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ABSTRACT

This experiment is carried out to study effect of choline.deficient diet on serum and liver lipid contents
of male rats.

The experimental animalis use 36 male Sprague-Dawley rats weighing about 100£3g.

They are classified into 7 groups and fed 1o experimental diets which are composed of 0.8% choline-
supplement ar deficient diets in addition to 14% corn oil, 14% corn margarine and 14% lipids mixed with
4% corn oil and 10% corn margarine, respectively.

After feeding for 4 weeks, | measure [ipid concentration of serum and liver, and the resuit are as
follows.

1. The choline-deficient diet group decreases slightly the rates of weight gain and feed efficiency as
conpared with those of the choline-suppiement diet group, but increases liver weight.

2. The choline-dificient diet group decreases the serum concentrations of total cholesterol {TC), free
cholestorol, HDL-choelsterol, VLDL, LDL-cholesterol and phospholipid (PL}, but increases the contents
of triglyceried and the ratios of cholesterol/HDL cholesterol and triglyceride/PL, and indicates no
remarkable-difference in the ratio of TC/PL.

3. As compared with the choline-supplement diet group, the choline-deficient diet group contains the
higher liver contents of total lipids, free cholestero! and triglyceride, and gives littie difference in the
liver contents of total cholesterot and phaospholipid {PL), and presents the higher ratios of VLDL LDL-
cholesterol/HDL-cholesterol and TG/PL in the liver.

4, in the choline-deficient diet group, the coutents of serum and fiver lipid is not influenced by the kind
of dietary fat. On the other hand, the choline-supplemented diet group indicates a significantly lower
content of phospholipid in the corn margarine-added diet group than in the corn oil-added diet group.

— 44~



2 UEE -eME - #AY

pRah e

As aforementioned results, | think that the choline-deficient diet induces fatty liver in male rats without

relation to kind of fatty acid, and cholines-upplement diet with saturated fatty acid makes the more

decrease of liver phospholipid than that with polyunsaturated fatty acid:
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Table 1. Composition of experimental diets (g/kg)

Material/Group Normal A B C D E F
Isolated soy protein 0 193 190 190 190 190 190
a-cellulose 0 10 10 10 1o 10 10
Corn starch 0 110 110 110 o 110 i
Dextrin 0 100 100 100 100 100 100
Sucrosei 1) 0 381 381 381 389 389 189
Casein 0 10 10 10 ia 10 iC
l.-cystine 0 2 2 2 2 2 2
Salt mixture 0 29 29 9 2% 29 29
Vitamin mixture 2) 0 10 10 10 10 10 10
Choline chloride 0 8 8 8 0 0 0
Co; tocopherol 3) 0 10 10 10 16 10 10
Corn oil 0 40 140 0 40 140 O
Corn rmargaring 0 100 0 140 100 0 140
Basal d 1,000 0 0 0 0 0 o
Total 1,000 1,000 1,600 1,000

1000 1,000 £.000

1} Composition of the salt mixture {g/kgl: CaC0y, 121.2176; CaHPO4, 336.73; KoHPQ,, 284.8254;
Mn504, 88.0166; NaCly, 155.4138; ferric citrate, 31.0828; MnSO4MH,0, 1.8622; ZnS047H,0,
0,3626; CuSD45H,0, 0.4144; K, 0.0052; NaF, 0.0052; Al3(S0)312H,0, 0.414; CaCiy6H40,
0,0052; NaySi039H,0, 0.2072; NaASD,, 0.0104,

Composition of the Vitamin mixture {g/icgs thiamin HC1, .500; riboflavin, 0.250; Pyridoxine HC1,
0.200; d-calcium pantothenate, 1.00; nicotinic acid Iniacin}, 1.00; folic acid, 0.050; biotin, 0.030,
menadione (V. X}, 0.100; p-aminobenzoic acid, 103.00; inositol, 50.00; V, Byq {crystaliine}, 0.003 sucrose,
936.867.

Composition {g} cod liver oil concentrate {{Jaewcony Pharmaceutical Co., LTD.), 1.00; a-tocophery!

