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Introduction

grape seed proanthocyanidin extract

The most abundant polyphenols in the human diet are the proanthocyanidins, a
subclass of flavonoids . These compounds are mainly present in apples, grapes, nuts, red
wine, tea, and cocoa . Proanthocyanidins improve human health with cardioprotectant ,

antigenotoxic , antiinflammatory , antioxidant , and anticarcinogenic activities.




grape seed proanthocyanidin extract

A grape seed proanthocyanidin extract (GSPE) was shown to reduce plasma
triglycerides (TGs) levels, apo B and LDL cholesterol, as well as to increase the
percentage of HDL cholesterol in healthy rats given an acute oral dose of GSPE . The
hypolipidemic effects of GSPE were even more obvious in a lipid tolerance test
model . Additionally, chronic treatment with GSPE corrects the dyslipidemia associated

with dietary obesity in rats .




Several mechanisms by which GSPE induces hypolipidemia have already been

described . For example, GSPE activates genes that control fatty acid oxidation and
represses genes that control lipogenesis and VLDL assembly in the liver , thus inducing
hypolipidemia.

However, it 1s becoming clear that microRNAs (miRNAs) play key roles in
the regulation of genes involved in lipid metabolism 1n the liver, and the effects of
GSPE on these miRNAs is unknown .

GSPE miRNA




miRNA

miRNAs play important regulatory roles in a variety of biological
processes. Specifically, several miRNAs have been correlated with obesity
and metabolic syndrome and are proposed to regulate glucose metabolism ,
adipocyte differentiation and adipogenesis , and lipid metabolism . Two of
the best-studied miRNAs involved in the regulation of lipid metabolism
are miR-122 and miR-33 .



miR-122

miR-122 is liver specific and represents 70% of all miRNA expression in
liver . Thedysregulation of this miRNA has been associated with the dysregulation of
genes with key roles in the control of liver lipid metabolism. miR-122 regulates
several genes that control fatty acid and TG biosynthesis, such as fatty acid synthase
(Fas), acetyl-CoA carboxylase 1, acetyl-CoA carboxylase 2,stearoyl-CoA desaturase 1,
diacylglycerol O-acyltransferase 2, ATP citrate lyase, and sterol regulatory element-
binding protein lc, as well as genes that regulate fatty acid p-oxidation,such as

carnitine palmitoyltransferase 1o (CPT1Q)

>0
mir-122 microRNA precursor



miR-33

A second miRNA, miR-33, plays an important role in the regulation of
cholesterol homeostasis, regulating the ATP-binding cassette transporters (ABC
transporters),Abcal and ABCG1, in addition to its role in fatty acid B-oxidation,
where it regulates carnitine O-octanoyltransferase (CROT), hydroxyacyl-CoA
dehydrogenase/3-ketoacyl-CoA thiolase/enoyl-CoA hydratase B-subunit
(HADHB), and CPT1 .

{::__"nmi::;a:ma{}n



Recently, it has been reported that dietary polyphenols such as curcumin ,
resveratrol , epigallocatechin gallate , ellagitannin , isoflavones , and

proanthocyanidins from grape seed and cocoa modulate miRNA expression.
Thus, we hypothesized that miRNAs could mediate the
hypolipidemic effects of proanthocyanidins. Here, we test this

hypothesis by examining the effects of GSPE on miR-122 and miR-33 levels in

hepatic cells, using both in vivo and in vitro models.
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Materials and methods

Cells and cell culture

FAOQ cells, a rat hepatoma cell line (ECACC, code 85061112),

10% fetal bovine serum (BioWhittaker, Cologne, Germany) in a 95% air, 5% CO2 atmosphere at 37°C.

FAO #AiER/ NS RIFHEMR. B AR TR AR BRI — R R R L S SR AR N T
FTBRERIRASS.

The European Collection of Authenticated Cell Cultures (ECACC)



At 15 h before GSPE treatment, the media was replaced with serum-depleted

media supplemented with 100 UM oleic acid and 40 UM BSA (bovine serum albumin,
fatty acid free, Sigma-Aldrich). FAO cells were treated with 10, 25, 50, or 100 mg
GSPE per liter of media to select the working dose. For kinetic experiments, cells
were treated with 25 mg GSPE per liter of media. GSPE was dissolved in ethanol and
added to the culture media; the final concentration of ethanol in the media was 0.05%,
a nontoxic percentage. miRNAs and mRNAs were extracted at 0, 0.5, 1, 3, and 5 h
after GSPE treatment.



