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         This study is carried out on rats, the polydatin (PD) and grape seed extracts’ (GSE) protective effects aganist to 
cadmium’s (Cd) oxidative damage in brain and testis (transgressing blood-testis and blood-brain barriers) is investigated. 
In our study, 49 wistar-Albino adult male rats were used. Rats were seperated into seven equal groups: Group 1; Control 

Group (Normal saline was given orally for 30 days.) Group 2; Cd group (5 mg/kg dose of CdCI2 was dissolved in normal saline and was given orally 
for 30 days.) Group 3; Group PD (g 120 mg/kg PD was dissolved in normal saline and was given orally for 30 days.) Group 4; GSE Group (120 mg/
kg GSE was dissolved in normal saline and was given orally for 30 days.) Group 5; Cd+PD Group (5 mg/kg dose of CdCI2 + 120 mg/kg PD were 
dissolved in normal saline and was given orally for 30 days.) Group 6; Cd+ GSE Group (5 mg/kg dose of CdCI2 + 120 mg were dissolved in normal 
saline and were given orally for 30 days.) Group 7; Cd+PD+ GSE Group (5 mg/kg dose of CdCI2+120 mg/kg PD + 120 mg/kg GSE were dissolved 
in normal saline and were given orally for 30 days.) At the end of the experimental period, all the rats were decapitated and their brain and testis 
tissues samples were examined. In Cd implemented rats, in their brain (p <0.05) and in testis (p<0.01), malondialdehyde (MDA) levels statistically 
increase in significant way, within PD and GSE implemented groups, it decreases /kg GSE was detected.  In Cd implemented rats, antioxidant 
potential values (AOP) decrease in brain and testis, in PD and GSE implemented groups, it increases significantly. (p<0.001) According to the ICP-
OES data, it couldn’t be determined because it was under the brain measurement leels, in Cd impelemented testis groups, there was increasement 
(p<0.001). Consequently, for rats, because of the cadmium exposure, oxidative damage has occured in brain and testis; aganist to this damage, 
both PD and GSE were protective, but PD was more protective than GSE. 
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INTRODUCTION
As a result of industrialisation and urbanisation; environmental pol-
lution has increased and they also caused to soil pollution and it has 
reached dangerous level for the living creatures. In directly and indi-
rectly, environmental and soil pollution problems could have been 
occured and it affected all organisms by food chain, this increased 
the problem’s magnitude and danger. The most important factor that 
caused environmental and soil pollution is heavy metals (Stresty and 
Madhava Rao, 1999). In recent years,  heavy metal content increase-
ment in agricultural plants and these metals’ influence on plant, an-
imal and human health with the side effects of known toxic effects; 
caused to enlarge the studies about this subject. The presence of one 
of the heavy metal as cadmium in plants, could be main material and 
also it may be as a result of industrial activities, phosphorus fertilizers, 
sewage sludge and atmosferic deposits as a result of human activities 
(Assche and Clijsters, 1990). Cadmium is a moving element in the soil 
and it can be absorbed easily by the plants. To be absorbed by the 
plants, it causes an important environmental problem as entering the 
food chain or be washed in the soil and probablity of reaching water 
environment. In addition to this, cadmium can be moved up to down 
with chelating agents easily, and it causes a pollution in watering 
waters and it can  mingle the underground water (Köleli and Kantar, 
2005). The main resources that cadmium spreads over the nature are; 
mines, refineries, industrial wastes, phosphate fertilizers, some pesti-
cides, shellfish and gres oils (Baldwin and Marshall, 1999). Cadmium 
and its compounds are used in pigment and dye production, printing, 
textile, photography, jewelry maker, carving, automobile industry and 
production of fluorescent lamp (Kaya and Akar,  2002;  Olabarriete et 
al.,  2001). Cadmium poisoning causes to damage in respiratory sys-
tem, circulatory system, stomach and intestines, bone tissue, blood, 
kidney, testis and pancreas etc. (Katsuta et al., 1994).  Cytotoxic effects 
which have been in depends of cadmium; forming free radicals and 

