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Abstract   
Folic acid modulates several disorders in humans, pregnancy mostly because of the mitochondria-rich 

placenta, is a condition that favors oxidative stress.Transitional metals, especially iron, which are 

particularly abundant in the placenta, are important in the production of free radicals. Adenosine deaminase 

(ADA), an enzyme essential for the differentiation of lymphoid cells, has been used for monitoring diseases 

with altered immunity. In the present study we investigated the effect of regular and irregular administered 

folic acid in the first and second trimester of pregnancy to be compared with non-pregnant women ,and also 

the effect of regular and irregular using of folic acid  supplement on  oxidative stress parameters and  

several biochemical features in first trimester pregnant women. Methods :The Hemoglobin  ,Random 

plasma glucose, transferrin, iron, adenosine deaminase  in addition to antioxidants(Total antioxidant 

capacity (TAC), Glutathione (GSH), Glutathione peroxidase (GSH-Px), Glutathione reductase (GSH-R) 

and Superoxide dismutase (SOD)), had been measured in studied groups[non pregnant women],group B-

I[first trimester], group B-II[second trimester who used folic acid supplementation regularly 5 mg daily] 

and group B-III  [second trimester who used folic acid supplementation irregularly].Results: The level of 

transferrin, adenosine deaminase (ADA), malondialdehyde (MDA) and  uric acid showed significant 

increase  by comparing group B-II and group B-III] ,also when compared to [non pregnant women],group 

B-I.Iron, Total antioxidant capacity (TAC), Glutathione (GSH), Glutathione peroxidase (GSH-Px), 

Glutathione reductase (GSH-R) and Superoxide dismutase (SOD) showed significant decrease  in group B-

II and group B-III  when compared to [non pregnant women and group B-I. In conclusion irregular 

supplementation of folic acid  increased indicators of lipid peroxidation in first trimester of pregnancy. 

Therefore, this regimen of supplemental folic acid may provide excessive amounts of folic acid and appears 

to increase the risk of oxidative stress.  
Key words: Folic acid, lipid peroxidation, adenosine deaminase ,antioxidants, transferrin, Iron and pregnancy . 
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*
 .قسى انخحهُلاث انًزظُت ، كهُت انخقُُاث انصحُت وانطبُت ، بغذاد 
**

 .قسى انكًُُاء ، كهُت انعهىو نهبُاث ، خايعت بغذاد ، بغذاد  
 

الخلاصة  
َُظى  حًط انفىنُك انعذَذ يٍ الاظطزاباث فٍ انبشز، خصىصا عُذ انحىايم بسبب وخىد انًشًُت انغُُت، بانًاَخىكىَذرَا وانخٍ 

انًعادٌ الاَخقانُت، وخاصت انحذَذ، يخىفزة بكثزة فٍ انًشًُت إظافت  نذورها  فٍ إَخاج اندذور إٌ .ححذد فُها انعذَذ يٍ عًهُاث الأكسذة  

نقذ بُُج انذراست حأثُز الاسخخذاو انًُخظى وغُز انًُخظى نحايط انفىنُك كًكًم . ظزورٌ نخًاَش انخلاَا انهًفاوَت، ADA إَشَىإٌ .انحزة

يسخىي , حى قُاص انهًُىغهىبٍُ .فٍ الأشهز انثلاثت الأونً وانثاَُت وبانًقارَت يع انُساء غُز انحىايم، إظافت  نخأثُزِ عهً الأكسذة  

 BI، يدًىعت (انُساء غُز انحىايم)، بالإظافت إنً يعاداث الأكسذة فٍ يدايُع عذة ADAوانحذَذ وإَشَى  transferrinكهىكىس، 

يهغى 5حىايم فٍ الأشهز انثلاثت انثاَُت انذٍَ اسخخذيىا يكًلاث حًط انفىنُك باَخظاو ) B-II، يدًىعت (حىايم فٍ الأشهز انثلاثت الأونً)

نقذ أظهزث انذراست . (فٍ الأشهز انثلاثت انثاَُت انذٍَ اسخخذيىا يكًلاث حًط انفىنُك بشكم غُز يُخظى حىايم ) B-IIIويدًىعت  (َىيُا

