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EFFECTS OF PROPOLIS ON ALCOHOL-INDUCED STEATOSIS

Figure 4 - The top 20 gene ontology (GO) biological process (BP) terms with the highest statistical significance.
The vertical axis was the GO BP terms, and the horizontal axis was the number of genes. a) The top 20 significant
GO categories for significantly up-regulated DEGs in sub-group AT-EEP; b) The top 20 significant GO categories
for significantly down-regulated DEGs in sub-group AT-EEP.

During denovo lipogenesis, FASNis considered
to be a determinant of the maximum capacity of
the liver to synthesize FAs (Wu et al. 2011) and
thus an attractive target for therapeutic intervention
of diseases associated with elevated lipogenesis
(Angeles and Hudkins 2016). Results from our
study demonstrated that EEP could significantly
down-regulate the hepatic expression of FASN in
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alcohol-treated rats, which indicated the inhibition
of hepatic lipogenesis even in the face of continued
alcohol consumption and opened opportunities for
expanding the therapeutic utility of EEP in AFLD.
SCDI1 is a key enzyme for the synthesis of
monounsaturated FAs (Yao et al. 2017). Over-
expression of SCD/ was found to be associated
with significantly increased rate of TG synthesis
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and decreased rate of FA oxidation (Hulver et al.
2005, Listenberger et al. 2003). On the contrary,
SCD1 deficiency brought about such physiological
changes as activation of FA oxidation, reduced
TG storage, and down-regulated expression of
lipogenic genes (Cohen et al. 2002, Miyazaki et
al. 2000, Ntambi et al. 2002). The significantly
down-regulated transcriptional expression of
SCD1 observed in EEP-treated rats may contribute
to the decreased lipid synthesis and enhanced FA
utilization which helped to ameliorate alcohol-
induced fatty liver.

FABP5 was observed to be up-regulated in
circumstances with disturbed lipid profiles (Hertzel
and Bernlohr 2000). The deletion of FABPS5 was
reported to be associated with decreased level of
liver injury, enhanced anti-inflammatory response,
and resistance to diet-induced fatty liver disease
(Maeda et al. 2005, Moore et al. 2015). Co-
administration of EEP with alcohol resulted in the
significant down-regulation of hepatic expression
of FABPS5, which might be linked to less liver injury
and reduced pro-inflammatory response.

It was also worth noting that the mRNA
level of PKLR, encoding one the rate-limiting
enzymes in glycolysis, was significantly decreased
in alcohol-treated rats co-administered with
EEP. As a consequence, the glycolysis pathway
was inactivated and led to the production of less
pyruvate (Boin et al. 2006). Since pyruvate is the
main carbon source for FA synthesis, the overall
net effect of decreased PKLR gene expression was
to decrease FA biosynthesis.

All together, EEP treatment inactivated not
only genes directly responsible for FAs synthesis,
but also genes responsible for the production of
the two-carbon unit (acetyl-CoA) required for
FA synthesis, which was effective in inhibiting
lipogenesis and ameliorating lipid accumulation in
the liver.

Results from the present study also
demonstrated that EEP stimulated the expression of
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genes participated in FA oxidation, which included
Acotl and Acot4. Localized in the cytosol (Acotl)
and peroxisome (Acot4), these two enzymes play
important roles in FA metabolism by hydrolyzing
long-chain acyl-CoAs thioesters (Kirkby et al.
2010). Up-regulation of Acotl was supposed to
maintain the rate of FA oxidation, even under the
circumstance of FA oversupply (Fujita et al. 2011).
Studies in mice showed that over-expression of
Acotl was associated with reduced generation of
reactive oxygen species arising from mitochondria
(Yang et al. 2012). Studies in rats indicated that
up-regulation of Acot4 transcripts contributed
to hepatocellular protection against glutathione
depletion—induced oxidative stress (Yamauchi et
al. 2011). The observed up-regulation of hepatic
expression of Acotl and Acot4 indicated the
stimulation of FA oxidation in EEP-treated rats
along withreduced oxidative stress. Ourresults were
compatible with previous reports that demonstrated
increased hepatic expressions of Acot members
after dietary supplementation of lipid-lowering
bioactive food compound (Pashaj et al. 2013, Yi
et al. 2013). With the concomitant down-regulation
of lipid biosynthesis after EEP administration, the
enhanced FA oxidation would be an important step
for the reversal of fat accumulation in the liver
tissue.

