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Abstract  Aloe flavonoids exhibit various biological activities. The aim of this study was conducted to evaluate 
antioxidant activity and the hypolipemic mechanism of aloe flavonoids in mice. 80 hyperlipidemic mice were 
divided into 5 groups, each group was oral administrated with water, 4 mg/kg·BW simvastatin, 100, 200, 300 
mg/kg·BW aloe flavonoids per day, respectively. Meanwhile, 16 normal mice were used as blank control, and oral 
administrated with water per day. After 8 weeks intervention, the concentrations of total cholesterol (TC), 
triglyceride (TG), high-density lipoprotein cholesterol (HDL), total antioxidant capacity (T-AOC) and glutathione 
peroxidase (GSH-Px) in the adipose and liver tissues were evaluated. Also, hormone-sensitive lipase (HSL), 
peroxisome proliferator-actived receptor gamma (PPAR-γ), adipose triacylglyceride lipase (ATGL), and fatty acid 
synthase (FAS) genes expressions in the two tissues were detected by Q-PCR. The results showed that aloe 
flavonoids could decrease the TC, TG levels in the adipose and liver, while the levels of T-AOC, CAT, GSH-Px 
were significanly increased when compared to the control group. After treating with aloe flavonoids, the gene 
expressions of HSL, PPARγ and ATGL expression enhanced, but the gene expression of FAS decreased when 
compared to the control group. In conclusion, our data showed that aloe flavonoids have potent hypolipemic and 
antioxidant activities. 
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1. Introduction 
Aloe is one of the most widely consumed plants in 

tropical and subtropical areas. It has been reported that 
aloe has various biological activities, which was attributed 
to the high flavonoids content. These compounds are 
classified into different subclasses, and for the major 
subclasses of flavonols (quercetin and rutin) and catechins, 
comprehensive data on their concerntrations in food are 
available [1]. In addition to their antioxidant effects, 
flavonoids have antiviral, antiallergic, anti-inflammatory 
and antitumor activities [2,3]. 

In recent years, hyperlipidemia is growing at a rapid 
rate throughout the world, which increase the risk of 
cardiovascular diseases, fatty liver, and carcinogenesis [4]. 
It has been reported that a variety of factors, including 
genetic abnormalities, diabetes meuitus, obesity and renal 
failure, are involved in the development of hyperlipidemia 
[5]. Excessive quantities or improper types of lipid-intake 
may result in hyperlipidemia which is characterized by an 
abnormal elevation in one or more of the serum lipids 
such as total cholesterol (TC), triglycerides (TG) and 
high-density lipoprotein-cholesterol (HDL-C). 

Hyperlipidemia is considered to be a major risk factor for 
cardiovascular disease which has been an epidemic public 
and economic problem [6]. 

Recently, interests are focusing on the use of non-
vitamin antioxidants such as flavonoids in reducing the 
negative effect of oxidative stress and free radicals in 
diabetic patients [7]. Flavonoids and flavonoid-rich 
extracts have been implicated as beneficial agents in a 
multitude of disease states [8]. Therefore, searching for 
the hypolipemic and antioxidative mechanisms at the 
molecular level are essential to overcome these problems. 
It is reported that lipid metabolism is a complex procedure, 
and many enzymes and factors are involved in it. Fat 
stored in adipose tissue is mobilized by the hydrolytic 
action of lipases, which degrade triglycerides (TG) and 
release free fatty acids (FFA) and glycerol into the 
circulation, and there are two major enzymes involved in 
the breakdown of triglycerides in adipose tissue, they are 
ATGL and HSL [9]. ATGL is the rate-limiting enzyme of 
lipolysis that hydrolyzes triglycerides to diglycerides, and 
it may determine the maximal rate for fatty acid 
mobilization, whereas HSL is a multifunctional enzyme 
that has a broad substrate specificity, with a preference for 
diglycerides [9]. 
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The aim of the present study was to evaluate the effects 
of aloe flavonoids extract on hypolipemic effect, 
antioxidant activity, and the regulation of adipose tissue 
and liver tissue gene expression in high-fat diet-induced 
hyperlipidemic mice. 

