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การศึกษาคุณสมบติัของเปลือกทบัทิมสกดัดว้ยเอทธานอล (PPEE) เปลือกทบัทิมสกดัดว้ยนํ้า 
(PPWE) เมลด็ทบัทิมสกดัดว้ยเอทธานอล (PSEE) เมลด็ทบัทิมสกดัดว้ยนํ้า (PSWE) และ นํ้าทบัทิม 
(PJ) ต่อกิจกรรมการตา้นออกซิเดชนั การป้องกนัการฉายรังสีอลัตราไวโอเลตบีบนผวิหนงัหนูแรท 
และการตายแบบอะพอพโทสิสของเซลลม์ะเร็งเตา้นมมนุษย ์ (เอมซีเอฟ-7) การทดลองพบวา่ ปริมาณ
สารประกอบฟีโนลิกโดยรวมสามารถเรียงจากมากไปนอ้ยดงัน้ี PPEE > PPWE > PSEE > PSWE > PJ 
(451.96 ± 4.29 380.54 ± 4.29 77.93 ± 1.62 51.58 ± 0.85 และ 2.55 ± 0.42 µg GAE/mg ตามลาํดบั) 
เช่นเดียวกบัปริมาณฟลาโวนอยดคื์อ PPEE > PPWE > PSEE > PSWE > PJ (37.61 ± 1.44 26.05 ± 
0.93 16.66 ± 0.47 10.55 ± 0.14 และ 0.24 ± 0.03 μg CAE/mg ตามลาํดบั) ความเขม้ขน้ท่ีใชใ้นการ
ยบัย ั้ง 50 เปอร์เซ็นต ์  (IC50) ซ่ึงเก่ียวขอ้งถึงความสามารถในการตา้นออกซิเดชนัสามารถคาํนวณได้
จากการยบัย ั้งอนุมูล DPPH การลดเฟอริก และการยบัย ั้งออกซิเดชนัของไลปิด โดยสามารถจดัลาํดบัค่า
ความสามารถจากสูงไปถึงตํ่าไดด้งัต่อไปน้ี PPEE (121.65 ± 2.66 49.07 ± 1.53 และ 15.15 ± 2.46 
μg/ml ตามลาํดบั) > PPWE (151.78 ± 2.70 64.63 ± 1.23 และ 20.42 ± 2.87 μg/ml ตามลาํดบั) > PSEE 
(1,324.35 ± 16.89 512.54 ± 15.05 และ 166.49 ± 20.38 μg/ml ตามลาํดบั) > PSWE (2,577.53 ± 44.06 
753.17 ± 17.66 และ 201.82 ± 11.37 μg/ml ตามลาํดบั) > PJ (9,925.20 ± 1,116.80 4,615.94 ± 28.90 
และ 688.87 ± 44.03 μg/ml ตามลาํดบั) และพบวา่ ทั้งปริมาณสารประกอบฟีโนลิกโดยรวมหรือ
ปริมาณฟลาโวนอยดข์องสารสกดั มีความสมัพนัธ์ต่อกิจกรรมการตา้นการออกซิเดชนั ความเขม้ขน้
ของสารท่ีมีผลต่อการตายร้อยละ 50 ของไรนํ้าเคม็ (LC50) จากการวิเคราะห์การตายของไรนํ้าเคม็ 
(BSLA) ความเป็นพิษต่อเซลลส์ามารถแสดงผลจากมากไปนอ้ยคือ PPEE (1,206.98 ± 12.73 μg/ml) > 
PSWE (1,294.88 ± 61.28 μg/ml) > PPWE (1,743.31 ± 20.17 μg/ml) > PSEE (2,375.28 ± 69.54 
μg/ml) > PJ (6,451.46 ± 52.32 μg/ml) และพบวา่ ทั้งปริมาณสารประกอบฟีโนลิกโดยรวมและ
ปริมาณฟลาโวนอยด ์ ไม่มีความสมัพนัธก์บัความเป็นพิษต่อเซลล ์ ความสมัพนัธใ์นการตอบสนองต่อ
ปริมาณท่ีใชข้องสารจากการตา้นออกซิเดชนัและความเป็นพิษต่อเซลล ์ ซ่ึงแสดงจากขอบเขตความ
ปลอดภยัของสาร (MOS) และดชันีการรักษา (TI) สามารถเรียงลาํดบัจากมากไปนอ้ยคือ PPWE (125 



