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Abstract:

Val-Phe-Val-Arg-Asn (VFVRN) has been identified and screened from lipid-lowering
chickpea peptides (ChPs) by using a pharmacokinetic model in our previous
experiment. The present study was conducted to investigate its effects and
mechanisms on lipid metabolism. A high-fat diet C57BL/6J mice model and 3T3-L1
preadipocyte cell model were used. VFVRN was found to significantly decrease the
levels of some blood lipids. The expressions of LDL receptor (LDLR), peroxisome
proliferator-activated receptors (PPAR)a, liver X receptor (LXR)a, cholesterol 7a-
hydroxylase (CYP7A1) and AMP-activated protein kinase (p-AMPK) in liver were
up-regulated by VFVRN treatment. The expressions of 3-hydroxy-3-methylglutaryl-
coenzyme A reductase (HMGR), fatty acid synthetase (FAS), 1-aminocyclopropane-
1-carboxylate synthetase (ACC), sterol regulatory element-binding protein (SREBP)-
1c and SREBP-2 in liver were significantly (P<0.05) down-regulated. Additionally,
the expressions of PPARa and PPARy in adipose tissues were up-regulated by
VFVRN significantly (P<0.05). VFVRN might also contribute to transintestinal
cholesterol efflux (TICE) by up-regulating the expressions of LXRa and ATP binding
cassette G5/8 transporters (ABGC5/8). Moreover, VFVRN promoted 3T3-L1
preadipocyte apoptosis by up-regulating the expressions of BaX, cleaved Caspase-3
and down-regulating Bcl-2. VFVRN had potent effects in reversing metabolic
disorders of blood and liver in a high-fat diet mice model, as well as to promote the

apoptosis of 3T3-L1 preadipocytes.
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1. Introduction

Hyperlipidemia has been a major risk factor for cardiovascular disease and
premature atherosclerosis [1], and cardiovascular disease has been one of the leading
causes of morbidity and mortality worldwide [2]. High correlations between lipid

metabolism disorder, nonalcoholic fatty liver and obesity have been confirmed [3].

Many studies showed that the enzymatic hydrolysis of food protein sources or
bioactive peptides have effects on the regulation of endogenous lipid balance [4]. lle-
lle-Ala-Glu-Lys (IIAEK) isolated and purified from bovine milk protein hydrolysate
had a strong ability to combine bile acid [5]. The cholesterol-lowering activities of
ITAEK were better than B-sitosterol, which has been considered lipid-lowering drug [5].
The expression of the cholesterol 7a-hydroxylase gene (CYP7AL) was up-regulated by
B-lactoalbumin to decrease the blood lipid levels [6]. The gene transcript of LDL
receptor (LDLR) was significantly enhanced and the excess low density lipoprotein
cholesterol (LDL-C) in serum were effectively cleared up by Phe-Val-Val-Asn-Ala-
Thr-Ser-Asn (FVVNATSN), which was isolated from soybean 7s B-globulin [7]. The
hydrophobic soybean peptide Trp-Gly-Ala-Pro-Ser-Leu (WGAPSL) was found to
lower micellar solubility of cholesterol by 81.3% and decrease the levels of low density
lipoprotein (LDL) and very low density lipoprotein (VLDL) in serum by 34% and 45%,
respectively [8]. Lys-Glu-Pro-lle (KEPI), His-lle-Pro-Leu (HIPL) and Leu-Glu-Tyr
(LEY) isolated from vitellogenin hydrolysates were also found to decrease total
cholesterol (TC) and total triglyceride (TG) in serum of high-fat-diet mice by more than

50% [9].

The homeostatic balance of cholesterol influences blood fat levels [10]. Liver

plays a particular role in lipid metabolism for the synthesis and catabolism of lipid and
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lipoprotein [11]. In addition to the liver, intestine and adipose tissue are also important
organs for lipid metabolism. Lipids are digested and absorbed in intestine and then
stored in adipose tissue. Peroxisome proliferator-activated receptors (PPAR)o are
enriched in tissues such as liver, adipose tissue, with high fatty acid oxidation (FAQ)
rates. PPARo agonists are useful in management of Non Alcoholic Fatty Liver Disease
(NAFLD) and complications such as cardiovascular disease (CVD) [12]. In liver, the
AMP-activated protein kinase (AMPK) is a central regulator of multiple metabolic
pathways and has therapeutic importance for treating obesity, NAFLD and the disorder
of lipid metabolism [13]. Reverse cholesterol transport (RCT) is a classics pathway for
cholesterol to be transported from the periphery to the liver [14]. High-density
lipoprotein (HDL) in serum carried the excess cholesterol in organism back to the liver,
where cholesterol could be processed and excreted out of the body [15]. However,
recent studies showed that the metabolism change of cholesterol in liver and the
contents of cholesterol in the feces have not certain relationship [16]. Cholesterol can
be secreted directly by enterocytes in small intestine, which seems to be more important

than the pathway that cholesterol is excreted through bile duct [17].

We previously reported that Val-Phe-Val-Arg-Asn (VFVRN) exhibited a
hypocholesterolemic effect in HepG2 cells [18]. The synthesis of TC and the expression
of HMG-CoA reductase in HepG2 cells significantly reduced when the HpeG2 cells
were incubated in DMEM medium with VFVRN for 24 h. Additionally, VFVRN and
ChPs have a potent effect in reversing metabolism disorders of blood and decreasing
the adipose tissues size in the ovariectomized rat model. Thus, in this study, we further
study the lipid-lowering activity of VFVRN in a high-fat diet mice model and 3T3-L1
preadipocyte model. More importantly, the lipid-lowering mechanisms of VFVRN,

especially in intestine and adipose tissues were explored.
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2. Materials and Methods

2.1 Sample

VFVRN was identified from chickpea peptides by using a pharmacophore model
[19] and synthesized by Fmoc (Fluorenyl methoxy carbonylsolid-phase synthesis) in

Guotai biotech company (Anhui, China) with over 98% purity.

2.2 Animals

All experimental procedures were approved by the Hubei Laboratory Animal
Research Center. All procedures were conducted according to the National Institute of
Health Guidelines for the Care and Use of Animals and the animal ethical approval
certificate number was MU-2016-001. The male C57BL/6J mice (20+2g) were
maintained on a 12/12h light/dark cycle at room temperature (22+2 °C), with free access
to water. After three days’ acclimation, the mice were divided into 5 groups with 10
mice in each group: basal diet group (Control group); high-fat diet group (Model
group); high-fat diet+10 mg/kg bw VFVRN group (L-VFVRN group); high-fat diet+50
mg/kg bw VFVRN group (H-VFVRN group); high-fat diet+10 mg/kg bw lovastatin
group (Lovastain group). The composition of the basic diet and high fat diet are in Table
1. Lovastain can reduce the synthesis of cholesterol and increase the synthesis of LDL
receptor, mainly in the liver. Since it has the preventive and therapeutic effects on
atherosclerosis and coronary heart disease, it was used as a positive control in this study.
VFVRN and lovastatin were given by gavage. At the end of the tenth week, the mice
were housed individually for one day (free food and water), the feces were collected
and stored at -80 °C for further analysis. After the ten weeks’ experiment, all the mice
were fasted for 12h and the blood was collected. Then the livers were quickly removed,

weighted and stored at -80°C for further analysis.


