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THE INFLUENCE OF FAT DIET, WINE AND ETHANOL
ON CHANGES IN SKELETAL MUSCLES IN WISTAR RATS*
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Consumption of fat diet causes deposition of fat into skeletal muscles and alcohol increases fat
deposition. This study determined effects of fat diet, wine and ethanol on changes of skeletal muscles of
rats. It was found that the group of rats fed with fat diet and wine had the lowest daily nutrients energy
intake, the lowest average muscle weight but had the highest percentage of fat in skeletal muscles and
the highest burning value. Average weights of skeletal muscles of rats consuming alcohol (wine or
ethanol) were significantly lower than average weights of skeletal muscles of rats not consuming
alcohol in case of fat diet. Results of chemical analysis show that chronic alcohol consumption
increases fat deposition in skeletal muscles and increases their burning value in case of fat diet. No
difference between effects of ethanol or wine on changes of skeletal muscles was observed.
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Chronic ethanol intake causes damage to different groups of muscles, e.g. heart muscle,
muscles of the gastrointestinal tract and skeletal muscles. Alcohol directly affects
skeletal muscles, which is expressed as acute or chronic myopathy. Skeletal muscle
myopathy occurs in one to two-thirds of all chronic alcohol misusers, according to
TROUNCE and co-workers (1987) and PREEDY and co-workers (1994a). In 1822 James
Jackson, professor of medicine at Harvard University, described consequences of
chronic spirit consumption as neuritis and disease weakness of muscles. He described
the state after six months of abstinence to be irreversible. Diseases of skeletal muscles
can be expressed in different forms such as endocrine, metabolic and nutrition disorders
(RUBIN, 1979; MARTIN et al., 1982; SLAVIN et al., 1983; PREEDY et al., 1993; 1994a; b;
ROMERO et al., 1994; FERNANDEZ-SOLA et al., 1996). Electron microscopic experiments
by MARTIN and co-workers (1982) have demonstrated lipid accumulation between
myofibrils and adjacent to the sarcolemma.
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Ethanol overdose is frequently associated with malabsorbtion, which is a
consequence of nutrient intake and decreased metabolism, absorption, transport,
deposition and excretion of different nutrients under direct or indirect effects of ethanol
(WINDHAM et al., 1983; GRUCHOW et al., 1985; HILLERS & MASSEY, 1985; HALSTED &
KEEN, 1990; BARWELL et al., 1991; LEO & LIEBER, 1999). Studies have shown that
average values of daily intake of different nutrients such as proteins, fat, carbohydrates
in alcoholic and non-alcoholic groups were similar (HALSTED & KEEN, 1990). Body
weight of alcoholics does not depend on daily intake of nutrients, it depends on
malabsorption and maldigestion of nutrients. Ethanol inhibits albumin synthesis,
distracts release of proteins from the liver, diminishes gluconeogenesis and impairs the
usage of vitamins. Ethanol can prevent transformation of thiamine into its active form.
In chronic alcohol consumption, losses of nitrogen by faeces and losses of zinc,
calcium, magnesium and phosphate by urine were observed by MORGAN (1982) and
GUMASTE and co-workers (1991). Studies have shown vitamin deficiency in alcoholics
with liver diseases. Folate deficiency expressed by megaloblastic anaemia and
macrocytosis of intestinal epithelia was also noticeable, based on results of COOPER and
co-workers (1997) and BRIDGES and co-workers (1999). PREEDY and co-workers (1993)
found vitamin D deficiency in alcoholics, which was expressed as myopathy.

1. Material and methods

1.1. Animals

Experimental animals: Male Wistar rats, 10 weeks old (Medical Experimental Centre,
Ljubljana). Animals were divided into five groups (29 animals in each), depending on
dieting regimen (Table 1). Each group comprised of 29 animals. Prior to our study all
animals were weighed, and then weight was controlled every four weeks. Animals were
kept in animal rooms at 20-23 °C and 40-70% relative humidity with natural light
regimen. After six months, animals were euthanised by CO,, weighed, hind limb
skeletal muscles were removed and weighed and then frozen until further analysis.

