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Abstract Conjugated linoleic acid (CLA) is a collection

of octadecadienoic fatty acids that have been shown to

possess numerous health benefits. The CLA used in our

study was produced by the photoisomerization of soybean

oil and consists of about 20% CLA; this CLA consists of

75% trans–trans (a mixture of t8,t10; t9,t11; t10,t12) iso-

mers. This method could be readily used to increase the

CLA content of all soybean oil used as a food ingredient.

The objective of this study was to determine the effects of

trans–trans CLA-rich soy oil, fed as a dietary supplement,

on body composition, dyslipidemia, hepatic steatosis, and

markers of glucose control and liver function of obese fa/fa

Zucker rats. The trans–trans CLA-rich soy oil lowered the

serum cholesterol and low density lipoprotein–cholesterol

levels by 41 and 50%, respectively, when compared to

obese controls. Trans–trans CLA-rich soy oil supplemen-

tation also lowered the liver lipid content significantly

(P \ 0.05) with a concomitant decrease in the liver weight

in the obese rats. In addition, glycated hemoglobin values

were improved in the group receiving CLA-enriched soy-

bean oil in comparison to the obese control. PPAR-c
expression in white adipose tissue was unchanged. In

conclusion, trans–trans CLA-rich soy oil was effective in

lowering total liver lipids and serum cholesterol.
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Abbreviations

AIN American Institute of Nutrition

AST Aspartate transaminase

BUN Blood urea nitrogen

CLA Conjugated linoleic acid

DXA Dual-energy X-ray absorptiometry

HbA1C Glycated hemoglobin

HDL-C High density lipoprotein cholesterol

LDL-C Low density lipoprotein cholesterol

NFjB Nuclear factor j B

PPAR Peroxisome proliferator activator receptor

TC Total cholesterol

TG Triglycerides

VLDL Very low density lipoprotein

Introduction

Obesity, cardiovascular disease, and type 2 diabetes are

international health problems with their rates predicted to

rise [1]. Research has shown that when human weight

increases to the point of being classified as ‘‘obese,’’ the

risk of health problems such as hypertension, type 2 dia-

betes, coronary heart disease, stroke, cancer, gallbladder

disease, osteoarthritis, sleep apnea, and respiratory prob-

lems increase [2–7].

Conjugated linoleic acid (CLA) is a collection of octa-

decadienoic fatty acid isomers that have been shown to

positively affect health in human and animal models [8].

Some of the health benefits of CLA include reduced adi-

posity, antidiabetogenic, antiatherogenic, and anticarcino-

genic effects [9–12]. The benefits have been seen primarily

with the cis-9,trans-11 (c9,t11) and trans-10,cis-12

(t10,c12) isomers. At present, it is known that the effects of
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CLA are dose-, time-, and species-dependent [13]. In

addition, the activity of CLA is highly isomer specific;

t10,c12 CLA isomer is antiadipogenic in differentiating

human preadipocytes and the c9,t11 CLA isomer promotes

adipogenesis [14]; therefore, it is important to identify

isomer-specific responses.

Determination of the isomer-specific effects of CLA is

necessary before CLA can be used in fortified foods or

supplements. The major sources of CLA in the human diet

are meat and dairy products derived from ruminants, and in

these products the predominant CLA isomer ([90%) is

c9,t11 [15]. However, to obtain the estimated optimum

dietary CLA levels of about 3 g/d, from natural sources it

would be necessary to increase the animal or dairy products

which would increase saturated fat intake [16, 17]. There-

fore, a concentrated source of dietary CLA that is low in

saturated fat is desirable [18]. Jain and Proctor [18] showed

that CLA isomers can be rapidly produced in large quan-

tities in a pilot scale by efficient photoisomerization of soy

oil. This reaction produces mainly trans–trans CLA iso-

mers, the nutritional effects of which have not been studied.

