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BACKGROUND 
 

Vitamin C (ascorbic acid, ascorbate) is a simple low-

molecular-weight carbohydrate. It is a water-soluble 

essential vitamin and plays important roles in the skin.  It 

is involved in the formation of collagen and the skin 

barrier in the dermis, the ability to counteract skin 

oxidation, and the modulation of cell signal pathways.
[1]

  

 

The skin is the largest multifunctional organ on the 

surface of the human body and consists of three layers: 

the epidermis, dermis, and subcutaneous tissue, which 

form the body’s first line of defense against harmful 

external factors.
[2]

 The epidermis (an external stratified, 

non-vascularised epithelium) is composed of 

keratinocytes and dendritic cells, and the stratum 

corneum can prevent both harmful substances and skin 

moisture loss.
[3]

 the dermis is the underlying connective 

tissue, consisting largely of dense fibrous components 

produced by fibroblasts. It provides nutrition for the skin 

and is rich in blood vessels and nerve endings.
[4]

 

 

Ionizing radiation damages, the biological systems in a 

major way by generating reactive oxygen species (ROS). 

These ROS interact with biological molecules to produce 

toxic free radicals which lead to lipid peroxidation and 

DNA damage.
[5,6]

 

 

The use of antioxidant may inhibit or reduce the toxicity 

of free radicals and thus provides protection against 

radiation.
[7,8]

 

 

Vitamin C can protect indispensable molecules in the 

body, such as proteins, fats, carbohydrates, and nucleic 

acids (DNA and RNA) from damage by free radicals and 

reactive oxygen species that can be generated during 

normal metabolism as well as through exposure to 

toxins. The radio protective effect of ascorbic acid seems 

to be due to its interactions with radiation-induced free 

radicals.
[9]

 Ascorbic acid protected the mice against 

radiation-induced sickness, decreased the mortality and 

improved the healing of wounds after exposure to whole 

body gamma-radiation.
[10,11]

 

 

Radiotherapy is one of the most commonly used methods 

of cancer treatment. However, it is usually associated 

with surrounding natural tissue injuries.
[12,13]

 In fact, skin 

injury caused by radiation is the most common 

complication of radiotherapy.
[12,13]

 Ionizing radiation has 

enough energy to unsettle the orbital electrons 

surrounding the nucleus. This procedure resulted in the 

displacement of living tissues results in DNA damage 

through direct and indirect effects.
[14]

 These toxic 

products hinder the balance of antioxidant defense 

systems of the body.
[15,16]
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ABSTRACT  
 

Background: Vitamin C has a major role in maintenance of skin health. Vitamin C extract has been included as 

dietary supplement along with other supplements and can reduce the oxidizing effects of toxic substances. Aim of 

the work: This study aimed to explore the histological and histochemical changes in the skin of male albino rats 

after exposure to gamma radiation and the potential protective effect of Vitamin C. Methods: The current study 

was conducted on 30 adult male albino rats. They were divided into 3 equal groups. Control group (C) did not 

receive any treatment. Radiotherapy group (R) rats exposed to a single dose of gamma-radiation. Radiotherapy + 

Vitamin C Group (R+V) had rats treated with Vitamin C extract in a dose of 20 mg/kg body weight daily one week 

before and one week after irradiation. Histopathological and histochemical changes in skin were studied by 

different stains. Results: Rats exposed to gamma radiation showed several histological and histochemical changes 

in their skin. These changes were improved by using Vitamin C extract. Conclusion: The present work showed 

Vitamin C had preventive and therapeutic effect upon skins of albino rats against radiation induced skin damage. 
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Recently, although there are more and more researches 

of the protective mechanism of radiation-induced skin 

injury, the measures of clinical treatment depend mainly 

on anti-inflammatory, antioxidant,
[17-18]

 and cyto-

protective, including using hormones, vitamins, Chinese 

medicine and removal of free radicals. 

 

This study was conducted to investigate the radio-

protective effects of vitamin C on radiation-induced skin 

injury in rats. 

