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Abstract
Sirt1, a deacetylase involved in regulating energy metabolism in response to calorie restriction, is up
regulated after chronic ethanol feeding using the intragastric feeding model of alcohol liver disease.
PGC1α is also up regulated in response to ethanol. These changes are consistent with activation of
the Sirt1/PGC1α pathway of metabolism and aging, involved in alcohol liver disease including
steatosis, necrosis and fibrosis of the liver. To test this hypothesis, male rats fed ethanol
intragastrically for 1 month were compared with rats fed ethanol plus resveratrol or naringin. Liver
histology showed macrovesicular steatosis caused by ethanol and this change was unchanged by
resveratrol or naringin treatment. Necrosis occurred with ethanol alone but was accentuated by
resveratrol treatment, as was fibrosis. The expression of Sirt1 and PGC1α was increased by ethanol
but not when naringin or resveratrol was fed with ethanol. Sirt3 was also up regulated by ethanol but
not when resveratrol was fed with ethanol. These results support the concept that ethanol induces the
Sirt1/PGC1α pathway of gene regulation and both naringin and resveratrol prevent the activation of
this pathway by ethanol. However, resveratrol did not reduce the liver pathology caused by chronic
ethanol feeding.

INTRODUCTION
In the intragastric fed rat model of alcoholic liver disease (ALD), it was shown that the gene
expression of Sirt1 and 3 deacetylases (belonging to the HDAC Class III) and PGC1α
(PPARγ coactivator 1α) were up regulated and PPARγ was down regulated when the blood
alcohol levels were high during the urinary alcohol cycle. This raised the question as to whether
these changes in this functional pathway play a role in the pathogenesis of the increased liver
pathology observed at the peak alcohol levels (Bardag-Gorce et al., 2002). To attempt to answer
this question, rats were fed either resveratrol or naringin, which prevent the Sirt1 induction by
ethanol. Since resveratrol is present in red wine the results may be relevant to the effect of this
beverage on the liver (Das et al., 1999; Ray et al., 1999). The flavonoid naringin, a potent
cholesterol-lowering agent, was discovered in citrus fruit (Freedman and Merritt, 1963). Sirt1
belongs to the HDAC class III. 7 Sirt proteins were identified in humans, and contain a
conserved catalytic core domain. Sirt1, a NAD+-dependant protein deacetylase, extends
lifespan in diverse species and is involved in energy metabolism (Frye, 1999; Frye, 2000; Inoue
et al., 2007). Sirt1 activity affects many functional gene pathways in either a positive or
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negative direction (Guarente and Picard, 2005). In the differentiation pathway, MEF2, MyoD,
p300 are up regulated (Bouras et al., 2005; Fulco et al., 2003; Zhao et al., 2005). In the metabolic
pathway, AOS, PGC1α, are up regulated and PPARγ is down regulated. In the cell survival
pathway, FOXO3, KU-70 and GADD45 are up regulated and p53 and NFκB are down
regulated (Engel and Mahlknecht, 2008; Hasegawa et al., 2008; Kobayashi et al., 2005; Li et
al., 2007b; Luo et al., 2001; Vaziri et al., 2001; Yeung et al., 2004). In the epigenetic gene
silencing pathway, Sirt1 deacetylates histones, transcriptional factors and tubulin (Inoue et al.,
2007).

In the PGC1α pathway studied here, Sirt1 deacetylates PGC1α (Nemoto et al., 2005). This
leads to its phosphorylation by p38, AMPK and AKT, which activates the pathways where
gluconeogenesis is activated (Jager et al., 2007; Li et al., 2007a; Puigserver et al., 2001; Rodgers
et al., 2008). Sirt1 affects hepatic lipid and mitochondrial metabolism through PPARγ,
ERRα and HNF4α (Rodgers et al., 2008). The focus of interest here, however, is on PGC1α
regulation of PPARγ. PGC1α was first identified as a cofactor for the nuclear hormone receptor
PPARγ, which is required for the adaptive thermogenic response to lower temperatures
(Puigserver et al., 1998).

Resveratrol’s pleiotropic properties include a marked antioxidant effect on the liver in vivo
(Plin et al., 2005) and in vitro (Notas et al., 2006). Resveratrol given to rats in vivo may have
protective effects on the liver. Resveratrol has a protective effect in ischemic-reperfusion
experiments (Hassan-Khabbar et al., 2008). A low dose (0.02 mg) (kg) given IV decreased
aminotransferase in the blood and prevented glutathione depletion caused by ischemic-
reperfusion. An intermediate dose (0.2 mg/kg) increased glutathione reductase, and Cu/Zn-
superoxide dismutase and catalase activities. However, at a high dose (20 mg/kg), resveratrol
was pro-oxidant with increased liver injury, depletion of glutathione and antioxidant enzyme
activity. Because of the adverse effects of a high dose of resveratrol, a very low intraperitoneal
dose (100 µg/day) was used in the present study. Rats given 50 mg/kg rapidly conjugate
resveratrol and 73% is eliminated in the urine with a terminal half life of 1–5 h (Marier et al.,
2002). Red wines contain from 1.98 to 7.13 mg/L of resveratrol or 0.3 to 1.07 mg/5 ounce glass
(Roy and S, 2005). Muscadine wines are richer in resveratrol (14.1–40 mg/L). Resveratrol is
also present in peanuts, grapes, cranberries, and to a lesser degree in blueberries (Yu et al.,
2002). Resveratrol has life extension effects and mimics several biochemical effects of caloric
restriction (Baxter, 2008). Resveratrol activates Sirt1 and PGC1γ and improves mitochondrial
function (Lagouge et al., 2006). Hence, this is the rationale for the present study, in which
ethanol feeding induces Sirt1 expression and liver pathology.

