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Effects of P/S Ratio of Fatty Acids and Antioxidants Supplement on Serum
Lipids Levels and Hepatic Antioxidant Enzyme Activities in Rats”

Kang, Min-Jeong - Lee, Eun-Kyung - Lee, Sang-Sun§
Department of Food & Nutrition, Hanyang University, Seoul 133-791, Korea

ABSTRACT

The aim of this study was to investigate the effects of P/S ratio of fatty acid and antioxidant (vitamin E, selenium)
supplements on the serum lipid levels and hepatic antioxidant enzyme activity in rats. Female 16-week-old Sprague-
Dawley rats were fed 6 different experimental diets for 4 weeks. While the peroxidizability index (PI) levels of fatty
acids in the experimental diets were fixed at 81.22, the levels of P/S ratio of fatty acids were formulated at 0.38, 1.00,
4.81 (LP, MP, HP). These diets were supplemented with vitamin E (1,000 mg/kg diet) and selenium (2.5 mg/kg diet)
(LP-S, MP-S, HP-S). This study showed that the serum concentrations of total-cholesterol and HDL-C increased with
the increasing of the P/S ratio in the diet (p<0.05). Antioxidant supplementation significantly lowered the concentrations
of trigiyceride (TG) and VLDL-C of serum (p<0.05). Levels of thiobarbituric acid reactive substance (TBARS) in
the liver tended to decrease with the increasing of the P/S ratio in the diet (p<0.001), but antioxidant enzyme activity
in the liver was not significantly different. In addition, antioxidant supplementation significantly lowered TBARS level
in the liver {p<0.05), but had no effect on antioxidant enzyme activity except for glutathione reductase (p<0.05). In
conclusion, it is necessary to consider the properties of dietary fatty acids and antioxidants supplementation for the
prevention of cardiovascular diseases. (Korean J Nutrition 36(3) : 245 ~254, 2003)
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E P/SHIE 1.00% H3h= Aol A A FEE dA
A RE 5 Qe oMH FFolg 9y Qpt?
olA7tA = A77F E4SIER] YPgkont, Aojx|upel 3
A nH#oF & AEZ Peroxidizability index (P)¥&
£ 4 Utk Pl o]3 2 AR (double—bond index) ©]
ool Akl EXPEE R o o] 85 sk
o NEEH At Exsied o AP
etk 419 gaym o g wo) HFHshe FAY F7)
, B718, @718, o AL S, 3UY PL
5 ujws] B4, of2 PI = (¢ 262.08)°] 713
3 tEog EV1E (¢F 134.82), FVIE (¢F 70.78)
ol §212] Pl F (2 5.18)°] 71 Yt} o]&ft 2
FUe PI 8 18g A7E oF&A7A] AL AJgE R
%3 glon, o)A e sl plasmad] PI £5&
EQ3AY, 28U PI 758 5% A7 4=t Al
o] g& Bojr}.'®
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oz o AAE AL, A Sy S F7M
713 53] Ajxute] Exfshs 2L AR ABLE #31
AlA 2AE EHAFIAY AdIRBEES FHAA 2
Ay 9glo] F = Uk Afr)go] 23L &
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tathione peroxidase (GSH—Px) 3 -2 33} E 4ol
o8l 72Em Y gastare] FHEsL Ak A vl
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© HEAF SODE ¥457F $7FPH hydroxyl radical
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talase™= P2 Aol EANSHE peroxisomedlA Hy0,
£ 7549 H 082 XA da5oz FE AAHE =
F3he &Aolth? GSH-PxE AAUelA H0,9 34
glutathione (GSH) 2.2 RE| 433 glutathione (GSSG)
3% H,0E Adske w3t 71ek #13HE (ROOH) # GSH
2 B¥E GSSG, alcohol (ROH) ¥ H,0Z s vk
& FAig o RN 2R MY &3S BAE AR
& ASFL® GSHE ARA=e) Felol= sz,
GSH-Px, glutathione reductase (GR), glutathione S—
transferase (GST) % #2 itstai el BAEc)#®
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it o2 GSH-Px9 @88t ® Aakglas olgdx
Farstg kil daia AAFEE Aol FAENE
Sk gpabslojora ZOME E3) o —tocopherol A
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ZAo|A hs= 79 vER E 74242 tocophe-
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1. 2 2 X A9