2

3

acetate {Sigma Chemicai Company}, 1.20; corn oii, 87,89,

EEEEp e EHY ey 5
G=4ulolsiwl 2 gas chromatograph{G. C)&
Mgt BF, - methanol g o) iksrel RaiRE-& 4
firatgeh o W AR G.Co SHHRE ¥ B Schmadzu GC 7AG
e Table 290 Zrow, BRI o Islhlss s Shimadzu Recorder C-RIB
7 gas chromatogram & Table 3, Fig 1, 2 2ty

Table 2. Instrument and operating conditions
for gas chromatograph

7 Coluran fength 3mm x 2Zm glass column
2) 1mw 2 FRIEE A Colurmn suppott 15% DEGS an 8- 100 mesh
M & mEEe SRoe R, #2159 Kit Chomosorb G

HAEps EHste] Mstdes, B B8 BHE  Fiowrate {carrier gas) N, ; 50mi/min

g Folch oo (ks MWHEE fubstz o #il H, ; 0.6 kg/em®
e @ASte] SRR A BEDe KitE#gow Air ; 0.5 kg/em?
e ks Column temperature  190°C
3 EEE R Detector temperature  Fid at 190°C
EE BEREKe computer (Instrument : IBM — Injection temperature  230°C
PO 4 ffistel CREE) + (i) = ey Chartspesd Amm/min
ool, iyiEel A EbkE-e Student's t-test & injection yolume 0.5ul
00 o R
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Fig. 1. Gas chromatogram of corn oil fatty acid

Table 3.

Fatty acid composition of fat in

the diets {%)

Fatty acid Corn oil Corn margarine
Cg 0.2271
Cio 0.2114
C 10 1.7943
Cig 1.0022
Cig 11.1253 13.5795
C1 .4 0.4248
Cig 1.7746 57402
Cig: 1 254122 59.3363
C185 2 510621 159362
Cig:3 0.6255 0.6567
others 1.0907
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Fig. 2. Gas ¢hromatogram of corn margarine
fatty acid
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Table 5. Effect of experiemntal diets on rorgans weights of male rats
Group  Normal A B c D E F
Organ
Li {a) 43+ 5.7+ 4.9+ 6.2+ 10.3 % 55+ 1.0+
tver g 073 0.10 0.71% 0030 2310 0870 Lj0n
. i+ 1.9+ 194 1.9:& 1.9+ 1ét 20+
Kidney (g} 015 0.27% 0.16» 013" 0127 Q2148ab o3
0.7 + 0.9+ 0.6+ 0.8+ 0.8+ 0.5+ L2+
Spleen {g) 0.29 0.27 0.14% 0.2 0.17 0.14% 0263511
{a} Mean + S.D.
1) Significantly different from Normal group{p<Q.01} 8) {p<0.005)}
2) " {p<0.005) 9) ” {p<0.001}
3} e {(p<0.001} 10) D group compared to A group  (p<0.001)
4} B,C group compared to A group (p<0.02} 11} & group compared to B group  (p<0.01)
5) ” {p<0.005) 12) " (p<0.001)
6) ” {p<0.001 13} F group compared to C group  {p<0.01)
7} E,F group compared to D group (p<0.05) 14} " {p<0.001}

Normal liver

Fatty liver

(8x10)

Fig. 3. Fatty liver compared to normal liver
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Table 6. Effect of experimental diets on serum total cholesterol, free cholesterol and ester
cholesterol of male rats
Cholesterol
Group
Total{mg/ml) Free {mg/100ml) Ester(a) {mg/100mi)
Normal 497 + 9.75 33.3+9.48 16.3+ 7.19
A 70.2+1273% 527 +6.14% 17521075
B 533+ 4.85% 469+4.71% 7.8+ 7.48"
C 46,9+ 3,957 42.1+3.037 4.8+ 3.404%
D 463+ 7.97% 36.4+6.38% Q9+ 3.19v
E 38.4+ 917110 3154725 69+ 277%
F 37.3+ 8.33» 23.3+3.11%% 140+ 599
{a) Ester cholesterol was calculated from the difference between total cholestero! and free cholesterol.
(b} Mean + S.D.
1) Significantly dlfferent from Normal group (p<0.056) 7) (p<0.001)
2) (p<0.02) 8) E,F group compared to D group (p<0.001)
3) " (p<0.005) 9} D group compared to B group  (p<0.001)
4) ” {p<0.001) 10) E groupcompared to B group  (p<0.001)
5} B,C group compared to A group {p<0.01) 11) F group compared to C group  (p<0.02)
6) ” (p<0.005} 12) " {p<0.001)
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Table 7. Effect of experimental diets on serum HDL-cholesterol and VLDL, LDL -cholesterol
of male rats
Group HDL-Cholesterol {A} Ch\gtagct;ol;?g) (a) (B} /_/
(mg/100m|) (mgﬂoomi) ,/// (A)
Normal 16.3+ 1.53 33.449.17 2044595
A 32.6 25044 37.6 79.27 1154 183
B 267 426047 2654 85946% 0.99+4 2.28
C 22,7 £2.91 6% 22242835 0.97+ 0.97
D 18.4+3.951" 27.8:+4.36* .50+ 1.0
E 19.5+5.86 1 20344500 104+ 0.764
F 16.5+0.291% 20848577 1.26 +:28.5¢6

{al VLDL, LDL-cholesterol was calculated from the
{b} Mean + S.D.

