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ABSTRACT

This study was performed to investigate effects of dietary folic acid supplementation on plasma homocysteine levels,
thiobarbituric acid reactive substances (TBARS) levels and liver SAM/SAH ratio in hyperhomocysteinaemia-induced
pregnant rats. Forty-two female Sprague-Dawley rats were divided three groups (C: control diet, HFD: 0.3% homocy-
stine and 0 mg folic acid diet, HFS: 0.3 % homocystine and 8 mg/kg folic acid diet) according to homocystine and folic
acid levels in the diet. They were fed experimental diets for 5 weeks prior to the mating and also during the entire
period of pregnancy till gestational day 20. Dietary folic acid supplementation caused a significant decrease in plasma
homocysteine levels which had been increased by a homocystine-diet, with a concomitant increase in plasma and liver
folate levels. Liver TBARS levels in homocysteine-folic acid- deficient group (HFD) were higher than those in controi
-group. Dietary folic acid supplementation increased hepatic SAM/SAH ratio in homocysteine-folic acid- supplemetan-
tion group (HFS) when compared to the HFD (p <0.05). These data suggest that folate depletion and elevated plasma
homocysteine may promote oxidative stress in rat livers and influence the remethylation cycle of the homocysteine meta-
bolism detrimentally. In conclusion, dietary folic acid supplementation was found to be effective for lowering plasma
homocysteine levels, relieving oxidative stress, and improving the methylation status in the body. (Korean J Nutrition
38(7): 495 ~502, 2005)
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e Ao 47A Yok? % TRAIAHR] F5I 45
Hd @99 UIAHE S 22 Q3 a3 1
3 7153l A S /TS =He AR AE
g 27F F7tso] @4k Frh PAJS o3t Ul
Fo] RFFANAHJEFS AAFATolY evt wke] 9}
ZAF 39 Al HFE AT HePdRAA (IUGR,
intrauterine growth retardation)®#} A a}Fe} AP =
7} Zo] v AER] 23t gl Aol d&FE mATh: B
7} Stk v JAIZIE AR EE S SAbole] A
& S7RIFIHY =R 24 Ho), HoldEES St
ARtk g gk vp ek Rolschau 28 AW GAF A
Bis} SAAFTEY FHA] A} Qak +FT et
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1. MEFEY NS R Aoy

£ A8 A3 5573 9 Sprague—DawleyF: 474
# 42v}2l(Initial body weight: 117.61 £ 1.7 g, () Ori-
ent) & AFol gt el st d=F (€), THA|
2" F (HFD), g4t B3¢ SRA|A8F (HFS) 312
2 Sl AEFEES 397 28 widAkE (B Or
entl 2 &g A7) F, AF 2o]& FF3ACh

Aol AMgE Ho)e) 2L Table 13} ). Aol
American Institute of Nutrition (AIN)—93 Growth®] &
A& vigor HxHG oy, APTL TEALEE 3.0
g/kg dietZ 718t 2lo)2 AF 2o])2] Gt THE 0 mg,
8 mg/kg diet F 71X $£E0 =8 ARGk AT =
ot 3 Aol AFRo] AHFEE siGith 58 AA

Table 1. Composition of experimental diets”

Ingredients (g/kg diet) C HFD HFS
Cornstarch 466.79 46379  463.79
Casein 140 140 140
Dextrinized cornstarch 155 155 155
Sucrose 100 100 100
Soybean ail 40 40 40
Fiber 50 50 50
Mineral Mix” 35 35 35
L-cystine 1.8 1.8 1.8
Choline chloride 14 1.4 14
tert-Butylhydroguinone 0.008 0.008 0.008
Vitamin mix wihout folic acid® 10 10 10
Folic acid 0.008 0 0.008
Homocystine 0 3 3
Total 1,000 1,000 1,000

YC: Control diet, HFD: 0.3% homocystine diet without folic acid,
HFS: 0.3 % homocystine diet with 0.008 g folic acid

? AIN-93G mineral mixture

® AIN-93G vitamin mixture without folic acid

9 =23+ 1T, 5 50 £ 5%8 23893, He

2. T 3 QYN

A% Aol 573k AT YAE o WY 9F 5
Aol 5% 97 THAZ)T, thed okd 9419l sperm
ZAFE B3 QAL FASKGoH, Qo] FA B FelE
AT APAIZ 24 ofF ST H7AA) 20U A}
ek,