A FEL 471¥38 9 Sprague—DawleyF<] ¢ 3
FAE ARE3IGioH, AF Aoz AR A 45Uzt 1
FuilE (eRrE) E A3AP1 ¢ 3 (Randomized
Complete block design)& ©]4314] 67 2% Ve ¥ 4
T B¢ ARSIl ZF A8E Table 1o A|AIE vis}
2ol o] zwRate] P/S ratiool W} low PS, middle PS,
high PS T22 U731, ol&8 334 (vitamin E
9t selenium) 8] HZ ojfo] we} 217} & Fo 2 U9l
ot A3 71 B¢ &7 Aole Adle] FEFHAULH,
ARFA 2EE 22 £ 2T, AUEREE 50 + 10%E /A

Table 1. Grouping of experimentat rats

Group” P/Sratio” Peroxidizability index” Vitamin E + Selenium®

LP 0.38 81.22 Not suppl.
LP-S 0.38 81.22 Suppl.
MP 1.00 81.22 Not suppl.
MP-S 1.00 81.22 Suppl.
HP 4.81 81.22 Not suppl.
HP-S 4.81 81.22 Supp!.

1) LP: low P/S ratio (0.38), MP: middle P/S ratio (1.00), HP: high
P/S ratio (4.81), S: vitamin E (1 g/kg diet), selenium (2.5 mg/kg
diet) supplemented

2) P/S ratio: polyunsaturated fatty acid/saturated fatty acid ratio
3) Peroxidizability index (Pl) = monoenoic acid x 0.025+ dienoic
acid X 1 + trienoic acid X 2 + tetraenoic acid X 4 + pentaenoic
acid X 6+hexaencic acid X 8.

4) dl-a-tocopheryl acetate 1 g (1,100 IU) /kg diet, sodium sel-
enite 2.5 mg/kg diet. :
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Table 2. Composition of the experimental diets (g/kg diet)
LP LP-S MP MP-S HP HP-S
Casein 150 150 180 150 180 150
Com starch 500 500 500 500 500 500
Sucrose 100 100 100 100 100 100
Fat (150) (150) (150 (150 (150) (150)
Soybean oil 1.50 1.60 23.14 23.14 121.95 121.95
Corn oil 1.50 1.50 11.36 11.36 0.15 0.16
Pclm oil 16.50 16.50 22.88 22.88 .15 0.15
Perilia oil 0.75 0.75 38.63 38.63 0.16 0.15
Sesame oil 1.50 1.80 233 233 25.20 25.20
Fish oil 42,75 42,75 20.36 20.36 0.15 0.15
Beef tallow 85.50 85.50 31.30 31.30 0.15 0.15
DL- methionine 3 3 3 3 3 3
Choline Chloride 2 2 2 2 2 2
o-Cellulose 50 50 50 50 50 50
Vitarnin mixture” 10 10 10 10 10 10
Mineral mixture” 35 35 35 35 35 35
Vitarnin E¥ 0 1 0 1 0 1
Selenium® 0 0.0025 0 0.0025 0 0.0025

1. Basec on AIN-93 Vitamin Mixture., 2) Based on AIN-93 Mineral Mixture., 3) dl-a-tocopheryl acetate., 4) Sodium selenite.

Table 3. Fatty acid composition of lipid sources used in the experimental diets”

Fatty acid Soybean oil Corn oil Paim oil Perilla oil Sesame ol Fish oil Beef tallow
Ci2:0 - - 0.80 - 0.03 - -
Cl14:0 0.06 0.1 1.21 0.01 0.03 39N 3.00
Cl4:1 - - - - - - 067
C16:0 10.49 11.25 44,34 6.04 9.33 18.90 26.50
Cl16:1 - 0.09 0.18 - 0.14 17.50 2.90
C18:0 3.51 217 431 1.89 5.09 5.42 17.00
Ci18:1 (n9) 22.21 24.90 39.10 18.09 40.44 16.20 43.40
C18:2 (n6) 56.23 56.67 9.12 12.37 43.88 1.51 3.40
C18:3 (n3) 7.49 0.53 0.18 61.00 0.26 0.72 0.30
C20:0 0.23 0.43 0.27 0.1 0.52 - 0.29
C20:1 0.78 - - - 0.28 1.01 0.38
C20:4 (n6) - - - - - 1.83 -
C20:5 (n3) - - - - - 541 -
C22:6 (n3) - - - - - 27.31 -
Unknown - 3.85 0.49 0.49 - 0.28 2.16
2SFA 14.29 13.96 50.93 8.05 156.00 28.23 46.79
YMUFA 22.99 24.99 39.28 18.09 40.86 3471 47.35
ZPUFA 62.72 57.20 9.30 73.37 44.14 36.78 3.70
P/S ratio 4.39 4.10 0.18 CAR 2.94 1.30 0.08
Zn3 7.49 0.53 0.18 61.00 0.26 33.44 0.30
¥n6 55.23 56.67 9.12 12.37 43.88 3.34 3.40
Zn6/2n3 ratio 7.73 106.92 50.67 0.20 168.77 0.10 11.33
P 70.78 58.35 10.46 134.82 45.42 262.08 518

