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ABSTRACT 
 

Aims: To examine simultaneous effects of Conjugated Linoleic Acid (CLA) and L-carnitine (LC) on 
weight gain in diet induced obese rats. 
Study Design: Experimental study. 
Place and Duration of Study: Department of Nutrition, Faculty of Para-Medical Sciences, Ahvaz 
Jundishapur University of Medical Sciences (January 2014 to January 2015). 
Methodology: Forty male Wistar rats were randomly divided into two groups: Normal fat diet 
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(n=8), and High fat diet (HFD) (n=32). After eight weeks, the second group maintained HFD and 
was subdivided into 4 categories: Corn Oil group, 500 mg CLA, 200 mg LC, and 500 mg CLA+ 200 
mg LC (all doses per kg body weight), which were administered by oral gavage for four weeks. 
Body weights were measured and recorded weekly by means of a digital scale. SPSS Version 16 
was used for statistical analysis. 
Results: At the end of eighth week, a significant difference in weights was observed between HFD 
(295.43±5.36 gr) and NFD (246.38±6.48 gr) group. After four weeks, LC significantly reduced 
weight gain by 7.5% (P = .047). Trend of weight gain in CLA and LC + CLA groups were 
decelerated (24 and 25 gr respectively), but it was statistically insignificant (P = .08, .12 
respectively). 
Conclusion: Findings of this experimental study showed that a high fat diet led to obesity and 
combined LC and CLA could decelerate weight gain to some extent. However, it needs further 
work to validate reliability in human. 
 

 
Keywords: Conjugated linoleic acid; high fat diet; L-carnitine; obesity. 
 
1. INTRODUCTION  
 
The worldwide prevalence of obesity which is 
defined as excessive amount of body fat has 
nearly doubled between 1980 and 2008 [1,2]. 
This multifaceted condition is followed by serious 
medical, social and psychological consequences. 
It is estimated that 1-10% of health costs are 
contributed to obesity comorbidities [3,4]. 
 
From various strategies that have been used to 
manage obesity including diet, exercise, behavior 
modification, medications and surgery, 
pharmacotherapy may produce a more rapid 
weight loss but approved drugs for obesity 
management are limited in variety and long-term 
effectiveness. Further, serious side effects such 
as hypertension, insomnia and diarrhea make 
limit their widespread usage. However, dietary 
supplements for weight loss have attracted lots 
of attention [5,6]. These products are popular 
because they are advertised and also because of 
being natural and easily accessed [7,8]. 
 
Fat burners refer to categories of nutritional 
supplements that are claimed to increase energy 
expenditure by enhancing fat metabolism and 
oxidation, decreasing fat absorption, increasing 
weight loss and prevention of weight regain after 
weight loss [9]. L-carnitine (LC) and Conjugated 
Linoleic Acid (CLA) are two of the most common 
fat burner supplements. 
 
LC, a vitamin-like compound that is synthesized 
from the essential amino acids lysine and 
methionine translocates long chain fatty acids in 
the form of esters of L-carnitine (acyl-carnitine) 
into the mitochondria matrix where β-oxidation 
occurs [10,11]. Carnitine palmitoyltransferase I 
(CPTI) on the outer membrane catalyzes the 

transfer of long-chain fatty acids into the cytosol 
from Coenzyme A (CoASH) to L-carnitine, which 
is the rate limiting step in fatty acid oxidation. On 
the inner mitochondrial membrane, carnitine 
palmitoyl transferase II (CPTII) catalyzes the 
transfer of fatty acids from L-carnitine to free CoA 
in the mitochondrial matrix, where metabolic 
conversion by β-oxidation yields propionyl-CoA 
and acetyl-CoA. This is known as the L- 
Carnitine shunt [12,13]. 
 
It seems that in carnitine deficient situations 
(although it is rare) most of the dietary lipids 
cannot be metabolized as an energy source an 
and therefore leads to obesity [10,11,14,15]. 
Wutzke and Lorenz have shown that LC 
supplementation causes a significant increase in 
β-oxidation of fatty acids without any changes in 
protein synthesis and breakdown rates in slightly 
overweight subjects [16]. Despite wide use of LC 
for obesity management, there is inconsistent 
evidence that it alters fuel metabolism or 
enhances weight loss in healthy subjects [9]. 
 
