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Abstract 
Background: Maternal type 1 diabetes is associated with an increased risk for fetal malformations. The 

mechanism by which diabetes caused teratogenic disorders is not fully known. Previous studies have 

demonstrated that many teratogenic diabetic cases were related to free radical oxygen species. This study 

was conducted to evaluate the effect of maternal diabetes on both embryo and placenta by estimating the 

oxidative and DNA damage in embryo and placenta of diabetic mellitus- induced rats. The possible role of 

olive leaves extract of Olea europaea ( O. europaea ) plant in repairing the damage was also assessed.   

Material and Methods:.  Diabetes mellitus was induced by streptozotocin (STZ) by a single intraperitoneal 

injection (35 mg/kg b wt). O.europaea leaves water extract was administered orally (550 mg/ 100g b wt/ 

day) for 5days before pregnancy and18 days after. Malondealdehyde (MDA) level, glutathione peroxidase 

(Gpx) and superoxide dismutase (SOD) activities and glycogen concentration were measured in term 

embryo and placenta homogenates of diabetic and control rats. Moreover, the evaluation of DNA damage 

was carried out by the Alkaline Comet Assay using embryos and placentas taken from STZ-induced 

diabetic and control pregnant rats. 

Results: the results showed an elevation in MDA level of the diabetic groups of both embryo and placenta 

compared to that of the control. This was accompanied by reduction in Gpx and SOD activities indicating 

oxidative damage.      Glycogen level was reduced in diabetic groups of embryo and placenta. Both 

oxidative and hyperglycemic status were improved in the groups treated with olive leaves water extract. 

The percentage of tail DNA and tail moment values were also higher in both embryo and placenta of the 

diabetic -induced rats. DNA damage seems to be partly ameliorated in groups treated with O. europaea 

leaves water extract. 

Conclusion: This study indicated that maternal hyperglycemic condition in diabetic- induced pregnant rats 

could generate oxidative and DNA damage to embryo and placenta that could be ameliorated by oral doses 

of olive leaves water extract. 

Key words: diabetes mellitus, hyperglycemia, oxidative stress, embryo, placenta, DNA damage, Alkaline 

Comet Assay, olive leaves. 

 

Introduction    
    Maternal diabetes constitutes an unfavorable 

environment for embryonic and fetoplacental 

development. Despite current treatments, 

pregnant women with either type 1 or type 2 

diabetes are at increased risk of miscarriage, 

placental abnormalities, and intrauterine 

malprogramming.(1, 2, 3, ) The worldwide 

increase in the incidence of diabetes, in women 

at reproductive ages brings about growing 

interest in the use of experimental diabetic 

models in order to investigate the mechanisms 

of induction of developmental alterations in 

maternal diabetes. Experimental models of 

severe diabetes (glycemia > 300mg/dL), which 

reproduce the clinical conditions of poorly 

controlled type-1 diabetes, have been widely 

used.(4,5) However, only a few studies have 

evaluated the repercussions of diabetes on 

pregnant rats and/or their offspring (6) using 

models of mild diabetes (glycemia between 120 

and 300 mg/dL). 

Maternal hyperglycemia during the early stages 

of development may be sufficient to program 

changes in physiology and metabolism which 

are later manifested as adverse effects in 

diabetic pregnancy. (7) Hence, it is remarkable 

that glycemic control from the beginning of 

pregnancy is important for placental and 

embryofetal development. Oxidative stress 

plays a pivotal role in cellular injury caused by 

hyperglycemia. High glucose level can 

stimulate free radical production. Weak defense 

system of the body becomes unable to 
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counteract the enhanced ROS generation and as 

a result condition of imbalance between ROS 

and their protection occurs which leads to 

domination of the condition of oxidative stress. 
(8, 9) Oxidative stress represents 

pathophysiological mechanism lying behind 

occurrence of different acute and chronic 

diseases. Pregnancy, mainly due to placenta 

rich with mitochondria, is also being associated 

with the state of oxidative stress. Numerous 

markers have been proposed in order to test 

oxidative stress in pregnancy state.(10) 

Phytotherapy is frequently considered to be less 

toxic and free from side effects than synthetic 

drugs. In traditional practices, medicinal plants 

are used to control diabetes mellitus in many 

countries. This caused an increase in the 

number of experimental and clinical 

investigations directed toward the validation of 

the hypoglycemic (11) and/or anti-diabetic (12) 

properties of different medicinal plants.  Hence, 

the present study was designed to investigate 

the possible protective effect of crude water 

extract of olive leaves of Olea europaea plant 

against oxidative damage in embryo and 

placenta of STZ- induced diabetes in pregnant 

rats. 

 

Material and Methods 

Animals 

Virgin female albino rats (200 + 20 gm) were 

used in this study. Experimental animals were 

fed on standard rodent diet and were supplied 

drinking water ad- libitum.  

Induction of Diabetes mellitus  

 12 hrs -fasted female rats  became diabetic 

(Type1) with a single intraperitoneal injection 

of STZ ( 35 mg/ kg b wt), from Sigma (USA) 

diluted in 0.1mol/L of citrate buffer (pH 4.5) 

according to Holemans et al. .(13) 

Hyperglycemia in female rats before mating 

was verified by measuring the blood glucose 

level. A level of more than 250 mg/dl was 

selected for this study. 