defects of antioxidant defence system are being responsible (Casalino 
et al., 2002; Lopez et al., 2006). Cadmium does not produce free ox-
ygen radicals directly, but it affects the mitochondrial electron trans-
fer chain or increases the glutathione and it contributes to producing 
free radicals indirectly (Romero et al., 2011). Free radicals cause to 
damage the structures with affecting all important compounds as 
lipid, protein, DNA and carbohydrates and in living organisms they 
cause to lipid peroxidation (El-Sokkary et al., 2010; Aydogdu et al., 
2007). Malondialdehyde (MDA) is a main metabolite that is oxidized 
by cell lipids which were damaged and it is also accepted as an index 
of lipid peroxidation (Zahir et al., 1999). Antioxidant defence system 
is called that protect the cell itself aganist to composed free radicals 
and normal oxygen metabolism’s toxic effects, intracellular and extra-
cellular enzymes and nonenzyme ( without enzyme) defency mecha-
nisme (Fridovich, 1976). Antioxidants can be synthesized in the body, 
and also they can be taken from diet. “Phytochemicals” are called thet 
is not itself food, but have functions as food and 1functional, healthy, 
medical, regulatory, for particular nutrition or pharmacological nu-
tritions” and they are in substance’s structure, plant-derived biolog-
ical active compounds (Aksoy, 2007; Gulcin, 2009). The studies that 
have been continued for many years, some of these substances 
in the plants could be distilled, so it provides to get phytochemi-
cals distilled and used them. One of the phytochemicals that have 
been studied intensively is a grape seed with its rich phenolic con-
tent. It has been reported that the high level of antioxidant activity’s 
phenolic content is relate to grape seed extract (Kar et al., 2006).  In 
spite of the plant extracts are potential candidates, they can also in-
clude extremely complex compounds of different contents. For this 
reason, in recent years; the interest focused on herbal medicines’ bi-
oactive compounds. Resveratrol ( 3,4 , 5 -trihidroksi -trans- stilben ) is 
one of them. It occurs naturally as a polyphenol and especially it is in 
grape, nnut, pomegranate and poligonum cuspidatum. Polydatin is 
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resveratrol glycoside and derived from cuspidatum’s root (RPC) and its 
stem, it is a stilbenoid. Its content in RPC is more than resveratrol for 
six times (Zhou et al., 2005). This study aims to survey so far on the 
impact of PD in rats induced by Cd and PD and is investigated the lack 
of work on the efficacy of resveratrol in toxicity between the compo-
nents of the protective blood brain barrier and CD, GSE by comparing 
the testis tissues.

MATERİALS AND METHODS
Materials: Polydatin and cadmium chloride Sigma-Aldrich (Interlab 
Inc., Istanbul, Turkey), Aksu Vital bought Grape Seed Extract (Istanbul, 
Turkey). The other chemical substances can be easiy avaiable com-
mercially in high purity.

Experimental protocol: In our study, health male Wistar – Albino 
rats which have 250 – 300 grams weights and 2 – 3 months old, have 
been bought from Laboratory Animals Survey and Application Center 
(Afyon,Turkey). For the study, a ethics committee permission was tak-
en from Afyon Kocatepe University, Animal Experiments Ethics Com-
mittee (AKUHAYDEK). Rats stayed in 12 hours light/dark cycle, with 
the 50-55% of moisture, at room temperature (25oC), and were fed 
with Standard rote feed and as libitum water.  In this study, total 49 
rats were seperated randomly in 7 groups with 7 rats in each group. 
Before the beginning of the experiment process, for a week, rats were 
provided to adjust the environment. 

Group 1; Control Group ( Normal saline was given to rats by gastric 
gavage (SF) )

Group 2; Cadmium (Cd) Group (Cadmium chloride was disssolved 
in SF in doze of 5mg/kg/day were given to rats by gastric gavage). 
Group 3; Polydatin (Pd) Group (Polydatin was disssolved in SF in doze 
of 120 mg/kg/day were given to rats by gastric gavage).

