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Abstract

Background: The incidence of obesity has soared over the last several decades. There is mounting evidence sug-
gesting that the increased presence of environmental endocrine disruptors (EEDs), including nonylphenol (NP), plays
an important role in the incidence of lipid metabolism disorders. The aim of this work was to determine whether
chronical exposure to NP could induce obesity and lipid metabolism disorders, both in vivo in Sprague-Dawley rats,
and in vitro in 3T3-L1 preadipocytes. Forty rats (n=10 per group) were gavaged with NP in corn oil at dose levels

of 0.02 pg/kg/day (low dose, L), 0.2 ug/kg/day (middle dose, M), and 2.00 pg/kg/day (high dose, H) or corn oil alone
(vehicle control, C) for 180 days. In vitro study, 3T3-L1 preadipocytes were exposed to NP at concentrations of 0,

40 pM, 40 nM, or 40 uM for 12 days.

Results: In vivo, the fat weight (F=103.605, P<0.001) and fat coefficient (F=169.807, P<0.001) of NP-exposed rats
were higher than those of control group rats. The serum levels of TC (F=3.798, P <0.05), LDL-C (F=4.946,P < 0.05), and
TG (F=14.117,P<0.05) in the H group were higher than those in the control group. Protein concentrations of CEBPa
(F=189.104, P<0.001), FAS (F=51.011, P<0.001), PPARy (F=114.306,L<0.001), and SREBP1 (F=30.432,L,<0.001) in
serum in the NP group were higher than those in the control group. The concentration of NP in adipose tissues of
rats increased with an increase in NP exposure dose in a dose-response manner (F=561.353,P<0.001). The numbers
of adipocytes in the M and H groups decreased, and the volume of a single cell increased with cells’membranes
ruptured. With the increase in NP exposure dose, the number of adipocytes per microscope decreased gradually
(F=85.873, P<0.001). The expression levels of PPARy (F=169.936, P<0.001) and FAS (F=295.249, P<0.001) pro-
teins in the H group were higher than those in the control group. CEBPa (F=101.086, P < 0.001) mRNA expression
was up-regulated in the M and H groups; and FAS (F=439.600, P<0.001), PPARy (F=10.540, P<0.001), and SREBP1
(F=123.499, P<0.001) mRNA expression in NP-exposed groups were significantly higher than those in the control
group. In vitro, compared with the control group, the Oil Red Staining of adipocytes in the NP groups was darker,

the fat cells were more densely distributed, and some of them fused into large lipid droplets. Expressions of CEBPa
(F=539.103, P<0.001), FAS (F=715.740, P<0.001), PPARy(F = 114.783, P<0.001), and SREBP1 (F=139.600, P<0.001)
proteins in 3T3-L1 preadipocytes were higher in group exposed to 40 uM NP than those in the control group.

Conclusions: The results of this in vivo and in vitro experiment were consistent, and both have demonstrated that
NP exposure interfered with the expression of proteins and/or mRNAs of lipid metabolism-related regulators (CEBPq,
FAS, SREBP1, PPARy), promoted the proliferation and differentiation of adipocytes and intracellular accumulation of
lipids, and eventually lead to blood lipid disorders and obesity in rats.
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Highlight

Chronical NP exposure induced lipid metabolism
dysfunction in rats.

NP level in adipose tissue increased with NP expo-
sure dose in a dose—response manner.

NP interfered with the expressions of lipid metabo-
lism-related regulators.

Background

The increasing of obesity rate is a serious global pub-
lic health challenge [3]. Obesity is a multifactorial and
complicated endocrine disease, the pathogens of which
involve the interaction of genes and the environment
[13]. Although heredity and nutrition are important fac-
tors for the rapid spread of obesity, these factors have not
explained the magnitude and speed of obesity changes in
recent decades [25]. Environmental chemicals are con-
sidered to be an important cause of the increased rate of
obesity. Environmental endocrine disruptors (EEDs) are
one of the types of “environmental obesity factors” [8,
26]. EEDs can interfere with the synthesis, secretion, and
metabolism of natural hormones. Meanwhile, EEDs is
lipophilic, which increases the duration in adipose tissue.
This will not only increase the incidence of obesity, but
also reinforce the retention of other lipophilic pollution
chemicals, which in turn will produce more adverse reac-
tions [12]. This may explain why obesity is a potential risk
factor for many diseases, including cancers. Current epi-
demiological or animal experiments found [1, 12, 13] that
some EEDs (such as bisphenol A, tributyltin, and phtha-
lates) interfered with lipid accumulation and fat metabo-
lism and resulted in obesity.

