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Abstract : The objective of this study was to investigate the effect of diets with different
omega—6 (n—6) and omega-3 (n—3) fatty acid ratios (0, 1.2: 1, 8: 1, 19: 1) on mechanisms of
partitioning of in vivo hepatic glycerolipid metabolism in next generation rats. Biomonitoring
techniques were used in rats (jugular vein cannula were attached). The range of *CO2 exhaled by
glycerolipid metabolism was 7.05-20.17% in the group having diet with n—6/n-3 ratio less than
8:1. It was the lowest in the control group. Total glycerolipid was the highest in the control
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group. For groups with different n-6/n-3 ratio, it had the following order: 19:1>8:1>1.2:1.
Secreted triglyceride was decreased by 36.35%, 20.93%, and 13.72% in 1.2:1,8:1, and 19:1 groups,
respectively, compared to that in the control group. The ratio of phospholipid to total glycerolipid
was 1.38, 1.29, and 1.17 times higher in 1.2:1, 8:1, and 19:1 groups, respectively, compared to
that in the control group. The ratio of “CO2 to total glycerolipid was 1.61, 1.52, and 1.29 times
higher in 1.2:1, 8:1, and 19:1 groups, respectively, compared to that in the control group.
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Table 1. Composition of basal purified pellet

diet
Ingredients Amounts (%)
Corn starch 39.75
Casein 20.00
Sucrose 10.00
Dextrose 13.20
Fat 7.00
a —Cellulose 5.00
Mineral mix" 3.50
Vitamin mix? 1.00
L-cystine 0.30
Choline bitartrate 0.25
Tert—butylhydroquinone
Total 100

DAIN'93-mineral mixture(mg/kg) calcium
5,000; phosphorus 1,561; potassium 3,600;
sulfur 300; sodium 1,019; chloride 1,571;
magnesium 507; iron; 35; zinc 30; manganese
10; copper 6; iodine 0.2; molybdenum 0.15;
selenium 0.15.

YAIN ’93-vitamin mixture(u/kg)
acid 30 mg; pantothenate 15 mg; pyridoxine 6

nicotinic

mg; thiamin 5 mg; riboflavin 6 mg; folic acid
2 mg; vitamin K 750 ug; D-biotin 200 ug;
vitamin By 25 ug; vitamin A 4,000 IU;
vitamin D3 1,000 IU; vitamin E 75 IU.
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Table 2. Fatty acids composition of oils
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(%)

Fatty acids Coconut oil Linseed oil Corn oil Soybean oil
Octanoic acid 8.46 - - -
Decanoic acid 7.06 - - -
Lauric acid 46.04 - - -
Myristic acid 18.53 - - -
Palmitic acid 9.18 5.22 12.56 11.76
Palmitoleic acid - - - 0.12
Stearic acid 3.86 3.86 2.65 5.43
Oleic acid 5.85 21.88 34.00 24.08
Linoleic acid 1.03 16.96 49.08 51.19
Arachdic acid - - 0.69 -
Linolenic acid - 52.08 0.40 6.80
Behenic acid - - 0.26 0.62
Erucic aicd - - - -
Lignoceric acid - - 0.36 -
Total 100 100 100 100
SFA 93.12 9.08 16.52 17.81
UFA 6.88 90.92 83.48 82.19
n-6/n-3 - 0.33 121.45 7.53
UFA/SFA 0.07 10.01 5.05 4.61
—: not detected, SFA: saturated fatty acids, UFA: unsaturated fatty acids
Table 3. Fatty acids composition of experimental diet” (%)
. n-6/n-3 ratio
Fatty acids 0 1211 81 19:1
Octanoic acid 5.92 0.15 0.13 0.17
Decanoic acid 6.01 0.09 0.04 0.06
Lauric acid 42.56 0.63 0.17 0.28
Myristic acid 18.28 0.33 0.15 0.22
Palmitic acid 10.49 8.90 12.01 12.46
Palmitoleic acid 0.35 0.16 0.18 0.16
Stearic acid 4.31 3.62 2.92 3.41
Oleic acid 8.19 26.95 32.11 31.84
Linoleic acid 3.72 31.55 45.32 47.69
Arachdic acid 0.15 0.39 0.90 0.74
Linolenic acid - 26.99 5.70 2.55
Behenic acid - 0.08 0.24 0.35
Erucic aicd - 0.04 - -
Lignoceric acid - 0.12 0.12 0.07
Total 100.00 100.00 100.00 100.00
SFA 87.73 14.31 16.69 17.75
UFA 12.27 85.69 83.31 82.25
n-6/n-3 - 1.17 7.95 18.69
UFA/SFA 0.14 5.99 4.99 4.63
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HFHs(F= S5, SCT-W94058)<]
sto] A FledeldE AAlSHAE ARG
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o}, VLDL remnants& 60& < 2A3W et
£ &t FUT b F7] (air 5/min rate)7}
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T X 12019, At o 3ntelR ekl oulA])
oA AR et ] & FARG A} 71
9 01]7“ B304 glycerolipid £02 MC