Preparation of olive leaves extract 

Fresh leaves of O. europaea were shaded-dried 

after being thoroughly rinsed with sterile 

distilled water to remove dust, insecticides, and 

contaminating material, the olive leaves were 

ground into fine powder by a mechanical 

grinder. The powdered plant material was used 

in preparing the water extract to be 

administrated orally to female rats for 5 days 

before mating and for 18 days after pregnancy 

at a dose of 55 mg / 100 g b wt / day. The dose 

was calculated with reference to the human 

therapeutic dose. (14 ) 

 

Preparation of tissue homogenates 

Embryos and placentas were quickly extracted 

from the uterus and weighed separately. 

Homogenates were prepared by a manual  glass 

homogenizer using a fixed volume of ice cold 

saline solution. Supernatant was obtained after 

centrifugation at  4000 rpm for 30 min.   

Experimental design 

Pregnant rats were allocated into 4 groups (5 

females each): 

Group I: control untreated pregnant rats. 

Group II: pregnant rats were orally 

administrated with olive leaves extract. 

Group III: Diabetic pregnant rats. 

Group IV: Diabetic pregnant rats were orally 

administrated with olive leaves extract. 

Biochemical analysis 

Malondialdehyde (MDA) level (nmol/ mg 

tissue), Glutathion peroxidase (Gpx) and 

Superoxide dismutase (SOD) activities (mU/mg 

tissue and U/mg tissue respectively) in embryo 

and placenta homogenates were determined 

using BioVision Lipid Piroxidation Assay 

Kit.(15 ) Glycogn level (ug/mg tissue) was 

estimated in embryo and placenta homogenates 

according to Cappeln and Jessen. ( 16 ) 

Alkaline Comet Assay 

Evaluation of DNA damage in embryo and 

placenta was carried out by quantitative and 

qualitative extent of DNA damage in the cells 

by measuring the length of DNA migration and 

the percentage of migrated DNA. Generally, 50 

to 100 randomly selected cells were analyzed 

per sample. (  17 )  

Statistical  Analysis 

    Statistical analysis was performed using 

SPSS statistical package version 17.0. Data was 

expressed as mean ± SD of the mean. The 

parameters were analyzed with independent t-

test to compare the difference between treated 

groups and control. The difference between 
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groups was considered significant at p< 0.05. 

(18,19) 

 

Results 

   Embryos and placentas of all groups were 

used in this study to evaluate the effect of 

maternal hyperglycemia on the lipid 

peroxidation end product,   malondialdehyde 

(MDA) level, Glutathione peroxidase (Gpx) , 

Superoxide dismutase (SOD)activities and 

glycogen content. DNA damage was also 

assessed by the single cell gel electrophoresis 

assay(the Comet  Assay Technique).  

 The present results demonstrated a remarkable 

increase in MDA level (nmol/mg tissue) in 

embryos of the diabetic group compared to that 

of the control embryos (Figure 1). However, 

MDA values in embryos of olive leaves extract 

treated- diabetic group was improved but not 

restored to the normal value. Gpx and SOD 

activities (mU/mg tissue and U/mg tissue 

respectively) were also assessed (Figures 2,3). 

Both enzymes  showed dramatic elevation in 

their activities in the embryos of the diabetic 

group compared to that of control. On the other 

hand, activities of the two enzymes  in embryos 

in the plant extract group were markedly 

reduced.  Glycogen content (ug/mg tissue) 

showed non significant change in diabetic 

group compared to that of control (Figure 4) , 

while elevated in the group orally administrated 

with olive leaves extract. Changes in placenta 

MDA of control and diabetic groups are shown 

in figure (5). MDA level was increased 

markedly compared to that of the control group 

while its level was slightly reduced in the 

placentas of the diabetic – olive leaves treated 

group. Elevated activity of both Gpx and SOD 

was recorded in the placenta of the diabetic 

group which was reduced in diabetic- olive 

leaves orally administrated groups ( Figures 6 

and 7). Glycogen content of term placenta of 

diabetic group was not changed significantly 

compared to control  (figure 8). In olive leaves-

treated groups ( both control and diabetic) 

placenta glycogen level was increased above 

the control level as shown in figure (8). 

  Analysis of DNA damage 

   The image analysis software provides a full 

range of densitometric and geometric 

parameters describing the complete Comet, as 

well as the head and Tail DNA portions. Since 

the Comet Assay reflects the displacement of 

fluorescence from the head to the tail in 

damaged cells, the use of % Tail DNA ( the 

percentage of total nuclear DNA that has 

migrated to the tail) and tail moment (% Tail 

DNA x length) as the parameter to quantify 

basal levels of DNA damage, each slide was 

analyzed in duplicate and 50 cells per slide 

were scored. 