2. Materials and Methods 

2.1. Plant Material and Extraction 
Flavonoids were prepared with ultrasonic extraction, 

freeze-drying, vaccum concerntration and polyamide 
polymer purification from the aloe powder. Then the Aloe 
flavonoids extract and pure water were administrated by 
intragastric gavage, to guarantee total ingestion. The 
animals were treated for 8 weeks to ensure the effect of 
the experiment.  

2.2. Animals and Treatments 
Ninty-six female Kunming mice (Bought from Medical 

College of Nanchang University, certified No. 021-9601) 
weighted 25-30 g were used in this study. The animals 
were maintained at room temperature (23±2°C) with a 12 
h/12 h light-dark cycle and housed in some cages. The 
animals were fed freely one week, and had free access to 
standard mice chow and water. For the induction of 
heperlipidemia, 80 animals were fed with a high-fat diet 
(10% cholesterol, 89% larb oil and 1% cholic acid sodium) 
for 4 weeks. Meanwhile, 16 normal mice continual fed 
with basal diet as the blank control group, after 4 weeks, 
determine the TC, TG, HDL-C levels in the serum of the 
overnight fasted mice. In comparison to TC level of the 
blank control group, there was a significant difference 
between the control group and the high-fat diet group. 
Then the high-fat diet animals were randomly divided into 
5 groups according to the TC levels: model group 
(administrated with 1 ml water per day), positive group 
(simvastain group, 4 mg/Kg·BW/d), and the remaining 
three groups administrated with different dosages of aloe 
flavonoids extracts (100 mg/Kg·BW/d, 200 mg/Kg·BW/d, 
300 mg/Kg·BW/d). All test and reference materials were 
orally administered daily beginning on day 7 after the 
initiation of the high-fat diet treatment while the control 
group mice were continuously supplied with a normal diet 
throughout the experiment. At the end of the experiment, 
all mice were anesthesia, the adipose and liver tissues 

were dissected and stored at -80°C until they were 
analyzed. Approval of this experiment was obtained from 
the Institution Animal Ethics Committee of Jiangxi 
Agricultural University. 

2.3. Biochemical Analysis 
Levels of total cholesterol(TC), triglyceride(TG), and 

high-density lipoprotein cholesterol in adipose and liver 
tissue were determined using the reagent kit (Biosino Bio-
technology and Science Inc). Total antioxidant capacity 
(T-AOC) and glutathione peroxidase (GSH-Px) levels in 
adipose and liver tissues were determined using the 
reagent kit (Nanjing Jiancheng Bio- engineering Institute). 

2.4. RNA Extraction and Q-PCR 
RNA isolation and first strand cDNA synthesis: Total 

hepatic and adipose RNA were isolated from small pieces 
of livers and adipose tissues (50-100 mg) using Trizol 
(Promega company). RNA was reverse-transcribed using 
the Easyscript (TransGen Biotech, China). 50 ng-5 μg of 
total RNA was mixed with 10 μL 2×ES Reaction Mix, 1 
μL Anchored Oligo (dT) 18 (0.5 μg/μL), 1 μL Easyscript 
TM RT/RI Enzyme Mix and nuclease-free water in a total 
volume of 20 μL. The mixture was incubated for 42 min 
and heated at 80°C for 5 min. The cDNA was stored at -
20°C until used for quantitative PCR. 

Quantification of mRNA transcript was performed 
using qPCR Master mix Plus Kit for SYBR Green 
(TaKaRa Biotechnology, China) with the gene-specific 
primer on the Bio-Rad CFX96 real-time PCR system. 
Relative transcript quantities (RQ) were calculated from 
the equation RQ=2–△△CT (fold) according to the △△CT–
method [10]. In this system, all reactions were run in glass 
capillaries with a total volume of 25 μL. The reaction 
mixture consisted of 1 μL cDNA, 0.5 μL FP(10 μM), 0.5 
μL RP(10 μM) (Table 1), 12.5 μL 2×Taq PCR Master Mix 
and dd H2O 10.5 μL. The PCR consisted of the following 
steps: 50°C for 2 min to prevent carry over of DNA and a 
denaturation step for 2 min at 95°C, followed by 31-34 
cycles (HSL, PPARγ, FAS 31 cycles, ATGL 34 cycles and 
GAPDH 32 cycles) of denaturation at 94°C for 30 s, 
annealing for 15 s at 61°C, and primer extension at 72°C for 
40 s. HSL, PPARγ, ATGL, FAS expression were examined 
and normalized to constitutive gene (GAPDH) (Table 1). 