This CLA-rich soy oil produced by the pilot-scale system

contained 180 times the total CLA isomers obtained from

beef or dairy products [18]. Hence, the objectives of this

study were to determine the effects of dietary supplemen-

tation of trans–trans CLA-rich soy oil on body composi-

tion, dyslipidemia, hepatic steatosis, and markers of glucose

control and liver function of obese fa/fa Zucker rats.

Experimental Procedures

Study Design

This study was conducted using 3-month old female obese

fa/fa Zucker rats (Harlan Laboratories, Indianapolis, IN), a

commonly used model for studying obesity. Thirty-six rats

were divided into the following treatment groups (n = 12):

lean control (L-Ctrl), obese control (O-Ctrl), and obese

CLA (O-CLA). The L-Ctrl and O-Ctrl groups were fed

AIN-93M purified rodent diet. The O-CLA group was fed

AIN-93M modified to contain *0.5% trans–trans CLA

isomers by diet mass. All animals were pair-fed to the

mean intake of the L-Ctrl group and the food intake was

measured three times a week. Although pair-feeding may

cause stress in hyperphagic obese Zucker rats, in this study

we did not observe any visual signs of stress. Pair-feeding

was necessary to match the macronutrient intake of all the

groups. The body weight of the animals was recorded once

per week. The rats had free access to deionized water. After

100 days of treatment, the rats were fasted for 12 h before

being sacrificed by exsanguination via cardiac puncture.

University of Arkansas Institutional Animal Care and Use

Committee guidelines for the treatment and care of the

animals were followed throughout the study duration.

Diets

Animals in the control group were fed AIN-93M purified

rodent diet formulated in accordance to the American

Institute of Nutrition committee report [19]. Animals in the

O-CLA group received AIN-93M containing 40 g/kg of

trans–trans CLA-rich soybean oil substituted for regular

soybean oil. The rat diet composition is given in Table 1.

Refined, bleached deodorized soy oil was photo-irradiated

in a pilot-plant regime using the optimal conditions dis-

cussed by Jain and Proctor [18]. The total CLA and isomer

content of the oil was measured as fatty acid methyl esters

(FAMES) by base-catalyzed conversion [20]. The CLA

isomer composition of the CLA-rich soybean oil is pre-

sented in Table 2.

Table 1 Rat diet composition

Ingredientsa (g/1,000 g) Ctrlb CLAc

Cornstarch 435.692 435.692

Maltodextrin 155 155

Sucrose 100 100

Casein 170 170

Soybean oil 40 0

trans-trans-CLA-rich soybean oild 0 40

Cellulose 50 50

AIN-93-VX vitamin mix 10 10

AIN-93 M-MX mineral mix 35 35

TBHQe 0.008 0.008

L-Cysteine 1.8 1.8

Choline bitartrate 2.5 2.5

a Diet ingredients were purchased from Harlan (Harlan Laboratories,

Indianapolis, IN) unless otherwise noted
b Ctrl Control diet
c CLA CLA diet
d Produced by in-house using procedure referenced in methods
e ACROS organics (New Jersey, USA)

Table 2 Isomeric composition of soybean oil used in experimental

diet

CLA Isomer Average concentration (%)

c9, t11 CLA 1.25

t9, c11/c10, t12 CLA 2.26

t10, c12 CLA 1.19

t, ta CLA 13.73

Total CLA 18.43

a Consists of trans-8, trans-10 CLA, trans-9, trans-11 CLA, and

trans-10, trans-12 CLA
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Body Composition

Dual-energy X-ray Absorptiometry (DXA; GE Lunar

DXA, Waukesha, WI) was used to analyze the body

composition of the rats at baseline and immediately prior to

sacrifice. The animals were anesthetized and placed

stomach down on the scan bed of the DXA. The absor-

bance of two X-ray beams was measured and percent lean

tissue and percent fat tissue were calculated by software

(enCORE, GE Lunar, Waukesha, WI) appropriate for the

body composition assessment of small animals.