   The current study revealed DNA damage in 

placentas and embryos  in diabetic group as 

shown in table (1) and figure (9). Placentas of 

pregnant control (C), diabetic (D) and diabetic 

treated with olive leaves extract (D+O) groups 

are represented in table (1) and figure (9) as 

samples 1, 2 and 3 respectively. The percentage 

value of Tailed DNA of diabetic group treated 

with olive leaves extract was 13% compared to 

4% of the control group while DNA of placenta 

in diabetic group showed slight repair (10%). 

Similar observations were recorded for the 

DNA Tail length (u m), %  Tail DNA and Tail 

moment. Table (1) and figure (9) also 

demonstrated DNA damage in embryos of the 

corresponding groups as samples 4, 5 and 6. 

The percentage value of Tailed DNA was 

increased to be 16% in group (D) compared to 

control (6%) while a repair was noticed in 

embryos of group D+O. Similarly, the increase 

recorded in DNA Tail length (u m), % Tail 

DNA and Tail moment in embryos of diabetic 

group were repaired in the diabetic group 

treated orally with olive leaves extract. 

 

Discussion 
   Oxidative stress represents a 

pathophysiological mechanism lying behind the 

occurrence of different acute and chronic 

diseases. Pregnancy, mainly due to placenta 

rich with mitochondria, is also being associated 

with the state of oxidative stress. Many markers 

have been proposed in order to test oxidative 

stress in pregnancy state (10 ). Numerous data 

suggested that lipid peroxidation products and 

anti oxidative protection components change 

significantly in pregnancy. (20) Increased 

intensity of lipid peroxidation in pregnant 

woman placenta (21,22) has been reported. 
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However, natural  antioxidative response in 

healthy pregnant women is present at the level 

that ensures the protection from increased risk 

and it is a part of pregnancy physiology. (23) 

Increased level of MDA in diabetics suggests 

that peroxidative injury may be involved in the 

development of diabetic complications. The 

increase in lipid peroxidation is also an 

indication of decline in defense mechanisms of 

enzymatic and non enzymatic antioxidants. (24) 

Increased MDA level in plasma and many 

others tissues has been reported in diabetic 

patients (25, 26) indicating  increased lipid 

peroxidation. 

The placenta is a provisional organ that 

executes endocrine, metabolic and nutritional 

activities essential for the growth and survival 

of the fetus and for the control of pregnancy. 

Diabetes during pregnancy has been associated 

with some of placental disorders, The direct 

consequences of altered placental function on 

fetal growth and maturation are not yet fully 

understood; however, evolving data strengthen 

the view that ultrastructural placental 

abnormalities have a role in the developmental 

and functional disturbances found in the 

offspring of diabetic pregnancies.(27) 

   The current results revealed increase in MDA, 

Gpx and SOD in both placentas and embryos of 

STZ-induced diabetic rats indicating oxidative 

damage in their tissues. Spada et al. (28) reported 

that mild diabetes caused glycemia superior to 

120 mg/dL during pregnancy, increased 

superoxide dismutase, glutathione peroxidase, 

glutathione reductase activities, and 

malondialdehyde levels in the blood, and 

catalase activity in the placenta. Results of the 

present study are also in agreement with those 

found by White et al. (29) who found that Cu/Zn 

SOD was elevated in placentas from diabetic 

rats.  

   Normal fetal growth and development depend 

on a normal placental function. Some types of 

intrauterine growth restriction in human and 

animal fetuses have been related to disturbances 

in placental blood flow and/or defective 

transport of nutrients from the mother to the 

fetus.(30) Concerning oxidative damage in 

embryos, Cederberg el al.(31) found that the 

mRNA levels of catalase and Mn-SOD were 

increased in embryos as a response to maternal 

diabetes. In another study, Forsberg el al.(32) 

reported that  maternal diabetes in vivo and high 

glucose concentration in vitro induced increased 

MnSOD expression, concomitant with 

increased total SOD activity, and a tentative 

decrease in catalase expression and activity in 

the embryos.  

 An association between excess oxygen radical 

activity and disturbed embryogenesis in diabetic 

pregnancy has been suggested by Simán and  

Eriksson.(33) Thiobarbituric acid reactive 

substances (TBARS) were estimated as a 

measure of lipid peroxidation in maternal tissue, 

embryonic tissue, placenta, and fetal brain in 

the untreated diabetic rats. They reported that 

an imbalance in the metabolism of free oxygen 

radicals is involved in the embryonic 

maldevelopment of diabetic pregnancy.  

The present results showed that glycogen level 

in both embryos and placentas of STZ- induced 

diabetic group was not changed significantly. In 

in vitro experiments, Jawerbaum el al.(34,35) 

studied  glucose ,glycogen and triglycerides 

metabolism in uterine strips and in embryos 

isolated from controls and diabetic rats at day 

10 of pregnancy. They found differences in 

uterine metabolism of glucose, glycogen and 

triglycerides in controls and in diabetic rats, but 

metabolic differences have not been detected 

between embryos obtained from controls and 

from diabetic mothers. Also Moley el al.(36) 

reported that  glycogen and 6-phosphogluconate 

levels were not significantly different in 1-cell 

mice embryo cultures. In an experiment on 

diabetic mice, Cifuentes el al.(37) reported that 

embryonic liver glycogen was not affected by 

the maternal glycemic status. They explained 

the role of Glucokinase (GK, hexokinase type 

IV)  as it is required for the accumulation of 

glycogen in adult liver cells. Paradoxically, 

mammalian embryonic livers store glycogen 

successfully in the absence of GK. They 

described how mammalian embryonic livers, 

but not adult livers cells, manage to accumulate 

glycogen in the absence of this enzyme. 