 

METHODS 
 

Experimental animals 

A total of 30 male Swiss albino rats (Sprague dawely 

strain weighting 130 ± 5 gm) were obtained from the 

Egyptian Organization for Biological Products and 

Vaccines. They were kept in the laboratory for 15 days 

under observation to acclimatize. They were housed 

collectively in plastic cages, maintained under standard 

conditions of light, ventilation, temperature and 

humidity. Animals were provided free access to food and 

water ad libitum. All efforts have been made to reduce 

the suffering animals and to keep the numbers of animals 

used to a minimum. All animal procedures were 

approved by the National Research Centre (NRC), Cairo, 

Egypt Local Ethical Review Committee and has been 

implemented in accordance with the “Guide for the Care 

and Use of Laboratory Animals”. 

 

Gamma –irradiation procedure:  Irradiation process 

was performed using Gamma Cell-40 as observed by 

Egypt's National Center for Radiation Research and 

Technology, Cairo. The gamma cell–40 is a caesium-137 

irradiation unit manufactured by Canadian Atomic 

Energy commission. The unit provides means for 

uniform Gamma-irradiation to small animals or 

biological samples while providing complete protection 

for operating personnel. The radiation dose level given 

was 3Gy as a single dose provided at rate of 0.54 

Gy/min. The radiation dose level was 3Gy at a source-

surface distance of 80 cm.
[19]

 

 

Vitamin C extract was purchased from Sigma-Aldrich 

Inc., USA. The tablets were crushed and the required 

amount was dissolved in distilled water. It was 

administrated orally in a dose of 20 mg/kg body weight 

daily from one week before to one week after the 

irradiation of rats.
[20]

 

 

Experimental design 

The experimental animals were randomly divided into 3 

groups (10 animals in each group). Control group (C): 

normal healthy rats didn’t receive any treatment. 

Radiotherapy group (R): rats exposed to a single dose of 

gamma-radiation, 3 Gy. Radiotherapy + Vitamin C 

Group (R+V): rats of this group were treated with 

Vitamin C in a dose of 20 mg /kg body weight daily one 

week before to one week after irradiation.  

 

At the end of the administration, the animals were fasted 

overnight with water ad libitum, anesthetized with 

pentobarbital sodium (35mg/ kg, i.p.) and sacrificed by 

cervical dislocation on 7 days’ after irradiation.  

 

Histological and histochemical techniques  

Skin samples were excised and fixed in 10% neutral 

formalin. After routine processing, paraffin sections 

(4μm in thickness) were prepared for processing the 

histological and histochemical studies with hematoxylin 

and eosin.
[21]

 On the other hand, collagen fibres were 

detected by using Mallory's trichrome stain and 

polysaccharides were detected by using periodic acid 

Schiff’s (PAS) reagent.
[22]

 In addition, Toluidine blue 

stain was used for detection of mast cells infiltration and 

total proteins were detected by using the mercury 

bromophenol blue method. Finally, DNA material was 

detected by using Feulgen's method.
[21]

 

 

Image analysis: The optical density (Pexil) of total 

protein and PAS+ve materials were analyzed by using 

micro image analyzer, software for microscopy ver 2.3. 

MOT mean optical transparency. 

 

Statistical analysis 

Statistical differences between experimental groups were 

assessed using one-way analysis of variance (ANOVA) 

and p<0.05 indicated statistically significant difference. 

All values were expressed as the mean ± standard 

deviations (SD). Statistical analysis was performed with 

student’s t-test using the statistical software SPSS 13.0.  

 

RESULTS 
 

Hematoxylin & Eosin stained section  
In Control group (C), the skin sections stained with H & 

E showed normal histological appearance of epidermis 

and dermis i.e thin epithelium, regularly distributed 

glands and intact hair follicles in dermis (Fig.1 A). 

Epidermis had four layers of keratinocytes. The papillary 

layer of dermis had numerous capillaries and connective 

tissue cells. In addition, the inner reticular layer was 

composed of a dense fibrous connective tissue. Dermis 

contained sebaceous and sweat glands and hair follicles 

surrounded by arrector pili muscle (Fig.1A). 

 

The skin sections from Radiotherapy group (R) showed 

many pathological disorders. There was discontinuation 

of epidermal cells, loss of hair follicles and sebaceous 

glands, dermal cell swelling as well as collagen fiber 

edema (Fig. 1B). There was nuclear pycnosis and 

karyolysis of epidermal cells, corneum detachment and 

disorganized papillary layer. 

 

Radiotherapy + Vitamin C Group (R+V) skin sections 

revealed partial restoration of the epidermal and dermal 

structure to normal tissue pattern. in (Fig. 1C).  
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Toluidine blue stained section  
In Control group (C), images revealed moderate 

infiltration of mast cells (Fig. 2A). In Radiotherapy 

group (R) the infiltration was mild (Fig. 2B). 

