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and Aging
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ABSTRACT — The purpose of this study was to examine the increased bone loss caused by ova-
riectomy through monitoring the concentrations of the collagen and the pyridinoline crosslinks
of collagen. The ovariectomized rats treated for 8 weeks, were divided at random into two or
three groups of 10. Ovariectomies were carried out from the saline-treated group (Ovx), the
estrogentreated group (Ovx+ES) and chondroitin sulfate-treated group (Ovx+CS). Sham opera-
tions were performed on the sham-operated group (Sham). Ovx+ES and Ovx+CS groups showed
the remarkably increased collagen and pyridinoline amount in the bone and cartilage compared
to Ovx group. And as the result of the measurement of SOD, Catalase and GPx which are
antioxidant enzyme, SOD and Catalase activities in Ovx group were much higer than in Sham
group. But they were significantly decreased in Ovx+CS group. Based on these results, it is
supposed that estrogen and condroitin sulfate can enhance collagen synthesis and affect the
pyridinoline formation in collagen fibrils through stimulating lysyl oxidase activity. And it is
also thought that chondroitin sulfate can inhibit aging by reducing antioxidant enzyme.
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Table 1. Classification of experimental group

Injection dose

Expe:lmental Injec(trl,?;/k sa)mple (mi200 g of
group £ body wt.)

Sham (10m}2})  0.9% saline 0.5 mif200 g

Ovx (10m}2]) 0.9% saline 0.5 m{200 g

Ovx+ES (109}2]) 10 pg 05 mi200 g

Ovx+CS (107}2]) 100 mgkg chondroitin sulfate 0.5 mi/200 g

All means are value+:SD

Sham: nonovariectomized group

Ovx: ovariectomized group

Ovx+ES: ovariectomized estrogen group

Ovx+CS: ovariectomized chondroitin sulfate group
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Table 2. Chromatographic conditions for pyridinoline

analysis

Apparatus : Shimadzu LC-6A

Detector : Fluorescence HPLC Monitor RF-535

Column : Inertsil ODS-2 5 pm (250X 4.6 mm id.)

Eluent : Acetonitrile/0.1 M Sodium Phosphate
Buffer, pH 3.5 (25:75) containing SDS
and Na,EDTA

Flow rate : 1.0 m//min

Excitation wavelength : 295 nm
Emission wavelength : 395 nm
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Table 3. The effect of estrogen and chondroitin sulfate
on collagen in cartilage of ovariectomized rats

Group Collagen (mg/g)
Sham(8week) 89.89+ 6.80
Ovx 61.284-19.59
Ovx+ES 80.36+15.81
Ovx+CS 85.68+30.14

All means are value+SD

Sham: nonovariectomized group

Ovx: ovariectomized group

Ovx+ES: ovariectomized estrogen group

Ovx+CS: ovariectomized chondroitin sulfate group
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Fig. 1. Concentration of collagen in cartilage of rats.
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Table 4. The effect of estrogen and chondroitin sulfate on
collagen in bone of ovariectomized rats

Group Collagen (mg/g)
Sham (8weck) 73.71+10.75
Ovx 67.18£17.98
Ovx+ES 75.85+12.62
Ovx+CS 72.04+ 6.81

All means are valueSD

Sham: nonovariectomized group

Ovx: ovariectomized group

Ovx+ES: ovariectomized estrogen group

Ovx+CS: ovariectomized chondroitin sulfate group
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Fig. 2. Concentration of collagen in bone of rats.
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Table 5. The effect of estrogen and chondroitin sulfate
on pyridinoline/collagen in cartilage of ovariecto-

mized rats

Group Pyridinoline/collagen (mg/g)
Sham (8week) 0.72+0.19

Ovx 0.66+0.12

Ovx+ES 0.77+0.08
Ovx+CS 0.75+0.11

All means are value+SD

Sham: nonovariectomized group

Ovx: ovariectomized group

Ovx+ES: ovariectomized estrogen group

Ovx+CS: ovariectomized chondroitin sulfate group
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Fig. 3. Concentration of pyridinoline in collagen from car-
tilage of rats.
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Table 6. The effect of estrogen and chondroitin sulfate
on pyridinoline/collagen in bone of ovariectomiz-