Hexokinase type I or II (HKI, HKII) substitutes 

for GK in embryonic livers. 

    Plant-derived products used in therapeutic 

purposes usually do not produce any significant 
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side effects when properly administered. (38) 

Therefore, plants are good candidates for 

further investigations aimed at increasing the 

number of the armamentarium against diabetes 

mellitus. Olive tree (Olea europaea) leaves 

have been widely used in traditional remedies in 

European and Mediterranean countries as 

extracts, herbal teas, and powder. They contain 

several potentially bioactive compounds that 

may have hypoglycemic and antioxidant 

properties. (14)        Poudyal et al. (39)  

demonstrated that olive leaf, which includes 

poliphenols such as oleuropein and 

hydroxytyrosol, was observed to improve 

cardiac, hepatic and metabolic parameters by 

decreasing inflammation and oxidative stress in 

high fat fed rats. 
 Results of the current study revealed that oral 

administration of the olive leaves water extract 

to pregnant rats ameliorated the oxidative 

damage caused by hyperglycemia in STZ-

induced diabetic rats in both embryos and 

placentas of experimental groups. Multiple 

animal studies have shown the effectiveness of 

olive leaf extract is normalizing a variety of 

cardiovascular, hepatic and metabolic signs, 

most likely through reversing related chronic 

inflammation and oxidative stress.(40,41,42) 

  The Single Cell Gel Electrophoresis assay 

(also known as 'comet assay') is an 

uncomplicated and sensitive technique for the 

detection of DNA damage at the level of the 

individual eukaryotic cell. It was first developed 

by Östling & Johansson (43)and later modified 

by Singh et al..(17) It has since increased in 

popularity as a standard technique for 

evaluation of DNA damage/repair, 

biomonitoring and genotoxicity testing. It 

involves the encapsulation of cells in a low-

melting-point agarose suspension, lysis of the 

cells in neutral or alkaline (pH>13) conditions, 

and electrophoresis of the suspended lysed 

cells. The term "comet" refers to the pattern of 

DNA migration through the electrophoresis gel, 

which often resembles a comet. (44) The present 

results demonstrated oxidative damage in 

embryos and placentas of diabetic mothers 

compared to control. The image analysis results 

also showed DNA repair in embryos and 

placentas of diabetic mothers treated orally with 

olive leaves extract. DNA damage associated 

with diabetic pregnancy was documented by 

several authors . Lima et al.(45) demonstrated 

that DNA damage evidence which was noticed 

in  the maternal repercussions of diabetes is 

associated with oxidative DNA damage of their 

newborn. Another study also  provided 

evidence of oxidative damage in diabetic 

streptozotocin rats as evaluated using the 

Alkaline Comet Assay. It was also found that 

increased levels of glycemic status and lipid 

peroxidation products in diabetes rats, which 

also supported the hypothesis that enhanced 

lipid peroxidation could contribute to an 

increased formation of free radicals in diabetes 

mellitus. (45, 46)  

Conclusion 

   In conclusion, the results of the present study, 

suggest that maternal STZ-induced 

hyperglycemia might generate oxidative and 

DNA damage in term embryos and placentas of 

diabetic pregnant rats. Daily oral 

supplementation of olive leaves water extract to 

female rats prior to and during the gestational 

period ameliorated the oxidative and DNA 

damage in both embryos and placentas of the 

diabetic mothers. The use of this intervention 

should be further investigated on a large clinical 

scale in order to justify the above mentioned 

results concerning the interaction between the 

plant extracts and the drug used. 

 Acknowledgement 

The author greatly appreciates all the support 
and technical help provided by Prof. Dr. Hany 

Hassan, Animal Reproduction Research 

Institute. 

 

References 
1- Melamed N and Hod M (2009): Perinatal mortality 

in pregestational diabetes. Int J Gynaecol Obstet., 

104(1): 20–24. 

2- Simeoni U and Barker D J (2009): Offspring of 

diabetic pregnancy: long-term outcomes.Semin Fetal 

Neonatal Med .,14:119–124. 

3- VERMA R, MISHRA S and KAUL  J M ( 2010): 

Cellular changes in the placenta in pregnancies 

complicated with diabetes. Int. J. Morphol., 

28(1):259-264. 

4- Rudge MVC, Damasceno DC, Volpato GT, 

Almeida FCG, Calderon IMP, and Lemonica IP 

(2007): “Effect of Ginkgo biloba on the reproductive 

http://en.wikipedia.org/wiki/DNA_damage
http://en.wikipedia.org/wiki/Eukaryotic
http://en.wikipedia.org/wiki/Cell_(biology)


Oxidative Damage in Embryo… 

223 

 

outcome and oxidative stress biomarkers of 

streptozotocin-induced diabetic rats.” Brazilian 

Journal of Medical and Biological Research, 40(8): 

1095–1099.  