]0} BAEE B7]RDY AHE
14COz HH% £2 Table 49} Zth °H A&
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%Oﬂ Hlate] &7 vebgh H BAE9 7H

U FHE82 90.21-90.57%2A4 =fory EH
o7 IS 1.10-1.20%2A4 1< Fetom
‘H BAZ29 7t 9 Loz g8 7 A7
T Atele] ztolzb giglet. 2+ AHHArel EaA
Aol QoA *HeF MCE BAlol| AHgSlE olf
= oeat 2ot [PHl-cholesteryl oleoyl etherZ
/‘]'QL e olfE MC BAES F¢Y Al doju=
AAAE = oA g ®HlEE VLDL-TAG
o] tirte EX*OHTﬂ Adewm o] A A
49 *ﬁﬂ]tﬁ/\}ﬂ 19e 4% °H B89 7+ ¢
W2 MC BB 7t g vlste] 453]
2 AFRE Yehdoh a2 9 o7 °H
Heo ofx Uy} E= 7o ot [20,22].
H]-cholesteryl oleoyl ether=
cholesteryl["*Cloleate®} ©a] TtollA 9o} Ze
AEEE AXA gom 90%olde] = 7t
of @A HER o] T 717 FdA: TAEES
olgstA =W  Hrp  AgSHA  IHA Y
glycerolipid 2&714& ZAsk= Zlo] 7hssitt
[20,22]. MC ZEAE9] oA FPES R,
19:1, 8:1, 1.2:1 59 A2 =toy dH-&
W= 28.77-36.11%24 do] ghggo] Hs]

E°“ _L ===
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Table 4. YCO, production and incorporation of [PHI, [“C] label into liver and plasma at 60
min after injection of LPS(d<1.019) labelled with cholesteryl[**Cloleate in second
generation male rats (from weanling to adult) fed experimental diets

Incorporation of [*HI, ["*C] label(% of injected dose)

n-6/n-3 ratio Pl Li 1CO;
asma 1ver .
Br i en e production

0 1.20 25.15° 90.57 36.16° 7.05¢
1.2:1 1.12 16.20¢ 90.44 28.77¢ 20.17°
8:1 1.10 17.57¢ 90.49 33.16° 18.44°
19:1 1.11 22.16° 90.21 35.72° 10.36¢
PSE 0.0189 2.0141 0.3351 2.0121 2.0117
P-value 0.9028 0.0001 0.8209 0.0001 0.0001

PSE: pooled standard error of mean values. ***Values within the same column with different

superscript are significantly different (n=3, p<0.05).
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T3tk [20, 23-24]. A= A
UG EARREE 7} g Ko
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glycerolipid @& n-6/n-3 Hl&2 272 &
Pd HEzA7E P B n-6/n-3 HE 8:1
ola} AlolE AFT FEIA Wrey “CO, Hi
&2 11 VR YEdS HojErh mEtd
=9] Aol Y n-6/n-3 H]E 8:1 o5tz FA|s|
FH  glycerolipid AP} EA43tETH= AMEE
AEA sk

n-6/n-3 Hl&o] A2 g AdIAN=E HHH
AA SHEoA AW AmetsE: HA & 2A
g 1CO, WEE, 24 W “Crt BA" (]
st Ex®)9] %2&2 Table 59 Zth “C =
A& 483 1CO, MiEES BE ATl
A ARl ztolE UERTH(p<0.05). Cruzét
Williamson (1992)2 “CO, Hj&&2 HA %5
AtmE Folgh o] A 1A7F Fete] AAdA e
& 7o Aol ATl [FolHow
ooty Byt gy o]% SAIZF E%F
HC BAEO F482 A Folel A
Eorsttar ot [25]. webA] o]t AfolE K
ol Kok Aokt A=E AASH] A=
1CO, miE&Y 24 MC BB £24&] o
St B2 E Table 59 Zo] 49 4o %= ®
715k= ZAo] wigAsitt [14,20]. “C BEAE9

=

22 ) 2L dixrt Aol e &
olalA wokw ZhoA 1.2:1, 8:1, 19:1 1E9]

SM2 EATHp<0.05). “CO, HiEE&e 1.2:1
aFol 7P =Sk dixTe Hlud o 1.2:1,
8:1, 19:1 2F2 Z7 2.02, 1.91, 1.174] %o}
Aok ol dizTolAd A Ad 2e S
Ol o]FojHS Zor Hol:d Sk &

Table 5. "CO, production and tissue accumulation of [*C] lipid in next generation male rats

(from weanling to adult) fed experimental diets”

h-6/n-3 ratio Absorption of

1CO, production
(% of absorbed

Tissue [M*C] lipid accumulation
(% of absorbed dose/g of tissue)

[MCllipid (%) dose) Adipose Liver M}JSCIG
tissue (hind leg)
0 66.52° 23.08¢ 1.65% 1.57° 0.79*
1.2:1 55.75¢4 33.81° 0.564 0.224 0.15¢
8:1 59.12¢ 30.01° 0.87° 0.61° 0.38°
19:1 63.02° 27.11¢ 1.16° 1.02° 0.51°
PSE 1.3656 1.2678 0.1031 0.1018 0.0087
P-value 0.0150 0.0220 0.0230 0.0117 0.0101

abedValues within the same line with different superscript are significantly different (n=3,

p<0.05).
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A% % 9k [16,18].
2480l
22} 2,940,

T wge) F
.