Necropsy and Tissue Collection

Organs and tissues of interest were removed from the

animal immediately after sacrifice. The liver and white

adipose tissue were placed in cryogenic storage containers

and flash-frozen in liquid nitrogen before being stored at

-80 �C. Approximately 7 mL of blood collected from the

animal via cardiac puncture during sacrifice was stored on

ice before being centrifuged to separate serum from whole

blood. Aliquots of serum were transferred to microcentri-

fuge tubes and stored at -80 �C until analysis. A small

amount of blood collected from the heart during sacrifice

was placed in a microtube containing K2 EDTA (an anti-

coagulant) and stored at -80 �C.

Biochemical Analysis

Serum triglycerides (TG), total cholesterol (TC), high

density lipoprotein–cholesterol (HDL–C), low density

lipoprotein–cholesterol (LDL–C), aspartate transaminase

(AST), blood urea nitrogen (BUN), glycated hemoglobin

(HbA1c), and glucose concentrations were determined

using commercially available kits from Alfa Wassermann

Diagnostic Technologies (West Caldwell, NJ). An ACE

Alera clinical chemistry system (Alfa Wassermann Diag-

nostic Technologies, West Caldwell, NJ) was used

according to the manufacturer’s instructions to perform

these tests.

Insulin

Serum insulin was quantified using a commercially avail-

able ELISA kit (Alpco Immunoassays, Salem, NH). An

aliquot of serum was thawed at 2–8 �C before use. A

96-well plate in the kit was prepared per manufacturer

instructions to include duplicate standards, appropriate

controls, and sample duplicates. Absorbance was measured

using a BioTek ELx808 microplate reader (Winooski, VT)

attached to a PC running BioTek Gen5 data analysis soft-

ware (Winooski, VT).

Liver Lipids

One gram of liver was homogenized in a 20-fold volume

of 2:1 chloroform–methanol (v/v) mixture. Following

homogenization, 0.58% NaCl solution was added to

achieve separation of the phases and centrifuged for

20 min at 5009g. Supernatant was discarded and the

organic phase was filtered and washed with chloroform

through fat free filter paper (3.2 cm Whatman, Whatman

International Ltd, Maidstone, England). The filtered

organic phase containing the tissue lipids was then trans-

ferred to a pre-weighed scintillation vial. Liver lipids were

determined using the Folch gravimetric method [21]. Liver

total cholesterol was determined using the method descri-

bed by Searcy and Bergquist [22].

Gene Expression in White Adipose Tissue

RNA Extraction and cDNA Synthesis

RNA was extracted from approximately 100 mg of white

adipose tissue by TRIzol Reagent method using RNeasy

Lipid Tissue Mini Kit (Qiagen, USA) by following the

supplier’s instructions. The total amount of RNA present in

each sample was quantitated using Nanodrop (Thermo

Scientific, Wilmington, DE) and 1 lg/sample of total RNA

was used for cDNA synthesis using a QuantiTect Rev.

Transcription Kit (Qiagen, USA).

Quantitative Real-Time PCR

Following cDNA synthesis, qRT-PCR was performed

using the Mastercycler ep realplex with SYBR Green

system (Eppendorf, Hamburg, Germany). Concentrations

of reagents were used per the manufacturer’s instructions.

Real-time PCR primers were designed using Primer3 pri-

mer design software and all primer sets were synthesized

by Invitrogen (Invitrogen, Carlsbad, CA). Primer sequen-

ces used for this study are summarized in Table 3. The

following experimental conditions were used for all target

gene expression including generation of standard curves.

The initial denaturation cycle was performed at 95 �C for

5 min. All subsequent denaturation and annealing cycles

were repeated 45 times at 95 �C for 15 s and 60 �C (55 �C

annealing for reference gene b-actin) for 45 s, respectively.

The relative gene expression ratio by qRT-PCR was cal-

culated using ‘‘REST’’ software.

