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ABSTRACT
Pre-eclampsia is a syndrome which is characterized by the increase in blood pressure above 140/90, oedema and
proteinuria, and is one of the leading causes of maternal death and of complications in pregnancy that can occur
in the second half of pregnancy.Approximately 20 % of pregnant women in developing countries and 5 % of
pregnant women worldwide are affected, and it is the second leading cause of maternal death in developing
countries, including Iran . Homocysteine (2-amino-4-mercapto-butyric acid), is a sulphur-containing amino acid
without special codon and is created by an essential amino acid methionine demethylation from the diet.
Homocysteine has sulphydryl group, which makes it more susceptible to other thiol oxidation and disulphide
formation. Folic acid is water-soluble vitamin, and despite the need to get pregnancy to avoid disruption process
of the nervous system of the fetus, NTD for antioxidant effects reduces oxidative stress, and the concentration
and oxidation of homocysteine, therefore, diet and supplements during pregnancy is important.This case-control
study was conducted on healthy pregnant women visiting Taleghani and Al Zahra hospitals in Tabriz, Iran, as
well as on women with pre-eclampsia admitted to these two hospitals. Fifty-eight samples were selected as
controls and 58 subjects were selected as cases. The blood samples were prepared with their consents. Parameter
measured included homocysteine concentration in blood. In addition, a questionnaire was completed to collect
information on age, gestational stage, height, weight, weight before pregnancy and folic acid (B9) intake. The
results in this study are based on the inhibition of confounding variables and indicate significant differences in
homocysteine status. The people, who received folic acid supplements during pregnancy were 20, and finally
60% of them were diagnosed with gestational hypertension, have been hospitalized, and 40% of them were in
the control group.Elevated homocysteine levels can be considered as a factor in the etiology of preeclampsia.
The type of diet and dietary antioxidants, including folic acid, in reducing homocysteine-induced oxidative
stress, and improve preeclamptic women is important.
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oxidative conditions. (21)Production of ROS
such as anion superoxide (- • O2), hydroxyl
radical (HO.), alkyl peroxide Radical (• ROO)
and alcoxyl radicals (• RO) can be enzymatic
and non-enzymatic. Mitochondria are the most
important cell organelles for the production of
radicals, especially • - O2 and H2O2 in
mammals(22)
(23)
(24)Therefore,
determination of free radicals, a marker of
oxidative stress, is proportional to the
condition of the organism may have an
important
role
in
homocysteine
metabolism(25) (26) (27)Beside damage from
free
radical-induced
oxidative
stress
conditions, the type of diet during pregnancy
and vitamin supplements, such as, folic acid
can act as an antioxidant Barrier(28)Since the
inverse association is between tHcy and
plasma-folate levels, so people who have lowplasma concentrations of vitamin are at risk of
hyperhomocysteinemia(29) (30) (31). Folic
acid is water-soluble vitamin, and despite the
need to get pregnancy to avoid disruption
process of the nervous system of the fetus,
NTD for antioxidant effects reduces oxidative
stress, and the concentration and oxidation of
homocysteine; therefore, diet and supplements
during pregnancy is important (32)
(2)Generally, after receiving a rich diet in
methionine,
methionine
demethylation
pathway began. Thus, methionine transforms
to the homocysteine with s-adenosyl
homocysteine
hydrolase,
and
methyltransferase enzymes and plasma
concentration of homocysteine increases,
because the way back to this stage of reaction
is dependent on the cycle of tetrahydrofolate.
So, the importance of folic acid reduces
plasma levels of homocysteine are clear. so
that the
5-methyltetrahydrofolate
of
tetrahydrofolate cycle renders. Methyl group
to homocysteine by demethylation of
methionine and homocysteine is converted to
methionine in the presence of methionine
synthase
(33)
(34).
and
obtained
tetrahydrofolate converts into 5-methyl
tetrahydrofolate in the presence of 5–10
dimethylene tetrahydrofolate and the cycle
continues (35) (36) (37)So, folic acid
supplementation
during
pregnancy
is
important to prevent hyperhomocysteinemia
and its complications, including stillbirth, i.e.,
very low birth weight, premature birth,
increased risk of preeclampsia, and neural tube
defects in newborns (38)The RDA for folic