https://doi.org/10.20944/preprints201909.0309.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 September 2019 d0i:10.20944/preprints201909.0309.v1

2.3 Intestine perfusion procedures

Mice were anesthetized by intramuscular injection with 0.1 mL Zoletil and placed
on a heating plate to maintain body temperature. Zoletil has no impacts on energetic
metabolism and lipid metabolism. In selected sets of experiments, mice were
intravenously injected with 10ug NBD-cholesterol (Invitrogen Life Technologies,
Carlsbad, CA, USA) dissolved in 100 pL Intralipid, via tail vein. This fluorescent
analog, NBD cholesterol (22-(N-(7-Nitrobenz-2-Oxa-1,3-Diazol-4-yl) Amino)-23,24-
Bisnor-5-Cholen-33-Ol), is an environment-sensitive probe and is useful for
investigating lipid transport processes as well as lipid-protein interactions. The intestine
perfusion was started 30 minutes after injecting the NBD-cholesterol and bile was
collected after 15 minutes to measure biliary cholesterol secretion by multiscan
spectrum (Tecan, Swiss) at AEx =469 nm, AEm =538 nm [16]. The fluorescence data in
control group was set as 1.0 and the other groups relative to control group was set as
the biliary cholesterol secretion level in each group. Each group was tested with three
mice. After the intestine perfusion procedure, the blood and livers of those mice were

collected.

2.4 Serological analysis

Blood samples were collected in non-heparinized tubes and centrifuged at 1200 g
for 10 min at 4°C and serum was collected. The levels of triglyceride (TG), total
cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C) were determined by using commercial kits purchased

from Nanjing Jiancheng bio-engineering institute (Nanjing, China).

2.5 Liver analysis
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Frozen mice livers in all groups were homogenized in saline solution. The levels
of TG, TC, LDL-C, HDL-C and protein concentration were determined by using
commercial kits purchased from Nanjing Jiancheng bioengineering institute (Nanjing,

China).

2.6 Feces analysis

Frozen mice feces in all groups were lyophilized and homogenized in saline
solution. The levels of TC and TG were determined by using commercial kits purchased

from Nanjing Jiancheng bioengineering institute (Nanjing, China).

2.7 Cell culture and treatment

The 3T3-L1 cell line obtained from Cell Resource Center (School of Basic
Medicine Peking Union Medical College) was routinely cultured in DMEM
supplemented with 10 % heat-inactivated fetal calf serum, 2 mM L-glutamine, 100
U/mL penicillin and 100 pg/mL streptomycin. Cells were grown in the 75 mm? culture
flasks at 37 °C in a humidified atmosphere of 95% air and 5% CO> before treatment.
(1) Cells were plated out in 96-well plates and incubated in media containing 0.05, 0.2,
0.4, 0.75, 1.5 and 3 mmol/L VFVRN for 24 h or 48 h to analyze the effect of VFVRN
on cell proliferation in 3T3-L1 preadipocyte. (2) Cells were plated out in 6-well plates
and incubated in media containing 1, 2, 3 mmol/L VFVRN for 24 h to analyze the
apoptosis effect of VFVRN in 3T3-L1 preadipocyte. (3) Cells were plated out in 96-
well plates and incubated in media containing 0.05, 1, 2, 4, 6 and 8 mmol/L VFVR,
VFV, FVRN and VRN, respectively, for 48 h. It was aimed to analyze the effect of
VFVRN ’s derivatives on cell proliferation in 3T3-L1 preadipocyte. (4) Cells were
plated out in 6-well plates and incubated in media containing 4 mmol/L VFVR for 48

h to analyze the apoptosis effect of VFVR in 3T3-L1 preadipocyte. PBS was used in
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the control experiment. Each treatment was carried out at least in triplicate. The cell
proliferation was determined by MTT method. The cell apoptosis was determined with
flow cytometer by using commercial kits purchased from Nanjing Jiancheng

bioengineering institute (Nanjing, China).

2.8 MTT analysis of cell proliferation

Briefly, after exposure of cells to samples, culture media was changed by free
serum culture media. MTT dissolved (0.5mg/mL) in free serum culture media was
added to each well and incubated for 3 h. After this interval, MTT was discarded and
150 uL DMSO was added to each well dissolving the precipitate. The optical densities

were measured at 560 nm spectral wavelength.

2.9 Annexin V-FITC/PI double staining and flow cytometry analysis of cell apoptosis

After treatment of tryptic digestion, cells were scraped off and washed with ice-
cold PBS and centrifuged for 5 min (1000 g) at 4°C. Cells (1-5x10°) were resuspended
by PBS and bonding solution was added. Then, 5 pul Annexin V-FITC and 5pl
propidium iodide were added and mixed thoroughly in turn. The reaction occurred at
room temperature against light for 20 minutes and flow cytometry was performed
immediately. The apoptosis rate was calculated from the flow cytometer by FlowJo
software (Treestar). Scatter plot of the double staining (V-FITC/PI) of apoptosis : up
right (UR): the late stage apoptotic cells; low right (LR): the early stage of apoptosis

cells; low left (LL): the normal cells; up left (UL): the dead cells.

2.10 Western blot analysis

Protein expression levels in liver and cells were tested by western blot method.

RIPA lysis buffer and PMSF were used to collected cell samples. The concentration of
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protein was tested using BCA kit. Proteins were separated by 12% SDS-PAGE and then
transferred to a PVDF membrane (1h, 200mA). The membrane was blocked in 3%
defatted milk for 1h at room temperature and then incubated at 4°C overnight with
primary antibody against target proteins in blocking buffer. After being washed with
TBST buffer under gentle agitation, membranes were incubated for 1h at room
temperature with second antibody. After further washing, blots were treated with ECL
detection reagents. Densitometry analysis of specific bands was performed by Scion
Image software (Scion Corporation, Frederick, MD, USA). Immunoblotting was
performed using the following antibodies: anti-pAMPK, anti-PPARa, anti-SREBP-1c,
anti-SREBP-2, anti-LXRo, anti-LDLR, anti-HMGR, anti-ACC, anti-FAS, anti-
CYP7A1, anti-ABGC5/8, anti-Bax, anti-Bcl-2, anti-cleaved-caspase 3 and anti-p-actin

from Santa Cruz Biotechnology (Santa Cruz, TX, USA).

2.11 Statistical analysis

Experimental data were presented as mean values + SD. The mean values were
compared by ANOVA with p < 0,05 and Duncan’s multiple range test at P < 0.05 using

SAS software ver.8.1.