 

 

 

 

 

 

 

 

และ 11.49 ตามลาํดบั) > PPEE (75 และ 9.92 ตามลาํดบั) > PSEE (5 และ 1.79 ตามลาํดบั) > PJ (3 และ 
0.65 ตามลาํดบั) > PSWE (0.5 และ 0.5 ตามลาํดบั) การใชส้ารสกดัเปลือกทบัทิมต่อการป้องกนัแสง 
3xMED UVB บนผวิหนงัหนูแรท การศึกษาคร้ังแรกน้ีพบวา่ PPEE และ PPWE ลดผืน่แดงของผวิหนงั 
(2.5 และ 1.8 เท่า) ลดเซลลเ์มด็เลือดในการอกัเสบลง (4.7 และ 1.9 เท่า) ลดความหนาของเน้ือเยือ่ผวิ 
(1.7 และ 1.6 เท่า) ลดจาํนวน sunburn cells (7.4 และ 7.2 เท่า) และยบัย ั้งการแตกหกัของดีเอน็เอ จาก
สาเหตุโดยการใหรั้งสี UVB ในการประเมินการยบัย ั้งการเพิ่มจาํนวนของเซลลม์ะเร็งเตา้นม (MCF-7) 
โดยวิธี Trypan blue MTT และ Resazurin เม่ือพิจารณาจากค่า LC50 ท่ี 24 ชัว่โมง PPEE (347.83 ± 
11.85 377.88 ± 13.14 และ 471.50 ± 13.62 µg/ml ตามลาํดบั) มีประสิทธิภาพมากกวา่ PPWE (365.93 
± 20.00 459.90 ± 15.90 และ 589.45 ± 16.21 µg/ml ตามลาํดบั) และพบการแตกหกัของดีเอน็เอและ
ลกัษณะการตายแบบอะพอพโทสิสของเซลลเ์อมซีเอฟ-7 สารสกดัจากเปลือกทบัทิมสามารถชกันาํให้
เกิด การยบัย ั้งการเจริญเติบโต ลกัษณะกายวภิาคแบบอะพอพโทสิส และการแตกหกัของ DNA ซ่ึง
ข้ึนกบัปริมาณสารและระยะเวลาที่ใชใ้นการทดสอบ สารสกดัเปลือกทบัทิมชกันาํการตายของเซลล์
แบบอะพอพโทสิสสามารถยนืยนัผา่นการแสดงออกของระดบัโปรตีน Bcl-2 procaspase-9 
procaspase-7 และ PARP สรุปแลว้สารสกดัจากเปลือกทบัทิมมีศกัยภาพสูงในการตา้นออกซิเดชนั ช่วย
ป้องกนัผวิหนงัจาก UVB ตา้นการเกิดมะเร็ง และมีความปลอดภยัในการใชสู้ง  
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Pomegranate peel ethanolic extract (PPEE), pomegranate peel water extract 

(PPWE), pomegranate seed ethanolic extract (PSEE), pomegranate seed water extract 

(PSWE), and pomegranate juice (PJ) were studied with regards to the properties of 

antioxidative activity, UVB exposure prevention on rat skin and apoptosis of a human 

breast cell line (MCF-7). The results found that total phenolic compounds could be 

ranged by PPEE > PPWE > PSEE > PSWE > PJ (451.96 ± 4.29, 380.54 ± 4.29, 77.93 ± 

1.62, 51.58 ± 0.85 and 2.55 ± 0.42 µg GAE/mg, respectively), consistently with the 

flavonoids content (37.61 ± 1.44, 26.05 ± 0.93, 16.66 ± 0.47, 10.55 ± 0.14 and 0.24 ± 