Table 1. PCR primer sequence and product size 
Target gene GenBank accession No. Primer sequenee PCR product 

HSL ref|NT_039413.7 
F: 5'-ACGGCGGCTG TCTAATGTCT-3＇ 

227 bp 
R: 5'-GGCTGGCACGGAAGAAGATA -3＇ 

PPARγ ref|NT_039413.7 
F: 5'-CCCTTTACCACACCAGATTTCTCCAG-3＇ 

253bp 
R: 5'-CTGATGCTTTATGCACACAGACTCGG-3＇ 

ATGL ref|NT_039687.7 
F: 5'-CTCATTCCTCCTACCCTCCAA-3 

489bp 
R: 5'-CGTCTGCTCTTTCATCCACC-3 

FAS ref|NT_039624.7 
F: 5'-CTCGTGTGAACATGGAACCCT-3 

407 bp 
R: 5'-TCTTCAGCAATTCTCGGGATG-3 

GAPDH ref|NT_039625.7 
F: 5'-CATCACCATCTTCCAGGAGCG-3 

308 bp 
R: 5'-GAGGGGCCATCCACAGTCTTC-3 
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2.5. Statistical Analysis 
The results were expressed as means±SEM(standard 

error of the mean). Comparisons among groups of data 
were done using one-way ANOVA followed by the 
Dunnett Multiple Comparisons test. An associated 
probability (P value of 5%) was considered significant. 
Statistical analysis was performed using SPSS 17.0 
professional version. 

3. Results 

3.1. TC, TG and HDL-C Levels in Adipose 
and Liver Tissue 

The results showed that the TC and TG concentrations 
in the liver and adipose tissue were significantly increased 
(p<0.01), whereas liver HDL-C level was decreased in the 
untreated model control mice when compared with blank 
control mice (p<0.01) (data not shown). However, after 
treatment with the Aloe flavonoids extract, the alteration 
in hyperlipidemia was varied attenuated as evidenced by 
decreased TG, TC levels and by increased HDL-C 
concentration in Aloe flavonoids intervention groups 
(p<0.01) in a different dose dependent manner (Table 2 
and Table 3). 

Table 2. Effect of Aloe flavonoids on TC, TG and HDL-C in liver of mice 
Group dose (mg/kg) TC level (mmol/l) TG level (mmol/l) HDL-C level (mmol/l) 
Model - 1.90±0.13a 3.18±0.26a 0.14±0.03c 

Positive 4 1.38±0.08cd 2.43±0.1122b 0.24±0.03bc 
LDG 100 1.69±0.21ab 2.65±0.39ab 0.24±0.04bc 
MDG 200 1.49±0.14bc 2.65±0.13ab 0.24±0.02bc 
HDG 300 1.16±0.11cd 2.33±0.17b 0.28±0.03ab 

Control - 0.90±0.08d 1.93±0.25b 0.37±0.05a 
Note: The means with different small letter in the same row is significantly different (P<0.05) 

Table 3. Effect of Aloe flavonoids on TC、TG and HDL-C in adipose of mice 
Group dose(mg/kg) TC level (mmol/l) TG level (mmol/l) HDL-C level (mmol/l) 
Model - 1.59±0.24A 17.96±1.91A 0.11±0.01 

Positive 4 0.11±0.03B 16.48±4.51AB 0.16±0.02 
LDG 100 1.06±0.12BC 16.87±2.84AB 0.15±0.02 
MDG 200 0.90±0.11BC 12.73±1.96AB 0.21±0.04 
HDG 300 0.53±0.14CD 8.40±1.90AB 0.23±0.06 

