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ABSTRACT

Myelin basic protein (MBP), a major structural protein of the myelin, is thought to be important for the maintenance
of myelin in the central nervous system (CNS). We investigated the effect of maternal folic acid nutritional status on the
folate level and the synthesis of MBP in the offspring. In order to test this hypothesis, female Sprague-Dawley rats were
fed either folic acid sufficient (8 mg/kg diet) or deficient (0 mg/kg diet) diet from 2 wks prior to the mating throughout
the entire pregnancy, lactation and weaning period. We examined plasma folate level by the radioimmunoassay and homo-
cysteine level by HPLC, respectively. The MBP expression was measured by the western blot analysis. The maternal folic
acid deficiency decreased plasma folate level with a concomitant increase in plasma homocysteine level in their offspring.
The maternal folic acid deficiency decreased hepatic levels of SAM and SAM/SAH ratio with a concomitant increase
in hepatic levels of SAH and the MBP expression of spinal cord in their offspring at 7 wks of age. These results suggest
that maternal folic acid nutritional status affect plasma folate and homocysteine level in their offspring. Moreover, the
maternal folic acid deficiency might inhibit the MBP expression of the spinal cord and disrupt many other vital CNS reac-
tions in their offspring. (Korean J Nutrition 40(2) : 130~137, 2007)
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A3 2o ol Fast dEE Ay glvk MBP=
18.4 kDa, 14.0 kDa-& E3rd exon-13 21.5 kDa, 17.0
kDag X33 exon2% WAET o] isoformEe A7]F2.
2 Az g 9y e skl AoE 4 ok E3]
21.5 kDa, 17.0 kDa& ¥&3} exon-2 MBP isoform< &
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translation @Al SAMC 25E methyl7|E who} 107
W 928 opr| AR argininee]l HE 37} dojupA] Dok
At %-‘E Eﬁi @ B giatel FATE QLS A w2
= MBPY] methylation®] LojuA] gkol &
A8 MBP7F AAEY o|2A4 42384 Al
7]' 1°T‘:'aL 2 oAk IyEE @A AgoE A3 Egd
s methylatlon‘_ MBP-J 7153 1AL EAXZoENR
iz I HLgo] AFAY
o Aol doA & P& 740]1:]-

= =—%= T
ARG BTN AUFLE $8497 7 gt
B AF7HA] w8 A3 ATEL FE G EYes d
At AEg Es] A a7l AFH ek
AZRAEANXAY FAate 8-S olfsty] fste] T2
FIHA AZE dFoz At Al g &Y £E
gIE Trgske AT F= ARE] ghom P 7 %
58 g YT in vivo A7 3] FE3ith 9
ZAES AR 718 olYele 248 F weIy
25 A= AA F BF ot ABATY] B
373 oo} Base] glgo] pAE o
O AEEe] s7] vl 2 B9l
Ao 9gs SFsh] g Amst wE Agolck wet
2 d7e ofnl e a7l E 7], oli1g gat
FIE7E A& 79 MBPEE nlAlE S Gobr]

8} Aol @At £2L Gelstu ole] we HzAw 44

o)
Ol

£ B o
o

2 0N X
_>Lr2ulzi0{}l'o

> (o o:
Lo A

x
&-{Mﬂl

2
o

1<

s &

of

=y
o

g

ofr
rlr i

40 o X 2 4

40(2) : 130~137, 2007/ 131

HEERE2ER

o]l -] MBP 21.5 kDa isoform?] 2@ EE western blot-

ting 2 2 ¥4, FH3GIch
o7y

1. MEEE MG 9 M| 7Y

2 AgelME A% 6578 Sprague Dawleys 44 87
(initial body weight: 134.2 = 6.5 g, (58)Orient) 169}
£ AFel w) do¥ (randomized complete block de-
sign) ol &ate] GAFET (FS) 9 AT FD) o=
rqit), ARELEe g 92ARE oAb 2B 2] (8
mg/kg diet), it 29 Aol (0 mg/kg diet) & w33