3. AEEEY o1 R T Y N

APFES 3] A 1247 ZAAZ £ od o
HE2% npFHAA /HESELT heart puncture] ©.F ethylene
diamine tetra acetate (EDTA)7} A28 10 ml FAP)
£ ARl S AQFsIsIT AFS 9S4, 3,000
X gollA] 303t dAEeste] s Feldiich 42
—707Cel W% B335 homocysteine, folate, vitamin B,
TBARS #40f o]g313ck g A3 F JYFES S
sFste] 7k AEdta, A —70Tel ¥ERIE fo
late, TBARS, SAM, SAH £24}o)) o513t

4. Yooy 2

1) 7% TUNLERI 5T 24
A 3 PAAHRQ FEE Araki®) Sako™® ] wHHE 7]
%22 3l o2 WAA HPLC (Waters 2690, U.S.A)



2 BAElEY g4 100 ol 10%9) tri-n—butylpho-
sphine £ 10 x& 718 & 2 E3s}o] 4TCollA 30
B 3¢ X3t} ¥z 10% TCA €8 100 pE 7}
3 & & F33103 4T, 3,000 x gollA 587 944 Bt
Sct A5 100 W& #Hl 20 (48] 1.55 M NaOH, 250
18 4 mM EDTAE $43F= 0.125 M borate buffer,
pH 9.5, 100 2] SBD-F &< A7kt & 60Tl 1
AIZE EQE F EsAA HRgAIFTh HhSo] B F &
A& YA 10 ml FAPIE ARS8l 0.45 pm filter
(HV type, Whatman, US.A)E o§T}A)Zic}. o] ojjol s
vialell @o] auto—injection chamber@ 20 ¢l column
of] Fhste] Atk

2) &3 gM, HIERI B, 5 B4

g A 9 vlEl B, 758 l-folic acid$} “'Co—
vitamin B,, dualcount solid phase no boil (SPNB) radi-
oimmunoassay kit (Diagnostic Products Co., Los Ang-
eles, CA, US.A) & ol&3le] £48131tt 200 19 8%
o dithiothretiol® tracer® %3 working solutione
A7kt & NaOH/KCNE Y1l ¥he-8 £ A|7]3L binder
£ Y Ay Relst $ AAHAE 21 dual ¥ —counter
(Cobra 1I, auto—gamma, Perkin Elmer Inc., MA, USA)
2 F3ssich

3) 1t At BF 2Y

Lactobacillus casei (ATCC 7469)& o] &3t n]AEH
(microbiological assay) ) s} 7+l FAt gk A3}
gk 7+ 23 0.5 g& #H8te] 0.1 M potassium phos-
phate buffer (pH 4.5)l 1%2] ascorbic acidE A7}t
10~20¥) 3438} homogenizer (Polytron®PT 3100, Ki-
nematica AG, Swiss) 2 &3} AlZit) 1083 100C
A £ F 5000 x golx 1087 AT F5dE
u)g} #H]% rat serum conjugase'” #} potassium phos-
phate buffer (pH 7.0)°ll 1%9) ascorbic acidZ 37}t
gMog 4~5u) gAstm 37T, 2A1 FU4 FL F2
A incubated}t}. £8)9 A8+ 0.1 M potassium pho-
sphate buffer (pH 6.3) 100 mlell ascorbic acid 0.1 g&
Ayt o3 H#$t potassium phosphate—ascorbate
bufferg 96—well microplate (Flat bottomed, Falcon,
U.S.A) el 12—channel pipetter (Biohit Oyj, Finland) &
ol g3l Fsla A% L caseis FEAA 37T incu
batorollAl 18~20A17F Bt #iFst & microplate reader
(Emax, Molecular Devices) & ©]-83}% 600 nmellX 5%
55 248153, A8 #4 4 software (SOFTmax PRO)
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£ olg3le] XEFAME I8 F F& AN itk