Control - 0.42±0.06D 4.71±1.77B 0.24±0.08 
Note: The means with different letter in the same row is significantly different (P<0.01) 

3.2. T-AOC and GSH-Px Levels Activities in 
Liver and Adipose Tissue 

The effects of intragastric gavage of aloe flavonoids 
extract on liver and adipose antioxidant status are 
presented in Table 4. A significant decrease in T-AOC and 

GSH-Px activities (p<0.01) were found in the livers and 
adipose of untreated model control mice relative to normal 
mice. Treatment with different doses of aloe flavonoids 
extract reversed this biochemical parameter significantly 
towards normal level aloe flavonoids intervention groups 
(p<0.01) in a different dose dependent manner (Table 4). 

Table 4. Effect of AF on T-AOC and GSH-Px in liver and adipose of mice 
Group Dose (mg/kg) Liver T-AOC (U/ mgprot) Liver GSH-Px(U) Adipose T-AOC (U/ mgprot) Adipose GSH-Px (U) 
Model - 0.17±0.02C 47.32±4.75C 0.09±0.01C 37.34±6.87D 

Positive 4 0.21±0.03BC 59.54±8.56BC 0.16±0.02BC 53.25±9.59CD 
LDG 100 0.20±0.02BC 47.98±6.15C 0.15±0.01BC 42.29±5.14CD 
MDG 200 0.20±0.02BC 70.96±2.90ABC 0.17±0.02BC 96.18±26.92BCD 
HDG 300 0.32±0.02A 98.99±8.72A 0.37±0.06A 140.38±35.97AB 

Control - 0.33±0.03A 102.34±9.22A 0.39±0.04A 185.84±9.21A 
Note: The means with different letter in the same row is significantly different (P<0.01) 

3.3. Effects of aloe Flavonoids on the 
Expression of HSL, ATGL, PPARγ and FAS 
mRNA in the Liver and Adipose Tissues 

The mRNA expression levels of HSL, ATGL, PPARγ 
and FAS were determined in liver and adipose tissues 
isolated from the previously described animals. In liver 
tissue, the high-fat diet did not affect the expression of 
HSL, ATGL, PPARγ and FAS (Table 5). In addition, with 

the treatment of aloe flavonoids extract interfere, no 
significant effect on the HSL, ATGL, PPARγ and FAS 
mRNA expression levels (Table 5). In adipose tissue, the 
high-fat diet caused an upregulation of the FAS gene, 
significantly down regulated the expression of HSL (Table 
6). After treatment with aloe flavonoids extract, the 
expression levels of HSL, ATGL and PPARγ were 
increased. On the other hand, the FAS gene expression 
levels was significantly reduced (Table 6). 

Table 5. The results of relative optical density of HSL, PPARγ, ATGL and FAS mRNA in liver 

Group HSL mRNA 
relative optical density 

PPARγ mRNA 
relative optical density 

ATGL mRNA 
relative optical density 

FAS mRNA 
relative optical density 

Model 1.34±0.18 0.81±0.01 1.03±0.29 1.01±0.22 
Positive 1.25±0.27 1.19±0.14 1.17±0.32 0.97±0.30 

LDG 1.31±0.03 0.86±0.03 0.89±0.11 1.00±0.08 
MDG 1.22±0.02 1.30±0.21 1.18±0.06 0.67±0.11 
HDG 1.18±0.12 1.41±0.14 1.16±0.30 0.64±0.14 

Control 1.00±0.03 1.00±0.04 1.00±0.09 1.00±0.11 
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Table 6. The results of relative optical density of HSL, PPARγ, ATGL and FAS mRNA in adipose 

Group HSL mRNA 
relative optical density 

PPARγ mRNA 
relative optical density 

ATGL mRNA 
relative optical density 

FAS mRNA 
relative optical density 

Model 0.64±0.03† 1.08±0.12 0.78±0.19 1.51±0.54 
Positive 0.71±0.02***† 0.92±0.16a 0.90±0.05 1.09±0.12 