Statistical Methods

The data analysis involved estimation of means and stan-

dard error (SE) using JMP 8 (2009 SAS Institute Inc. Cary,

NC). The effects of treatment were analyzed by one-way
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ANOVA model followed by post hoc analysis using the

Fisher’s least squares means separation test when F values

were significant. For all analyses, a P-value less than 0.05

was considered significant.

Results

Food Intake, Body Weight, Body Composition,

and Organ Weights

There were no significant differences (P [ 0.05) in the

mean food intake between the three experimental groups,

as the rats were pair-fed to the mean intake of the L-Ctrl

group. The effects of treatment on body weights, body

composition, and organ weights are shown in Table 4.

There were no significant differences in the final body

weights or body composition of O-Ctrl and O-CLA

groups. A significant difference was found between the

body weights and body composition of the L-Ctrl group

when compared to the O-Ctrl and O-CLA group. The liver

weights of the O-CLA group were significantly lower than

those of the O-Ctrl, but were significantly higher than the

liver weights for the L-Ctrl group (P \ 0.05). These

results provide evidence that trans–trans CLA enriched

soybean oil reduces hepatomegaly in fa/fa obese Zucker

rats.

Serum Lipid Profiles

The serum lipid profiles are presented in Table 5. The serum

TC and LDL-C concentrations of the rats in the O-CLA

group were significantly lower compared to the obese con-

trol, 41 and 50%, respectively. There was no difference in

the TG and HDL-C levels in rats in the O-CLA and O-Ctrl

group. This indicates that CLA was able to reduce the total

cholesterol concentration without lowering the HDL-C. All

serum lipid parameters measured (TC, LDL-C, HDL-C, and

TG) were significantly lower in the L-Ctrl group when

compared to the O-CLA and O-Ctrl groups (P \ 0.05).

Liver Lipids

The liver lipid data is presented in Table 5. Percent total

liver lipids were significantly different among the experi-

mental groups. Percent liver lipids in the O-CLA group

were significantly lower than the percent liver lipids in the

O-Ctrl group. The reduced liver lipid content of the O-CLA

group could explain the lower liver weights in the O-CLA

group compared to the O-Ctrl group, and also support a

claim that trans–trans CLA-rich soy oil supplementation

lowers the accumulation of fat in the liver. The percentage

of liver cholesterol was reported as the ratio of cholesterol

to total liver lipids. No significant differences were found

between the percent liver cholesterol in rats in the O-CLA

and O-Ctrl group, and rats in the L-Ctrl group showed

Table 3 Primers used in real

time qPCR

PPAR-c Peroxisome

proliferator-activated receptor-

c, NF-jB nuclear factor-jB

Gene name Gene bank accession no. Primer sequence BP size

b-Actin BC138614 Forward AGATCTGGCACCACACCTTC 139

Reverse GGGGTGTTGAAGGTCTCAAA

PPAR-c NM_013124 Forward GACCACTCCCATTCCTTTGA 109

Reverse CAACCATTGGGTCAGCTCTT

Table 4 Effects of CLA enriched soybean oil on food consumption, body weight, body composition, and organ weights in obese zucker rats

L-Ctrl O-Ctrl O-CLA

Mean SE Mean SE Mean SE

Average food consumption (g/day) 17.0 2.4 18.00 1.4 18.1 1.4

Initial body weight (g) 179.2b 4.1 329.9a 9.4 330.3a 6.7

Final body weight (g) 300b 6.6 551.9a 9.4 538.4a 6.9

Initial body fat (%) 24b 2 81a 2 81a 2

Final body fat (%) 36b 3 82a 2 85a 2

Liver weight (g) 8.57c 0.61 31.34a 1.81 20.48b 1.75

Liver weight (g/100 g bwt) 2.83c 0.13 5.8a 0.29 3.73b 0.34

Data represents the mean values and standard error (SE; n = 12/group)

Values in a row without common superscripts are significantly different (P \ 0.05)

L-Ctrl Lean ? control diet, O-Ctrl obese ? control diet, O-CLA obese ? conjugated linoleic acid diet (0.5%), bwt body weight
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significantly (P \ 0.05) lower liver cholesterol values than

the O-Ctrl and O-CLA groups.