INTRODUCTION
Pre-eclampsia is a syndrome which is
characterized by the increase in blood pressure
above 140/90, oedema and proteinuria, and is
one of the leading causes of maternal death
and of complications in pregnancy that can
occur in the second half of pregnancy
(1)Approximately 20 % of pregnant women in
developing countries and 5 % of pregnant
women worldwide are affected(2), and it is the
second leading cause of maternal death in
developing countries, including Iran(3) (4) (5)
(6) (7). Complications of preeclampsia can be
a significant increase in blood pressure,
although in the normal range, swelling on the
face, hands, and feet in the morning is
increased in weight( >450 g/week in the last
trimester of pregnancy), and protein in the
urine, etc. In severe cases puffiness, blurred
vision, headaches, irritability, and abdominal
pain are also added; and eclampsia symptoms
worsened, stretch muscles, convulsions, and
coma can occur(8, 9) Homocysteine (2-amino4-mercapto-butyric acid), is a sulphurcontaining amino acid without special codon
and is created by an essential amino acid
methionine demethylation from the diet.
Homocysteine has sulphydryl group, which
makes it more susceptible to other thiol
oxidation and disulphide formation(10) (11)
(12) (13) (14). Homocysteine is affected by
the amount of protein and increased vitamins,
and during exposure to oxidative stress in the
body, the use of sulfur-containing amino acid,
such as, cysteine and methionine increases
because they are converted to homocysteine by
trans-methylation and trans sulfuration
pathways, i.e., one of the risk factors for
cardiovascular
disease
(15),
oxidized
homocysteine produces free radicals, such as,
superoxide anion (16) (17) (18). ROS (reactive
oxygen species) in biological systems are
constantly produced by normal metabolism in
the body and are necessary for keeping
biological balance through various functions.
However, overproduction of these molecules
and radicals cause damage to the structure, and
function
of
the
cell
membrane,
polyunsaturated fatty acids, thiol groups in
proteins, and nucleic acids in DNA. (19)
(20)Generally, oxygen radicals are produced
continuously in all living organisms and the
devastating effects cause cell damage and
death; and their production increases in
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acid is 600 µg/day, and it is recommended to
have 400 µg/day of B-9. As a supplement and
200 µg/day of diet containing folate, including
green vegetables – citrus and fortified foods,
such as, bread, cereal foods fortified with
folate (1) (39). The present study aims to
investigate the effect of the concentration of
homocysteine and folic acid supplementation
on preeclampsia.

Homocysteine Measurement
The ELISA method was used to measure
homocysteine levels. In this method, the
separation of free decreased homocysteine to
three thiols and then converted it to SAH.
After removal of anti-SAH antibody,
monoclonal antibody labelled with peroxidase
was added, and peroxidase activity of the
antioxidant enzymes glutathione peroxidase
and superoxide associated with homocysteine
concentration was measured using a
spectrophotometer absorbed in the samples .

MATERIALS AND METHODS
Sample Selection
This case-control study was conducted based
on conscious informed consent of Medical
Ethics Committee on 116 pregnant women
admitted to teaching hospitals in Tabriz
(Taleghani and Al Zahra hospitals) in 2014.
and was based on objective selection criteria
for participation in the study: not smoking
materials drugs, lack of diseases such as
diabetes, heart disease and digestive disease,
no history of stroke, asthma or thyroid
disorders, and not taking medication. The
sample included 58 patients with preeclampsia; the pre-eclampsia criteria were
blood pressure higher than or equal to 140/90
and proteinuria higher than 300 mg per 24
hours’ urine. Other questions were asked, such
as age, the gestational stage, parity, height,
weight before pregnancy, weight at
hospitalization and folic acid intake. After
getting permission from Tabriz University of
Medical Sciences and introduction letters to
the hospitals, the admitted women selected
were informed of the study and a participation
satisfaction and consent questionnaire was
completed by them. To assess the condition of
the samples, test for homocysteine (hcy) was
performed. Fifty-eight pregnant women in the
gestational stage of the second half of
pregnancy who were referred to the hospital
for routine tests were selected as a control
group to identify confounding or interfering
parameters.
Blood Samples

receiving folic acid supplements
At the time of completing the questionnaire
containing personal information To evaluate
the effect of folic acid on serum levels of
homocysteine and preeclampsia Both the
patient and control groups receiving folic acid
supplements during pregnancy were examined
Statistical analysis
Statistical analysis was performed with SPSS
version18.0
software.
Statistically
comparisons were between the control group
and cases. Differences between mean values
were carried out using one-way analysis of
variance. Data are represented Mean ± SEM.
The differences were considered significant
when *P < 0.05.
RESULTS
The following table shows details of the two
groups’ average concentration parameters as
measured by the method above.
Table 1: Average concentration parameter
measured, including homocysteine in the two
groups of controls and case
Mean in contorol Mean in case Pvalue
HCY 7.458+3.667
11.12+4.511 0.005
HCY: homocysteine
As shown in the figure 1, there are significant
differences
in
serum
homocysteine
concentration among the groups of women
with and without pre-eclampsia, so that
women with pre-eclampsia (11.12+4.511)
show higher homocysteine levels than women

