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Summary
Changes in serum and liver lipids, hepatic ascorbic acid (AA) and cytochrome P-450 were investigated in female 
guinea pigs divided into three groups with different AA intake in drinking water (10, 100 and 1000 mg AA per 
liter) for 10 weeks. Serum and liver total cholesterol significantly decreased in guinea pigs receiving 100 and 
1000 mg AA per liter of drinking water when compared with guinea pigs with suboptimal AA intake (10 mg/1). 
Similarly, serum triglycerides were decreased in the groups with higher AA intake. Liver AA concentration 
increased significantly in accordance with rising AA doses. High AA intake (1000 mg/I) for 10 weeks resulted in 
significant increase of both cytochromes P-450 and cytochrome b5 and total haeme content in liver microsomes 
when compared to guinea pigs with suboptimal AA intake. A significant positive correlation between hepatic AA 
concentration and cytochrome P-450 content was observed. A close negative correlation between liver total 
cholesterol and cytochrome P-450 content in hepatic microsomes was also seen. Long-term suboptimal AA 
intake may unfavourably alter the blood and liver lipid profile as well as the capacity of hepatic drug metabolizing 
enzymes in both male and female guinea pigs.
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Introduction

The effects of ascorbic acid on lipid 
metabolism have been extensively studied in 
experimental animals (Ginter 1975, Kothari and 
Sharma 1988), as well as in human subjects (Ginter 
et at. 1977, Heine and Norden 1979). The relationships 
between vitamin C and cholesterol metabolism, which 
is believed to be one of the major risk factors for the 
development of cardiovascular diseases, are well 
documented. In guinea pigs which, like humans, do not 
synthetize ascorbic acid, AA-deficiency increased 
serum and tissue cholesterol and triglyceride levels 
(Ginter 1975, Jenkins 1980). Vitamin C stimulates the 
degradation of cholesterol by the activation of hepatic 
microsomal cytochrome P-450-dependent enzyme, 
cholesterol-7-a-hydroxylase, the rate limiting enzyme 
in the catabolism of cholesterol to bile acids (Ginter 
1975, Bjorkhem and Kallner 1976). Ascorbic acid is 
also known to stimulate the activity of other hepatic

cytochrome P-450-dependent monooxygenases, which 
catalyze a broad spectrum of oxidation reactions of 
xenobiotics and endogenous substrates (Sato and 
Zannoni 1974). On the other hand, AA deficiency 
decreases in liver microsomes of guinea pigs some 
specific forms of cytochrome P-450, which is the most 
important haemoprotein involved in the 
biotransformation of xenobiotics. A concomitant 
decrease in the activities of some monooxygenases is 
also observed (Zannoni et at. 1972, Rikans 1982, 
Kanazawa et at. 1991). AA can moderate in both 
experimental animals and man the toxic effects of 
many environmental pollutants such as cadmium, 
chromium, polychlorinated biphenyls etc. (Kato et at. 
1977, Nagyova et al. 1994).

The aim of this study was to assess how 
different doses of AA can affect the interactions 
between serum and liver lipids and hepatic cytochrome
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P-450 in guinea pigs. A special respect was paid to 
females, in which those relations may be influenced by 
sex-dependent factors.