Animals and experimental design

Male Wistar rats weighing 225 g

Animals were housed in animal quarters at 22°C with a 12 h light/dark cycle (light
from 8:00 to 20:00 h) and fed ad libitum with a standard chow diet (Panlab, Barcelona,

Spain).

At 9 a.m. on the day of the experiment, the rats (five animals per group)
were orally gavaged with lard oil (2.5 mL/kg body weight) (control group) or
GSPE (250 mg/kg body weight) dissolved in lard oil (GSPE group).



At 0, 1, or 3 h after treatment, the rats were sedated using a combination of

ketamine (70 mg ketamine/kg body weight) and xylazine (5 mg xylazine/kg body

weight). After anesthetization, the rats were exsanguinated from the abdominal aorta.
Blood was collected using heparin as an anticoagulant. Plasma was obtained by

centrifugation (1500 g, 15 min, 4°C) and stored at —80°C until

analysis.The liver was excised, frozen immediately in liquid nitrogen, and stored at
—80°C until RNA and lipid extraction.



Results

GSPE decreased TG and cholesterol levels in plasma and liver

Table 3. Triglyceride and cholesterol levels in the plasma and livers of rats fed lard oil with or without proanthocyanidins (grape seed
proanthocyanidin extract (GSPE))

Basal (0 h) Lard (3 h) Lard + GSPE (3 h)
Plasma triglycerides (g/100 mL plasma) 7144+ 6.0 123.1 + 6.6 73.4 + 12.4?
Plasma cholesterol (g/100 mL plasma) 1854+ 2.5 31.6 £ 6.1 26.1 £ 3.7
Total liver lipids (g/100 g liver) 6.7+ 05 7.1+ 05 5.5 + 0.3
Liver triglycerides (g/100 g liver) 1.7 £ 0.2 244+0.2 1.45 + 0.332)
Liver cholesterol (g/100 g liver) 0.9+0.1 1.3+0.1 0.9 +0.012

Rats fasted for 14 h were orally administered lard oil (2.5 mL/kg) with or without GSPE (250 mg/kg). Lipids were quantified before treatment
(0 h) and at 3 h after GSPE administration. The values are the means of five animals per group.

a) Significant difference between the lard group and the lard + GSPE group.

b) Significant difference between the basal group and the lard + GSPE group (p < 0.05; Student’s t test).



Results
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Figure 1. Levels of miR-122 (A),miR-33 (B), and their target mRNAs (C-E) in the livers of

rats fed on lard oil with or without proanthocyanidins .
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GSPE repressed miR-122 and miR-33
expression and modulated the expression

of their target genes in the liver in vivo
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Figure 2. The effect of increasing doses of proanthocyanidin extract on miR-
122 (A) and on miR-33 (B) levels in FAO cells.
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Figure 3. The effects of proanthocyanidin extract on the levels of miR-122 (A), miR-33
(B), and their target mRNAs (C, D) in FAO cells.
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Figure 4. The effects of proanthocyanidin extract on the protein levels of
Abcal and Fas in FAO cells.




Analysis

The molecular mechanism by which proanthocyanidins modulate
miRNAs levels 1s unknown. However, there is evidence that polyphenols can
bind to mRNAs and proteins . Therefore, it is possible that they also bind to
miRNAs or to some component involved in miRNA biogenesis, such as
DICER or RISC. More studies will be necessary to identify the mechanism
by which GSPE modulate miR-33 and miR-122 levels in liver.



Conclusion

In conclusion, GSPE represses miR-33 and miR-122 in rat hepatic cells, both in
vivo and in vitro. The repression of these miRNAs by GSPE is rapid and transient.
Moreover, GSPE represses Fas and promotes the expression of Abcal, both of which
are target genes of these miRNAs. These data suggest that GSPE increases liver
cholesterol efflux to stabilize and promote HDL formation and reduce fatty acid
synthesis. Therefore, the repression of miR-122 and miR-33 can be considered a new
mechanism of action through which proanthocyanidins exert hypolipidemic effects in

the liver.
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