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ABSTRACT. Evodiamine, the major alkaloid component isolated 
from the fruit of dried, unripened Evodia rutaecarpa Bentham, affects 
the plasma levels of cholecystokinin and various biological events 
such as gastric emptying and gastrointestinal transit; these effects of 
evodiamine were previously investigated in male rats. In this study, 
we aimed to investigate the effects of evodiamine on average daily 
weight gain, rectal temperature, and expressions of genes involved in 
lipid metabolism in liver and adipose tissues. Evodiamine was added 
as a supplement, comprising 0.02, 0.04, and 0.06% of the diet fed to 
mice for 1, 2, 3, and 4 weeks. Results showed that average daily weight 
gain and rectal temperature decreased significantly over time in a dose-
dependent manner. Evodiamine changed expressions of the peroxisome 
proliferator-activated receptor-g (PPARg) in mouse adipose and liver 
tissues in time- and dose-dependent manners. We found that evodiamine 
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decreased mRNA expression of the sterol-regulatory element binding 
protein (SREBP-1c) and fatty acid synthase in adipose tissue. In 
addition, evodiamine increased expressions of hormone-sensitive lipase 
in both liver and adipose tissues. Interestingly, evodiamine increased 
the expression of triglyceride hydrolase only in adipose tissue. In 
conclusion, evodiamine could influence lipid metabolism through 
regulation of the expressions of its key genes, as well as reduce body 
heat and body weight.
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INTRODUCTION

The adipocyte plays a critical role in energy balance. Adipose tissue growth involves 
an increase in adipocyte size and the formation of new adipocytes from precursor cells. This is 
accompanied by a dramatic increase in expressions of adipocyte genes, including peroxisome 
proliferator-activated receptor-g (PPARg), fatty acid synthase (FAS), sterol-regulatory element 
binding protein (SREBP), hormone-sensitive lipase (HSL), and triglyceride hydrolase (TGH) 
genes (Fajas et al., 1998). Evodiamine is the main active alkali of the traditional Chinese me-
dicinal plant, Evodia rutaecarpa Benth. It is well known for its anti-tumor, anti-inflammatory, 
and weight reduction effects. Moreover, it has been used in the treatment of abdominal pain, 
diarrhea, nausea, and for many other pharmacological effects (Ogasawara et al., 2002; Shyu 
et al., 2006; Ko et al., 2007; Wang et al., 2008). In addition, evodiamine can induce the li-
polysis rate in mice and enhance specific binding of guanosine diphosphate to mitochondria 
in interscapular brown adipose tissue, where it increases heat dissipation and promotes energy 
consumption. Evodiamine can also reduce perirenal, epididymal, and hepatic fat depositions, 
subsequently reducing levels of free fatty acids, triglycerides, and cholesterol in human bod-
ies. All of these effects are important to prevent fat accumulation around internal organs and 
to control weight gain (Kobayashi et al., 2001). However, despite this evidence, little is known 
about how evodiamine might regulate expressions of genes involved in lipid metabolism. In 
this study, we provide the first report on the molecular mechanism involved in evodiamine-
mediated regulation of fat deposition.

MATERIAL AND METHODS

Animals

Two-week-old male Kumming mice were obtained from the Fourth Military Medi-
cal University (Xi’an, China), and housed in standard cages in a climate-controlled room 
with an ambient temperature of 25°C and a 12-h light/dark cycle. All animals were allowed 
free access to water and food during the acclimatization period of 7 days. Mice were then 
randomly divided into four groups, consisting of 20 animals each, including the control group 
(basal diet) and experimental groups, whose diets were supplemented with evodiamine (purity 
>98.0%, Guanyu Biotechnology Inc., Xi’an, China) in doses of 0.02, 0.04, and 0.06% of their 
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diets. Following diet treatments, mice in all groups were immediately weighed, their rectal 
temperatures were recorded, and were then killed by decapitation. Subcutaneous adipose and 
liver tissues were rapidly separated, immediately frozen in liquid nitrogen, and stored at -80°C 
until RNA extraction.

RNA extraction and cDNA synthesis

Total RNA was extracted from adipose and liver tissues using the Trizol reagent (In-
vitrogen, USA). First-strand cDNA was prepared with the Revert-AidTM First-Strand cDNA 
Synthesis Kit (Fermentas, Shenzhen, China). Primers of the β-actin, PPARg, SREBP-1c, FAS, 
HSL, and TGH genes, and polymerase chain reaction (PCR) conditions are summarized in 
Table 1. The 25-µL PCR mixture contained 1 µL tissue-specific cDNA, 2.5 µL 25 mM MgCl2, 
0.2 µL Taq DNA polymerase (Fermentas), 2.5 µL 2.5 mM dNTPs, 2.5 µL 10X buffer, and 1 
µL 10 µM of each primer. Products were examined by agarose gel electrophoresis.

Real-time PCR

We measured expressions of PPARγ, SREBP-1c, FAS, HSL, and TGH genes using 
semi-quantitative PCR; the β-actin gene was used as the internal control. The primers and PCR 
amplification conditions are listed in Table 1. The PCR products were examined by agarose 
gel electrophoresis.