LDG 0.73±0.04*** 1.11±0.21 0.89±0.22 a 1.20±0.06 
MDG 0.78±0.03** 1.11±0.16 1.13±0.31* 0.97±0.11** 
HDG 1.36±0.20*** 1.50±0.01b 1.29±0.13**b 0.87±0.09** 

Control 1.00±0.02* 1.00±0.13 1.00±0.10 1.00±0.0* 
Note: HSL:†P<0.05 and ‡P<0.01, when compared to control group；*P<0.05, **P<0.01 and ***P<0.005, when compared to model group; 
PPARγ: P<0.05 and P<0.01, the different letter means multiple comparisons among the treatment groups; 
ATGL: †P<0.05 and ‡P<0.01 , when compared to control group; *P<0.05 and **P<0.01,  when compared to model group；P<0.05 and P<0.01, the 
different letter means multiple comparisons among the treatment groups; 
FAS: *P<0.05 and **P<0.01, when compared to model group 

4. Discussion 
Flavonoids is a well-known group of natural 

compounds, and more than 6000 different types have been 
identified, and surely this number will increase [11]. The 
flavonoids are naturally occurring plant polyphenols found 
in abundance in fruits and vegetables, and they are 
considered as a promising source for drug development, as 
they have been implicated as beneficial agents in a 
multitude of disease states [8], such as anticancer, 
antioxidant, and anti-inflammatory [12,13]. What is more, 
most flavonoids show suppressive effects on adipogenesis 
[14]. 

Several animals and human studies have confirmed the 
hypercholesterolemic properties of saturated fatty acids 
and cholesterol which include increasing total cholesterol 
and altering lipoprotein pattern. Cholesterol feeding has 
been often used to elevate tissue cholesterol levels to 
assess hypercholesterolemia-related metabolic 
disturbances in different animal models [15]. In the 
present study, we confirmed that keeping the animal on 
high-fat diet significantly increased the TC, TG and 
decrease the HDL-C level in liver and adipose tissues 
compared to the mice with normal diet when high-fat diet 
was coadministered with aloe flavonoids extracts, the 
elevated levels of TC and TG condition has shown 
considerable decline, otherwise, the HDL-C level was 
increased. There was significant elevation in liver and 
adipose HDL-C in Aloe flavonvoids treated mice as 
compared to high-fat diet-induced mice, thus indicating 
the efficacy of Aloe flavonvoids extract in preventing the 
elevation seen in various components of lipid profile 
under experimentally induced hyperlipidemia. 

Previous data showed that citrus peel extracts, riched in 
pectins and flavonoids, cause lowering of cholesterol 
levels by modulating hepatic HMG-CoA levels, possibly 
by binding bile acids and increasing the turnover rate of 
blood and liver cholesterol [16]. Mollace et al (2011) 
reported that bergamot polyphenols flavonoid oral 
supplements contribute to lowering plasma cholesterol and 
lipids in a rat model of diet-induced hyperlipemia and in 
patients, in a range of potency comparable with low dose 
statins [17]. Kobori et al (2011) reported that chronic 
dietary intake of quercetin reduced body weight gain, as 
well as visceral and liver fat accumulation, and improved 
systemic parameters related to metabolic syndrome 
(hyperglycemia, hyperinsulinemia and dyslipidemia), 
probably by decreasing oxidative stress and increasing 
PPARγ expression [18].  

From obtained result it was observed that flavonvoids 
obtained from aloe showed higher anti-hyperlipidemic 

ability in lowing the levels of TC and TG and in highing 
the levels of HDL-C in liver and adipose tissues. Its anti-
hyperlipidemic effect was also superior to a commercially 
available drug (positive control). These results indicated 
that the aloe flavonoids might play an important role in 
modulate the lipid metabolism, although whose 
mechanisms remain under study. 