، وأَعا بانًقارَت يع ( B-IIIويدًىعت B-II ) وحًط انُىرَك بٍُ يدًىعت transferrin ،ADA ،MDAحصىل سَادة فٍ يسخىي 

بٍُ يدًىعت  SODو TAC ،GSH ،GSH-R GSH-Pxيسخىي انحذَذ، اظهزث انُخائح اَخفاض يهحىظ فٍ 0 (انُساء غُز انحىايم)

B-II  ويدًىعتB-III   يدًىعت (انُساء غُز انحىايم)، أَعا بانًقارَت يع ،BI.. ٌالاسخعًال غُز انًُخظى  َسخُخح يٍ انذراست  ا 

حشَذ  قذ الاسخعًال غُز انًُخظى نحًط انفىنُكنذنك فأٌ   ,انحًم الأشهز انثلاثت الأونً يٍ فٍ MDA يٍ يسخىي سادثقذ  انفىنُك نحايط

  .الأكسذة يٍ خطز

 .دي امٍىٍز ، مضادات الاكسدة ، تراوسفٍرٌه ، انحدٌد ، انحمم حامض انفىنك ، اكسدة اندهىن ، ادٌىىسٍه  :انكهمات انمفتاحٍة 
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Introduction 
Folic acid is a water-soluble vitamin 

essential for cell replication and DNA synthesis, 

repair and methylation 
(1)

. It plays an important 

role in the pathophysiology  of several disorders 

in humans including macrocytic anaemia, 

cardiovascular diseases 
(2)

, thromboembolitic 

processes 
(3)

, neural tube and congenital defects 
(4)

, adverse pregnancy outcomes 
(5)

, and 

neuropsychiatric disorders 
(6)

.Folic acid 

supplementation is believed to be safe and free 

of toxicity 
(7)

, it may demonstrate some 

undesirable  effects especially in some 

population not targeted for the dietary 

fortification 
(8)

. For instance, clinical and 

experimental studies suggest that folic acid 

possesses dual modulator effects on 

carcinogenesis, depending on timing and 

intervention dose 
(9)

. 

Pregnancy is a stressful condition in which 

many physiological and metabolic functions are 

altered to a considerable extent 
(10)

. At the 

present time lipid peroxidation has become an 

acceptable trend in medicine to consider at 

molecular level. Vascular endothelial 

dysfunction may be caused by uncontrolled lipid 

peroxidation 
(11)

. Pregnancy is characterized by 

dynamic changes in multiple body systems 

resulting in increased basal oxygen consumption 

and in changes in energy substrate use by 

different organs including the feto-placental unit. 

The human placenta influences maternal 

homeostasis; it is rich in mitochondria and when 

fully developed it consumes about 1% of the 

basal metabolic rate of the pregnant woman 
(12)

. 

It is also highly vascular and is exposed to high 

maternal oxygen partial pressure. These 

characteristics of the placenta explain, in part, 

the generation of superoxide anion 
(12)

 

The body protects itself from oxygen free 

radical toxicity by enzymatic antioxidant 

mechanisms (eg, Glutathione peroxidase (GSH-

Px), Glutathione reductase (GSH-R) and 

Superoxide dismutase (SOD) and by non-

enzymatic antioxidants (eg, vitamins, uric acid, 

albumin, bilirubin, and many others). 

Antioxidant enzymes reduce the levels of lipid 

peroxides as well as hydrogen peroxide and are 

important in preventing lipid peroxidation and 

maintaining the structure and function of 

biologic membranes. Superoxide dismutase 

(SOD)  catalyzes the dismutation of peroxide to 

hydrogen peroxide and GSH-Px catalyzes the 

oxidation of glutathione
(13)

.Adenosine deaminase 

(ADA) catalyzes the hydrolytic deamination of 

adenosine to inosine and 2- deoxyadenosine  to  

 

2-deoxyinosine 
(14)

. Adenosine deaminase is 

widely distributed in human tissues, especially in 

the lymphoid tissues, and it is essential for the 

maturation and function of human blood 

monocytes and macrophages 
(15)

. 