 

In (R+V) and (R+S) Groups a moderate infiltration with 

mast cells was detected in comparison to (R) Group (Fig. 

2C). 

 

Histochemical observations of the skin 

Polysaccharides 

In Control group (C), observation of the skin sections 

stained with periodic acid Schiff’s (PAS) stain showed 

normal distribution of PAS +ve materials (magenta 

color). Also, there was a moderate staining affinity of the 

basal lamina of epidermis as well as of reticular and 

papillary layers of dermis (Fig. 3A) (table.1).  

 

Radiotherapy group (R) showed a weak PAS reaction in 

the basal lamina of epidermis and dermal papillary and 

reticular layers (Fig. 3B). In (R+V) and (R+S) Group 

animals the staining affinity of epidermal basal lamina 

and dermal papillary and reticular layers was moderate 

as compared Group 2 (Fig. 3C, table.1). 

 

DNA 
In Control group (C), observation of the skin sections 

stained with Feulgen stain showed normal distribution of 

DNA content in the nuclei of cells of epidermis and 

dermal layers in the form of magenta color granules (Fig. 

4A). Radiotherapy group (R) animals a noticeable 

increase in DNA content was detected in the nuclei of 

the epidermis and dermal layers (Fig. 4B). In (R+V) and 

(R+S) Groups animals a more or less normal appearance 

of DNA content was seen in the nuclei of epidermal and 

dermal cells (Fig. 4C, table.1). 

 

 
Fig.1: The histopathological images of the skin of the current study. A) Normal histopathological images in the C 

group. Epidermal and dermal structures were intact; B) Injury of the skin in the R group due to radiation. 

Epidermal cells and hair follicle epithelial cells swelling, nucleus pycnosis, collagen fiber edema, lead to 

arrangement disorder, together with congestive vascular reactivity and inflammatory cell infiltration could be 

found. C). Images of R + V group, shows a radioprotection against radiation induced skin damage in the form of 

epidermal cells swelling, hair follicle epithelial cells swelling, collagen fiber edema, and nucleus pycnosis. (HE X 

400). 
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Fig.2: A) Thin skin of adult albino rat showing moderate infiltration with mast cells (red arrows). B) The 

irradiated thin skin showing mild infiltration with mast cells (red arrows). C). The group treated with Vitamin 

C showing moderate infiltration with mast cells (red arrows) (T.B. X200). 

 

 
Fig.3: A) Moderate PAS reaction (magenta red) in the basal lamina of the epidermis, dermal papillary and 

reticular layers (black arrows) in the control group. B) The irradiated R group shows weak PAS reaction in the 

basal lamina of the epidermis, dermal papillary and reticular layers (black arrows).  C). Images of R + V group 

showing moderate PAS reaction in the basal lamina of the epidermis, dermal papillary and reticular layers 

(black arrows). (PAS. X200). 
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Fig.4: A) The histopathological images of the skin of the control group showing normal distribution of the DNA 

content in nuclei of the epidermal and dermal cells in the form of magenta color granules (blue arrows). B) The 

irradiated R group shows marked increase of the DNA content in nuclei of the epidermal and dermal cells (blue 

arrows). C). Images of R + V group showing more or less normal appearance of DNA content in nuclei of the 

epidermal and dermal cells (blue arrows). (Feulgen stain. X400). 

 

Table 1: Showing MOT values of PAS +ve materials and DNA content in skin of the control and treated groups. 
 

PAS +ve 

 Control R group R+V group R+S Group 

Mean 96.12 78.6 92.05 83.3 

S.D. 18.11 23.99 12.99 30.90 

%  -21.01 -733 -16.11 

t Test  0.03* 0.04* 0.38 

DNA content 

Mean 65.1 39.6 55.77 99 

S.D. 13.29 31.99 19.29 17.90 

%  -36.51 -14.70 -18.11 

t Test  0.001* 0.002** 0.21 

*Significant (P< 0.05), ** Highly significant (P<0.01) 

 

DISCUSSION 
 

This study was undertaken to investigate the histological 

and histochemical changes in the skin of male albino rats 

after exposure to gamma radiation in addition to the 

likely preventive and therapeutic effect of Vitamin C. 

Present study of ours also shows that the ionizing 

radiation caused oxidative stress and therefore the 

destructive effect on tissues with release of enzymes 

from organelles. 