1} Significantly different from Normal group {p<0.05}
2} Significantly different from Normal group{p<0.02}
3} Significantly different from Nomar! group{p<0.01}
4} Significantly different from Norami groupip<0.0056)
5) Significantly differentfrom Normal group{p<0.001}
6) B,C group compared to A group (p<0.05)

7) B,C group compared to A group {p<0.02}

Table 7ol = % B2l M HDL - cholesterol &
&= VLDL, LDL - cholesterol 4 -2 }Efs o}
fii7E HDL —cholesterol 4 &2 choline-& {#t#4%

A, B, C #tef %iT 1 el g% 326mg, 267
mg, 227mge s HE HESG &+ dgdw
F#polrt choline BrZ#fBol hERH & A+ wd
3 BHEYS 2EO000DE %2 S8& Ve
VLDL, LDL- cholesterol 482 334mg 9l i¥
B sy 222mg < CE(p (0013 20.3mg
Q) E#(p<0.005) zelm FE(p{0.02)0] 208mg
o2 HEY £% Jeugied, cholineo] tfax
A, B, CHel B %% 37.6mg, 265mg, 222
mg o2 AR SR M wum A BE(P(
0.02y % A, CE(pCo.00D) B &8 BRI £F
viEFd ol m 5k choline o] BZ® D, E, F e 4
9 K& 27.8mg, 203mg, 208mgow D e
o) A wera D Eg(p{0005) D, F #(p
(0.02) Mo #% BEY % sgrh 2ejm ch
oline fHABiz BZMol A& C Fio] it #
oR HEY £ Y Kol A DE(P002)3
B, E# (p{0.05)-2 choine of jirrsl Dz B
B0 A, BEol W fremstdl ¢e g8 hebarh

1t

diffeernce between totat and HDL-cholestero)

8} B,C group compared to A group {p<0.01)
9} E,F group compared to D groupi{ {(p<0.001)

10} D group compared to A group  (p<0.001)}
11} E group compared te B group {p=<<0.05)

12} E group compared to B group (p<0.001)
13} ¥ group compared to C group (p<(.001)
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Table 8. Effect of experiemental diets on serum triglyceride, phospholipid and total cholesterol

of male rats
Group Triglyceride Phospholipid Total cholesterol TG Ig;all
{mg/100ml) {mg/100mi) {mg/100mi} PL " PL
Normal 803+ 896 12934 5.46 497+ 9.75 0,62+ 1.64 0.38+1.78
A 83.0+ 976 163.2:£1200" 70.2+1273% 0.50:+ 081 0.43+1.06
B 78.54 8.94 138.6+11.76% 533+ 4.85% 0.56:+ 0.76 0.38+0.41
c 113.8+£16404° 167.8+ 0.55*% 469+ 3.95% 0,67 4-27.39 0.28£7.07
D 106.6+ 8.484% 1198+ 8.96*% 46.3+ 7979 0.88+ 094 0.38:+0.89
E 62.5+ 628481 1293+ 5467'% 384+ 917110 Q.51+ 0.63 0.31:£0.92
F 137,24 9.02484% 37.3+ 833%™ .06+ 1.65 0.28+41.52

{a} Mean + S.D.

1) Significantly different from Normal group{p<0.05}
2) Significantly different from Normal groupip<0.02}
3} Significantly different from Normat group{p<0.001)
4) B,C group compared to A group (p<0.05)

5} B,C group compared to A group (p<0.001)

6) E,F group compared te D group (p<0.085)

7} E,F group compared 10 D group (p<0.001}

8} D group compared to A group  (p<0.001}

Q) E group compared to B group  {p<0.001)
10} F group compared to C group {p< (.08}
11} F group compared to C group  {(p<0.01)
12) F group compared to C group  (p<0,001)

Table 9. Effect of experimental diets on totai lipid, total cholesterol, free cholesterol and ester

cholesterol in liver of male rats

Total cholesterol

G ipid
roup  Total lipid (%) {mg/of liver wet wt.)

Free cholesterol Ester cholesteral (3)
{mg/g of liver wet wt.}  {mg/g of liver wet wt.)

Normal 5.64+0.49 52.14£3.07 7.04:0.38 45.1:+2.88
A 4.4+049% 511246 154+0.43% 35,6 £268%
B 8.5+0.95%% 547 £3.34% 154+048% 39.3+3.620%
C 4.5+0.50 420+ 546M% 13,94 11900 28.1%6.50%%
D 17.6£518%% 60.8£281% 175410198 43.8:14.03"
E 22,6338 1610 527211 17241359 35.5+2.28%
F 20.8 16,0419 50.34£3.46 14118 17.441.56% 329146297

(a) Ester cholesterol was calculated from the difference
between total cholesterol and free cholesterol.

