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Abstract
Background and Objective: Molecular mechanisms of most anti-obesity drugs are remained to be clear. MicroRNAs that are noncoding
RNA molecules supposed to regulate biological processes concomitant to obesity and have attracted a lot of attention to themselves.
The miR-27a  and miR-143  expression levels in obese and non-obese rats during weight changes and L-carnitine (LC) effects on them
was investigated in this study. Materials and Methods: In the present study 12 male Wistar rats were randomly divided into normal fat
diet and high fat diet groups to develop obesity. After 8 weeks rats were weighted and half of diet induced obese rats were randomly
selected to receive 200 mg LC kgG1 b.wt. for 4 weeks. At the end epididymal fat was isolated to investigate expression level of microRNAs
by real-time PCR. Results: After 12 weeks, high fat diet in comparison with normal fat diet mediated significant decrease and increase
in expression levels of miR-27a  and miR-143, respectively. These changes were modified in  groups, which had received LC in a 4 weeks
period. Furthermore, rats in this group gained less weight. Conclusion: Findings of this study suggest that the changes of microRNAs
expression probably play a role in pathogenesis of obesity, might be modulated by means of dietary agents and supplements and modify
weight gain trend.
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INTRODUCTION

Obesity has emerged as an epidemic globally and has
detrimental effects on the quality of life, increases rates of
mortality and morbidity via increasing the risk of different
complications like cardiovascular diseases, some types of
cancers and metabolic syndrome. According to the Center for
Disease Control (CDC) and prevention the costs for medical
payments related to overweight and obesity in the USA were
about $75 billion in 2003 and it reached an annual rate  of
$147 billion1,2 in 2008. As a result, increasing demand for safe
and effective anti-obesity drugs arises from this phenomenon,
which is recognized as a disease by the American Medical
Association in 2013.

Unfortunately different strategies, such as diet therapy,
physical activity, surgery and medication had limited success.
In addition, many anti-obesity drugs are withdrawn from the
market due to their serious adverse effects3. Hence, pursue an
appropriate action to control the obesity is a priority. In this
regard, the growing interest in study of epigenetic regulatory
mechanisms during the development of obesity has specified
some investigations to microRNAs (miRNAs).
The miRNAs are 21-23 nucleotide fragments of noncoding

RNAs that by coupling with the 3’-untranslated region (UTR)
of their target mRNAs regulate gene expression. The miRNAs
play important roles in highly regulated processes, such as
proliferation, differentiation, apoptosis, growth, development
and some metabolic procedures. It seems that several miRNAs
are out of regulation in obese animals and humans, however
little is known about the exact role of these tiny molecules in
metabolism particularly in adipose tissue4,5.

Researches on miRNAs have been demonstrated their
roles in different complications like cancers, neurological,
autoimmune,  metabolic  and  cardiovascular  diseases6.
Understanding miRNA genetic targets, which regulated
adipogenesis via their pro or anti-adipogenic roles may
potentially detect new pathways in metabolic diseases, such
as obesity and influences future approaches to its treatment7.
Several miRNAs exist in adipose tissue but just a few are

differentially expressed in obesity or show regional difference
in their expression8. Numerous experiments have verified an
altered miRNA expression profile in this situation. In contrast,
limited studies have assessed the effect of different kinds of
diet like cholesterol, glycemic load or other dietary agents on
the miRNA alterations9,10.
Few recent studies have reported that expression of

miRNAs in adipose tissue is affected by changing diet
composition, which  underlie  pathogenesis  of  chronic

diseases like obesity11,12. So, this idea comes to mind that
dietary agents used for weight loss like fat burners, might
modify these changes and explain probable mechanisms for
their anti-obesity effects13. For instance, increasing evidence
has confirmed lipolysis boosting role for L-carnitine and
hence, its supplementation is widely used for losing weight
although   the   exact   molecular   mechanism   of   action   of
L-carnitine has not been clarified14-16.
Several studies have shown that miR-27  family (a and b)

as a potential anti-adipogenic factor are down regulated and
miR-143  as a pro-adipogenic agent are up regulated during
adipocyte differentiation17-19. In fact, miR-27a  could accelerate
adipolysis by releasing more glycerol and free fatty acids from
adipose tissue20 and miR-143  could promote adipogenesis by
accumulating more triglycerides in the adipocytes21.
So,   it   seems   rational  to   find   miR-27a   inducers   or

miR-143  inhibitors  for  deceleration  of  adipocyte
differentiation. Therefore, this study aimed to determine the
changes in miR-143  and mi-R27a  expression in adipose
depots of epididymal tissue of rats fed diets containing high
levels  of  dietary  fat  before  and  after  the   use   of   dietary
L-carnitine.