Gene and accession No.	 Primer sequences (5'-3')	 Tm (°C)

β-actin (NM_007393.2)	 Forward: ACTGCCGCATCCTCTTCCTC	 53.8
	 Reverse: CTCCTGCTTGCTGATCCACATC	
PPARγ (U01664)	 Forward: ACCACTCGCATTCCTTTGAC	 52.1
	 Reverse: CCACAGACTCGGCACTCAAT	
SREBP (AB017337)	 Forward: CTGGAGACATCGCAAACAAGC	 59.7
	 Reverse: ATGGTAGACAACAGCCGCATC	
FAS (BC046513)	 Forward: AGTGTCCACCAACAAGCG	 55.9
	 Reverse: GATGCCGTCAGGTTTCAG	
HSL (NM_010719)	 Forward: GGAGCACTACAAACGCAAC	 57.9
	 Reverse: TCCCGTAGGTCATAGGAGAT	
TGH (NM_053200)	 Forward: CTTGGCTCCTTGAGATTTG	 53.3
	 Reverse: AGTTGGCAATGTTGTCCTG

Table 1. Sequence of primers and melting temperature (Tm).

Data are reported as means ± SE. Statistical analysis was performed using the SPSS 
13.0 program. One-way analysis of variance and Fisher’s least significant difference proce-
dure were employed to determine the significance of differences, and Pearson’s correlation 
analysis was used for correlation studies.

RESULTS

Evodiamine affected average daily weight gain (ADG) of mice

To investigate the effect of evodiamine on body weight, the ADG of mice was 
recorded. Every week before mice were killed, the body weights (BWn) were determined, 
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and ADG was obtained by the formula: (BWn - BW(n - 1)) / 7. The results revealed that ADG 
decreased significantly with increasing time and evodiamine dose (P < 0.01; Figure 1A).

Figure 1. Effect of evodialmine on mice average daily weight gain (A) and on the rectal temperature (B). **P < 
0.01 and *P < 0.05.

Effect of evodiamine on rectal temperature

We investigated the effect of evodiamine on rectal temperature in mice. Rectal tem-
peratures were measured at 1, 2, 3, and 4 weeks in food-fasted mice. Figure 1B shows that the 
average rectal temperatures of experimental groups were all lower than those of the control 
group, which also showed time- and dose-dependent effects.
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Effect of evodiamine on PPARg, SREBP-1c, and FAS gene expressions

Evodiamine played a significant role in regulating the expression of genes involved 
in lipogenesis. We measured expressions of the PPARg and SREBP-1c genes, which are rep-
resentative genes of the adipocyte differentiation process. As shown in Figure 2A and B, evo-
diamine changed expressions of the PPARg gene in both liver and adipose tissues of mice. 
Different doses had different effects at different times. SREBP-1c gene expression decreased 
in both liver and adipose tissues, but the effect was more significant in adipose tissues (Figure 
3A and B). One rate-limiting factor for fat deposition in animal is FAS. Our results showed 
that within 3 weeks, supplementation with 0.06% evodiamine could decrease expression of 
the FAS gene in the liver; when supplemented with 0.04%, FAS expression increased before 
2 weeks and then decreased; when supplemented with 0.02%, FAS expression showed no 
significance compared with control. As a whole, there is no obvious regularity in liver (Figure 
4A). By contrast, in the subcutaneous adipose tissue, evodiamine drastically reduced FAS 
mRNA expression in a time- and dose-dependent manner (P < 0.01, Figure 4B).

Figure 2. Evodiamine affects PPARg mRNA expression in mouse liver (A) and adipose tissues (B). **P < 0.01.

Figure 3. Evodiamine affects SREBP mRNA expression in mouse liver (A) and adipose tissues (B). **P < 0.01.
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Effect of evodiamine on HSL and TGH expressions

Given the above results, we investigated the effect that evodiamine might have on 
expressions of genes involved in lipid decomposition. The data showed that evodiamine in-
creased the expression of HSL in both liver and adipose tissues (Figure 5A and B). Interest-
ingly, no change in TGH expression was observed in liver tissues (Figure 6A), whereas it was 
significantly increased in adipose tissues in a time- and dose-dependent manner (Figure 6B). 

Figure 4. Effects of evodiamine on FAS mRNA expression in mouse liver (A) and adipose tissues (B). **P < 0.01.

Figure 5. Evodiamine affects HSL expression in mouse liver (A) and adipose tissues (B). **P < 0.01.

Figure 6. Evodiamine affects TGH expression in mouse liver (A) and adipose tissues (B). **P < 0.01.
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DISCUSSION

Obesity is marked by excessive body fat and is closely related to lipid metabolic 
disorders, and the two reflect mutual causality. Lipid metabolic disorders can be caused by 
overeating, resulting in increased materials for fat synthesis and the reduction of brown fat 
content. In such cases, energy consumption is down-regulated, and deregulation of lipid-low-
ering hormone expressions induces fat synthesis and reduces its degradation. Holistic Chinese 
medicine theory suggests a slimming diet based on three core principles: weight loss without 
intensive physical exercise, appetite reduction without anorexia, and the absence of diarrhea. 
The integration of traditional Chinese medicine theories in modern biomedical technology has 
become an increasingly relevant concern.

