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Abstract                                                                                                                                                                                            

The objectives of the present study are to determine the activity of   superoxide dismutase (SOD)  in various regions of  
human placenta, and to correlate this activity with lipid peroxidation. To  follow up changes in SOD activity and lipid 
peroxidation during gestation, a female rat model was used and  pregnant females were sacrificed at 4, 7, 10, 14, and 18 days 
of gestation. Placentas were collected from 45 uncomplicated term pregnancies. Each placenta was sampled in 3 regions on 
the maternal and fetal side: central; mid placenta; and periphery. 5 gm of tissue were obtained for analysis and full thickness 
samples were obtained from the umbilical cord. In the rat, 2-3 placentas from each (female (n=4) were pooled and assayed 
while the cord for all placentas of the same female were pooled and assayed. The results show slight regional variations in 
the amount of lipid peroxidation as estimated by malondialdehyde (MDA) with the mid placental region of the fetal side 
being significantly higher than any of the other placental regions. MDA concentration in the placenta and umbilical cord of 
female rat progressively increased with progress of gestation (67% increase in the placenta and 90% increase in the 
umbilical cord). The results also show slight regional variations in SOD activity in the placenta being higher at the fetal site. 
The SOD activity in the umbilical cord was significantly higher than any of the placental regions. SOD activity in the 
placenta and umbilical cord of female rat progressively increased with the progress of gestation and after 10 days SOD 
activity in the umbilical cord was significantly higher than the placenta. The results clearly show that the increase of lipid 
peroxidation in the placenta and umbilical cord during gestation is coupled with an increase in SOD activity. The magnitude 
of SOD activity increase is higher to compensate for the increase in lipid peroxidation. 
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1. Introduction      * 

Normal cells have a number of protective scavenger 
enzymes that act as antioxidants to detoxify the harmful 
reactive oxygen radical and prevent cell damage. One of 
these enzymes is superoxide dismutase (SOD: ECl.15.1.1) 
which catalyses the dismutation of superoxide radicals into 
oxygen and hydrogen peroxide and is widely distributed in 
mammalian tissues (McCord and Fridovich,1969; 
Bannister et a1., 1987) including the placenta (Beckman, 
et al., 1973; Sekiba and Yoshioka, 1979; and Takehara et 
al, 1990). There are three SOD isoenzymes   
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(Beckman et al., 1973) in human beings: the souble 
cytosolic Cu/Zn SOD (Akbar et al., 1998); the manageese- 
contaning SOD (MnSOD) which is located in the matrix of 
the mitochondria (Bannsiter et al., 1987), and the 
extracellular form of SOD (Marklund, 1984; Chu et al., 
2006). 

Various studies dealt with the increase of lipid 
peroxidation and generation of free radicals during 
pregnancy (Ishihara 1978; Wickens et al., 1981; Wang , et 
al., 1991; Walsh 1994; Akihito et al., 2000; Warren et al., 
2005), but there is little information about placental lipid 
peroxides. It has also been suggested that placenta could 
contribute to the increase of lipid peroxidation (Diamant et 
al., 1980; Hubel et al., 1989), but little is known about the 
placental regional variation of this possible contribution.   

Although the presence of Cu/Zn SOD activity in human 
placenta has been known for more than 30 years (Beckman 
et al.,1973; Hien et al., 1974) there are only sporadic 
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reports about the regional distribution of this enzyme in 
the placenta during gestation time. The objectives of this 
study are: (1) to measure the activity of the enzyme 
superoxide dismutase  in various regions of human 
placenta immediately after delivery; (2) to determine the 
level of lipid peroxidation in the same placental regions; 
and (3) to correlate the level of lipid peroxidation with the 
activity of  superoxide dismutase. 