4) ¢ X It TR Thiobarbituric acid reactive subst-
ances(TBARS) £4

% TBARS ¥% ¥4 Yagi 579 ¥e 7122
FA81ck 83 50 plol 1/12 N 34t 4 mig} 10% pho-
sphotungstic acid 0.5 mlE ¥ £33t 587 ¥x|gt
F 3,000 x gollAl 1083 AR AFAL v
I AAE] 1/12 N 34t 2 mi9} 10% phosphotungstic
acid 0.3 mE ¥ &§ste] 587 W8k ¥ 3,000 X g
ofiA] 1087t diEaste] AFHE iy HHdE 5
F 2 ml$} thiobarbituric acid (TBA) reagent 1 mlE
A7rete] AA3] £ § F4& dH3] 21 95T wa
ter bathellA] 1217} incubation A1t} Butanol 3 mlE
A7ksked 3,000 X gollA 1587 A48e]slo] 1083
2)819itk A= Juminescence spectrometer (Per-
kin—Elmer LS50, U.S.A) & excitation wave length 515
nm, emission wave length 553 nmeilx] 8] Aek333ct

7k TBARS &% #42 Ohkawa $'°¢ W& 71x
2 AT 2% 22l 108 §3<] 1.16% pot-
assium phosphate buffer® Y1 Telfon—glass #23}
718 ol g3l #A3} g g 3,000 X g, 4Tl 10
F A4 EeEst] s AR R ARSI A
o 0.2 mi°ll 8.1% sodium dodecyl sulfate 0.2 ml, 20%
sodium acetate (pH 3.5)% =<2 0.8% TBA solution 3
mi¢ FH5F 1 mlE A3 95 CTolld 147 71d% 5 4
gt} 5 ml¢] n—butanol/pyridine (15 : 1, v/v) 3} 1 ml°]
ZFHEE 718k &3 F 4,000 rpmel 1087ke) 94
2 & 108 BA5 ASA-E #31od luminescence
spectrometer (Perkin—Elmer LS50, U.S.A) & excita-
tion wave length 515 nm, emission wave length 553
nmelx} 814 FF39ich

5) dt SAM, SAH 24

7+ 29| S—adenosylmethionine (SAM), S—adeno-
sylhomocysteine (SAH) %= Wang9 Wi 7%
310 o]Z Wy HPLC-UV detection WS ©]43]
o EAsIgit). U §919) 7 A& FH3le 0.4 M HCIO,
g 22 H3]9 4u) & ¥, Telfon—glass 723}
712 o}gsl] FAs A7 F, 4, 10,000 X golld 158
294 ISl AEAE Hsled 0.2 um filter (PVDF,
Whatman, U.S.A) 2 9§3#A171 ¥ automatic injector (Wa-
ters Co., US.A)E 25 u¥ columndl] F¢3ly A8}
it '
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5. =N
2E AHEM Azl= SPSS version 11.0 programe

o] g3l F + XFEAZE YERAY. 5UT A1 W
oA iz ABTY Aol AFE/IP, ePIR
AIZH]R), GAF 9 BlE] B, $5F ?J_%HH?‘] AR
(one~way analysis of variance)& ¥ ¥ ¢ =0.05 ¢
4] Duncan’s multiple range testol] <&l 2} & B
A7 #o43& ARE ARSIt A A gA 9
AYFE Az RE vlwsl) {3t & £ Stu-
dent’s t—testE 33T}

Y IRAIAEHR] 59 g4, vlER B, 75, TBARS
ot 7ko] SAM, SAH 5%, SAM/SAH ratio®}ts] &34
= Pearson’s correlation analysis& ©|-&3l #2A4&

AAstch
AT B

1. 4832 A5 R NolAS
AAFEY BT AoAZTH AF TS Table 2
ol ANt FUE ARSI WM dzE T 3RAA

Table 2. Weight gain, daily food intake and food efficiency ratio
(FER) in experimental rats” prior to the mating for 5 weeks

C  HD HFS
Weight gain (g/day) 3.61 £ 0.69 3.60 +0.51 3.56 £0.58
Food intake (g/day) 15.06 = 2.04 1434 £1.70 1496 = 2.13

FER 024+004 025003 023003
YValues are means * standard error (n = 14)

2C: Control diet, HFD: 0.3% homocystine diet without folic acid,
HFS: 0.3 % homocystine diet with 0.008 g folic acid

Group”