Alkylphenol ethoxylates are a class of nonionic sur-
factants that are widely used in the manufactures of
detergents, plastics, paints, cosmetics, and pesticides
[14]. Nonylphenol (NP) is a major degradation product
of alkylphenol ethoxylate, a lipophilic estrogen chemical,
and adipose tissue is one of its target organs [6, 14, 20].
Animal experiments have shown that feeding NP-con-
taminated water during pregnancy and lactation in rats
caused obesity [2]; NP exposure during development led
to adrenal hyperfunction and obesity in rats, and adult
male offspring also gained weight and adrenal hyperfunc-
tion [6, 7]. The above research suggested that even during
short periods of exposure to NP in the utero and grow-
ing season, the body could cause obesity in adulthood.
In view of the existing data, although the early expo-
sure to NP was reported to be related to the occurrence
of obesity, but the mechanism is unclear. Therefore, rats
were exposed to NP for long term in this study, and to
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determine whether long-term exposure to low NP con-
centrations causes obesity and lipid metabolism disor-
ders. Then, NP was exposed to cell 3T3-L1, which is one
of the most commonly used cells to establish models of
adipocytes in vitro. After fattening chemicals exposure,
the cell morphology changed and intracellular triglycer-
ides accumulated [16, 21, 23]. Effects of NP on mRNA/
protein expressions of lipid metabolism-related genes
(CEBPa, FAS, PPARY, and SREBP1) in vivo and in vitro
were performed.

Materials and methods

Animal experiments

Animals and treatments

Forty healthy 4-week-old Sprague—Dawley (SD) rats
(150+ 10 g) were provided by the Daping Animal Center
of the Third Military Medical University (License No.
SCXK- 2012-0005). After acclimated to the laboratory
environment for 1 week, the rats were randomly divided
into four groups of 10 rats each: the control group (C),
low-dose NP group (L), medium-dose NP group (M), and
high-dose NP group (H). The rats were exposed to NP by
gavage for 26 weeks (180 days). The rats were housed in
the animal laboratory of the School of Public Health of
Zunyi Medical University, and maintained at 22£2 °C,
60+ 5% relative humidity, with standard conditions with
12-h light and dark cycle. The rats were free to eat, drink,
and fed in separate cages. The diet consisted of 63.02%
carbohydrate, 12.5% fat, and 24.93% protein. To avoid the
influence of NP from the environment, the cages were
made of polypropylene materials, and the drinking water
was deionized.

NP solution preparation

NP (Shandong Xiya Chemical Industry Co. LTD, China,
purity=98%) was dissolved in corn oil (Luhua, Shan-
dong, China) to prepare solutions (4 pg/L, 40 pg/L, and
400 pg/L). Gavage was performed at 5 mL/kg every day
at 8 am. The groups were as follows: control group (C
group, corn oil), low dose (L group, 0.02 pg/kg/day NP),
medium dose (M group, 0.2 pg/kg/day NP), and high
dose group (H group, 2.00 pg/kg/day NP). Animal experi-
ments were approved by the Zunyi Medical University
ethics committee and all procedures were in stick accord-
ance with the relevant regulations and requirements of
the Zunyi Medical University.

Rat weight monitoring and animal scarification

The body weight of the rats was monitored every week
before gavage, and all operations were completed within
1 h to ensure the time of gavage. The whole blood was
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collected through the abdominal aorta after an over-
night fast. After standing for 2 h, the blood was centri-
fuged at 3000 rpm for 10 min and serum was kept in a
refrigerator at — 80 °C. The gonad fat pad was washed
with saline, dried with filter papers and weighed. A piece
of 0.5x0.5 cm fat was fixed with 10% formaldehyde,
and the remaining was divided into packs and frozen in
Eppendorf (EP) tube at — 80 °C for later use. The gonad
fat coefficient was calculated: fat coefficient=fat wet
weight (g)/body weight (g) x 100%.

Serum lipid detection

Total cholesterol (TC), triglycerides (TG), high-density
lipoprotein cholesterol (HDL-C), and low-density lipo-
protein cholesterol (LDL-C) in serum were detected by
automatic biochemical analyzer (OLYMPUS, Olympus
Optical Co., Tokyo, Japan).