2. Materials and methods 

2.1. Collection and processing of human placenta 

Forty five placentas were collected from various 
maternity hospitals immediately after vaginal delivery and 
placed on ice. Each placenta was weighed  and sampled in 
three main regions on both maternal and fetal sides as well 
as the umbilical cord as  follows: 

 
a- central region: within 3 cm of the cord insertion, 
b- mid placenta: mid way between the cord insertion and 
margin, 
c- peripheral region: within 3 cm of the placental edge, 
umbilical cord: full thickness tissue samples were obtained 
from the umbilical cord (midway between the placenta and 
the umbilicus). 

At each sampling site 5g of tissue was obtained, split 
into a liquotes and then kept in deep freeze (-80 C) until 
the time of  processing. 

2.2. Female rat model 

Adult female rats weighing 250-300g were housed in 
groups of 4-5 in pvc cages (350x530 mm long x180 mm 
high) in an environment maintained at 19-22 C with 12/12 
h light/ dark cycle. Food and water were always available. 
Female rats were allowed to mate with male rats and the 
males were removed after pregnancy which was confirmed 
with the observation of vaginal plug. Pregnant females 
were sacrificed at various gestational age (4, 7, 10, 14, and 
18 days).  

Embryos were carefully removed, placenta and 
umbilical cords were separated and processed similar to 
human placenta as mentioned in section 2.1. Each 2-3 
placentas were pooled and ,assayed, but the cord of all 
placentas of the same female was pooled and assayed. 

2.3. SOD assay 

Placental tissues were homogenized in phosphate 
buffered saline (PBS, PH 7.4), sonicated and then 
centrifuged at 10.000 g for 25 min to obtain the cytosol 
fraction which was used to assay for Cu/Zn SOD. The 
assay was done according to the method of misra and 
Fridovich (1972) at 30 C . The amount of enzyme that 
causes 50% inhibition of epinephrine auto-oxidation is 
defined as 1 unit. 

2.4. Measurement of lipid peroxidation  

Lipid peroxidation  was measured by determining the 
malondialdehyde (MDA) production using thiobarbituric 
acid (TBA) (Buege and Aust,1978). The MDA level was 
measured in the cytosol fraction of placental homogenate. 
Lipid peroxides were measured after addition of  2ml of 
TBA reagent (15% w/v trichloroacetic acid and 0.25 N 

HCL) to l ml of cytosol fraction. The mixture was treated 
in a boiling water bath for 15 minutes. After cooling, the 
suspension was centrifuged at 1000 g for 10 minutes. The 
supernate was then separated and absorbance was 
measured at 535 nm. The MDA concentration was   
determined by the specific absorbance coefficient 
(1.34x105mol/cm3). 

2.5. Measurement of protein 

Protein concentration in the cytosol suspension was 
determined by a modification of the Lowry procedure 
(1951) as reported by Markwell et al., (1978) using bovine 
serum albumin as a standard.  

2.6. Statistical methods  

Statistical analysis was done using a t-test (SPSS for 
windows) by a personal computer. P values <0.05 were 
considered significant. 

3. Results 

3.1. Topographical data of maternal and placental records 

       
The placental tissue was collected from 45 

uncomplicated term pregnancies (38-40 weeks menestrual 
age). Mean weight of placenta was 720g (range 610- 945 
g). Medical records for the women from whom placentas 
were recovered revealed that the mean maternal age was 
28.4  years (range 19-38 years), mean gestational age was 
38.6 weeks (range 37-42 weeks), mean parity was 3.7 
(range 0-7), and mean birth weight of infants was 3028 g 
(range (2100-4030 g). Each placenta was sampled in 3 
main regions on both the maternal  and fetal sides. The 
various regions in the placenta which were dissected are 
indicated in Figure 1.  

3.2. Regional distribution of SOD activity in the placenta 

3.2.1. Regional distribution of SOD in human placenta 

Distribution of SOD activity in various regions of the 
placenta and the umbilical cord are shown in Table 1. 
There are slight regional variations in the SOD activity 
being relatively higher at the fetal site.  