The aim of the present study is to assess the 

effect of folic acid supplementation on 

Adenosine deaminase,lipid peroxidation and 

enzymatic antioxidant activities in the normal 

pregnant women (First trimester)and second 

trimesters who used folic acid supplementation 

regularly(5mg daily) or  irregularly as compared 

to non pregnant women. 
 

Material and Methods 
The present study comprises 65 normal 

pregnant women ranging in age mean± SD 

(32.24±5.25) years from antenatal care centers 

located in Baghdad during their first trimester 

and assessed in the second trimester were 

selected from those attending for antenatal 

checkup to the  hospital, in addition to 25 healthy 

non-pregnant women as control ranging in age 

mean ±SD (31.01±4.25) years. Women with 

obesity, diabetes mellitus under medication and 

untreated diabetes, Severely anemic (<7.0gm% 

of Hb) and those suffering from any other 

systemic disorder were excluded from the study. 

Analysis of studied parameters was performed 

by taking 10 ml of blood was drawn by 

venipuncture and collected in a heparinized tube 

(10 units/ml of blood). Women were divided into 

the following groups: group A- 25 healthy non-

pregnant women, group B- healthy pregnant 

women, further sub-divided into three sub-

groups: group B-I (1st trimester) in the early 

days of pregnancy and before the use of folic 

acid, group B-II (2nd trimester who used folic 

acid supplementation regularly-5mg daily) and 

group B-III (2nd trimester who used folic acid 

supplementation irregularly). The following 

parameters were analyzed within 10-15 minutes 

of collecting blood sample. Random plasma 

glucose(RPG), Hemoglobin (Hb) and uric acid  

levels were measured by spectrophotometeric 

methods supplied by Giesse Diagnostic .Plasma 

iron level was measured by spectrophotometeric 

methods supplied by Biolabo, France. Total 

antioxidant capacity (TAC) in plasma samples 

was carried out according to Rice -Evans and 

Miller 
(16)

. Plasma malondialdehyde(MDA) was 

determined according to the modified method of 

Satoh 
(17)

. Glutathione (GSH) was estimated by 

the method of Beutler’s method
(18)

. Glutathione 

peroxidase (GSH-Px) activity were determined 
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according to Pleban’s method 
(19)

. Glutathione 

reductase(GSH-Px)  activity was determined 

according to a modified method of Lee. K and et 

al
(20)

. Superoxide dismutase(SOD) activity was 

determined according to the method of Misra HP 

and Fridovich I 
(21)

. Adenosine deaminase 

(ADA) activity was measured by using Giusti’s 

method 
(22)

Transferrin was measured by using 

Mancini method 
(23)

.    
All statistical analyses in studies were 

performed using SPSS version 17.0 for Windows 

(Statistical Package for Social Science, Inc., 

Chicago, IL, USA). Descriptive analysis was 

used to show the mean and standard deviation of      

variables. The significance of difference between 

mean values was estimated by Student T-Test. 

The probability P< 0.05 = significant, P> 0.05 = 

non-significant . Correlation analysis was used to 

test the linear relationship between parameters. 

Analysis of variance (ANOVA) test was used to 

show the differences between variables of 

differentiated groups. 
 

Results   
Demographic distribution of groups of 

women according to certain characteristics were 

shown in table 1.    

 

Table 1: The mean and standard deviation of Age, weight and Gestation age in group A group 

A(nonpregnant women),group B-I[first trimester), group B-II[second trimester who used folic acid 

supplementation regularly] and group B-III  )second trimester who used folic acid supplementation 

irregularly). 
 

 

There were a significant different in mean 

value of  Hb, RPG, .transferrin and iron in 

groupA[non pregnant women],group B-I[first 

trimester],group B-II[second trimester who used 

folic acid supplementation regularly]and group 

B-III  [second trimester who used folic acid 

supplementation irregularly] as shown in  table 2

.  

