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Abstract

The effect of sulfur-containing amine acids on lipid metabolism was studied in rats fed casein as a protein sour-
ce. Plasma cholesterol, HDL-cholesterol and atherosclerotic index decreased in the cysteine group compared to the
methionine group. Plasma triglyceride and phospholipid levels were not affected by the supplementation of the
sulfur-containing amino acids, The levels of cholestero! and trigiyceride in liver decreased by both methionine and
cysteine. Cysteine increased the fecal excretion of coprostanol, total neutral steroid and bile acid. The results
suggest that plasma cholesterol level is affected by dietary ratio of cysteine / methionine and that the hypochole-
sterolemic effect of cysteine is, at least in part, through reducing cholesterol absorption from small intestine

and through enhancing fecal excretion of bile acids.
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Table 1. Composition of basal diet

ingredient %

Corn starch 49.8
Sucrose 10
Casein 20
Corn oil 10
Alphacel 5
Cholesterol 0.5
Choline bitartarate 0.2
Mineral” 3.5
Vitamin® 1

PAINZS™ mineral mix
TAINTZEA™ vitamin mix

Table 2. Composition of experimental diel

Group D]Ct
Control Basal dic:
Met{0.3) Basal diet+L-Methionine §.3%
Cys (0.3} Basal diet4-L~Cysteine 0.3%
Cys (0.6} Basal diet+L-Cysieine 0.6%
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@A} rotal cholestero!, free cholesterol, triglyceride @
phospholipid &2 Ea4 o] 24 kitA] 2k (Eiken Che-
mical Co., LTD., Tokyo, lapan) 2.2 £ atgd ). Chole-
steryl ester ¥#-2 total cholesterol §gksl) A free chole-
sterol ek zhslo] ab&slglc) ¥AF HDL-cholesterol
< phosphotungstate-MgClz{1 4}l 2] 8} B-lipoproteing
AR A F AW (502 ZAslel o], LOL-chole-
sterol - total cholesterolel 4] HDL-cholestercl&
z¥sled 2kl ), 739 total cholesterol, free cholesterol,
triglyceride % phospholipid 388 Folch ¥ £ 2 (16)

A 25 & A 23 kitA]eF (Eiken Chemical
Co., LTD., Tokye, Japan)2.& B4 gheic). o)} E Aok
2 718} 7) A R AE H20p-free dioxane-isopropanol (1

1, v/l fa A1 7).

= cholesteral ¥ EHEAre] 24

A ZF neutral steroids % -34S Miettinen -5 (18)3%
Grundy (192 ubg o] g8 F&3ste methylationz}
silylation #3-& 21 3 gas chromatography W &2 &
A s} v} (20). A% column$- HP-1 (cross-linked methy!
silicone, 25m X 0.32mmx 0.1 7umiZEA1, column X+
180°Cob Al SEZF A A 3 10°C/minE 250°C 73] AF
aate] tha] 2°C/minZ 280°C 74A) A Aok AR
2.9] cholesterol @ ©E44-8- FF neutral B acidic sterol

o] A A7 wlasted S SRR
£Ax2)

218 5 7k $r2] A8 SAS program (SAS Insticute Inc.,

Cary, NC., USA}E o] &3] p<0.05 gF-oll A Fisher's
Least Significant Difference test(21)5 F8ted A3y
o
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Food mtake Weight gain Liver weight
FER
Croup (g/day) () day) (®)
Control 16109 4.04+0.3 0.25+0.02 79404
Met (0.3} 14.9+0.9" 3.74£0.2 0.25x0.02° 7.2+0.8
Cys(0.3) 157214 4.0+0.3" 0.25+0.01 7.5+0.8°
Cys(0.6) 15.2:£0.3 3.820.% 0.25+0.02 742100

“Mean £5TD (n=5).
FER * Food efficiency ratio (weight gain/{ood intake)

"Means in the same column sharing a common superscript letter(s) are not significantly different {p>0.05)

Tabie 4. Effects of sulfur-containing amino acids on plasma total cholesterol, free cholesterol, cholesteryl ester and cholesteryl

ester ratio in rats”

Group TC : CE CE ratio
(mg/dn (mg/dh {mg/dl} {CE/TC X 100}
Control 10414 5.7° 210 £4.7" 83.0+L 4.9 79.8£3.8"
Met (0.3} 1M1.8% 9.7¢ 19.6+3.5 §2.2%7.8 §2.442.4°
Cys (0.3} 103.5412.3> 22.8+2.9% 80.7 £9.5*% 78.0£0.8"
Cys (0.6} 95.8% 6.4" 251 4.4° 70.7 £3.5° 73.943.2

"Mean £ STD (n=5).

