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Fig.1 Concentrations of vitamin E in tissues of inherently scorbutic rats fed

E-deficient and simultaneously

+8D, n=4 or 5. Different letters at each time point

indicate significant differences among groups by Fisher’s protected least
significant difference test (P>0.05).
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Concentrations of vitamin C in tissues of inherently scorbutic rats fed

control,vitamin C-deficient, vitamin E-deficient and simultaneously vita-

mins C and E-deficient diets.

Values are means+SD, n=4 or 5. Different letters at each time point
indicate significant differences among groups by Fisher’s protected least
significant difference test (P>0.05).
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Table 1 Thiobarbituric acid-reactive substances (TBARS) of
plasma and liver in inherently scorbutic rats fed control,
vitamin C-deficient, vitamin E-deficient and simultane-
ously vitamins C and E-deficient diets for 21 d.

Liver
nmol/g

Control
-C

Two-way ANOVA

P
c <0.001 <0.001
E NS <0.001
C'E NS <0.01

Inherently scorbutic rats were divided into four groups (con-
trol, vitamin C-defici itamin E- ient and simultaneously
vitamins C and E-deficient grouj After 21 d, TBARS of
plasma and liver were determined as described in the text
Values are means£SD of 4 or 5 rats. Values within each col-
umn not sharing a common supers letter are significantly
different (P<0.05) by Fisher's protected least significant differ-
S=not significant, P>0.05.

4. 2 8

PR, RREREE Y EH VT, VCEVE
D2 O0HELE Y 2 Y OMAEFHZW S,z L
2o VEQWARVCRZZE>Tm# s, Z
DI e, in vitro OIFFE2ICL > TRENT L
3&£51, VCIZk3 VEDHEN invivo T
BB eELFLTWS, —/, VEITK
2V CORFHEIZ, in vivo TORERRIZ BV
THgan, VEIC& 3V CORENZER
IO EZwDT, ZORFEHRZ, n vitro D
METE TSN AE» 2L eTHE, ZOMR
i3, VERZICE->TRZ %, A TOIHEL
BRI A b L AL, MlOKRHCED, Rl
T, BN RAKEEHRRILATH 2 V CPOMD
T e ERRL TS, 2-way
ANOVA Offfffic k2 &, MEY S YORZIC
B BEREAMANER G, MY, O, N, T,
I, BRICBLTRSE, WYY 3 O
TEHRAFERC B VT, 2TOMEHCBVLT, &
FU b WIRECBEE S 4 h > 7z TBARS i€ &
> THHili S N2 BELIA b L ADBE L RBKTSH

27

e, RWIEERITT 5 by, WK
25D & Uil L « AOUUREIR 5 £ OB
FRAHTLA S E# VU 3 e dicitR o
WrROIRBEETSPL LT ET,

X ®
1) Mukai, K., Nishimura, M. & Kikuchi, S. (1991)
Stopped-flow investigation of the reaction of vitamin C
with tocopheroxyl radical in aqueous Triton X-100
micellar solutions. The structure-activity relationship of
the regeneration r
Biol. Chem. 26

2) Packer, J.

ction of tocopherol by vitamin C. /.

278.
Slater, T.F. & Willson, R.L. (1979)

Direct observation of a free radical interaction between



ODS 5y MeBW2ES 3> C & E OHILER 69

vitamin E and vitamin C. Nature (London) 278:737-738.

3) Burton, G.W., Wronska, U,, Stone, L., Foster, D.O. &
Ingold, K.U. (1990) Biokinetics of Dietary RRR-a- toco-
pherol in the male guineapig at three dietary levels of
vitamin C and two levels of vitamin E. Evidence that
vitamin C does not "spare” vitamin E in vivo. Lipids 25:
199-211.

4) Chen, LH, Lee, M.S, Hsing, W.F. & Chen, S.H.
(1980) Effect of vitamin C on tissue antioxidant status
of vitamin E deficient rats. Int. J. Vit. Nutr. Res. 50: 156
-162.

5) Chen, L.H. (1981) An increase in vitamin E require-
ment induced by high supplementation of vitamin C in
rats. Am. J. Clin. Nutr. 34: 1036-1041.

6) Chen, LH. & Thacker, RR. (1986) Vitamin C par-
tially reversed some biochemical changes produced by
vitamin E deficiency. Biotech. Appl. Biochem. 8: 40-45.

7) Chen, L.H. & Thacker, RR. (1987) Effect of ascorbic
acid and vitamin E on biochemical changes associated
with vitamin E deficiency in rats. Int. /. Vit. Nutr. Res.
57: 385-390.

8) Ginter, E., Kosinova, A., Hudecova, A. & Mlynarci-

kova, U. (1984) Parabolic response of hepatic mi-
crosomal hydroxylating system and lipids to graded
doses of ascorbic acid in guinea pigs on low and high
a-tocopherol intake. /. Nutr. 114: 485-492.

9) Hruba, F., Novakova, V. & Ginter, E. (1982) The
effect of chronic marginal vitamin C defeiciency on the
a-tocopherol content of the organs and plasma of
guinea-pigs. Experientia 38: 1454-1455.

10) Igarashi, O., Yonekawa, Y. & Fujiyama-Fujihara, Y
(1991) Synergistic action of vitamin E and vitamin C in
vivo using a new mutant of Wistar-strain rats, ODS,
unable to synthesize vitamin C. /. Nutr. Sci. Vitaminol.
37: 359-369.