Full blood samples were taken over three
months from two hospitals affiliated with
Tabriz University of Medical Sciences.
Samples and centrifuged serums between this
time period and the measuring time were
frozen at a temperature of -20º.
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without
(P<0.05).

pre-eclampsia

(7.458+3.667)

Figure 1: Mean of homocysteine concentrations between the groups of women with and without preeclampsia
Group Statistics

SBP.PR

GROUP
case

Mean
146.7500

Std. Deviation
13.61782

Control

113.8889

9.40025

case

93.3621

9.29006

Control

74.2593

6.89595

DBP.PR

Std: standard Deviation
Table 3: The number of consumesr and those who were not used folic acid
GROUP
Not use b9
Use
Total

Control

Case

Total

8
47
55

12
49
61

20
96
116

In the study of 116 people, 96 subjects
received a supplement of folic acid during
pregnancy Forty-nine women were patients
with preeclampsia and 47 pregnant women
were in the control group. The people who
have not been received supplementation
during pregnancy were 20. Finally, 60% of
them have been diagnosed with gestational
hypertension and have been hospitalized, and
40% were in the control group.

DISCUSSION
Pre-eclampsia or gestational hypertension is a
multifactorial disorder that increases the
sulphur-containing amino acid homocysteine.
The aetiology is of general interest, since
homocysteine is a marker of vascular
disease(40) (41) (42) (43)Some foods contain
antioxidants, including vitamins C-E and folic
acid, which reduce homocysteine and preeclampsia the increased homocysteine level
reduces the amount of antioxidant enzymes,
including key elements in maintaining cellular
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homeostasis and reducing oxidative damage
(44) (45)found in some studies of TAS
reduction in women with pre-eclampsia
compared with normal pregnant women

homocysteine that is considered as a predictive
factor for preeclampsia.

(46)The use of proper antioxidants to enhance
total antioxidant capacity and reduce vascular
disease is recommended(47)Tryptophanfortified cereals are factors that enhance
TAS(48)Studies of the effects of tea and mint,
and other herbal extracts, on TAS in women
with pre-eclampsia show they reduce oxidative
stress and increase TAS in both mother and
foetus(49)Many studies on the etiology and
severity of preeclampsia have associated with
increased levels of homocysteine. Further, a
decrease in placental folate and metabolism
disorders related to folate have introduced as
pathogenic factors in preeclampsia(50)Many
studies on the etiology and severity of
preeclampsia have associated with increased
levels of homocysteine. Further, a decrease in
placental folate and metabolism disorders
related to folate have introduced as pathogenic
factors in preeclampsia (51)Among the factors
that are involved in the reduction of folic acid,
methylene tetrahydrofolate reductase gene
mutation,–inadequate intake of food–Sweden
absorption and liver disorders can be cited(52)
(53) (54)According to the recent studies
during preeclampsia homocysteine-induced
vascular disease increases, and the role of
serum levels of folic acid is significant
disagreement(55)Recognising the importance
of folic acid in reducing blood pressure much
research has been conducted. The study was
conducted on mice and the results indicate that
the intake of folic acid-rich diet low in
methionine increased the ratio of albumin to
creatinine and proteinuria, which is one of the
symptoms of pre eclampsia(56)Generally, lack
of cobalamin and folic acid deficiency
increases homocysteine that is a risk factor for
vascular disease, including high blood
pressure(57)In this regard, a recent study
results also suggest that the role of folic acid in
reducing the incidence of preeclampsia.

The authors wish to thank the patients for
participating in the study also we are grateful
from Drug applied Research Center, Tabriz
University of Medical Science for their
collaboration.

AKNOWLEDGEMENT

Conflict of Interest
The authors have declared no conflicts of
interest.
References
1.

2.

3.

4.

5.

6.

7.

8.

