005). Ghafoarunissa (1996) found
that poor Indian diet lacked fatsand rural Indians
being poor, diet isdeficient particularly in omega-
3 fatty acid and mono-unsaturated fatty acid
intake. Chow (1992) found imbalance of fatty acid
intakes, particularly omega-3to omega-6 ratiois
one important cause of diabetes. With adiet low
infatsfor alongtimeasisevidentin Indian diets
particularly diet of arural Indian the differences
in effects of w-3 and w-6 decreases (Sanders et
al., 1985) which was contrary to the view
expressed by Raheja (1970).

Sesame oil isrich in linoleic acid and oleic
acid, which constitutes about 80-85% of total fats
init. Further it isarich source of vitamin E and
the lignan- sesamin, both being good anti-
oxidants. Oleic acid andlinoleic acid have proven
itsralein control of FBS and ininducing beneficia

changesin lipid profile (Lands, 1986; Cunnane,
and Thompson, 1995). Dietswith oliveoil asthe
dominant fat source may help reducevisceral fat,
blood glucose, blood clotting, triglycerides and
oxidation of LDL cholesterol and ultimately heart
disease deaths.

Despite highintakesof salt, therelatively low
rates of strokesin Cretan men in the 1960's may
have been dueto the protective effect of the high
intake of olive oil. In contrast, the Japanese men
had very low fat intakes (10% energy intake), high
intakes of salt and much higher rates of stroke.
However, the evidence that low fat diets may
increase the risk of stroke is equivocal. Revan
(2004) reported that monounsaturated fats could
lower plasma cholesterol as much as poly-
unsaturated fat. Other studiessince haveresulted
in the general consensus that both poly-
unsaturated and monounsaturated fats reduce
blood LDL cholesterol when they replace
saturated fatsin the diet, but the polyunsaturated
fatshave alarger impact (Gardner and Kraemer,
1992). Theeffectson HDL cholesterol weresimilar,
although some studies have shown that w-6 fats
can lower and monounsaturated fatstend to raise
HDL cholesterol (Mensink and Katan, 1995).
Greek-born Australiansin the Heal th 2000 study
conducted by the Anti-Cancer Council have been
found to have ahigher prevalence of diabetesthan
Anglo-Austraians. Interestingly, the former had
significantly higher blood levels of carotenoids
(dueto their high intakes of vegetables and olive
oil) and much lower death rates than the latter,
despite their higher prevalence of diabetes and
obesity. Morestudiesare required to determineif
Greek-born Australian diabeticsalso have alower
prevalence of diabetescomplicationsdueto their
diet. The problem with olive oil is its over-
abundance of oleic acid, which inhibit prostag-
landin production, which canincreasetherisk of
breast cancer and incidence of ischaemic heart
disease (Kouris-Blazos, 2001; Mercola, 2004).

Gamma-Linolenic Acid (GLA) which is
produced from w-6 fatty acids causes reduction
of blood pressure. The effect may be due to-
increased production of vasodialatory prostag-
landins and reduced pressure responsiveness to
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vasoconstrictors, enhanced baroreceptor res-
ponse, compositional changes of tissue fatty
acids and subsequent membrane permeability
alteration, blood pressure regulation through
rennin-aldosterone axis and alteration of renal
Nat+/K+ ATPase enzyme activity and changesin
vascular tone dependent intracellular calcium
(Marguerite, 1995).