Oxidative stress is currently suggested as a mechanism 
underlying hyperlipemia and it has been implicated in the 
causation of ailments such as diabetes, cardiovascular, 
cancer and aging, etc. Antioxidant substrates from plants 
may offer resistance against the oxidative stress by 
scavenging free radicals, inhibiting lipid peroxidation [19]. 
There is a variety of evidence indicating that antioxidant 
enzyme activities are lower in animals fed with high-fat 
diet [20], which can also degrade antioxidant enzyme 
defenses, thereby allowing reactive oxygen species to 
damage cells and tissues. In the present study, oxidative 
stress occurred in mice fed with high-fat diet as evident by 
elevated levels of GSH-Px, which can catalyzes the 
reduction of H2O2 and O2 at the expense of GSH [21], it 
decreased antioxidant activities in liver and adipose 
tissues, suggesting the high-fat diet can increased lipid 
peroxidation and oxidative stress. Flavonoids are a large 
group of ubiquitous molecules and possess antioxidant 
activities, their planar structure, number and position of 
their hydroxyl groups, are crucial for free-radical 
scavenger capacities, and the inhibition of free radical 
producing enzymes [22]. 

In this study, we observed a significantly decrease T-
AOC and GSH-Px activities in liver and adipose in high-
fat model group compared with the control group. 
Administration of Aloe flavonoids significantly enhanced 
T-AOC and GSH-Px activities in liver and adipose in Aloe 
flavonoids-treated mice compared to the control mice. 
This suggested that Aloe flavonoids treatment had 
antioxidant effect. Our data indicate that Aloe flavonoids 
may reduce the oxidative stress in experimental animals, 
resulting in a lower lipid peroxidation in liver and adipose 
tissues. In summary, an high-fat diet caused 
heperlipidemic and oxidative injury occurred in mice fed 
with high-fat diet, as did elevate variety of indexes and 
oxidative stress in liver and adipose tissues. Our result in 
accordance with the recently study that extracts of the 
leaves of Meyna spinosa contain high levels of flavonoids, 
and possess significant antioxidant activities [23]. Arora et 
al (1998) found that flavonoids displayed higher antioxidant 
capacity against metal-ion-induced peroxidation than 
peroxyl-radical-induced peroxidation [24]. 

It has been shown that in mice, ATGL is predominantly 
expressed in white and brown adipose tissue. Lower 
enzyme levels were found in testis, cardiac and skeletal 
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muscle, and is downregulated in mouse models of obesity 
[25]. ATGL-deficient mice have higher accumulation of 
neutral lipids in most tiuuses, show a two-fold increase in 
whole body fat mass and contain enlarged adipose fat 
depots [26]. It also demonstrated that ATGL is essential 
for the control of normal weight because overexpression 
of the ATGL homolog depleted fat stores and caused 
obesity [27]. 

Hormone-sensitive lipase (HSL) is an intracellular 
neutral lipase, which is capable of hydrolyzing TAGs, 
DAGs, MAGs and cholesteryl esters (CE). Holm et al 
(1988) examined the HSL mRNA levels in different 
tissues of the rat, and found that this mRNA was abundant 
in the fatty tissue and other cholesterol producing tissues, 
while it was scarce in the cardiac and skeletal muscles 
[28]. It is demonstrated that HSL deficiency in mice 
markedly affected the metabolism of TG-rich lipoproteins 
by the coordinate down-regulation of very low density 
fatty acids synthesis and up-regulation of lipoprotein 
lipase in muscle and white adipose tissue [26]. Reid et al 
(2008) showed that hepatic overexpression of HSL can 
promote fatty acid oxidation, stimulate direct release of 
free fatty acid, and ameliorate hepatic steatosis [29]. In 
our study, dietary administration of Aloe flavonoids led to 
a significant increase in ATGL and HSL mRNA level in 
adipose tissue (Table 6). Since the ATGL and HSL are 
key enzymes involved in adipose tissue TG catabolism, 
and both lipases have the ability to hydrolyze triglycerides, 
this results suggests that the action of Aloe flavonoids to 
reduce lipid and have effect on anti-oxidant activity in 
hyperlipidemic mice involved inhibiting lipogenesis 
besides stimulating lipolysis. Xie et al (2009) reported that 
flavanone had the function of depressing the concentration 
of blood-fat, it co-adjusted lipid metabolism of animal by 
regulating the transcription expression of FAS, HSL, TGH 
and SREBP-1c, especially HSL and SREBP-1c 
transcription level [30]. 