Conclusion
Increased homocysteine leads to oxidative
stress, and its effects in women with
preeclampsia, and a diet rich in antioxidants,
including folic acid supplements reduce the
effects of oxidative stress caused by

9.

5

1. Mahan LK, Escott-Stump S, Raymond JL,
Krause MV. Krause's food & the nutrition care
process: Elsevier Health Sciences; 2012.
2. Wen SW, Chen X-K, Rodger M, White
RR, Yang Q, Smith GN, et al. Folic acid
supplementation in early second trimester and
the risk of preeclampsia. American journal of
obstetrics and gynecology. 2008;198(1):45. e1. e7.
3. Polsani S, Phipps E, Jim B. Emerging new
biomarkers of preeclampsia. Advances in
chronic kidney disease. 2013;20(3):271-9.
4. NADAFI
M,
HOSSEINI
M,
AFRASIABYFAR
A,
MOMENI
E,
MALEKZADEH G. Paper: ASSOCIATION
OF HOMOCYSTEINE, VITAMIN AND
BLOOD FACTORS WITH PREECLAMPSIA
IN PREGNANT WOMEN.
5. Ghulmiyyah L, Sibai B, editors. Maternal
mortality
from
preeclampsia/eclampsia.
Seminars in perinatology; 2012: Elsevier.
6. Clark SL, Belfort MA, Dildy GA, Herbst
MA, Meyers JA, Hankins GD. Maternal death
in the 21st century: causes, prevention, and
relationship to cesarean delivery. American
journal of obstetrics and gynecology.
2008;199(1):36. e1-. e5.
7. Rahimi G, Tazakori Z, Shateri N. Relation
between Homocysteine serum levels and
pregnancy complicated with preeclampsia
occurrence. Journal of Ardabil University of
Medical Sciences. 2010;10(2):121-7.
8. Digre KB, Varner MW, Osborn AG,
Crawford S. Cranial magnetic resonance
imaging in severe preeclampsia vs eclampsia.
Archives of neurology. 1993;50(4):399-406.
9. Al-Mulhim A-A, Abu-Heija A, Al-Jamma
F, El-Harith e-H. Pre-eclampsia: maternal risk
factors and perinatal outcome. Fetal diagnosis
and therapy. 2002;18(4):275-80.

Vol.57,No.1 (May 2015)

SILVAE GENETICA (ISSN: 0037-5349)

10. 10. Bolander-Gouaille
C.
Focus
on
Homocysteine and the Vitamins Involved in its
metabolism: Involved in Its Metabolism:
Springer Science & Business Media; 2001.
11. 11. Miller AL. The methionine-homocysteine
cycle and its effects on cognitive diseases.
Alternative medicine review: a journal of
clinical therapeutic. 2003;8(1):7-19.
12. 12. Rees WD, Wilson FA, Maloney CA.
Sulfur amino acid metabolism in pregnancy:
the impact of methionine in the maternal diet.
The Journal of nutrition. 2006;136(6):1701S5S.
13. 13. Brosnan JT, Brosnan ME. The sulfurcontaining amino acids: an overview. The
Journal of nutrition. 2006;136(6):1636S-40S.
14. 14. Lentz S, Sadler JE. Inhibition of
thrombomodulin surface expression and
protein C activation by the thrombogenic agent
homocysteine. Journal of clinical investigation.
1991;88(6):1906.
15. 15. Piccione G, Casella S, Assenza A, Fazio
F, Caola G. Evaluation of serum homocysteine
and oxidative stress during lactation in ewes.
Czech J Anim Sci. 2008;53(Suppl 11):462-5.
16. 16. Cavalca V, Cighetti G, Bamonti F, Loaldi
A, Bortone L, Novembrino C, et al. Oxidative
stress and homocysteine in coronary artery
disease. Clinical chemistry. 2001;47(5):88792.
17. 17. Shiraishi M, Haruna M, Matsuzaki M, Ota
E, Murayama R, Watanabe E, et al.
Association between oxidized LDL and folate
during pregnancy. Biological research for
nursing. 2011:1099800411427581.
18. 18. Amaral LM, Pinheiro LC, Guimaraes DA,
Palei AC, Sertório JT, Portella RL, et al.
Antihypertensive effects of inducible nitric
oxide synthase inhibition in experimental pre‐
eclampsia. Journal of cellular and molecular
medicine. 2013;17(10):1300-7.
19. 19. Murphy M. How mitochondria produce
reactive oxygen species. Biochem J.
2009;417:1-13.
20. 20. Halliwell B, Gutteridge J. Role of free
radicals and catalytic metal ions in human
disease: an overview. Methods in enzymology.
1990;186:1.
21. 21. Halliwell B. Free radicals and other
reactive species in disease: Wiley Online
Library; 2005.
22. 22. Murphy MP. Mitochondrial dysfunction
indirectly elevates ROS production by the
endoplasmic reticulum. Cell metabolism.
2013;18(2):145-6.
23. 23. Kukat A, Dogan SA, Edgar D, Mourier A,
Jacoby C, Maiti P, et al. Loss of ucp2
attenuates mitochondrial dysfunction without
altering ros production and uncoupling
activity. PLoS genetics. 2014;10(6):e1004385.