Cooking with sesame oil appears to help
reduce high blood pressure and lower the amount
of medication needed to control hypertension
(Sankar et d., 2003 ; Melissa, 2003). The effect of
the oil on blood pressure may be due to poly-
unsaturated fatty acids (PUFA), and the
compound sesamin — alignan present in sesame
oil. Both compounds have been shown to reduce
blood pressure in hypertensive rats. Sesame
lignans also inhibit the synthesis and absorption
of cholesterol. (Ramesh et al. 2005). Sesameisa
rich source of antioxidants and other therapeutic
agents. Although sesame oil contains low levels
of tocopherals, it has good amount of other
pnenols that appear to be unique to sesame oil
and that contribute to its superior oxidative
stability. Sesamol forms from sasamolin during
processing which undergoes dimerisation and
gives anti-oxidative protection. Conversion of
sesamolin to sesaminol may also give anti-
oxidative protection (Fukuda, 1986). In both the
small intestine and the colon, some cells are
nourished by fat instead of sugar. The presence of
sesame seed oil can provide those cells with
essential nourishment. In recent experiments in
Holland by Ayurvedic physicians, the il hasbeen
used in the treatment of several chronic disease
processes, including hepatitis, diabetes and
migraines (http://www.youthingstrategies.com/
qualities.htm ; Bhattacharya,1977). Ramesh et al.
(2005) found that diabetic ratsfed with sesameoil
when compared with diabetic rats not receiving
sesameail, asignificant reductioninlevelsof blood
glucoseoccurred (222.02 + 8.27 mg/dL) inthegroup
receiving sesame oil with reduction of glycolated
haemoglobinvaues. CollingeWilliamollinge (1996)
stressed the need of holistic approaches in the
treatment of diabetic diseases and puts emphasis
on life-style and dietary managements.

CONCLUSON
Sesame oil has proven benefits on blood

pressure reductions, which is more marked on
first month of therapy. The beneficial changesin

blood biochemistry in the personstaking sesame
oil may be dueto increased uptake of PUFA and
Monounsaturated Fatty Acids. Clearly, further
studies are needed to obtain aconclusion in this

respect.
REFERENCES

AOAC: Official Methods of Analysis. Association of
Official Analytical Chemists, Washington DC
(1996).

Bhattacharya, S.: Chirangeebee Banoushadhi. Ananda
Publishers Private Limited, Calcutta (1977).

Boehringer Mannheim: Instruction Sheets for Manual
Assays. GmbH Diagnostica (1983).

Carter, J.S., Pugh, J.A., Monterrosa, A.: Non-insulin-
dependent diabetes mellitus in Minorities in the
United States. Annals of Internal Medicine, 125(3):
221-232 (1996).

Chow, Ching Kuang: Fatty Acids in Foods and Their
Health Implications. Marcel Dekker Inc., New York
(1992).

Collinge, Williamollinge: The American Holistic Health
Association Complete Guide to Alternative Medicine.
Warner Books, New York (1996).

Cunnane, S.C. and Thompson, L.U.: Flaxseed in Human
Nutrition. AOCS Press, Champaign, Illinois (1995).

Enase, Ae, Yusuf, S. and Mehta, J.L.: Prevalence of
coronary artery disease in Asian Indians. Am. J.
Cardiology, 70: 945-949 (1992)

Fujimoto, W.Y.: Diabetes in Asian and Pacific Islander
Americans. pp. 661-681. In: National Diabetes Data
Group, Diabetes in America. NIH Publication No.
95-1468, 2nd Edition, National Institute of Diabetes
and Digestive and Kidney Diseases, National
Institutes of Health, Bethesda, MD (1995).

Fukuda, Y., Nagata, M., Osawa, T. and Namiki, M.:
Contribution of ligand analogues to antioxidative
activity of refined unroasted sesame seed oil. J. Am.
QOil Chem. Soc., 63: 1027 (1986).

Ghafoarunissa: Fats in Indian diets and their nutritional
and health Implications. Lipids, 31: 287-291 (1996).

Gardner, C.D. and Kraemer, H.C.: Monounsaturated versus
polyunsaturated dietary fat and serum lipid —meta-
analysis. Arterioscler. Throm. Vas. Biol., 12: 911-
919 (1992).

Huang, B., Rodriguez, B.L., Burchfiel, C.M., Chyou, P,
Curb, J.D. and Yano, K.: Acculturation and prevalence
of diabetes among Japanese-American men in Hawaii.
American Journal of Epidemiology, 144(7): 674-
681 (1996).