Materials and Methods

Tricoloured female guinea pigs (Velaz, 
Prague) with an initial weight of 470-520 g were 
housed under standard laboratory conditions at 25 °C. 
During a two-week adaptation period, the animals 
were fed a standard laboratory diet for guinea pigs 
(Mok Velaz, Prague) with the addition of vegetables. 
Two weeks later, the animals were fed an ascorbic 
acid-free diet: sugar 100 g/kg, oat flakes 490 g/kg, milk 
powder 300 g/kg, butter 100 g/kg and salt 10 g/kg. The 
guinea pigs were then divided into three groups 
(12 animals in each group) according to the intake of 
ascorbic acid (Farmacon, Olomouc) in the drinking 
water. The first group, receiving 10 mg of AA per liter, 
was considered as the group with suboptimal AA 
intake. The second group, receiving 100 mg of AA per 
liter of drinking water, was considered as the group 
with adequate AA intake. The third group, receiving 
1000 mg AA per liter, was considered as AA-saturated 
group. In all groups AA was administered for 10 weeks. 
Access to water and diet was ad libitum and the 
animals were weighed weekly. After overnight fasting, 
the guinea pigs were killed by decapitation and the 
livers were quickly removed and weighed. One part of 
the liver was extracted with chloroform:methanol 2:1 
(v/v), and cholesterol was measured following the 
method of Zlatkis et al. (1953). Serum cholesterol and 
triglycerides were assayed by clinical commercial kits 
(Bio-Lachema, Brno). Ascorbic acid in the liver was 
determined by the dinitrophenylhydrazine method 
(Roe and Kuether 1943). Another part of the liver was 
chilled and homogenized in ice-cold 0.15 M KC1 using 
a Potter-Elvehjem glass homogenizer with a teflon 
pestle. The 20 % (w/v) homogenate was centrifuged at 
12 000 x g for 15 min and the liver microsomes were 
obtained by centrifugation of the supernatant fraction 
at 100 000 xg  for 60 min. The microsomal pelet was 
resuspended in 100 mM Tris buffer pH 7.4, containing 
1 mM EDTA and 30 % glycerol, and stored at -  80 °C 
before use. In liver microsomes, protein and haeme 
concentrations (Lowry et al. 1951, Paul et al. 1953) as 
well as total cytochrome P-450 and cytochrome bs 
content (Omura and Sato 1964) were determined. For 
assessing cytochromes P-450 and bs a dual-wavelength 
spectrophotometer (UV/VIS Pye Unicam SP 8-100) 
was used.

The results, presented as means ± S.E.M, 
were statistically analyzed by analysis of variance 
(ANOVA) and regression analysis (Statgraphic). The 
minimal acceptable level of significance was P < 0.05.

Results

The body weight of guinea pigs in all groups 
increased during the experiment, but there was no 
significant influence of the different AA intake on the 
body weight (Fig. 1).

body weight [g]

Fig 1
Body weight of female guinea pigs with different 
ascorbic acid intake: 10, 100 and 1000 mg/1 drinking 
water.

Table 1 summarizes the effects of increasing 
doses of AA on serum and liver lipids. Serum and liver 
cholesterol levels significantly decreased in the groups 
receiving 100 and 1000 mg of AA per liter of drinking 
water for 10 weeks. Serum triglycerides also decreased 
in these groups (by 23% and 19%), but the effect was 
not significant. Ascorbic acid levels in the liver 
significantly increased in accordance with rising AA 
doses.

Table 2 summarizes the effects of increasing 
doses of AA on hepatic haeme and haemoprotein 
content. Microsomal haeme content was significantly 
higher in the groups with increased AA intake. The 
content of hepatic total cytochrome P-450 increased 
significantly (by 58 % and 76 %) with rising AA doses. 
The intake of 1000 mg of AA per liter of drinking 
water also significantly increased the content of 
cytochrome bs in liver microsomes (by 21 %). A close 
positive correlation between cytochrome P-450 and AA 
concentration in the liver (Fig. 2) as well as a negative 
correlation between cytochrome P-450 and total 
cholesterol in the liver (Fig. 3) were found.



