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Cannabinoid Receptor Type 1 (CB1) Antagonist, SR141716
Suppresses Hepatic CPT1 Gene Expression in Rat
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Abstract: SR141716 1s the antagonist of Cannabinoid Receptor type 1 (CB1). The study was conducted to
mvestigate the effects of SR141716 on body weight gain, body fat, hepatic fat deposit and Carmitine
Palmitoyltransferase 1 (CPT1) expression in obese Sprague-Dawley (SD) rats induced by High Fat Diet (HFD).
Twenty four SD rats were randomly allocated to three groups: the Normal Diet (ND) as control group, the High
Fat Diet (HFD) and SR141716 treated HFD-diet (SFD) amimals as experimental groups. Plasma was collected
umnmediately for following plasma indexes determination. Liver samples were flash frozen in lipid nitrogen and
stored at —80°C until use for following experiments. Compared with the ND group, HFD significantly increased
the body weight gain (p<0.05), total viscera fat pad (p<<0.05) and hepatic Triglyceride (TG) (p<0.05) in rats while
SR141716 significantly suppressed these effects (p<0.05). Furthermore, hepatic CPT1 mRNA level was
significant decreased by HFD (p<0.05). Hepatic CPT1 and PPARY mRINA level were significantly suppressed
by SR14171 6 accompany with CB1 mRNA expression decrease (p<<0.05). The results indicated that SR141716
can significantly suppress the excess hepatic adipose deposit induced by HFD in rats. During this process, the
pivotal role of CB1 in hepatic fat deposit may considerably to a large extent be due to modulation of CPT1
expression through PPARY. However, the accurate mechamsm remains to be elucidated in the future.
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INTRODUCTION

Fat storage and adipose tissue distribution in animals
have gained increasing attention in developed countries
as well as developing countries. Almost all animal species
dispose the residual energy through storing as fat pad in
adipose tissues or some other organs until their biological
energy needs (Van Vleet ef al., 1984; McKay ef al., 2003).
When energy intake excesses expenditure, obesity will
develop. Now a days, being overweight or obese and
its associated disease such as fatty liver, type 2 diabetes,
dyslipidemias, cardiovascular disease, Alzheimer’s
disease, gallstones and even some cancers are developing
a significant global health threat to human beings
(Nakamura et al., 1994). Obesity, especially with visceral
and hepatic fat accumnulation is a serious risk factor for the
so-called metabolic syndrome. The increase of hepatic
diseases epidemic draw more and more studies pointing
to the investigation of pivotal interaction between genes
that could be helpful for predispose to obesity. Liver
as a sigmficant site of lipid and glucose oxidation,
accounts for as much as 30% of basal energy expenditure

(Zurlo et al., 1990) and especially functions as a pivotal
adipose metabolism and insulin resistant in mammals
(Osei-Hyiaman et al., 2008). Most of mortal diseases are
of great part due to dysfunction of hepatic energy
metabolism not only in ammals but also in human beings.

Several recent studies in obese humans and ammals
suggest that SR141716 have sigmificant anti-obesity
effects through suppressing hepatic fat deposit
(Doyon et al., 2006). SR141716 1s a specific antagomst
of CB1, also named rimonabant, the first discovered
selective CB1 antagonist (Rinaldi-Carmona et al., 1994)
which exhibits as a promise anti-obesity reagent when
administered to diet-nduced obese mice and rats
(Ravinet et al., 2003, Doyon et al, 2006). Van Gaal et al.
(2005) and Despres et al. (2003) report that SR141716 not
only reduced body weight but also abated cardiovascular
risk associated with obesity. However, the precise
mechanism responsible for the suppression of SR141716
on hepatic fat accumulation remains to be elucidated.
Osei-Hylaman ef al. (2005) has established that activation
of CBI in wild type mice stimulates de novo lipogenesis
in the liver through induction of the lipogenic
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transcription factor SREBP1 and its target enzymes
Acetyl-CoA  Carboxylase (ACC1) and Fatty Acid
Synthase (FAS). Furthermore, it has been reported that
peripheral CB1 could be selectively targeted for the
treatment of fatty liver while high-fat diet feeding failed to
reduce CPT1 activity in either CB1-/- or L.CB1-/- mice but
CPT1 mRNA levels were markedly reduced m wild
type mice fed with lugh fat diet versus normal diet
(Osei-Hyiaman et al., 2008). Although, these findings
strongly implicate hepatic CB1 in the development of
diet-induced obesity, related metabolic changes and
indirect relationship between CB1 and the rate luniting
enzyme in fatty acid P-oxidation (CPT1) was investigated
but direct knowledge about precise mechanism of CB1
mfluencing hepatic fat accumulation through CPT1
remains to be eagerly supplemented.