k. Aol ARE 2Jole] 242 Table 13} 23}tk Hole
Table 1. Experimental diet composition
. Group"
Ingredients
FS FD
(grkg)
Cornstarch 397.49 397.49
Casein 200 200
Dextrinized cornstarch 132 132
Sucrose 100 100
Soybean oil 70 70
Fiber 50 50
Mineral mix” 35 35
L-cystine 3 3
Choline chloride 2.5 2.5
Tert-butylhydroquinone 0.014 0.014
Vitamin mix without folic acid” 10 10
Folic acid 0.008 0
Total 1,000 1,000

Y FS: Folic acid sufficient (8 mg/kg diet) diet, FD: Folic acid de-
ficient (0 mg/kg diet) diet

2 AIN-93G Mineral mixture

3 AIN-93 Vitamin mixture without folic acid

Experiment design

Offspring
Group Experiment begins Mating Birth 3 wks of age 7 wks of age
I [ [ f !
v v v v v
0wk 2 wks 5 wks 8 wks 12 wks
FS(n=8) | : ' ' 4
Pregnant rats (n = 4) Lactating rais (n = 4)  Offspring (n = 7)
Offspring (n =7)
FD (n=8) t I ' ' '

Pregnant rats (n = 4)

v v
Lactating rats (n = 4)
Offspring (n = 7)

Offspring (n = 7)

Fig. 1. Experimental design. The letters represent the diets available with FS: Folic acid sufficient (8 mg/kg diet) diet, FD: Folic acid
deficient (0 mg/kg diet) diet. |: The mark represents the sacrifice point.
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American Institute of Nutrition (AIN)-93Maintenance
o] 243& vl o ® AZIPTL? B AtolA Fig, 19 A
At ulsl Zo] AYFES GAEET S QiEgT
(FD) 2.2 WFrojr] Rjo] AT 755 A)7EA] ARS3R
or] AL Lol w2t 14012 vHro] F 2801} S AH
a3t} 4855 3 vl poly carbonate cageelx A
31901, Aolgt B2 AMTEA AFEEE ek AR
o FHL 28 23 £ 1T, % 50 £ 5%%F A1,
12A17F BAF71E8 AT Wil LSt Azl Alo)#
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Fig. 194 AAIGE vEe} o], ofn] He= gl 204 Al1-
T} R7E B Al gAlEiglon Al S wle Al
A AF 3F 281 oIt B A% TR F 339
Ax ZF 7ol wel ofn] A 4avpA, Ak A 79kEY
Al ASEES A7) A 12A17kEte A
7 % 243 AR (24 9~11AD <] ofE ofel2 2 ni
AA AESE T 10 mIFAVIE ARgste] A7ex] gd&
AMABICE AF AL ethylene diamine tetra acetate
(EDTA) 7} 019 94 &l 2ot 5000 rpmellA 5
E7+ 9482 (Union 55R, Hanil Science Industrial Co.)
slo] "L el 4 AH7kA] —70Cel Rasigivh
7y 7o) A F Tekele Aol g AFstaL e '
23t F, ice bath$JollX A1 o 24& HES T cortex,
hippocampus$} spinal cordE #2319 eppendorf tubeo
o} B4 A7kl —70C deep freezerol] HH3IiTh

1) 8% STANAER] ST 2Y

4 TRAXEQ FEE Arakigh Sakoo] WH7E o1&
3o HPLC (Waters 2690, USA) 2 #-43313ith €7 100
219l 10% trin-butylphosphine €<% 10 plE #7ks1ed 4C
ol 3087 W3 & 10% trichloroacetic acid (TCA)
{9 100 ©E 718k 4C, 3,000 X gellA 583 d4ee]
shoinh #eld AR el 1.55 M NaOH 20 4, 4 mM
EDTAZ $H-8H= 0.125 M borate buffer (pH 9.5) 250
£, ammonium 7-fluorobenzo-2-oxa-1,3-diazole 4-sulfonic
acid (SBD-F) €< 100 plE 3718t 60ClA 142 &
¢t HE$-A17]12 0.45 pm filter (HV type, Whatman) 2 ©]
HAZ) & automatic injector (Waters Co., MA, USA) &
20 I columnel) FYste] Xterra ™RP,s columne o]