Serum Glucose, HbA1c, AST and Insulin

The serum and whole blood metabolite results are pre-

sented in Table 6. Glucose and AST levels in the L-Ctrl

group were significantly lower than in the O-Ctrl and

O-CLA groups. There was no significant difference in the

AST level between the O-CLA and O-Ctrl group. Rats in

the L-Ctrl group also had serum insulin values significantly

lower than the O-Ctrl group. CLA supplementation had an

intermediary effect in lowering the serum insulin levels as

the values were not different from either L-Ctrl or O-Ctrl

groups. The HbA1c levels of the rats in the O-CLA treat-

ment were found to be significantly lower than the O-Ctrl

group, indicating that CLA supplementation effectively

regulates the blood sugar levels.

Expression of PPAR-c in White Adipose Tissue

in Zucker Rats

We measured the expression of PPAR-c in white adipose

tissue (WAT). We found no significant difference in the

expression of PPAR-c in the O-CLA group when compared

to the O-Ctrl group (Figure 1). The expression of PPAR-c
mRNA in both O-Ctrl and O-CLA groups were signifi-

cantly lower than the L-Ctrl group.

Discussion

Natural CLA sources, such as dairy fats, reportedly contain

over twenty-five CLA isomers; chemical synthesis and

modification of existing isomers are adding to this list [23].

Most studies examining the biological activities of CLA

have used c9,t11 CLA and t10,c12 CLA which are pri-

marily derived from an alkaline catalyzed reaction of

Table 5 Effects of CLA enriched soybean oil on serum and liver lipids in obese Zucker Rats

L-Ctrl O-Ctrl O-CLA

Mean SE Mean SE Mean SE

Cholesterol (mmol/L) 2.16c 0.09 13.32a 1.53 7.86b 1.14

HDL-C (mmol/L) 0.58b 0.02 1.8a 0.1 1.7a 0.17

LDL-C (mmol/L) 0.13c 0.01 1.39a 0.18 0.7b 0.15

Triglycerides (mmol/L) 0.97b 0.09 1.95a 0.31 1.87a 0.23

Liver lipid (%) 9.7c 0.4 32.9a 1.3 20.1b 1.8

Liver cholesterol (%) 21.9b 0.4 23.7a 0.3 23.4a 0.6

Data represents the mean values and standard error (SE; n = 12/group)

Values in a row without common superscripts are significantly different (P \ 0.05)

Cholesterol, HDL-C, LDL-C, and triglycerides were measured in serum. Liver lipid percentage and liver cholesterol percentage were measured

in the liver. Liver lipid percentage refers to the percentage of total liver weight found to be lipid. Liver cholesterol percentage refers to the

percentage of liver lipids found to be cholesterol

L-Ctrl Lean ? control diet, O-Ctrl obese ? control diet, O-CLA obese ? conjugated linoleic acid diet (0.5%)

Table 6 Effects of CLA enriched soybean oil on serum and whole blood parameters in obese Zucker Rats

L-Ctrl O-Ctrl O-CLA

Mean SE Mean SE Mean SE

Aspartate transaminase (g/L) 9.58b 0.5 30.8a 3.4 23.4a 4.5

Total protein (g/L) 0.79 0.02 0.76 0.03 0.72 0.04

Blood urea nitrogen (mmol/L) 5.95 0.45 5 0.21 5.71 0.45

Glucose (mmol/L) 14.1b 0.6 26.1a 1.5 27.9a 1.4

Insulin (lg/L) 0.22b 0.03 2.11a 0.68 1.25ab 0.16

HbA1c (%) 3.51c 0.06 3.89a 0.07 3.71b 0.05

Data represents the mean values and standard error (SE; n = 12/group)

