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ABSTRACT Objective: To establish the animal model of neural tube defects (NTDs) by folate deficiency induced dihydrofolate
reductase (DHFR) inhibitor, methotrexate (MTX). Methods: The NTDs animal model was established by intraperitoneal injection of
different doses of MTX into pregnant C57BL/6J mice on gestational day 7.5. Folate-related metabolic products and DHFR activity in
embryo tissues were measured by using LC/MS /MS assay. Results: MTX with the dose of 4.5 mg/kg induced the highest incidence of
NTDs (31.4%) and was considered as the optimal teratogenic dosage. Most NTDs exhibited the failure of hindbrain closure of the neural
tube and the body length (4.21+ 0.76) and weight (9.49+ 3.48) decreased significantly compared with that in the control group(6.32+
0.56 vs 22.76% 3.23), (P<0.05 vs P<0.05). DHFR activity and concentrations of 5-MeTHF and 5-FoTHF were obviously lower than that
in the control group after MTX treatment (P<0.05). Conclusion: NTDs animal model induced by folate deficiency was successfully
established.
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Table 1 The results of optimum dose for the establishment of NTD model

MTX Litters Embryos Normal Resorption Growth retardation NTDs Other malformation
(mgkg)  BEBH®) BRRR(m)  IEEMEREn (%) WHEn (%)  RERZEn (%) HMEERH n (%) HAtE R n (%)

0 8 66 65(98.1) 1(1.9) 0(0) 0(0) 0(0)

0.5 8 52 49(94.2) 2(3.8) 0(0) 0(0) 1§ (1.9)
1 4 30 24(80.0) 4(13.3) 1(3.3) 1(3.3) 0(0)
3 6 35 16(45.7) 10(28.6) 4(11.4) 2(5.7) 3§ (8.6)

4.5 5 35 0(0) 7(20) 14(40.0) 11(31.4) 2&; 1§ (8.6)
6 4 33 0(0) 26(86.7) 309.1) 0(0) 1&(3.0)

Note:*:Facial malformation; E2FE& 2
§ : Craniofacial malformation; i FEIRG 7%
&: Cleft lip JE 5!
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Table 2 The effects of MTX on development of embryos
Embryos Length Weight
MTX (mg/kg) o gt g
Ba#i(n) 1< (mm) K& (mg)
0 29 6.32+ 0.56 22.76+ 3.23
0.5 32 6.58% 0.67 2137+ 4.52
1 30 6.13+ 0.38 20.54+ 3.13
3 35 5.76x 1.37 18.63% 5.75
4.5 35 421 0.76™ 9.49+ 3.48™
6 NA NA NA
Note: **P 0.01 compared with MTX 0 mg/kg group.
% 3 MTX4.5 mgkg %S NTD ES LW HR
Table 3 The results of repeated experiments of NTD model establishment
Batch Pregnant rats Embryos Normal Resorption NTDs Other malformation Poval
-value
#itix Z1 R (n) BR#i(n) EERn (%)  RIERE n (%) n (%) HAESH n (%)

1 35 0(0) 7(20) 8(31.4) 18;19%(57.1)
2 32 1(3.1) 3(9.4) 8(25.0) 20%(62.5) >0.05
3 30 0(0) 7(23.3) 8(26.7) 17147 (50.0)

Note: *: Facial malformation; EIZBEE T ; #: growth retardation; & HiR4E; § :craniofacial malformation , /i T i B5 712
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Fig.1 Morphological changes of normal and abnormal embryos on gestational day 11.5

A, normal embryo; B neural tube disclosure (hindbrain malformations); C, neural tube disclosure (the whole brain malformations); D, neural tube

disclosure (malformations from cranial to the spinal region); E, craniofacial malformation; F, growth retardation.
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Fig.2 HE staining of normal and NTD embryonic neural tube

A shows HE staining results of telencephalon from normal and NTDs murine embryos; B shows HE staining results of hindbrain from normal and NTDs

murine embryos. Magnified by 50% ,200% ,400% from left to right, respectively.
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Fig.3 The results of folate related metabolism

Figure A shows DHFR activity in murine embryonic tissues after MTX injection in various time points; figure B shows levels of total folate, 5-MeTHF,

5-FoT and folic acid in murine embryonic tissues after MTX injection in various time points.

