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ABSTRACT

Folate and vitamin Bi. are essential cofactors for homocysteine (Hcy) metabolism. Homocysteinemia has been related
with cardiovascular and neurodegenerative disease. We examined the effect of folate and/or vitamin By, deficiency on
biomarkers of one carbon metabolism in blood, liver and brain, and analyzed the correlation between vitamin biomar-
kers in mild and moderate homocysteinemia. In this study, Sprague-Dawley male rats (5 groups, n = 10) were fed folate-
sufficient diet (FS), folate-deficient diet (FD) with 0 or 3 g homocystine (FSH and FDH), and folate-/vitamin Bi,-de-
ficient diet with 3 g homocystine (FDHCD) for 8 weeks. The FDH diet induced mild homocysteinemia (plasma Hcy
17.41 = 1.94 nmol/mL) and the FDHCD diet induced moderate homocysteinemia (plasma Hcy 44.13 £ 2.65 nmol/
mL), respectively. Although liver and brain folate levels were significantly lower compared with those values of rats
fed FS or FSH (p <0.001, p <0.01 respectively) , there were no significant differences in folate levels in liver and brain
among the rats fed FD, FDH and FDHCD diet. However, rats fed FDHCD showed higher plasma folate levels (126.5
+ 9.6 nmol/L) compared with rats fed FD and FDH (21.1 £ 1.4 nmol/L, 22.0 = 2.2 nmol/L) (p <0.001), which is the
feature of “ethyl-folate trap”’by vitamin Bi, deficiency. Plasma Hcy was correlated with hepatic folate (r= —0.641, p<
0.01) but not with plasma folate or brain folate in this experimental condition. However, as we eliminated FDHCD
group during correlation test, plasma Hcy was correlated with plasma folate (r = —0.581, p < 0.01), hepatic folate (r=
—0.684, p <0.01) and brain folate (r= —0.321, p <0.05). Hepatic S-adenosylmethionine (SAM) level was lower in
rats fed FD, FDH and FDHCD than in rats fed FS and FSH (p < 0.001, p < 0.001 respectively) and hepatic S-adeno-
sylhomocysteine (SAH) level was significantly higher in those groups. The SAH level in brain was also significantly
increased in rats fed FDHCD (p < 0.05). However, brain SAM level was not affected by folate and/or vitamin Bi»
deficiency. This result suggests that dietary folate- and vitamin Bi,-deficiency may inhibit methylation in brain by
increasing SAH rather than decreasing SAM level, which may be closely associated with impaired cognitive function in
nutritional homocysteinemia. (Korean J Nutr 2009; 42(5): 423~433)
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Table 1. Composition of experimental diets
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Group
Ingredients (g/kg diet)

FS FSH FD FDH FDHCD
Cornstarch 465.62 462.62 465.62 462.62 462.62
Casein (>85%) 140 140 140 140 140
Dextrinized cornstarch 155 155 155 155 155
Sucrose 100 100 100 100 100
Soybean oil 40 40 40 40 40
Fiber (Pectin)” 50 50 50 50 50
Mineral mix (AIN-93M-MX) 35 35 35 35 35
L-Cystine 1.8 1.8 1.8 1.8 1.8
Choline bitartrate (41.1% choline) 2.5 2.5 2.5 2.5 2.5
Tert-Butylhydroquinone 0.08 0.08 0.08 0.08 0.08
Vitamin mix (AIN-93-VX) 10 0 10 0 0
Folate-free vitamin mix” 0 10 0 10 0
Folate & Bi,-free vitamin mix” 0 0 0 0 10
Homocystine 0 3 0 3 3

1) Five percent of pectin was added to each diet for the purpose of accelerating depletion of vitamin B,
2), 3) Folate-free vitamin mix and folate & Bi.-free vitamin mix were made from AIN-93-vitamin mix by omitting folate or folate &

vitamin B, respectively

FS: folate-sufficient diet, FSH: folate-sufficient/0.3% homocystine diet, FD: folate-deficient diet, FDH: folate-deficient/0.3% homo-
cystine diet, FDHCD: folate-deficient/vitamin Bi-deficient/0.3% homocystine diet
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Table 3. The effects of folate- and vitamin Bi.-deficient diet com-
bined with homocystine feeding on plasma and liver folate con-
centration of rats

