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Cholesterol-Lowering Effect of Pine Nut in Plasma of Rats

Young-Seo Park and Myong-Soo Chung"**
Division of Biotechnology, Kyungwon University
'Department of Packaging, Yonsei University
“Institute of Functional Biomaterials and Biotechnology, Yonsei University

Cholesterol-lowering effect of pine nut on mice was investigated by examining changes in body weight, feed
intake, and triglyceride, total cholesterol, high density lipoprotein cholesterol (HDL-C), low density lipoprotein
cholesterol (LDL-C), and very low density lipoprotein cholesterol (VLDL-C) contents in mice plasma. Changes
in body weight and feed intake between pre-designed experimental animal groups fed various contents of
cholesterol and pine nut and control group fed basal diet were not significantly different. Food efficiency ratio
of experimental groups fed higher than 10% pine nut was significantly higher than that of control group.
Apparent differences in atherogenic index representing cholesterol-lowering effect in plasma were not found
among all groups fed 0-20% pine nut. Inhibition activities of water and hexane extracts of pine nut on HMG-
CoA reductase and cholesterol esterase were examined in vitro. Hexane extract showed 66% inhibition effect on
HMG-CoA reductase, whereas none was observed with water extract.
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peroxidase, cholesterol oxidase, phenol, 4-aminoantipyrine, cho-
lesterol esterase, cholesteryl palmitate’s Sigma AREF-E] 38}
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Table 1. Chemical composition of basic feed

Composition Content (%)
Moisture 12.5
Crude protein 23.5
Crude fat 5.9
Crude ash 59
Crude fiber 39
Nitrogen free extracts 483
Total 100.0
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Table 2. Recipe of feed for first animal experiment

AL A 37 A 5 5 (2005)

Content (%)
Normal Control 5% pine nut 10% pine nut 15% pine nut 20% pine nut
Basal diet 100 99 94 89 84 79
Cholesterol 0 1 1 1 1 1
Pine nut 0 0 5 10 15 20
Table 3. Recipe of feed for second animal experiment
Content (%)
Normal Control 1% pine nut 2% pine nut 3% pine nut 4% pine nut 5% pine nut
Basal diet 100 98 97 96 95 94 93
Cholesterol 0 2 2 2 2 2 2
Pine nut 0 0 1 2 3 4 5
E), 1% RS (1A0) +2% FHHE + 1% AR, 2% 2 o3t qNg 30°ColM ddsEsle] dat 228 AR
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Cholesterol esterase A3 &3¢ ZA3}7] 2180 200 unit per-
oxidase, 2.0 unit cholesterol oxidase, 30 uM phenol, 2 uM 4-
aminoantipyrine, 150 UM potassium phosphate buffer(pH 7.0),
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Table 4. Changes in amount of feed intake for first animal experiment (unit: g)
Group/week 1 2 3 4 5
Normal 446.95 £0.92* 498.65+8.00™ 591.00+122.33 636.25+9.40% 622.10+ 6.36°
Control 444.40 £ 70.29° 538.20+37.19° 570.95+15.77° 650.25 £22.00° 638.95+8.13°
5% pine nut 44175+ 11.38° 498.80 +3.68" 530.40+6.93° 559.80 +63.22" 619.15+1.91°
10% pine nut 423.95+7.28° 461.60+0.57° 491.05+15.63° 566.65 +9.40™ 565.70+ 1.70°
15% pine nut 445.05+22.70° 484.65+£31.75" 516.35+16.76" 583.55+19.73% 58330+ 13.86
20% pine nut 375.85 +29.06° 453.50=8.77° 493.45+2.19° 557.60£19.10¢ 571.70+20.51°

*Values having the same letter are not significantly different at 5% level based on the ANOVA test.

Table 5. Changes in amount of feed intake for second animal experiment (unit: g)
Group / week 1 2 3
Normal 57.43£9.19%% 60.64 +3.05° 63.57+3.41°
Control 60.93+4.57* 69.71 £4.08° 69.71 +2.01*
1% pine nut 55.29+3.49* 63.07 £2.68° 67.14£5.48°
2% pine nut 56.21 +3.84" 60.71 £3.87° 64.14+2.27
3% pine nut 51.36+3.86° 62.43+3.94° 67.07£2.28"
4% pine nut 54.50+9.10° 62.64+6.02° 63.00+£2.36°
5% pine nut 58.43+£10.76® 65.71 +7.77% 65.00+5.38"