1.2. Dieting regimen

Animals were fed with pelleted diet M-K-02 (Biotechnical Faculty, Homec). Fat diet
was prepared by addition of pork fat to the pelleted diet. Rats in groups 2 and 5 drank
diluted wine (Teran, Kras-Slovenia) in 8 v/w% concentration, and rats in group 4 drank
diluted ethanol in the same concentration as wine. Food and liquid consumption was
measured daily. Animals were weighed every four weeks. Average food and liquid
consumption per one rat was calculated using appropriate statistical parameters (Table 1
and Table 2).
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Table 1. Food regime for rats

Group number Rat group Dieting regimen
1 Control group Control (pelleted diet with 10% fat EV? + tap water)
2 Fat diet + tap water Fat diet (32% fat EV) + tap water
3 Standard diet + wine Standard pelleted diet (10% fat EV) + wine (8v/w%)
4 Standard diet + ethanol ~ Standard pelleted diet (10% fat EV) + ethanol (8v/w%)
5 Fat diet + wine Fat diet (32% fat EV) + wine (8v/w%)

2 Energy value.

Table 2. Daily consumed energy value, fat and alcohol in tested meals

Rat Consumed Energy Energy Energy Energy Consumed
group food intake intake from fat from alcohol  alcohol
(g/day/rat) (kcal/day/rat)  (kJ/day/rat) (%) (%) (g/day/rat)
1 Control group 28.03 92.40 386.25 10.00 0.00 0
2 Fat diet + tap water 21.81 85.67 358.12 32.00 0.00 0
3 Standard diet + wine 23.21 95.08 397.46 8.04 16.26 221
4 Standard diet + ethanol 24.40 100.74 421.10 7.99 16.79 2.85
5 Fat diet + wine 17.22 81.43 340.38 26.92 14.02 1.63

1.3. Analytical methods

Burning values of samples were determined by adiabatic calorimeter (IKA-Calorimeter
system, C4000A), where burning of certain amount of the component in the burning
bomb at high oxygen surplus was performed.

Proteins were determined by Kjeldahl method. As a conversion factor, 6.25 was
used to calculate protein content from nitrogen, according to PLESTENJAK and GOLOB
(1993). Fats were determined by Soxhlet method (PLESTENJAK & GOLOB, 1993).

The calculation of all three parameters was based on the wet weight.

1.4. Statistics

Statistical analysis of the results was carried out using the Statgraphics Plus 4.0
package. The statistical characteristic of differences between the arithmetic means
among groups of laboratory rats has been checked with the analysis of variance
(ANOVA) and Duncan test for the following:

— amount of consumed food and liquid

— weight of skeletal muscles

— content of fats and proteins in skeletal muscles of rats

— burning value of skeletal muscles of rats.
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2. Results and discussion

Weights of hind limb skeletal muscles were calculated for 100 g of total body weight.
ANOVA test showed statistically significant differences in skeletal muscle weights
between test groups. Values in test group, receiving fat diet and wine were 32% lower
than in the control group (P<0.001) and 28% lower than in groups 3 and 4. A significant
decrease in skeletal muscle weight in groups 3 and 4 (P<0.001) compared to the control
group was observed.

Figure 1 shows that the lowest average weight was in group 5 (6.06 g). There was
a highly significant difference (P<0.001) compared to groups 3 (7.99 g) and 4 (7.77 g),
respectively. There was no statistically significant difference between groups 3 and 4.
These results show that there is no difference in effects of ethanol or wine. Control
group had significantly lower skeletal muscle weight than group 2 (P<0.05).

5. Fat diet + wine

4. Standard diet + ethanol
3. Standard diet + wine

2. Fat diet + tap water

1. Control group

Fig. 1. Average rat hind limb skeletal muscle weights calculating per 100 g of body weight, g per 100 g

Results of skeletal muscle weights can be compared with clinical research data and
studies on animal experimental models, which showed that atrophy in chronic alcohol
myopathy is characterized by a 20% loss of the total skeletal muscle weight. Selectively
diminished protein synthesis in type 2 muscle fibre is the primary cause of atrophy.
Type 1 muscle fibres have greater antioxidative capacity (MARTIN et al., 1982; SLAVIN
et al., 1983; TROUNCE et al., 1987; PREEDY et al., 1993; 1994b; FERNANDEZ-SOLA
et al., 1996).

Deficiency of certain nutrients can also lead to muscle damage. MARTIN and
PETERS (1985) found that hypocalaemia or magnesium deficiency can cause damage of
muscle tissue. Figure 2 and Table 3 show that fat food has lower amounts of proteins,
carbohydrates, dietary fiber and minerals compared with the standard diet. Figure 2 and
Table 3 show that group 5 consumed less protein than other groups and also less
minerals. Lower consumption could induce chemical changes of skeletal muscles. We
can conclude that fat diet causes fat deposition in muscles and alcohol increases the
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process of deposition. In test groups fed a standard diet and wine or ethanol,
respectively, there was no noticeable fat deposition, as the dietary intake of fat was too

low (only 10%).