U HolT W P BES # ALY Hold 9 F
# Ao 4AF 9 AP FUO AF F1FE B

A7 p<0.05 FFAA F2AA zlelr} it

2. Y YRAIAHQI fF0 B 2F

AFFE] I TRAAHR w5, 8F 2 719 vjgt
9 B, & #4131 A7 Table 33 Zth ¢Alojioj
e 3 TRAHEHR FFol Yehd HIE 2 o2
9] Ag-ofli= A M7 F Alold] FAA Alo)7} gigiovt
QA AP HFD) 8 Z¢ A A Het Al 371 6.89)
Eod, il B3 (HFS)2 Al Arr il 37t
19w EobAA dAl Fo 8% SRAIZHRY AeEE
1/3 7F AR 441 A At Gdeld] OE 8%
IRAAHRIY v gAPEETo] dixTtel visl 1.74)
2 FoFo7 Eohou} At HE TS TRAIAHR £F
2 27 Ak 9l £ A daEgEe] 35
*l*ﬂl‘ﬂ o] el vls 12,94 453t dAlolzt
£ 55 47 2=t 94 29 e ohls
ﬁ_j \,}E].wq Cg)\]- H‘G‘;L«] 01/\] L/\]/‘\Eﬂol 2=
L Oz Bk 4392 oh G 3RAAY
Aolz fEH ¥ FRAAHRIY 452 1/3 A 7
AT Al A9} Aok 2e YA Fole WD
BEA2EHR] 58 UEF FEOE7H] YEAE £k

QA oiio] me P G FEES A F7H QA Ao
3 60% ZAs JAFART (HFD) oA t2A 1
ERa diRzolt GaRETeNE 98 o7t A
ol sk o] At el uiet 3 QA FEel veRd
A2 B QA A9 AS dAEgTo] gzl vld

Table 3. Concentrations of plasma homocysteine, folate, vitamin B and liver folate”

Group? C HFD HFS

Plasma homocysteine (zmol/L)

Before pregnancy 8.76 + 1.29% 14.48 £ 1.74°* 12.08 + 1.34°%**

Gestational day 20 7.61 £ 0.491° 08.33 + 6.49° 22.69 + 3.26°
Plasma folate (nmol/L)

Before pregnancy 24,65 + 2.44°* 515 + 0.20™* 17.69 + 1.24°

Gestational day 20 34.29 + 2.31° 210+ 041° 2581 + 3.43°
Plasma vitamin Biz (pmol/L)

Before pregnancy 2.33 + 0.10® 1.97 + 0.28°* 253 + 0.09°

Gestational day 20 2.50 + 0.22° 2.83 + 0.09® 3.23 £0.31°
Liver folate (nmol/g fissue)

Before pregnancy 12.03 + 0.87° 5.02 + 0.50%** 12.30 + 0.52°

Gestational day 20 12.90 £ 0.72° 1.70 £ 0.21° 9.86 + 0.44°*

YValues are means + standard error

2C: Control diet, HFD: 0.3% homocystine diet without folic acid, HFS: 0.3% homocystine diet with 0.008 g folic acid
IValues with different alphabet within the row are significantly different at « = 0.05 level by Duncan’s multiple range test
“Significantly different between “Before pregnacy” and “gestational day 20" within the same column (+: p <0.05, **: p <0.001)



79.1% AEE Wty GAEELL ujd Hl§ 28.2%
A et £ A¥elA AR-gE o] 1 kgD 8 mg2
Gt BFo2E GAHAEY IS TAIAERIESRS F5A
0 A8 89 ¥F @A & 2T FEoEIAE
38717 Bk RoZ JEksit) dAl Foll= Jakad
29 % Gk £F0) dETY 6.1% el HA & A
E2 aig Wi, GARETE gz 75.3%71A '
= A o2 Yehgt)

o] Gt FE QAR wet vwd AxE 29
FAERTY S YA "ol v} YAl Fofl 66.1%= 7
9)H o7 wolR T PARZF T H4E 19.8 %3 HotA
A QAR Zo] YA F 7] FakrES A3 FEA)
A AT 4G AARAAITIE AE B F ik Ao
Hak ol wheba) 7+ 239 QA g vwE A9E
By Qlal Mol AL GarAFE Tl gzl v)d 58.4%
7t foA o2 dgtol} A EFI 2T AloldlE &
A zlo)7} A= A0F WOl PaF BEA] 3] GA
Fo] &3] EHE Ao Yehge T8y gAal £l
7% Ak To] izl vld) 84.5%7F Rz W