Therefore, this study was conducted to evaluate the
efficacy of SR141716 in suppressing visceral and hepatic
fat accumulation and influencing lipolysis-related markers
(CPT1) in a rat with HFD-induced obesity in vive and
to provide knowledge for elucidating the molecular
mechanisms responsible for this effects in the future.

MATERIALS AND METHODS

Animals: All experimental male Sprague-Dawley (SD) rats,
aged 4-5 weeks were purchased from Expenimental Animal
Centre m Zhejiang University (Hangzhou, Chlina). All
rats were cared for and handled according to the guide
and rules of care and use of laboratory animals. The
experimental ammals were acclimated to their new
experimental environment for 7 days prior to be allocated
to experiment setup during which time they were allowed
free access to a standard pellet diet according to the
standard experimental diet (GB 14924-2001, China) wlich
composed of 10.4% water, 5.8% crude ash, 24.5% crude
protein, 8.53% crude fat, 47.1% nitrogen-free extract. The
gross energy of the standard diet was calculated to be
3932 cal g' chow.

Experiment design: Twenty four experimental SD rats
were randomly allocated to three groups with &
mdividuals of equal body weights in each group: the
normal diet as control group (CND, 8% fat), the High Fat
Diet (HFD with 35% fat) and HFD-diet treated with
SR141716 (99.2% in NMT, Shanghai Me-too Pharma Tech
Co., Ltd. China) animals groups as experimental studies.
All rats were housed in wire-bottom cages m a room
where the temperature was kept at 21+2°C, the relative
humidity at 50+£5% and the light at a 12 h light/dark cycle
(lights on between 0800 and 2000) and were allowed
unrestricted access to water. Treated rats received a daily

oral administration of 10 mg kg™ SR141716 for 21 days at
0830 except on the last day where SR141716 was
admimstrated 6 h before death. This dose was earlier
reported to reduce bodyweight in fat rats (Bensaid ef af.,
2003, Vickers et al, 2003). SR141716 was given orally
ina a solution with 2 mg mL.™' 3R141716 and 2 pT, mL.™
Tween-80 which have been previously reported by
Osei-Hylaman ef af. (2005) and was administered orally by
gavage in a volume of 5 ml. kg™ BW. Rats were weighed
daily at 0830 throughout the experiment. Rats were killed
between 1400 and 1700 after 8-12 h deprivation. All the
rats were anesthetized with ether and then were killed by
cervical dislocation. Liver, muscle from hindlimb and
longissium dorsi muscle were sampled immediately
after cervical dislocation. The perirenal, epididymal and
mesenteric adipose tissues were removed and weighed as
total viscera fat pad. Samples were flash frozen in liquid
nitrogen and stored at —80°C for RNA extraction and
following experiments.

Detection of hepatic triglyceride deposit: Liver
samples were freshly collected immediately after
cervical dislocation for detecting triglyceride deposition.
Approximately 0.2-1.0 g liver tissues from each sample
were rinsed with 0.86% icephysiological saline for
removing the blood and infranatant adhere to the tissues.
Weigh the net fresh sample and then mmnced the liver
samples with 9 w/v of 0.86% icephysiological saline on
ice. Supernatants were collected as 10% minced liver
tissue following hepatic triglyceride
deposition determmation by centrifuging the minced
tissues at 2,500 rpm, for 15 mmn at 4°C. Triglyceride deposit
in liver was assayed by kit according to the commercial
(Biotech Limit Corp.

solution for

manufacturer’s mstructions
Tiancheng, Nanjing, China).