Group 4; Grape Seed Extract (GSE) Group (Grape seed extract was dis-
ssolved in SF in doze of 120 mg/kg/day were given to rats by gastric 
gavage). Group 5; PD + Cd  Group (Cadmium chloride in doze of 5mg/
kg/day and polydatin in dose of 120 mg/kg/day were disssolved in SF 
were given to rats by gastric gavage). Group 6; GSE + Cd Group (Cad-
mium chloride in doze of 5mg/kg/day and grape seed extract in dose 
of 120 mg/kg/day were disssolved in SF were given to rats by gastric 
gavage). Group 7; PD + GSE + Cd  Group (Cadmium chloride in doze 
of 5mg/kg/day and grape seed extract in dose of 120 mg/kg/day and 
polydatin in dose of 120 mg/kg/day were disssolved in SF were given 
to rats by gastric gavage).   Not to effect drug interactions and drug 
absorbation, cadmium chloride applications were made in the morn-
ing, polydatin and grape seed extract aplications were made in the 
afternoon.

Preparation of homogenates: Animals were sacrificed by cervical 
dislocation and their brain and testis tissues were washed immediate-
ly with ice cold 0.9% NaCl. Each tissue was trimmed free of extrane-
ous tissue, rinsed in chilled 0.15 M Tris–HCl buffer (pH 7.4). These tis-
sues were blotted dry, and homogenized in 0.15 M Tris–HCl buffer (pH 
7.4) to yield a 10% (w/v) homogenate. Then, they were centrifuged at 
3500 rpm for 10 min at 4 oC. The pellets represented the nuclear frac-
tion and the supernatants were subjected to centrifugation at 20,000 
rpm for 20 min at 4 oC. The resultant pellets and the supernatants rep-
resented the mitochondrial fraction and the cytosolic (including mi-
crosomal fraction) fraction, respectively. Reactive oxygen species gen-
eration was observed in these fractions as well as whole homogenate 
(Kucukkurt et al., 2008).

Preparation of tissues for histopathological analysis: At the 
end of experimental period, 49 male rats were sacrificed. Then, they 
were dissected and brain and testis tissues from each animal were 
collected and fixed into 10% formalin solution for 48 h and then de-
hydrated through graded alcohol series (70–100%), cleared in xylene 
and embedded in paraffin. 5–6 µm thick parafin sections were cut 
and stained with haematoxylin-eosin (H&E) and analyzed under a 
light microscope (Olympus Bx51 model, Tokyo, Japan) equipped with 
camera (Olympus DP20, Tokyo, Japan).

Cadmium Concentration Assay in Tissues: 0,5 g sample was 
taken from each animal’s brain and testis tissue, and was putin high 
heat-resistant pocelain tubes and first 1 ml 30% H2O2(Hydrogen perox-
ide) was added and after that 7 ml 65% HNO3 (nitric oxide) was added 
and then waited for 10 minutes. Then, tubes’ brims were closed and in 
microwave oven it has burned in 200*C for 30 minutes. The burning 
process was made in Milestone Stard D brand microwave oven, and 
quantitive assay was made in Perkin Elmer ICPOES Optima 8000.

Measurement of LPO in whole  tissue homogenates: Malon-
dialdehyde (MDA), as a marker for LPO, was determined according 
to the methods of in tissue homogenates (Ohkawa et al., 1979). The 
principle of the methods is based on spectrophotometric measure-
ment of the colour production during the reaction of thiobarbituric 
acid (TBA) with MDA and its absorbance was measured spectropho-
tometrically at 532 nm. The concentration of MDA was calculated by 
the absorbance coefficient of MDA–TBA complex and expressed in 
nmol/g wet tissue.

AOP (antioxidant potantial) measurement in tissue homo-
geneous: AOP was determined to the way of Durak et al. Method. 
This method enriched reaction environment with fish oil. Fish oil has 
beeen prefered because it is polyunsaturated and therefore it is very 
sensible to free radical attacks.