TC : Total cholesterol FC : Free cholesterol

2 grasrg et #9149 Aol GReh

o

xE

[

‘@& total cholesterol-2 methionine 7} 4] o]x¢]| 4}
11.8mg/dIE #4332 cysteine G.6%ollA] 95.8mg/
dl2 7} ghet (Table 4). o] 218 Z 3} cysteine-2- 8
Z cholestero!®] ZHA-E,, 1¥] % methionine-& o] 2] 37}
F fdEivles RuER(22-25) dAEE Aoz g
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rol =i A H gh A o) o] el 24 of o el o
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o Frhsal g Fha| el oleln Al 24 H Frw)
zpe] 2} shbe @8Fole] Ak (methionine, cystine)?]
o} B-& 24, dFeblA o= methionires)] vl sk cys-
tine2] geke] ¢F7}l Fol cystine/methionine ¥]-&-¢] 1.1
ol ¥ 7}A 2l o= methionine 2] shake] &4l o} cys-
tine/methionine B]-&-o] 0,17 Y}el| = A] ¢rrk(13). 2 4
FellA cysteine 0.6% 7% 210] & cysteine/methionine
Bigo] kil =202 2 F2 24, methio-

L on

=Means in the same column sharing a cormon superscript letter (s) are not significantly different (p>> 0.03)

CE : Cholesteryl ester

Table 5. Effects of sulfur-containing amino acids on plasma HDL
-cholesterol, LDL-cholesterol and atherosclerotic index
in rats"

Cirou HDLCH LOLCH Al

HOUp (mg/dl} {mg/dl)

Control 32.9£4.2° 71.2+ 5.0 2.2140.36"
Met (0.3} 31.0+8.1¢ 809+ 9.5 2.73£0.49
Cys (0.3} 32260 723+13.6" 2.3640.57"
Cys (0.6} 33.7%£600 6274 6.3 1.961+0.41°

“Mean£5TD (n=5). "*Means in the same column sharing a com-
mon superscript letter (s) are not significantlydifferent (p>0.05)
HDLCH : HDL cholesterol, LDLCH : LDL cholesterol (total cho-
festerol -HDLCH), Al @ Atherosclerotic index (LDLCH/HDLCH)

nined ArFEE el wEle] ¥A cholesterol & ZF4A]
7l AAE Bgr) o) diFdulAe] caseinel ¥]s}
o] YAk cholesterol A8 E37}1 ¢)Zol o] & F A
2] opnl x4l A 2 cysteine/methionine B[ &2 Ao
o o Fialdhehs AL A AbeE Fo)

Methionine®} cysteine o] vl &L €3 free choles-
terol®}F cholesteryl esters] Hekol| 2 o 8F-2- wial, methi-
onine Ao} F& free cholesterclel] Bl 28 cholestery! ester
2} &eks Z7FA A cholesteryl ester W] -&o] Fr1w gl 57,
free cholesterol® <7k Z7}1A7]=
2 cholesteryl esters 2b2A17 cholesteryl ester B] &
2 frold A% B (Table 4).

& A HDL-cholesterol 3hak& A1 2 7tbol| $-21a}e]

#lol7} glgd et LDL-cholesterol-2- methionine o) A
7HA F A cysteine 0.6% 7ol 4] 747 wgltd (Table 5).
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ofof ule} E-:4 3R, X methionineToll4 27322 ZAaAFc}. Phospholipid $8F% methionines} cyste-

744 X cysteine 0.6% T A 1,962 2 714 ol 4] inee]] ol o} Zrasle gL Byl ol Fo1el Aol
o] i)zl 8] cysteine/ methionine B]-§¢] Ak x4 7Y Kt