Plasma determination: Blood was collected from inferior
vena cava into sterile tube and the serum was obtained by
centrifuging the blood at 1,500 g for 15 min at 4°C. Plasma
was stored at —-20°C until later biochemical measurements.
Plasma total cholesterol concentrations were determined
using an automated glucose analyzer YSI 2,300 Stat
Plus (YSL Yellow Springs, OH). Commercially available
radioimmunoassay kits (Linco Research, St. Charles, MO)
were used to determine plasma levels of free fatty acids
whereas enzymatic kits were used for triglycerides (Roche
Diagnostics, Laval, Quebec, Canada).

RNA extraction: Total RNA was extracted from collected
tissues by Trizol reagent (Invitrogen) according to the

manufacture’s protocol. RNA quality was assessed by
OD260nm calculation method and all the ratios of
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OD260/0OD280nm  were between 18 and 2.0
Approximately 1 pg total RNA was used for reverse
transcription  using  thermoscript  RT-PCR  system
(Tnvitrogen) and random primers and the specific
procedure was carried out according to methods of
Shan et al (2008). The ¢cDNA products were firstly
ensured by 18 sec tIRNA amplifying PCR before Real-Time
PCR detection.

Real-time quantitative RT-PCR: Real-time PCR was
performed using SYBR green nucleic acid dye on an
applied Biosystems 7500 Fast Real-Time PCR System
(Applied Biosystems, Foster City, CA) to quantify CEI,
CPT! and PPARYy gene expression level. The real time RT-
PCR primer pairs were shown in Table 1. Primer pairs of
PPARY (F: 5'-tgg gtg aaa ctc tgg gag at -3, R: 5'-cca tag
tgg aag cct gat ge -3") and 1.27 (F: 5'-ctg cte get gte gaa atg
-3, R: S-cet tge gtt tea gtg ctg -3') was designed according
to published papers and have been confirmed before
use (Pang et al., 2008; Festuccia et al., 2006). Data are
expressed as the ratio between the expression of the
target gene and the housekeeping gene 127 which was
selected because no significant variation in its expression
was observed between control and treated rats. 127
mRNA expression level was used as internal control in all
real-time PCR detection, following this thermal profile:
94°C 2 mmn followed by 40 cycles of 95°C 30 sec, 60°C
45 sec. To calculate the expression of mRNA expression
CBI, CPT! and PPARYy gene, the CT values was used for
detection of CB1, CPT1 and PPARy mRNA related to
mternal control L27 gene expression using the 2-AACT
Method (Livalk and Schmittgen, 2001 ; Shan et al., 2008).
The PCR reaction contained 1 pL diluted cDNA m a 20 pL,
PCR reaction. These three target genes were normalized to
the housekeeping gene, L27 mRNA levels and displayed
as a relative fold-change compared to those of ND rats.
The dissociation/melting curves vielded single peaks were
presented here indicating all the products with no
contamination or lack of primer dimmers.

Statistical analysis: Statistical analysis was carried out
through ANOVA and all data are presented here as
means+SEM. A p<0.05 displaying here
statistically significance.

mdicates

Table 1: Primers sequences for CBI, CPTI gene in rat

Genes  Primer sequences Length (bp)  AccessionNo.
CB{  F:5'-caa gca cgc caa caa cac a -3'

R: 5'-ct taa cgg tge tet tga tge a -3' 68 NMO012784
CPTI F:5'-cagaac acg gca aaa tga gc -3'

R: 5'-gag oft gac agc aaa atc ctg-3' 122 NM013200

F = Sense primer, R = Antisense primer

RESULTS AND DISCUSSION

Body weight gain and visceral fat-pad weight: Rat treated
with the HFD attained 173.8+2.58 g of cumulative body
weight gain in 20 days, exhibiting significantly more body
weight gain by 9.62% compared with that of rats fed with
ND (p=<0.05). SR141716 inverse this influence, notably
reducing body weight gain by 11.01 and 2.41% compared
with rats fed with HFD (p<0.05) and ND (p<0.05),
respectively (Fig. 1). The relative weights of the visceral
fat deposit were much higher in the HFD-rats than the
ND-rats showed mn Fig. 1. (p<0.05). However, the
SR141716 significantly diminished the effects of high fat
diets on visceral fat pad of experimental rats (p<0.05).