Samples have been exposed for an hour to produced xanthine/xan-
thine oxidase (xanthine/xanthine oxidase) system superoxide radicals 
(O

2
.-). As it is known, if it is inability to remove free radicals in stem, 

unsaturated free fatty acids were oxidized easily and TBARS concentra-
tion increases. Using the reaction system as mention in the above, in 
tissue and stems, we can have more accurate information about total 
(enzymatic and non-enzymatic) antioxidant potential. For this purpose, 
TBARS concentration in reaction environment was measured before O

2
.- 

radical process and after it has formed. Difference between two values 
is inversely proportional to antioxidan potential (Durak et al., 1998).  

Statistical analyses: Data obtained from experimental animals 
were expressed as means and standard deviation of means (±SE) and 
analysed using one-way analysis of variance (ANOVA), followed by 
Tukey post hoc tests on the SPSS (11.5) software computer program. 
A difference in the mean values of p < 0.05 was considered to be sig-
nificant.

RESULTS
Biochemical Findings:  MDA level is used commonly as LPO in-
dicated with free radical. Comparing the controls, Cd implemented 
rats’ in brain (p<0.05) and testis (p<0.01), it has been increasement in 
MDA level significantly. In contrast to this, related to PD and GSE, in 
Cd groups (Table 1) tissues, MDA levels have been decreased (Table 
1). In Cd implemented rats, MDA level decreases in brain and testis 
(p<0.001) compared to the conrols. But related to PD and GSE, in CD 
groups, it has been observed an increasement significantly (Table 1).

Table 1: In male rats’ brain and testis tissues (nmol/g tissue), Cd exposure polydatine (PD) and grape seed extract (GSE) 
effect on AOP activity levels 

Groups Control Cd PD GSE Cd+PD Cd+GSE Cd+PD+GSE P <

Brain  MDA 1,05±0,05a 1,00±0,04ab 0,96±0,06ab 0,78±0,06b 0,94±0,04ab 0,91±0,04ab 0,92±0,05ab 0,030*

Testis  MDA 1,03±0,07a 0,90±0,06ab 0,69±0,04b 0,89±0,10ab 0,67±0,05b 0,74±0,03b 0,82±0,05ab 0,003**

Brain  AOP 2,25±0,21c 2,24±0,43c 10,58±0,43a 6,76±1,21ab 7,45±1,40ab 6,39±0,65b 9,15±1,17ab 0,000***

Testis  AOP 3,65±0,95c 5,04±1,01c 12,32±1,83a 11,17±2,40ab 3,04±0,49c 4,13±0,79c 6,07±0,83bc 0,000***

Values are mean  ± Standard error;  n = 7.
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a,b,c In the same column values with different letters show statistically 
significant differences;  *: p< 0.05     **: p<0.01  ***: p<0.001

Cd levels in tissues: Rats’ brain tissues that are in Cd implemented 
groups was not determined because the Cd concentration was be-
low the measurement levels (Table 2). In rats’ testis (p<0.001) tissues, 
there is a significant increasement in Cd groups. In contrast to this, 
depending on PD and GSE, in Cd groups (Table 2), Cd concentration 
levels have decreased.

Table 2: In male rats’ brain and testis tissues (nmol/g tis-
sue), polydatine (PD) and grape seed extract (GSE) effect 
on Cd (ppb) concentration 

Groups Control Cd PD GSE Cd+PD Cd+GSE Cd+PD + 
GSE P <

Brain  
Cd ND ND ND ND ND ND ND

Testis 
Cd ND 0,44±0, 

02a ND ND 0,37 ± 
0, 02ab

0,42 ± 0, 
02ab 0,33± 0,02b 0,000***

Values are mean  ± Standard error;  n = 7.   ND: Under measurement 
limits

a,b,c In the same column values with different letters show statistically 
significant differences;   ***: p<0.001

Histopathological  findings: Histopathological changes in ex-
periment groups animals’ organs were identified in detail and was 
showed in Table 1. In Cd group, in brain, it was observed that focal 
gliosis and hyperemia around the neurons (Figure 1-A2). In testis, it 
was observed that cell debris and decreasement in density of sper-
matozoa in the lumen of Tubulus Seminiferus Kontortus (TSK) (Figure 
1-B2). In PD and GSE groups, it has been observed that the significant 
histopathological changes in brain and testis tissues.