0.03 µg CAE/mg, respectively). The median inhibitory concentration (IC50) which refers 

to the antioxidative capacity could be calculated by free radical inhibition, ferric 

reduction, and lipid oxidative inhibition. By which, the range from high to low was 

PPEE (121.65 ± 2.66, 49.07 ± 1.53 and 15.15 ± 2.46 µg/ml, respectively) > PPWE 

(151.78 ± 2.70, 64.63 ± 1.23 and 20.42 ± 2.87 µg/ml, respectively) > PSEE (1,324.35 ± 

16.89, 512.54 ± 15.05 and 166.49 ± 20.38 µg/ml, respectively) > PSWE (2,577.53 ± 

44.06, 753.17 ± 17.66 and 201.82 ± 11.37 µg/ml, respectively) > PJ (9,925.20 ± 

1,116.80, 4,615.94 ± 28.90 and 688.87 ± 44.03 µg/ml, respectively). As a result, total 

phenolic compounds and flavonoids content of the extracts were relative to antioxidative 

activities. In cytotoxicity, the 50% lethal concentration (LC50) by brine shrimp lethality 

assay could be arranged by PPEE (1,206.98 ± 12.73 µg/ml) > PSWE (1,294.88 ± 61.28 



 

 

 

 

 

 

 

 

µg/ml) > PPWE (1,743.31 ± 20.17 µg/ml) > PSEE (2,375.28 ± 69.54 µg/ml) > PJ 

(6,451.46 ± 52.32 µg/ml). As a result, neither total phenolic compounds nor flavonoids 

content correlated to cytotoxicity. Dose-response relationship of antioxidant activity and 

cytotoxicity which is expressed as the margin of safety (MOS) and the therapeutic index 

(TI) could be ranged by PPWE (125 and 11.49) > PPEE (75 and 9.92) > PSEE (5 and 

1.79) > PJ (3 and 0.65) > PSWE (0.5 and 0.5). Topical application of PPEs on hairless 

rat skin could be against 3xMED UVB damage. This was the first discovery of PPEE 

and PPWE to reduce erythema (25 and 1.8 fold), to decrease the inflammatory 

infiltration (4.7 and 1.9 fold), to reduce epidermal thickness (1.7 and 1.6 fold), to 

mitigate the sunburn cells (7.4 and 7.2 fold), and to inhibit DNA fragmentation causing 

by UVB irradiation. In MCF-7 antiproliferative investigation via Trypan blue, MTT, and 

Resazurin assays, PPEE (347.83 ± 11.85, 377.88 ± 13.14 and 471.50 ± 13.62 µg/ml, 

respectively) was more effective than PPWE (365.93 ± 20.00, 459.90 ± 15.90 and 

589.45 ± 16.21 µg/ml, respectively), considering on the LC50 at 24 hrs. DNA 

fragmentation and apoptotic cell morphology of MCF-7 cells were detectable. PPEs 

could induce antiproliferation, apoptotic cell morphology, and DNA fragmentation with 

dose- and time-dependent manner. The PPEs-induced apoptosis could confirm via the 

expression of Bcl-2, procaspase-9, procaspase-7 and PARP protein levels. In conclusion, 

PPEs showed the high efficacy of antioxidation, skin protection to UVB exposure, 

anticancer property and safety usage.  

 

 

School of Biology   Student’s Signature 

Academic Year 2011   Advisor’s Signature 

     Co-advisor’s Signature         

 

 

 



 

 

 

 

 

 

 

 

 

 

ACKNOWLEDGEMENTS 

 

This thesis could not be completed without the generous support and advice of 

many persons. I, therefore, would like to thank: 

Assoc. Prof. Dr. Korakod Indrapichate, my thesis advisor, who gave me the 

golden opportunity to have experiences in all of my thesis. Without her suggestion and 

never-ending support, this work would have not been possible.  

Assoc. Prof. Dr. Kingkaew Wattanasirmkit, Assoc. Prof. Dr. Sajeera 

Kupittayanant and Asst. Prof. Dr. Benjamart Chitsomboon, my thesis committees, who 

gave me very kindly helps and valuable suggestions in my thesis. 