{b} Mean + S.D.
1) Significantiy different form Normal group{p<0.005)
2) Significantly different form Normal group(p<0.001)
3) B,C group compared to A group {(p<0.05)

4) B,C group compared to A group {p<0.02}
§) 8,C group compared to A group {p<0.001)

6) E,F group compared to D group (p<0.05)
7} E.F group compared to D group {p<0.001}
8) D group compared 10 A group  {p<0.02}
9) D group compared to A group {  {p<0.001)
10) E group compared to B group {p <0.05)
11) E group compared to B group {p<0.001)
12) F group compared to Cgroup  {p<Q.01)
13} F group compared to C group  {p<0.001)
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Table 10. Effect of experimental diets on HDL-cholesterol and VLDL, LDL-cholestero! in liver
of male rats
Grou HDL-cholesterol {A) VLDL, LDL-cholesterol (B} {2} (B}
p ‘ .
{mg/g of liver wet wt.} {mg/g) of liver wet wt.) (A)
Normal 404202 48.0+ 4.46 11.7+2.19
A 524172 459 +2.26 87+1.31%
B 4.2+ 1.35 50.4 +4.337 11.8:+3.20
c 3.5£0.73% 38.4+5.28%°% 10.8:47.17
D 3.8+ 1.18 57.0-+298 §r103 34‘91,2‘522,10;
£ 6.7 11.60%% 45.9+3.22%" 6.8--2.01%"%
F 7.3+ 17840 43.0+269" 58+ L5V
(a) VLDL, LDL-cholesterol was calculated from the
differenee between total cholesterol and HDL- 8) B,C group compared to A group (p<0.001}
cholesterol. 7) €,F group compared to D group {p<0.02)
(b} Mean = S.D. 8} E,F group compared to D group (p<0.005)
1} Significantly different from Normal group(p<0.02) 8) D group compared to A group  {p<0.02)
2) Significantly different from Normal group(p<0.01) 10) D group compared to Agroup  {p<0.001)
3) Significantly different from Normal group(p<0.005) 11} E group compared to B group  {p<0.05)
4} Significantly different from Normal group(p<0.001} 12} E group compared to B group {p<0.01)
5) B,C group compared to A group (p<0.02) 13} F group compared to C group  {p<0.001}

Table 11. Effect of experimental diets on triglyceride, phospholipid and total cholesterol in liver
of male rats
Group Triglyceride Phospholipid Total cholesterol TG Total
{mg/g of liver wet wt.) (mg/g of liver wet wt.) (mg/g of liver wet wt.) pL ol L
Normal 54,7 +3.25 246.7 + 9.39 5214307 0.22+0.34 0.21+0.32
A 457 +0.68 % 254.0+19.14 5114246 0.18+0.03 0.20+0.12
B 51.4%2010% 305.0:+18.08 %% 54.7 +3.34% 0.16+0.11 0,17 +0.18
C 43.0£3.77 % 135.5:+28.34 %% 42.0+5.46%° 0.31£0.13%  0.3140.19
D 305.4+12.88%% 267.5+ 7.42% 40.8:+£281%% 1.14 +1.73 0.22+0.37
£ 333.8:£28.29 9% 213.5:437.0507% 527+2017 1.56 £0.746% 0.24 +£0.05
F 251.3+16.155010 2258 17.61 0010 50.3::3.4677"7 L1109 v 0.22:+0.19
ta} Mean x 5.D.
1} Significantly different from Normal group{p<0.05) 71 E,F group_compared to D group (p<0.001)
2} Significantly different from Normal groupip<0.02) 8) D group compared to A group ~ {p<0.001)
3) Significantly different from Normal group{p<0.005} 9} E group compared to B group  {p<0.01)
4) B,C group compared ta A group  {p<0.005) 10} F group compared to C group  (p<0.02)
5) B,C group compared to A group {p<0.001} 11} F group compared to C group  (p<0.01)
6} E,F group compared to D group {p<0.02} 12} F group compared to C group  (p<0.001)
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Fg. 1. Normal liver tissue of rat fed a choline- Fig. 2. Fatty liver of rat fed a choline-deficient

supplemented diet in addition to corn oil additio rr to corn oil. 4% and corn margarine
4% and corn margarine 10% (8x10) 10%. {(8x10)

Fig. 3. Fatty liver of rat fed a cholines-supplement- Fig. 4. Fatty liver of rat fed a choline-supplement-
ed diet in addition to corn oil 4% and corn ed diet in addition to corn margarine 14%
margarine 10%. {Bx10) (8x10)
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