Q
-
i
(V=]
i
=1
&
o
>
-
=
()
—
(¢}

\

R T

WWW.ijpm.in

Effects of Pure Eicosapentaenoic and Docosahexaenoic Acids on Oxidative Stress,
Inflammation and Body Fat Mass in Patients with Type 2 Diabetes

Fatemeh Azizi-Soleiman, Shima Jazayeri, Shahryar Eghtesadi, Asadollah Rajab’, Iraj Heidari?,
Mohammad R Vafa, Mahmood R Gohari®

Department of Nutrition and Biochemistry, School
of Public of Health *Department of Biostatistics,
School of Management and Medical Information,
IInstitute of Endocrinolgy and Metabolism,
Firouzgar Hospital, Tehran University of Medical
Sciences, 'Iranian Diabetes Society, Tehran, Iran

Correspondence to:

Dr. Shima Jazayeri,

Department of nutrition and Biochemistry,
School of Public of Health, Tehran
University of Medical Sciences, #60 Alvand
Street, Argantin Square, Tehran, Iran.
E-mail: sh_jazayeri@tums.ac.ir

Date of Submission: Dec 7, 2011

Date of Acceptance: Feb 19, 2012

How to cite this article: Azizi-Soleiman F, Jazayeri S,
Eghtesadi S, Rajab A, Heidari I, et al. Effects of pure
eicosapentaenoic and docosahexaenoic acids on oxidative
stress, inflammation and body fat mass in patients with
type 2 diabetes. Int J Prev Med 2013;4:922-8.

922

ABSTRACT

Background: N-3 Fatty acids reduce the risk of cardiovascular
disease. Previous studies have shown that they may reduce
inflammation, oxidative stress, and fat mass in patients with type 2
diabetes, but the results are inconclusive, due, in part, to type of
omega-3 fatty acids used. The aim of this study was to determine
the effects of pure eicosapentaenoic (EPA) and docosahexaenoic
acids (DHA), the two major omega-3 fatty acids, on inflammation,
oxidative stress, and fat mass in patients with type 2 diabetes.

Methods: Sixty patients with DM-II were randomly allocated
to receive daily either ~1 gr EPA or ~1 gr DHA, or a canola
oil as placebo for 12 weeks in a randomized triple-blind,
placebo-controlled trial. Serum MDA, CRP, body weight, BMI,

and fat mass were measured at baseline and after intervention.

Results: Forty-five patients with a mean (¥SD) age of
54.9 £ 8.2 years with BMI of 27.6 * 4.1 kg/m?* and fasting blood
glucose 96.0 = 16.2 mg/dl completed the intervention. Neither
EPA nor DHA had significant effects on serum FBS, C-reactive
protein, body weight, BMI, and fat mass after intervention
(P > 0.05). In addition, while MDA increased 18% in the placebo
group (P = 0.009), it did not change in the EPA or DHA group
(P > 0.05).

Conclusions: Twelve weeks of supplementation with 1gr/d EPA or
DHA prevent increasing oxidative stress without changing marker
of inflammation. This study is the first report demonstrating that
neither EPA nor DHA have effects on body fat mass in type 2
diabetic patients.

Key words: Inflammation, omega 3 fatty acids, oxidative stress,
type 2 diabetes mellitus

INTRODUCTION

Diabetes mellitus is a risk factor for coronary artery disease
and cerebrovascular disease.l! It seems that inflammation
and oxidative stress play a role in the pathophysiology of
type 2 diabetes.?’ Some cross-sectional studies have shown
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that insulin resistance and type 2 diabetes are
associated with higher levels of C-reactive protein
(CRP), interleukin-6 (IL-6), and tumor necrosis
factor-o. (TNF-o) that are markers of subclinical
systemic inflammation.®! Adipose tissue may
be an important mediator of this association,
because some of these molecules are secreted by
adipocytes.l! The inhibition of signaling of the
insulin receptor is a primary mechanism through
which inflammation leads to insulin resistance.?
As inflammation, oxidative stress, and obesity also
play role in cardiovascular diseases,®” therefore
reduction of markers of inflammation and
oxidative stress markers that are high in patients
with diabetes can reduce cardiovascular diseases
risk in this group of patients.