8k excitation wave length (A.) 385 nm, emission

wave length (1., 515 nm9] fluorescence detector (Wa-
ters 474, Waters Co., MA, USA) 2 #4531t

2) 9% M J HIEQI B, 5F BY

g4 G4 % vjgl B, £F2 Pl-folic acid®} “Co-
vitamin By, dualcount solid phase no boil (SPNB) radio-
assay kit (Diagnostic products Co., Los Angeles, CA,
USA) & AHEsle] 243180k &4 200 wlell dithiothrei-
tol¥} tracer® £33t working solutions 3713k & NaOH/
KCNE ¥ 9132 $AXNZI1L binderE Y3 4] &
AZde W 48 dual y-counter (Cobra II, auto-
gamma, Perkin Elmer Inc., MA, USA)E E-4]8}ich

3) U 52| SAM, SAH Bk 24

7+ A9 SAM, SAH 5%+ Wang %9 HPLC-UV
detection W& o238l E431c}, 100 mge] 7+ =
Z& #H3lo 0.4 M HCIO, &g ZAFH] 9] 44 o4& ¢
T, 783 AR F, 4T, 10,000 X golA 1587 9 &
23k 4S5 dE 5t 0.2 pm poly-propylene syringe
filter (PVDF, 0.4 mm diameter Whatman, Clifton, HJ,
USA) 2 oJ3}A17) 3 automatic injector (Water Co.) 2
25 pI8 column®l U3t #4333t

4) Western blotting®l 2/8t &, HAZAS| MBPS £

379 HzA A452AL lysis buffer (ntron. CA,
USA, 50 mmol/L Tris-HC], pH 8.0, 150 mmol/L NaCl,
0.2 g/L sodium azide, 1 g/L sodium dodecyl sulfate (SDS),
100 pg/mL phenylmethysulfonyl fluoride, 1 xg/mL apro-
tinin, 10 g/L NP-40, 5 g/L sodium deoxycholate)ol] ¥
o] homogenizer® ©]&38Fo] 245 & 14,500 rpmlE
4TCAA 3087 dAEEst & AHEg ALt dsde
ANFsE] ¥ A7EA] ~70Cel BTt

o gk BCA 49 (Pierce, IL, USA) & ©]4-3}
ST 562 nmollX FEEZ SHste] Sk TR &
W2 129% SDS-polyacrylamide gelollA] 2A17F =<1 A
7WA17131 PVDF membrane (polyvinylidene diflyoride,
Plerce, I, USA) 2 2 transfers}’] 98l 4 CollX overnight
3t} Transfer® membrane-g 12} &l goat-anti-
MBP (Santa Cruz Biotechnology, Santa Cruz, CA, USA,
1 : 4000814 2% skim milk in PBST) ol #-g-A171 3 23}
8-A]2) anti-goat conjugated to horseradish peroxidase
(Amersham Life Sciences, IL, USA, 1 : 200034 2%
skim milk in PBST) 2 ¥H-A1Zth Xray film (Kodak,
NY, USA) < o]-€3to] membrane?] AP EE A3
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2) < BAE A,
ofe] 7} B2 e A 034@73% (FD) 9] A&
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= Table 391 A|AEE uie} 2o} ofn] e §lal 209 A4,
AAEFE (FD) Y 83 TRAIAHR] 58 QAT
(FS) ol B3 1580 S7Fsteiem (45.5 + 9.3 pmol/L vs
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BAIAHIQ 0] 349 F3 (22.2 = 5.0 pmol/L vs
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Table 2. Body weights and food intakes of mother rats and their offspring