5. Fat diet + wine ||

4. Standard diet + ethanol

3. Standard diet + wine

2. Fat diet + tap water

1. Control group |

0% 20% 40% 60% 80% 100%

Fig. 2. Percentage of the distribution between the energy values of nutrients, %. M rat; [: carbohydrate;
S protein; B: alcohol

Table 3. Composition of standard and fat diet

Standard diet Fat diet

KJ per 100 g gper100 g KJ per 100 g gper 100 g
Energy 1378 1642
Protein 340 20.0 304 17.9
Fat 137 35 531 13.6
Carbohydrates 901 53.0 807 47.5
Calcium 1.2 1.07
Phosphorus 1.0 0.9
Sodium 0.03 0.026
Dietary fiber 3.1 2.7

Figure 3 shows that group 5 had the highest level of fat (7.41%) in skeletal
muscles. If we compare test groups receiving standard diets and ethanol (3.98%) or
wine (4.03%), there is a statistically significant difference (P<0.001). Statistical analysis
showed significant differences (P<0.001) between the control group and groups 3 and 4,
respectively. There was no significant difference in amounts of fat between groups 3
and 4. The protective (antioxidative) effect of wine was not proven.
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5. Fat diet + wine

4. Standard diet + ethanol

3. Standard diet + wine

2. Fat diet + tap water

1. Control group

3 4 5 6 7 8

Fig. 3. Average values of fat content in rat skeletal muscles, g per 100 g wet sample

Amounts of fat in skeletal muscles was higher in group 5 (7.41%) than in group 2
(6.37%). We conclude that alcohol can accelerate the accumulation of fats in the
muscles, but the difference is not statistically significant.

Group 5 had the lowest daily energy intake of nutrients, the lowest average weight
of skeletal muscles (calculated for 100 g of body weight), but had the highest level of
fat in the muscles. We conclude that differentiation of skeletal muscles is also caused by
the reduction of nutrient absorption caused by alcohol.

Figure 4 shows results of the burning values of rat skeletal muscles. The highest
values are in group 5 (780.74 KJ/100 g) and are also statistically significantly different
(P<0.001) from the control group and groups 3 and 4. Groups 3 (636.03 KJ/100 g) and
4 (639.14 KJ/100 g) had the lowest burning values. Comparison of burning values
between the control group (714.91 KJ/100 g) and groups 3 and 4 shows highly
significant differences (P<0.001). Fat deposition into skeletal muscles is lower at lower
fat intake in spite of the same alcohol intake. Alcohol diminishes nutrients absorption in
the intestine, which consequently causes changes in skeletal muscles (MARTIN et al.,
1982; MORGAN, 1982; MARTIN & PETERS, 1985).

Figure 5 shows that the protein content is significantly lower (P<0.05) in group 5
(20.33%) compared with the control group (20.76%) as described previously in the
literature by PREEDY and co-workers (1994a; b) and ESTRUCH and co-workers (1995).
In groups 3 (20.94%) and 4 (21.15%), the amount of protein was higher than in the
control group, which can be explained with the dehydration effect of alcohol (REINUS et
al., 1989). The calculation was based on the wet weight. There was no statistically
significant difference in the protein content between groups 3 and 4, which leads to a
conclusion that protective effect (antioxidative effect) of wine was not proven.
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5. Fat diet + wine
4. Standard diet + ethanol
3. Standard diet + wine

2. Fat diet + tap water

1. Control group
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Fig. 4. Average burning values of rat skeletal muscles, kJ per 100 g of wet sample

5. Fat diet + wine
4. Standard diet + ethanol
3. Standard diet + wine

2. Fat diet + tap water

1. Control group
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Fig. 5. Average values of protein content in rat skeletal muscles, g per 100 g of wet sample

3. Conclusions

In the group of rats fed fat diet (32% energy value) and wine higher amounts of fat in
the skeletal muscles were found, which also had higher burning values compared to
groups fed a standard pelleted diet (10% energy value) and wine or ethanol,
respectively. We can conclude that the consumption of fat diet caused accumulation of
fat in the muscles and alcohol stimulated that process. Poor protein supply was
observed in group fed wine, and fat diet also contributes to lower growth of the muscle
tissue and higher fat deposition. There was no significant difference between the wine
and ethanol groups, regarding the effect on muscle changes.

Acta Alimentaria 33, 2004



118 HLASTAN RIBIC et al.: INFLUENCE OF FAT, WINE, ETHANOL ON MUSCLES

References

BARWELL, J.G., KISTLER, L.A. & GIANNELLA, R.A. (1991): Small intestinal bacterial overgrowth syndrome.
Gastroenterology, 80, 834-841.

BRIDGES, K.J., TRuiiLLO, E.B. & JacoBs, D.O. (1999): Alcohol-related thiamine deficiency and
malnutrition. Crit. Care Nurses, 19, 80-85.