King, H., Aubert, R.E. and Herman, W.H.: Global burden
of diabetes, 1995-2025: Prevalence, numerical
estimates, and projections. Diabetes Care, 21:1414—
31 (1998).

Kouris-Blazos, Antigone: Olive Oil. http://www.healthy-
eatingclub.com/join-us/index.htm. (2001) accessed
on 26.12.2005.

Krishnaswami, S.: A study of lipid levelsin Indian patients
with coronary arterial disease. Int. J.Cardiology,
24: 337-345 (1989).

Lands, W.E.M.: Fish and Human Health. Academic Press
Inc., New York (1986).



66

Marguerite, M. Engler: g-Linolenic acid: A potent blood
pressure lowering nutrient. In: g-Linolenic:
Metabolism and Its Roles in Nutrition and Medicine.
Yung- Sheng Huang and David E. Mills (Eds.). AOCS
Press, Champaign, Illinois (1995).

Melissa, T. Shultz: Sesame oil reduces blood pressure.
http://www.supermarketguru.com/page.cfm/2036. 7"
June, 2003 accessed on 12.12.2005.

Mensink, R.P. and Katan M.B.: Effects of dietary fatty
acids on serum lipid and lipoproteins. Arterioscler.
Throm. Vas. Biol., 15: 320-324 (1995).

Mercola, Joseph: Total Health Cookbook & Program:
150 Delicious Grain-Free Recipes & Proven
Metabolic Type Plan to Prevent Disease, Optimize
Weight and Live Longer. E-Book version (2004).

Mitra, A. and Bhattacharya, D.: Effects of overall
consumption, dietary patterns, cooking, on patients
suffering from Non insulin dependent diabetes
mellitus. Journal of Interacademicia, 9(4): 635-642
(2005).

Rahegja, B.S.: Increase in heart disease blamed on unsaturated
cooking fats. Medical Times, 29 1: 2 (1999).

Ramesh, B., Saravanan, R. and Pugalendi, K.V.: Influence
of sesame oil on blood glucose, lipid peroxidation,
and antioxidant status in streptozotocin diabetic rats.
Journal of Medicinal Food, 8(3): 377-381 (2005).

Rangana, S.: Hand Book of Analysis and Quality Control
for the Fruit and Vegetable Products. Tata McGraw
Hills Limited, New Delhi (1986).

ANALAVA MITRA

Revan, Gerald M.: Insulin resistance, coronary heart
disease and diet. www.sfmg.org. (2004) accessed on
20.12.2005.

Rosenbloom, A.L., Joe, J.R., Young, R.S. and Winter,
W.E.: Emerging epidemic of type 2 diabetes in
youth. Diabetes Care, 22(2): 345-354 (2002).

Roy, SK.: Quest For Fatsand Oilsin the New Millennium.
Regional Workshop on Oilseeds and Qils. Calcutta
(July 2000).

Sanders, T.A.B., Oakley, F.R., Miller, G.J. and
Mitropoulous, K.A.: Influence of n-6 versus n-3
polyunsaturated fatty acids in diet low in saturated
fatty acid decreases during long term compliance
with a lipid lowering diet. J. Internal Medicine, 59:
249-258 (1985).

Sankar, Devarajan, Pugalendi, K.V., Sambandam, GM.
and Rao, Ramakrishna: Sesame ail helps reduce dose
of blood pressure-lowering medicine. XVth scientific
meeting of the Inter-American Society of
Hypertension. SAN ANTONIO, USA (04/28/2003).

Swaminathan, M.: Food and Nutrition (Volume 2).
Bangalore Printing and Publishing Company,
Bangalore (1990).

Diabetes Risk Score developed http://www.chennaionline.
com/health/News/2005/09di abetes.asp published on
27.10.2005 accessed on 27.4.2006.

Why sesame seed oil is known as the queen of oils http:/
/www.youthingstrategies.com/qualities.htm accessed
on 26.4.2006