Serum lipoprotein detection

Protein levels of serum FAS, CEBPa, PPARY, and SREBP1
were measured by enzyme-linked immunosorbent
assay (ELISA) kits (Solarbio, Beijing, China) in accord-
ance with the manufacturer’s instructions. A series of
concentration of the standards were diluted according
to the instructions — add samples (standards and sam-
ples) — add horseradish peroxidase — incubate at 37 °C
for 60 min — wash — add substrate A+ B— incubate at
37 °C for 15 min — add stop solution — 450 nm to meas-
ure optical density (OD). The samples’ concentrations
were calculated from the standard curve by according to
the OD value of the standards.

Detection of NP concentration in adipose tissue

NP concentration in adipose tissue was measured by
high-performance liquid chromatography (HPLC). (D
Preparation of adipose tissue sample: put 100 mg of fresh
adipose tissue in a glass tube, add 4 ml of N-hexane/ether
(Vol.N-hexane:Vol. ether =7:3), homogenize for 8 to 10 s
at 20,000 r/min, then centrifuge at 4000 r/min for 10 min,
take the supernatant into a clean glass tube, evaporate
in a water bath at 50 °C, 0.1 ml dissolved solution and
then transfer to the sample bottle. @ Chromatographic
conditions: chromatographic column (Inertsil ODS-3,
4.6 mm x 250 mm, 5 pm); fluorescence detector (excita-
tion wavelength: 275 nm: emission wavelength: 312 nm);
column temperature: 40 °C; mobile phase: Vol. of
acetonitrile:Vol. of 0.1% glacial acetic acid =85:15; load-
ing volume: 10 pl, elution rate: 1.0 ml/min; samples were
kept for 6.0 min. Quantitative analysis: NP concentra-
tions in the samples were calculated by a standard curve
which was made by NP standards of different concentra-
tions in acetonitrile. All values of samples and standards
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were determined by the machine. The obtained peak area
was used to make a standard curve to calculate the NP
concentration in the samples.

Adipose tissue cell counting

The tissues were fixed for 24 h with formalde-
hyde and dehydrated with a gradient of alcohol
(75% — 80% — 90% — 95% — 100%), and then embedded
in paraffin and sectioned (4—6 pum). Slides were stained
with H&E and observed under a light microscope, and
then cell counting was performed under the field of view
of a 200 x magnification.

Detection of the expressions of lipid metabolism-related
proteins (CEBPa, FAS, PPARy, SREBP1) in adipose tissue
Western blot (WB) was performed to detect the expres-
sion levels of lipid metabolism-related proteins (CEBPa,
FAS, PPARy, and SREBP1) in adipose tissue. 100 mg of
adipose tissue was homogenized and lysed in 1 ml RIPA
buffer with 10 pl phenylmethanesulfonyl fluoride (PMSF)
(100 mmol/L). The lysate was centrifuged at 12,000 r/
min for 20 min at 4 °C. The protein concentration was
determined by the BCA method. Protein solution was
diluted to 5 pg/pl, mixed with loading buffer at volume
rate 1:4, and then boiled at 100 °C for 5 min. The proteins
were separated by 10% SDS-PAGE and then transferred
to polyvinylidene difluoride (PVDF) Immobilon mem-
brane (Millipore, France). After blocked with 5% non-fat
milk, the membrane was incubated with primary anti-
body at 4 °C overnight. The membrane was washed with
TBST for 6 times, 5 min/time in the next day, and the
secondary antibody was incubated at room temperature
for 1.5 h. The membrane was washed with TBST for 6
times, 5 min/time, and then exposed with ECL solution.
Pictures were analyzed by the Image-J software (NIH,
Bethesda, USA), and the internal reference protein was
GAPDH.