ed rats

Group Pyridinoline/collagen (mg/g)
Sham (8week) 0.66+0.05

Ovx 0.5610.06
Ovx+ES 0.65+0.17
Ovx+CS 0.594+0.09

All means are value+SD

Sham: nonovariectomized group

Ovx: ovariectomized group

Ovx+ES: ovariectomized estrogen group

Ovx+CS: ovariectomized chondroitin sulfate group

Pyridinoline/Collagen{mol/mo!)

Sham Ovx Ovx+ES Ovx+¥S$S

Fig. 4. Concentration of pyridinoline in collagen from
bone of rats.
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Table 7. The effect of chondroitin sulfate on lipidperoxide
values in rat liver homogate

Group MDA (nmol/100 mg wet wt.)
Sham 10.35+1.48
Ovx 18.43+2.99
Ovx+CS 12.00+1.76

All means are value+SD

Sham: nonovariectomized group

Ovx: ovariectomized group

Ovx+CS: ovariectomized chondroitin sulfate group
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Fig. 5. Variation of MDA values in rat liver homogenate.
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Catalase 4] %=+ Table 99} Fig. 704 B ule} zhol
922 AAT 7o 7b Catalase BAIEE 27.89 mu/mg
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1 17.68 mu/mg protein®l] v}s} 1583 A% =) vyepyich
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Table 8. The effect of chondroitin sulfate on SOD values
in rat liver homogenate

Group SOD (nmol/100 mg wet wt.)
Sham 0.25+£0.07
Ovx 1.32£0.54
Ovx+CS 0.36+£0.03

All means are value+SD

Sham: nonovariectomized group

Ovx: ovariectomized group

Ovx+CS: ovariectomized chondroitin sulfate group
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Fig. 6. Variation of SOD values in rat liver homogenate.
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Table 9. the effect of chondroitin sulfate on catalase values
in rat liver homogenate

Group Catalase (mu/mg protein)
Sham 17.68+3.68
Ovx 27.89+4.07
Ovx+CS 14.83+0.50

All means are value =SD

Sham: nonovariectomized group

Ovx: ovariectomized group

Ovx+CS: ovariectomized chondroitin sulfate group
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Fig. 7. Variation of catalase values in rat liver homogenate.
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Table 10. The effect of chondroitin sulfate on GSH, GSSG, GPx, GSH+GSSG, GSSG/GSH+GSSG values in rat liver homo-

genate
Group Sham Ovx Ovx+CS
reduced-glutathion (GSH) pmol/mg protein 1.00£0.12 0.65+0.02 0.69+0.07
oxidized-glutathion(GSSG) pmol/mg protein 0.56+0.08 0.63+0.09 0.59+0.10
GSH-peroxidase(GPx) umol/mg protein 0.164+0.03 0.18+£0.02 0.174+0.02
GSSG+GSH pmol/mg protein 1.56+0.20 1.28+0.11 1.284+0.17
GSSG/(GSSG+GSH) 0.35 0.49 0.46

All means are value £SD

Sham: nonovariectomized group

Ovx: ovariectomized group

Ovx+CS: ovariectomized chondroitin sulfate group
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Table 11. The effect of chondroitin sulfate on AST - ALT
values in rat serum

Group AST (unit/ml) ALT (unit/m/)
Sham 58.61+4.49 23.64+1.42
Ovx 91.93+8.72 22.61+1.63
Ovx+CS 40.60+6.21 21.90+2.07

All means are value+SD

Sham: nonovariectomized group

Ovx: ovariectomized group

Ovx+CS: ovariectomized chondroitin sulfate group
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