Previous studies have shown that omega-3 fatty
acids may reduce inflammation, oxidative stress,
and fat mass,®? but the results are inconclusive,
due, in part, to the type of omega-3 fatty acids
used. The most important omega-3 fatty acids
are eicosapentaenoic acid (EPA) (20:5) and
docosahexaenoic acid (DHA) (22:6) which
provoke different effects on cell function. For
example, in Raji Cells (a kind of B-lymphocyte),
DHA raised the expression of 7 genes, whereas
EPA up-regulated 20 genes and down-regulated
1 gene.'” In addition, to our knowledge, effects
of pure EPA or DHA on body fat have not been
assessed in previous studies. Therefore, we
conducted the present study to determine the
effects of pure EPA and DHA, the two major
omega-3 fatty acids, on CRP and malondialdehyde
(MDA) as markers of inflammation and oxidative
stress, respectively, and fat mass in patients with
type 2 diabetes.

METHODS

Patients

Sixty patients aged 30-65 years with type 2
diabetes mellitus (DM-II) were referred from
Iranian Diabetes Society and Institute of
Endocrinolgy and Metabolism, Firouzgar Hospital,
Tehran University of Medical Sciences, Tehran,
Iran. All subjects were taking oral hypoglycemic
agents, and had a FBS <140 mg/dl, a systolic
blood pressure <140 and a diastolic blood pressure
<90 mm Hg and a body mass index (BMI) between
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20 and 35 kg/m? Their blood cholesterol and
triglyceride levels were <200 mg/dl <150 mg/
dl, respectively. They consumed < 2 fish meals/
wk, and had not taken fish oil supplements or
non-steroidal anti-inflammatory drugs during three
months before intervention. The subjects were
excluded if they were taking insulin, had a recent
heart disease; had significant liver, thyroid or renal
disease, macroproteinuria, neuropathy; smoked;
or had weight changes during three months before
enrolment. The study protocol was approved by
the Ethic Committee of Tehran University of
Medical Sciences and written informed consent
was obtained from the patients. This trial was
registered in Iranian Registry of Clinical Trials
(Irct ID: IRCT138812102394N4).

Trial design

Sixty participants were randomly allocated to
receive daily either four EPA (980 mg) or DHA
(964 mg) soft gels, or placebo for 12 weeks in a
double blind placebo controlled trial. Each EPA
soft gel contained 245 mg EPA, 30 mg DHA, and
2.5 mg mixed tocopherols, and one DHA soft gel
consisted of 241 mg DHA, 33 mg EPA, and 2.5 mg
mixed tocopherols. Soft gels of EPA, DHA, and
placebo (consisting of canola oil) were supplied
by Minami Nutrition, Belgium. There was only a
negligible amount of EPA in DHA soft gels and
DHA in EPA soft gels. Ten milliliters of fasting
blood were taken at baseline and at the end of
the intervention. Subjects were instructed not to
change their usual diet, level of physical activity,
or other lifestyle factors during the intervention
period. To control confounding factors, food
record, physical activity, and general questionnaires
were completed at baseline and after intervention.
Body weight, BMI, and fat mass were measured
at baseline and after intervention. We used Seca
Digital Scale for monitoring of weight. Body fat
mass was measured using BIA (Biostat, Palmerston
North, New Zealand) in the lied position after a
patient had lied down for 5 minutes. Compliance
was estimated by counting pills. Patients were
considered compliant if they consumed more than
90% of the medication.