1994 Lipid Metabolism, Vitamin C and Cytochrome P-450 309

Table 1
Serum and liver lipids and ascorbic acid levels in female guinea pigs with different 
ascorbic acid intake

Ascorbic acid intake 
(mg per liter of drinking water)

10 mg 100 mg 1000 mg

Cholesterol

Serum (mmol/1) 
Liver (mmol/kg)

10.08 ± l . l l a 
22.30 ± 2.803

7.51±0.74b 
14.90 ±1.30b

8.44±0.61b 
13.40 ±1.20b

Triglycerides

Serum (mmol/1) 2.01±0.23a 1.54±0.11a 1.62Í0.173

Ascorbic acid 
liver (mol/kg) 0.074 ±0.015a 0.294 ±0.033b 0.991 ±0.067c

Values are means ± 
significantly different

S.E.M. for 12 animals per group. a,b’c Different superscripts indicate 
means (P<0.05) in the respective line

Table 2
Haeme and haemoprotein concentrations in 
with different AA intake

i hepatic microsomes of female guinea pigs

Ascorbic acid intake 
(mg AA per liter of drinking water)

10 mg 100 mg 1000 mg

Proteins 
(mg/g liver)

20.30 ±1.30a 
(12)

22.50 ±0.90a 
(12)

20.50 i l.0 0 3 
(12)

Haeme
(nmol/mg protein)

1.1810.103
(H)

1.37±0.07a>b
(10)

1.50±0.06b
(11)

Cytochrome P-450 
(nmol/mg protein)

0.38 ± 0.04a 
(H)

0.60±0.05b
(10)

0.67 ± 0.04b 
(12)

Cytochrome b5 
(nmol/mg protein)

0.28 ± 0.02a 
(12)

0.26±0.02a
(12)

0.34±0.01b
(12)

Values are means ± S.E.M. The numbers in parenthesis represent the number o f animals.
b Different superscripts indicate significantly different means (P < 0.05) in the respective 

line
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Fig 2
Correlation between 
hepatic cytochrome P-450 
and ascorbic acid levels in 
the liver of guinea pigs 
with different AA intake. 
10, 100 and 1000 mg/1 
drinking water.
Multiplicative model: 
r = 0.610, P = 0.0002).

Fig 3
Correlation between 
hepatic cytochrome P-450 
and liver cholesterol levels 
of guinea pigs with 
different AA intake. 10, 
100 and 1000 mg/1 
drinking water.
Multiplicative model: 
r= -0.500, P = 0.003).
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Discussion

The principal organ for the synthesis and 
elimination of lipoproteins circulating in the plasma is 
the liver. The liver is also the main site in the body 
where the detoxication of xenobiotics, catalyzed by 
microsomal cytochrome P-450 dependent enzymes, 
occurs. Experimental studies have shown that higher

hepatic microsomal enzyme activity may favourably 
affect the lipoprotein fractions which are characteristic 
for a low coronary risk (HDL cholesterol : total 
cholesterol, apolipoprotein A-I : apolipoprotein B 
ratios). Phenobarbital, a typical inducer of microsomal 
enzyme activities, retards cholesterol accumulation in 
the arterial wall and the formation of atherosclerotic 
plaque. It was concluded that the activation of liver
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microsomal function can prevent atherogenesis in man 
(Luoma 1988). The same can be true for other 
naturally occuring compounds, which influence hepatic 
microsomal function and in this way may improve the 
serum lipoprotein profile. One the these compounds is 
ascorbic acid.

In guinea pigs, the liver AA levels affect the 
cholesterol catabolism. AA deficiency causes 
accumulation of cholesterol in the liver, 
hypercholesterolemia and the decrease of hepatic 
microsomal cholesterol-7-or-hydroxylase activity, the 
rate-limiting enzyme in the catabolism of cholesterol to 
bile acid (Ginter 1975, Bjorkhem and Kallner 1976). 
Multiple forms of cytochrome P-450 are involved in the 
activity of this enzyme. AA-supplementation decreases 
atherogenic low density lipoprotein (LDL)-cholesterol 
and favourably influences high density lipoproteins 
(HDL). The effect of vitamin C on HDL is probably 
also mediated by the cytochrome P-450 system.

Hypercholesterolemia and hypertrigly­
ceridemia as well as cholesterol accumulation in the 
liver was also observed in female guinea pigs with 
suboptimal AA intake in this study. The cholesterol 
and triglyceride levels evidently decreased in AA- 
supplemented guinea pigs. Similar results have been 
reported for AA-deficient guinea pigs by other authors 
(Ginter 1975, Kothari and Sharma 1988).