CLA, another frequently studied fat burner, is a 
group of positional and geometric isomers of 
linoleic acid with conjugated double bonds that 
seems to have anti-obesity properties [17]. 
Findings of studies about CLA effects on body fat 
storage were based on different animal models 
and CLA isomers [18]. On the other hand CLA 
was not reported to have any effect on fullness, 
appetite and satiety in human studies [19,20]. 
Results of studies on human subjects have 
shown that the magnitude of CLA effect is 
negligible and does not seem to be clinically 
important since weight loss from baseline was 
less than 5% [21]. However a meta-analysis of 
18 human studies about CLA efficacy concluded 
that CLA in large doses has modest but 
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significant reductive effect on weight which is 
equivalent to 0.2 to 3 g/kg body weight in mice. 
Additionally, that study attributed the 
inconsistency of results to lacked statistical 
power because of short treatment duration, few 
subjects or both [22]. 
 
Though LC and CLA supplements, as weight 
loss promoters, have a widespread use 
nowadays, administration of them for reducing 
body fat and weight, is still a controversial issue. 
Also, even though different molecular targets for 
both treatment and prevention of obesity have 
been introduced, targeted monotherapy has not 
shown successful effects. Thus, targeting 
multiple metabolic pathways simultaneously with 
several natural compounds to attain synergistic 
or additive effects might be a hopeful approach 
to address obesity by different mechanisms. 
 
LC and CLA are in a close metabolic inter-
relationship and few studies have clarified the 
similar or complementary role of them in fat 
metabolism [23]. For example, LC transports 
long-chain fatty acids across mitochondrial and 
facilitates their β-oxidation, while CLA by 
increasing the activity of CPT is known to 
facilitate fatty acid may account for its fat 
partitioning effects. Incorporating CLA into LC to 
produce novel CLA ester may offer advantages 
for use as a pharmaceuticals [24]. In addition, in 
several researches single effect of these two 
supplements in obesity management have been 
investigated but potential effects of combined 
CLA and LC on obesity have not been examined 
yet. Such idea has been reported in a patent [25] 
but to the best of our knowledge no study on this 
topic has been published yet. The aim of present 
study is comparing the separate effects of LC 
and CLA with combination of them on weight 
gain in diet induced obese rats. High fat diet 
(HFD) was used to create the obesity model in 
rats. 
 
2. MATERIALS AND METHODS 
 
2.1 Experimental Details 
 
Forty male  albino rats of Wistar strain with 8 
weeks age from Laboratory Animal Unit of 
Jundishapur University of Medical Sciences, 
Ahvaz, Iran weighing 150-200 g were housed in 
groups of four per cage and maintained on a 12-
h light: dark cycle at 22°C and the relative 
humidity at 50±5%. The animals were placed on 
normal chow diet for the first week for 

acclimation with new environmental conditions. 
Then they were randomly assigned into 2 
different diets: 
 

• Normal Fat Diet (NFD) all over the study 
(semi-purified normal fat diet) (n=8). 

• High Fat Diet (HFD) all over the study 
(semi-purified high fat diet) (n=32). 

 
The diets were prepared freshly twice a week 
and were stored in 4°C. They were a 
modification of the AIN-93 Purified Diets for 
Laboratory Rodents [19]. Different ingredients of 
the original diets were purchased and mixed. 
Cellulose was replaced by wheat bran in 
formulation in this study and margarine was 
added in place of a proportion of corn starch to 
reach 60% of diet from fat. Details about the 
proportional composition of each group-specific 
diet are presented in Table 1. NFD according to 
AIN-93M formula contained 75% carbohydrate, 
14% protein and 10% fat. To prepare HFD, we 
increased the fat content of diet to 60% and in 
order to keep protein portion (14%), 26% of diet 
supplied from carbohydrate. Soybean oil and 
margarine were used equally. Different parts of 
carbohydrate composition as AIN-93M formula 
were calculated and mixed with other 
ingredients. Palatability and efficacy of the diets 
were confirmed in a 45 days pilot study with 8 
rats. 
 
Animals had free access to food and water. Body 
weight was measured and recorded weekly by 
means of a digital scale (MFD By OHAUS 
CORP, Florham Park N.J.). 
 
On the eighth week, HFD group was randomly 
subdivided into 4 categories (n=8 in each) to 
receive the main interventions as follows for 4 
weeks: 
 

• Control group, which received 500 mg/kg 
body weight corn oil. 

• CLA group, which received 500 mg/kg 
body weight CLA as a 50:50 isomer blend 
of c-9, t-11 and t-10, c-12 CLA. 

• LC group, which received 200 mg/kg body 
weight LC. 

• CLA + LC group that received 500 mg/kg 
body weight CLA+ 200 mg/kg body weight 
LC. 