Detection of the mRNA expressions of lipid
metabolism-related genes (CEBPa, FAS, PPARy, SREBP1)

A real-time RT-PCR was performed with a ¢1000 ther-
mal cycler (Bio-Rad, Hercules, California USA) to detect
the mRNA expressions of CEBPa, FAS, PPARy, and
SREBP1. 200 mg of adipose tissue was cut and homog-
enized with 1 ml TRIzol, kept for 5 min at room tempera-
ture (RT) and 200 pl chloroform was added and shaked
vigorously for 15— stand for 5 min at RT — centrifuged
(4 °C,12,000 r/min x 15 min) — mixed 400 pl supernatant
with 400 pl isopropanol — stand for 5 min — centrifuged
(4 °C,12,000 r/min x 15 min) for 10 min and discard
supernatant — washed with 75% ethanol once — dis-
card supernatant, air dry for 5 min— dissolved in
20-50 pl DEPC-treated water. Total RNA concentration
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was measured by Nano Photometer. Reverse transcrip-
tion was performed in according to the instructions of
manufacture. qPCR was performed using SYBR®-Green
Master Mix. The expression level of the target gene was
calculated using the calculation formula: Q=2"A4 <
the internal parameter Ct value was among 18-25. The
sequences of the primers used are listed in Table 1.

Cell experiments

Cell culture and exposure

3T3-L1 preadipocytes (Shanghai Zhong Qiao Xin Zhou
Biotechnology Co., Ltd, Shanghai, China) were cultured
in high-glucose DMEM supplemented with 10% newborn
bovine serum (NBS) and 1% penicillin—streptomycin
(PS) at 37 °C, 5% carbon dioxide. When cell’s conflu-
ence was 80% to 90%, 10% FBS medium was changed and
cells were cultured for 48 h. Then, NP (0, 40 pM, 40 nM,
40 uM) exposure was started. The medium was changed
for each 48 h, and the NP exposure continued until
12 days when there were fat drops in the cells.

Oil Red O Staining

Stained with Oil Red O solution (Solarbio, Beijing,
China) for 15 min at room temperature — washed the
cells 3 times with PBS, and stained with hematoxylin
for 1 min, rinsed with ddH,O multiple times, then lipid
droplets were observed and photographed under the
light microscope.

Determination the related protein expression of interest

(1) Extraction of total protein: Discard the supernatant
and wash the cells 3 times with pre-chilled PBS, add the
fresh lysis buffer with 1/100 volumes of PMSF to cell
pellets, mix by pipetting, centrifuge (12,000 r/min) in a
pre-cooled EP tube for 20 min at 4 °C, transfer the super-
natant to a new pre-cooled EP tube. (2) The remaining
steps were the same as in the animal experiment.

Table 1 The sequences of the primers

Gene name Sequences

CEBPa Forward: CTCTGGGATGGATCGATTGT
Reverse: TTACAACAGGCCAGGTTTCC
FAS Forward: CTCTGGAAGTGCATGCTGTAAGA

Reverse: GGTAGATGTCATTTGCGAAAGGT

PPARy Forward: ACTGCCTATGAGCACTTCAC
Reverse:GGGTGAGACAGGAGATGTTGGAATG

SREBP1 Forward: GTCTTTCAGTGATTTGATTTTGTGA
Reverse: TGTGGTAAAGGTCCGCTTCC

B-Actin Forward: CACCCGCGAGTACAACCTTC

Reverse: CCCATACCCACCATCACACC

Page 4 of 12

Data analysis

All data were statistically analyzed using with SPSS soft-
ware, version 20.0 for Windows (SPSS Inc., Chicago, IL,
USA). The values of all variables are presented as the
mean=+ SD (standard deviation). The one-way analysis
of variance was used for comparison between multiple
groups. If there were differences within the groups, the
pairwise comparison between groups was performed by
LSD method. A level of P<0.05 was considered statisti-
cally significant.

Results

Animal experiment

Effect of NP exposure on body weight

There was no significant increase in body weight of
rats in the treatment group when NP was exposed
from 1 to 5 weeks, and there was an increase trend in
body weight of rats in the NP-treated group from 6 to
20 weeks compared with control group, but there was
no statistical significance. During the period from 21
to 25 weeks of NP exposure, there was statistical sig-
nificance between high-dose group and control group,
and there was no difference among low-, medium-, and
high-dose groups (F,;,,=3.009,Fy,=3.129, P<0.05).
During 26 weeks (180 days) of NP exposure, there was
a continuous increase of body weight showing as fol-
lows: H group>M group>L group>control group
(Fagy =3.569,P,¢, = 0.023, Fig. 1).

Effect of NP exposure on fat weight and fat coefficient

Both fat weight (F=103.605, P<0.001) and fat coefficient
(F=169.807, P<0.001) of NP-exposed rats were higher
than those of control group rats (Fig. 2).

a
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,;\D 400 —e— L group
: 350 —&— M group
g 3004 —¥- H group
£ 2504
= 2004
.%0 150
= 100-
50
c T L} L} T L} L} T
0 1 5 13 17 21 25 26
Time (week)
Fig. 1 Effect of NP exposure on rat weight. ®vs C group, P< 0.05
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the increasing tendency: control group<L group<M
group < H group (Fig. 4).