5- Volpato GT, Damasceno DC, Rudge MVC, 

Padovani CR, and Calderon IMP (2008): “Effect 

of Bauhinia forficata aqueous extract on the 

maternal-fetal outcome and oxidative stress 

biomarkers of streptozotocin-induced diabetic 

rats.” Journal of Ethnopharmacology, 116( 1): 131–

137.  

6- Sinzato Y K,  Volpato G T,  Iessi  I L,  Bueno  A,  

Calderon Iracema de Mattos P,  Rudge M V 

C, and  Damasceno DC (2012): Neonatally Induced 

Mild Diabetes in Rats and Its Effect on Maternal, 

Placental, and Fetal Parameters. Experimental 

Diabetes Research, Volume 2012 ID 10816.  

7- Doblado M and Moley KH (2007) “Glucose 

metabolism in pregnancy and embryogenesis.” 

 Current Opinion in Endocrinology, 14(6): 488–493. 

8- Halliwell B and Gutteridge J (2007): Free 

Radicals in Biology and Medicine Oxford University 

Press, New York, NY, USA, 4th edition. 

9- Pandey K B, Mishra N and Rizvi S I (2010): 

“Protein oxidation biomarkers in plasma of type 2 

diabetic patients,” Clinical Biochemistry, 43( 4-5) 

pp. 508–511. 

10- Gubaljeviæ J G and Èauševiæ A (2013): 

Monitoring changes in serum isoprostane 

concentration as a possible marker of oxidative 

stress in pregnancy. Journal of Health Sciences, 

3(3):227-231. 

11- El-Ridi MR (2001): A possible hypoglycemic effect 

of some medicinal plants used in United Arab 

Emirates. Bulletin of the Egyptian Society of 

Physiology and Science, 21: 9-16. 

12- Abdou H S, Salah  Sh H, Abd El Raouf A and 

Abdel-Rahim E A (2011): Chromosomal 

aberrations and nucleic acids systems affected by 

some Egyptian medicinal plants used in treating 

female pregnant diabetic rats. American Journal of 

Molecular Biology,1:26-32. 

13- Holemans K,  Gerber RT,  Meurrens K,  De 

clerck  F, Poston L and Van Assche  FA (1999): 

"streptozotocin diabetes in the pregnant rat induces 

cardiovascular dysfunction in adult offspring". 

Diabetologia, 42(1): 81-89. 

14- Waistein J, Ganz T, Boaz M, Bar Dayan Y, Dolev 

E, Kerem Z and Madar Z (2012): "Olive leaf 

extract as a hypoglycemic agent in both human 

diabetic subjects and in rats". J. Med. Food, 15 

(7):1-6. 

15- www.biovision.com , tech@biovisio.com 

16- Cappeln N and Jessen F (2002): ATP, AMP and 

glycogenin Cod Muscle at Onset and During 

Development of Rigor Mortis Depend on the 

Sampling Location. J.FoodSci., 67(3): 991-995. 

17- Singh NP, Mc Coy MT, Tice RR and Schneider 

EL (1988): A simple technique for quantitation of 

low levels of DNA damage in individual cells. Exp. 

Cell Res., 175: 184-191. 

18- Bailey NT (1994): In "Statistical methods in 

biology, 3rd edition". Cambridge University Press 

(UK). 

19- Daniel  W (1991): A foundation for analysis in the 

health. In: Biostatics, 5th edition. Edited by Johen 

Wiley and Sons, New York: 209-365. 

20- Babić N, Balić A, Balić D, Baraković F, 

Bogdanović G and Bukvić I (2007):      

Perinatology.Tuzla: University of Tuzla,: 205-336. 

21- Braekke K, Harsem NK and Staff AC (2006): 

Oxidative stress and antioxidant status       in fetal 

circulation in Preeclampsia. Pediatr Res., 60(5): 

560-4. 

22- Lappas M, Permezel M and Rice EG (2004): 

Release of Proinfl ammatory Cytokines and 8-

isoprostane from Placenta, Adipose Tissue and 

Skeletal Muscle from Normal Pregnant Women and 

Women with gestational Diabetes mellitus. J. Clin. 

Endocrinol. Metab., 89: 5627. 

23- Dalle-Done I, Rossi R, Colombo R, Giustarini D 

and Milzani A (2006): Biomarkers of Oxidative 

Damage in Human Disease. Clinical Chemistry, 

52(4):601-23. 

24- Saddala R R, Thopireddy L, Ganapathi N and 

Kesireddy S R (2013): “Regulation of cardiac 

oxidative stress and lipid peroxidation 

instreptozotocin-induced diabetic rats treated with 

aqueous extract of Pimpinella tirupatiensis tuberous 

root,” Experimentaland Toxicologic Pathology, 65( 

1,2): 15–19. 

25- Moussa S A ( 2008) : “Oxidative stress in diabetes 

mellitus” Romanian Journal of Biophysics, 18:     

225–236. 