I am grateful to Assoc. Prof. Nirush Lertprasertsuke, Department of Pathology, 

Faculty of Medicine, Chiang Mai University for histological preparation of rat skin. 

This study was supported by the Office of the Higher Education Commission, 

Ministry of Education and Suranaree University of Technology, Thailand. 

Finally, thanks to all of my family, my dad, my mom, my younger brother and 

Khanema family for their love and support.  

 

Jinnawat  Manasathien 

 



 

 

 

 

 

 

 

 

 

CONTENTS 

 

    Page 

ABSTRACT IN THAI ................................................................................................... I 

ABSTRACT IN ENGLISH ......................................................................................... III 

ACKNOWLEDGEMENTS .......................................................................................... V 

CONTENTS ................................................................................................................ VI 

LIST OF TABLES ..................................................................................................... ХII 

LIST OF FIGURES .................................................................................................. ХIII 

CHAPTER  

I INTRODUCTION ........................................................................................... 1 

 1.1 Introduction ................................................................................................. 1 

 1.2 Research objectives ..................................................................................... 3 

 1.3 Research hypothesis .................................................................................... 4 

 1.4 Scope and limitation of the study ................................................................ 4 

 1.5 Expected results .......................................................................................... 5 

 1.6 References ................................................................................................... 5 

II LITERATURE REVIEW ............................................................................... 9 

 2.1 Reactive oxygen species (ROS) .................................................................. 9 

       2.1.1 Effects of ROS on skin ..................................................................... 10 

       2.1.2 Effects of ROS on cancer ................................................................. 10 

2.2 Skin and its functions ................................................................................ 11 



 

 

 

 

 

 

 

 

 

CONTENTS (Continued) 

 

    Page 

       2.2.1 Anatomy of human skin ................................................................... 11 

       2.2.2 Skin functions .................................................................................. 14 

2.3 Ultraviolet radiation ................................................................................... 15 

            2.3.1 Acute effects of UVB on skin .......................................................... 15 

       2.3.2 Chronic effects of UVB on skin ....................................................... 17 

2.4 Antioxidant ................................................................................................ 18 

            2.4.1 Antioxidant enzymes ........................................................................ 18 

       2.4.2 Antioxidant vitamins ........................................................................ 20 

       2.4.3 Antioxidant of plant phenolic compounds ....................................... 23 

2.5 Antioxidant effects of plant phenolic compounds ..................................... 32 

            2.5.1 Effects of antioxidant on skin .......................................................... 33 

       2.5.2 Effects of antioxidants on cancer ..................................................... 34 

2.6 Punica granatum L. (pomegranate) ........................................................... 35 

            2.6.1 Botanical information ...................................................................... 35 

       2.6.2 Chemical constituents of pomegranate ............................................ 37 

       2.6.3 Pharmacological activities and its usage ......................................... 41 

2.7 References ................................................................................................. 42 

III  ANTIOXIDANT ACTIVITIES OF POMEGRANATE                                       

      PEEL AND SEED EXTRACTS, AND JUICE ........................................... 60 

 3.1 Abstract ..................................................................................................... 61 

 3.2 Introduction ............................................................................................... 61 



 

 

 

 

 

 

 

 

 

CONTENTS (Continued) 

 