Group" Body weight (@) Food Intake (g/day)
Gestational 20 day
FS (n=4) 327.2 £10.0” 22.37 £ 1.2
Mother rats FD (n= fl) 347.4 = 14,1 20.90 = 1.1
Post lactational period
FS(h=4) 3014+ 40 368 1.9
FD (n=4) 250.7 + 7.3% 48.6 =+ 3.6*
3 wks of age
FSth=7) 442+ 2 -
Offspring FD (n=7) 365+ 1.2* -
7 wks of age
FS(h=7) 1852 = 6.4 19.02+1.0
FDth=7) 1983+ 6.0 19.46 = 1.0

" FS: Folic acid sufficient (8 mg/kg diet) diet, FD: Folic acid deficient (0 mg/kg diet) diet

2 Values are mean * standard error

¥« Significantly different compared to the value for FS group in the same feeding period by Student's t-test, p <0.05

Table 3. Concentrations of plasma homocysteine, folate and vitamin Bz

Group” Homocysteine (zmol/L) Folate (nmol/L) Vitamin Bz (pmol/L)
Gestational 20 day
FS (h = 4) 3.0+ 07” 269 £ 5.7 11778 £ 166.4
FD (n = 4) 455 + 9.3+ 1.5 £ 0.6* 551.2 £ 142.1*
Mother
Post lactational period
FS (n = 4) 65+1.0 347 £ 42 1147.0 £ 2920
FD (n=4) 221 £ 50* 3.6 £0.7* 5588 £ 119.2
3 wks of age
FS{h=7) 62 +0.2 583 £ 29 2694.0 = 234.0
. FD (h=7) 41.6 = 3.8* 3.8 +1.0* 2053.9 = 154.9*
Offspring
7 wks of age
FS{nh=7) 70+£08 53219 2069.9 + 1658
FD (h=7) 32.6 = 4.8* 8.8 £ 1.2% 2013.2 £ 316.3

" FS: Folic acid sufficient (8 mg/kg diet) diet, FD: Folic acid deficient (0 mg/kg diet) diet

? Values are mean = standard error

¥ x: Significantly different compared to the value for FS group in the same feeding period by Student’s t-test, p <0.05
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Table 4. Hepatic levels of SAM, SAH and SAM/SAH ratio in offspring

Group" SAM (zmol/g fissue) SAH (zmol/g fissue) SAM/SAH ratio
3 wks of age
FS(h=7) 10.75 = 1.00 5.07 + 0.59 2.35 £ 0.57
Offspring (n = 7) FD (n=7) 7.66 + 0.63* 7.39 £ 0.27* 1.01 £ 0.10%
7 wks of age
FSih=7) 10.25 £ 0.78 5.91 + 0.49 1.78 £ 0.27
FD{(n=7) 7.31 = 0.42* 10.58 * 1.34* 0.90 £ 0.18*

Nz

Values are mean =+ standard error

@

FS: Folic acid sufficient (8 mg/kg diet) diet, FD: Folic acid deficient (0 mg/kg diet) diet

2 Significantly different compared to the value for FS group in the same feeding period by Student's t-test, p <0.05

2.5 s
£ 20 N
3 MBP
3 ho T (21.5kDa)
= 10
=05 )
B-actin
0.0 L )
3 wks of age 7 wks of age
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® 10 (21.5 kDa)
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20s N |
0.0 il B-actin Fig. 2. Effects of folic acid sufficiency
3 wks of age 7 wks of age and deficiency on MBP expression
Hippocampus @ of cortex, hippocampus and spi-
nal cord in 3 wks and 7 wks of age
offspring rats by western blot ana-
2.5 JFS EJFD lysis. A, B, C: The expresssion level of
c 20 MBP in cortex, hippocampus and
k5 15 T 1 MBP spinal cord were quantified by den-
& : (21.5 kDa) sitometry. Results were expressed as
o 1.0 mean * SEs and were presented in
205 g-actin a bar. a, b, ¢t The expression of
0.0 ! MBP in cortex, hippocampus and
3 wks of age 7 wks of age spinal cord was analyzed by wes-
@ Spinal cord @ tern blotting. *: 0 <0.05 by Student’s
-test.
65 £ 1.0 xmol/L, p<0.05). 41 209 AP, AT RAZEIL FEE QUAFET FS)o] vlsA 6.79) 27
FD) Y] 84 At 52 QAFET S Y 4.4% 52 3190k (416 + 3.8 gmol/L vs 6.2 + 0.2 pmol/L, p <