26- Bandeira S de M, Guedes G da S, da Fonseca L J 

S, Pires A S, Gelain D P and Moreira J C ( 2012 

): “Characterization of blood oxidative stress in type 

2 diabetes mellitus patients: increase in lipid 

peroxidation and SOD activity,” Oxidative Medicine 

and Cellular Longevity, 2012, ID 819310. 

27- Zorn T M T, Zúñiga M, Madrid E, Tostes R, 

Forte Z, Giachini F  and SanMartínS(2011): 

Maternal diabetes affects cell proliferation in 

developing rat placenta, Histol. Histopathol., 26: 

1049-1056. 

28- Spada AP, Damasceno DC, Sinzato YK, Campos 

KE, Faria PA, Dallaqua B, Calderon IM, Rudge 

MV and Rodrigues T (2014): Oxidative Stress in 

Maternal Blood and Placenta From Mild Diabetic 

Rats. Reprod Sci.  Jan 23: [Epub ahead of print].  

http://www.hindawi.com/87073186/
http://www.hindawi.com/91563258/
http://www.hindawi.com/20393869/
http://www.hindawi.com/26291748/
http://www.hindawi.com/98172562/
http://www.hindawi.com/98172562/
http://www.hindawi.com/78259454/
http://www.hindawi.com/95082591/
http://www.biovision.com/
mailto:tech@biovisio.com
http://www.ncbi.nlm.nih.gov/pubmed?term=Spada%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=24458484
http://www.ncbi.nlm.nih.gov/pubmed?term=Damasceno%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=24458484
http://www.ncbi.nlm.nih.gov/pubmed?term=Sinzato%20YK%5BAuthor%5D&cauthor=true&cauthor_uid=24458484
http://www.ncbi.nlm.nih.gov/pubmed?term=Campos%20KE%5BAuthor%5D&cauthor=true&cauthor_uid=24458484
http://www.ncbi.nlm.nih.gov/pubmed?term=Campos%20KE%5BAuthor%5D&cauthor=true&cauthor_uid=24458484
http://www.ncbi.nlm.nih.gov/pubmed?term=Faria%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=24458484
http://www.ncbi.nlm.nih.gov/pubmed?term=Dallaqua%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24458484
http://www.ncbi.nlm.nih.gov/pubmed?term=Calderon%20IM%5BAuthor%5D&cauthor=true&cauthor_uid=24458484
http://www.ncbi.nlm.nih.gov/pubmed?term=Rudge%20MV%5BAuthor%5D&cauthor=true&cauthor_uid=24458484
http://www.ncbi.nlm.nih.gov/pubmed?term=Rudge%20MV%5BAuthor%5D&cauthor=true&cauthor_uid=24458484
http://www.ncbi.nlm.nih.gov/pubmed?term=Rodrigues%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24458484
http://www.ncbi.nlm.nih.gov/pubmed/24458484


Salwa K El- Nabarawy 

224 

 

29- White V, Capobianco E, Higa R, Martínez, N, 

Sosa  M, Pustovrh M C and Jawerbaum, A 

(2010): Increased nitration and diminished activity 

of copper/zinc superoxide dismutase in placentas 

from diabetic rats. Free Radical Research, 44(12): 

1407-1415. 

30- Cassady G (1981): The small-for-date infant In: 

Neonatology: Pathophysiology and management of 

the newborn. Avery G.B. (ed). Lippincott. 

Philadelphia. pp 262-286. 

31- Cederberg J,  Galli J, Luthman H and  Eriksson 

U J (2008): Increased mRNA levels of Mn-SOD and 

catalase in embryos of diabetic rats from a 

malformation-resistant strain. Toxicological 

Sciences, 105(1):166-172. 

32- Forsberg H ,  Borg H L A ,  Cagliero E  and  

Eriksson L J (1996): Altered Levels of Scavenging 

Enzymes in Embryos Subjected to a Diabetic 

Environment. Free Radic. Res., 24 (6) : 451-459. 

33- Simán C M and  Eriksson Ulf J (1997): Vitamin E 

Decreases the Occurrence of Malformations in the 

Offspring of Diabetic Rats. Diabetes, 46 (6):1054-

1061. 

34- Jawerbaum A,  Gonzalez E T,  Catafau J R,  

Rodriguez R R,  Gomez G,  Gimeno A L and  

Gimeno M A (1993): Glucose, glycogen and 

triglyceride metabolism, as well as prostaglandin 

production in uterine strips and in embryos from 

diabetic pregnant rats. Influences of the presence of 

substrate in the incubation medium. Prostaglandins,  

46(5):417-31 

35- Jawerbaum  A, Roselló Catafau J, Gonzalez 

ET, Novaro V, Gomez G, Gelpi E, Gimeno AL 

and Gimeno MA (1994): Glucose metabolism, 

triglyceride and glycogen levels, as well as 

eicosanoid production in isolated uterine strips and 

in embryos in a rat model of non-insulin-dependent 

diabetes mellitus during pregnancy. 

Prostaglandins,47(2):81-96. 