NP concentration in adipose tissues

The concentration of NP in adipose tissues of NP-
exposed rats was higher than that of the control group
(F=561.353, P<0.001), and concentration trend was
indicated as follows: Control group<L group<M
group < H group (Fig. 5).

Pathological changes of adipose tissue

The adipocytes in the control group were small and
intact. The adipocytes in the L group became slightly
larger. At the same time, some particularly small adipo-
cytes appeared, and it was speculated that they could
be newly differentiated adipocytes. The numbers of adi-
pocytes in the M and H groups decreased, and the vol-
ume of a single cell increased significantly. Moreover,
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some cells’ membranes ruptured when there were large
enough, and two or more cells fused (Fig. 6).

Effect of NP on adipose tissue cell numbers

Cell counting revealed that with the increase in NP expo-
sure dose, the number of adipocytes per microscope
decreased gradually (F=85.873, P<0.001, Fig. 7).

Effect of NP on the expressions of adipose-related target
proteins

The expression levels of CEBPa (F=53.403,P<0.001)
and SREBP1 (F=213.586, P<0.001) proteins in adipose
tissue of NP-exposed rats increased with the increase
of NP exposure dose; the expression levels of PPARy
(F=169.936, P<0.001) and FAS (F=295.249, P<0.001)
proteins in the H group were higher than those in the
control group (Fig. 8).

Effect of NP exposure on mRNA expressions of target genes
related to lipid metabolism

mRNA expressions in adipose tissues of the lipid metabo-
lism-related genes were up-regulated in NP-exposed rats.
CEBPa mRNA expression was up-regulated in the M and
H groups (F=101.086, P<0.001); and FAS (F=439.600,
P<0.001), PPARy (F=10.540, P<0.001), and SREBP1
(F=123.499, P<0.001) in NP-exposed groups were sig-
nificantly higher than those in the control group (Fig. 9).

Cell experiments

Oil Red O staining of 3T3-L1 cells exposed to NP

Compared with the control group, the Oil Red Staining
of adipocytes in the NP groups was darker, the fat cells
were more densely distributed, and some of them fused
into large lipid droplets (Fig. 10).

Effect of NP on the expression of lipid metabolism-related
proteins (CEBPa, FAS, PPARy, SREBP1)

Expressions of CEBPa (F=517.864, P<0.001), FAS
(F=124.005, P<0.001), PPARy (F=286.338, P<0.001),
and SREBP1 (F=1640.631, P<0.001) proteins in 3T3-L1
preadipocytes were higher in group exposed to 40 uM
NP than in the control group (Fig. 11).

Discussion

The increasing incidence of obesity is also a risk factor
for many diseases, such as type 2 diabetes, cardiovascu-
lar disease, non-alcoholic fatty liver, etc. [18]. Numerous
studies have shown that EEDs’ exposure was related to
the occurrence of obesity [22, 25]. NP is a typical envi-
ronmental endocrine disruptor. This study aimed to
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Fig. 6 Pathologic alterations in adipose tissue of rats exposed to NP (200x). Arrows indicate cell hypertrophy, rupture, and fusion
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0 of 0, 0.02, 0.2, and 2 pg/kg. By simulating the body’s NP
Fig. 7 Effect of NP on adipose tissue cell numbers (n=50). % vs C exposure in the environment for 180 days of long-term
group, P<0.05, vs L group, P<0.05, © vs M group, P<0.05 intragastric administration of NP to rats, effect of long-

term NP environmental concentration exposure on body
lipid metabolism was explored.

The results of animal experiments in this study
showed that the body weight of rats increased during
1 to 17 weeks of NP exposure, while the weight of rats
increased significantly from 21 to 26 weeks and presented
a positive relationship with NP dose. NP-induced weight
gain in rats has also been demonstrated in multiple

investigate the effect of NP on lipid metabolism through
rat models and cell experiments in vitro.

