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Dose-dependent Effects of Betaine on Hepatic Metabolism of Sulfur Amino Acids in Mice
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Abstract — Acute betaine treatment induces time-dependent changes in the hepatic glutathione (GSH), cysteine and S-
adenosylmethionine (SAM) levels. Our previous study demonstrated that betaine administered 1~4 hours prior to sacrifice
decreased hepatic GSH levels, but these levels were increased when measured 24 hours following the treatment. The
present study was aimed to determine dose-dependent effects of betaine on hepatic metabolism of sulfur amino acid in mice.
Mice were sacrificed 2.5 or 24 hours after intraperitoneal treatment with betaine at different dose levels ranging from 50
to 1000 mg/kg. The concentrations of methionine and SAM were increased by a betaine dose of 100 mg/kg, and the con-
centrations of GSH and cysteine were decreased by a betaine dose of 200 mg/kg at 2.5 hours. These changes were aug-
mented with increasing doses of betaine. At 24 hours following betaine treatment, increased GSH and decreased taurine
levels were observed from dose levels of 400 mg/kg. Changes in hepatic activities of cystathionine beta-synthase, gamma-
glutamylcysteine ligase and cysteine dioxygenase were observed from dose levels of 200~400 mg/kg of betaine admin-

istered 24 hours prior to sacrifice.
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dehydrogenase®} betaine aldehyde dehydrogenase® -3 ¥
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Fot AAAIZ] vl betaineS WA TSI 2417 F
0.25 m/kg %2 chloroform . % 7FEAS F28tS 7
chloroform®] 752 53559 0w HWHA betaines 2447

o 2]2]3133S wlofli= chloroform®] 7F54do] A= AL, o] F
39 714 AT-oA] betaine chloroform?] thAlEHAI 8 )
7W8l= cytochrome P4502] €337} ghgkol] Wl sk 3
aFlom Wb 7k glutathione(GSH) 50l Al7ke)E4]Ql W
sHE fHslltt. Betaineoll 2J%t GSHE| #shk= GSH 349
A3t 71211 cysteine®] -84 W3S R ZR= 38 oy
wARe] AL Wl 71915 Aoz HrLEQItE” &, betaine?)
FAH )= A& 7k homocysteine®] methylations
437171 © 24 methionine®] sulfurE cysteine® 2 HE3l=
transsulfuration pathway”} &A% 11 P A O 2 HE 7FO 2 9]
cysteine 57} AgHE o] 7HA GSHE] $H4dS $13F cysteine
o] 84S A AT HHE betaine] *E] - 2447kl
methionine®] transsulfuration-S- 7]} 3}i= cystathionine beta-
synthase(CBS)?} GSH 49 £5=244AIS Zullsh= gamma-
glutamylcysteine ligase(GCL)S] &/do] S718lal cysteine®. =
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FE taurine©. % 2] U7} Q1 AlsHE-g-& FullSk= cysteine
dioxygenase(CD0)2] &do] 7A4sko 24 GSHE 5571 571
SIS B3t betaines WRTA O R 3w A9 3949} F
A &}A 7ro|A] S-adenosylmethionine(SAM), S-adenosylhomo-
cysteine(SAH)¥} methionine®] -§%+ 57151 01 ¥hd GSH
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Betaine anhydrous, SAM, SAH, amino acid 3<%, taurine,
NADPH, GSH, 2-mercaptoethanol, ninhydrin®} O-phthalal-
dehyde+= Sigma Chemical Co.(St Louis, MO, USA)ellA] <]
SITE, 1 2l BAol] A Q3 BE AORS reagent grade B
71 o)de] #F4ol it

Assays

RE oF 16ARF E9F AAAIKD $- betaines FARE- T
Frol] o] 50, 100, 200, 4003+ 1000 mg/kg S30 2 73T
3120t}. Betaines H2]et §- 2,59} 2473kl phAE AT
A = e b e e L e A ) A=) 1A o =i
o] &gt Wi W o] wiskE SASIITE vhe-AE AARA
2 w7k A2 AEE A8

e oblxAl W Oi A S48 flete] PR E ether®
v E A7 ARl AEE Fska ke A

ice-cold 1 M perchloric acid 3= 1.15% KCI g-Hoflx 23}

%Att. SAM, SAH, GSH$} cysteine> perchloric acids |25}
1L YRS Ao ARGNS A5 R ARSI S ™ methionine
¥} taurine> 1.15% KCl 2213212 methanol® A s}ar
Artsio] @2 Aehe AEE ARSI AR A W
e old BuE Wit

Cysteine®] &5 5431 flafl AlRE 1023t 100°ColA
100 2] AHJ ninhydrin €<, 100 W2] acetic acid?} 100 p/2]
AEE REARL F SA] a2 A3 95%2] ethanol
0.67 mkS 713101 QPgERA)7)3L 20~30E F 560 nmellA FF%
£ S4sI3ich