    Page 

 3.3 Materials and methods .............................................................................. 63 

       3.3.1 Materials ........................................................................................... 63 

       3.3.2 Preparation of plant extracts ............................................................ 63 

       3.3.3 Total phenolic compounds measurement ......................................... 64 

       3.3.4 Flavonoids content measurement ..................................................... 64 

       3.3.5 Free radical scavenging assay .......................................................... 65 

       3.3.6 Ferric reducing antioxidant power assay ......................................... 65 

       3.3.7 Ferric thiocyanate assay ................................................................... 66 

       3.3.8 Statistical analysis ............................................................................ 67 

 3.4 Results and discussion .............................................................................. 67 

       3.4.1 Total phenolic and flavonoid contents ............................................. 67 

       3.4.2 Free radical scavenging activity ....................................................... 70 

       3.4.3 Ferric reducing antioxidant power ................................................... 71 

       3.4.4 Ferric thiocyanate ............................................................................. 74 

       3.4.5 Relationship between phytochemical contents and IC50 .................. 80 

 3.5 Conclusion ................................................................................................ 80 

 3.6 References ................................................................................................. 81 

IV  CYTOTOXICITY OF POMEGRANATE PEEL AND                                       

      SEED EXTRACTS, AND JUICE ................................................................ 86 

 4.1 Abstract ..................................................................................................... 86 

 4.2 Introduction ............................................................................................... 87 



 

 

 

 

 

 

 

 

 

CONTENTS (Continued) 

 

    Page 

 4.3 Materials and methods .............................................................................. 92 

       4.3.1 Materials ........................................................................................... 92 

       4.3.2 Brine shrimp ..................................................................................... 92 

       4.3.3 Toxicity by brine shrimp lethality assay (BSLA) ............................ 93 

       4.3.4 Lethal concentration at 50%, 95% and 99% determinations ........... 93 

       4.3.5 Toxicological profile for pharmacological development ................. 94 

       4.3.6 Statistical analysis ............................................................................ 94 

 4.4 Results and discussion .............................................................................. 95 

       4.4.1 Cytoxicity ......................................................................................... 95 

       4.4.2 Relationship between phytochemical contents and LC50 ................. 98 

       4.4.3 Toxicological profile for pharmacological development ................. 99 

 4.5 Conclusion .............................................................................................. 101 

 4.6 References ............................................................................................... 104 

V  UVB PROTECTION ON RAT SKIN OF POMEGRANATE                                       

      PEEL AND SEED EXTRACTS, AND JUICE ......................................... 108 

 5.1 Abstract ................................................................................................... 108 

 5.2 Introduction ............................................................................................. 109 

 5.3 Materials and methods ............................................................................ 113 

       5.3.1 Materials ......................................................................................... 113 

       5.3.2 Experimental animals ..................................................................... 113 

       5.3.3 UV light source .............................................................................. 114 



 

 

 

 

 

 

 

 

 

CONTENTS (Continued) 

 

    Page 

       5.3.4 Determination for minimal erythema dose (MED) ........................ 114 

       5.3.5 Topical treatment of extracts and UVB irradiation ........................ 114 

       5.3.6 Erythema investigation .................................................................. 115 

       5.3.7 Histological section preparation ..................................................... 115 

       5.3.8 DNA isolation and electrophoresis ................................................ 116 

       5.3.9 Statistical analysis .......................................................................... 116 

 5.4 Results and discussion ............................................................................ 116 

       5.4.1 Erythema reduction ........................................................................ 116 

       5.4.2 Inflammatory infiltration ................................................................ 121 

       5.4.3 Epidermal thickness ....................................................................... 124 

       5.4.4 Sunburn cells and DNA fragmentation .......................................... 127 

 5.5 Conclusion .............................................................................................. 131 

 5.6 References ............................................................................................... 132 

VI  THE EFFECT OF POMEGRANATE PEEL EXTRACTS ON                                       

      CELL PROLIFERATION AND APOPTOTIC INDUCTION .............. 143 

 6.1 Abstract ................................................................................................... 143 

 6.2 Introduction ............................................................................................. 144 

 6.3 Materials and methods ............................................................................ 146 

       6.3.1 Materials ......................................................................................... 146 

       6.3.2 MCF-7 culture ................................................................................ 147 

       6.3.3 Cell viability measurement by Trypan blue exclusion method ...... 147 



 

 

 

 

 

 

 

 

 

CONTENTS (Continued) 

 