Fig. 1: In male rats, an effect of polydatin (PD) and grape seed extract (GSE) on damages that has been created with cadmium (Cd) in brain (1) and 
testis (2). All figures are stained with eosin and haematoxyli. For an original magnification ration; 20x and 50um were used. Arrows, respectively in-
dicate that focal glucose and hyperemie around the neurons in brain (Figure 1-2A), in testis, decreasement in indensity of spermatozoa in the lu-
men of Tubulus Seminiferus Kontortus (TSK) and cell debris (Figure 1-B2). (1) indicates control group, (2) 5 mg/kg/30 day Cd group, (3) 120 mg/
kg/30 day PD group, (4)  120 mg/kg/30 day GSE group, (5)  5 mg/kg/30 day Cd  +  120 mg/kg/30 day PD group, (6) 5 mg/kg/30 day Cd  +  120 mg/
kg/30 day GSE group, (7) 5 mg/kg/30 day Cd  +  120 mg/kg/30 day PD group + 120 mg/kg/30 day GSE group, implemented rat groups. In all 
groups, implement was done by gastric gavage orally.

DISCUSSION
As it is known, cadmium is one of the toxic industrial and environ-
mental heavy metal. Many researchers have had experiments on 
many different animals, it has been demonstrated that cadmium’s 
chronic toxicity on several organs, and histological and thin structure 
by various researchers (Watari et al., 1989; Asar et al., 2004). Acutely 
exposure and cadmium induced necrosis in testis and damage cel-
lular, and with chronic exposure, it damages intensively in kidney 
and bone (Griffin et al., 2001). It is clearly shows that rats that were 
exposed to cadmium have DNA damage in brain stems analsis. It has 
been reported that there is a positive relation between cadmium 
dose and DNA damage level (Fasanya-Odewumi et al., 1998). 

Oxidative stres, is expressed to deterioration of the balance between 
the free radicals’ intracellular production and cellular defency mech-
anisms, especially MDA is one of the significant indicator of oxidative 
stress (İnce et al., 2010). It is known that oxidative stree has a main 
role in inducing chronic cadmium (Shaikh et al., 1999). 

 

Cadmium 
can change cells’ antioxidant systems and increase the peroxidation 
of membrane lipids and so it can induce oxidative damage in dif-
ferent tissues ( Yiin et al., 1999; Yiin et al., 1999).  Cadmium’s effects 
have been known for a long time on different types of animals, es-
pecially toxic effects on testis (Niewenhuis et Fende, 1978) and it 
has been reported that aganist the cadmium’s acute toxic effects, 
the most sensitive organ in rodents is testis (Shiraishi and Waalkes, 
1996). A researche that was done by Kunda et al., it has been deter-
mined that sub-lethal dose of CdCI

2
 is 5 mg/kg/day. In our study, we 

applied CdCI
2
 exposure to rats in dose of 5mg/kg/day. Previous stud-

ies has showed that MDA levels increased in testis tissues after the 
implement of Cd to rats (Patra et al., 1999; El-Maraghy  et al., 2001; 
Casalino et al., 2002; Ognjanovi´c et al., 2003). It has been identified 
that there was an organ damage and system dysfunction related to 
increasing LPO, Cd origin in tissues (Casalino et al., 2002; Ognjanovi´c 
et al., 2008). In our survey, Cd implemented rats’ MDA level increased, 
but with Cd and GSE implemented group, as a significant indicator 
of lipid peroxidant, MDA decreased significantly in testis tissues. In 