Table 2: The mean and standard deviation of Hb, RPG, transferrin and iron in group A group 

A[(non pregnant women),group B-I[first trimester), group B-II[second trimester who used folic acid 

supplementation regularly] and group B-III  (second trimester who used folic acid supplementation 

irregularly) 
 

 Results were expressed as the mean±SD. 

a  P <0.01 compared with control group. 

b P <0.01 compared with group B-I. 

c P <0.001 compared with control group 

d P <0.001 compared with group B-I 

 
 

Characteristic 
Group A 

[n=25] 

Group B-I 

[n=65] 

Group B-II 

[n=35] 

Group B-III 

[n=30] 

Age[year]     Mean ±SD 

Range 

31.01±4.25 

23.90-40.90 

32.24±5.24 

24.80-42.80 

31.24±4.54 

25.00-40.80 

32.00±3.54 

25.20-42.90 

Weight[Kg]   Mean ±SD 

Range 

68.15±10.84 

55.30-79.98 

69.07±11.94 

52.00-78.60 

70.07±10.86 

54.00-79.76 

70.80±11.66 

53.90-81.00 

Gestation age [weak] 

Mean ±SD 

Range 

 

--------- 

 

4.60±0.57 

4.50-6.00 

 

13.71±0.92 

12.5-14.50 

 

13.82±0.92 

12.4-14.50 

Characteristic 
Group A 

[n=25] 

Group B-I 

[n=65] 

Group B-II 

[n=35] 

Group B-III 

[n=30] 

Hb[g/dl] 11.98 ± 1.2 11.47 ± 1.1 11.10 ± 1.57
a
 10.4 ± 1.23

b, c
 

RPG [mg/dl] 102.78±5.57 103.71±7.62 103.95±6.51 106.78±5.83
a
 

Transferrin [mg/dl] 264.34±18.23 269.34±27.28 278.94±29.84
a,b

 293.62±30.32
 c,d

 

Iron [µg/dl] 102.65±12.71 96.04±18.67 89.99±19.33
a

 84.23±21.59
b,c
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Table 3 showed mean and standard deviation 

of ADA,TAC, MDA, uric acid, glutathione, 

GSH-R, GSH-Px and SOD in group A [non 

pregnant women], group B-I[first trimester], 

group  B-II[second trimester who used folic acid 

supplementation regularly] and group B-III  

[second trimester who used folic acid 

supplementation irregularly]. 

  

Table 3: The mean and standard deviation of TAC,MDA,ADA,GSH,GSH-R ,GSH-Px and SOD in 

group A(non pregnant women),group B-I[first trimester), group B-II[second trimester who used folic 

acid supplementation regularly] and group B-III  (second trimester who used folic acid 

supplementation irregularly)  

 

Characteristic 
Group A 

[n=25] 

Group B-I 

[n=65] 

Group B-II 

[n=35] 

Group B-III 

[n=30] 

ADA  [U/L] 16.45 ± 3.13 21.78 ± 8.45
a
 22.55 ±7.04

a
 24.86 ±8.34

c,b
 

TAC [µmol/L] 435.48±26.42 368.57±25.32
 c
 298.57±23.56

c,d
 288.49±20.32

 c,d
 

Uric acid [mg/dl/] 
3.51±1.09 

 

3.92±0.90 

 

4.76±1.40
a,b

 

 

5.08±1.50
c,d

 

 

MDA    [µ mol/L] 1.24+0.10 1.44+0.14
a
 1.69+0.16

a,b
 1.80+0.18

 c,b
 

GSH  [mg/dl] 57.81 ± 7.46 46.61 ± 8.98
c
 39.79±8.44

 c,d
 34.35±9.32

 c,d
 

GSH-R [IU/gm Hb] 12.32+4.37 11.17+2.20 10.39+3.07
 a,b

 7.89±2.83
 c,d

 

GSH-Px [IU/gm Hb] 36.98+4.84 32.27+3.26
 a
 27.34+3.98

 c,d
 23.14+5.17

 c,d
 

SOD [IU/gm Hb] 709.79+138.25 657.40+76.28
 c

 601.64+105.92
 c,d

 570.20+110.33
 c,d

 

Results were expressed as the mean±SD. 

a  P <0.01 compared with control group. 

b P <0.01 compared with group B-I. 

c P <0.001 compared with control group 

d P <0.001 compared with group B-I 
 

Discussion  
 Iron deficiency anemia is considered the 

most widespread complication of pregnancy. 