Values in a row without common superscripts are significantly different (P \ 0.05)

L-Ctrl Lean ? control diet, O-Ctrl Obese ? control diet, O-CLA obese ? conjugated linoleic acid diet (0.5%), HbA1c glycated hemoglobin
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linoleate [10]. To the authors’ knowledge, no studies have

been done to examine the effects of trans–trans CLA-

enriched soybean oil on the body composition, cardiovas-

cular risk factors, and diabetes risk factors in animal

models or humans. Lack of knowledge on the health effects

of dietary supplementation of trans–trans CLA isomers is

due to fiscal impracticalities in obtaining enough trans–

trans CLA isomers to conduct a feeding trial. The devel-

opment of a new method of CLA production by the

photoisomerization of soy oil that creates primarily trans–

trans CLA isomers by Jain and Proctor [18, 24] allowed us

to examine the possible in vivo health benefits of trans–

trans CLA isomers. Unfortunately, at the time of study it

was not possible to produce CLA-rich soybean oil con-

taining only trans–trans CLA isomers. However, trans–

trans CLA isomers make up 75% of the CLA isomers in

the oil, and we think it unlikely that the small portion of the

remaining cis–trans and trans–cis could have confounded

our results. This study was designed to determine whether

dietary supplementation of soybean oil rich with trans–

trans CLA isomers is effective in improving body com-

position, dyslipidemia, hepatic steatosis, and markers of

glucose control and liver function in obese fa/fa Zucker rats

that are associated with an increased risk for type 2 dia-

betes and cardiovascular disease.

The present study demonstrated that trans–trans CLA

rich soybean oil had no effect on the body composition,

which is in agreement with the findings of Sanders and

colleagues [25], who also reported that the body fat per-

centage of female obese Zucker rats treated with CLA

(50:50 t9,c11:c10,t12 or t9,c11 or c10,t12) via intragastric

gavage at 1.5 g CLA/kg bwt did not differ from those

receiving the control corn oil vehicle. In contrast, Sisk and

others [26] reported that supplementing with 0.5% CLA

consisting of primarily c9,t11 and c10,t12 isomers caused

an increase in adiposity in obese Zucker rats. Others have

shown that dietary supplementation of CLA is effective in

reducing the percentage of body fat and increasing the

percentage of body protein [27, 28]. These contradictory

results can be explained due to the sex of the rats and the

type of CLA isomers used in the study. Poulos and others

[29] demonstrated that dietary CLA can have sex-depen-

dent effects on the body composition of rats. With dietary

CLA supplementation of c9,t11 and c10,t12 isomers at

0.5% concentration, the CLA was found to have positive

effects on male rats by increasing muscle mass and bone

growth, but similar changes were not observed in the

females [29]. Nonetheless, we observed that the trans–

trans CLA isomers are effective in reducing hepatic stea-

tosis which was in contrast to the results reported by

Sanders and colleagues [25] who indicated that supple-

mentation of c9,t11 CLA, t10,c12 CLA or a mixture of the

two isomers did not lower hepatic steatosis. Our study

shows that dietary supplementation of CLA rich soybean

oil significantly (P \ 0.05) reduced the total liver lipid

content. This is in agreement with similar findings by Noto

et al. [30] who reported a similar decrease (*60% Noto,

*40% current study) in the liver lipid content of Zucker

rats supplemented with a 1.5% (w/w) CLA. Although we

saw no improvement in liver function like was reported by

Noto et al., the lack of significant difference in the AST,

BUN, or total protein, supports a claim that liver function

was not adversely affected by CLA supplementation. The

discrepancy in improved liver function and reduction in

liver lipid percentage could be attributed to the higher CLA

level used by Noto et al. and the fact that CLA intake in the

present study was controlled by pair-feeding.