MATERIALS AND METHODS

Animal design: A total of 12 male albino rats of  Wistar strain
from Laboratory Animal Unit of Jundishapur University of
Medical Sciences (Ahvaz, Iran) were acclimatized for 1 week
period. They aged about 8 weeks and weighing 150-200 g
were housed in groups of two per cages and maintained on a
12 h light: Dark cycle at 22EC and the relative humidity at
50±5%. Then they were randomly allocated into 2 different
diet  group:  Normal  Fat  Diet  (NFD)  all  over  the   study
(semi-purified normal fat diet) (n = 4) as control group and
High Fat Diet (HFD) all over the study (semi-purified high fat
diet to induced obesity) (n = 8).
The animals fed a semi-purified form of American Institute

of  Nutrition (AIN)-93M ad libitum.  Proportional composition
of the diets have been presented22 in Table 1. Mentioned diets
were prepared freshly twice a week and were stored at 4EC.
After  8  weeks  HFD  groups  was  randomly  subdivided  into
2 categories (n = 4 in each) and maintained on their own diet
to receive the main intervention by oral gavage as follows for
more 4 weeks:

C Control group, which received HFD+1 mL water
C L-carnitine group, which received HFD+200 mg kgG1

b.wt., L-carnitine in 1 mL water
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The L-carnitine was levocarnitin (So.Se PHARM, Italy),
which contains 1 g L-carnitine per 10 mL solution. Throughout
the experiment body weight gain were recorded weekly to
confirm  development  of  obesity  in  the  HFD-fed  rats.  At
12th week animals were fasted for 10 h before sacrifice and
then  White  Adipose  Tissue  (WAT)  from  epididymal   fat
were isolated and were immediately submerged in RNA
stabilization reagent (Qiagen, Hilden, Germany) to stabilize
and protect cellular RNA in situ  and kept at -80EC until
analyzed.

WAT miRNA extraction: To isolate miRNA from WAT NFD or
HFD-fed  rats,  approximately  100  mg  of  tissue  was
homogenized using a digital homogenizer (WiseTis HG-15D,
Germany) in 1-2  mL of Qiazol (Qiagen). Subsequently, miRNA
extraction was performed using the RNeasy Mini Kit (Qiagen)
according to the company’s instructions. The concentration of
isolated microRNA was measured using the NanoDrop
Spectrophotometer 2000c  (USA) and its integrity confirmed
by 2% agarose gel electrophoresis. The RNA samples were
directly frozen and stored at -80EC.

For  miRNA  quantification,  RNA samples  were  first
reverse-transcribed and then amplified by power SYBR green
PCR master mix (Applied Biosystems, Foster city, CA) and
specific   primers.   Reverse  transcription  and  quantitative
PCR were done using miScript reverse transcription kit
(Qiagen), miScript SYBR green PCR kit (Qiagen) and miScript
primer assay (Qiagen) according to the manufacturer’s
instructions. All primers were synthesized by Qiagen
(Hs_RNU6-2_11 cat# MS00033740, RN_miR-143_1 cat#
MS00000420 and RN_miR-27a_1  cat#  MS00000147) and their
sequences were not revealed by the manufacturers.