Plasma triglyceride, total cholesterol, free fatty acids
assays: The plasma triglyceride, total cholesterol and fatty
acids levels were detected using commercial reagent kits
and the data were shown in Fig. 2. The plasma triglyceride
and fatty acids were extubited higher level m rats fed
with HFD compared with those of ND-rats (p<<0.03) while
SR141716 remarkably reduce triglyceride and free fatty
acids enrichment in blood (p<0.05). These phenomena
appeared without sigmificantly alterng the total
cholesterol level in the treated animals (p=0.05).

Triglyceride deposit in liver:The results of Triglyceride
deposit 1n liver were showed in Fig. 3. Triglyceride
contents in liver of experimental rats were elevated
significantly due to treatment of HFD (p<c0.01). With the
increase of fat in diet but feeding SRI141716
synclronously, rats’ triglyceride depositon in liver
showed dramatically suppressed (p<0.05).

Hepaticgene expression profile in experimental animals:
High fat and SR141716 mix-induced gene expression
profile was evaluated using real time PCR analyses
(Fig. 4). In this study, CBI, CPT! and PPARy gene
mRNA level were determined as relative to housekeeping
gene L.27 mRNA level which would not be variable during
treating with HFD or SR141716. The mRNA level of CB/
and CPT! genes in liver tissues of HFD-rats were
decreased by 24.89% (p<0.05) and 24.85% (p<0.05),
respectively compared with those of ND-rats.
Simultaneously, PPARy gene mRNA level was
significantly elevated by 26.69% (p<0.05) when contrasted
to those of rats fed with ND. Moreover, SR141716 further
boost the decrease of CB1 and CPT! genes mRNA levels
obviously (p<0.05) compared with those of ND-rats or
HFD-rats. However, surprisingly, SR141716 conducts no
enhancement of PPARY gene mRNA level but notably
inverse the excessive gain of gene mRNA level induced
by HFD (p=0.03).
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Fig. 1: a) Body weight gamn of rats fed with Normal Diet
(ND) as control, High Fat Diet (HFD) and high fat
diet supplemented with administrating SR141716
(SFD) for 20 experimental days; b) Visceral fat pad
weight of rats fed with ND, HFD and SFD for
whole experimental period Values presented as
mean+SEM, n = 8. *p<0.05

Tt has been reported that <25% of TG is synthesized in
liver and adipose tissue themselves. Most Free Fatty
Acids (FFAs) stored as TG in adipose tissues and
liver are derived from diet (Wang etal., 2008). Therefore,
agents admimstered orally that could regulate food mtake
and energy usage may be the first important step for the
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Fig. 2: Plasma triglyceride (mmol/10 L), total cholesterol
(mmol L"), free fatty acids (100 pmol L7
assays of rats fed with ND, HFD and SFD for
whole experimental period. Values presented as
meantSEM, n = 8. *p=<0.05
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Fig. 3: Triglyceride deposit determination in liver of rats
ted with ND, HFD and SFD for whole experimental
period. Values presented as mean+SEM, n = 8.
*p<0.05, **p=0.01

program of anti-obesity and clinical therapies. To the
forth, large amount of earlier published results have
demonstrated that antagonist or agonist of CB1, AM4113,
rimonabant (SR141716) and AM251 are of great extent
selectively for CB1, respectively (McLaughlin et al., 2006;
Sink et al., 2008, 2009). A number of recent observations
suggest that the suppression or activation of CB1 using
agonist or inverse agonist is a central factor in regulation
of appetite and diet induced obesity (Doyon et al., 2006,
Osei-Hyiaman et al., 2008, 2005, Sink et al., 2009). Tn the
current study, researchers use SR141716 to directly treat
the high fat diet induced rats accompanying with
complete visceral fat and hepatic fat deposit analysis.
Results showed that SR141716 suppressing the
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Fig. 4: a) CB1, b) CPT1 and ¢) PPARY mRNA levels
determined by real time RT-PCR analyses in liver
tissues of rats fed with ND, HFD and SFD for
whole experimental period. Results were
normalized to the housekeeping gene .27 mRNA
levels. The CB1, CPT1 and PPARY mRNA levels
of rats fed with HFD and SFD were exhibited as
the fold change contrast to ND rats. Values are
means+SEM of 8 duplicated analyses of RWNA
samples from 8 rats. *p<0.05, **p<0.01

experimental rat bodyweight gain was largely account for
the reduction in fat gain including visceral fat gain which
is consistence to the previous reports (Vickers et al.,
2003; Gomez et al., 2002; Freedland et al., 2003).