GSH?| 32 GSH reductaseE ©]--3 enzyme recycling
WS A3}t Eppendorf tubes®l] 0.3 mM NADPH £
0.7m/, 6 mM 5,5-dithio-bis-(2-nitrobenzoic acid)(DTNB) & <}
0.1ml, A = GSH %5 02mls 7hsto] & 412 - 4
o)A 423 WA BT W el 12 unitym/ 552 GSH
reductaseZ 715k Z 41& % 412 nmellA] oF 287 459
W3S 57d5te] linear st 15712 71&7] WslE F8kal A%
Ao RHE GSHY| w55 ARttt

SAM¥} SAHS 1-heptanesulfonic acid sodium saltS A}8-3F
o] ion pairA]7]al 94 column(3.5 um Symmetry C18 column;
Waters, Milford, MA, USA)¥} UV 7 %7](UV975 UV/VIS
detector, Jasco Co., Tokyo, Japan)E 723t HPLC systemol|4]
2 9 gEFselTh. ©)% 3> 18% methanolS 3-8 40
mM NH,H,PO,2} 8 mM 1-heptanesulfonic acid sodium salt®]
Eh& A8l column oveng ©]8-5t0] 35°CellA w4
ST

Methionine?} taurine®] =& $18ll O-phthaldialdehydes- ©]
23k A3kt 9374 column(3.5 um Symmetry C18
column; Waters, Milford, MA, USA)¥} fluorometric 73%7]
(RF-10A fluorescence detector, Shimadze, Tokyo. Japan)E %
Z5t HPLCE AHE-3F33Th 0.1 M sodium acetic acid(pH=7.2)
9} 3%(v/v)°] tetrahydrofurans $H-3F methanols: 05402
ARgElon FeTE 7719130 2702] pump(model LC-10AT,
Shimadze, Tokyo, Japan)& ©]-4-3}21ct.

CBS, GCL¥} CDO &/d¢] sg7F= flate] AAl k& A st
o] 38 %3] 2] homogenizing buffer(1 mM<2] EDTA2} 50 mM
9] Tris-HCl = ¥38k= 0.154 M KCl £, pH 7.4)°l| 73}
B #lES o]8sto] Eafsksith. 4 §- 4°C, 10,000 g
o] ZZ) A high speed centrifuge(Model ]J2,-MC, Beckman
Instruments Inc., California, USA)E 20%7F dAl&-sla
e NE FsIATE 5 dE 4°C, 105,000 gl A 1AIRE F<E
ultracentrifuge(Model L80, Beckman Instruments Inc., Cali-
fornia, USA)E Z PR8I o714 I AedS AEE AF
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CBS+= cystathoinine, GCL-S gamma-glutamylcysteine 1]
31 CDO= cysteine sulfinic acid®] A48 A=slo] Z7331%)
t}. Cystathionine¥} cysteine sulfinic acidi= O-phthaldialdehyde
olgale] FEAEFE 94 columny} fluorometric A&7
238k HPLCE #2] A5l Gamma-glutamylcysteine
monobromobimanes ©]-8-31] FEAsIsIL 94 column}
fluorometric 71%715 28t HPLCE w2 A3t

Immunoblot 438 15 pg®| ©A-S loading bufferel] 3|49

A2 % sodium dodecyl sulfate-polyacrylamide gelol %17]<1

flo i nle

&3} nitrocellulose membrane(Bio-Rad, Inc., Hercules, CA)
2 ol A A Y e o] A3 nitrocellulose membraneS
2A)17¢ %9 5% non-fat milk powderZ 33}l phosphate-
buffered saline(pH 7.4)°l14 WES-AI7] 1 Zb2}e] A=} A5 7}
Sk & AF2olA] 16717t FF HESAIF T dAF 37t djtE
nitrocellulose membrane=- 3A|7F <2} horseradish peroxidase
E3E|o] Q= o)A} &9} WH-S-Al7]aL enhanced chemilumine-
scence A2} Kodak X-OMAT film(Sigma-Aldrichy ©]g€3}
A s A& HEE G AS FH35H7] Molecular

Dynamics scanning laser densitometer?} ImageQuant analysis

Betaineo]l 2]l 7t GSH &5/} 723k 2,547k 50, 100,
200, 4007+ 1000 mg/kg 8% °] betaine®] methionine, SAM,
SAH, GSH % cysteine 3ol m)x)= G vle-2ofx] 3
3} tH(Table I). Betaine?] *2]+= 100 mg/kg £-%F-E meth-
ionine, SAM¥} SAH?®] 5 %=E 57} 7 betaine®] homocy-
steine®] methylation RS EAJ3AIF T Wb GSHe}
cysteine 35+ betaine 200 mg/kg SolA o)A o2 74sk
Stk o] A¥R= 379491 betaine®] *]2]7} 7lelli] homocysteine
O ZHE cysteine 22 transsulfurations AN A4
gl

o]z AollA] 1000 mg/kgS] betaine 2| 24 AIZF Fof 7b
olX GSHY s%& F7HIAHY” & Aol GSHe}
taurine®] % 1231 CBS, GCL#} CDO2| A4S =4 5t0]
betaine 8-l W ot op|icAke] diabisHE H7lsiSlt
(Table TD). Betaine®] *2]& 400 mgkg 4-35-E] 712 GSHE
Z7M7)11L taurine?] 5= ZHAA1F T Betaineol] 2% GSH
%} taurine®] W3h= 1000 mg/kg®| betaine #2jol| oJsl ti5 5