3. Results

3.1 Effects of VFVRN on TC, TG, HDL-C, LDL-C in serum, liver and feces

As shown in Fig. 1A, serum TG, TC and LDL-C levels in Model group were
significantly (P<0.05) higher while serum HDL-C was significantly lower than those
in the control group (P<0.05). After treatments with VFVRN and lovastatin, the levels
of TG, TC and LDL-C were significantly lower (P<0.05) than those in the Model group.

Additionally, the level of HDL-C was significantly elevated after the treatments with
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VFVRN and lovastatin compared to the Model group. There was no significant
difference of the variables mentioned above among VFVRN-treatment groups and

lovastatin-treatment group.

In the liver, the levels of TG, TC, LDL-C and HDL-C in Model group were
significantly higher (P<0.05, Fig. 1B) than those in the control group. The levels of TG,
TC, HDL-C and LDL-C in VFVRN-treatment groups and lovastatin-treatment group
were significantly lower than those in the Model group. As shown in Fig. 1 C, after the
treatment with VFVRN, the levels of TG and TC in feces were significantly higher than
those in the Model group (P<0.05, Fig. 1C), which indicated that the lipid excretion
increased after the treatments with VFVRN. There was no significant difference

(P>0.05) of TC and TG in feces between Model group and lovastatin-treatment group.

3.2 Effect of VFVRN on lipid metabolism in liver

3-hydroxy-3-methylglutaryl-CoA reductase (HMGR) is the rate controlling
enzyme of the mevalonate pathway which produces cholesterol and other isoprenoids
[16]. The acetyl-CoA carboxylase enzymes (ACC) and fatty acid synthase (FAS)
regulate the synthesis of fatty acids [20]. SREBPs are considered to play a vital role in
the process of lipid metabolism [21]. As shown in Fig. 2, the expressions of HMGR
(EC:1.1.1.345), FAS (EC 2.3.1.85), ACC (EC 6.4.1.2), SREBP-1c and SREBP-2 in the
Model group were markedly higher (P<0.05) than those in the control group. Compared
with the Model group, the expressions of these proteins in VFVRN-treatment groups
were markedly reduced (P<0.05). As for lavastatin group, these proteins expressions
also significantly decreased (P<0.05) compared to the Model group. Interesting, the

effects of VFVRN, in some parameters such as HMGR, was better than lavastatin.
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Liver X receptors (LXRs) are nuclear receptors that play central roles in the
transcriptional control of lipid metabolism and are important to convert cholesterol to
bile acid in liver for organisms to eliminate cholesterol [22]. Peroxisome proliferator-
activated receptors (PPAR)a is one nuclear receptor, which allows adaptation of the
rates of fatty acid (FA) catabolism [23]. AMP-activated protein kinase (AMPK)
signaling system has many implications for animal and human health [24], with roles
in diverse functions such as energy metabolism, glucose and lipid metabolism [25, 26].
LDL receptors (LDLR) provides an efficient mechanism for delivery of cholesterol
from blood to liver [27]. The CYP7A1 plays an important role in regulation of bile acid
biosynthesis and cholesterol homeostasis [28]. The expressions of p-AMPK, LXRa and
PPARa were decreased and LDLR was increased in Model group compared to control
group. Compared with the Model group, the expressions of LDLR, PPARa, LXRa,
CYP7A1 (EC 1.14.13.17) and p-AMPK in VFVRN-treatment groups were

significantly increased (P<0.05, Fig. 2).

3.3 Effect of VFVRN on lipid metabolism in adipose tissue

As shown in Fig. 3A, the body weight in VFVRN-treatment groups were
decreased by 11.11% and 14.81% than that in the Model group, but not significant. The
adipose tissue weight in the Model group was significantly higher than that in the
control group (Fig. 3B). VFVRN-treatment group showed 66.5% and 69.9% decreases
(P<0.05) in the adipose tissue weight respectively compared to the Model group. There
was no significant difference between lovastatin-treatment group and control group in
the weight of adipose tissue and body weight (P>0.05). Compared with Model group,
the expressions of LXRa, PPARa and PPARY in adipose tissues in VFVRN-treatment

groups were significantly increased (P<0.05, Fig. 2).
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3.4 Effect of VFVRN on lipid metabolism in intestinal tract

NBD-cholesterol is a fluorescent analogue of cholesterol and commonly used to
investigate lipid transport processes. As shown in Fig. 3C, the level of NBD-cholesterol
in high dosage VFVRN-treatment group was significantly (P<0.05) elevated than that
in the Model and lovastatin groups. ABCG8 and ABCGS5 are transmembrane transport
proteins and accelerated the elimination of cholesterol in small intestine cells [29].
Compared with the Model group, the expression of LXRa, ABCG5 and ABCG8 were

significantly increased in intestine (P<0.05, Fig. 2) after the VFVRN treatments.

3.5 Effect of VFVRN and derivatives on cell viability in 3T3-L1 preadipocytes

As shown in Fig.4A, VFVRN-treatment (>0.2 mmol/L) could markedly (P<0.05)
inhibit the growth of 3T3-L1 preadipocytes. VFVRN-treatment (3 mmol/L) could also

induce 3T3-L1 preadipocytes apoptosis by 58.75% (Fig. 6).

The Caspase-3 protease is a predominant player in the execution of apoptosis [30].
The Bcl-2-associated X protein (Bax) protein is a member of the B-cell lymphoma 2
(Bcl-2) family and is pro-apoptotic [31]. The Bcl-2 protein is an inhibitor of apoptosis
[32]. As shown in Fig. 4B, the expressions of Bax and cleaved Caspase 3 were up-

regulated and Bcl-2 was down-regulated by VFVRN-treatment.

As shown in Fig.5C, the derivative VFVR (>4 mmol/L) could markedly (P<0.05)
inhibit the growth of 3T3-L1 preadipocytes, while VFV, FVR and FVRN had no
inhibitory effect on viability of 3T3-L1 preadipocytes (<8 mmol/L, Fig.5).
Additionally, VFVR-treatment (4 mmol/L) could also induce 3T3-L1 preadipocytes

apoptosis by 27.54% (Fig. 6).

4. Discussion
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4.1 Effect of VFVRN on lipid metabolism in liver

The activated AMPK in the liver can effectively inhibit the non-alcoholic hepatic
fatty induced by high-fat diet [24]. AMPK switches off anabolic pathways such as
cholesterol, fatty acid, and triglyceride biosynthesis [33]. Treatment with VFVRN
increased the expression of p-AMPK in the high-fat diet mice and high expression of
p-AMPK could effectively inhibit the activities of FAS and ACC [25, 26]. Recent
studies demonstrated that hepatic lipogenic transcription factors (SREBP-1¢, LXRa.
and PPARa) could be coordinated by activated AMPK [34]. Moreover, AMPK-
independent pathways are important for regulating fatty acid uptake and oxidation [34].
Treatment with lovastatin increased the expression of p-AMPK in the present study. It
was reported that the AMPK signaling pathways could be activated by lovastatin to

play its varieties of biological activities [35, 36].