Excess accumulation of lipid in the liver is associated

with insulin resistance [30]. Interestingly, our study

showed that dietary supplementation of trans–trans CLA

lowered the HbA1c, a long-term measure of glucose con-

trol and reduced the circulating insulin levels, moderately

but not significantly, in the obese rats. However, we did not

see any improvements in fasting blood glucose. We feel

that the elevated glucose values were caused by both the

anesthetic mixture, which is known to elevate fasting

glucose values and the stress response of the animal model

[31–33]. Similar insulin-sensitizing effects of CLA were

reported by Houseknecht and coworkers in the ZDF rat

[34]. The insulin-sensitizing effect of CLA is believed to

be by activation of peroxisome proliferator-activated

receptor-c (PPAR-c) [35]. Polyunsaturated fatty acids and

their metabolites have been identified as PPAR-c ligands

[36]; hence, based on the data discussed above, insulin

sensitizing effects of trans–trans CLA rich soy oil may be

Fig. 1 Expression of PPAR-c in Zucker rat adipose tissue treated

with trans–trans CLA compared to obese control by qRT-PCR. The

experiment was normalized to b-actin as an internal control and

results were expressed as a percentage ratio of the control value.

Values are means, standard errors represented by vertical bars
(n = 4). * Represents significant difference (P \ 0.05) compared to

the obese control. PPAR-c Peroxisome proliferator-activated recep-

tor-c, L-Ctrl lean ? control diet, O-Ctrl obese ? control diet,

O-CLA obese ? conjugated linoleic acid diet (0.5%)
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due to prevention of hepatic steatosis and moderate

upregulation of PPAR-c. However, upregulation of PPAR-

c in white adipose tissue was not found to be significant

(Fig. 1).

CLA rich soybean oil supplementation in obese rats also

reduced the serum cholesterol and LDL-C levels. Our

results are in agreement with other studies that have shown

that dietary CLA can lower the serum cholesterol levels

[30, 37]. This decreased serum cholesterol and LDL levels

by CLA rich soybean oil can be due to a possible tran-

scriptional activation of the LDL receptor gene which in

turn enhances the uptake of VLDL and LDL cholesterol via

hepatic LDL receptors [38]. Other possible cholesterol

lowering effects of CLA could be due to inhibition of

secretion of apolipoprotein B or by inhibiting cholesterol

absorption by down-regulating the intestinal sterol

O-acyltransferase activity [39, 40].

CLA has been reported to be a potent ligand activator of

PPAR-a [41, 42], however, further studies are necessary to

evaluate the role of trans–trans CLA in inducing hepatic

fatty acid oxidation by ligand activation of PPAR-a.

Increased fatty acid oxidation is associated with reduced

LDL secretion rate [43], which is in agreement with our

findings that show lower serum LDL levels in the obese

rats supplemented with trans–trans CLA. In addition, it is

plausible that hepatic fatty acid synthesis is strongly

downregulated by trans–trans CLA, which is in agreement

with others who reported that polyunsaturated fats strongly

downregulated hepatic lipogenesis [44–46]. CLA also

enhances the mRNA levels of lipogenic enzymes and their

activity with concomitant reduction in the body fat content

[47]. However, the trans–trans isomer in CLA enriched

soy bean oil in our study did not lower the body fat per-

centage which further supports our hypothesis that trans–

trans CLA prevents hepatomegaly, lowers the hepatic lipid

content and improves the serum lipid profiles by increasing

the hepatic fatty acid oxidation rather than compensatory

increase in the hepatic lipogenesis.

Conclusion

In summary, dietary supplementation with soybean oil rich

in trans–trans CLA isomers is effective in lowering serum

cholesterol in obese Zucker rats. Trans–trans CLA-rich soy

oil supplementation also lowered the liver lipid content.

Glycated hemoglobin values for rats receiving trans–trans

CLA were also significantly lower, indicating that trans–

trans CLA may have a role in regulating blood sugar.
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