Many experiments have been carried out to 
determine the mechanism by which limited intake of 
vitamin C decreases hepatic cytochrome P-450 content. 
Both, haeme synthesis and haeme degradation enzymes 
found to be were changed in AA-deficiency (Omaye 
and Turnbull 1980, Walsch and Degkwitz 1980). Since 
AA is an effective antioxidant in vivo, the possible 
involvement of lipid peroxidation in this phenomenon 
was also investigated (Tatara and Ginter 1994). 
Nevertheless, the results of Mori et al. (1992) suggested 
that there is mechanism(s) other than lipid 
peroxidation involved in the reduction of cytochrome 
P-450 content by AA-deficiency. In this study, total 
haeme content in liver microsomes of guinea pigs with 
suboptimal AA intake was significantly lower than in 
AA-saturated animals. The decreases correlate well 
with lowered cytochrome P-450 content (r = 0.558,
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P = 0.0014) and support the view about the stimulatory 
effect of AA on haeme and cytochrome P-450 
synthesis.

It has been repeatedly proven that vitamin C 
deficiency markedly decreases the activity of 
cytochrome P-450 dependent monooxygenases and the 
ability to metabolize many xenobiotics in liver 
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The capacity of the liver to metabolize 
xenobiotics and endogenous substrates is sex- 
dependent and hence may change the serum and liver 
lipoprotein profile. The physiological significance of 
hepatic cytochrome P-450 in cholesterol metabolism 
was also confirmed in this study using female guinea 
pigs with different AA intake. When compared to our 
previous studies on male guinea pigs (Ginter et al.
1984), we concluded that the serum and liver lipid 
profile correlated with cytochrome P-450 content and 
was not sex-dependent, neither in guinea pigs with 
limited AA intake nor in AA-saturated guinea pigs.

Acknowledgements
The authors wish to express their appreciation to Mrs. 
A. Wirthova and Ms. R. Urlandov£ for their excellent 
technical assistance and to Mrs. B. Hatalov£ for 
statistical analysis of the results.

Lipid Metabolism, Vitamin C and Cytochrome P-450 311

BJORKHEM L, KALLNER A.: Hepatic 7-alpha-hydroxylation of cholesterol in ascorbate-deficient and ascorbate- 
supplemented guinea pigs. J. Lipid Res. 17: 360 -  365,1976.

GINTER E.: Ascorbic acid in cholesterol and bile acid metabolism. Ann. N Y  Acad. Sci. 258: 410 -  421,1975.
GINTER E., ČERNÁ O., BUDLOVSKÝ J., BALÁŽ V., HRUBÁ F., ROCH V., ŠAŠKO E.: Effect of ascorbic 

acid on plasma cholesterol in humans in a long-term experiment. Int. J. Vitam. Nutr. Res 47: 123-134, 
1977.

GINTER E., KOSINOVÁ A., HUDECOVÁ A., MLYNARČÍOVÁ U.: Parabolic response of hepatic microsomal 
hydroxylating system and lipids to graded doses of ascorbic acid in guinea pigs on low and high alpha- 
tocopherol intake. /. Nutr. 114: 485 -  492,1984.

HEINE H., NORDEN C.: Vitamin C therapy in hyperlipoproteinemia. Int. J. Vitam. Nutr. Res. Suppl 19: 45 -  50, 
1979.



312 Nagyová, Ginter Vol. 43

JENKINS SA.: Vitamin C status, serum cholesterol levels and bile composition in the pregnant guinea pigs. Br. J. 
Nutr. 43: 95-100, 1980.

KANAZAWA Y., KITADA M., MORI T., INUKAI Y., IMAOKA S., FUNAE Y., KAMATAKA T.: Ascorbic 
acid deficiency decreases specific forms of cytochrome P-450 in liver microsomes of guinea pigs. Mol. 
Pharmacol. 39: 456 -  460,1991.