To further explain the impact of SR141716 on fat
metabolism m liver and investigate the possible molecular
regulative mechanisms, researchers assessed its influence
on hepatic TG and CB1 mRNA levels using quantitative
real time RT-PCR. Tt has been reported recently that
antagonist of CBl could significantly decrease the
visceral fat pad deposition of rats nduced by SR141716
administration. This study further boosts up previous
conclusion. With the increasing concern about the
disease related to obesity such as liver disease, growing
evidence indicates that CB1 antagonists not only have
potent anti-inflammatory activity but also have a
beneficial effect on liver disease such as liver fibrosis,
obesity-associated hepatic steatosis and alcoholic fatty
liver (Gary-Bobo et af., 2007, Jeong et al, 2008,
Teixeira-Clerc et al., 2006). Kojima et al. (2009) raise the
possibility of using CBI1 antagonists as anti-inflammatory
drugs for treating hepatitis as well as other inflammatory
diseases. Ragan et al. (2009) report that antagonist of
CBI1, CP-945,598-01 is an efficient drug for the treatment of
obesity. This study demonstrated that SR141716 not only
exhibits important role in suppression in body fat deposit
but also prevent excess TG stored in liver when rats
exposed to high fat diet. SR141716 as a selective and very
affinitive agent of CB1, exactly attenuated the hepatic CB1
expression in rats treated with HFD which greatly
augmented the reports that SR141716 could selectively
suppress CBl expression previously studied in vive
and in vitro (Guo et al, 2009, Serrano et al., 2008,
Gary-Bobo et al., 2007; Tedesco et al., 2008).

Furthermore, based on the Osei-Hyisman’s research
group’s recent report that hepatic CPT1 expression level
was not affected by high fat diet when CB1 was blocked
while versus results were detected m wild type mice.
Researchers hypothesize that SR141716 may attenuate the
suppression effect of HFD on CPT1. Tt is very consist
with the hypothesis that CPT1 mRNA level was reduced
in liver due to HFD treatment. However, to the surprise,
the SR141716 did not attenuate but augment the
suppression effect of HFD on CPT1 mRNA level. This
may be explained in part by the recent published results
that display a complex signaling interaction between CB1
and other receptors such as dopamine D2 and Orexinl
receptors. Tt is also worthwhile to present Hilairet’s
reports that SR141716 may prevent weight gain through
functional interaction between CB1 and other receptors
involved in the control of appetite which may probably be
exist in liver. This results may also partly due to the
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suppression of SR141716 on plasma TG and FFA, abating
the supply of TGs and FFA from blood which attenuate
the hipid synthesis and lipolysis process because most
FFAs stored as TG in adipose tissues and liver are
derived from diet mentioned previously (Wang et al.,
2008).

Therefore, basing on the present results, PPARY as
a key transcriptional factor, its expression in liver was also
detected during this experiment. Seal obviously develop
that PPARY exhibits indispensable role in the process of
PRDMI 6 regulating energy balance to influence animal’s
obesity and fat distribution. Therefore, PPARY was
determined in the study, results showed that SR141716
significantly suppressed the enhancement of PPARY
expression 1induced by HFD. From these results,
researchers assumably deduce that PPARY may extubit
important regulating function in the process of CB1 and
CPT1 interaction. However, whether PPARy plays
indispensable role in CB1 regulating of CPT1 program
remains unclear. More and more hepatic fat deposit
assoclated genes were still needed detailed investigation
for elucidating the precise mechamsms of CB1 regulating
CPT1 signaling pathways.

CONCLUSION

This study have clearly demonstrated that SR141716
can sigmficantly reduce the body, visceral and hepatic TG
deposit of obese rats induced by HFD without negative
effects. Moreover, researchers find that SR141716
apparently ameliorate the liver fat accumulation of HFD
treated rats. These effects are probably mediated by CB1
regulation through suppressing lipid metabolism in liver
which may be accounted for its suppression of CPT1
mRNA expression. Furthermore, PPARy may also play
pivotal role in the process of CBl regulating CPT1
expression during hepatic fat accumnulation.
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