There is no significant difference in SOD activity of 
various regions at the same site of the placenta. However, 
the central region of the fetal site has a significantly higher 
level of SOD (P<0.05) than any of the regions in the 
maternal site. Activity of SOD was significantly higher (P 
<  0.01) in the umbilical cord than any of the regions in 
either the maternal or fetal sites of the placenta.   

3.2.2. SOD activity in placenta of female rat 

Because the placenta of the rat embryo is much smaller 
than human placenta and the weight of each placenta was 
less than 0.5 g, regions of  the placenta were not dissected. 
Two or three placentas were pooled and processed for 
SOD activity. Changes in the SOD activity, in the placenta  
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Figure 1. Dissection of placental regions showing maternal and fetal sides of the placenta and the umbilical cord. Site of obtaining 
samples are indicated by *. Modified after Jendryczko et al. 1991) 

 
and the umbilical cord are shown in Table 2. SOD activity 
in either the placenta or the umbilical cord, progressively 
increased with the progression of gestational time. Until 7 
days of gestation, there was no significant difference in 
SOD activity in the placenta compared to the umbilical 
cord. Although the activity of the enzyme in the placenta 
or the umbilical cord showed slight progressive increase, 
such increase was not significant. At 10 days of gestation, 
SOD activity in the placenta increased 58%  while in the 
umbilical cord it increased about 2 folds. The increase in 
SOD activity in the placenta and the umbilical cord 
persisted throughout the rest of the gestational period. 
However, the increase was more evident in the umbilical 
cord. At 18 days, SOD activity in the placenta reached 2.1 
folds, while in the umbilical cord it reached 3.1 folds. 

3.3. Lipid peroxidation in the placenta 

3.3.1. Lipid peroxidation in human placenta 

Lipid peroxidation in various placental regions is 
shown in Table 3. The  average MDA concentration in the 
maternal side was 1.42  nmol/mg (range 1.41 – 1.53). In 

spite of the slight regional variation, there was no 
significant difference (P>0.05). The average MDA 
concentration in the fetal side was 1.72 nmol/mg (range 
1.62 – 1.83 ).  

There are slight regional variations in the MDA 
concentration being relatively higher  at the mid placental  
region. There is no significant difference in MDA 
concentration of various regions at the same site of the 
placenta.  

However, the mid placental region of the fetal site was 
significantly higher (P <  0.05) than any of the regions at 
the maternal site. Also the average MDA concentration in 
the fetal site was significantly higher (P <  0.05) than the 
average maternal site. The MDA concentration in the 
umbilical cord was significantly higher than either the 
maternal or the fetal site of the placenta (P<0.05). It was 
56% higher than the maternal site and 29% higher than the 
fetal site.   
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Table 1: Regional distribution of SOD activity in human placenta and umbilical cord 

 
Table 2 : Changes of SOD activity in placenta and umbiblical cord of female rat during gestation 

 
 
 
 

Table 3.  Lipid peroxidation in various regions of human placenta as estimated by MDA 
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3.3.2. Lipid peroxidation in the placenta of female rat 

Lipid peroxidation in the placenta of female rat is 
shown in Table 4. MDA concentration in the placenta and 
the umbilical cord progressively increased with the 
progression of gestational time. Until 10 days of gestation, 
there was no significant difference in lipid peroxidation 
between the placenta and umbilical cord. At 14 and 18 days 
the difference in MDA concentration between the placenta 
and the umbilical cord was significant (P <  0.05), with the 
umbilical cord being higher.  

MDA concentration in the placenta increased 67% at 18 
days while in the umbilical cord it increased 90%.  

4. Discussion 

     The current study determined the level of lipid 
peroxidation in human and female rat placentas. We found 
that the level of peroxidation in both the human and the rat 
placenta are comparable. Concentration of peroxidation as 
estimated by MDA in the placenta of female rat at 18 days 
(2 days before delivery) was higher than that in full term 
delivered human placenta. The level was 2.45 nmol/mg in 
the rat versus 1.5 nmol/mg (average of  the maternal and 
fetal regions) in humans (Table 3 and 4). The level is 63% 
higher in female rat.  