*Values having the same letter are not significantly different at 5% level based on the ANOVA ftest.
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Table 6. Changes in body weight of mice for first animal experiment (g/week)
Group/week 1 2 3 4 5
Normal 149.90 +7.17°* 197.00°+9.72 243.60+12.83° 276.40+ 18.22° 305.80+20.56°
Control 150.90+3.96" 200.10°+5.43 249.10+ 6.44° 283.00+7.26" 311.70+6.82°
5% pine nut 151.80£5.85 201.20°+7.81 249.70£10.74° 285.70 £ 13.54° 31510 13.41°
10% pine nut 151.60 £ 12.60 194.50°+7.50 241.60+8.57° 27640+ 10.72° 307.90£10.86°
15% pine nut 165.20+8.51° 214.40° £14.38 264.70 = 19.90" 303.70+21.20" 335.60+20.20°
20% pine nut 148.40+8.32° 199.40°+7.78 250.30£10.01° 291.30£10.49° 325.4"+13.30°
*Values having the same letter are not significantly different at 5% level based on the ANOVA test.
Table 7. Changes in body weight of mice for second animal experiment (g/week)
Group / week 1 2 3
Normal 90.33 £0.29** 156.83+2.84* 206.33+13.26°
Control 94.33£2.02° 158.00£4.27° 212.17+4.07°
1% pine nut 90.33 £2.02" 155.00+12.01° 211.17 +£19.09*
2% pine nut 91.67+2.52" 151.50 £ 7.86° 201.17+12.85°
3% pine nut 91.17£3.33° 158.17£13.25° 216.67+22.94°
4% pine nut 91.83 £2.52¢ 153.00 =4.77 206.33 +5.80°
5% pine nut 94.67£2.75° 161.83£7.01° 217.17+6.25°
*Values having the same letter are not significantly different at 5% level based on the ANOVA test.
Table 8. Food efficiency ratio during 5 weeks for first animal experiment
Food efficiency ratio"
Normal Control 5% pine nut 10% pine nut 15% pine nut 20% pine nut
0.51°%* 0.51% 0.53% 0.57° 0.60° 0.60
"Food Efficiency Ratio (FER) = Body weight gain/Food intake.
*Values having the same letter are not significantly different at 5% level based on the ANOVA test.
Table 9. Food efficiency ratio during 3 weeks for second animal experiment
Food efficiency ratio”
Normal Control 1% pine nut 2% pine nut 3% pine nut 4% pine nut 5% pine nut
0.28%* 031°¢ 0.29¢ 0.30¢ 0.29¢ 0.32¢

"Food Efficiency Ratio (FER)

= Body weight gain/Food intake.

*Values having the same letter are not significantly different at 5% level based on the ANOVA test.
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Table 10. Lipid content in plasma after 5 weeks for first animal experiment

Plasma total Plasma HDL

Plasma

Plasma LDL Plasma VLDL

Group/test cholesterol cholesterol triglyceride cholesterol cholesterol Athlf;:gegfmc
(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
Normal 52.80+7.55%* 31.98+397" 2440+6.33° 15.74 +5.24° 5.08+£1.23° 0.66+0.15¢
Control 53.60 £ 7.14° 32.84 £4.98° 38.20+15.03° 13.12£3.50° 7.64 £3.01° 0.6310.08°
5% pine nut 57.70+5.93% 27.59+3.37° 40.90 = 12.40° 21.93+5.72° 8.181+2.48° 1.10+0.26"
10% pine nut 63.70£6.17° 27.56+431° 31.60+10.00%  29.82+4.45° 6.23£2.00° 1.33+0.22°
15% pine nut 63.00£12.93° 22.68+£3.71¢ 3430+17.52% 3346+ 12.56® 6.94+3.59® 1.81 £0.59*
20% pine nut 73.80+6.84° 27.69+4.67° 33.50+8.92% 39.41£5.97* 6.70+1.78® 1.72+£0.41°
*Values having the same letter are not significantly different at 5% level based on the ANOVA test.
Table 11. Lipid content in plasma after 3 weeks for second animal experiment

Plasma total Plasma HDL .Plasme'l Plasma LDL Plasma VLDL Atherogenic

Group/test cholesterol cholesterol triglyceride cholesterol cholesterol Index

(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)

Normal 77.33£3.79%* 38.00£2.65" 173.00£42.23* 4,73 +5.08° 34.60 845 1.03+0.15°
Control 89.67+6.81" 46.33+4.16° 175.67 £20.65° 8.20+6.35 35.13+4.13° 0.93+0.15°
1% pine nut 88.33+£10.21° 45.00+1.73® 173.33+87.09° 8.67+£7.51° 34.671£17.42° 0.97£0.29*
2% pine nut 84.66+6.81° 42.67+3.79" 165.33+45.71° 8.93+2.60° 33.07£9.14 1.03£0.23°
3% pine nut 82.66+7.51" 40.00 +9.54® 190.00 £21.66 4.67+4.16" 38.00+4.33° 1.13£0.42°
4% pine nut 78.67 £4.69° 36.33+1.53" 14467+ 18.77° 13.40+3.22° 28.93+3.75° 1.17+£0.21°
5% pine nut 85.33+8.50° 40.33+£2.31° 178.00+87.23" 9.40+10.96 35.60£1745° 1.13+0.16°

*Values having the same letter are not significantly different at 5% level based on the ANOVA test.

Table 12. Inhibition rate of pine nut extracts on HMG-CoA
reductase and cholesterol esterase

Inhibition rate (%)
Sample
HMG-CoA reductase  cholesterol esterase
Hexane extract 66.0 0.0
Water extract 0.0 0.0
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