Severe anemia (hemoglobin (Hb) less than 80 

g/l) in the first half of pregnancy is proved to be 

associated with preterm delivery and for small 

gestational age fetus 
(24-27)

. In contrast, the values 

of borderline anemia (95–105 g/l of Hb) appear 

to be related to the minimum incidence level of 

preterm delivery 
(28)

. This is attributed to the fact 

that high (over 120 g/l) values of hemoglobin 

might indicate the inadequacy of adaptational 

plasma volume expansion in the third trimester 

rather than an iron-replete state of the woman 
(29)

. From the result obtained from the current 

study ,demonstrated that increase in transferrin 

levels during the second trimester of pregnancy. 

It is possible that plasma transferrin rises earlier 

during pregnancy in those with concomitant iron 

deficiency
 (30)

.The administration of 

supplemental folic acid in this series has 

probably contributed to the later rise in plasma 

transferrin.  

         

   

Adenosine deaminase  is a necessary enzyme for 

the differentiation of lymphoid cells, and 

changes in ADA activity reflect alteration in 

immunity
(15)

.Karabulet et al have opinion that 

increased ADA as a marker of immunological 

disorder may be connected to the pathogenesis of 

the disease 
(31)

. Normal pregnancy has been 

associated with low cell immunity 
(32)

, and thus, 

plasma ADA activity may play a significant role 
(33)

. There have been contradictory information 

about the changes in the activity of plasma ADA 

in normal pregnancy compared to the age-

matched non-pregnant women 
(34,35)

.  

However, to our knowledge, only few studies 

have been performed investigating the changes 

in plasma ADA activity according to gestational 

age, and the clinical significance of changes in 

ADA activity throughout normal pregnancy has 

not been elucidated 
(34)

 and no other study 

referred to the effect of folic acid supplement on 

ADA level. 
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The oxidative stress is the principal causal 

factor, is reflected by increase in MDA and 

decrease in TAC activity. Significant decrease in 

TAC is observed in normal pregnant women. 

This finding is consistent with the report of 

Davidge et al 
(36)

and Harma et al 
(37)

.In the 

present  study  there a  significant  decrease  in 

TAC  level  in  group  B-II and group B-III  

when compared to group B-I and also to control 

group . If concentrations of uric acid were 

subtracted from TAC, this give an signal of the 

possible change in other contributors to the 

overall antioxidant capacity (e.g. vitamins C, E 

and thiols), since uric acid is considered to be 

one of the major determinants of TAC 
(38)

. 

The results of this study clearly show that 

the levels of MDA, were statistically elevated in 

groups of B-I,B-II and B-III compared to the 

control group. A significant changes were 

observed in the second trimester [B-II,B-III ]of 

pregnancy compared to the first trimester of 

pregnancy MDA , these  result  may  be  due  to 

the effect of regularly and irregularly using folic 

acid . The body counteracts the oxidative stress 

in normal pregnancy through the induction of 

some enzymes such as, catalase, SOD, 

glutathione peroxidase, as well as through non-

enzymatic free radicals scavengers i.e., vitamins 

C and E, and  uric acid. Pregnancy is a 

physiological condition in which, women are 

more prone to oxidative stress, due to an 

imbalance between the prooxidant-antioxidant 

factors 
(39)

. A proper balance between oxidative 

stress and antioxidant systems during pregnancy 

is important. The involvement of 

hypoxia/oxidative stress in the path physiology 

of a variety of pregnancy complications 

including preterm labor miscarriage, fetal growth 

restriction and preeclampsia was reported 
(40)

.                                 