Table 4. Plasma and liver TBARS levels in experimental rat fed
diets”

Group? C HFD HFS
Plasma TBARS (zmol/L)
Before 384 +0.37 3.87 £0.18 3.75 £ 0.13”*
pregnancy
Gestational  3.49 + 0.24°° 4,04 = 0.47° 227 £ 0.24°
day 20

Liver TBARS (nmol/g tissue)

Before 11,52 = 1.06°>* 21.56 + 1.45° 1992 + 1.59°
pregnancy

Gestational 21,81 £3.94 35566 + 486 2535+ 988
day 20

YValues are means + standard error

2C: Control diet, HFD: 0.3% homocystine diet without folic acid,
HFS: 0.3% homocystine diet with 0.008 g folic acid

¥+ Significantly different between “Before pregnacy” and “ge-
stational day 20” within the same column, p <0.05

“Values with different alphabet within the same row are signi-
ficantly different at @ = 0.05 fevel by Duncan’s multiple range
fest

Table 5. Liver levels of SAM/SAH ratio in experimental rats”
Group” C HFD HFS
SAM/SAH ratio
Before pregnancy 1.67 +0.12°¥ 1,03 £0.05*** 1.56 + 0.14°

Gestational day 20 1.78 £ 0.25° 0.55+0.08° 1.44+0.26°

"Values are means * standard error

2C: Control diet, HED: 0.3% homocystine diet without folic acid,
HFS: 0.3% homocystine diet with 0.008 g folic acid

*Values with different alphabet within the same row are signifi-
cantly different at ¢ = 0.05 level by Duncan’s multiple range test
“*x: Significantly different between “Before pregnacy”, “gest-
ational day 20” within the same colurmn, P <0.01
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%31 FARZFTL 23.6% FA0E Holx YAl ¥ o
At BFo| 7te) QATES g3 IEAFIAE Rth
Y vitamin B, $EE 94l A A$ FRA|AET
At AF fFe B glo] #9AQ Azt itk o
A 0] A4 JAREFo] YxEET} 20.2% A ¥
Q) a0l Brk E¥ ¥ vitamin B, 52 G444
AT BA Ao] PA Fre FolHoz Yl

3. G Jtof JSRE aF

YA A EF TBARSS &2 EE Aol
oAl 2lo)7} vehtA] ghgkort gl Folle gAtEF
o] Wz2TI GAERTEG fH0R Wkt diain
FTME @A AET A Fo ¥R TBARS FE0)
freH o2 W3kh (Table 4).

FUS AFalololA 7k TBARS #E& U4l A B
AN F7h w2 BF0) I e thRTAMTE 73
Q xpolg H3ich AP Aolo WE 7+ 229] TBARS F
Fol vehd AnE 89 44 A9 Ae drabdsgTol of
ZERTH L BT GARFTE 17 23 5 &
BA~E Aojz F7HE b 239 TBARS F&o] it
BEoF ZAHA R Ao vebdth g F 4 x
2] TBARS $:3& A% oo wle} gekx|x] edgict.

4, 119 SAM/SAH H|&

7r9) SAM/SAH Bl&-& Q41 Aol 7§ GAaBTol
gzzud 49408 Wi dshdn guusee 39

o

- FeFRL zle]7t UAT (Table 5). YA Foll= FAFAY

T4 SAM/ SAH Hl&o] gzl vis foHer @
oy} ganZ7el As gxrE FelAd zpelzk 9
ol At BFo) 712 remethylation ol G3kS vlx|
' R0 FEE) 3 AR 44 7ke] SAM/
SAH vl&o] A ARt il Fofl FolFHo R dolA|=
Zioz ol il F GAt Aol A remethylation
HE o3trlgjs AoE Algdr)

Table 6. Pearson’s correlation coefficients between plasma ho-
rmocysteine and other parameters in experimentail rats

Plasma homocysteine

Before pregnancy Gestational day 20

Plasma folate —0Q.725"* —0.891"*
Plasma vitamin B, -0.156 0.124
Plasma TBARS 0.136 0.275
Liver folate —0.660"* -0.927*
Liver TBARS 0.462* 0.340
Liver SAM/SAH ratio -0.525* -0.726*"