24. 24. Yamamoto YY. Free radicals in
chemistry, biology and medicine: OICA
International (UK); 2000.
25. 25. Rogers EJ, Chen S, Chan A. Folate
deficiency and plasma homocysteine during
increased oxidative stress. New England
Journal of Medicine. 2007;357(4):421-2.
26. 26. Jordao Júnior AA, Domenici FA, Lataro
RC, Portari GV, Vannucchi H. Effect of
methionine load on homocysteine levels, lipid
peroxidation and DNA damage in rats
receiving ethanol. Brazilian Journal of
Pharmaceutical Sciences. 2009;45(4):709-14.
27. 27. Kashinakunti S, Sunitha H, Gurupadappa
K, Shankarprasad D, Suryaprakash G, Ingin J.
Lipid peroxidation and antioxidant status in
preeclampsia. Al Ameen J Med Sci.
2010;3(1):38-41.
28. 28. Mujawar SA, Patil VW, Daver RG. Study
of serum homocysteine, folic acid and vitamin
B12 in patients with preeclampsia. Indian
journal
of
clinical
biochemistry.
2011;26(3):257-60.
29. 29. Villar J, Merialdi M, Gülmezoglu AM,
Abalos E, Carroli G, Kulier R, et al.
Nutritional interventions during pregnancy for
the prevention or treatment of maternal
morbidity and preterm delivery: an overview
of randomized controlled trials. The Journal of
nutrition. 2003;133(5):1606S-25S.
30. 30. Januszeski S. When Roots Intertwine: The
Language and Politics of Raw Foodism:
Citeseer; 2013.
31. 31. Nilsson K, Gustafson L, Hultberg B, rn o.
Plasma homocysteine is a sensitive marker for
tissue deficiency of both cobalamines and
folates in a psychogeriatric population.
Dementia and geriatric cognitive disorders.
1998;10(6):476-82.
32. 32. Scholl TO, Johnson WG. Folic acid:
influence on the outcome of pregnancy. The
American journal of clinical nutrition.
2000;71(5):1295s-303s.
33. 33. Selhub J, Miller JW. The pathogenesis of
homocysteinemia:
interruption
of
the
coordinate regulation by S-adenosylmethionine
of the remethylation and transsulfuration of
homocysteine. The American journal of
clinical nutrition. 1992;55(1):131-8.
34. 34. Ueland PM, Refsum H. Plasma
homocysteine, a risk factor for vascular
disease: plasma levels in health, disease, and
drug
therapy.
J
Lab
Clin
Med.
1989;114(5):473-501.
35. 35. Shils ME, Shike M. Modern nutrition in
health and disease: Lippincott Williams &
Wilkins; 2006.
36. 36. Cattaneo M. Hyperhomocysteinemia,
atherosclerosis and thrombosis. Thromb
Haemost. 1999;81(2):165-76.

6

Vol.57,No.1 (May 2015)

SILVAE GENETICA (ISSN: 0037-5349)