Flavonoids are the major components of EEP,
suchaspinocembrin,naringin,chrysin,and galangin.
A wide spectrum of hepatoprotective effects have
been attributed to them. For example, pinocembrin
has been reported to prevent thioacetamide (TAA)-
induced liver cirrhosis (Chen et al. 2008). Studies,
both in vivo (Zhou et al. 2018) and in vitro (Said
et al. 2018), demonstrated its potent anti-fibrotic
effects. Naringin has been reported to have anti-
fibrotic efficacy in TAA-induced hepatic fibrosis in
rats (EI-Mihi et al. 2017), exert protective effects
against chemicals-induced hepatoxicity (Pari
and Amudha 2011), alleviate the adverse effects
of ethanol ingestion in rats by increasing ethanol
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and lipid metabolism (Seo et al. 2003). In the
intragastric fed rat model of ALD, naringin also
showed such beneficial influences as inhibition of
steatosis, necrosis, and fibrosis (Oliva et al. 2008).
As for chrysin, it has global hepatoprotective
effects, including preventing oxidative damage due
to chronic ethanol consumption (Tahir and Sultana
2011), reducing ethanol-induced liver injury
(Sathiavelu et al. 2009), ameliorating CCl -induced
acute liver damage by counteracting the activation
of inflammation signaling pathways (Hermenean et
al. 2017), and alleviating hepatic injury caused by
administration of cisplatin (Rehman et al. 2014). Its
anti-fibrotic effect on regression of CCl,-stimulated
liver fibrosis was also recently documented (Balta
et al. 2015, 2018). Galangin could suppress the
proliferation of hepatocellular carcinoma cells
(Wang et al. 2014, 2017), ameliorate concanavalin
A-induced liver damage in mice (Luo et al. 2015),
provide hepatoprotective effects in acetaminophen-
treated mice by decreasing the hepatic oxidative
stress and increasing hepatic glutathione level (Tsai
et al. 2015). In a CCl -induced rat liver fibrosis
model, galangin exerted anti-fibrotic effects (Wang
etal. 2013). The anti-adipogenic activity of galangin
was also documented (Jung et al. 2012). Based on
these beneficial roles that these flavonoids played
in various hepatic diseases, we suggest that the
hepatoprotective activities of EEP observed in this
study are mainly due to the flavonoids in propolis.
Collectively, our results indicated that
the beneficial effects that EEP exerted on the
inhibition of hepatic lipid accumulation were due
to not only decreases in lipid synthesis but also
increases in the rate of FA oxidation, which was
effective in alleviating liver steatosis induced by
alcohol consumption. Nevertheless, it is important
to take into account that only results from the
transcription level were obtained. Further research
measuring the activities of enzymes participated
in lipid metabolism are needed to determine the
EEP-responsive effects. Moreover, studies at the

An Acad Bras Cienc (2019) 91(3)

EFFECTS OF PROPOLIS ON ALCOHOL-INDUCED STEATOSIS

translational level might also contribute to verify
results of the present study.

In summary, the present study provided
evidence that the polyphenol-rich components of
EEP could significantly alleviate alcoholic fatty
liver in male Wistar rats. The therapeutic effects
of EEP might be mediated by modulation of such
metabolic processes as lipid biosynthesis and FA
oxidation. These effects associated with decreased
plasma levels of ALT, ALP, and TC contributed
to ameliorate alcohol-induced fatty liver. Our
results suggested that propolis could potentially
be developed as a valuable source of functional
food ingredients for protecting against the onset of
alcoholic hepatic steatosis.
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SUPPLEMENTARY MATERIAL

Table SI - Retention times (RTs) and percentages of relative
area (%) of chemical constituents in EEP detected by GC-MS.

Table SII - The body weight, organ weight, relative organ
weight, and serum biochemical indexes of rats in different
groups.

Figure S1 - Body weights of rats in different experimental
groups.

Figure S2 - Histological features of represrntative liver
sectioons.

€20180646 13|13