Food intake analysis
Subjects were given written and verbal
instructions on how to keep diet records, with
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food weighed or measured. Dietary intake was
monitored by the same dietitian throughout the
study and subjects were asked to complete a 3-d
diet record (2 weekdays and 1 weekend day) and
a lifestyle questionnaire at baseline and at the end
of the 12 week intervention. Nutrients intake were
analyzed by using N-IV software.

Biochemical measurements

Plasma and serum were separated from whole
blood and frozen at —70°C until analyzed. MDA
was measured by chemical colorimetric method
using Cayman, MI, USA. CV and sensitivity of
MDA kit were 5.08 and 0.08 uM/L respectively.
Serum concentrations of CRP were determined
by enzyme-linked immunoassay using Diagnostic
BbiochemCanada kit, Ontario, Canada. CV and
sensitivity of CRP kit were 5.3 and 10 ng/mL,
respectively.

Statistical analysis

Given a = 0.05, power = 0.2 and a final
difference of 1 on the MDA between the groups,
the sample size was calculated by using (Var=25)
to be at least 14 in each group.'! Data were
2z, +z_,) *o’

d2

repeated measure ANCOVA adjusted for baseline
values to determine effects of EPA and DHA
compared to placebo. All data were tested for
normality by using histograms and

analyzed by SPSS using n=

Table 1: Baseline characteristics of patients

komogorov-smirnov statistics. There were no
non-normal data either before or after the
intervention. Differences between the three groups
were considered significant when P < 0.05. All
values have been reported as mean + SD.

RESULTS

Forty-five subjects completed the 12 weeks
intervention and had compliance with treatment.
There were 14 subjects in the EPA group,
14 in the DHA group, and 17 in the placebo
group. Withdrawals from the study were due to
swallowing four capsules per day and intestinal
side effects of them in EPA and DHA groups, and
personal reasons in the placebo group. Baseline
characteristics of patients are shown in Table 1. At
baseline, there was no significant difference in age,
gender, BMI, duration of disease, physical activity,
or use of oral hypoglycemic drugs among the three
groups. In addition, level of physical activity did
not change significantly after intervention in any
of the groups (P > 0.05).

Diet records showed that there were no
significant differences among the groups at
baseline and end of the intervention in total energy,
macronutrients, and micronutrients [Table 2].

The mean values for serum FBS, MDA, CRP,
and anthropometric measures are shown in Table 3.
Repeated measures of analysis of covariance
(ANCOVA), adjusted for baseline values, showed

EPAn=14 DHAn=14 Placebo n =17 P value

Age (year) 51.4+8.8 56.1+9.7 56.9+5.5 NS*
Gender

Male 7 (50%) 7 (50%) 8 (47%) NS**

Female 7 (50%) 7 (50%) 9 (53%)

BMI (kg/m?) 26.9+4.4 27.0£5.2 28.4+2.6 NS*

Duration of disease (years) 5.8+3.2 6.0+£3.9 7.1+4.7 NS*
Physical activity

Low 3 (21%) 1 (7%) 4 (23%)

Moderate 10 (72%) 9 (64%) 12 (71%) NS**

Severe 1 (7%) 4 (29%) 1 (6%)
Use of oral glucose lowering agents

Sulphonyl urea 7 (50%) 7 (50%) 6 (35%)

Biguanides 1 (7%) 0 (0%) 1 (6%) NS**

Biguanides+Sulphonyl urea 3 (21%) 5 (36%) 2 (12%)

Biguanides+tgliclalside 3 (22%) 2 (14%) 8 (47%)

e S
NS = Non-significant, *Analysis of variance was used, **Chi square test was used
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Table 2: Daily energy and nutrient intake in the EPA,
DHA, and Placebo Groups

Week 0 Week 12 P value*

Energy (Kc/d)
EPA (n=13) 1940+72 1942+88 NS
DHA (n=13) 1940+118 1917+119 NS
Placebo (n=17) 1900+56 1901458 NS
P value** NS NS

Carbohydrate (g/d)
EPA 29711 206+13 NS
DHA 296+14 297+14 NS
Placebo 297+12 297+11 NS
P value** NS NS