11) Roe, J.H. & Kuether, C.A. (1943) Determination of
ascorbic acid in whole blood and urine through the 2,4
-DNPH derivative of dehydroascorbic acid. J. Biol.
Chem., 147: 399-407.

12) Kishida, E., Nishimoto, Y. & Kojo, S. (1992) Specific

determination of ascorbic acid with chemical derivatiza-

tion and high-performance liquid chromatography.
Anal. Chem. 64: 1505-1507.

13) Mizushima, Y., Harauchi, T., Yoshizaki, T. & Ma-
kino, S. (1984) A rat mutant unable to synthesize vita-
min C. Experientia 40: 359-361.

14)  Tokumaruy, S., Takeshita, S., Nakata, R., Tsukamoto,
L & Kojo, S. (1996) Change in the level of vitamin C
and lipid peroxidation in tissues of the inherently scorbu-
tic rat during ascorbate deficiency. /. Agric. Food Chem.
44: 2748-2753.

J.L. & Diplock, A.T. (1984) High-perfor-

mance liquid chromatography methods for vitamin E in

tissues. Methods Enzymol. 105: 131-138.

15)

16) American Institute of Nutrition (1977) Report of the
American Institute of Nutrition ad hoc committee on
standards for nutritional studies. /. Nutr. 107: 1340-
1348.

17) Kishida, E., Kamura, A., Tokumaru, S., Oribe, M.,
Iguchi, H. & Kojo. S. (1993) Re-evaluation of malon-
dialdehyde and thiobarbituric acid-reactive substances
as indices of autoxidation based on the oxygen consump-
tion. J. Agric. Food Chem. 41: 1-4.

18) Tokumaruy, S, Ogino, R., Shiromoto, A., Iguchi, H. &
Kojo, 8. (1997) Increase of lipid hydroperoxides in tis-
sues of vitamin E-deficient rats. Free Radic. Res. 26: 169
-174.

19) Buege, J. A. & Aust, S. D. (1978) Microsomal lipid
peroxidation. Methods Enzymol. 52: 302-310

20) Lowry, O. H., Rosebrough, N. J., Farr, A. L. & Ran-
dall, R. J. (1951) Protein measurement with Folin phe-
nol reagent. /. Biol. Chem. 193: 265-276.

21) Welkowitz, J., Ewen, RB. & Cohen, J. (1982) In:
Introductory stastics for the behavioral sciences. 3rd ed.
Academin Press, Inc. New York, NY.

22) Kimura, H., Yamada, Y., Morita, Y., Ikeda, H. &
Matsuo, T. (1992) Dietary ascorbic acid depresses
plasma and low density lipoprotein lipid peroxidation in
genetically scorbutic rats. J. Nutr. 122: 1904-1909.

23) Frei, B, England, L. & Ames, B.N. (1989) Ascorbate
is an outstanding antioxidant in human blood plasma.
Proc. Natl. Acad. Sci. U.S.A. 86: 6377-6381.



70

URAKAMI FOUNDATION MEMOIRS Vol. 7 (1999)

Inteactions between Vitamin C and Vitamin E are Observed in
Tissues of Inherently Scorbutic Rats

Sadako Tokumaru (Department of Life and Health Sciences, Joetsu University of Education)

To investigate in vivo interactions between antioxidant vitamin C and E, sparing
effects of vitamin C on vitamin E as well as those of vitamin E on vitamin C were
evaluated using inherently scorbutic [Osteogenic Disorder Shionogi (ODS)] rats. Rats
were divided into four groups (control, vitamin E-deficient, vitamin C-deficient and simul-
taneously vitamins C and E-deficient). The levels of vitamins C and E in tissues were
determined at 0, 14 and 21 d of deficiency.

On d 14, the vitamin E concentration in plasma, liver, brain and lung of the vitamin
C-deficient group was significantly lower than that of the control, in agreement with the
literature concerning the sparing of vitamin E by ascorbate. The vitamin E concentration
of the vitamin C-deficient group also was significantly lower in plasma, heart, liver, lung
and kidney than that of the control group on d 21. On the basis of two-way ANOVA,
significant interactions between vitamin C and E were observed on d 21 for vitamin E
concentration in these tissues.

The ascorbate level in plasma, heart, liver, muscle and kidney of the vitamin E-
deficient group was significantly lower than that of the corresponding control group on d
21. Significant interactions between vitamin C and vitamin E were observed on d 21 for
vitamin C concentration in these tissues. These results suggest a sparing effect of vitamin
E on vitaminC, an effect that was observed for the first time in this study. These results
suggest that the interaction between vitamin C and E exists in vivo and that the extent of
the interaction depends on the tissues.

Thiobarbituric acid reactive substances (TBARS) in plasma and liver of the vitamin
C-deficient rats were significantly higher than those of the control and the vitamin
E-deficient groups on d 21, suggesting that the deficiency of vitamin C caused a larger
increase in oxidative stress than the deficiency of vitamin E. TBARS of liver in rats
deficient in both vitamins C and E were significantly higher than those in all other groups,
suggesting an additive effect of the deficiencies of vitamin C and E on hepatic TBARS.
These data suggest that in vivo, vitamins E and C interact, and each can exert sparing

effects in the absence of the other.