Glutathione is a naturally occurring 

tripeptide whose nucleophilic and reducing 

properties play a central role in the metabolic 

pathways of most aerobic cells 
(41)

. The roles of 

GSH in biological systems include protection 

against reactive oxygen compounds, other toxic 

compounds of endogenous and exogenous origin 

and free radicals. In addition to its role in the 

maintenance of the redox potential within cells, 

it is also a key component of the antioxidant 

system, since GSH is the substrate for 

glutathione peroxidase, these result showed who 

the regularly using of folic acid supplement  to 

prevent decrease in level of these factors.     

The present study findings in normal 

pregnancy of decreased  GSH , GSH-R, GSH-Px  

and SOD  activities allow us to confirm 

observations made previously that oxidative 

damage is higher in healthy pregnant women 

than in non-pregnant women.  

The marked increase in plasma ADA  during 

the study may reflect, in part, an immunity 

response due to free radical generation 

consequent to repeated loading of the intestine 

with unabsorbed iron  or the oxidative stress may 

be due to a more generalized nature in the whole 

organism. We conclude that plasma ADA 

activity can be used as a marker of altered cell-

mediated immunity in pregnancy, and the 

significance of the regulatory mechanisms that 

alter the activity of plasma ADA may be affected 

by taking folic acid supplements  regularly and 

irregularly.  Further studies of folic acid 

supplementation and markers of inflammation 

are needed to differentiate the effects of iron 

storage and 

inflammation on circulating levels of ADA and 

the level of antioxidants in plasma of pregnant 

women. 

In conclusion folic acid supplementation 

irregularly increased indicators of lipid 

peroxidation in first trimester of pregnancy. 

Therefore, this regimen of supplemental folic 

acid  may provide excessive amounts of folic 

acid and appears to increase the risk of oxidative 

stress. Larger and longer term studies with 

different doses and modalities of folic acid of 

supplementation on lipid peroxidation and 

oxidative stress in women of childbearing age, 

pregnant or not, and in children, need to be 

undertaken to expand the results of this study.  
 

References 
1. Blount B.C.,Mack M, Wehr C, MacGregor 

J.T., Hiatt R.A., Wang G., Wickramasinghe 

S, Everson B, Ames B.N.,.Folate deficiency 

causes uracil misincorporation into human 

DNA and chromosome breakage: 

implications for cancer and neuronal 

damage. Proceedings National Academy of 

Science USA,1997 ,94: 3290-3295. 

2.  Boushey C.J., Beresford A.A., Omen G.S.  

and Motulsky A.G., A quantitative 

assessment of plasma homocysteine as a risk 

factor for vascular disease. J. American 

Medical Association, 1995, 274: 1049-1057. 

3.  Ray J.G., Meta analysis of 

hyperhomocysteine as a risk factor for 

venous thromboembolitic disease., Archive 

of Internal Medicine, 1998,158: 2101-2106. 

4. Berry R.J., Zhu L., Erickson D.J., Song L, 

Moore C, Wang H, Mulinare J., Zhao P., 



Iraqi J Pharm. Sci, Vol.22 (1) 2013                                                   Folic acid and selected oxidative stress                                                          

 

55 

 

Wong L, Gindler G, Hong S. and Correa A., 

Prevention of neural tube defects with folic 

acid in China. New England J. Medicine, 

1999, 341:20 : 1485- 1490. 

5. George L., Mills J and JohanssonA., Plasma 

folate levels and risk of 

spontaneousnabortion. J. American Medical 

Association, 2002,288: 1867-1873. 

6. Seshadri  S., A. Beiser, J. Selhub, P.F. 

Jacques, I.H. Rosenberg, R.B. D’Agostino, 

P.W. Wilson and P.A. Wolf, Plasma 

homocysteine as a risk factor for dementia 

and Alzheimer’s disease. New England J. 

Medicne, 2002,346: 476-483. 

7.  Campbell  N.R., How safe are folic acid 

supplements? Archive of Internal Medicine, 

1996,156: 1638-1644. 

8.  Kim  Y.I., Folate and DNA methylation: a 

mechanistic link between folate deficiency 

and colorectal cancer? Cancer 

Epidemiological Biomarkers Prev., 2004, 

13: 511-519. 

 

 