Group Plasma folate Liver folate Brain folate
(nmol/L) (pmol/g) (nmol/g)
FS 1623 + 135" 173 +0.7° 772.3 £ 139.7°
FSH 172.9 + 14.4° 17.6 + 1.4° 801.1 + 144.3°
FD 21.1 + 1.4° 51 +04° 599.3 + 72.5°
FDH 22.0 + 2.2° 48 +0.4° 599.1 + 107.0°
FDHCD 126.5 + 9.6° 4.4 +0.3° 772.1 + 145.4°

1) Values are mean * S.E. (n = 10)
2) Values with different superscript letter within a column are
significantly different at p <0.05 by Duncan’s multiple-range test

Table 2. The effects of folate- and vitamin Bi-deficient diet combined with homocystine feeding on food intake, body weight gain,

food efficiency ratio, and body weight of rats

Group Weight gain (g/day) Food intake (g/day) F.ER" Body weight (g)
FS 53 +0.17% 19.78 + 0.51° 0.270 =+ 0.003° 387.2 + 8.4°
FSH 5.6 +£0.2° 20.82 + 0.67° 0.268 + 0.004° 401.0 + 12.0°
FD 5.4+ 0.3° 20.70 + 0.75° 0.259 + 0.004° 389.5 + 15.5°
FDH 5.6 +0.2° 21.07 + 0.51° 0.267 + 0.006° 404.8 + 13.2°
FDHCD 40+0.1° 18.47 + 0.28° 0.218 + 0.005° 3147 £ 6.9°
F-value p <0.001 p<0.05 p <0.001 p <0.001

1) Food efficiency ratio (g body weight gain/ g feed)
2) Values are mean + S.E. (n = 10)

3) Means in the same row not sharing a common letter are significantly different among groups at p <0.05 by Duncan’s multiple-

range test
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Fig. 1. The effects of folate- and vitamin Bi,-deficient diet combin-
ed with homocystine feeding on plasma homocysteine. Mean =+
S.E (n =10). Bars with different superscript letter are significantly
different among groups (p < 0.05). Folate-deficient diets (FD,
FDH) elevated plasma homocysteine significantly (p < 0.001),
whereas homocystine feeding alone did not affect plasma Hcy
in rats. Mild homocysteinemia was induced by FD or FDH and
moderate homocysteinemia was induced by FDHCD. FS: fo-
late-sufficient diet, FSH: folate-sufficient/0.3% homocystine diet,
FD: folate-deficient diet, FDH: folate-deficient/0.3% homocys-
fine diet, FDHCD: folate-deficient/vitamin B.-deficient/0.3% ho-
mocystine diet.
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<0.001).

xA3 x4 o7 FSH, FD 9 FDH Ao]9] ¥x
2 SAM EEE A, vlE B, 24 9 $EAIAE
Holol & FFS A Yk hEFI A FES R
%tk (Table 4). 28t} FDHCDS] ¥ %2 SAH 5=
iz Bk 60% 57FE91em (p < 0.05), L A3 SAM/
SAH W& iz Bk oF 28% Ast=E Sl (p < 0.05).

HIE[DI biomarkerS AtC[2] A2

FHY TEAAHJIES 7R it Aol &gk 31
A2EJNE ST} v By, A3l o3t SRAIAHRIES
< fE e Ak 2] FXAREZR] TRAIAER]L SAM
4 SAH sZo] 247t o 932 £ § doH)” o=
3 F 9UYA7t H=53 w) Vel vitamin biomarker
o] WiglE vlustqleh websd A Aga G4 A3
GAa} BlER By,7t EAlel H-=3t FDHCD& A9
47 AR A5E Wz EEste], TRAAHRIES
¥ ¥ biomarkers Ate]e] AAAAE FAI8t0] Pe-
arson® A#A45 Fig. 29 Table 50 Z2F A, BE A
Al Fig. 2A04 & & oLkl 4 SRAIAH RIS
7+ Ak 59 dHEA = -0.641, p<0.0DS B
o ¥ gk e 8 A FoARl daEAE B
o]#] ket eyt o]} tjFA o2 FDHCDw& Al$IA
21 YA yi7he] A8 AFERke g AAAAE w451
< o 3 TRAAHRIY A ik = -0.321, p<0.05),
3 Qak (r = -0.581, p<0.01) 2 7+ G4 r = —0.684,
p<0.01) Afolol] B Fol ARl AHaAE Heblth