36- Moley H , M-Y Chi M, Manchester J K, 

McDougal D B, Jr and Lowry O H (1996): 

Alterations of Intraembryonic Metabolites in 

Preimplantation Mouse Embryos Exposed to 

Elevated Concentrations of Glucose: A Metabolic 

Explanation for the Developmental Retardation Seen 

in Preimplantation Embryos from Diabetic Animals. 

Biology of Reprpduction, 54:1209-1216. 

37- Cifuentes D,  Martı´nez-Pons C, Garcı´a-Rocha 

M,  Galina  A, Ribas de Pouplana L, and 

Guinovart J J (2008): Hepatic Glycogen Synthesis 

in the Absence of Glucokinase. J. Biol. Chem., 

283:5642-5649. 

38- Grover J K, Vats V, and Rathi S S  (2000): “Anti-

hyperglycemic effect of Eugenia jambolana and 

Tinospora cordifolia in experimental diabetes and 

their effects on keymetabolic enzymes involved in 

carbohydrate metabolism,” Journal of 

Ethnopharmacology, 73( 3): 461–470. 

39- Poudyal H, Campbell F and Brown L (2010): 

Olive leaf extract attenuates cardiac, hepatic and 

metabolic changes in carbohydrate-, high fat-fed 

rats. J Nutr.,140: 946-53. 

40- Jemai H, El Feki A and Sayadi S (2009): 

Antidiabetic and antioxidant effects of 

hydroxytyrosol and oleuropein from olive leaves in 

alloxan-diabetic rats. J Agric Food 

Chem., 57(19):8798-804. 

41- Boaz M, Leibovitz E, Bar Dayan Y and Julio 

Wainstein J (2011): Functional foods in the 

treatment of type 2 diabetes: olive leaf extract, 

turmeric and fenugreek, a qualitative review. 

Functional Foods in health and Disease, 11: 472-

481. 

42- ZARI T and AL-ATTAR  A M (2011): 

Therapeutic effects of olive leaves extract on rats 

treated with a sublethal concentration of 

carbendazim. European Review for Medical and 

Pharmacological Sciences , 15: 413-426. 

43- Ostling O and Johanson KJ (1984): 

Microelectrophoretic study of radiation-induced 

DNA damages in individual mammalian cells. 

Biochem. Biophy.Res.Commun., 123(1):291-8  . 

44- Tice R R (2000): "Single Cell Gel/Comet Assay: 

Guidelines for in vitro and in vivo Genetic 

Toxicology Testing. Environmental and Molecular 

Mutagenesis ,35 (3): 206-21. 

45- Lima PH, Sinzato YK, Gelaleti RB, Calderon 

IM, Rudge MV and Damasceno DC (2012): 

Genotoxicity evaluation in severe or mild diabetic 

pregnancy in laboratory animals. Exp. Clin. 

Endocrinol. Diabetes,120(5):303-7. 

46- Budin S B, Rejab N , Osman K , Mohamed J , 

Mohd Top A G, Nazaimoon W, Mohamud W and 

Abu Bakar M (2005): Assessment of DNA Strand 

Breakage in Streptozotocin-induced Diabetic Rats. 

Journal Sains Kesihatan Malysia, 3(1):1-12. 

 

 

 

 

 