Protein (gr/d)
EPA 84+9 84+9 NS
DHA 80+10 80+10 NS
Placebo 87+8 84+9 NS
P value** NS NS

fat (gr/d)
EPA 59+4 60+5 NS
DHA 57+4 57+4 NS
Placebo 59+4 5944 NS
P value** NS NS

Saturated fatty

acids (gr/d)
EPA 12+0.5 12+0.5 NS
DHA 11+£1 11+£1 NS
Placebo 11£1 11£1 NS
P value** NS NS

Monounsaturated

fatty acids (gr/d)
EPA 23+3 2243 NS
DHA 22+4 2244 NS
Placebo 2143 2243 NS
P value** NS NS

Polyunsaturated

fatty acids (gr/d)
EPA 15.01£1.00 15.02+1.01 NS
DHA 15.2+0.70  15.02+1.80 NS
Placebo 15.2+£1.00 15.02+1.01 NS
P value** NS NS

Cholesterol (mg/d)
EPA 109+4 109+4 NS
DHA 108+4 107+4 NS
Placebo 109+4 109+4 NS
P value** NS NS

Vitamin E (mg/d)
EPA 3.6+0.1 3.4+0.5 NS
DHA 3.540.1 3.8+0.2 NS
Placebo 3.5+0.5 3.6£0.4 NS
P value** NS NS

Contd...
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Table 2: Continued

Week 0 Week 12 P value*
Vitamin C (mg/d)
EPA 101+7 102+7 NS
DHA 102+5 101+5 NS
Placebo 10145 102+6 NS
P value** NS NS
Selenium (*g/d)
EPA 0.07+0.01 0.07+0.01 NS
DHA 0.07+0.01 0.07+0.01 NS
Placebo 0.07+0.01 0.07+0.00 NS
P value** NS NS

I S S
NS = Non-significant, *Paired ¢ test was used to compare

before and after in each group, **Analysis of variance
was used to compare groups

that there were no significant changes in FBS,
serum CRP, body weight, BMI, and fat mass after
intervention (P > 0.05). In addition, while MDA
increased in the placebo group, it did not change in
the EPA or DHA group (P > 0.05).

DISCUSSION

This study showed that 12 weeks consumption
of 1g EPA or DHA have no effect on FBS which is
supported by reports of other studies.!'*1l However,
in Woodman study, intake of 4 g/d EPA or DHA
caused a significant increase in fasting blood
sugar that may be related to the dose of n-3 fatty
acids. The differences in oral diabetic medication,
degrees of obesity, and insulin resistance may also
affect insulin sensitivity and blood sugar.

We found that although MDA increased
significantly in the placebo group, its level did not
change in EPA or DHA groups. Although dietary
intake and physical activity did not change during
intervention in any of the groups, MDA levels
increased in the placebo group. Nevertheless, it
seems that 1 g EPA or DHA can prevent increases
in serum MDA in patients with DM-II. This finding
is consistent with Nyby’s et al. who showed that
fish oil prevent increases in 8-isoprostant, a marker
of lipid peroxidation, in male rats placed on diets
containing 60% fructose.!'” Antioxidant effects
of omega-3 fatty acids have been shown in other
studies.!' For example, Kesuvulul ef al. showed a
decrease in MDA after 2 month of supplementation
with fish oil containing 1080 mg EPA + 720 mg in
patients with DM-II'3. Also, Mori et al. have shown
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Table 3: Mean and standard deviation of MDA and CRP and Anthropometric measures in Groups*