37. 37. Abraham JM, Cho L. The homocysteine
hypothesis: still relevant to the prevention and
treatment of cardiovascular disease? Cleveland
Clinic journal of medicine. 2010;77(12):911-8.
38. 38. Balk EM, Raman G, Tatsioni A, Chung
M, Lau J, Rosenberg IH. Vitamin B6, B12,
and folic acid supplementation and cognitive
function: a systematic review of randomized
trials. Archives of Internal Medicine.
2007;167(1):21-30.
39. 39. Willett WC, Stampfer MJ. What vitamins
should I be taking, doctor? New England
Journal of Medicine. 2001;345(25):1819-24.
40. 40. Rumbold A, Duley L, Crowther CA,
Haslam RR. Antioxidants for preventing pre‐
eclampsia. The Cochrane Library. 2008.
41. 41. Polyzos NP, Mauri D, Tsappi M, Tzioras
S, Kamposioras K, Cortinovis I, et al.
Combined vitamin C and E supplementation
during pregnancy for preeclampsia prevention:
a
systematic
review.
Obstetrical
&
gynecological survey. 2007;62(3):202-6.
42. 42. Rumbold A, Crowther CA. Vitamin E
supplementation in pregnancy. The Cochrane
Library. 2005.
43. 43. Conde-Agudelo A, Romero R, Kusanovic
JP, Hassan SS. Supplementation with vitamins
C and E during pregnancy for the prevention
of preeclampsia and other adverse maternal
and perinatal outcomes: a systematic review
and metaanalysis. American journal of
obstetrics and gynecology. 2011;204(6):503.
e1-. e12.
44. 44. Mani M, Golmohammadi T, Khaghani S,
Zamani Z, Azadmanesh K, Meshkani R, et al.
Homocysteine Induces Heme Oxygenase-1
Expression via Transcription Factor Nrf2
Activation in HepG2 Cells. Iranian biomedical
journal. 2013;17(2):93.
45. 45. Brito JA, do Nascimento Marreiro D, Neto
JMM, e Silva DMC, de Sousa Almondes KG,
Neto JdDV, et al. Enzyme activity of
superoxide dismutase and zincemia in women
with
preeclampsia.
Nutr
Hosp.
2013;28(2):486-90.
46. 46. Gupta S, Aziz N, Sekhon L, Agarwal R,
Mansour G, Li J, et al. Lipid peroxidation and
antioxidant status in preeclampsia: a
systematic review. Obstetrical & gynecological
survey. 2009;64(11):750-9.
47. 47. Bravo R, Matito S, Cubero J, Paredes S,
Franco L, Rivero M, et al. Tryptophanenriched cereal intake improves nocturnal
sleep, melatonin, serotonin, and total
antioxidant capacity levels and mood in elderly
humans. Age. 2013;35(4):1277-85.
48. 48. Padmini E, Usha Rani M, Lavanya S.
Effect of mint and tea infusions on the
antioxidant
capacity
of
preeclamptic
endothelial
cells.
Asian
Journal
of

49.

50.

51.

52.

53.

54.

55.

56.

57.

7

Microbiology,
Biotechnology
and
Environmental Science. 2008;10(4):903-9.
49. Ray J, Diamond P, Singh G, Bell C. Brief
overview of maternal triglycerides as a risk
factor for pre‐ eclampsia. BJOG: An
International Journal of Obstetrics &
Gynaecology. 2006;113(4):379-86.
50. Mislanova C, Martsenyuk O, Huppertz B,
Obolenskaya M. Placental markers of folaterelated
metabolism
in
preeclampsia.
Reproduction. 2011;142(3):467-76.
51. Giugliani E, Jorge S, Goncalves A. Serum
and red blood cell folate levels in parturients,
in the intervillous space of the placenta and in
full-term newborns. Journal of Perinatal
Medicine-Official Journal of the WAPM.
1985;13(2):55-60.
52. Giugliani ER, Jorge S, Goncalves A.
Serum vitamin B12 levels in parturients, in the
intervillous space of the placenta and in fullterm newborns and their interrelationships with
folate levels. The American journal of clinical
nutrition. 1985;41(2):330-5.
53. Cetin I. Amino acid interconversions in
the fetal-placental unit: the animal model and
human studies in vivo. Pediatric research.
2001;49(2):148-54.
54. Camelo Jr J, Jorge S, Martinez F. Amino
acid composition of parturient plasma, the
intervillous space of the placenta and the
umbilical vein of term newborn infants.
Brazilian journal of medical and biological
research. 2004;37(5):711-7.
55. Daly S, Cotter A, Molloy AE, Scott J,
editors. Homocysteine and folic acid:
implications for pregnancy. Seminars in
vascular medicine; 2005.
56. Falcao S, Bisotto S, Gutkowska J, Lavoie
JL. Hyperhomocysteinemia is not sufficient to
cause preeclampsia in an animal model: the
importance of folate intake. American journal
of
obstetrics
and
gynecology.
2009;200(2):198. e1-. e5.
57. Klee GG. Cobalamin and folate
evaluation: measurement of methylmalonic
acid and homocysteine vs vitamin B12 and
folate. Clinical chemistry. 2000;46(8):1277-83.