In the current research on the association between
NP and obesity, exposure to NP during perinatal period
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studies [25, 28, 29]. In this study, the serum cholesterol,
triglyceride, and low-density lipoprotein contents of the
rats in the exposed group were higher than these in the
control group, which was consistent with the results of
Zhang et al. [30]. Elevated cholesterol, triglyceride, and
low-density lipoprotein levels in serum were also one
of the indicators for diagnosing obesity. At 180 days,
the gonad fat pad and fat coefficient of the NP exposure
group also increased significantly and had a dose—effect
relationship. Gonadal visceral adipose tissue is one of the
largest adipose depots in rodents [4]. Gonadal fat pad
was used as an index of adiposity [9] in the current study.
In addition, H&E staining of adipose tissue revealed that
the volume of adipocytes in the exposed group increased
with the addition of NP dose and a small volume of newly
differentiated adipocytes among them, the large adipo-
cytes with ruptured membrane and multiple cells rup-
tured shown in high dose group; the accumulation of NP
in adipose tissue had a positive relationship with expo-
sure dose. Because the accumulation concentration of NP
in adipose tissue had a dose—effect with NP, pathology
showed that the higher the exposure concentration, the
larger the number of fat cells and the smaller the number.

Therefore, it was assumed a certain association between
the exposure dose of NP and the increase in the volume
of fat cells. The above results together manifested that
long-term exposure to NP could lead to obesity.

CEBPq, FAS, SREBP1, and PPARy are the key genes
of lipid metabolism, and involved in the regulation of
lipid metabolism. Increased CEBPa expression was
associated with adipocyte hypertrophy, impaired
insulin signaling, and decreased glucose utiliza-
tion [1]; PPARy and FAS expression and/or reduced
phosphorylation-inhibited adipogenesis [15]; SREBP1
participated in adipocyte differentiation and adipo-
genesis was a major regulator of lipid homeostasis
transcription [19]. The results of this animal experi-
ment demonstrated that as the key regulators of lipid
metabolism, the protein expression levels of CEBPq,
FAS, SREBP1, and PPARy in serum and adipose tis-
sue had a dose—effect with NP exposure. Moreover,
the mRNA expression levels of the four regulatory fac-
tors were also higher than these of the control group.
Some studies had consistent results to this animal
experiment, such as the increase of SREBP-1C and
FAS mRNA expression in non-alcoholic fatty liver
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was caused by NP subchronic exposure [29]. Con-
tinuous exposure from the 6th day of pregnancy to
the 21st day after birth, the expression levels of FAS,
PPARy, and SREBP1 mRNA in liver tissues of F, and
F, rats were higher than those in the control group,
and the increase was proportional to the dose of NP
[30]; NP exposure during the development period
could increase PPARy mRNA expression in adult male
offspring [6]. The above lipid metabolism results indi-
cated that NP exposure affected the gene and/or pro-
tein expression of CEBPa, FAS, SREBP1, and PPARy in
rats related to lipid metabolism.

The results of in vitro and in vivo studies were con-
sistent: more 3T3-L1 cells stained with Oil Red O in
the NP exposed group than in the control group. The
exposure dose increased, the red color became deeper,
and the fat cells were more densely distributed; WB
results showed the protein expressions of CEBPa, FAS,
SREBP1, and PPARy increased in adipocytes. 3T3-L1
pre-adipocyte in vitro experiments are often used to
evaluate the interference of environmental chemicals
on adipogenesis, and provide a basis for environmen-
tal substances that can affect lipid metabolism in the
body [5, 10, 24]. Studies have shown that [11, 17]: 4-NP
increased PPARYy activity at 1 pM, and significantly pro-
moted triglyceride accumulation in 3T3-L1 adipocytes
at 10 pM. In addition, Chang et al. [7] found that NP
also promoted the protein/mRNA expression of PPARy
in human adipocytes. These studies were consistent
with these in vitro results, which suggested that NP
exposure had an effect on adipocyte lipid metabolism.
The results of the above cell experiments and animal
experiments have confirmed our previous research
findings that NP exposure could cause 2-diabetes [28],
alcoholic fatty liver [29], and metabolic syndrome [27].

Conclusion

The results of this in vivo and in vitro experiment were
consistent, and both have demonstrated that NP expo-
sure interfered with the expression of proteins and/or
mRNAs of lipid metabolism-related regulators (CEBPq,
FAS, SREBP1, PPARYy), promoted the proliferation and
differentiation of adipocytes and intracellular accumu-
lation of lipids, and eventually lead to blood lipid disor-
ders and obesity in rats.
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