Ao 8- - o2 ALgEG

7 triglyceride®} phospholipid #3240} & methi- Cholesterol 3 BH&at b
onineolt} cysteine M7tE & Srolxal wWalzt oy Table 804 2} #Fe] 2o 2 wfA =)= cholesterol, cho-
c} (Table 6). lestanol & coprostanone -2 W27 d AT e

o)A gt Aoz}t gluiou, coprostancl®} & neutral ste-
rol #l - F-8- cysteine 7} Ao]FollA] Folag] F715
7 o) A2 gersg 2% A5 (Table 7), methio- 2ot Cysteine®} 2}o]3)7}el) 218} & neutral steroid 8)

2%
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ninex} cysteine 74 ol ZFF A 2 total cholesterol, Aol %7}%}% AL.B e} cysteine (B cysteine/ me-

free cholesterol, cholesteryl ester @ triglyceride ¥4 thionine B]§)2 4o 8] cholesterol 8] F<F&2
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Table 6. Effects of methionine and cysteine on plasma con- = }E_ dw. Chol ester.ol.‘-} i e

tents of triglyceride and phospholipid” (mg/dl 7‘5’—4 Ao el A 8 Fie v - wivldt A

Group TG PL o2 oefa ¢ju}(26). Cholesterole] thAFEA 2l copro-

— Lo g = 5 ° o

Control 4644123 12624 3.6 serol 32 FIPESel o] G cecum A

Met (0.3} 509+ 7.7 121141400 YAEs AR Al Frsa] ok g o 27,

Cys(0.3) 6214 7.0 119.5+ 8.7 28), Cysteines} 4]o] 47}l ]3] coprostanol H)g o] 2
Cys(0.6) 56.4+ 7.6° 130.54:15.17 '

7}l 7l e 2 Rl cysteine® cecurnell X chalesterol
2 28] coprostanold A4S vl RS &g 24

Mean+STD(n=5). *Means in the same column sharing a com-
mon superscript letter (s) are not significantly different {p>0.05)

TG : triglyceride PL 1 phospholipid Al e Bald,
Table 7. Concentrations of liver lipids in rats fed the experimental diets” (mg/gl
Group TC FC Ct TG PL
Controt 24.04%5.8" 3.28+0.80 20.7-£5.0° 75.7 289" 292427
MetlD.3) 18.8+3.8% 224023 16.6£3.6™ 61,9560 27.0+4.5
Cys(0.3) 18.1£6.6™ 2.3711.05% 15.7+5,7+ 60.1+7.3" 25.643.0°
Cys (0.6) 15.44:4.8" 2.50+1.11 129+3.8" 59.8£8.1" 25.44:4.2°

"Meanx STD (n=5). **Means in the same column sharing a comman superscript letter (s) are not significantly different {p:>0.05)
TC : Total cholesterol FC : Free cholesterol  CE : Cholesteryl ester TG = Triglyceride  PL @ Phospholipid

Table 8. Fecal excrefion of neutral sterols”

Group Cholesterol Coprostanone Coprostano Cholestanol Total
Control 17.2x1.6" 724216 0.9:£0.3 2.040.3" 27.34£26%
Met (0.3} 17.8£1.7° 5.841.3 0603 214020 263425
Cysi0.3) 19.3+£2.9° 5214 2.5+0.06° 2.0£0.5 29.04:2.9"
CyslQ.6) 18, ?’+24' 68+14 3.7+0.7 1.8+0.2 0Py

"Mean £ STD (mg/day, n=5). *"Means in the same column sharing a common superscript letter (s} are not significantly different {p>>0.05}

Table 9. Fecal excretion of hile acids”

Group LC ) HIRC unc DC nc C HC Total
Control .56 0.50 0.01 0.13 0.3% 0.09 0.67 230
Met (0.3) 0.76 0.56 0.08 0.32 0.28 (.05 1.26 3.31%
Cys (0.3 Q.73 0.20 0.08 0.20 0.62 0.13 1.04 2499
Cys (0.6) 0.71 0.80 0.06 0.23 077 0.10 1.68 4,350

vmg/day. Mean of 5 rats.  *"Means in the same ¢ olumn sharing a common superscript letter (s) are not significantly different {pp > 0.05}
LC : Lithocholic acid HDC : Hyodeoxycholic acid UBC ¢ Ursodeoxycholic acid
DC & Deoxycholic acid C = Cholic acid HC * Myocholic acid
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