The placenta is a heterogenous tissue with 
membraneous nature (Ali et al., 1996); so different tissue 
compartments probably contributed to the tissue level of 
lipid peroxides (Roijmakers et al., 2004). This could 
explain the slight variation in the level of peroxidation at 

various regions of the placenta being relatively higher at 
the fetal site. In both human and female rat, the level of 
lipid peroxidation in the umbilical cord  was significantly 
higher than the placenta. In human placenta, the level of 
peroxidation in the umbilical cord was 47% higher than the 
placenta while in the female rat the level of peroxidation 
was about 12% higher. This indicates that the umbilical 
cord has a considerable contribution to the formation of 
lipid peroxides.  

The level of peroxidation in the placenta or the 
umbilical cord, as shown in the present study, is high 
compared to other tissues like liver or lung as reported by 
Beckman et al., 1973; Romero et al., 1998; Janssen and 
Tazzero, 2002). This high level could be due to increased 
thromboxane production as reported by various 
investigators ( Wang et al., 1992; Walsh and Wang, 1995; 
Cueto et al., 1997), which causes an increase in 
cyclooxygenase activity resulting in increased oxygen 
radical formation. Lipid peroxides are formed when oxygen 
radicals interact with polyunsaturated fatty acids. Since the 
placenta is a rich source of unsaturated fatty acids, the 
increased cyclooxygenase activity associated with 
increased thromboxane production could be coupled with 
increased placental peroxidation. 

 In this study, we also shown that lipid peroxidation 
progressively increases as gestation progress in both the 
placenta and the umbilical cord. The increase was 67% in  
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Table 4.   Lipid peroxidation  in the placenta and umbilical cord of female rat during gestation  as estimated by MDA 

 
the placenta and almost doubled in the umbilical cord 

(Table 4). Although several investigators (Sekiba and  
Yoshika, 1979; Wickens, 1981; Wang et al., 1992; 

Wang and Rogers, 1997) have also shown increased level 
of lipid peroxides during pregnancy (review Walch, 1994) 
this was in maternal blood and not in actual placental tissue 
as we have demonstrated. It is also worth mentioning that 
only scarce reports (Palan et al., 2001) are available about 
lipid peroxidaion in the umbilical cord compared to the 
placenta.  

We have shown in a previous study that the walls of  
blood vessels do have considerable amount of lipid 
peroxidation and this is much higher in the varicose veins 
(Wali et.al., 2002).        

In this study, we have also shown that SOD activity in 
the placenta exhibited slight regional  variations being 
higher at the fetal site of the placenta, particularly the 
central region (Table 1). The SOD activity was 
significantly higher in the umbilical cord than any of the 
placental regions of either the maternal or the fetal site. The 
level of SOD in the placenta of female rat at 18 days of 
gestation was 48% higher than in the human placenta (5.5 
units/mg in the female rat versus 3.71 units/mg in human).  

The level of SOD activity in the umbilical cord of 
female rat was 35% higher than that in humans.  

There was a progressive increase of SOD activity with 
progress gestation where the increase was 2 folds in the 
placenta and 3 folds in the umbilical cord (Table 2). 

Results in this study clearly show that the increase of 
lipid peroxidation in the placenta and the umbilical cord  
during gestation is coupled with an increase in SOD 
activity. The magnitude of the increase in SOD activity is 
higher than the increase of lipid peroxidation in female rat. 
Correlation of the increase in lipid peroxidation and the 
increase in SOD activity is shown in Figure 2. This 
indicates that although lipid peroxidation  increased with 
the progress of gestation, the antioxidant SOD activity has 
also increased to compensate for the increase in lipid 
peroxidation.  