KATO N., OKADA T., TAKENAKA Y., YOSHIDA A.: Ameliorative effect of dietary ascorbic acid on PCB 
toxicity in guinea pigs. Nutr. Rep. Int. 15: 125-130,1977.

KOTHARI L.K., SHARMA P.: Aggravation of cholesterol induced hyperlipidemia by chronic vitamin C 
deficiency: experimental study in guinea pigs.ylcta Biol. Hung. 39: 49 -  57, 1988.

LOWRY O.H., ROSEBROUGH N.J., FARR A.L., RANDALL R.J.: Protein measurement with the Folin phenol 
reagent./. Biol. Chem. 193: 265 -  275, 1957.

LUOMA P.U.: Microsomal enzyme induction, lipoproteins and arterosclerosis. Pharmacol. Toxicol. 62: 243 -  249, 
1988.

MORI T., KITAMURA R., IMAOKA S., FUNAE Z., KITADA M., KAMATAKI T.: Examination for lipid 
peroxidation in liver microsomes of guinea pigs as a causal factor in the decrease in the content of 
cytochrome P-450 due to ascorbic acid deficiency. Res. Commun. Chem. Pathol. Pharmacol. 75: 209 -  219, 
1992.

NAGYOVA A., GINTER E., $TEFEK M.: Effect of cadmium on hepatic microsomal monooxygenase activities in 
guinea pigs with low and high ascorbic acid intake./. Nutr. Biochem. 5: 10-14, 1994.

OMAYE S.T., TURNBULL J.D.: Effect of ascorbic acid on heme metabolism in hepatic microsomes. Life Sci. 27: 
441-449,1980.

OMURA T., SATO R.: The carbon monooxide-binding pigment of liver microsomes. /. Biol. Chem. 239: 
2370-2378, 1964.

PAUL K.G., TEORELL H., AKESON A.: The molar light absorption of pyridine ferroprotoporphyrin (pyridine 
haemochromogen).v4cta Chem. Scand. 7: 1284-1287,1953.

RIKANS L.E.: NADPH-dependent reduction of cytochrome P-450 in liver microsomes from vitamin C deficient 
guinea pigs: effect of benzphetamine./. Nutr. 112: 1796-1800,1982.

ROE J.H., KUETHER CA.: The determination of ascorbic acid in whole blood and urine through the 2,4- 
dinitrophenylhydrazine derivate of dehydroascorbic acid./. Biol. Chem. 147: 399 -  407, 1943.

SATO P.H., ZANNONI V.G.: Stimulation of drug metabolism by ascorbic acid in weanling guinea pigs. Biochem. 
Pharmacol. 23: 3121-3128,1974.

SUTTON J.L., BASU T.K., DICKERSON J.W.T.: Effect of large doses of ascorbic acid on the mixed function 
oxidase system in guinea pigs liver. Biochem. Pharmacol. 31: 1591-1594, 1982.

TATARA M., GINTER E.: Erythrocytes fluidity and tissue peroxides in female guinea pigs on graded vitamin C 
intake. Physiol. Res. 43: 101 -105, 1994.

WALSCH S., DEGKWITZ E.: Activity of microsomal heme oxygenase in liver and spleen of ascorbic acid 
deficient guinea pigs. Hoppe-Seyler’s Z. Physiol. Chem. 361: 1243-1249, 1980.

ZANNONI V.G., FLYNN E.J., LYNCH M.: Ascorbic acid and drug metabolism. Biochem. Pharmacol. 21: 
1377-1392, 1972.

ZLATKIS A., ZAK B., BOYLE A.: New method for determination of serum cholesterol. /. Lab. Clin. Med. 41: 
486 -  492,1953.

Reprint Requests
A. Nagyová, Ph.D., Research Institute of Preventive and Clinical Medicine. 833 01 Bratislava, Limbová 14, 
Slovak Republic.