Time Time’ group interaction
Variable Group Week 0 Week 12 F P value F P value
FBS (mg/dl) EPA 91+15 101£15 0.582 0.296 1.695 0.825
DHA 91+17 102+£15
placebo 100+16 98+17
CRP (mg/L) EPA 220142659 2725+3448 2.531 0.12 0.805 0.45
DHA 2849+3588 218442979
placebo 214842293 241942489
MDA (nM/uL) EPA 3.24+0.37 3.59+0.38 16.931 0.000%* 4.142 0.023%%*
DHA 3.80+0.99 3.75+0.62
placebo 3.56+0.38 4.21+0.82
Weight (kg) EPA 72.8+13.7 71.96+13.8 0.009 0.924 1.502 0.235
DHA 69.1+11.3 69.7+11.8
placebo 77.1£9.9 77.0£9.8
BMI (kg/m?) EPA 26.9+4.4 26.5+4.6 0.321 0.574 1.56 0.22
DHA 27.0£5.2 27.2+4.9
placebo 28.4+2.6 28.4+2.7
Body fat Mass (%) EPA 30.6+10.1 31.1£10.3 0.401 0.53 1.277 0.29
DHA! 34.3+9.2 33.4+9.0
placebo 33.9+7.9 34.0+7.9

S
*Repeated measures analysis of covariance adjusted for baseline values was used, CRP = C-reactive protein,

EPA = Eicosapentaenoic acid, DHA = Docosahexaenoic acid, ** MDA increased significantly in the placebo group (P =0.009)

that 4 g/d EPA or DHA can result in 20% and 19%
fall in urinary F2-isoprostane excretion following
6 weeks of intervention. On the other hand,
in another trial fish oil did not change markers
of oxidative stress compared to olive oil after
12 weeks in patients with DM-IL.?% The oxidative
stress in DM 1is greatly increased due to prolonged
exposure to glycaemia and impairment of the
oxidant/antioxidant balance. The MDA levels were
significantly correlated to DM and ECSOD.[2!:22]

Several mechanisms have been proposed for
antioxidant properties of omega-3 fatty acids
including exerting anti-inflammatory effects,
stimulation of antioxidant enzymes, and inhibition
of the phospholipase A,. Furthermore, assembly of
n-3 fatty acids in membrane lipids and lipoproteins
makes double bonds less available for free radical
attack.!31

Neither EPA nor DHA decreased CRP in the
present study. This is consistent with some previous
studies which showed that fish oil or omega-3 fatty
acids did not change CRP in patients with DM-II.
For example, Mori’s ef al. showed that 4 g EPA or
DHA did not decrease CRP compared to placebo
after 6 weeks.!"”) However, another type of omega-3

fatty acid, alpha linolenic acid (ALA), plus a diet
rich in polyunsaturated fatty acids reduced CRP in
hypercholesterolemic subjects.’?*! Also, Plat showed
a decrease in CRP when obese subjects consumed
1.1 g fish oil plus a weight loss diet.??*! It seems that
there is a genetic basis for different CRP responses
to diet and CRP gene polymorphism influences
CRP levels.*!

To our knowledge, effects of pure EPA and
DHA on adipose tissue are assessed in the present
study for the first time. The results showed that
one gram EPA or DHA had no significant effect
on body weight, BMI, or body fat mass compared
to placebo, which is consistent with some previous
studies which showed that EPA, DHA or fish
oil did not change body weight in patients with
DM-II compared to olive oil.['*?] However, Kabir
et al. showed that fish oil could reduce fat mass
compared to paraffin, as a placebo, without a
significant change in body weight in obese subjects
with diabetes.* Canola oil, used as a placebo in the
present study, may have some effects on fat mass.

Although the present study had some limitations
including small power for differentiating between
EPA and DHA effects and use of canola oil as a

926 International Journal of Preventive Medicine, Vol 4, No 8, August, 2013

Wwww.mui.ac.ir



placebo, it showed that pure EPA or DHA alone
have favorable effect on MDA.

In conclusion, 12 weeks of supplementation
with 1 g/d EPA or DHA has favorable effects on
MDA, but it has no statistically significant effect on
FBS, CRP, body weight, BMI, or fat mass. Further
studies measuring other indices of oxidative stress
and inflammation are needed.
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