B AFeMEe sitE 2AES W MC BAE
FA&o] M ESE diz+rE 1.2:1, 811, 19:1
18] HISiA ZHzZt 5.26, 2.08, 1.55 Hl §olst
A =& AFE UERTHp<0.05). T2tA FEl
A n=6/n-3 Hl& 19:1 oJslE -fst= Aole]
A7 Adel F4E AR FAlOl ARkE
7h&3koto] FogM AAXA U AdFHS W
Fe Aoz foHg

n—6/n-3 Hl&o] A= o AgA=E HF7E
A SHEoA AW Amets AR & 2AF
H @A 7t aEHESE sl e T
o 4 thAFE cholesteryl ester®] H|]-&-& Table 6
7 gk Table 50 AAIE g2 iAol o
E A= o ALY ZolE B 71 s
A *H 2]5&(Table )& 71Fo=2 o tiAte &
9 %s2A Yerd SxJoltt, F glycerolipids
¥l A AR cholesteryl[MCloleate %)= thz
27F 7P =9kow 19:1, 8:1, 1.2:1 1F9 &=
A2 Zo(pc0.05) 1.2:1, 8:1 I&F Ateld]
2ol it AxE FH|F2 et Hlwed
o 1.2:1, 8:1, 19:1 159 &A= 1.88, 1.73,
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1.338] 22 =7 Uebdeh(p0.05). 42 &
vl dize vwd of 1.2:1, 8:1, 19:1 1
5o +A=Z 36.35, 2093, 13.72% &7 A4St
Ath(p<0.05). & glycerolipidoll g <1z]A 9]
2 "2 dgx7et Hud o 1.2:1, 8:1,
19:1 I59 &£A4Z =3toen Z+7 1.38, 1.29,
L1178 =9kth(p0.05). YCcez =AW =
glycerolipide]l digt "CO, AAHl&S izt
vlwg o 1.2:1, 8:1, 19:1 159 &&= Ztz+
1.61, 1.52, 1.294 =SktH(p<0.05). ol=t At
£ n-6/n-3 H& 55| 8:1 o|5t9] o457t
A HEOA 2ROl AbSha2 7HERIA A
e S dehdoh gutAog Jho] o3t A
WAEe] o AEgkgo] WobglS w tiFEe] Q1A
e oA a2 fAEo] AHERt 1M A=
2 F2E FASTE HE, A e Sl
2ol oiAE AoFeliErt [20,22]. ol/dellA
AEA FAE MC BAEZRE oA N &
og BulE glycerolipid BEE&S FAIAH
8% Aol Wl n-6/n-3 Hl&& THdE AF
7b W@okont 1A Bulgy “CO, &S 1
ghiE vEhgS o 4 ASlth 2 Aol B
Al 2 AFLL n-6/n-3 H]EO] 8:1 olsl=2
doldaE oA AMEA EAE  glycerolipid
2o FAAAY EHE EEA FAl JAE
HHE Z7HA712 MCO, HiES S7HAAN &
A F fofit AES EE 4 Stk Holdih
n-6/n-3 Hl&o] A2 & AdIAN=E HJHT
A Ao FAW ANeetE 22 § 2AF

=
=

Table 6. Glycerolipid partitioning in liver of next generation male rats fed experimental diets

form weanling to adult

Total glycerolipids

% Secreted

., 14 14
(% of cholesterol  Phospholipid TG Phospholipid/  "CO,/L7C]
n-6/n-3 total total
: [*Cl-oleate (% of total (% of total . .
ratio . .. . glycerolipid glycerolipid
metabolized glycerolipid triacylglycerol %) %)
in liver) labelled) labelled)
0 82.09° 16.74¢ 58.15° 30.95¢ 25.70
1.2:1 73.19¢ 31.47° 37.09¢ 42.86% 41.46°
8:1 74.09° 29.02° 45.98° 40.01° 39.17°
19:1 77.41° 22.33 50.17° 36.31° 33.17°
PSE 2.0621 1.3602 2.7060 2.0307 2.1072
P—-value 0.0405 0.0157 0.0129 0.0182 0.0180

“bedValues within the same line with different superscript are significantly different (n=3,

p<0.05).
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Fig. 1. Quantification of the partitioning of flux of acyl moieties at the major branch points for
oxidation and glycerolipid synthesis in male rat liver fed experimental diet from weanling to
adult (n=3). DG, diacylglyceride; TG, triacylglyceride; PC, phosphatidylcholine; PE,
phosphatidylethanolamine.
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