In fat tissues, glucose and other nutrients are converted into fatty acids by the FAS-
regulated pathway (Richards et al., 2003). Therefore, overexpression of FAS would increase 
triglyceride deposition in the body, which may cause obesity (Richards et al., 2003; Matsubara 
et al., 2005). Our results showed that FAS expression rapidly decreased upon evodiamine 
treatment in adipose tissues but not in the liver, indicating that this may be the main molecular 
mechanism underlying the effects of evodiamine on weight loss. SREBP-1c is an important 
transcription factor, which regulates the expression of FAS and lipoprotein lipase for fat syn-
thesis (Kim and Spiegelman, 1996; Shimano et al., 1999). Therefore, as expected, we found 
that evodiamine rapidly reduced SREBP-1c expression in adipose tissues, whereas in the liver, 
for unknown reasons, SREBP-1c expression was increased.

PPARg is considered an essential regulator in adipose tissues, which is closely cor-
related with fatty acid metabolism and triglyceride deposition. In adipocytes, PPARg activates 
the expression of a variety of beneficial cell factors such as resistin, IL-6, and TNFα (Sharma 
and Staels, 2007; Qin et al., 2008), as well as plays multiple roles in glucose and lipid me-
tabolism, atherosclerosis, and inflammatory responses (Tontonoz et al., 1995; Li et al., 2000; 
Fernyhough et al., 2007; Széles et al., 2007; Rampino et al., 2007). PPARg is involved in the 
regulation of the expression of lipid metabolism-related genes, which can promote adipocyte 
differentiation, and a number of protein factor genes secreted by adipocytes, such as lipo-
protein lipase, the fatty acid binding protein, acetyl CoA synthetase, and glucose transporter 
4. PPARg is a ligand-activating transcription factor, and once activated binds to the retinoic 
acid X receptor to form a heterodimer, which acts on DNA response elements to regulate the 
expressions of certain genes (Fajas et al., 1998; Yamauchi and Kadowaki, 2001). A couple 
of ligands are involved in PPARg activation, which can be classified as synthetic and natural 
ligands. Both ligand types physically interact with the PPARg protein to participate in the 
process of fat synthesis. Consequently, PPARg has become a popular molecular target for the 
development of medications against obesity and diabetes. Compelling evidence has revealed 
that Chinese medicines, including single-flavor drugs, active ingredients, and compound prep-
arations used for the treatment of obesity, all have effects on PPARg expression (Huang et al., 
2006; Chinetti-Gbaguidi et al., 2012). Therefore, it is somewhat surprising that we observed 
increases in PPARg expression in adipose tissue (Figure 2B) and decreased expression lev-
els in the liver (Figure 2A) as a result of evodiamine treatment. The reason might be 2-fold. 
First, evodiamine may act downstream of the PPARg gene, and second, the increase of PPARg 
might be a secondary effect due to the accumulation of free fatty acids and lipid metabolites in 
evodiamine-treated animals. Nevertheless, the observed changes in PPARg and SREBP-1c ex-
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pressions upon evodiamine treatment in adipose and liver tissues were fairly rapid, indicating 
that these genes may be key players in fat synthesis, and are very sensitive to the presence of 
evodiamine. The opposite effect of evodiamine on these two genes in adipose and liver tissues 
may be due to complex regulatory mechanisms and differential biological effects of genes. In 
fact, the liver is the major site for energy consumption, whereas adipose tissue is involved in 
energy conservation in animals.

HSL and TGH are the major intracellular hydrolysis enzymes in adipose tissues, 
which can catalyze the hydrolysis of triglyceride to produce free fatty acids, thereby acting as 
an important energy source in vivo (Holm et al., 1988; Soni et al., 2004). The mRNA expres-
sions of HSL and TGH in liver and adipose tissues increased significantly after evodiamine 
treatment, and the effects lasted for a very long period of time (data not shown). This result 
suggests that TGH and HSL might be the direct targets of evodiamine, and the regulation of 
lipid metabolism by evodiamine may involve increased expression of lipase mRNA.

Metabolic activities are accompanied by the release, metastasis, and utilization of en-
ergy. Two processes, with opposite effects, are involved in the flow of energy: catabolism is 
caving, while anabolism is needed for the supply of energy. The latter is also referred to as the 
“energy-absorbing reaction”. In the present study, we found that evodiamine significantly af-
fected the core body temperature of mice. Surprisingly, the decrease of body temperature by 
evodiamine was associated with increases of TGH and HSL mRNA expressions in both liver 
and adipose tissues. In contrast, increases in FAS and SREBP-1c mRNA expressions were only 
observed in the liver. In light of all the evidence obtained in this study, we conclude that the mo-
lecular mechanism by which evodiamine regulates body fat deposition is to reduce body tem-
perature by raising energy consumption while simultaneously promoting fat decomposition.
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