COOPER, D.A., BERRY, D.A. & JONES, M.B. (1997): Olestra’s effect on the status of vitamins A, D, and E in
the pig can be offset by increasing dietary levels of the vitamins. J. Nutr., 127, 1589S-1608S.

ESTRUCH, R., FERNANDEZ-SOLA, J., AACANELLA, E., PARE, C., RUBIN, E. & URBANO-MARQUEZ, A. (1995):
Relationship between cardiomyopathy and liver disease in chronic alcoholism. Hepatology, 22, 532-538.
FERNADEZ-SOLA, J., JUNYET, J.M.G. & URBANO-MARQUER, A. (1996): Alcoholic myopathies. Cur. Opinion

Neurol., 9, 400-405.

GRUCHOW, H.W., SOBOCINSKI, K.A., BARBORIAK, J.J. & SCHELLER, J.G. (1985): Alcohol consumption,
nutrient intake and relative body weight among US adults. Am. J. clin. Nutr., 42,289-295.

GUMASTE, V., DAVE, P.B., WEISSMAN, D. & MESSER, J. (1991): Lipase/amylase ratio: A new index that
distinguishes acute episodes of alcoholic from non-alcoholic acute pancreatitis. Gastroenterology, 101,
1361-1366.

HALSTED, C.H. & KEEN, C.L. (1990): Alcoholism and micronutrient metabolism and deficiencies. Eur. J.
Gastroent. Hepatol., 2, 399-405.

HILLERS, V.N. & MASSEY, L.K. (1985): Interrelationships of moderate and high alcohol consumption with
diet and health status. Am. J. clin. Nutr., 41,356-362.

LEO, M.A. & LIEBER, C.S. (1999): Alcohol, vitamin A and beta-carotene: adverse interactions, including
hepatotoxicity and carcinogenecity. Am. J. clin. Nutr., 69, 1071-1085.

MARTIN, F.C. & PETERS, T.J. (1985): Assessment in vitro and in vivo of muscle degradation in chronic
skeletal muscle myopathy of alcoholism. Clin. Sci., 68, 693-700.

MARTIN, F., WARD, K., SLAVIN, G., LEVI, J. & PETERS, T.J. (1982): Alcoholic skeletal myopathy, clinical
and pathological study. Q. J. Med., New series, 55,233-251.

MORGAN, Y.M. (1982): Alcohol and nutrition. Br. med. Bull., 38, 21-29.

PLESTENJAK, A. & GOLOB, T. (1993): Analiza kakovosti zZivil. (Analyses of food quality.) Ljubljana,
Biotehniska fakulteta, Oddelek za zivilstvo, pp. 88-99.

PREEDY, V.R., FIBOL, M., REILLY, M.E., PATEL, V.B., RICHARDSON, P.J. & PETERS, T.J. (1993): Protein
metabolism in alcoholism: effects on specific tissues and the whole body. Nutrition, 15, 604—608.

PREEDY, V.R., PETERS, J., PATEL, V.B. & MIELL, J.P. (1994a): Chronic alcoholic myopathy: transcription
and translational alterations. Faseb J., 8, 1146-1151.

PREEDY, V.R., SALISBURY, J.R. & PETERS, T.J. (1994b): Alcoholic muscle disease: features and mechanisms.
J. Path., 173,309-315.

REINUS, J.F., HEYMSFIELD, S.B., WISKIND, R., CASPER, K. & GALAMBOS, J.T. (1989): Ethanol: Relative fuel
value and metabolic effects in vivo. Metabolism, 38, 125—-135.

ROMERO, J.C., SANTOLARIA, F., GONZALEZ-REIMERS, E., DIAZ-FLORES, L., RODRIGUEZ-MORENO, F. &
BATISTA, N. (1994): Chronic alcoholic myopathy and nutritional status. Alcohol, 11, 549-555.

RUBIN, E. (1979): Alcoholic myopathy in heart and skeletal muscle. New England J. Med., 301, 28-33.

SLAVIN, G., MARTIN, F., WARD, P., LEVI, J. & PETERS, T. (1983): Chronic alcohol excess is associated with
selective but reversible injury to type 2B muscle fibres. J. clin. Path., 36, 772-777.

TROUNCE, I., BYRNE, E., DENNETT, X., SANTAMARIA, J., DOERY, J. & PEPPARD, R. (1987): Chronic
alcoholic proximal wasting: physiological, morphological and biochemical studies in skeletal muscle. Aust.
N.Z. J Med., 17,413-419.

WINDHAM, C.T., WYSE, B.W. & HANSEN, R.G. (1983): Alcohol consumption and nutrient density of diets in
the Nationwide Food Consumption Survey. J. Am. Dietetic Assoc., 82, 364-373.

Acta Alimentaria 33, 2004