    Page 

       6.3.4 Cell viability test by MTT assay .................................................... 147 

       6.3.5 Cell viability test by Resazurin assay ............................................ 149 

       6.3.6 Observation of apoptotic cell morphology ..................................... 150 

       6.3.7 DNA isolation and electrophoresis ................................................ 150 

       6.3.8 Western blotting ............................................................................. 150 

       6.3.9 Statistical analysis .......................................................................... 152 

 6.4 Results and discussion ............................................................................ 152 

       6.4.1 Cell proliferation ............................................................................ 152 

       6.4.2 Apoptotic cells and DNA fragmentation ....................................... 158 

       6.4.3 Apoptosis modulation .................................................................... 165 

 6.5 Conclusion .............................................................................................. 171 

 6.6 References ............................................................................................... 171 

APPENDICES ........................................................................................................... 182 

CURRICULUM VITAE ............................................................................................ 197 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

LIST OF TABLE 

 

Table                                                                                                                      Page 

2.1 Trolox equivalent antioxidant capacity (TEAC) of phenolic compounds ............. 26 

2.2 Trolox equivalent antioxidant capacity (TEAC) of flavonoids ............................. 29 

2.3 Major chemical constitutes of pomegranate .......................................................... 38 

3.1 Total phenolic compounds and flavonoids content of pomegranate peel 

      and seed extracts, and juice ................................................................................... 69 

3.2 Free radical scavenging activity of pomegranate extracts and juice 

      assayed by DPPH ................................................................................................... 72 

3.3 Ferric reducing antioxidant power of pomegranate extracts and juice .................. 75 

3.4 Lipid peroxidative inhibition by FTC of pomegranate extracts and juice ............. 78 

4.1 Cytotoxicity of pomegranate extracts and juice .................................................... 96 

4.2 Toxicological profile for pharmacological development of pomegranate 

      extracts, and juice ................................................................................................ 102 

5.1 Protective effect of pomegranate peel extracts against erythema, inflammatory 

      infiltration, epidermal thickness, and sunburn cells in rat skin ........................... 118 

6.1 Effect of pomegranate peel extracts on the viability of MCF-7 cells by 

      Trypan blue exclusion assay ................................................................................ 154 

6.2 Effect of pomegranate peel extracts on the viability of MCF-7 cells by 

      MTT assay ........................................................................................................... 155 

6.3 Effect of pomegranate peel extracts on the viability of MCF-7 cells by 

      Resazurin assay .................................................................................................... 156 



 

 

 

 

 

 

 

 

 

 

LIST OF FIGURES 

 

Figure                                                                                                                      Page 

2.1 Photomicrograph of human skin illustrates two main layers, epidermis 

      and dermis .............................................................................................................. 12 

2.2 Redox reaction cycle of antioxidant vitamins ....................................................... 21 

2.3 Hydroxycinnamic acid and its derivatives ............................................................. 24 

2.4 The main classes of flavonoids .............................................................................. 28 

2.5 The flowers of pomegranate .................................................................................. 36 

2.6 Pomegranate fruits ................................................................................................. 36 

3.1 Relationship between IC50 of free radical scavenging activity, by DPPH  

      assay and total phenolic compounds (A), and flavonoids content (B) 

      of pomegranate extracts ......................................................................................... 73 

3.2 Relationship between IC50 of ferric reducing antioxidant power and total 

      phenolic compounds (A), and flavonoids content (B) of pomegranate 

      extracts ................................................................................................................... 76 

3.3 Relationship between IC50 of lipid peroxidative inhibition assayed by FTC  

      and total phenolic compounds (A), and flavonoids content (B) 

      of pomegranate extracts ......................................................................................... 79 

4.1 Relationship of margin of safety to toxicity profile .............................................. 89 

4.2 Idealized dose-response curves for efficacy and toxicity ...................................... 90 

4.3 Relationships between LC50 (%) and total phenolic compounds (A) and 

      flavonoids content (B) of pomegranate extracts .................................................. 100 



 

 

 

 

 

 

 

 

 

LIST OF FIGURES (Continued) 

 

Figure                                                                                                                      Page 

4.4 Idealized dose-response curves for IC50 of free radical scavenging activity  

      and LC50 of cytotoxicity of: (A) PPEE; (B) PPWE; (C) PSEE; (D) PSWE 

      and (E) PJ ............................................................................................................. 103 