Our results showed that the expression of SREBP-1c was down-regulated and the
expression of LXRa and PPARa were up-regulated in VFVRN-treatment groups. The
SREBP-1c isoform are involved in fatty acid and glucose metabolism, whereas the
SREBP-2 isoform primarily regulated the cholesterol biosynthesis and contributed to
the maintain cholesterol homeostasis [37]. Activated AMPK not only inhibited the
hydrolysis of SREBP-1c and limited SREBP-1c getting into the nucleolus, but also
inhibited SREBP-1c in nuclear and the expression of its target genes to alleviate
hyperlipidemia and atherosclerosis in mice [34]. The expression of SREBP-2 and
HMGR could be decreased by lovastatin to inhibit cholesterol synthesis in HepG2 cel
I [38]. LXRa is highly expressed in hepatocytes and induced the expressions of a range
of genes involved in cholesterol efflux and clearance [39]. CYP7ALl was the rate-

limiting enzyme for the conversion of cholesterol to bile acids and CYP7A1 is the first
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LXRa target gene identified [40, 41]. Another major function of LXRs in the liver is
the promotion of de novo lipogenesis and the biosynthesis of fatty acids [42]. In vivo
studies have revealed the role for LXRa in the control of SREBP-1c expression and its
lipogenic target genes [21]. SREBP-2 regulates cholesterol homeostasis through the
related target genes and HMGR s a prime target of SREBP-2 [43]. A major target of
the SREBP-2 pathway was LDLR that mediates clearance of LDL particles from the
circulation [44]. SREBP-mediated regulation of LDL receptors was essential for the
action of statin drugs in lowering plasma LDL-cholesterol levels in individuals at risk
for coronary heart disease [45]. The studies found that lovastatin could decrease de
novo cholesterol synthesis and LDL Apo B-100 production rats [46]. LDLR activity in
circulating monocytes was also increased by lovastatin to contribute to the lipid

lowering action [12].

PPARa is a nuclear receptor, which allows adaptation of the rates of fatty acid
(FA) catabolism [34]. The expression of PPARa increased by lovastatin might due to
the activation of AMPK signaling pathways [47]. In patients with atherogenic
dyslipidemia, fibrates acting as synthetic PPARa agonists, lower plasma TG and LDL-
C and raise HDL-C levels [48]. Hepatic TG can be hydrolyzed and the released fatty
acids oxidized by the mitochondrial § oxidation [49]. PPARa controls gene expression
levels of the rate-limiting enzymes of peroxisomal B-oxidation and FA transport [29].
The reduction of plasma TG-rich lipoprotein upon PPARa activation was related to the
enhanced FA uptake, conversion into acyl-CoA derivatives, and further catabolism via
the B-oxidation pathways [50]. The plasma HDL-C was increased by stimulating the

synthesis of its major apolipoprotein apoA [51].
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Overall, our results showed that VFVRN could activate the expression of AMPK
and improve the metabolism of lipids in liver by AMPK/SREBPs/PPARa signaling

pathway.

4.2 Effect of VFVRN on lipid metabolism in adipose tissue

Treatment with VFVRN increased the expression of PPARa and PPARy in
adipose tissue in high-fat diet mice. The PPARa anti-obesity and insulin sensibility
effect were attributed to increase lipid oxidation in tissues to promote lipid depletion
[34]. Activation of PPARa in adipose tissue increased the rates of fatty acid (FA)
catabolism and reduced the synthesis of FA and TG [52]. PPARY also existed in adipose
tissue and regulated the expression of genes involved in lipid metabolism. Several
transcription factors are involved in adipogenesis, of which PPARy was known to be a
prerequisite [53]. PPARy is more powerful to regulate the differentiation and growth of
adipocytes than PPARa in adipose tissue [54]. PPARy was involved in differentiation
and maturation of adipocytes [55]. Activation of PPARYy leaded to the differentiation of
preadipocytes into adipocytes and contributed to the apoptosis of mature adipocytes
[56]. When the PPARYy agonist thiazolidinedione was administered to Zucker rats, the
number of new adipocytes and insulin sensitivity were found to be increased [56]. In
peripheral organs, activated PPARy augmented insulin sensitivity and inhibited
gluconeogenesis to lower blood sugar [57]. Obese diabetic subjects showed
significantly larger adipocytes and decreased PPARy expression compared to the
control group in human study [58]. White fat stores calories and brown fat burns energy
to generate heat. Activation of PPARY in adipose tissue could induce the switch from
white to brown fat [59]. The activation of PPARYy stimulated apoptosis in variety of cell

types, including 3T3-L1 adipocyte, cancer cells, endothelial and T-lymphocytes [60-
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63]. PPARY is a regulator of adipogenesis, and was found to be increased in the present
study, but it also leaded to the apoptosis of mature adipocyte. Those activities could
reduce the proliferation of preadipocytes and less lipid was accumulated in mature
adipocyte. The mature adipocyte with large lipid droplets were dead induced by
apoptotic. Our results showed that VFVRN may suppress the growth of fat tissue by

activating the expression of PPARs.

4.3 Effect of VFVRN on lipid metabolism in intestinal tract

Transintestinal cholesterol efflux (TICE) is an important pathway for cholesterol
excretion [64]. When serum HDL-C level was very low, the excretion of cholesterol
and bile acid in feces was still normal [16]. Lovastatin could up-regulate the expression
of ABCG8 and ABCGS5 to reduce the cholesterol absorption [65]. Treatment with
VFVRN increased the expression of LXRa, ABCG8 and ABCGS in a dose-dependent
manner. Activated LXRa could promote the process of TICE and increase the excretion
of cholesterol in intestinal canal [66]. ABCG8 and ABCG5 are transmembrane
transport proteins and accelerated the elimination of cholesterol in small intestine cells
[29]. It was reported that there was a negative correlation between the efficiency of
cholesterol absorption and the abundance of ABCG5 and ABCGS8 in the jejunum and
ileum [67]. Overexpressing ABCG5 and ABCG8 in mice exhibited a 50% decrease in
the fractional absorption of dietary cholesterol [68]. Our results illustrated that VFVRN
could promote transintestinal cholesterol efflux and reduce the absorption of cholesterol

in small intestine.

V and F in VFVRN are hydrophobic amino acids. R and N are hydrophilic amino
acid. These three continual hydrophobic amino acids were beneficial to inhibit HMGR

activity and decrease the absorption of cholesterol in intestinal tract [69]. The
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relationship between lipid-lowering activity and structure of peptides were not clear
now. It was reported that IIAEK and its fragment IAEK, AEK, EK all could increase

the expression of CYP7AL [70].

Two dosages of VFVRN (10 mg/kg bw and 50 mg/kg bw) were used in the present
animal experiment. Even though no significant difference was detected between these
two levels, both doses of VFVRN were shown good lipid-lowering activities. Higher

dosage of VFVRN may show better lipid-lowering activity.