USignificantly correlated between plasma homocysteine levels
and other parameters (*: p<0.05, **: p<0.001)
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B2 YHE
QA Rz & 2F A TRAAEH 7S Y 4
o] b =, 7k SAM/SAH HIE Alelell= 93
&9 AaaA} AUk (Table 6). YA A9 24 &

IRAAER]] & 719 TBARS & Alolel #9
ko] A#BAZE AU A Fole F THAX
3 g3 9 28} TBARS FEAlldle &) 4
2EAZE AFAAT Ffro1F Aol AT

A7 HIER) B, ISR, SAM/SAH

X ol S N

=
r9. r_fz

J
r

1 F

B A7E Al Fofl nFEAIAERIEZFo] 3 719
A3ta AEYA AEQ)} methylation Aol PIX= F3
3} olol] tigt GAF BF EFE Yol ] Y3l 1T HEA
}\Eﬂo]g"o] £l 13| 1:]‘_,,]E gAto 7 el xi,,]. o]A]
g3 IRAIZHR 75, 88 2 7 229 A A3
AF3HEQl TBARS 4% 18l1 1232l SAM/SAH v)&
< B3I

I Ay, Q27 A 83 IRAIAHRIY 5 ¢
A A Hg] Yl Fol Fashe A3e] AN gard
U7 Aol TEAAHQ FF0] @A Fof 65 A
e Aoz Jeth 9l ol BR8N (hemod-
ilution) &Aol Yeptz glote] wEled a7o] F7}
st 2l FErt AAs] % 484 vEll 59
tEo] F IEAAHRI 5] sk Ao] gubz e

2 Yojuhs dAo|th ¥ TJ2u} B AtelMe gakdd
9 A AdAN T FFA IRAIXHR FFo] G4l A F
Frc} SU1EEd, olaldt Ade SRAIAY Fogt ¢
AP o g sl PaViZelE A L M

624

A AU IZAAHQ o] 27kt Aoz Azt

B Qo sag @3 nAAHR 5 A AEE
Smith ¥*"3} Ebbesen $%20] 7 ""7‘] 2 e 3
BAlARIA0)E A7 BEAI ATl yERd At
H|&=$ 7o) 3Tt

B Aol gA BF2 GAEAN T TRAIAR 2o
A5 % IRANHRIY A5FE 1/3 FFEoE A
AlZT) o8 A GAt BEA] SRAIAERIC] Al
7= Landgren $20] 7197] oAdollAl Gike BE310
A TRAAHR 571 Ascks 218l Brouwer
520] 18~40419] 71907] A& o= 315 250 ug
9] Gike BEA) A ¥ IRAIAEHR] $F0] Rot
Rok= By, 783 M. Achon $%0] 94l 717t Z¢t 3

b

HollA gare HEE A9 84 IRAZHR] $F0] I
23R By} YR|sk= Aol

g} 7ke) gak EL Ao] At ol FEE e
A e mt obF o)} gl Ak @‘E;‘—J
ASollE Al Aol v)a) YAl Fofl =23 e QA §
o] foF oz 7AaEon oy gaks BEehd 8%
BAb =FL &3] IAEHY elXE 18R] £ AL
2 Uepsth o)g) o) GAate RFI6IE W 3% 2
o] Ak 79 FE FTUt o AL 37 239 o
AL o]& U AR thdt 7)He] thET) WiE o Alsdr;

B AFolA] o] sRAAY it gFow A 3t
¥ ol GAk FF, € TRAAHQ FEof opldE W
3h= 7] TBARS 4% SAM/SAH H&o Jepd @
ste}l folFel daEArt Qe og v A A
87 TBARSS] +&& ZE A3 2o]FolN fASHA Y
ot e JAERTE QAR BF UET
BT} fojFog Fof, SRAIAY Ho)7} 2t A TB-
ARS FF& F7MZ Aoz AIREHY A= ¢
AF BZo] Al & TBARS F5g W50 A=
AZRAAEHRJIEZoZ Q3 S7ld TBARS 58 #
AAI7NAE X3

PN A3HH 2EGYAE FTHRIE Aoz A A
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