Fatty acid synthase (FAS) plays a central role in denove 
lipogenesis by converting acetyl-CoA and malont-CoA 
into the final end product palmitate, it is highly expressed 
in tissues like liver, adipose and lactating mammary 
glands. In normal physiological state, nutritional factors 
such as high-fat diet and hormone could regulate the 
enzyme activity and gene expression of the FAS [31]. FAS 
gene promoter activities were 4 to 6-fold higher in 
adipocytes of obese rats than in those of non-obese rats. It 
has been reported that FAS gene expression in human 
adipose tissue is associated with obesity and type 2 
diabetes [32]. Chakravarthy et al (2009) have reported that 
a low level of FAS could protect mice from diet-induced 
obesity [33]. The level of FAS in the present study was 
lower in aloe flavonoids treatment groups than in model 
group, this is in accordance with previous studies 
demonstrating that Nelumbo nucifera leaf flavonoid-rich 
extract targets lipid-regulated enzymes and may be 
effective in attenuating body lipid accumulation and 
preventing obesity [34]. But in the liver, the FAS mRNA 
expression shown no significant decrease when compared 
with the model group. The plausible reason for this maybe 
insufficient amounts of fatty acids were supplied from 
high-fat dietary [35]. Additionally, which regulates the 
expression of such adipogenic gene as FAS, PPAR-γ has 
been reported as a key transcriptional factor for lipid 
accumulation [36]. 

Peroxisome proliferator-activated receptor γ (PPARγ), a 
major nuclear receptor transcription factor for 
adipogenesis and lipogenesis, is predominantly expressed 
in adipose tissues and to a lesser extent in many tissues 
including liver [37]. Many herbal or natural medicines, 
that act as modulators of PPARs, have been reported to 
block intracellular lipid accumulation and lipogenesis and 
to improve insulin resistance [38]. Citrus flavonoids have 
been shown to inhibit adipogenesis and to decrease 
adiposity which can be explained in part by regulating the 
PPAR expression levels both in vivo and in vitro [38,39]. 
The result in the present study showed that the expression 
amount of PPARγ in white adipose tissue in the high doses 
of aloe flavonoids treated group(HDG) significantly 
increased as compared with what in the positive group, 
indicating that normal expression of PPARγ in adipose 
tissue was critical for prevention of blood lipid levels in 
hyperlipidemia, this result consistent with previous 
findings that suppressing PPARγ-activity can inhibit 
adipocyte differentiation in vitro [40], and other result 
showed that citrus polymethoxylated flavonoids improve 
lipid and glucose homeostasis through regulating the 
expression of PPARα and PPARγ [41]. Although 
compared with the model group, the PPARγ mRNA 
expression in the Aloe flavonoids treatment groups were 
not significantly increased, it still showed an increase 
tendency in our study, and the high dose Aloe flavonoids 
have the better effect on the gene of PPARγ. The result 
indicated that the Aloe flavonoids could partially restore 
expression of PPARγ mRNA in white adipose tissue of the 
model mice and it can work on hyperlipidemia. 

5. Conclusions 
In our experiment, Aloe flavonoids were found to be 

very effective for hypolipemic and antioxidant activity via 
up-regulating the HSL, ATGL, PPARγ, and down-
regulating the FAS mRNA expression in adipose tissue. 
As such, these coordinated responses of the Aloe 
flavonoids supplement seemed to play an important role in 
regulating the lipid and oxidative metabolism in 
hyperlipidemic mice. Accordingly, the different dose of 
Aloe flavonoids extract exhibited the different impact in 
the hyperlipidemia and antioxidant, moreover, the high 
dose of Aloe flavonoid extract shown the more effective 
function. Thus, further studies are required to determine 
the dose-related changes associated with Aloe flavonoids 
and it’s concrete molecular mechanism on lipid disease 
and other diseases. 
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