 
The CLA used in this study was Tonalin (Natural 
Factors, USA) which contains free fatty acids 
containing about 80% conjugated linoleic acid.
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Table 1. Modified* American Institute of Nutrition diet composition 
 

Ingredients in 1 kg diet Normal fat diet (g) High fat diet (g) 
Corn starch 465.6 237 
Casein (>85% protein) 140 200 
Dextrinized corn starch 155 78 
Sucrose 100 50 
Soybean oil 40 185 
Margarine 0 185 
Fiber 50 50 
Mineral mix (AIN-93M-MX)) 35 35 
Vitamin mix (AIN-93-VX) 10 10 
L-Cystine 1.8 3 
Choline bitartrate 2.5 2.5 
Tert-butylhydroquinone 0.008 0.01 
Total energy (kcal) 3600 5700 

*AIN-93M Purified Diets for Laboratory Rodents [26] was modified. Fiber was replaced by wheat bran  
in formulation 

 
LC was Levocarnitin (So.Se PHARM, Italy) which 
contains 1gr LC per 10 mL solution. Protocol and 
doses of agents in this study were in accord with 
previous investigations [22,25,27]. 
 
This experiment was carried out in accordance 
with the National Institute of Health Guide for the 
Care and Use of Laboratory Animals (NIH 
Publications No. 80-23) revised 1996 and the 
guidelines provided by the ethical committee of 
experimental animal care at Jundishapur 
University of medical sciences (NRC9204). 
 
2.2 Statistical Analyses 
 
All statistical tests were performed with the use 
of SPSS (Statistical Package for Social Sciences 
version 16.0; SPSS Inc, Chicago) and a p < 0.05 
was statistical significance level. Results are 
expressed as means ± standard error of the 
mean (SEM). Normality and homogeneity of 
variances were tested with Kolmogrov-Smirinov. 
One-way ANOVA, followed by LSD test was 
used to compare mean differences in body 
weight. 
 
3. RESULTS AND DISCUSSION 
 

• Body weights of animals in NFD group was 
not different from HFD groups at the 
baseline. At the end of eighth week, body 
weight increased significantly in HFD-fed 
rats compared to NFD group (Table 2). 
HFD-induced obese rats weighed 20% 
more than animals in NFD group. 

• After four weeks treatment with LC, weight 
gain reduced significantly. Trend of weight 
gain in CLA and LC + CLA groups was 

decelerated in comparison with HFD 
group, however they were not statistically 
significant (Table 3). 

 
The present study was designed to gain more 
insight into the effects of co-administration of 
CLA and LC on weight changes. Our purpose 
was to achieve an obesity model by feeding a 
synthetic high fat diet in eight weeks followed by 
mentioned treatment period for four weeks in 
Wistar rats. This model simulates a tangible 
clinical case of obesity and also obesity 
treatment that its duration is safe and 
recommended in previous investigations [5,28]. 
 
Despite the reported beneficial effects of 
separate treatments with LC and CLA on body 
weight, no additive or synergistic effect on weight 
control was observed in this experiment. 
However Chopra reported such synergistic 
activity in treating overweight and obesity [25]. 
 
According to the past studies, LC keeps its anti-
obesity effect when it is administered in 
combination with other compounds like arginine, 
caffeine, soy isoflavones [29], extract of Garcinia 
Cambogia [30] and herbal mixture extract [28]. 
This effect of LC might be mediated via induction 
of lipolysis, fatty acid oxidation and down-
regulation of both PPARgamma and adipose-
specific fatty acid binding protein (aP2) 
adipogenesis [31]. In spite of evidence and a few 
relevant proposed mechanisms about positive 
effects of LC on fat metabolism, no fat mass or 
weight loss was seen after 8 weeks of LC 
administration accompanied by aerobic training 
in moderately obese women in Villani et al. [32] 
study which made such relation doubtful. 
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Table 2. Effect of NFD and HFD on rats body weight during eight weeks 
 

Group n Baseline weight (g) P Eight-week weight (g) P 
NFD 8 170.00±3.91  

.26† 
246.38±6.48  

.000§ HFD 32 176.04±4.02 295.43±5.36 
Values are expressed as means ± standard error. †: Insignificant weight difference between NFD and HFD at 

baseline. §: Significant weight difference between NFD and HFD at eighth week. NFD: Normal Fat Diet,  
HFD: High Fat Diet 

 
Table 3. Effect of LC, CLA and LC+CLA on body weight and weight gain rate during four weeks 

treatment in obese rats 
 
Group n Eight-week weight (g) P* Twelve-week weight (g) P Difference (g) P 
NFD 8 246.38±6.48  271.62±8.03  25.2 (10.2%)  

.000 

.04† 

.08 

.12 

HFD 8 297.12±13.16 .000 336.43±15.10 .000 39.31 (13.23%) 
LC 8 294.38±7.60 .828 316.68±11.8 .219 22.3 (7.5%) 
CLA 8 288.71±8.27 .522 312.71±9.62 .150 24 (8.31%) 
MIX 8 285.86±6.19 .392 310.86±7.43 .121 25 (8.74%) 

Values are expressed as means ± standard error. 
*All P are expressed in comparison with HFD except for first (.000) which is between HFD and NFD group. 