addition to this, in the same groups; testis AOP levels increased in 
GSE groups, but with Cd and GSE implemented groups, there was a 
significant decreasement. Oxygen radicals have an important role 
in brain damage. As a result of a research that surveyed GSE imple-
mented newborn rats effects on brain damage inducated by oxygen 
radicals, with using grape seed extract, it stops lipid peroxidation snd 
it decreases brain damage on newboen rats hypoxic (due to lack of 
oxygen) ischemic brain damage. (Yangzherg et al.,  2005). A research 
has been conducted which depends on the hypothesis if the rats was 
fed with grape seed extract, their brains will be protected. As a re-
sult of this research, if the rats would fed with feed that contains 5% 
grape seed extract, they found that it is a protective effect on brain 
proteins on neurodegeneration or Alzheimer (Dehane et al.,  2004).  
In this presented study, GSE implemented group’s brain tissues show 
that MDA decreasement as a significant indicator of lipid peroxidant. 
With Cd and GSE implemented groups, it has been observed that lipid 
peroxidant has been stopped. In Cd implemented groups, AOP lev-
els decreased in brain; with Cd and GSE implemented groups, there 
was a significant increasement.  Enzymatic oxidation is more resistant 
than a water-soluble form of PD resveratrol. Unlike resveratrol, it pen-
etrates to the cell pasively. Cellular ingestion occurs with the way of 
gucose carriers active mechanism (Falchetti  et al., 2001). In previous 
studies, there are many activities of PD: hyperlipidemia decreases li-
pid profile in rabbits (Xing et al., 2009), in cerebral damages with in-
duced ischemia/reperfusion provides a neuroprotective effect (Cheng 
et al., 2006), causes weight loss and enrich the diet among the low 
birth weight newborns (Jordan et al., 2008), CCI

4 
implemented rats, 

it shows protective effects in primer hepatocyte cultures (Huang et 
al., 1999) and decrease lipid oxidation (Pan et al., 2007). However, as 
a result of our surveys; there wasn’t found any studies about poly-
datin activity in cadmium exposed rats. In our study, there was not a 
significant PD activity on MDA levels in rats’ brain tissues, when the 
Cd group’s AOP levels are low, Cd and PD implemented groups, it is 
shown that PD increased AOP levels significantly. In testis tissues, Cd 
implemented group’s MDA levels increased, but with Cd and PD im-
plemented groups, it has been showed that PD decreased the MDA 
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levels significantly. In addition to this, testis tissues AOP levels have 
not any significant importance on PD’s Cd toxicity. In the studies, it 
has not been observed that, depending on cadmium toxicicty; in 
acute terms; there is not any edema in interstitial region, hemorrhag-
ic necrosis, neutrophil granulocyte infiltration, hyperemia, dilation 
in vessels and thrombosis, and degeneration in TSKs and necrosis, 
in chronic terms; there is an increasement of connective tissue on 
interstitial region, fibrosis and lymphocyte infiltration and there is a 
necrosis in TSKs. (Gupta et al., 1967; Gunn and Gould 1970; Saygı et 
al., 1991; Foley 2001; Lanning et al., 2002). According to the research 
of Kusabe et al.’s, they observed that after 24 hours of intraperitoneal 
cadmium injection, seminiferous tubules detached from basal mem-
brane, atrophied and spermatogenic cells decreased significantly 
and also interstitial tissue damaged (Kusakabe et al., 2008). In this re-
search, with the implement of Cd, histopathologically; in Cd group it 
has been observed that focal hyperemie around the neurons in brain 
and in testis, the indensity of spermatozoa lumen has decreased and 
cell fluff. It has not been observed any change histopathologically in 
PD and GSE groups. 

CONCLUSION
In this study, in Cd implemented rats, PD and GSE have protective ef-
fect aganist oxidative stress. This research’s results have showed that 
PD and GSE not only blocked LPO but also icrease the activity of an-
tioxidant defency system and produced protective effects. In addition 
to this, it has been determined that PD has more positive activity than 
GSE.    
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