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) 140 140
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-cysteine 1.8 3
Choline bitartrate 2.5 2.5
Tert-butylhydroquinone 0.008 0.01
Total energy (kcal) 3600 5350
*AIN-93M purified diets for laboratory Rodents22 was modified, fiber was
replaced by wheat bran in formulation

The miR-143  and miR-27a  levels  were  normalized  to
RNA U6. Real-time RT-PCR was performed on step one real
time PCR (Applied Biosystems). The qRT-PCR thermal cycling
included  of  15  min incubation at 95EC followed by 40 cycles
of  a 3-stage temperature profile of 94EC for 15 sec, 55EC for
30 sec and final 70EC for 30 sec. All samples were run in
triplicates and the fold changes in the miRNA level was
calculated by comparative cycle threshold (Ct) method 2G))Ct,
where, )Ct = Ct miRNA-Ct U6 and ))Ct = )Ct treated samples
-)Ct untreated controls.

Ethics statement: All procedures performed in this study
involving animals were approved by ethical committee of
experimental animal care at Jundishapur University of Medical
Sciences (NRC9204).

Statistical  analysis:  Results  are  expressed  as
Means±Standard Error of the Mean (SEM). Student  t-test and
one-way analysis of variance (ANOVA) followed by LSD test
were used to compare mean differences between groups
(Statistical Package for Social Sciences version 17.0, SPSS Inc.,
Chicago, 2008) and a p<0.05 was considered as statistically
significant.

RESULTS

Body  weight  changes:  At the baseline animal’s body
weights  were  not  different  between  NFD  and  HFD  groups
(p<0.05). At the end of 8 weeks, HFD-fed rats appeared obese
phenotype and significantly gained more weight in
comparison with controls (Table 2).
Four weeks treatment with L-carnitine, significantly

reduced weight gain during the treatment period (Table 3).

Table 2: Effect of NFD and HFD on rat’s body weight during 8th weeks
Groups n Baseline weight (g) p-value Eight-week weight (g) p-value
NFD 4 170.66±8.91 0.67a 246.38±6.48 0.009b

HFD 8 174.00±4.02 297.43±5.36
Values are expressed as Means±Standard Error, aInsignificant weight difference
between  NFD  and  HFD  at  baseline, bSignificant  weight  difference  between
NFD and HFD at 8th week, NFD: Normal fat diet and HFD: High fat diet

Table 3: Effect  of  L-carnitine  on  body  weight  and  weight  gain  rate  during
4 weeks in obese rats

Eight-week Twelve-week
Groups n weight (g) weight (g) Weight gain (g) p-value
NFD 4 246.38±6.480 264.62±8.030 18.0 (7.3%)
HFD 4 300.50±13.16 336.43±15.10 35.9 (11.9%)
LC 4 294.38±7.600 316.68±11.80 22.5 (7.6%) 0.044a

Values are expressed as Means±Standard Error, aSignificant difference between
L-carnitine and control HFD in weight gain during 4 weeks (p = 0.044), LC: L-
carnitine, NFD: Normal fat diet and HFD: High fat diet
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Fig. 1: Relative expression levels of miR-143  and miR-27a  in
the adipose tissue of rats fed a normal fat diet or high
fat diet in comparison with L-carnitine group. The
miRNA levels were normalized to U6  small  nuclear
RNA. The Means±SEM of 4 rats is shown. Values with
significant changes (*p>0.05) relative to NFD group.
Values with significant changes (**p>0.05) relative to
HFD group, NFD: Normal fat diet, HFD:  High  fat  diet
and LC: L-carnitine

miR-143  and miR-27a  expression levels: According to the
weight gain observed in HFD-fed rats, the expression of the
miR-27a  and miR-143  was changed in the adipose tissue of
obese rats compared to the rats fed NFD. When compared to
the NFD-fed rats, HFD after 8 weeks influenced miR-27a
expression by reducing it to 0.46 and miR-143  expression by
rising it up to 2.3 (Fig. 1).
Four weeks of L-carnitine administration counteracted the

overexpression of miR-143  and down regulation of miR-27a
in the adipose tissue, which was induced by the HFD in rats.
Surprisingly, compared to the obese rats fed only the HFD,
miR-27a  expression  was  increased  by  almost  5  folds  and
miR-143  expression was reduced to half after treatment with
daily 200 mg of L-carnitine kgG1 of b.wt.