1) Expressed as % distribution of fatty acid methyl esters
2) Peroxidizability index (Pl) = monoenoic acid X 0.025 + dienoic acid X 1 + trienoic acid X 2 + fetraencic acid X 4 + pentaenoic
acid X 6+hexaenoic acid x 8
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Table 4. Fatty acid composition of the experimental diets”

Fatty acid Low PS Middle PS High PS
Cl12:0 0.09 013 -
C14:0 2.96 1.80 0.06
Ci4: 0.38 017 -
C16:0 2571 21.36 9.78
Cl6:1 6.66 4.45 0.02
C18:0 11.83 7.59 3.28
C18:1 (n9) 34.62 31.60 21.83
C18:2 (n6) 4.99 21.54 47.71
C18:3 (n3) 0.78 2.43 16.34
C20:0 0.21 0.26 o
C20:1 0.52 0.47 0.64
C20:4 (n6) 0.52 0.38 -
C20:5 (n3) 1.54 1.13 0.01
C22:6 (n3) 7.78 5.70 0.03
Unknown 1.41 0.99 0.09
YSFA 40.79 31.13 13.34
TMUFA 42.18 36.69 22.49
YPUFA 156.62 31.19 64.09
P/S ratio 0.38 1.00 4.81
n3 10.11 9.26 16.38
n6 551 21.92 47.71
¥n6/¥n3 ratio 0.55 2.37 291
pr 81.22 81.23 81.22

1) Expressed as % distiibution of fatty acid methyl esters

2) Peroxidizability index (Pl) = monoenoic acid x 0.025 + die-
noic acid X 1 + trienoic acid X 2 + tetraenocic acid X 4 + pen-
taenoic acid X 6 +hexaenoic acid X 8
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Table 5. Weight gain, food intake, food efficiency ratio (FER) of
rats

Weight gain ~ Food intake FER”
(g/day) (g/day)
Group”
LP 0.93 +0.14” 1558 + 1.01 0.063 + 0.011
LP-S 058 £ 020 1533+ 048 0.036 + 0.012
MP 090 +£0.26 1611 £ 0.85 0.053 £ 0.013
MP-S 052+0.17 1480+ 039 0033+ 0011
HP 074+ 021 1674+ 088 0044 = 0.013
HP-S 047 +£022 1564 +053 0.030:+ 0015
Significance” NS NS NS
P/S ratio
Low PS 074+ 013 1544 £0.52 0.048 + 0.009
Middle PS 071 £0.16 1546 + 0.48 0.043 £ 0.009
High PS 0.61 £0.15 1619 =052 0.037 + 0.010
Significance” NS NS NS
Vitamin E+Se
Not suppl. 086 +0.12° 16,17 £0.51 0.053 % 0.007
Suppl. 052 £0.11" 1524 £0.27 0.033 + 0.007
Significance® p<0.05 NS NS

1) FER = body weight gain for experimental period (g) /food
intake for experimental period (g)

2) See the legend of Table 1

3) Statistical significance was calculated by one-way ANOVA.
4) Mean + SE.

5) Not significant

6) Statistical significance was calculated by Student’s t-test,
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Table 6. Effect of P/S ratio of fatty acids and antioxidants supplement on serum lipid concentrations in rats (mg/dD)
G T-C HDL-C LDL-C VLDL-C
Group"
LP 68.24 +10.79” 46,04 + 3.30% 19.74 £1.62° 12,64 + 401 13.65 + 2,16
LP-S 4783 = 6.10 57.61 = 4.24% 21.76 + 2.50° 26,28 = 3.37 957 £1.22
MP 58.80 = 6.09 63.22 + 6.57% 28.11 = 3.401® 23.35 = 5.00 11.76 £ 1.22
MP-S 4623 = 4.66 56.59 + 2.08% 21.50 £ 0.92° 2585 = 1.99 9.25 + 0.93
HP 64.72 + 1410 76.48 = 7.12° 3503 + 3.18° 28.51 £ 5,57 1294 + 2.82
HP-S 51.36 = 6.32 58.73 + 4.27% 26.66 + 3.24° 21.80 = 3.95 10.27 £ 1.26
Significance” NS® p<0.05 p<0.05 NS NS
P/S ratio
Low PS 57.36 = 6.37 6221 + 3.06° 2082 + 1.51° 19.92 + 3.09 11.47 =1.27
Middie PS 5252 = 4.02 59.91 + 3.44%® 24,80 + 1.89° 24.60 * 2.63 10.50 £+ 0.80
High PS 68.04 = 7.66 67.60 + 4.62° 30.84 + 2.44° 2515 + 3.40 11.61 £ 1.53
Significance” NS p<0.05 p<0.05 NS NS
Vitamin E+Se
Not suppl. 6353 + 5.88° 62,63 + 4.23 27.98 + 2,08 21.95 + 3.06 1271 = 1.18°
Suppl. 4839 + 3.16" 57.60 = 1.98 23.23 £ 1.38 24.69 =178 9.68 + 0.63"
Significance® p<0.05 NS NS NS p<0.05

