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Alcohol misuse is an ongoing prevalent issue in the US and worldwide. Over 90% of individuals

with excessive alcohol use develop alcohol-associated steatosis, characterized by lipid

accumulation in hepatocytes.1 Most patients with serious alcohol-associated liver disease (ALD)

generally manifest signs and symptoms in the 4th and 5th decades of life to suggest that aging is

an important contributor to liver disease progression. Age is also a predictor for ALD-related

mortality.2 There is increasingly greater concern for age as a predictor for ALD, as data trends

predict that more than 20% of the population will be 65+ by the year 2029.3 Furthermore, this

older population had the highest average annual increases in binge drinking from 2000-2015

among all age groups.4 Thus, the goal of this study was to examine how aging and alcohol

affect lipid metabolism in the liver.
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Methods

Animals and diet: Male Wistar rats of ages 4 months, 8 months, 12 months and 22 months-old
were pair-fed Lieber-DeCarli control or ethanol diet. After 6 weeks of feeding, the rats were

euthanized. Blood was collected and the livers were excised and stored at -70ºC until used

for analyses.
Histological analysis: Five µm thick formalin tissue sections were stained with H&E staining for

observing pathological assessment.
Non-esterified free fatty acids (NEFA): Serum NEFA were quantified using the NEFA-HR (2)

diagnostic kit from Wako Life Sciences (Mountain View, CA).

Hepatic triglycerides: Hepatic triglycerides were extracted using the Folch method. Lipid extract
was quantified by using a diagnostic kit (#TR22421 from Thermo Fischer Scientific).

Gene expression analysis: RNA was isolated from tissue samples using the PureLink RNA Mini
Kit (Invitrogen, Carlsbad, CA) and was reverse transcribed from 1 µg of total RNA using Taqman

Reverse Transcription Reagents and SYBR Green Reverse Transcription Reagents (Applied

Biosystems). Quantitative PCR (qPCR) was performed using rat-specific Taqman and SYBR
Green primers.

Statistical analysis: Data were analyzed by t-test. Values not sharing the same letter are
significantly different.

Results
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1. Both body weight and liver weight increased with advancing age. Chronic ethanol

feeding increased liver to body weight ratio across all age groups.

2. Histopathological evaluation of hematoxylin and eosin-stained liver sections showed

steatosis in ethanol-fed rats across all age groups.

3. Quantitative analysis demonstrated an increase of serum free fatty acids in ethanol-

fed rats across all age groups. There was also an overall increase in serum free

fatty acids with advancing age. Furthermore, chronic ethanol feeding significantly

increased liver triglyceride levels across all age groups of rats.

4. Chronic ethanol feeding increased fatty acid and triglyceride esterification,

represented by FAS and DGAT1 expression, respectively, across all age groups.

Furthermore, FAS was increased as age increased. Ethanol feeding increased fatty

acid transport/uptake, as indicated by increased CD36 expression, across all age

groups except the 22 months-old rats. However, both the control and ethanol-fed 22

months-old rats exhibited increased fatty acid transport CD36, which correlates with

an increase of circulating free fatty acids in these rats. Ethanol feeding also induced

a decrease in PPARα expression. Age intensified this decrease in expression.

Conclusion

These results demonstrate the effect of alcohol on lipid metabolism in the liver and

indicate that age can exacerbate the effects of alcohol-associated liver disease.
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Figure 4. Hepatic gene expression of A) fatty acid synthase (FAS), B) diacylglycerol O-acyltransferase
1 (DGAT1), C) CD36, and D) peroxisome proliferator-activated receptor alpha (PPARα). Values are

mean±SEM, n = 8.

Figure 2. Hematoxylin and eosin-stained sections of representative livers of 4 months, 8 months, 12
months, and 22 months-old rats.

Results

Figure 1. General observations of 4 months, 8 months, 12 months and 22 months-old rats pair-fed
the control or ethanol diet. A) Body weight. B) Liver weight. C) Ratio of liver to body weight. Values

are mean±SEM, n = 8.
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Figure 3. A) Serum NEFA levels in rats. B) Quantitative analysis of hepatic triglyceride content. Values

are mean±SEM, n = 8.
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