E 523] ZAastien (15 + 0.6 nmol/L vs 26.9 £ 5.7
nmol/L, p <0.05), %+ ¥, °ﬂ’\}§'ﬁ:ﬁ (FD) 9] 8% At
L FAFET (FS) Q) 10%5F02 Wit} (3.6 = 0.7
nmol/L vs 34.7 = 4.2 nmol/L, p< 0.05). g2 njehd B,
T 94l 209 A GAEEE FD) o] AT
FS) el vl 46.8% FHOR Wit (551.2 + 142.1
pmol/L vs 1177.7 + 166.4 pmol/L, p<OO5) T 3o
= PR F9) ol vl 48.7% FEo = Wekort 9
21 ol gigiTh

AT 3FHY AE 0] A, GAEET FD)Y % 5

0.05). 8% Grlrsd QAEAT (FD)o| giese FS)

ol w3} 93.5% ZAsFth (3.8 £ 1.0 nmol/L vs 58.3 +
2.9 nmol/L, p < 0.05), QAFE3F (FD)Y &% vlel B,
TEE GAEET F)el B8l 23.8% 8o Ay
t} (2053.9 £ 154.9 pmol/L vs 2694.0 = 233.9 pmol/L,
p<0.05).

AF 779 AL He] A QAEET FD) e g% 3R
AAHR F5E FAFET FS) ol vls) 4.74) oz oz
Z74ct (32.6 £ 4.8 pmol/L vs 7.0 £ 0.8 gmol/L, p <
0.05). % it 52 QAHEYT FD)o] AT



(FS) 9] 16.5% =02 7H43133t) (8.8 = 1.2 nmol/L vs
53.2 + 1.9 nmol/L, p < 0.05). @3 vjegl B, 55& ¢
ABAT (FD) T QAEET FS)AR] #2949 Ao)7} ¢l
Atk

4, A9 SAM, SAH S5 SAM/SAH ratio

A% 35 A& A 7k SAM FEE JAFEET (FD)
o] QArEE-F FS)l I8l 29% TAsksien (7.66
0.63 xmol/g tissue vs 10.75 £ 1.00 pmol/g tissue, p <
0.05), SAH #&& A3+ (FD)o| g FS)
o B3l 46% Z7FsEich (7.39 £ 0.27 pmol/g tissue vs
507 + 0.59 pgmol/g tissue, p < 0.05). I812& 712
SAM/SAH ratio® @AHEHT FD)e] GAFET FS el
Hal 57% A8k (1.01 +0.10 vs 2.35 £ 0.57, p<
0.05).

A% 73 A 7] A9 7H) SAM 8 dAEE
(FD)o] @AFgw (FS) ol vlal 29% 433t (7.31 £
0.42 pmol/g tissue vs 10.25 £ 0.78 umol/g tissue, p <
0.05) E3 JAHEHT (FD) 9 SAHFTE GusiT
FS) ol vlal} 79% =731 e (10.58 + 1.34 umol/g tis-
sue vs 5.91 + 0.49 umol/g tissue, p<0.05), SAM/SAH
ratio GAPART (FD) o] a2 (FS)ell v 49%
FolH o= 7t} (0.90 £ 0.18 vs 1.76 + 0.27, p<
0.05).