3 9k

PR R P 1 2 4002 25 SO L8724 - DU/ iR (THE)
B B AR . — B A 4 HY R (CHO ), TR
H(CH=NH), Il 3 (CH3), % Il 3 (CH=) , T ! 3 (CH2-) Fl 2
FF 3 1 (CH2OH ) , i3k 46— 5 {3 Rk P9 7 2 A& 12 2 5
KB IIE S TR Fe ik 14 (R4, 78 T
R I 25 B A 2 400 o R e RO AR T 2 g0 131 Rt
Fe R AR AR T WS IR AT S5 0, %
TR RS 2 % A NTDs [ T Z k7B 219, T i
— B HF5E NTD S HoAl A B i b, FRA175 2 R AY
SRR | O 2RI 1 3 A 2 502 sk 2 e e 70 61 ik
14 DR 2% J RN I AR I G 75 9% R AR 72 P A S
GAF SN 1 SHPIRRI0ST, B T I R A 5 AR i A,
VBEEEALITE S, NTDs HShW B A8 . PRI, AW T2

MR ACHIEIR R ML, S5 A/ A8 K R I s,
POMHIRACHZY - A DHFR B4 MTX, 514 Rk
P ERAE A RS, ST T R Z Y LG S MU Y, XIS
IR A 24 A T HOME FIRL I B4t 1 T B A0 S B R
DHFR 2 A QA v 9 SC B , W] AR AL BRI iy —
UM TR PR 7 A DU T TR, 2 P PR A R A TR I AT X o —
A% MTX J& DHFR R PRl , & 2 S iR A R pL
SRR A I P B DO R, AT RELIT T — B PR A Rl A . —
Tr R TR BRI, SRR RN U & B DNA A
RNA {50} 825 T AN b ERE A, O 2 A1 M fE 5
P AR i, b — SO A G5 A8 o0 5 73— 7 T BT R K
AR, 5AFHCENIFRBRA T R R k.
T FRACIHSZEEL 0 T H AR 1 AR, = 3 — LG R [
FIRFH, TR T & AR B AL, 5 B
ST EEENAATENER S, BRI 28 4L , 4k



- 4842 -

REYES#E wwwshengwuyixue.com Progressin Modern Biomedicine Vol14 NO.25 SEP.2014

1175 [ L2 A KT, KK R AL
AHESER ] DHFR B0 MTX, 72848 4 75 T 4R (IR
AT ET.S), W2 RIEIEES MTX, fEMEE 82l &1

E1LS KAfRHIILEE, K BUBEE MTX 5 iy He i, /s BURRJIG 59 B

KRR T A T B E S A0 S50 51 B —E WS, G

BRI IRAS o S h B B R i, 4.5 mg/kg {A T 2H NTDs

KRN 314 % KR T IRG R AEFT 40 % , HAb w1 % 1

UnJE L, Ft i A A R 8.6 %o, WML A2 HE AR 20 03 HoAtL )

AP RIET 4.5 mg/kg, KL H AT 7 R 070, 3

B T RAER BRI 8 HEU A G, KRR R i B

AL AR O R A (E A 22 A8 A JES T AN, A BE TS

WA — o I TR AT Rl IR e — 2 S BRI ] i T . 2

T LE 5 P28 Al 28 b R 2 e S 55 SR 28 e 3 A IBEZ T L

AbF A SRR A A . NTD M2 b Bz 40 MO HEF sk , A0 A )N

FENZ AT BNE T 70 2R A AL, 3 Mg BEAR A L i il %

B R 3% . #E E7.5-B11.5 R/NRMIZAE & 5 i B, MTX

PALNECEN W a2 S AN U g AR

LC/MS/MS ;] & 3L 2 B K P DHFR 1 3% 4 B i B I (P<

0.05), I 2041 5-MeTHF #1 5-FoTHF 45 {1 ) — sk 8437 K -

A8 K. $5E0 MTX #1] DHFR 9351, S8 i A 3L,

G B e, S T AR R rh OGS PR A Rk

I ERAGI , ke B 22 b B A2 B RN, AT RE S h T

MTX 51 1 A0 R4 58, oAk, S T 58, 20 1 P b pe 4

MR E o ISR T & B 5, JUH NTDs, X —45 L 5 LI

BTV BIEFE IS A — 2, W PR 2R3 1] AR R LS

7L AR AR L LA KR G FUHABSE IR AN B 2R 4 i)

J& NTDs | JE I 245 H Bl A5 i JE 14 5 AR B UIAR G

ASBIFFE A o A 368 5 ) S A ) R o S T

NTDs ft)/N SR, il R R 4.5 mg/ke iR fERIE

TR, A SRR 5 AR A7 SR, S0 A9 T R VA, SO R B

i HACRFAE SOV R AR . MTX il 32 4 P 30 ) — S0 iR

ISR P, U A BELA 1 P R I L AT, L S A

PRk = 15 i NTDs #9 A tIL i AH I B S IR, Sy it — A5

KRB BER, FEE NTDs YBIFSE, SR 4L 1 52 1 256 4 4 i 2

IREER

% % 37 #ik( References )