7 TEAAHI kx2S SAH 9 SAM §5 A
ol9] &I A= Table 58 A BeF #3kow, FDHCD
T AAZ WA Y] o] AT AERte . Ak
AE EAee W Hx4 SAH $5E Alst BE %
WAG7E AA AP A5E BA3F AR} w30t S

Table 5A°A g4 TRAAHQI Y 72242 SAH 2 SAM

b B rS

Table 4. The effects of folate- and vitamin Bi-deficient diet combined with homocystine feeding on liver and brain SAM and SAH

concentration of rats

Liver Brain
Group SAH (nmole/g) SAM (nmole/g) SAM : SAH ratio SAH (nmole/g) SAM (nmole/g)  SAM : SAH ratio
FS 15.88 + 0.85"”  41.73 + 3.54° 2.64 £ 0.21° 1.55 + 0.09° 13.57 + 0.31" 8.85 & 0.46°
FSH 15.11 + 0.79° 33.66 + 2.70° 2.26 +0.19° 1.45 + 0.09° 14.25 + 0.65 9.92 + 0.47°
FD 2291 + 1.64° 11.83 + 1.76° 0.53 + 0.08° 1.44 0.4 13.91 + 0.66 9.93 + 0.60°
FDH 23.78 + 0.91° 12.10 + 1.28° 0.52 + 0.0¢° 1.43 + 0.09° 13.45 + 0.31 9.47 + 0.39°
FDHCD 32.87 + 1.43° 7.93 +0.73° 0.25 + 0.03° 2.49 + 0.42° 14.87 + 0.42 6.37 £ 0.70°

1) Values are mean + S.E. (n = 10)

2) Values with different superscript letter within a column are significantly different at p <0.05 by Duncan’s multiple-range test

3) NS: not significant
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significant.

B B WEl QW thals] 2ol kS
galel] Fask SAM 4 9 24y SAHS
AANROZMN AAME D dHA ] 75
SR 107 AgkE|lo e W B ol
GO Aolof Akt HlER B, E AFAA
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iAol (FD, FDH) 9 84 fibsTe s
9] ok 13% FEo& F9407 Wetort (p<0.001), FD-
HCD19 &4 945k FDw3 FDHY <F 64 =
& PO FE A}, AMA/MIEN] By, AF/TRAIA
g7 g9 At e At A9E S wrd 97
. o] A= vl By, Aol 93t “methyl-folate
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Table 5. Correlation between the concentration of vitamin biomarkers in plasma, liver and brain

(A) Correlation among the five groups”

Plasma Hcy  Brain folate Plasma folate Liver folate Liver SAH Liver SAM Brain SAH Brain SAM
Plasma Hcy 1 -0.109 -0.156 -0.641™" 0.878"* 0.657** 0.667" 0.114
Brain folate 1 0.551™* 0.467** -0.181 0.320 ~0.004 0.138
Plasma folate 1 0.712"* —0.409™" 0.588"* 0.069 0.018
Liver folate 1 -0.718" 0.812™ -0.333 0.035
Liver SAH 1 -0.673" 0.525™ 0.080
Liver SAM 1 —0.284 -0.135
(B) Correlation among the four groups”

Plasma Hcy  Brain folate Plasma folate Liver folate Liver SAH Liver SAM Brain SAH Brain SAM
Plasma Hcy 1 -0.321* -0.581"* —0.684" 0.739™* -0.629™" 0.207 0.005
Brain folate 1 0.575"* 0.657** -0.336" 0.406™ 0.027 0.252
Plasma folate 1 0.850"* -0.774" 0.741™ 0.044 -0.066
Liver folate 1 —-0.714" 0.767* -0.055 0.148
Liver SAH 1 -0.573"* 0.739™ 0.055
Liver SAM 1 0.049 —0.106

1) Data of the five experimental groups including FS, FSH, FD, FDH, and FDHCD were analysed according to Pearson test and

correlation coefficients were presented. *: p<0.05, **: p<0.01

2) Data of the four experimental groups including FS, FSH, FD, and FDH were analysed according to Pearson test and correlation

coefficients were presented. =: p <0.05, **: p<0.01
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