3. =, §ZRAQ VBPYS FE

H, 4 222 MBPEZE 27, AF 37 A& AL 7
Z A= A9 cortex$} hippocampusF- oM E JAER
T FS) 3 AT FD)AR]O #2421 o)zt §ISith
A5 33 24=9] spinal cordf-olE i FS)
JAHEFT (FD)AL] F241 zlol= figovt A% 75
A& Holes JASET (FS) ol vl GA2EF (FD) Y
MBP2&o] 34% 4o

i

2 a4+ A 659 Sprague DawleyE 47 FE
oz Ak FE2olo} ik APl Hel F ofn] FH
o} A FHo 7 it 5 IRAAEHR] FF HEkE
VAT oleldt F ] W ¥ A3 Aol
T2 F48 :rLZ:Z* o1gh8 &= myelin basic protein'?¥
°ﬂ o)X ]% 3-8 western blotting 0.2 ¥4, #23it
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(FD) ¢ 9 g do] 4T D 7 A AES B
23}, ofn] Z= AL vl AGel, YA+ AATY Ho] 43
opo] AAERT (FS)ol 1}5) GoH 08 ZAPLoE B

Tt AZFLS fF oz st old A= dab
AFTY gojd B A& 47F PR ET FS) ol via] B
o] wiel] AFAFT (FD) Y ofn| FA7t 2& Hol=wl o
e dks Anstel ASTAE B Ao AzEn
ofn] H, A% 3FFY 7FH AE FH] FH A 7
st 717 U GARRT (FS) ol Histe] feldloxr v
ord whH GAFERT FD)Y EF TEALHR] £52 5
A3t 717 o) GARRET FS) Hlgt] foFos &
okct AT (FD) Q) 7+ SAMFTEE A% 357383 7
F8 A& 7 BTN QAEET F) vlE fAe
sty GAHEET (FD) 9 718 SAH 92 4%
37T 738 AE A BTN QArET FS) el Bl
FoHor 27}0}“‘:} AAEEET (FD) ¢ SAM/SAH ratio
A% 33 733 At FHol QAR FS e v
3o Tr-/l;—‘ﬂ—oi ZHAE A (p < 0.05). ¥ A H5o
western blotting ¥4 A3}, AF 75H A& F 2] HgrelA
FAEET (FS) ) v|wsh] GatEdT (FD) 9] MBPE
o] folx oz ZHAE I
B AgolA, ofv] Y daly] F $77] it AdS 4
% 7% 2=9] cortex, hippocampus®] H|3l spinal cord
9] MBPHHS folg oz TAaAF 0|23t A2 Kol
th2 B2 RT} spinal cordZ} GAt Aok Abeol] MZ-EAl
QL W=t Ao g PR ol Ze Ae 2 A
Holx) =43 21.5 kDa MBP isoform?] @& A|717} ¢}
ol wle} thEA e Y| wiEo® Azt Akiyama
S92 £x3ld) glojA MBPY tiE 24 ddts s}
7198 Aol A, ALl wEAZIR] A 1497 21 W
B 23 ¢} spinal cordollAt 21.5 kDa$} 17.0 kDa2] MBP
isoform@do] Aa}A oz FUlEE vhd, tidods A%
145 wiiE @o] Hap FrksE AE dES v vk
i ell4 9] 21.5 kDa$t 17.0 kDa MBPEEL 24 A] &=
284 Boke A0 2 =¥ H] iy Arzstel] #ofske
Aoz Rugnt ok &, BA A AFEEdA A 21.5
kDa2] MBP isoform'¥&o] Z7}%& spinal cord$t 2
cortex$} hippocampus”t EFH tf = wrgzel] At
o=z MBPO Zd H5rt Aof it G Aelel g Rzt
-]. o:]%LQ. HL&_ 7—]_; /\371—91;]_ -r] x%x-]]é. E»;;H u].x—]x%o]
cobalamm ARS 53 7739 837 (Sprague Dawley
£ Y02, cobalamin ZPo| TFAEA 25 A
O}t glial cellsell WX J3E AP AN %
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<] Hiobg 48171 vjoFet A, Aldgo] vl e
2 HEYIAY ol dFe Bk BAY A% o
At G et BT AE ool FR3the AME we
Aol o 589 v} Itk Fernstrom™-S |4+ 49
Jefell e AAF AN AT FehE 7HA ofold] &
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