1) See the legend of Table 1

2) Statistical significance was calculated by one-way ANOVA.
3) Mean £ S.E.

4) Not significant

5) Values with different superscript within a column are significantly different at o = 0.05 level by Duncan’s multiple range test.

6) Statistical significance was calculated by Student’s 1-test.

1G: tiiglyceride, T-C: total cholesterol, HDL-C: high density lipoprotein cholesterol, LDL-C: low density lipoprotein cholesterol, VLDL-C:

very low density lipoprotein cholesterol.
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Table 7. Effect of P/S ratio of fatty acids and antfioxidants su-

pplement on hepatic TBARS levels in rats (ng/mg protein)
' TBARS
Group”
LP 20.33 + 4,70
LP-S 13.51 + 2.55°
MP 14,59 + 2.73°
MP-S 466 +0.76°
HP 521 £ 0.54°
HP-S 3.36 £ 0.56°
Significance® p<0.001
P/S ratio
Low PS$ 16.69 + 2.64°
Middle PS 9.63 + 1.83°
High P3 4,28 + 0.45°
Significance” p<0.001
Vitamin E+Se
Not suppl. 13.14 + 2,07°
Suppl. 7.08 + 1.24*
Significance” pP<0.05

1, See the legend of Table 1

2 Statistical significance was calculated by one-way ANOVA.
3) Mean + SE.

4) Values with different superscript within a column are signifi-
cantly different at a = 0.05 level by Duncan’s muttiple range test.
5) Statistical significance was calculated by Student’s t-test.
TBARS: thiobarbituric acid reactive substance
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Table 8. Effect of P/S ratio of fatty acids and antioxidants supplement on hepatic antioxidant enzyme activities in rats

(Unit/mg protein)
SQD Catalase GSH-Px GST GR
Group”
LP 11.55 + 0.96” 30.53 + 1.86 2.74 £ 0.25 12.21 + 0.55 1.09 + 0.55%
LP-S 10.76 + 0.63 22.89 + 2.77 261 +£0.38 16.44 + 1,07 3.08 = 0.29"
MP 9.91 £ 0.59 2544 + 298 2.46 + 0.35 13.09 + 1.46 244 +0.33°
MP-S 9.94 + 0.51 21.73 £ 2,09 242 044 14.63 + 1.43 3,10 £ 0.92°
HP 9.18 + 0.68 2135+ 1.34 1.81 = 0.07 1251 £ 091 2,48 + 0.26°
HP-S 10.71 = 0.92 25.88 + 2.06 212 +0.18 12.94 £ 1.08 2.46 £ 0.31°
Significance” NS® NS NS NS p<0.05
P/S ratio
Low PS 1113 £ 0.55 26.46 + 1.94 2,67 =023 13.93 £ 0.74 2.15 £ 0.39
Middle PS 9.93 + 0.37 23.59 + 1.82 2.44 + 0.27 13.86 = 0.91 2.77 £ 0.20
High PS .94 + 0.59 23.62 + 1.32 1.96 £ 0.10 12.72 £ 0.69 247 £ 0.20
Significance” NS NS NS NS NS
Vitamin E+Se
Not suppl. 10.14 = 0.44 25.56 = 1.47 233 £0.17 12.64 + 0.53 2.06 + 0.23*
Suppl. 10.45 + 0.39 23.43 = 1.33 2,38 = 0.20 14.35 = 0.71 2.89 £ 0.17°
Significance” NS NS NS NS p<0.05

1) See the legend of Table 1

2) Statistical significance was calculated by one-way ANOVA.
3) Mean * SEE.

4) Not significant

5) Values with different superscript within a column are significantly different at a = 0.05 level by Duncan’s multiple range test.

6) Statistical significance was calculated by Student’s t-test.

SOD: superoxide dismutase, GSH-Px: glutathione peroxidase, GST: glutathione S-ransferase, GR: glutathione reductase
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