[1] Shaw GM, Schaffer D, Velie EM, et al. Periconceptional vitamin use,
dietary folate, and the occurrence of neural tube defects [J]. Epidemi-
ology, 1995, 6(3): 219-226

[2] Prevention of neural tube defects: results of the Medical Research
Council Vitamin Study. MRC Vitamin Study Research Group [J].
Lancet, 1991, 338(8760): 131-137

[3] Czeizel AE, Toth M, Rockenbauer M. Population-based case control
study of folic acid supplementation during pregnancy [J]. Teratology,
1996, 53(6): 345-351

[4] Rabiu TB, Adeleye AO. Prevention of myelomeningocele: African
perspectives[J]. Childs Nerv Syst, 2013, 29(9): 1533-1540

[5S] Ulrich CM, Robien K, Sparks R. Pharmacogenetics and folate
metabolism-a promising direction[J]. Pharmacogenomics, 2002, 3(3):
299-313

[6] Duthie SJ, Narayanan S, Brand GM, et al. Impact of folate deficiency
on DNA stability[J]. J Nutr, 2002, 132(8 Suppl): 2444S-2449S

[7]1 Fox JT, Stover PJ. Folate-mediated one-carbon metabolism[J]. Vitam
Horm, 2008, 79: 1-44

[8] Knock E, Deng L, Wu Q, et al. Strain differences in mice highlight the
role of DNA damage in neoplasia induced by low dietary folate [J]. J
Nutr, 2008, 138(4): 653-658

[9] Panetta JC, Paugh SW, Evans WE. Mathematical modeling of folate
metabolism[J]. Wiley Interdiscip Rev Syst Biol Med, 2013, 5(5): 603-
613

[10] Hagner N, Joerger M. Cancer chemotherapy: targeting folic acid
synthesis[J]. Cancer Manag Res, 2010, 2: 293-301

[11] Osterhues A, Ali NS, Michels KB. The role of folic acid fortification
in neural tube defects: a review [J]. Crit Rev Food Sci Nutr, 2013, 53
(11): 1180-1190

[12] Seremak-Mrozikiewicz A. The significance of folate metabolism in
complications of pregnant women [J]. Ginekol Pol, 2013, 84 (5):
377-384

[13] Stover PJ. One-carbon metabolism-genome interactions in folate-
associated pathologies[J]. J Nutr, 2009, 139(12): 2402-2405

[14] Gu X, Lin L, Zheng X, et al. High prevalence of NTDs in Shanxi
Province: a combined epidemiological approach[J]. Birth Defects Res
A Clin Mol Teratol, 2007, 79(10): 702-707

[15] Chen B. Loop-tail phenotype in heterozygous mice and neural tube
defects in homozygous mice result from a nonsense mutation in the
Vangl2 gene[J]. Genet Mol Res, 2013, 12(3): 3157-3165

[16] Christensen KE, Mao HH, Chen L, et al. A novel mouse model for
genetic variation in 10- formyltetrahydrofolate synthetase exhibits
disturbed purine synthesis with impacts on pregnancy and embryonic
development[J]. Hum Mol Genet, 2013, 22(18): 3705-3719

[17] Knock E, Deng L, Wu Q, et al. Low dietary folate initiates intestinal
tumors in mice, with altered expression of G2-M checkpoint
regulators polo-like kinase 1 and cell division cycle 25¢ [J]. Cancer
Res, 2006, 66(21): 10349-10356

[18] Stover PJ. Polymorphisms in 1-carbon metabolism, epigenetics and
folate-related pathologies[J]. J Nutrigenet Nutrigenomics, 2011, 4(5):
293-305

[19] Sun S, Gui Y, Wang Y, et al. Effects of methotrexate on the
developments of heart and vessel in zebrafish [J]. Acta Biochim
Biophys Sin (Shanghai), 2009, 41(1): 86-96

[20] Galbiatti AL, Castro R, Caldas HC, et al. Alterations in the
expression pattern of MTHFR, DHFR, TYMS, and SLCI9A1 genes
after treatment of laryngeal cancer cells with high and low doses of
methotrexate[J]. Tumour Biol, 2013,34(6):3765-3771

[21] Yoon SA, Choi JR, Kim JO, et al. Influence of reduced folate carrier
and dihydrofolate reductase genes on methotrexate-induced cytotoxic-

ity[J]. Cancer Res Treat, 2010, 42(3): 163-171