4.4 Effect of VFVRN on cell proliferation in 3T3-L1 preadipocytes

It was proved that apoptosis is a significant factor in adipocyte depletion during
weight reduction in vivo and in vitro studies [71]. It is a potential target for treatment
of obesity and its related disease. Bcl-2 and Bax, members of the Bcl-2 family of
proteins, are important components of apoptosis. High expression of Bcl-2 was able to
inhibit apoptosis, while high expressions of Bax could stimulate apoptosis. A change
in the expression ratio of these two factors determines whether apoptosis occurs [72].
Additionally, Caspase family members have major roles in cell apoptosis and Caspase-
3 is an effector caspase that mediates the cleavage of many proteins [71]. VFVRN
exhibited a marked inhibitory effect on cell viability on 3T3-L1 preadipocytes in vitro.
Moreover, treatment with VFVRN decreased the expression of Bcl-2 and increased the
levels of Bax and clevaed-caspases-3 in a dose-dependent manner. Only VFVR, which
was one of four fragment peptides of VFVRN (VFV, VFVR, FVRN and VRN), could
also exhibit a significant inhibitory effect on cell viability on 3T3-L1 preadipocytes in
vitro. It suggested that three continual hydrophobic amino acids VFV and hydrophilic

amino acid R were indispensable for the inhibitory effect of proliferation. Those results
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indicated that VFVRN may be a potential high efficiency anti-obesity agent by

regulating the Bax/Bcl-2/Caspase-3 signaling pathway.

5. Conclusion

VFVRN has potent effects in reversing metabolism disorders of blood and liver in
high-fat diet mice model. The hypolipidemic effect of VFVRN was due to the
significant up-regulation of AMPK expression in liver to regulate its target genes
associated with lipid metabolism expression, such as PPARs, SREBPs, LXRa. PPARs
in adipose tissue. Additionally, LXRa, ABGC5 and ABGCS in small intestine were up-
regulated by VFVRN. Moreover, VFVRN could up-regulate the expressions of BAX,
caspase 3 and down-regulate Bcl-2 to induce 3T3-L1 preadipocytes apoptosis. Overall,

VFVRN could effectively regulate lipid metabolism disorder in the body.

Author Contributions: Funding acquisition, Ruge Cao; Investigation, Wen Shi;
Project administration, Tao Hou; Resources, Hui He; Supervision, Tao Hou; Writing —

original draft, Wen Shi; Writing — review & editing, Hui He, Ruge Cao and Tao Hou.

Acknowledgments: This work was financially supported by the Open Project Program
of State Key Laboratory of Food Nutrition and Safety (SKLFNS-KF-201810), Tianjin

University of Science & Technology

Conflicts of Interest: The authors declare no conflict of interest.


https://doi.org/10.20944/preprints201909.0309.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 September 2019 d0i:10.20944/preprints201909.0309.v1

References

1. Tietge, U. J., Hyperlipidemia and cardiovascular disease: inflammation, dyslipidemia, and
atherosclerosis. Current Opinion in Lipidology 2014, 25, (1), 94.

2. Gaudet, D.; Drouin-Chartier, J.-P.; Couture, P., Lipid Metabolism and Emerging Targets for
Lipid-Lowering Therapy. Canadian Journal of Cardiology 2017, 33, (7), S0828282X17300028.

3. Musso, G.; Gambino, R.; Cassader, M., Emerging Molecular Targets for the Treatment of
Nonalcoholic Fatty Liver Disease. Annual Review of Medicine 2010, 61, (1), 375-392.

4. El-Tantawy, W. H.; Temraz, A., Natural products for controlling hyperlipidemia: review.
Archives of Physiology & Biochemistry 2018, 125, (17), 1-8.

5. Nagaoka, S.; Futamura, Y.; Miwa, K,; Awano, T.; Yamauchi, K.; Kanamaru, Y.; Tadashi, K,;
Kuwata, T., Identification of Novel Hypocholesterolemic Peptides Derived from Bovine Milk f3-
Lactoglobulin. Biochemical & Biophysical Research Communications 2001, 281, (1), 11-17.

6. Crestani, M.; Karam, W. G.; Chiang, J. Y. L., Effects of Bile Acids and Steroid/Thyroid Hormones
on the Expression of Cholesterol 7a-Hydroxylase mRNA and the CYP7 Gene in HepG2 Cells.
Biochem Biophys Res Commun 1994, 198, (2), 546-553.

7. Cho, S.-].; Juillerat, M. A ; Lee, C.-H., Identification of LDL-Receptor Transcription Stimulating
Peptides from Soybean Hydrolysate in Human Hepatocytes. Journal of Agricultural & Food
Chemistry 2008, 56, (12), 4372-6.

8. Zhong, F.; Zhang, X.; Ma, J.; Shoemaker, C. F., Fractionation and identification of a novel
hypocholesterolemic peptide derived from soy protein Alcalase hydrolysates. Food Research
International 2007, 40, (6), 756-762.

9. Yu, N; Qin, J. Y.; Bao, H. Y.; Yue, X. Q., Optimization of Hydrolysis Pretreatment Conditions
with Two Kinds of Enzymes for Enhanced Proteolysis in Egg Yolk Solution Using Response
Surface Methodology. Advanced Materials Research 2011, 317-319, 2208-2214.

10. Xiao, C.; Dash, S.; Morgantini, C.; Hegele, R. A.; Lewis, G. F., Pharmacological Targeting of the
Atherogenic Dyslipidemia Complex: The Next Frontier in CVD Prevention Beyond Lowering
LDL Cholesterol. Diabetes 2016, 65, (7), 1767-1778.

11. Cai, Z.; Zhou, W.; Sun, L., Synthesis and HMG CoA reductase inhibition of 4-thiophenyl
quinolines as potential hypocholesterolemic agents. Bioorganic & Medicinal Chemistry 2007, 15,

(24), 7809-7829.

12. Staels, B.; Maes, M.; Zambon, A., Fibrates and future PPARalpha agonists in the treatment of
cardiovascular disease. Nature Clinical Practice Cardiovascular Medicine 2008, 5, (9), 542.

13. Lin, C. L; Huang, H. C,; Lin, J. K., Theaflavins attenuate hepatic lipid accumulation through
activating AMPK in human HepG2 cells. Journal of Lipid Research 2007, 48, (11), 2334-2343.

14. Velde, A. E. V. D., Reverse cholesterol transport: From classical view to new insights. World
Journal of Gastroenterology 2010, 16, (47), 5908-5915.

15. Vedhachalam, C.; Ghering, A. B.; Davidson, W. S.; Lund-Katz, S.; Rothblat, G. H.; Phillips, M. C,,
ABCAI1-Induced Cell Surface Binding Sites for ApoA-1. Arterioscler Thromb Vasc Biol 2007, 27, (7),
1603-1609.

16. Brown, J. M,; Bell, T. A.; Alger, H. M.; Sawyer, ]J. K.; Smith, T. L.; Kelley, K.; Shah, R.; Wilson, M.

D.; Davis, M. A,; Lee, R. G, Targeted Depletion of Hepatic ACAT2-driven Cholesterol


https://doi.org/10.20944/preprints201909.0309.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 September 2019 d0i:10.20944/preprints201909.0309.v1

Esterification Reveals a Non-biliary Route for Fecal Neutral Sterol Loss. Journal of Biological
Chemistry 2008, 283, (16), 10522-10534.