 

Many studies have shown that using antioxidants are 

involved in repair of tissue in intestinal injury caused by 

radiation.
[22,23]

 lung injury,
[24,25]

 salivary gland 

damage.
[26]

 and combined radiation burn injury.
[27]

 

 

Hematoxylin and Eosin staining showed the skin damage 

after irradiation, which were in agreement with previous 

reports.
[28,29]

 

 

Many studies explain an increased collagen fiber content 

after irradiation as Alkaabi who disclosed increased 

collagen fibers and glycogen content in skins of rats after 

radiation.
[30] 

 

Our study results showed larger and irregular epidermal 

cells due to irradiation injury. This is in accordance to 

the work of Won et al.
[31]

 

 

The current study the rat skin exposed to radiation and 

then treated with Vitamin C extract exhibit an 

improvement in epidermal and dermal components with 
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their hair follicles and sebaceous glands. These results 

are in concordant to the work of Pazyar et al.
[32]

 who 

reported beneficial effects of olive oil, ginseng, green tea 

and chamomile in the management of skin wounds.  

 

An improvement of both DNA and total protein contents 

were noted in our results following Vitamin C extract 

administration. This amelioration may be due to the 

action of Vitamin C on the skin tissue via DNA repairing 

system and reinforce protein synthesis. On the other 

hand, this improvement may also be due to the 

antioxidant activity of green tea where oleuropein 

stimulates endothelium formation as well as synthesis of 

mRNA and protein.
[33]

 

 

In our work, the vitamin C dissolved in water, were 

administered orally as, one day before irradiation, so the 

vitamin C was present in the tissue with nontoxic and 

appropriate concentrations before production of free 

radicals by irradiation. Lipid peroxidation takes place 

after irradiation or free radical attack.
[34]

 Vitamin C is an 

antioxidant molecule and prevents lipid peroxidation in 

plasma and inside the cell.
[35,36]

 Thus, the histological 

findings in rat treated with vitamin C in comparison with 

the radiation group suggest that vitamin C exert its 

radioprotective effect on the skin. Therefore, also it was 

shown that vitamin C could have a slight radioprotective 

effect on rat skin. 

 

CONCLUSION 
 

According to the results obtained in the current study 

administration of Vitamin C provides good therapeutic 

effect against gamma radiation induced histological and 

histochemical alterations in skin of male albino rats. 

These have a protective effect against skin tissue damage 

which may contribute to decrease in the risk for further 

skin disorders.  

 

REFERENCES 
 

1. Lykkesfeldt, J., Michels, A. J., and Frei, B. Vitamin 

C. Adv. Nutr, 2014; 5: 16–18. doi: 

10.3945/an.113.005157. 

2. Hunter, J. A. Diseases of the skin. Struct. Funct. 

Skin Relat. Ther., 1973; 4: 340–342. 

3. Tagami, H. Location-related differences in structure 

and function of the stratum corneum with special 

emphasis on those of the facial skin. Int. J.Cosmet. 

Sci., 2008; 30: 413–434. doi: 10.1111/j.1468-

2494.2008.00459.x. 

4. Rittie, L., and Fisher, G. J. Natural and sun-induced 

aging of human skin. Cold Spring Harb. Perspect. 

Med. 5:a015370. doi: 10.1101/cshperspect.a015370, 

2015. 

5. Bilgili A, Kart A, Çiğremiş Y, Hanedan B, Erdağ D: 

A comparative study on the effects of eprinomectin 

and ıvermectin on plasma antioxidant level and lipid 

peroxidation in cows. Kafkas Univ Vet Fak Derg, 

2009; 15(2): 287-292. 

6. Droge W: Free radicals in the physiological control 

of cell function. Physiol Rev, 2002; 82: 47-95. 

7. Keser S, Yılmaz O,Tuzcu M, Erman O, İrtegun S: 

Effects of antioxidants resveratrol, catechin and 

lipoic acid and carcinogen kbro3 on lipophylic 

vitamins and cholesterol in lung, liver and kidney of 

wistar rats. Kafkas Univ Vet Fak Derg, 2012; 18(3): 

367-372. 

8. Tas M, Saruhan B, Kurt D, Yokus B, Denli M: 

Protective role of lycopene on aflatoxin B1 ınduced 

changes sperm characteristics and testicular 

damages in rats. Kafkas Univ Vet Fak Derg, 2010; 

16(4): 597-604. 