http://www.ingentaconnect.com/content/apl/gfrr;jsessionid=1kgn3j6oo05f.alexandra
http://diabetes.diabetesjournals.org/search?author1=J+Cederberg&sortspec=date&submit=Submit
http://diabetes.diabetesjournals.org/search?author1=J+Galli&sortspec=date&submit=Submit
http://diabetes.diabetesjournals.org/search?author1=H+Luthman&sortspec=date&submit=Submit
http://diabetes.diabetesjournals.org/search?author1=U+J+Eriksson&sortspec=date&submit=Submit
http://informahealthcare.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28Forsberg%2C+H%29
http://informahealthcare.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28Borg%2C+H+L+A%29
http://informahealthcare.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28Cagliero%2C+E%29
http://informahealthcare.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28Eriksson%2C+L+J%29
http://informahealthcare.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28Eriksson%2C+L+J%29
http://diabetes.diabetesjournals.org/search?author1=Ulf+J+Eriksson&sortspec=date&submit=Submit
http://www.researchgate.net/researcher/38705214_A_Jawerbaum
http://www.researchgate.net/researcher/33922444_E_T_Gonzalez
http://www.researchgate.net/researcher/34375171_J_R_Catafau
http://www.researchgate.net/researcher/66903358_R_R_Rodriguez
http://www.researchgate.net/researcher/66903358_R_R_Rodriguez
http://www.researchgate.net/researcher/62352394_G_Gomez
http://www.researchgate.net/researcher/39271150_A_L_Gimeno
http://www.researchgate.net/researcher/2768896_M_A_Gimeno
http://www.researchgate.net/researcher/2768896_M_A_Gimeno
http://www.researchgate.net/journal/0090-6980_Prostaglandins
http://www.ncbi.nlm.nih.gov/pubmed?term=Jawerbaum%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8016386
http://www.ncbi.nlm.nih.gov/pubmed?term=Rosell%C3%B3%20Catafau%20J%5BAuthor%5D&cauthor=true&cauthor_uid=8016386
http://www.ncbi.nlm.nih.gov/pubmed?term=Gonzalez%20ET%5BAuthor%5D&cauthor=true&cauthor_uid=8016386
http://www.ncbi.nlm.nih.gov/pubmed?term=Gonzalez%20ET%5BAuthor%5D&cauthor=true&cauthor_uid=8016386
http://www.ncbi.nlm.nih.gov/pubmed?term=Novaro%20V%5BAuthor%5D&cauthor=true&cauthor_uid=8016386
http://www.ncbi.nlm.nih.gov/pubmed?term=Gomez%20G%5BAuthor%5D&cauthor=true&cauthor_uid=8016386
http://www.ncbi.nlm.nih.gov/pubmed?term=Gelpi%20E%5BAuthor%5D&cauthor=true&cauthor_uid=8016386
http://www.ncbi.nlm.nih.gov/pubmed?term=Gimeno%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=8016386
http://www.ncbi.nlm.nih.gov/pubmed?term=Gimeno%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=8016386
http://www.ncbi.nlm.nih.gov/pubmed/8016386
http://www.ncbi.nlm.nih.gov/pubmed?term=Jemai%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19725535
http://www.ncbi.nlm.nih.gov/pubmed?term=El%20Feki%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19725535
http://www.ncbi.nlm.nih.gov/pubmed?term=Sayadi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19725535
http://www.ncbi.nlm.nih.gov/pubmed/19725535
http://www.ncbi.nlm.nih.gov/pubmed/19725535
http://www.ncbi.nlm.nih.gov/pubmed?term=Ostling%20O%5BAuthor%5D&cauthor=true&cauthor_uid=6477583
http://www.ncbi.nlm.nih.gov/pubmed?term=Johanson%20KJ%5BAuthor%5D&cauthor=true&cauthor_uid=6477583
http://www.ncbi.nlm.nih.gov/pubmed/6477583
http://www.ncbi.nlm.nih.gov/pubmed?term=Lima%20PH%5BAuthor%5D&cauthor=true&cauthor_uid=22421985
http://www.ncbi.nlm.nih.gov/pubmed?term=Sinzato%20YK%5BAuthor%5D&cauthor=true&cauthor_uid=22421985
http://www.ncbi.nlm.nih.gov/pubmed?term=Gelaleti%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=22421985
http://www.ncbi.nlm.nih.gov/pubmed?term=Calderon%20IM%5BAuthor%5D&cauthor=true&cauthor_uid=22421985
http://www.ncbi.nlm.nih.gov/pubmed?term=Calderon%20IM%5BAuthor%5D&cauthor=true&cauthor_uid=22421985
http://www.ncbi.nlm.nih.gov/pubmed?term=Rudge%20MV%5BAuthor%5D&cauthor=true&cauthor_uid=22421985
http://www.ncbi.nlm.nih.gov/pubmed?term=Damasceno%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=22421985
http://www.ncbi.nlm.nih.gov/pubmed/22421985
http://www.ncbi.nlm.nih.gov/pubmed/22421985


Oxidative Damage in Embryo… 

225 

 

 
Figure 1 : Changes in MDA levels in term embryos 

of control and diabetic mothers of experimental 

groups. 

 

 

Figure 3 : Changes in SOD activity in term embryos 

of control and diabetic mothers of experimental 

groups. 

 

 

 

 

 
Figure 2 : Changes in Gpx activity in term embryos 

of control and diabetic mothers of experimental 

groups. 

 

 

Figure 4: Changes in Glycogen levels in term 

embryos of control and diabetic mothers of 

experimental groups. 
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Figure 5: Changes in MDA levels in term   placentas 

of control and diabetic mothers of experimental 

groups. 

 

 

Figure 7: Changes in SOD activity in term placentas 

of control and diabetic mothers of experimental 

groups. 

 

 

Figure 6 : Changes in Gpx activity in term placentas 

of control and diabetic mothers of experimental 

groups. 

 

 

Figure 8: Changes in glycogen levels in term 

placentas of control and diabetic mothers of 

experimental groups.
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Table 1: DNA damage in cells isolated from term embryos and placentas of control and diabetic mothers of 

experimental groups.  

 

  

% 

Tailed 

% 

Untailed 

µm 

Tail 

length  

  

%Tail  

UNIT 

Tail 

moment 

Groups 

  

Sample 

No.  

1 4 96 2.31 1.53 3.53 

C-Placenta 

 

2 13 87 4.33 4.05 17.54 

D-Placenta 

 

3 10 90 4.27 3.56 15.19 

D+O Placenta 

 

4 6 94 2.31 2.05 4.74 

C-Embryo 

 

5 16 84 3.70 4.22 15.60 

D- Embryo 

 

6 8 92 3.03 4.25 12.87 

D+O Embryo 

 

                   C: control, 

                   D: diabetic, 

                   D+O: diabetic and oil leaves extract 

 

 

 
 Figure 9: Comet assay obtained by image analysis in cells  isolated from  term embryos and 

placentas of control and  diabetic mothers of experimental groups. 