17. Velde, A. E. V. D,; Vrins, C. L. J.; Oever, K. v. d.; Kunne, C.; Elferink, R. P. J. O.; Kuipers, F.;
Groen, A. K., Direct Intestinal Cholesterol Secretion Contributes Significantly to Total Fecal
Neutral Sterol Excretion in Mice. Gastroenterology 2007, 133, (3), 967-975.

18. Wen, S.; Tao, H.; Weiwei, L.; Danjun, G.; Hui, H., The hypolipidemic effects of peptides prepared
from\ \r <i>Cicer arietinum</i>\ \r in ovariectomized rats and HepG2 cells. Journal of the Science
of Food & Agriculture 2018, 99, (2), pags. 576-586.

19. Shi, W.; Hou, T.; Guo, D.; He, H., Evaluation of hypolipidemic peptide (Val-Phe-Val-Arg-Asn)
virtual screened from chickpea peptides by pharmacophore model in high-fat diet-induced
obese rat. Journal of Functional Foods 2019, 54, 136-145.

20. Han, S. I; Komatsu, Y.; Murayama, A.; Steffensen, K. R.; Nakagawa, Y.; Nakajima, Y.; Suzuki,
M.; Oie, S.; Parini, P.; Vedin, L. L., Estrogen receptor ligands ameliorate fatty liver through a
nonclassical estrogen receptor/Liver X receptor pathway in mice. Hepatology 2014, 59, (5), 1791-
802.

21. Hashimoto; T., Defect in Peroxisome Proliferator-activated Receptor alpha -inducible Fatty Acid
Oxidation Determines the Severity of Hepatic Steatosis in Response to Fasting. Journal of

Biological Chemistry 2000, 275, (37), 28918-28928.

22. Ha, J.; Guan, K. L.; Kim, J., AMPK and autophagy in glucose/glycogen metabolism. Molecular
Aspects of Medicine 2015, 46, (12), 46-62.

23. Auciello, F. R.; Ross, F. A.; Ikematsu, N.; Hardie, D. G., Oxidative stress activates AMPK in
cultured cells primarily by increasing cellular AMP and/or ADP. Febs Letters 2014, 588, (18), 3361-
3366.

24. Day, E. A.; Ford, R. ]J.; Steinberg, G. R.,, AMPK as a Therapeutic Target for Treating Metabolic
Diseases. Trends in Endocrinology & Metabolism Tem 2017, 28, (8), S1043276017300681.

25. And, J. H,; Bock, H. H., LIPOPROTEIN RECEPTORS IN THE NERVOUS SYSTEM - Annual

Review of Biochemistry, 71(1):405. Signaling Apolipoprotein E Cholesterol Reelin Neurotransmission.
26. Chiang, J. Y. L.; Kimmel, R.; Stroup, D., Regulation of cholesterol 7a-hydroxylase gene (CYP7A1)
transcription by the liver orphan receptor (LXRa).
27. Xu; J., Peroxisome Proliferator-activated Receptor alpha (PPARalpha ) Influences Substrate
Utilization for Hepatic Glucose Production. Journal of Biological Chemistry 2002, 277, (52), 50237-

50244.

28. Khalil, H; Bertrand, M. J. M.; Vandenabeele, P.; Widmann, C., Caspase-3 and RasGAP: a stress-
sensing survival/demise switch. Trends Cell Biol. 2014, 24, (2), 83-89.

29. Allessie, Electrical, contractile and structural remodeling during atrial fibrillation. Cardiovascular
Research 2002, 54, (2), 230-246.

30. Zhao, Z. Q.; Velez, D. A;; Wang, N. P.; Hewan-Lowe, K. O.; Vinten-Johansen, J., Progressively

developed myocardial apoptotic cell death during late phase of reperfusion. Apoptosis 2001, 6,
(4), 279-290.

31. Mangels, N.; Awwad, K.; Wettenmann, A.; Dos Santos, L. R. B.; Fr?mel, T.; Fleming, I., The
soluble epoxide hydrolase determines cholesterol homeostasis by regulating AMPK and SREBP
activity. Prostaglandins Other Lipid Mediat 2016, 125, 30-39.


https://doi.org/10.20944/preprints201909.0309.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 September 2019 d0i:10.20944/preprints201909.0309.v1

32. Price, N.L.; Gomes, A. P.; Ling, A.].Y,; Duarte, F. V.; Martin-Montalvo, A.; North, B.].; Agarwal,
B.; Ye, L.; Ramadori, G.; Teodoro, J. S., SIRT1 Is Required for AMPK Activation and the Beneficial
Effects of Resveratrol on Mitochondrial Function. Cell Metabolism 2012, 15, (5), 675-690.

33. Sanli, T.; Liu, C.; Rashid, A.; Hopmans, S. N.; Tsiani, E.; Schultz, C.; Farrell, T.; Singh, G.; Wright,
J.; Tsakiridis, T., Lovastatin Sensitizes Lung Cancer Cells to Ionizing Radiation: Modulation of
Molecular Pathways of Radioresistance and Tumor Suppression. Journal of Thoracic Oncology
2011, 6, (3), 439-450.

34. Yen, C.-S,; Chen, ].-C; Chang, Y.-F.; Hsu, Y.-F.; Chiu, P.-T.; Shiue, C.; Chuang, Y.-F.; Ou, G.; Hsu,
M.-]., Lovastatin causes FaDu hypopharyngeal carcinoma cell death via AMPK-p63-survivin
signaling cascade. Scientific Reports 2016, 6, 25082.

35. Inoue, N.; Nagao, K.; Sakata, K.; Yamano, N.; Yanagita, T., Screening of soy protein-derived
hypotriglyceridemic di-peptides in vitro and in vivo. Lipids in Health and Disease,10,1(2011-05-22)
2011, 10, (1), 85-85.

36. Scharnagl, H.; Schinker, R.; Gierens, H.; Nauck, M.; Wieland, H.; Marz, W., Effect of atorvastatin,
simvastatin, and lovastatin on the metabolism of cholesterol and triacylglycerides in HepG2

cells. Biochemical Pharmacology 2001, 62, (11), 1545-1555.

37. Steffensen, K. R.; Gustafsson, J.-A., Putative Metabolic Effects of the Liver X Receptor (LXR).
Diabetes 2004, 53 Suppl 1, (1), S36.
38. Peet, D. J.; Turley, S. D.; Ma, W.; Janowski, B. A.; Mangelsdorf, D. J., Cholesterol and Bile Acid

Metabolism Are Impaired in Mice Lacking the Nuclear Oxysterol Receptor LXR?? Cell 1998, 93,
(5), 693-704.

39. Pullinger, C. R; Eng, C.; Salen, G.; Shefer, S.; Batta, A. K;; Erickson, S. K.; Verhagen, A.; Rivera,
C. R.;; Mulvihill, S. J.; Malloy, M. ]J., Human cholesterol 7a-hydroxylase (CYP7A1) deficiency has
a hypercholesterolemic phenotype. Journal of Clinical Investigation 2002, 110, (1), 109-17.