†: Significant difference between LC and HFD in weight gain during four week (P =.04). 
CLA: Conjugated Linoleic Acid, LC: L-carnitine, NFD: Normal Fat Diet, HFD: High Fat Diet 

 
However our results were consistent with Wutzke 
and Lorenz study that demonstrated a significant 
increase in β-oxidation of fatty acids by LC 
supplementation in slightly overweight subjects 
[16]. 
 
According to some studies, LC can exacerbate 
symptoms of hypo-thyroidism as it might inhibit 
thyroid hormone entry into the nucleus of cell [33] 
and thus, it can act as a peripheral antagonist of 
thyroid hormone action [34,35]. Hence, it will 
lower metabolic rate which may lead to 
inefficiency of LC in weight loss. 
 
On the other side, inefficacy of CLA supplement 
in weight control has been reported by large 
body of data while different mechanisms have 
proposed for possible anti-obesity effects of CLA 
including lipolysis augmentation, promotion of 
preadipocyte apoptosis via increase of TNFα 
mRNA and increase of uncoupling protein 2 
(UCP2), adipogenesis inhibition and reduction of 
preadipocyte differentiation [36–38]. 
 
Additionally, two main conjugated isomers of 
linoleic acid, cis-9, trans-11-C 18:2  and trans-10, 
cis-12-C, have been shown that they are not only 
poor substrates for the mitochondrial oxidation 
pathway, but also interfered the oxidation rate of 
other fatty acids at a step close to the launch of 
the β-oxidative cycle [39]. Therefore the 
synergetic effect on weight loss by LC 
combination with CLA may have been blunted in 
the Wistar rats.  

Our results confirmed that LC limits weight gain 
on a high fat diet in comparison with control 
group (7.5% vs. 13.2%, respectively) and 
unexpectedly CLA or LC+CLA did not show a 
significant effect on diminishing weight gain 
(Table 3). The only indicator of weight change in 
our study was body weight while body fat is a 
more sensitive criterion for assessing obesity in 
animals, since Wood et al. [40] reported that rats 
which were fed a high-fat diet for 10 weeks 
displayed a 10% increase in total body weight 
but a 35–40% increase in total body fat 
compared with the animals fed a NFD. The 
source of fat which was used (plant origin) might 
also affect the results, for instance, because SFA 
of plant origin might not be as effective as SFA of 
animal origin in developing obesity [41]. 
  
The most remarkable point in our study was that 
LC restrictive effect on weight gain, was stronger 
than CLA and also significant. Nature of the 
dietary fat, level of fats, duration of treatment, 
mixed isomer form of CLA and animal species 
might affect the energy expenditure role of LC 
and CLA [42]. Inconsistency of results might 
come from improper ratio of CLA to LC that was 
2 in our experiment. Also, ineffectiveness of 
simultaneous use of CLA and LC may be 
relevant to hypothyroid properties of LC which 
was mentioned above. 
 
Extrapolation of such studies to human needs 
further investigation, modifying study design 
which may result in more precise evidence; for 
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example longer intervention period, using 
different isomers of CLA, survey of dose 
dependent relationship (both CLA and LC) and 
assessment of food intake. Although it seems 
that the t10, c12 isomer is effective as an anti-
adiposity agent, but this isomer could induce 
insulin resistance marginally [22,43]. Moreover it 
is suggested to consider some biochemical 
parameters in next such co-administrative 
researches. 
  
4. CONCLUSIONS 
 
In conclusion, CLA and LC have a beneficial 
effect on rat body weight control. Though this 
effect is slight, but in longer durations this effect 
may be noticeable. Like most other supplements 
definite evidence is not available for CLA and LC 
together. 
  
To the extent of our knowledge this is the first 
study which investigated the effects of co-
administration of CLA and LC as two fat burners 
on weight changes. It should be noted that some 
studies have used combination of these 
supplements as a single dose but their 
synergistic or additive effect was not examined 
yet. Due to the failure of most simple 
pharmaceutical interventions in obesity control, it 
is rational to evaluate co-administration of 
supplements which are metabolically interrelated 
to achieve stronger approach to address obesity. 
Because list of weight loss supplements is 
growing up (that are not in parallel to increase in 
scientific foundation) further exact investigations 
are needed. 
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