9. Duchesne J, Gilles R, Mosora F: Effect of 

antioxidant substances on the level of free organic 

radicals naturally present in the rat diaphragm. 

Sciences naturelles, 1975; 281(13): 945-947. 

10. Jagatai GC: Ascorbic acid treatment reduces the 

radiation induced delay in the skin excision wound 

of Swiss albino mice. Indian J Radiat Res, 2004; 1: 

7-7. 

11. Mallikarjun Rao KV, Jagetia GC: Ascorbic acid 

treatment enhances the wound healing in mice 

exposed to radiation. Indian J Radiat Res, 2004; 1: 

24-24. 

12. Huber R, Braselmann H, Geinitz H, Jaehnert I, 

Baumgartner A, Thamm R, Figel M, Molls M, 

Zitzelsberger H Chromosomal radiosensitivity and 

acute radiation side effects after radiotherapy in 

tumour patients–a follow-up study. Radiat Oncol, 

2011; 6: 32. 

13. Sprung CN, Chao M, Leong T, McKay MJ 

Chromosomal radiosensitivity in two cell lineages 

derived from clinically radiosensitive cancer 

patients. Clin Cancer Res., 2005; 11: 6352–6358.  

14. Alizadeh E, Orlando TM and Sanche L 

Biomolecular damage induced by ionizing radiation: 

The direct and indirect effects of low-energy 

electrons on DNA. Annu. Rev. Phys. Chem., 2015; 

66: 379-398. 

15. Qian L, Cao F, Cui J,  Wang Y, Huang Y, Chuai 

Y, Zaho L, Jiang H and Cai J The potential 

cardioprotective effects of hydrogen in irradiated 

mice. J. Radiat. Res., 2010; 51: 741–747.  

16. Prasad N-R, Menon V-P, Vasudev V and Pugalendi 

KV Radioprotective effect of sesamol on gamma-

radiation induced DNA damage, lipid peroxidation 

and antioxidants levels in cultured human 

lymphocytes. Toxicology, 2005; 209: 225–235.  

17. El-Missiry MA, Fayed TA, El-Sawy MR, El-Sayed 

AA: Ameliorative effect of melatonin against 

gamma-irradiation-induced oxidative stress and 

tissue injury. Ecotoxicol Environ Safety, 2007; 66: 

278–286. 

18. Sinha M, Das DK, Bhattacharjee S, Majumdar S, 

Dey S: Leaf Extract of Moringa oleifera Prevents 

Ionizing Radiation-Induced Oxidative Stress in 

Mice. J Med Food, 2011; 14: 1167–1172.  

19. Wang, X. J., Lin, S., Kang, H. F., Dai, Z. J., Bai, M. 

H., Ma, X. L., & Wang, B. F. The effect of 

RHIZOMA COPTIDIS and COPTIS CHINENSIS 

https://www.researchgate.net/researcher/36169759_Elahe_Alizadeh
https://www.researchgate.net/researcher/18607629_Thomas_M_Orlando
https://www.researchgate.net/researcher/3875110_Leon_Sanche
https://www.researchgate.net/publication/270827264_Biomolecular_Damage_Induced_by_Ionizing_Radiation_The_Direct_and_Indirect_Effects_of_Low-Energy_Electrons_on_DNA
https://www.researchgate.net/publication/270827264_Biomolecular_Damage_Induced_by_Ionizing_Radiation_The_Direct_and_Indirect_Effects_of_Low-Energy_Electrons_on_DNA
https://www.researchgate.net/publication/270827264_Biomolecular_Damage_Induced_by_Ionizing_Radiation_The_Direct_and_Indirect_Effects_of_Low-Energy_Electrons_on_DNA
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21116102
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21116102
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chuai%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21116102
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chuai%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21116102
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zaho%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21116102
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21116102
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cai%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21116102


www.wjpls.org 160 

Ali.                                                                                                   World Journal of Pharmaceutical and Life Sciences 

aqueous extract on radiation-induced skin injury in a 

rat model. BMC complementary and alternative 

medicine, 2013; 13(1): 105. 

20. H. M. Viswanatha Swamy, U.Wangikar, B. C. Koti, 

A. H. M. Thippeswamy, P. M. Ronad, and D. V. 

Manjula, “Cardioprotective effect of ascorbic acid 

on doxorubicin-induced myocardial toxicity in rats,” 

Indian Journal of Pharmacology, 2011; 43(5): 507–

511. 