Figure 2. Correlation between the magnitude of increase of 
lipid peroxidation and SOD activity in the placenta and the 
umbilical cord of female rat  with progress of gestation 
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Various investigators have reported the increase of lipid 
peroxidation during  pregnancy (Diamant et al., 1980; 
Hubel et al., 1989; Walsh, 1994) which seems to play an 
important factor in the pathogenesis of pre-eclampsia. 

 Recently, there has been a growing interest in using 
antioxidants to suppress lipid peroxidation in various 
tissues including the placenta (Chow, 2001; Raijmakers, et 
al., 2004). In a previous study, we have shown that 
treatment with vitamin E considerably reduced lipid 
peroxidation in spermatozoa and improved sperm motility. 
Therefore, supplementation with vitamin E could protect 
against the increase of lipid peroxidation in the placenta.     

References 

Akbar SA. , Nicholaides KH, and Brown PR. 1998. The 
localization of copper/zinc superoxide dismutase in human normal 
term placenta by an immunofluorescence technique. J.Obs. 
Gynecol 18(1): 44-46 
 
Ali KZM, Burton,G.J, Morad N, and Ali ME.1996.Does hyper 
capillarization influence the branding pattern of terminal villi in 
the human placenta at high altitude. Placenta 17: 677-682 
 
Bannister JV, Bannister WH, and Rotilio , G. 1987. Aspects of the 
structure , function, and application of superoxide dismutase. CRC 
Critical review Biochem 22: 111-180 
 
Beckman G., Lundgren E., and Tarvik A. 1973. Superoxide 
dismutase isozymes in different human tissues, their genetic 
control and intracellular localization. Human Heredity 23: 338-345 
 
Buchanan M.2006. Biological basis and clinical implications of 
acetylsalicylic acid resistance. Can J Cardiol 22: 149-151 
 
Chu y.,Piper R.,Yoshimasa W.,Patel,P., and Heistad 
D.D.2006.Endocytosis of extracellular superoxide dismutase into 
endothelial cells. Atheros Thrombo Vas Biol.26:1985-1990 
 
Cueto SM, Romany AD, Wang Y,  and Walsh S.1997. b- carotene 
attenuates peroxide-induced vasoconstriction in the human 
placenta. J Soc Gynecol Invest 4: 64-71  
 
Diamant S, Kissilewitz R, and Diamant Y. 1980. Lipid 
peroxidation system in human placental tissue : general properties 
and the influence of gestational age . Biol Reprod 23: 776-781  
 
Haliwell,B. 1996. Antioxidants in human health and disease. Ann 
Rev Nut. 16: 33-50 
 
Halliwell B, and Gutteridge JM. 1990. The antioxidants of human 
extracellular fluids. Arc Biochem Biophys 280: 1-8 
 

Hien PV , Kovacs K, and Matkovics B. 1974. Properties of 
enzymes, study of superoxide dismutase activity changes in human 
placenta of different ages.Enzyme 18: 341- 347 
 
Hubel CA, Roberts I.M, Tatlor N, Musci.TI., and Rogers G.M., 
Mclaughlin M.K. 1989. Lipid peroxidation in pregnancy: New 
prospectives on preecalmpsia. Am. J. Obs Gynecol 61: 1025-1034 
 
Ishihara M. 1978. Studies on lipoperoxide of normal pregnant 
women and of patients with toxemia of pregnancy. Clinica 
Chemica Acta 84: 1-9 
 
Janssen J. and Tazzero T. 2002 Involvement of TP and EP 
receptors in vasoconstrictor responses in pulmonary vasculature. J 
Pharmacol Exp Ther 301: 1060-1066  

 
Jendryczko A, Drozdz M ,and Wojcik A. 1991. Regional 
variations in the activities of antioxidant enzymes in the term 
human placenta. Zentrablatt Fur Gynakologie 113 (19): 1059-1066  
 
Kulkarni AP and Kenel MF.1987..Human placenta lipid 
peroxidation, some characteristics of NADPH microsomal fraction 
.Gen Pharma 18(5): 491-496 
 