7FF3iTt. ZkellA CBSe] E432 200 mgkg 23l £-214.0
2 271850 whd CDO2) 492 200 mg/kg £32] betaine
Aol o8] 7Hastitt w3 GCLY €4S 400 mg/kg?)
betaineol] &J3l| F2lF o ® FrFltt. o& &4e] &4 st
= A 0= betaine®] §% 7ol 9EA S BT

program(Amersham Biosciences, Inc.)S ARE3}3IH

EAIXz]
A Alo)e] EAA xjo]= ANOVA ¥ Dunnett's test® 7
ARt BE Addvks e £ B8

Table I - Changes in hepatic concentrations of methionine, SAM, SAH, GSH and cysteine in mice treated with various doses of betaine
2.5 hours prior to sacrifice

Methionine (nmole/g) SAM (nmol/g) SAH (nmol/g) SAM/SAH  GSH (umol/g)  Cysteine (nmol/g)
Control 48.2+4.2 79.1x4.9 31.7+x44 2504 4.56+0.30 145.2+10.0
Betaine (50 mg/kg) 50.1+4.2 86.9+7.1 40.8+8.1 2.1+04 4.47+0.60 146.7+7.1
Betaine (100 mg/kg) 55.2+3.4% 92.2+3.4% 48.8+4.6%* 1.9+0.1%* 4.52+0.47 147.5+14.4
Betaine (200 mg/kg) 58.2+3.2%% 92.1+5.7% 40.9+3.5 2.3+0.3 3.52+0.36* 124.4+9.7*
Betaine (400 mg/kg) 57.2+2.1%* 94.9+7.4%* 45.6+3.8%* 2.1+0.1 3.54+0.22* 120.0+3.6*
Betaine (1000 mg/kg) 60.2+3.1%* 100.4+7.1%* 44.8+7.1%* 2.3+0.2 3.17+0.34%* 121.7+9.1%*

Each value represents the mean+S.D. for 4~6 mice. ***Significantly different from the control group at P<0.05 or P<0.01,
respectively (one-way ANOVA followed by Dunnett's test).

Table II - Changes in hepatic concentrations of GSH and taurine, and activities of CBS, GCL and CDO in mice treated with various doses of
betaine 24 hours prior to sacrifice

GSH (umol/g) Taurine (umol/g) CBS (umol/min/g liver) GCL (umol/min/g liver)

CDO (umol/min/g liver)

Control 3.55+0.34 18.2+1.2 20.2+2.1 3.81+0.31 0.40+0.02
Betaine (50 mg/kg) 3.41+0.21 19.2+1.1 21.3+0.8 3.67x0.27 0.42+0.02
Betaine (100 mg/kg) 3.61x0.31 16.2+2.1 18.1+1.3 3.71x0.21 0.44x0.03
Betaine (200 mg/kg) 3.77%0.20 15.3+3.1 24.2+2.3%* 4.12x0.16 0.32x0.07*
Betaine (400 mg/kg) 4.44x0.31* 13.2+1.4%* 26.2+1.7%* 4.52+0.27** 0.29+0.02*
Betaine (1000 mg/kg) 4.85+0.86** 11.2+0.9%* 28.2+1.2%* 4.77+0.21%* 0.22+0.04**

Each value represents the mean=S.D. for 5~6 mice. * **Significantly different from the control group at P<0.05 or P<0.01,
respectively (one-way ANOVA followed by Dunnett's test).
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Control | 200 | 400 | 1000 oS58 ZAAHD o] WA 24Hel So] 27 100
Betaine (mg/kg) mg/kg 80| betaine®] IR FEA] H7tel| st US4l

Fig. 1 - Immunoblot analysis of hepatic CBS, CDO, GCLC and actin
protein levels in mice treated with various doses of betaine
24 hours prior to sacrifice. Values given in parentheses are
percentages of each protein levels monitored in control
mice (100%). Each value represents the mean=S.D. for
5~6 mice. ***Significantly different from the control
group at P<0.05 or P<0.01, respectively (one-way
ANOVA followed by Dunnett's test).

CBS, GCL¥} CDO2] &4 Wik} whfe] Wk stol] ofs)
AE A= ERIsk] f1E ol WAl AlE o]&-ato]
immunoblot analysisE 43 5} th(Fig. 1). CBSe &
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