DISCUSSION

Animal models of obesity are used extensively for the
investigations of therapeutic strategies to establish effective
remedies for obesity and its related complications. However,
understanding of the mechanisms is vital for anti-obesity drug
development, too. To the best of our knowledge this is the first
study on relationship between L-carnitine supplementation
and miRNA level changes in adipose tissue of diet induced
obese rats, which could conclusively approve our hypothesis.
In the present study, a synthetic NFD was used to adjust

confounding effects of control diet, which is chow diet in most
of the studies although its basic composition is totally
different from experimental HFD and this is a noteworthy
point23. So, AIN-93M based two kinds of diets were formulated,
which in fat content differed.

The main finding of this study was that L-carnitine
supplementation in obese rats caused a significant alteration
in the miR-27a  and miR-143  expression in adipose tissue
suggesting at least probable pathways, which L-carnitine
through them mediates its biological effects.
The relationship between abnormal miRNA expression

and anomalies in adipogenesis and obesity may explain a
reason for targeting these molecules in obesity treatment.
Statistical analysis revealed a positive but insignificant
correlation between weight changes and miR-143  levels.
Furthermore, miR-27a  levels in adipose tissue showed an
insignificant negative association with weight gain.
A possible explanation for non-significant association

between miRNAs expression levels and weight changes is that
a gene is usually subject to be regulated by a group of
miRNAs. Additional reason might be that the L-carnitine
mediated changes in the level of certain miRNAs was not
strong enough to induce a significant changes in as short
duration as 4 weeks in the expression of the targeted miRNAs.
Furthermore, post-transcriptional variations by L-carnitine
might also be responsible for undetectable miRNA-mRNA
interactions in vivo10.
Esau et al.24  examined  miRNA  expression  patterns  in

pre-adipocyte and revealed for the first time that miR-143
normally  stimulates  adipocyte  differentiation.  However, it
has   already   shown   anti-differentiation   properties8.
Takanabe et al.18 reported a 3.3-fold amplified expression of 
miR-143  in adipose tissue of obese mice, which was
correlated with highly expressions of adipocyte differentiation
markers like PPAR(  and aP2.  Moreover,  adipocytes 
differentiation  is controlled by key transcriptional genes like
C'EBP (", $, *), fatty acid synthase and fatty acid binding
proteins genes25, which  is suggested to be modulated by
adipose tissue miRNAs like miR-143  that acts mainly via ERK5 
(Extracellular signal-regulated kinase 5)8,24,26 and MAPK7. 
Furthermore, it has been shown that use of conjugated
linoleic acid as a fat lowering agent was accompanied by
decreased  miR-143 levels that is similar to results of this
study27.
In contrast, the expression level of miR-27a  in mature

adipocytes from obese mice was less than its level in lean mice
and it confirmed down regulation of miR-27  in adipocyte
hypertrophy19. Consistently, diet with inducing non-alcoholic
fatty liver disease (NAFLD) properties (high fat or high
carbohydrate content) could down regulate the expression of
miR-27, -122  and -451,  while up-regulate miR-429, -200a  and
-200b  expression in rat liver28, which resembles results of the
present study.
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It would be interesting to investigate the protein and
mRNA levels of key molecules, considering expression level of
some genes like CEBPs, PPAR(, SREBP, FAS  or genes related to
adipogenesis or lipolysis in a longer intervention period. Since,
every single miRNA can control hundreds of target mRNAs, i.e.,
one single gene could be regulated by many miRNAs, it is
preferred to investigate miRNA profile alteration, by which
researchers in the present study have not been able to
perform.

CONCLUSION

In conclusion, these results confirmed that  adipocyte
miR-143  and miR-27a  show different levels in diet induced
obese rats, which could be modulated by L-carnitine while,
weight gain decelerated. As dietary agents or supplements
have been revealed to modify miRNAs expression, miRNA
profiling could be a beneficial tool in mechanistically studies.
Complementary and focused studies about the expression of
other related genes are needed not only to confirm the
potential of miRNAs as novel prognostic metabolic biomarkers
but also to target more precise and novel goals for treatment
in obesity and other metabolic disorders.
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