40. Tobin, K. A. R;; Ulven, S. M,; Schuster, G. U.; Steineger, H. H.; Andresen, S. M.; Gustafsson, J.-
A.; Nebb, H. I, Liver X Receptors as Insulin-mediating Factors in Fatty Acid and Cholesterol
Biosynthesis. Journal of Biological Chemistry 2002, 277, (12), 10691-10697.

41. Kartawijaya, M.; Han, H. W.; Kim, Y.; Lee, 5.-M., Genistein upregulates LDLR levels via JNK-
mediated activation of SREBP-2. Food & Nutrition Research 2016, 60, (1), 31120.

42, Goldstein, J. L.; Brown, M. S., The LDL receptor. Arteriosclerosis Thrombosis & Vascular Biology
2009, 29, (29), 431-438.

43. Coleman, R. A;; Lee, D. P., Enzymes of triacylglycerol synthesis and their regulation. Progress in
Lipid Research 2004, 43, (2), 134-176.

44, Cuchel, M.; Schaefer, E. J.; Millar, J. S.; Jones, P. ]J. H.; Lichtenstein, A. H., Lovastatin Decreases

De Novo Cholesterol Synthesis and LDL Apo B-100 Production Rates in Combined-
Hyperlipidemic Males. Arteriosclerosis Thrombosis & Vascular Biology 1997, 17, (10), 1910.

45. Raveh, D,; Israeli, A.; Arnon, R.; Eisenberg, S., Effects of lovastatin therapy on LDL receptor
activity in circulating monocytes and on structure and composition of plasma lipoproteins.
Atherosclerosis 1990, 82, (1), 19-26.

46. Wen, F.; An, C; Wu, X; Yang, Y.; Xu, J; Liu, Y.; Wang, C.; Nie, L.; Fang, H.; Yang, Z., MiR-34a

regulates mitochondrial content and fat ectopic deposition induced by resistin through the


https://doi.org/10.20944/preprints201909.0309.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 September 2019 d0i:10.20944/preprints201909.0309.v1

AMPK/PPARa pathway in HepG2 cells. International Journal of Biochemistry & Cell Biology 2018,

94, 133.

47. Maryam, R.; Guido, H.; Michael, M.; Sander, K.; Vincent, L., Comparative Analysis of Gene
Regulation by the Transcription Factor PPARa between Mouse and Human. Plos One 2009, 4,
(8), e6796.

48. Sugden, M. C.; Bulmer, K.; Gibbons, G. F.; Knight, B. L.; Holness, M. J., Peroxisome-proliferator-

activated receptor-alpha (PPARalpha) deficiency leads to dysregulation of hepatic lipid and
carbohydrate metabolism by fatty acids and insulin. Biochemical Journal 2002, 364, (2), 361-8.

49, Kishida, K.; Shimomura, I.; Nishizawa, H.; Maeda, N.; Kuriyama, H.; Kondo, H.; Matsuda, M.;
Nagaretani, H.; Ouchi, N.; Hotta, K., Enhancement of the Aquaporin Adipose Gene Expression
by a Peroxisome Proliferator-activated Receptor y. Journal of Biological Chemistry 2001, 276, (51),
48572-48579.

50. Liu, S.; Hatano, B.; Zhao, M,; Yen, C. C.; Kang, K ; Reilly, S. M.; Gangl, M. R.; Gorgun, C.; Balschi,
J. A.; Ntambi, J. M., Role of Peroxisome Proliferator-activated Receptor d/ in Hepatic Metabolic
Regulation *. Journal of Biological Chemistry 2011, 286, (2), 1237-47.

51. Camp, H. S.; Ren, D.; Leff, T., Adipogenesis and fat-cell function in obesity and diabetes. Trends
in Molecular Medicine 2002, 8, (9), 442-447.

52. Brenner, S.; Bercovich, Z.; Feiler, Y.; Keshet, R.; Kahana, C., Dual Regulatory Role of Polyamines
in Adipogenesis. Journal of Biological Chemistry 2015, 290, (45), 27384-27392.
53. Adams, M.; Montague, C. T.; Prins, J. B.; Holder, J. C.; Smith, S. A.; Sanders, L.; Digby, J. E.;

Sewter, C. P.; Lazar, M. A.; Chatterjee, V. K., Activators of peroxisome proliferator-activated
receptor gamma have depot-specific effects on human preadipocyte differentiation. Journal of
Clinical Investigation 1997, 100, (12), 3149-53.
54. OKUNGO, A, Troglitazone increases the number of small adipocytes without the change of white
adipose tissue mass in obese Zucker rats. Journal of Clinical Investigation 1998, 101, (6), 1354-1361.
55. Miyazaki, Y.; Mahankali, A.; Matsuda, M.; Mahankali, S.; Hardjies, J.; Cusi, K.; Mandarino, L. J.;
DeFronzo, R. A, Effect of Pioglitazone on Abdominal Fat Distribution and Insulin Sensitivity in

Type 2 Diabetic Patients. Journal of Clinical Endocrinology & Metabolism 2002, 87, (6), 2784.

56. Dubois, S. G.; Heilbronn, L. K.; Smith, S. R.; Albu, J. B; Kelley, D. E.; Ravussin, E., Decreased
expression of adipogenic genes in obese subjects with type 2 diabetes. Obesity 2012, 14, (9), 1543-
1552.

57. De Souza, C. J.; Eckhardt, M.; Gagen, K.; Dong, M.; Chen, W.; Laurent, D.; Burkey, B. F., Effects

of Pioglitazone on Adipose Tissue Remodeling Within the Setting of Obesity and Insulin
Resistance. Diabetes 2001, 50, (8), 1863-1871.

58. Betz, M. ]J; Shapiro, I; Fassnacht, M.; Hahner, S.; Beuschlein, F., Peroxisome Proliferator-
Activated Receptor-?? Agonists Suppress Adrenocortical Tumor Cell Proliferation and Induce
Differentiation. Experimental & Clinical Endocrinology & Diabetes 2005, 90, (7), 3886.

59. Chang, T. H.; Szabo, E., Induction of Differentiation and Apoptosis by Ligands of Peroxisome
Proliferator-activated Receptor ?? in Non-Small Cell Lung Cancer. Cancer Research 2000, 60, (4),
1129-1138.

60. Krishnan, A.; Nair, S.; Pillai, M., Biology of PPARY in Cancer: A Critical Review on Existing
Lacunae. Current Molecular Medicine 2007, 7, (6), -.


https://doi.org/10.20944/preprints201909.0309.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 September 2019 d0i:10.20944/preprints201909.0309.v1

61. Xiao, Y.; Yuan, T.; Yao, W.; Liao, K., 3T3-L1 adipocyte apoptosis induced by thiazolidinediones
is peroxisome proliferator-activated receptor-y-dependent and mediated by the caspase-3-
dependent apoptotic pathway. Febs |. 2010, 277, (3), 687-696.