METHODS
Animal model of alcoholic liver disease

Male Wistar rats weighing between 220 to 280 g from Harleco (Hollister, CA) were used. The
rats were fed a liquid diet containing ethanol (~ 14 g/kg body weight/day) intragastrically at a
constant rate for 1 month (Li et al., 2000). Five rats were fed ethanol alone, 4 were fed ethanol
and resveratrol (100 µg/day by intraperitoneal injection) (Sigma, St. Louis, MO) and 4 were
fed ethanol and naringin orally (100 mg/day) (Sigma, St. Louis, MO). Four were fed the diet
with isocaloric glucose instead of ethanol. The ethanol dose was adjusted in order to maintain
high blood ethanol levels based on the 24 hour measured in the urine. The urine was collected
under toluene using metabolic cages, one rat/cage and measured using the Saliva alcohol test
kit (QED) A150 (STC Technologies Bethlehem, PA). Blood alcohol levels were measured by
enzymatic reaction. The rats were maintained according to the Guidelines of Animal Care, as
described by the National Academy of Sciences and published by the National Institutes of
Health (1996).
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Liver Histology
Livers were weighed. A portion was fixed in zinc-formalin and the remaining liver was quick
frozen and stored at −80°C until use. Formalin-fixed tissue was embedded in paraffin, cut and
stained with hemotoxylin and eosin, reticulin and Sirus red. The pathology score was done
blind and scored as follows: macrovesicular and microvesicular fat 0–4+, inflammation and
necrosis 0–2+, and fibrosis number of scarred areas.

Quantitative Real-time RT-PCR Assay
Total liver RNAs were extracted with Trizol Plus RNA Purification Kit (Invitrogen, Carlsbad,
CA) as described previously (Li et al., 2008). Sequence of PCR primers for:

Sirt1 NM_001107627 Forward TGACTTCAGATCAAGAGATGGTATTTATG

Reverse TGGCTTGAGGATCTGGGAGAT

Sirt3 NM_001106313 Forward GGCTGCTTCACGACAAGGA

Reverse CTCTCAAGCCCGTCGATGTT

PGC1α NM_031347 Forward GCGCCAGCCAACACTCA

Reverse TGGGTGTGGTTTGCATGGT

PPARγ NM_013124 Forward GACCTGAAGCTCCAAGAATACCA

Reverse TAGAGTTGGGTTTTTTCAGAATAATAAGG

Statistical analysis
P values were determined by ANOVA and Student-Newman-Keuls for multiple group
comparisons (Sigma-Stat software, San Francisco, CA).

RESULTS
Liver weights varied from 10.5 to 16.8 g. The average for ethanol was 12.7 g; ethanol+naringin
13.2 g; ethanol+resveratrol 11.5 g (no significant difference). Terminal urinary alcohol levels
(UAL) varied from 280–450. The average for ethanol was 344 mg%; ethanol+naringin, 375
mg%; ethanol+resveratrol, 325 mg% (no significance difference) (Data not shown).

The pathology score (Table 1) showed an increase in macrovesicular fat in all three ethanol
fed groups without a significant difference between the ethanol treatment groups (Fig 1).
Ethanol+naringin reduced the microvesicular fat to control levels. Necrosis was increased by
ethanol and by the ethanol+resveratrol group (Fig 2). Naringin partially prevented the increase
of necrosis induced by ethanol (Fig 2). The number of scars was increased in the ethanol fed
group and this was further increased by ethanol+resveratrol (Fig 3). As a consequence the total
pathology score was increased in the ethanol+resveratrol group compared with the ethanol fed
group (Fig 4). Ethanol+naringin reduced the total pathology score compared with the ethanol
fed group. Using multiple group comparisons all the groups differed significantly (p=0.031).
The expression of Sirt1 was increased by ethanol, but was reduced to control levels when
naringin or resveratrol was given with ethanol (Fig 5). Ethanol alone caused a significant
increase in expression of Sirt3 and this was not inhibited by naringin. However, resveratrol fed
with ethanol did prevent the induction of Sirt3 (Fig 6). PGC1α expression was similarly induced
by ethanol alone but naringin and resveratrol partially inhibited this response to ethanol (Fig
7). The expression of PPARγ was increased by ethanol. Resveratrol, not naringin, prevented
this increase caused by ethanol feeding (Fig 8). In fact, resveratrol reduced the expression to
below control levels.
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DISCUSSION
Naringin gave some protection from the ethanol-induced liver pathology and the up regulation
of Sirt1, and PGC-1α but not the up regulation of Sirt3 and PPARγ. In contrast, resveratrol
increased the necrosis and fibrosis of the liver when fed with ethanol. Resveratrol fed with
ethanol prevented the up regulation of Sirt1 and 3 and PGC1α and further reduced PPARγ to
below control levels. The negative effect of resveratrol on ethanol-induced pathology and
PPARγ was not anticipated but may be important to wine drinkers, since red wine is rich in
both ethanol and resveratrol.