21. Bancroft J and Gamble A Theory and Practice of 

Histology Techniques. 6th ed., Churchill 

Livingstone. New York and London, 2008; 83-92. 

22. Chang P, Qu Y, Liu Y, Cui S, Zhu D, Wang H and 

Jin X: Multi-therapeutic effects of human 

adipose-derived mesenchymal stem cells on 

radiation-induced intestinal injury. Cell Death Dis, 

2013; 4: e685. 

23. Linard C, Busson E, Holler V, Strup-Perrot C, 

Lacave-Lapalun JV, Lhomme B, Prat M, 

Devauchelle P, Sabourin JC, Simon JM, et al: 

Repeated autologous bone marrow-derived 

mesenchymal stem cell injections improve 

radiation-induced proctitis in pigs. Stem Cells Transl 

Med, 2013; 2: 916-927. 

24. Kuova LV, Konoplyannikov AG, Pasov VV, 

Ivanova IN, Poluektova MV and Konoplyannikova 

OA: Possibilities for the use of autologous 

mesenchymal stem cells in the therapy of 

radiation-induced lung injuries. Bull Exp Biol Med, 

2009; 147: 542-546. 

25. Wang H, Yang YF, Zhao L, Xiao FJ, Zhang QW, 

Wen ML, Wu CT, Peng RY and Wang LS: 

Hepatocyte growth factor gene-modified 

mesenchymal stem cells reduce radiation-induced 

lung injury. Hum Gene Ther, 2013; 24: 343-353. 

26. Lim JY, Ra JC, Shin IS, Jang YH, An HY, Choi JS, 

Kim WC and Kim YM: Systemic transplantation of 

human adipose tissue-derived mesenchymal stem 

cells for the regeneration of irradiation-induced 

salivary gland damage. PLoS One, 2013; 8: e71167. 

27. Hao L, Wang J, Zou Z, Yan G, Dong S, Deng J, Ran 

X, Feng Y, Luo C, Wang Y and Cheng T: 

Transplantation of BMSCs expressing 

hPDGF-A/hBD2 promotes wound healing in rats 

with combined radiation-wound injury. Gene Ther, 

2009; 16: 34-42. 

28. Kitagawa J, Nasu M, Okumura H, Shibata A, 

Makino K, Terada H, Matsumoto S: Allopurinol Gel 

Mitigates Radiation-induced Mucositis and 

Dermatitis. J Radiat Res, 2008; 49: 49–54. 

29. Ertekin MV, Tekin SB, Erdogan F, Karslioglu I, 

Gepdiremen A, Sezen O, Balci E, Gündogdu C: The 

effect of zinc sulphate in the prevention of radiation-

induced dermatitis. J Radiat Res, 2004; 45: 543–548. 

30. Alkaabi NA Electromagnetic field effect on skeletal 

muscles and skin of albino rat embryos histological 

and histochemical studies. Egyptian J Hospital 

Medicine, 2008; 33: 479-491. 

31. Jang WH, Shim S, Wang T, Yoon Y, Jang WS, et al. 

In vivo characterization of early stage radiation skin 

injury in a mouse model by two photon microscopy. 

Sci Rep, 2016; 6: 19216. 

32. Pazyar N, Yaghoobi R, Rafiee E, Mehrabian A, 

Feily A Skin wound healing and phytomedicine: a 

review. Skin Pharmacol Physiol, 2014; 27: 303-310. 

33. Carluccio MA, Siculella L, Ancora MA, Massaro M, 

Scoditti E, et al. Olive oil and red wine antioxidant 

polyphenols inhibit endothelial activation: 

antiatherogenic properties of Mediterranean diet 

phytochemicals. Arterioscler Thromb Vasc Biol, 

2003; 23: 622-629. 

34. Upadhyay SN, Dwarakanath BS, Ravindranath T: 

Chemical Radioprotectors. Defence Science Journal, 

2005; 55: 403-442. 

35. Rice-Evans CA, Burdon RH: Free Radical Damage 

and Its Control. Elsevier, Amesterdam, 1994. 

36. Murray RK, Granner DK, Mayes PA Rodwell VW: 

Harper’s Biochemistry 25th ed., New York, 

McGraw-Hill, 2000; 208-218. 