5.1 The inhibitory effect of pomegranate peel extracts on 3xMED UVB-induced  

      erythema on rat skin. The test skin was pretreated with PPEE, PPWE, 

      epigallocatechin-3-gallate (EGCG), and vehicle control (+UV, +VE) before 

      irradiated with 3xMED, twice a week for a month ............................................. 119 

5.2 Photographs of the hairless rat skin topically protected with pomegranate  

      peel extracts before 3xMED UVB irradiation. 3xMED UVB-induced 

      erythema is compared .......................................................................................... 120 

5.3 The inhibitory effect of pomegranate peel extracts on 3xMED UVB-induced 

      inflammatory infiltration on rat skin. The test skin was pretreated with PPEE, 

      PPWE, epigallocatechin -3-gallate (EGCG), and vehicle control (+UV, +VE) 

      before irradiated with 3xMED, twice a week for a month .................................. 122 

5.4 Photomicrographs of 3xMED UVB irradiated rat skin demonstrated 

      inflammatory infiltration in dermis (400 magnifications) ................................... 123 

5.5 The inhibitory effect of pomegranate peel extracts on 3xMED UVB-induced 

      epidermal thickness on rat skin. The test skin was pretreated with PPEE, 

      PPWE, epigallocatechin -3-gallate (EGCG), and vehicle control (+UV, +VE) 

      before irradiated with 3xMED, twice a week for a month .................................. 125 

 



 

 

 

 

 

 

 

 

 

LIST OF FIGURES (Continued) 

 

Figure                                                                                                                      Page 

5.6 Photomicrographs of 3xMED UVB irradiated skin illustrated the epidermal 

      thickness and sunburn cells at 400 magnifications .............................................. 126 

5.7 The inhibitory effect of pomegranate peel extracts on UVB-induced 

      sunburn cells on rat skin. The test skin was pretreated with PPEE, PPWE, 

      epigallocatechin -3-gallate (EGCG), and vehicle control (+UV, +VE) 

      before irradiated with 3xMED, twice a week for a month .................................. 128 

5.8 Effect of 3xMED UVB irradiation on DNA fragmentation of rat epidermal 

      cells: DNA 4 µg, was electrophoresed on 2% agarose gel .................................. 129 

6.1 LC50 of antiproliferative activity of the PPEE-treated MCF-7 cells 

      during 6-24 h ....................................................................................................... 157 

6.2 LC50 of antiproliferative activity of the PPWE-treated MCF-7 cells 

      during 6-24 h ....................................................................................................... 157 

6.3 Viability and morphological changes in MCF-7 cells were observed under 

      inverted microscopy (40 magnifications). The viability of MCF-7 cells was 

      examined for 24 h after treatment with PPEE ..................................................... 159 

6.4 Viability and morphological changes in MCF-7 cells were observed under 

      inverted microscopy (40 magnifications). The viability of MCF-7 cells was 

      examined for 24 h after treatment with PPWE .................................................... 160 

6.5 Morphological changes of PPEs-induced apoptotic MCF-7 cells 

      (400 magnifications). The cells were incubated with PPEs for 24 h, fixed 

      and stained with Hoechst 33342 .......................................................................... 161 



 

 

 

 

 

 

 

 

 

LIST OF FIGURES (Continued) 

 

Figure                                                                                                                      Page 

6.6 DNA fragmentation in MCF-7 cells treated with PPEE at designated 

      concentrations and times ..................................................................................... 162 

6.7 DNA fragmentation in MCF-7 cells treated with PPWE at designated 

      concentrations and times ..................................................................................... 163 

6.8 Effects of pomegranate peel extracts (PPEs) on the expression of PARP, 

      procaspase-9, procaspase-3 and Bcl-2 proteins.MCF-7 cells were treated 

      with 500 µg/ml PPEs at different time intervals ................................................. 166 

A1 Calibration curve of gallic acid standard (µg/ml) measured by 

      Folin-Cioalteau’s method with slightly modification .......................................... 183 

A2 Calibration curve of catechin standard (µg/ml) ................................................... 184 

A3 Representative ascorbic acid standard reference curve (µg/ml) .......................... 184 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 


