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Fig. 1 Weight gain in each group. Each point represents the
mean of four rats.
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Table 1 Biochemical analysis of serum and urine.

Urine Serum

HyP/Cre Alkaline phosphatase activity (U//)  ICTP Acid phosphatase activity (U/0)

(umol/mg) ~ Total- Bone- (ng/ml) Total- TRAP
Control 0.49%0.09 180.1%40.7 155.2%36.5 3.33+0.37 4.83+0.72
c2 0.9040.03*  180.6%35.3 153.1£31.1 3.60£0.20 9.85+1.97*
c3 0.9440.01*  138.6%14.9 114.9+13.2 3.05:+0.92 15.061.02* 9.69:£0.57*
c 0.57£0.03 1404057 15.66+4.01°  11.14+3.69*
Ca 0.48+0.05 . 3.50£0.36 15.04£4.58"  13.55%1.12"
caC2 0.40£0.04 152.2412.3 3.3740.29 13.80+2.98 9.43:£0.92*
CaCi 0.29:£0.10* 50.0+6.9* 6.18+1.23*  12.72+4.17 9.68:+2.05*

Data were shown as means+SD of 4 rats.

Asterisks indicate significantly different fron the control value (p< 0.05).
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Fig. 3 H & E Rfilfik& (original magnification x 16)
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Fig. 4 TRAP R#iliik{% (original magnification x16)
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Effect of Vitamin C on Bone

Tkuyo Tsukamoto (Department of Food Science and Nutrition, Nara Women's University)

Osteoporosis, one of the most important disorders associated with aging, is a serious
public health problem. Hormonal, dietary and other life-style factors, as well as genetic
factors, may all contribute to bone loss that leads to the development of osteoporosis. An
association between diet and incidence of osteoporosis has been suspected. It has been well
known that a state of severe ascorbic acid deficiency, scurvy, results in the failure of
injured bone to undergo repair. To investigate the effect of vitamin C on bone remodeling,
the determination of the biochemical markers of bone formation (serum and bone-specific
alkaline phosphate) and bone resorption (urinary hydroxyproline, serum carboxy-terminal
pyridinoline cross-linked telopeptide of type I collagen (ICTP), serum tartrate-resistant
acid phosphatase (TRAP)), bone mineral content measurements by soft X-ray and his-
tological analysis were done in ovariectomized Osteogenic Disorder Shionogi (ODS) rats,
which have an inherited defect in ascorbic acid synthesis. ODS rats were divided 7 groups
and fed for 6 weeks after ovariectomy. They received control diet for 6 weeks (control),
control diet for 4, 3, or 2 weeks followed by a V.C-free diet for 2, 3 or 4 weeks, respec-
tively (C2, C3, or C4), calcium-free diet for 6 weeks (Ca), calcium-free diet for 4 weeks
followed by V.C and calcium-free diet for 2 weeks (Ca/C2), or calcium-free diet for 2
weeks followed by V.C and calcium-free diet for 4 weeks (Ca/C4). The loss of weight
gain and the decrease in alkaline phosphatase activity (bone formation marker) were
observed only in 4 week-V.C-deficient groups, C4 and Ca/C 4. The activities of TRAP in
all experimental groups were significantly higher than the control while the higher level
of ICTP was observed in C 4 and Ca/C 4 group. The increase in the urinary hydroxyproline
was obtained in C2 and C3 group. These biochemical parameters suggested that the
increase in bone resorption occurred under subclinical ascorbic acid deficiency and was
followed by the decrease in bone formation at severe ascorbic acid deficiency with weight
loss. The soft X-ray photograph also showed the decrease in mineral content in metaphysis
of femur and tibia as early as 2 weeks of V.C deficiency. Microscopic examinations
confirmed that ossification zone was infiltrated with cells and osteoclasts in the meta-
physeal region. of femur of V.C deficiency rats after 2 weeks. The metaphyseal trabecular
bone matrix almost disappeared at 3 weeks. The epiphyseal cartilage was totally devoid
of the underlying bone and the hypertrophic chondrocytes were fewer at 4 weeks of
ascorbic acid deficiency. The effects of Ca deficiency and ascorbic acid deficiency on bone

loss were additional. These results indicate that even the subclinical vitamin C deficiency
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causes the bone loss, especially in metaphysis of femur and tibia and that the intake of

vitamin C as well as calcium is needed to keep health of bone.