62. Bianco, S. D. C.; Peng, ]J. B.; Takanaga, H.; Suzuki, Y.; Hediger, M. A., Marked Disturbance of
Calcium Homeostasis in Mice With Targeted Disruption of the Trpv6 Calcium Channel Gene.

Journal of Bone & Mineral Research 2010, 22, (2), 274-285.

63. Kidambi, S.; Patel, S. B., Cholesterol and non-cholesterol sterol transporters: ABCG5, ABCG8
and NPC1L1: a review. Xenobiotica 2008, 38, (8), 1119-1139.
64. Giuseppe, L. S.; Stefania, M.; Lorena, S.; Ilenia, D. E.; Michele, P.; Paola, C.; Zhao-Yan, J.; Laura,

C.; Paolo, P.; Antonio, M., Intestinal Specific LXR Activation Stimulates Reverse Cholesterol

Transport and Protects from Atherosclerosis. Cell Metabolism 2010, 12, (2), 187-193.

65. Duan; L.-P., Cholesterol absorption is mainly regulated by the jejunal and ileal ATP-binding
cassette sterol efflux transporters Abcg5 and Abcg8 in mice. Journal of Lipid Research 2004, 45, (7),
1312-1323.

66. Yu, L; Jia, L. H.; Hammer, R. E.; Berge, K. E.; Hobbs, H. H., Overexpression of ABCG5 and

ABCGS8 promotes biliary cholesterol secretion and reduces fractional absorption of dietary
cholesterol. Journal of Clinical Investigation 2002, 110, (5), 671-680.

67. Pak, V. V.; Koo, M. S.; Kasymova, T. D.; Kwon, D. Y., Isolation and Identification of Peptides
from Soy 115S-Globulin with Hypocholesterolemic Activity. Chemistry of Natural Compounds 2005,
41, (6), 710-714.

68. Winegar, D. A.; Salisbury, J. A.; Sundseth, S. S.; Hawke, R. L., Effects of cyclosporin on
cholesterol 27-hydroxylation and LDL receptor activity in HepG2 cells. Journal of Lipid Research
1996, 37, (1), 179.

69. Papineau, D.; Gagnon, A.; Sorisky, A., Apoptosis of human abdominal preadipocytes before and
after differentiation into adipocytes in culture. Metabolism Clinical & Experimental 2003, 52, (8),
987-992.

70. Zhang, C.; Zhixiang, G.; Haiyuan, L.; Yinglu, S.; Shenglin, G.;]., K. R., Influence of Levosimendan

Postconditioning on Apoptosis of Rat Lung Cells in a Model of Ischemia—Reperfusion Injury.
Plos One 2015, 10, (1), e0114963-.

71. Floyd, D. H.; Zhang, Y.; Dey, B. K.; Kefas, B.; Breit, H.; Marks, K.; Dutta, A.; Herold-Mende, C.;
Synowitz, M.; Glass, R., Novel Anti-Apoptotic MicroRNAs 582-5p and 363 Promote Human
Glioblastoma Stem Cell Survival via Direct Inhibition of Caspase 3, Caspase 9, and Bim. Plos One
2014, 9, (5), €96239.

72. Loro, L. L.; Vintermyr, O. K,; Liavaag, P. G.; Jonsson, R.; Johannessen, A. C., Oral squamous cell
carcinoma is associated with decreased bcl-2/bax expression ratio and increased apoptosis.

Human Pathology 1999, 30, (9), 1097-105.


https://doi.org/10.20944/preprints201909.0309.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 September 2019 d0i:10.20944/preprints201909.0309.v1

Table 1. The composition of basic and high-fat diet composition (g/kg)

Basic diet composition (g/kg) High-fat diet diet composition (g/kg)
corn flour 500 wheat bran 90 basic diet 789 lard oil 100
wheat flour 90 bean dregs 220 cholesterol 10 yolk powder 50
fish flour 70 bone meal 20 cholate 1 whole milk powder 50

sodium chloride 5 trace elements 1.6

multivitamins 1
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Figure.1l The effect of VFVRN on (A) serum profile, (B) hepatic lipid profile and
(C) fecal profile in high fat-diet C57BL/6 mice. (n=10). Control group: the group
of basic diet food without VFVRN treatment. Model group: the group of high-fat
diet mice without VFVRN treatment. L-VFVRN group: the group of high-fat diet
mice treated with 10 mg/kg bw VFVRN. H-VFVRN group: the group of high-fat
diet mice treated with 50 mg/kg bw VFVRN. Lovastatin group: the group of high-
fat diet treated with 10 mg/kg bw lovastatin. °¢ within column means without a
common letter are significantly different, p < 0.05 (Duncan’s multiple range test at

p <0.05).

Figure.2 The effect of VFVRN on the expressions of proteins in high fat-diet
C57BL/6 mice (n=3). The effect of VFVRN on (A) HMGR, (B) CYP7AL, (C) FAS,
(D) ACC, (E) pAMPK, (F) PPARa, (H) LXRa, (I) LDLR, (J) SREBP-1C, (K)
SREBP-2 in the liver; (L) PPARa, (M) PPARY in the adipose tissue; (N) ABGCS,
(O) ABGCS, (P) LXRa in the small intestine; (Q) the WB band results of proteins
in liver, adipose tissue and small intestine.  ® ¢ within column means without a

common letter are significantly different, p < 0.05 (Duncan’s multiple range test at

p < 0.05).

Figure.3 The effect of VFVRN on (A) body weight (n=10), (B) the weight of
abdominal fat (n=10), (C) the relative output levels of NBD-cholesterol by
intestinal tract (n=3). & ™ ¢ within column means without a common letter are

significantly different, p <0.05 (Duncan’s multiple range test at p < 0.05).
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Figure.4 (A) The effect of VFVRN on cell viability in 3T3-L1 preadipocytes. (B)The
effect of VFVRN on the expression of Bax, Bcl-2 and cleaved-caspases-3. The relative
protein levels were the target protein to p-actin. * ¢ within column means without a
common letter are significantly different, p < 0.05 (Duncan’s multiple range test at p <

0.05).

Figure.5 The effect of FVRN. VRN. VFVR and VFV on cell viability in 3T3-
L1 preadipocytes. (A) FVRN, (B) VRN, (C) VFVR, (D) VFV. #>¢d within column
means without a common letter are significantly different, p <0.05 (Duncan’s

multiple range test at p <0.05, n=3).

Figure.6 The effect of VFVRN and VFVR on cell apoptosis in 3T3-L1
preadipocytes. (A) control group, (B) 3 mmol/L VFVRN treatment group, (C)
control group, (D) 4 mmol/L VFVR treatment group, (E) the apoptosis rates of
VFVRN and VFVR in 3T3-L1 preadipocytes. Scatter plot of apoptosis : up right
(UR): the late stage apoptotic cells; low right (LR): the early stage of apoptosis

cells; low left (LL): the normal cells; up left (UL): the dead cells.
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