Lowry OH, Rosenbrough  NJ , Farr AL, Ranadall RG. 1951. 
Protein measurement with the folin phenol reagent . J Biol Chem 
198: 265-268 
 
Marklund SL. 1984. Extracellular superoxide dismutase in human 
tissues and human cell lines . J Clin Invest 74: 1398-1403  
 
Markwell MAK, Haas SM, Bieber LL, and Tolbert NE . 1978. A 
modification of the Lowry procedure to simplify protein 
determination in membrane and lipoprotein samples. Anal 
Biochem 87: 206-210. 
 
McCord JM and Fridovich I.. 1969. Superoxide dismutase. An 
enzyme function for erythrocuprin (hemocuprein). J Biol Chem 
244: 6049-6055 
 
Misra HP, and Fridovich I.. 1962. The role of superoxide anion in 
the autooxidation of epinephrine and a simple assay for superoxide 
dismutase . J Biol Chem 247: 3170- 3174 
 
Polan PR, Mikhail MS, Romney SL. 2001. Placental and serum 
levels of carotenoids in preeclampsia. Obs Gynae 98: 459-462 
 
Raijmakers MT, Decherd R, Poston L. 2004. Oxidative stress and 
preeclampsia: Rational for antioxidant clinical 
trials.Hypertewnsion 44:347-384. 
 
Romero JB, Bosch-Morell F, Romero MJ, and Enrique J. 1998. 
Lipid peroxidation products and antioxidants in human disease. 
Health Prospect. Supp 106(5):20-24 
 
Sekiba K and  Yoshioka T. 1979. Changes of lipid peroxides and 
superoxide dismutase activity in the human placenta. Am J Obs 
Gynecol 135: 369-371 
 
Suleiman SA, Ali EM, Zaki MS, Elmalik A, Nasr MA. 1996. Lipid 
peroxidation and human sperm motility : Protective role of vitamin 
E. J Androl. 17(5): 530-537 
 
Takehara Y, Yoshioka T, Sasaki J.1990.Changes in the levels of  
lipoperoxide and antioxidant factors in human placenta during 
gestation. Acta Med Okayama 44(2): 103-111 
 
Uotila JT, Tuimala RJ , and Aarino TM. 1993. Findings on lipid 
peroxidation and antioxidant function in hypertensive 
complications of pregnancy. J Obs Gynecol 100: 270-276 
 
Walsh SW and Wang Y. 1993. Secretion of lipid peroxides by 
human placenta. Am J Obs Gynecol 169:1462-1466 
 
Walsh SW. 1994. Lipid peroxidation in pregnancy. Hyperten 
Pregnan 13(1): 1-32. 
 
Walsh SW and Wang Y. 1995. Trophoblast and placental villous 
core production of lipid peroxides ,thromboxanes and prostacyclin 
in pre-eclampsia. 
Wali MA, Suleiman SA., Kadoumi OF , and Nasr,M.A. 2002. 
Superoxide radical concentration and superoxide dismutase (SOD) 
enzyme activity in varicose veins. Ann Thoracic cardiovas Surg 8: 
286-290 



 © 2010 Jordan Journal of Biological Sciences. All rights reserved - Volume 3, Number 3 

 
132 

 
Wang Y Walsh SW, Guo J,and Zhang J. 1991. Maternal levels of 
prostacyclin, thromboxane,vitamin E , and lipid peroxides 
throughout normal pregnancy. Am J Obs Gynecol 165: 1690-1694 
 

Wang Y, Walsh SW,and Kay HH. 1992. Placental lipid peroxides 
and thromboxanes are increased and prostacyclin decreased in 
women with preeclampsia. Am J Obs Gynecol. 169:1462-1466  
 
Wang CC and Rogers MS. 1997. Lipid peroxidatioon in cord blood 
: effect of amniotic fluid volume .Br J Obs Gynecol. 104: 1140-
1144 

 