The effect of down regulating PPARγ by resveratrol fed with ethanol may be important since
drugs that enhance PPARγ play a significant therapeutic role in fatty liver disease seen with
nonalcoholic liver disease (NASH). They play a role in improving insulin sensitivity (Issemann
and Green, 1990). Drugs which enhance the PPARγ effects on peripheral fat stores and fatty
acid mobilization, reduce fatty liver due to wine consumption (Yu et al., 2006). The negative
effect of resveratrol in this study is surprising because an experimental NASH model fed
resveratrol responded by decreasing fatty liver and increasing the phosphorylation of AMPK.
Abdominal obesity, and insulin resistance were markedly improved in this study (Shang et al.,
2008).

There have been contradictory results regarding the activation of sterol receptor binding protein
(SREBP1c) by chronic ethanol feeding. Mice fed ethanol (You et al., 2008), where liver
pathology was minimal, showed an increase in SREBP1c activation after chronic ethanol
feeding. However, when rats are fed ethanol continuously intragastrically, severe liver
steatoses, necrosis and fibrosis develop and SREBP expression is increased (French et al.,
2005). In mouse and rat models where ethanol is fed ad lib, Sirt1 and PGC1α are down regulated
(Lieber et al., 2008; You et al., 2008). This was interpreted as indicating that SREBP activation
by acetylation was increased because Sirt1 was decreased due to ethanol. The steatosis
observed resulted from the SREBP1c activation of enzymes involved in increasing fatty acid
synthesis. The decrease in Sirt1 induced by ethanol feeding was blocked by resveratrol but the
effect of resveratrol on liver steatosis caused by ethanol has not been reported (You et al.,
2008).
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Fig. 1.
A) Control B) Ethanol C) Ethanol+Naringin D) Ethanol+Resveratrol. Macrovesicular fat was
found in all rats fed ethanol (B,C,D) where fat was absent in controls (A). H&E ×10.
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Fig. 2.
A) Control B) Ethanol C) Ethanol+Naringin D) Ethanol+Resveratrol. Necrosis was present
focally in the liver of the rats fed ethanol alone (B) and in the group fed ethanol and resveratrol
(D), compare to the (A). The necrosis was much more extensive when resveratrol was fed with
ethanol. H&E ×10 except ethanol plus naringin ×4.
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Fig. 3.
A) Control B) Ethanol C) Ethanol+Naringin D) Ethanol+Resveratrol. Fibrosis was present
focally in all three groups fed ethanol (B,C,D) but it was much more extensive in the ethanol
plus resveratrol group (D) and less prominent in the ethanol plus naringin fed group (C),
compare to the control (A). Reticulin ×10.
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Fig. 4.
Total pathology score comparing the controls with ethanol fed alone, ethanol fed with naringin
and ethanol fed with resveratrol (Mean±SEM, n=4–5) (Multiple comparison p=0.031, EtOH
vs. C p=0.027)
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Fig. 5.
Ethanol fed alone up regulated the expression of Sirt1 (p= 0.001) and both naringin and
resveratrol fed with ethanol prevented the up regulation by ethanol alone (p=0.001 and 0.002
respectively). (Mean±SEM, n=3).

Oliva et al. Page 11

Exp Mol Pathol. Author manuscript; available in PMC 2010 May 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 6.
Ethanol fed ethanol up regulated the expression of Sirt 3 (p=0.002). Naringin fed with ethanol
did not inhibit this response to ethanol but resveratrol fed with ethanol did (p=0.004). (Mean
±SEM, n=3).
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Fig. 7.
Ethanol fed alone increased the expression of PGC1α (p<0.001). Both naringin and resveratrol
significantly inhibited this effect by ethanol (p<0.001) (Mean±SEM, n=3).
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Fig. 8.
Ethanol fed alone increased the expression of PPARγ compared with controls (p=0.049). Rats
fed naringin with ethanol differed significantly with the group fed ethanol and resveratrol
(p=0.02) as did the group fed ethanol alone (p=0.013) (Mean±SEM, n=4).
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